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

TECHNICAL FIELD

[0001] The present invention relates to a deposition mask,
a vapor deposition apparatus, a vapor deposition method, for
example, which are used to vapor-deposit an organic layer in
the organic electro-luminescence (EL) display apparatus,
and a method for manufacturing an organic EL display
apparatus. More specifically, the present invention relates to
a deposition mask, a vapor deposition apparatus, a vapor
deposition method, which make it possible to easily separate
the deposition mask during vapor deposition, and a method
for manufacturing an organic EL display apparatus.

BACKGROUND ART

[0002] For example, when an organic EL display appara-
tus is manufactured, a device substrate is formed by forming
switching elements such as thin-film-transistors (TFTs) on a
support substrate, and then organic layers are deposited on
this device substrate in each of pixels. These organic layers
are susceptible to moisture and thus cannot be etched. Thus,
a deposition mask is disposed over the device substrate, and
then an organic material is vapor-deposited on the device
substrate via the deposition mask. In this way, the organic
layers are selectively deposited on each of the pixels. As this
deposition mask, a metal mask has been conventionally
used. However, to form a deposition mask having a fine
pattern of opening sections, a resin film instead of the metal
mask, furthermore, a complex type deposition mask in
which the resin film and a metal film are stacked to maintain
a mechanical strength of the resin film, tends to be used. The
metal layer is provided on a portion of a surface of the resin
film.

[0003] When a deposition mask is used to deposit an
organic material for an organic EL display apparatus, for
example, the deposition mask is fixed with a so-called
magnetic chuck method. More specifically, for example, the
above metal mask or a metal support layer or a surrounding
frame (frame body) of the complex type deposition mask is
formed using a magnetic material, and is attracted and fixed
to a permanent magnet or an electromagnet, with a device
substrate to which the organic material is to be disposed
therebetween (for example, refer to Patent Document 1).
Then, after the deposition mask and the device substrate are
aligned with each other, a vapor deposition material such as
the organic material is sublimated or vaporized. The subli-
mated or vaporized deposition material passes through the
deposition mask and deposited on the device substrate.

PRIOR ART DOCUMENT
Patent Document
Patent Document 1: JP 2013-253323 A
SUMMARY OF THE INVENTION

Problem to be Solved by the Invention

[0004] When the deposition mask and the device substrate
are attracted and fixed to the magnet used in the magnetic
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chuck with above method, if the attractive force is too
strong, the deposition mask may fail to be separated
smoothly from the magnetic chuck after the vapor deposi-
tion. In a case where separating the deposition mask from
the magnetic chuck is difficult, an overall manufacturing line
may be stopped, which leads to a big trouble. It can be
considered to make the magnetization of the deposition
mask weak by using the electromagnet as the magnet.
However, a strong attractive force may conversely act on the
deposition mask, depending on a magnetization orientation
of the deposition mask, thereby making the deposition mask
more difficult to separate. When an organic material is
sequentially deposited on a number of device substrates, it
is a problem that a deposition mask may fail to be separated
in a short time through a standard operation.

[0005] Inthe structure disclosed in Patent Document 1, the
deposition mask is provided with protrusions in order to
facilitate the separation of the deposition mask. Therefore,
the deposition mask is in point contact with the substrate for
vapor deposition (device substrate) on the electromagnet
side. However, if a gap is created between the deposition
mask and the substrate for vapor deposition, the organic
material may be unable to be disposed on the substrate for
vapor deposition with precise dimension, which can be a
problem. As a result, an organic EL display apparatus
manufactured in the above manner may fail to provide a high
display quality. In addition to the above problem with the
difficulty of the separation, a problem associated with align-
ment of the device substrate and the deposition mask may
also arise. More specifically, when the deposition mask and
the device substrate are aligned with each other, if the
deposition mask is attracted strongly to the permanent
magnet, precise alignment of the device substrate and the
deposition mask may be difficult.

[0006] An object of the present invention, which solves
problems as described above, provides a vapor deposition
method, a deposition mask, and a vapor deposition apparatus
that make it possible to reliably separate the deposition mask
in a short time through a standard operation after depositing
a vapor deposition material.

[0007] Another object of the present invention is to pro-
vide a method of manufacturing an organic EL display
apparatus of high display quality by using the above vapor
deposition method and the deposition mask.

Means to Solve the Problem

[0008] A vapor deposition method according to the present
invention comprises: forming a deposition mask having at
least partly a metal layer made of a ferromagnetic material;
magnetizing the metal layer of the deposition mask by
applying a magnetic field to the metal layer; aligning the
deposition mask and a substrate for vapor deposition with
each other, and then attracting and fixing the deposition
mask to an electromagnet with the substrate for vapor
deposition therebetween; depositing a vapor deposition
material on the substrate for vapor deposition by vaporizing
the vapor deposition material in a vapor deposition source,
the vapor deposition source being disposed so as to face the
deposition mask; and separating both the electromagnet and
the substrate for vapor deposition from the deposition mask
by generating a magnetic field to cause the deposition mask
to repel from the electromagnet.

[0009] A vapor deposition apparatus according to the
present invention comprises: an electromagnet; a substrate
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holder to hold a substrate for vapor deposition so as to be
adjacent to one magnetic pole of the electromagnet; a
deposition mask provided on an opposite side of the sub-
strate for vapor deposition to the electromagnet, the sub-
strate for vapor deposition being held by the substrate
holder; and a vapor deposition source vaporizing a vapor
deposition material, the vapor deposition source being pro-
vided so as to face the deposition mask, wherein the depo-
sition mask has a metal layer made of a ferromagnetic
material, and the electromagnet is connected to a control
circuit capable of magnetizing the metal layer being
included in the deposition mask.

[0010] A deposition mask according to the present inven-
tion is a deposition mask for use in forming a deposition
layer on a surface of a substrate at a predetermined location,
the deposition mask comprising: a metal layer formed in at
least a portion of the deposition mask, the metal layer being
made of a ferromagnetic material; and a resin film, on a
portion of a surface of the resin film provided with the metal
layer to constitute a complex type mask, wherein the metal
layer possesses residual magnetization by being magnetized
in a certain orientation.

[0011] A method for manufacturing an organic EL display
apparatus according to the present invention is a method for
manufacturing an organic EL display apparatus by deposit-
ing organic layers on a device substrate, the method com-
prising: forming the device substrate by forming at least a
TFT and a first electrode on a support substrate; forming a
deposition layer of the organic layers on the device substrate
by depositing organic materials on the first electrode with
the above-mentioned vapor deposition method; and forming
a second electrode on the deposition layer.

Effects of the Invention

[0012] According to the vapor deposition method of the
present invention, a metal layer (metal support layer) of the
deposition mask, which is made of a ferromagnetic material,
is magnetized. This deposition mask is attracted and fixed to
a magnetic chuck together with a substrate for vapor depo-
sition, and then the substrate for vapor deposition is vapor-
deposited. After the vapor deposition, a direction of current
fed through the magnetic chuck is controlled such that a
magnetic field is generated in an orientation opposite to a
magnetized orientation of the deposition mask. In this way,
the deposition mask can be separated easily. Further, the
deposition mask is always magnetized in a certain orienta-
tion. Thus, an electromagnet can uniformly and constantly
apply a magnetic field in the opposite direction, thereby
reliably separating the deposition mask and the substrate for
vapor deposition from each other. As a result, a time for the
vapor deposition is always stable in a manufacturing pro-
cess, and a long time is not required for the separation.
Consequently, it is possible to continue the process in a
stable process working time (so-called tact time). Even
when the substrate for vapor deposition and the deposition
mask are aligned with each other, the electromagnet can
weaken its magnetic field to suppress excessive attraction.
This enables the substrate for vapor deposition to be finely
moved, thereby facilitating the alignment between the sub-
strate for vapor deposition and the deposition mask.

[0013] According to a vapor deposition apparatus of the
present invention, an electromagnet provided in the vapor
deposition apparatus has a control circuit that can magnetize
a metal layer of a deposition mask. Thus, before or after the
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deposition mask is aligned with the vapor deposition appa-
ratus together with the substrate for vapor deposition, the
electromagnet can easily magnetize the metal layer. If the
metal layer has already been magnetized before the depo-
sition mask and the substrate for vapor deposition are
aligned with and overlaid on each other, the electromagnet
can, during the alignment, generate a magnetic field in an
orientation opposite to a magnetized orientation of the metal
layer, thereby weakening the attractive force.

[0014] According to the deposition mask of the present
invention, the metal layer of the deposition mask is already
magnetized in a certain orientation. The electromagnet in the
vapor deposition apparatus can generate a magnetic field in
the opposite direction, thereby easily separating the depo-
sition mask and a substrate for vapor deposition from each
other. In this case, since the deposition mask is magnetized
in the certain orientation, the magnetic field generated in the
opposite direction is also always constant. Therefore, the
separation can be reliably made in a short time.

[0015] According to the method for manufacturing the
organic EL display apparatus of the present invention, the
deposition mask is always magnetized in a certain orienta-
tion. After vapor deposition, therefore, a process of separat-
ing the deposition mask and the electromagnet from each
other is performed while an electromagnet is generating a
magnetic field in an orientation opposite to the magnetized
orientation of the deposition mask. In this way, the deposi-
tion mask and the electromagnet are easily separated from
each other. Consequently, this method makes it possible to
perform a vapor deposition process within a given time in
any situation, in other words, to finish the vapor deposition
process within a stable time, thereby contributing to
achievement of cost reduction.

BRIEF DESCRIPTION OF THE DRAWINGS

[0016] FIG. 1 is a flowchart of a vapor deposition method
of the present invention.

[0017] FIG. 2A schematically illustrates a cross section of
a vapor deposition apparatus subjected to a vapor deposition
method of the present invention.

[0018] FIG. 2B is an explanatory diagram illustrating an
enlarged cross section of the deposition mask in FIG. 2A.
[0019] FIG. 3A is an explanatory diagram illustrating
magnetizing of a ferromagnetic material with an electro-
magnet.

[0020] FIG. 3B is an explanatory diagram illustrating a
magnetized state of the ferromagnetic material.

[0021] FIG. 4A is an explanatory diagram illustrating
forming of opening sections in a deposition mask with laser
light irradiation.

[0022] FIG. 4B is an explanatory diagram illustrating the
forming of the opening sections in the deposition mask with
the laser light irradiation.

[0023] FIG. 4C is an explanatory diagram illustrating the
forming of the opening sections in the deposition mask with
the laser light irradiation.

[0024] FIG. 5A is an explanatory diagram illustrating a
vapor deposition process in the method for manufacturing an
organic EL display apparatus of the present invention.
[0025] FIG. 5B is an explanatory diagram illustrating a
process in which organic layers are deposited with the
method for manufacturing the organic EL display apparatus
of the present invention.
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EMBODIMENT FOR CARRYING OUT THE
INVENTION

[0026] With reference to the accompanying drawings, a
description will be given of a vapor deposition method, a
vapor deposition apparatus, and a deposition mask of the
present invention. A process chart of an embodiment of the
deposition method of the present invention is shown in FIG.
1, and a schematic view of a deposition apparatus for vapor
deposition is shown in FIGS. 2A and 2B. As illustrated in
FIGS. 1 to 2B respectively, the vapor deposition method
comprising: forming a deposition mask 1 having at least
partly a metal layer (metal support layer) 12 made of a
ferromagnetic material (S1); magnetizing the metal layer 12
of the deposition mask 1 by applying a magnetic field to the
metal layer 12 (S2); aligning the deposition mask 1 and a
substrate 2 for vapor deposition with each other, and then
attracting and fixing the deposition mask 1 to an electro-
magnet 3 with the substrate 2 for vapor deposition therebe-
tween (83); depositing a vapor deposition material on the
substrate 2 for vapor deposition by vaporizing the vapor
deposition material in a vapor deposition source 5, which is
disposed so as to face the deposition mask 2 (S4); and
separating both the electromagnet 3 and the substrate 2 for
vapor deposition from the deposition mask 1 by generating
a magnetic field to cause the deposition mask 1 to repel from
the electromagnet 3 (S5). These steps do not necessarily
have to be performed in this order. Alteratively, for
example, the deposition mask may be magnetized after the
deposition mask 1 and the substrate for vapor deposition are
aligned with each other. When the electromagnet 3 attracts
the deposition mask 1, current may be fed through the
electromagnet 3 in such a way that the electromagnet 3
generates a magnetic field to attract the deposition mask 1.
Alternatively, if the electromagnet 3 has magnetic core 31,
the magnetic core 31 and the magnetized deposition mask 1
may be made to attract each other by setting current fed
through the electromagnet 3 to zero (stopping the current).
[0027] Namely, the present invention has characteristics
described below. The deposition mask 1 has at least the
metal layer (metal support layer 12) made of a ferromagnetic
material. The metal support layer 12 is magnetized and then
attracted and fixed to a magnetic chuck. After that, vapor
deposition is performed on the substrate 2 for vapor depo-
sition. After the vapor deposition, the electromagnet 3
generates a magnetic field in an orientation opposite to a
magnetized orientation of the deposition mask 1, thereby
easily separating the deposition mask 1 and the electromag-
net 3 from each other. Even when the metal support layer 12
is made of a magnetic material, if the metal support layer 12
is not magnetized previously, the metal support layer 12 is
not in a magnetized state or not magnetized in a certain
orientation. That is, in many deposition masks, their mag-
netic materials are in various magnetized states. Therefore,
if the electromagnet uniformly generates a magnetic field, in
some cases, this magnetic field repels a magnetic field
generated by a deposition mask to facilitate the separate of
the deposition mask. However, if a magnetic material of the
deposition mask is not magnetized, an attractive force may
act on the deposition mask. When the magnetized state of the
deposition mask and the magnetic field generated by the
electromagnet strengthen each other, the attractive force
may further increase. In short, even when the electromagnet
generates a uniform magnetic field, the deposition mask is
not always separated easily. Individually changing a direc-
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tion of current fed through the electromagnet may require a
long time. Therefore, even if the electromagnet is used as the
magnetic chuck, according to a deposition mask to be used
a uniform process for separation may be obtained.

[0028] In short, conventional deposition mask has prob-
lems described below. Even if the metal layer is made of a
magnetic material, a magnetized state is not uniform. When
a permanent magnet is used and in an ease of attracting the
deposition mask, a different attractive force is generated
therebetween. Even if a magnetic chuck formed of electro-
magnet generates a magnetic field in an opposite direction in
order to separate the deposition mask, the magnetic field in
the opposite direction is not determined uniformly. There-
fore, a long time may be required to separate the deposition
mask, and the deposition mask may be deformed upon the
separation. In the present invention, however, deposition
mask is always magnetized in a certain orientation. There-
fore, the electromagnet can uniformly apply the magnetic
field in the opposite direction, thereby easily separating the
deposition mask in a short time. Consequently, it is possible
to perform vapor deposition in a constant, short tact time in
mass production. Hereinafter, the vapor deposition methods
of the present invention will be described in more detail by
using some specific examples.

[0029] In Step (S1), the deposition mask 1 that at least
partially has the metal layer (metal support layer 12) made
of a ferromagnetic material is formed. The deposition mask
1 may be a metal mask; however, a complex type deposition
mask having a structure in which the metal support layer 12
is laminated on a resin film 11 is exemplified as the depo-
sition mask 1 in the example illustrated FIG. 2B. Because of
recent scale-down of electronic components, a fine pattern of
opening sections 11a is difficult to form on a metal mask.
Therefore, the fine pattern of the opening sections 11a is
formed on the resin film 11 that can be finely processed with
relative ease. However, it is anxious that the resin film 11
alone is warped or bent. Thus, the deposition mask 1 has a
complex type structure in which the metal support layer 12
is laminated on the resin film 11. In this case, the metal
support layer 12 has openings 12a slightly larger in size than
the opening sections 11a in the resin film 11. The deposition
mask of the present invention has a characteristic in which
the metal support layer 12, made of a ferromagnetic mate-
rial, and is magnetized in a certain orientation. The resin film
11 and metal support layer 12 may be provided by forming
the metal support layer 12 on the resin film 11 by means of
sputtering, vacuum deposition, or electrolytic plating or the
like, for example, or bonding a metal foil to the resin film 11.
Alternatively, the resin film 11 may be laminated on metal
support layer 12 by applying a liquid resin to a metal foil and
curing the liquid resin.

[0030] The resin film 11 preferably has a linear expansion
coeflicient similar to that of the substrate 2 for vapor
deposition; however, there is no specific limitation on a
material of the resin film 11. Examples of the material of the
resin film 11 include a polyimide (PI) resin, polyethylene
naphthalate (PEN) resin, polyethylene terephthalate (PET)
resin, cycloolefin polymer (COP) resin, cyclic olefin copo-
lymer (COC) resin, polycarbonate (PC) resin, polyamide
resin, polyamide-imide resin, polyester resin, polyethylene
resin, polyvinyl alcohol resin, polypropylene resin, polysty-
rene resin, polyacrylonitrile resin, ethylene vinylacetate
copolymer resin, ethylene-vinyl alcohol copolymer resin,
ethylene-methacrylic acid copolymer resin, polyvinyl chlo-
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ride resin, polyvinylidene chloride resin, cellophane, and
ionomer resin. The polyimide resin is especially preferred,
because its linear expansion coeflicient can be adjusted in
accordance with a condition such as a profile of a tempera-
ture rise in the heat treatment if the resin film is formed by
applying a precursor solution and by subjecting the precut-
sor solution to a heat treatment. However, the material of the
resin film 11 is not limited to the polyimide resin. The resin
film 11 may have a thickness of approximately several to
several tens of micrometers, for example, 5 um or more, 10
um or less.

[0031] The metal support layer 12 may be made of a
ferromagnetic material, examples of which include Fe, Co,
Ni, an alloy thereof, an MnAl alloy, and SmCo as an
intermetallic compound. The metal support layer 12 may be
formed such that its thickness falls within a range of
approximately 5 pm or more and 30 um or less. The above
ferromagnetic material preferably has a linear expansion
coeflicient similar to that of the substrate 2 for vapor
deposition. Invar (alloy of Fe and Ni) is especially preferred
because the thermal expansion is small.

[0032] For example, the metal support layer 12 is formed
on a surface of the resin film 11 by means of an electrolytic
plating, vacuum deposition, sputtering, or other film forming
method. Then, regions of the metal support layer 12 around
the opening sections 11a to be formed in the resin film 11 are
removed by means of etching. Alternatively, the metal
support layer 12 is formed by a lift-off method (if electro-
Iytic plating is used, the metal support layer 12 is formed by
the electrolytic plating after the pattern is formed with the
resist film). In this way, the openings 12a that are slightly
larger in size than the opening sections 11a in the resin film
11 are formed (see FIG. 2B). As an alternative example, a
metal foil made of a ferromagnetic material may be bonded
to the resin film 11, and then the openings 12a¢ may be
formed in the metal foil. As another alternative example, the
resin film 11 may be formed by applying a liquid resin to a
metal foil made of a ferromagnetic material and curing the
liquid resin. Then, the metal foil may be etched to form the
openings 12a whereby the metal support layer 12 is formed.

[0033] The opening sections 11a are formed in the resin
film 11 with laser light irradiation. To form the opening
sections 11a, as illustrated in FIG. 4A, for example, the resin
film 11 on which the metal support layer 12 (not illustrated
in FIG. 4A, see FIG. 2B) is formed is disposed on a process
stage 45 with the metal support layer 12 facing upward.
Then, the resin film 11 is irradiated with laser light via a laser
mask 41 and an optical lens 42. The laser mask 41 has a
desired pattern of opening sections 41a¢ which conforms to
the pattern of the opening sections 11a in the deposition
mask 1. The optical lens 42 collects light. As a result of the
laser light irradiation, the pattern of the opening sections 41a
is transferred to the resin film 11 on a smaller scale. The
opening sections 11a are thereby formed in the resin film 11.
While being moved relative to the resin film 11 by a stepper,
this laser light irradiation apparatus forms, step by step, the
pattern of the opening sections 11a on the resin film 11
having a large size. The optical lens 42 may be optional but
can effectively irradiate a processed surface with light
having a high energy density. In this case, the optical lens 42
is positioned downstream of the laser mask 41 (between the
laser mask 41 and the resin film 11) in a travel direction of
the laser light. The optical lens 42 collects and condenses the
laser light. For example, if the optical lens 42 has an optical
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magnification of x10, the energy density of the laser light
incident on the resin film 11 is 100 times as high as that
incident on the optical lens 42, and the scale of a side of each
of opening of the pattern of the opening sections 1la
transferred to the resin film 11 is 1/10 times as large as that
of the pattern of the opening sections 414 in the laser mask
41. As a result of the laser light irradiation, the laser light
passes through the opening sections 41a in the laser mask 41
and then partly sublimates the resin film 11. In this way, a
fine pattern of the opening sections 1la is formed on the
resin film 11 in conformity with the pattern of the opening
sections 41a in the laser mask 41 irradiated with the laser
light and on the same scale as or a smaller scale than that of
the pattern of the opening sections 41a. In this case, the
opening 12a (see FIG. 2B) that is slightly larger in size than
the opening section 11a in the resin film 11 is formed in the
metal support layer 12 that is not illustrated in FIG. 4A (see
FIG. 2B); therefore, the laser light is not blocked.

[0034] Although conditions for the laser light irradiation
depend on, for example, a material and thickness of the resin
film 11 to be processed and a size and shape of the opening
sections 11a to be processed, under typical conditions, the
pulse frequency of the laser light is a ranges of 1 Hz or more
60 Hz or less, the pulse width is a range of 3 ns or more and
15 ns or less, and the energy density per pulse on an
irradiation surface is a range of 0.01 J/em? or more and 1.00
J/em? or less.

[0035] For example, suppose the deposition mask 1 is
formed to deposit an organic layer in an organic EL display
apparatus. For example, openings having a size of 60 pm per
side are formed into a matrix shape and at intervals of
approximately 60 um. The resin film 11 made of polyimide
and formed in the above manner may be irradiated with the
laser light under the following conditions. The wavelength
of the laser light is 355 nm (which is %3 of the wave length
of YAG laser). The pulse frequency is 60 Hz. The pulse
width is a range of 3 ns or more and 15 ns or less. The energy
density on the irradiation surface is a range of 0.01 J/cm? or
more and 1.00 J/em?® or less per pulse. The number of shots
(the number of irradiated pulse) is a range of 50 or more and
200 or less (e.g., 100).

[0036] However, the laser light used for the irradiation is
not limited to YAG laser. Any given laser light with a given
wavelength, such as excimer laser light or He—Cd laser
light, which is absorbed in resins, may be used. Obviously,
the irradiation conditions need to be changed if another laser
light source and resin material are used. If a polyimide film
having a thickness of 10 um is irradiated with 100 shots of
laser light in order to form a pattern of opening sections
thereon under the above conditions, complete through-holes
are formed.

[0037] As illustrated in FIG. 2B, each of the opening
sections 11« in the resin film 11 and the openings 12a in the
metal support layer 12 has a tapered shape in which it is
tapered so as to become small diameter toward the substrate
2 for vapor deposition. The reason why each of the opening
sections 11a and the openings 124 is formed into the tapered
shape is described as follows: the vapor deposition material
in the vapor deposition source 5 (see FIG. 2A) is evaporated
or sublimated to form a vapor deposition beam that spreads
out at a certain angle 0 defined by a shape of crucibles in the
vapor deposition source 5, with its cross section having a fan
shape (the vapor deposition source 5 is a linear vapor
deposition source that has a line shape and extends in a
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direction perpendicular to the page of FIG. 2A, namely, a
so-called linear source). Particles of the vapor deposition
material in this beam even near the edge need to deposit on
the substrate 2 for vapor deposition (see FIGS. 2A and 2B)
at a desired location without a minimal risk of being
blocked. The tapered shape can prevent blocking of vapor
deposition particles in the vapor deposition beam near its
edge. To form the opening sections 11a in the resin film 11
into the tapered shape, each opening section 41a in the laser
mask 41 has different transmittances for the laser light at its
center and on its periphery.

[0038] For example, the above laser mask 41 may be
formed by the following process. As illustrated in FIG. 4B,
a light-shielding thin film 415 made of chromium, for
example, is formed on a transparent substrate, such as a
quartz glass plate, that transmits the laser light. Then, the
light-shielding thin film 415 is patterned whereby the open-
ing sections 41a are formed. Therefore, the light-shielding
thin film 415 may be formed locally so as to vary the
transmittance of each opening section 41a, for example, as
conceptionally illustrated in FIG. 4C. Referring to FIG. 4C,
each opening section 41a is constituted of a first section
4141, a second section 4142, and a third section 41a3;
however, these sections are distinguished from one another
for clarity and does not have to be distinguished. The first
section 41al is a region where no light-shielding thin film
415 is formed and thus transmits 100% of the laser light. The
second section 41a2 is a region where the light-shielding
thin film 415 is partly formed so as to occupy approximately
20% of the entire area and thus has transmittance of approxi-
mately 80%. The third section 413 is a region where the
light-shielding thin film 415 is partly formed so as to occupy
approximately 50% of the entire area. As a result, the third
section 41¢3 has transmittance of approximately 50%. If the
laser mask 41 is formed such that the transmittance of each
opening section 41a varies more sharply from the center to
the edge, each opening section 11a is tapered at a greater
angle (the tapered shape is more similar to a vertical shape).
If the laser mask 41 is formed such that the transmittance of
each opening section 41a varies more gradually, each open-
ing section 1la is tapered at a smaller angle (the tapered
shape is more similar to a horizontal shape).

[0039] In the above example, the first section 41al, the
second section 4142, and the third section 4143 have been
explained separately, and the light-shielding thin film 415 is
formed dispersedly. However, an actual transfer resolution
of the laser light is as low as approximately 2 pm. Therefore,
if the area of one opening section 414 is divided horizontally
and vertically into 25 segments each of which is 2 um long
per side, for example, the light-shielding thin film 415 may
be formed within some of these segments. The transmittance
of each opening section 41a for the laser light thereby can
be adjusted. By adjusting the transmittance so as to con-
tinuously decrease from the center to the edge, each opening
section 11a can be formed into a tapered shape.

[0040] After the opening sections 11a are formed in the
above manner, the resin film 11 is separated from the process
stage 45. Then, a tension is applied to the resin film 11 (the
resin film 11 is expanded), and an unillustrated frame (frame
body) is bonded to a periphery of the resin film 11. This
frame may be welded to a portion of the resin film 11 around
the metal support layer 12 with laser, for example, or may be
bonded to the portion with a complete hardening adhesive
agent that generates no gas, for example. In this case, laser
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openings may be formed after the frame is bonded, and this
frame may be optional. In this way, the deposition mask 1 is
manufactured.

[0041] In Step (S2), next, the metal support layer 12
(metal layer) in the deposition mask 1 is magnetized by
applying a magnetic field to the metal layer 12. As indicated
by a magnetization curve of FIG. 3B, for example, when an
external magnetic field H applied to a ferromagnetic mate-
rial increases, the magnetized strength (magnetic flux den-
sity) M of the ferromagnetic material also increases. How-
ever, when the external magnetic field H reaches or exceeds
a given certain value, the magnetized strength M hardly
increases and approaches a saturation magnetization M1.
After that, when the external magnetic field H decreases to
Zero, a certain magnetization M2 emerges. The certain
magnetization M2 is referred to as the residual magnetiza-
tion (residual magnetic flux density). After this residual
magnetization emerges, the ferromagnetic material acts as a
magnet.

[0042] As illustrated in FIG. 3A, for example, each elec-
tromagnet 3 is created by winding an electrical wire around
the magnetic core 31 to form an electromagnetic coil 32.
When direct current flows through the electromagnetic coil
32 in an electromagnet 3, the electromagnet 3 generates a
magnetic field H in accordance with the Ampere’s right-
handed screw rule. Then, when a ferromagnetic material 7 is
placed within the magnetic field H, the magnetic field H
induces the magnetization of the ferromagnetic material 7 in
proportional to its strength, as described above. If the
magnetic field H applied to the ferromagnetic material 7
reaches the saturation magnetization, the residual magneti-
zation M2 is left in the ferromagnetic material 7 even after
the magnetic field H decreases to zero. The strength of the
magnetic field H is determined by the product of N and A
(NxA), where N denotes the number of turns of the elec-
tromagnetic coil 32 around the magnetic core 31, and A
denotes the amount of current fed through the electromag-
netic coil 32. Thus, as the number N of turns of the
electromagnetic coil 32 increases or as the current A
increases, an electromotive force (NxA) obtained in the
above manner increases. Here, a large amount of current
may be fed to the electromagnetic coil 32 only momentarily,
because the electromotive force (NxA) is independent of a
time over which the current is fed through the electromag-
netic coil 32. For example, electric charge accumulated in a
capacitor may be drawn to the electromagnetic coil 32
rapidly, thereby obtaining a large amount of current. There-
fore a magnetizing device may be a control circuit that
includes a capacitor, as described above, and a discharge
switch, and this control circuit may be connected to the
electromagnetic coil 32 in the electromagnet 3.

[0043] In the present invention, since it is enough the
residual magnetization may have some strength for the
electromagnet 3 to attract and fix the deposition mask 1, the
strengths of the saturation magnetization and residual mag-
netization of the magnetic material are not a big concern.
Therefore, a typical ferromagnetic material, such as iron or
nickel, may be magnetized in such a way that residual
magnetization is lefi.

[0044] In Step (S3), the substrate 2 for vapor deposition
and the deposition mask 1 are aligned with each other, and
then the deposition mask 1 is attracted and fixed to the
electromagnet 3 with the substrate 2 for vapor deposition
therebetween. In this case, the deposition mask 1 is mounted
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on a mask holder 15, as schematically illustrated in FIG. 2A.
Then, the substrate 2 for vapor deposition is carried by an
unillustrated robot arm and mounted on a substrate holder
29, after which the substrate holder 29 is moved downward.
In this case, the substrate 2 for vapor deposition and the
deposition mask 1 are moved closer to each other until the
substrate 2 for vapor deposition and the deposition mask 1
slightly make contact with each other, in other words, until
alignment marks used for the alignment which are formed
on the substrate 2 for vapor deposition and the deposition
mask 1 can be observed simultaneously through an unillus-
trated image device. Then, a support frame 61 is moved
downward whereby a touch plate 6 on which the electro-
magnet 3 is mounted is stacked on the substrate 2 for vapor
deposition. While this state is being kept, the substrate 2 for
vapor deposition and the deposition mask 1 are aligned with
each other. After the alignment, the substrate 2 for vapor
deposition is moved downward until the substrate 2 for
vapor deposition completely makes contact with the depo-
sition mask 1. During the alignment, the current is prefer-
ably fed through electromagnetic coil 32 in such a way that
the attractive force decreases or disappears, in order to
suppress the electromagnet 3 from excessively attracting the
deposition mask 1. In this case, it is preferred that the
electromagnet 3 applies the magnetic field to weaken the
attraction between the electromagnet 3 and the deposition
mask 1 so as not to over-attract, or to flow a current so as to
repel each other. In this case, applying the magnetic field to
completely repel between the deposition mask 1 and the
electromagnet 3 is not preferred, because when the electro-
magnet 3 attracts the deposition mask 1 after the alignment,
the deposition mask 1 may be displaced.

[0045] The above alignment of the substrate 2 for vapor
deposition and the deposition mask 1 is performed by
moving the substrate 2 for vapor deposition relative to the
deposition mask 1 while the alignment marks used for the
alignment which are formed on the substrate 2 for vapor
deposition and the deposition mask 1 are being observed
through the image device. This method makes it possible to
align the opening sections 11a in the deposition mask 1 with
a deposited area of the substrate 2 for vapor deposition (e.g.,
a pattern of first electrodes on a device substrate if the
organic EL display apparatus described below is manufac-
tured). After the alignment is performed, the current fed
through the electromagnetic coil 32 is set to zero or the
current is fed in a direction that causes the electromagnet 3
to attract the deposition mask 1. As a result, the electromag-
net 3 and the deposition mask 1 attract each other by means
of a strong attractive force and are firmly fixed to each other.
If the electromagnet 3 has the magnetic core 31, the mag-
netic core 31 and the metal support layer 12, made of a
ferromagnetic material, in the deposition mask 1 attract each
other without having to feed the current through the elec-
tromagnetic coil 32. However, if the electromagnet 3 does
not have the magnetic core 31, the current needs to be fed
through the electromagnetic coil 32 in a direction that causes
the electromagnetic coil 32 to attract the deposition mask 1.
The electromagnetic coil 32 thereby attracts the deposition
mask 1 by means of a strong attracting force. If the metal
support layer 12 in the deposition mask 1 is not yet mag-
netized, a large amount of current is fed through the elec-
tromagnetic coil 32 at the time when the alignment is
finished. This can magnetize the metal support layer 12
made of a ferromagnetic material so that the electromagnetic
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coil 32 attracts the deposition mask 1 without involving any
additional process. Furthermore, if the metal support layer
12 in the deposition mask 1 is not yet magnetized, a small
amount of current may be fed through each electromagnetic
coil 32 so that the electromagnet 3 generate a weak magnetic
field. In this case, the alignment is performed while the
electromagnet 3 is weakly attracting the deposition mask 1.

[0046] As described above, the deposition mask 1 does not
necessarily have to be magnetized before the deposition
mask 1 is arranged on the substrate 2 for vapor deposition.
Alternatively, after the substrate 2 for vapor deposition and
the deposition mask 1 are aligned with each other while
maintaining adjacent to a pole face of the electromagnet 3,
the electromagnet 3 may magnetize the metal support layer
12. In this case, if the electromagnet 3 has the magnetic core
31, when the current fed through the electromagnet 3 is set
to zero after the magnetization, the attractive force is still
active between the magnetic core 31 and the metal support
layer 12. Therefore, the vapor deposition process can be
continued while the electromagnet 3 is in a deactivated state.

[0047] In Step (S4), as illustrated in FIG. 2A, the vapor
deposition source 5 is disposed so as to face the deposition
mask 1, and then a vapor deposition material 54 in the vapor
deposition source 5 is vaporized and deposited on the
substrate 2 for vapor deposition. The vapor deposition
source 5 may be of a line type source, for example, in which
crucibles are arrayed in line, namely, the so-called linear
source; however, the vapor deposition source 5 is not limited
to the linear source. When the linear source is used as the
vapor deposition source 5, the linear source is moved
horizontally on the page of FIG. 2A. The substrate 2 for
vapor deposition thereby can be subjected to the vapor
deposition at one time even if the substrate 2 for vapor
deposition has a large size. More specifically, by heating the
vapor deposition source 5, the vapor deposition material in
the crucibles is sublimated. This vapor deposition material is
evaporated or sublimated into an atmosphere, then passes
through the opening sections 11 in the deposition mask 1,
and deposited on the substrate 2 for vapor deposition at a
predetermined location. If the organic EL display apparatus
is manufactured, for example, a plurality kind of deposition
masks in which the opening sections 11« are formed in some
different pixels may be formed, and a vapor deposition
process may be repeatedly performed every time one depo-
sition mask is replaced by another. In this way, organic
layers are formed.

[0048] In Step (S5), the electromagnet 3 generate the
magnetic field to cause the deposition mask 1 to repel the
electromagnet 3 (feeding the current in a direction opposite
to the flowing direction of the current during the magneti-
zation), thereby separating the electromagnet 3 and the
substrate 2 for vapor deposition from the deposition mask 1.
In other words, in Step S5, current is fed through the
electromagnet 3 in a direction opposite to the flowing
direction of the current that imparts the magnetic property,
illustrated in FIG. 2A, during the magnetization in Step S2.
This causes the electromagnet 3 and the deposition mask 1
to repel each other. As a result, the deposition mask 1 is
easily separated from the electromagnet 3 and the substrate
2 for vapor deposition. In this case, the electromagnet 3 do
not need apply as strong a magnetic field as is applied for the
magnetization. Therefore, a high-current generating circuit,
such as that in a magnetizing device, is not required.
Therefore, the separation can be made simply by feeding
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current in a direction opposite to the flow direction of the
current during the magnetization of the electromagnetic coil
32. The magnetization of the deposition mask 1 is not
completely removed. The deposition mask 1 is simply
exposed to the magnetic field generated in an orientation
opposite to that of its residual magnetization. Thus, when the
current fed through the electromagnet 3 is set to zero, the
residual magnetization M2 is still left without great attenu-
ation. As a result, this deposition mask is already magnetized
when used for the next vapor deposition. This means that,
when the deposition mask is used for the next vapor depo-
sition, Steps S1 and S2 in the flowchart illustrated in FIG. 1
are already finished.

[0049] As described above, no problem will arise even
when the deposition mask 1 is left magnetized. However, if
the magnetization causes the deposition mask, to adsorb
particles, such as dust particles, during washing, the mag-
netization of the metal support layer in the deposition mask
1 may be demagnetized by applying the magnetic field to
repel the deposition mask 1 from the electromagnet 3 as
described above. Demagnetizing the magnetization of the
deposition mask 1, namely, setting the residual magnetiza-
tion M2 to zero is difficult, because the magnetization
property conforms to the hysteresis curve property as illus-
trated in FIG. 3B. In this case, the deposition mask 1 may be
exposed to an alternating-current (AC) electromagnetic field
while an alternating current is gradually decreased. In this
way, the magnetization of the deposition mask 1 can be
weakened. A control circuit used to demagnetize the mag-
netization includes: a circuit that feeds alternating current
through electromagnetic coil 32; and an adjustment mecha-
nism, such as a variable voltage transformer, for example,
Slidax (variable transformer) that gradually decreases the
alternating current. The electromagnet 3 is connected to a
regulator circuit that acts as the control circuit that demag-
netize the magnetization. This regulator circuit applies AC
power to the electromagnetic coil 32 in the electromagnet 3
and adjusts the magnitude of this AC power.

[0050] As illustrated in FIG. 2A, a vapor deposition appa-
ratus of the present invention includes: a electromagnet 3
mounted on the touch plate 6; the substrate holder 29
provided so as to be able to hold the substrate 2 for vapor
deposition via the touch plate 6 on a side of magnetic poles
of the electromagnet 3; the deposition mask 1 provided on
an opposite side of the substrate 2 for vapor deposition held
by the substrate holder 29 to the electromagnet 3; and the
vapor deposition source 5 that is provided so as to face the
deposition mask 1, and vaporizes the vapor deposition
material. The deposition mask 1 has a metal layer (metal
support layer 12, see FIG. 2B) made of a ferromagnetic
material. The electromagnet 3 has a control circuit (not
illustrated) that can magnetize the metal support layer 12
that the deposition mask 1 has. The deposition mask 1 is
mounted on the mask holder 15. Both the substrate holder 29
and the touch plate 6 are movable upward. The substrate 2
for vapor deposition is carried by the robot arm (not illus-
trated) and placed on the substrate holder 29. Then, the
substrate holder 29 is moved downward until the substrate 2
for vapor deposition to contact the deposition mask 1. After
that, the support frame 61 is moved downward so that the
touch plate 6 is stacked on the substrate 2 for vapor
deposition. The touch plate 6 makes the substrate 2 for vapor
deposition flat and has cooling water (not illustrated) that
circulates inside to cool both the substrate 2 for vapor
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deposition and the deposition mask 1. A material and thick-
ness of the touch plate 6 may be selected so that an in-plane
distribution of a magnetic field on a deposition mask surface
becomes uniform.

[0051] In the electromagnet 3, the electromagnetic coil 32
is wound around the magnetic core 31 made of, for example,
an iron core, as illustrated in the schematic view of FIG. 3A.
FIG. 2Ais the structural image in which the deposition mask
1 has a size of approximately 1.5 mx1.8 m, and a plurality
of electromagnets each of which has the magnetic core 31
having a size of approximately 20 cm per side, as illustrated
in FIG. 3A, are arranged in accordance with the size of the
deposition mask 1 (FIG. 2A is a horizontally scale-down
drawing, and thus the illustrated electromagnets are fewer
than actual ones). In the example illustrated in FIG. 2A,
terminals 32a and 325 are formed on each of the electro-
magnets on both sides so that currents can be supplied
independently to these electromagnets. However, the elec-
tromagnets in the middle are connected in series, and a
terminal 32a is formed on the electromagnet at one end of
the series connection, whereas a terminal 325 is formed on
the electromagnet at the other end. This connection configu-
ration aims to generate different repelling forces at the center
and on the periphery. However, all the electromagnets may
be connected in series. To generate different repelling forces
at the center and on the periphery, the same amount of
currents may be supplied to the electromagnets, by winding
different numbers of turns of coils around the magnetic cores
31. In this case, all the electromagnets can be connected in
series. Alternatively, all the electromagnets may be con-
nected in series when magnetizing the deposition mask 1
and may be connected independently of one another when
detaching the deposition mask 1.

[0052] When the electromagnets 3 generate different
attractive forces at the center and on the periphery, for
example, by setting the repelling force on the periphery to be
greater than that at the center, the deposition mask 1 and the
substrate 2 for vapor deposition can be easily separated from
each other at their peripheral locations and then can be
separated at their central location. If the first separation is
made, the separation at the center can also be easily made.
This configuration is advantageous when the substrate for
vapor deposition is made of a film and manufactured,
especially with a roll-to-roll process, because the substrate
for vapor deposition can be easily detachable at the edge. In
the example illustrated in FIG. 2A, the amounts of currents
fed to the electromagnets differ only at the center and on the
periphery. Alternatively, the central area may be further
divided into a plurality of areas, and the electromagnets on
the divided areas may generate different strengths of mag-
netic fields. In that case, the electromagnets can generate a
magnetic field with its strength gradually varying from the
periphery to the center. This varying strength can facilitate
the separation between the substrate 2 for vapor deposition
and the deposition mask 1 while reliably holding the sub-
strate 2 for vapor deposition and the deposition mask 1.

[0053] In the example illustrated in FIG. 2A, the indi-
vidual electromagnets are covered with and fixed by a resin
33, such as a silicone rubber, a silicone resin, or an epoxy
resin. The resin 33 can fix the individual electromagnets to
enhance their handleability although the resin 33 does not
necessarily have to be used. Instead of being covered with
the resin 33, alternatively, the electromagnets may be dis-
posed so as to be exposed to the atmosphere and cooled
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down. A cooling device refers to a device that can perform
such a cooling operation using gas or water. If large amount
of current is fed through the electromagnet, the electromag-
net may be heated. In that case, the above device preferably
cools the electromagnet by using gas or water.

[0054] As illustrated in FIG. 2A, the mask holder 15 and
the substrate holder 29 are provided in the vapor deposition
apparatus. The substrate holder 29 is connected to an unil-
lustrated driving device so as to hold the periphery of the
substrate 2 for vapor deposition with a plurality of hook-
shaped arms and to be movable vertically. The substrate 2
for vapor deposition is carried into the vapor deposition
apparatus by the robot arm and is received by the hook-
shaped arms. Then, the substrate holder 29 is moved down-
ward until the substrate 2 for vapor deposition is in prox-
imity to the deposition mask 1. In addition, an image device
(not illustrated) is also provided for performing the align-
ment. The touch plate 6 is supported by the support frame
61, and the driving device is also provided to move the touch
plate 6 until the touch plate 6 makes contact with the
substrate 2 for vapor deposition. Downward moving of the
touch plate 6 makes the substrate 2 for vapor deposition flat.
A fine adjustment device is also provided to move the
substrate 2 for vapor deposition relative to the deposition
mask 1 during the alignment in which the image device is
imaging the alignment marks formed on the deposition mask
1 arid the substrate 2 for vapor deposition. A current
regulator is also provided to suppress the electromagnet 3
from excessively attracting the deposition mask 1 during the
alignment. In this case, the current regulator decreases the
attractive force or generates a magnetic field in an orienta-
tion that causes the attractive force to be cancelled out. The
entire device illustrated in FIG. 2A is placed inside a
chamber, and a device that evacuates air from the chamber
is provided, although the chamber and the device are not
illustrated.

[0055] The frame (frame body) 14, which is formed on the
periphery of the deposition mask 1 as described above, is
mounted on the mask holder 15. As described above, one
detailed example of the structure of the deposition mask 1 is
illustrated in FIG. 2B. The attractive force is generated
between a magnetic pole of the magnetized metal support
layer 12 and the magnetic core 31 in the electromagnet 3,
and the magnetic core 31 attracts and fixes the deposition
mask 1 with the substrate 2 for vapor deposition therebe-
tween.

[0056] The vapor deposition source 5 may be any given
vapor deposition source having a point, line, or plane shape.
For example, the vapor deposition source 5 of the linear type
(extends in a direction perpendicular to the page of FIG. 2A)
in which crucibles are arrayed is moved from the left edge
to right edge of the page. The entire surface of the substrate
2 for vapor deposition is thereby deposited. As described
above, the vapor deposition source 5 emits the vapor depo-
sition material as an emitted beam. A cross section of this
emitted beam has a fan shape defined by a shape of the
crucibles, and both sides of the cross section have a certain
angle 8. To deliver, at a predetermined site of the substrate
2 for vapor deposition, particles of the vapor deposition
material in the vapor deposition beam even near its edge
which has the fan-shape cross section without being blocked
by the metal support layer 12 and the resin film 11, each of
the openings 12a in the metal support layer 12 and the
opening sections 11a in the resin film 11 is formed into a
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tapered shape. Alternatively, however, the openings 124 in
the metal support layer 12 may also have a large, non-
tapered shape.

[0057] As described above, the deposition mask of the
present invention at least partly has the metal support layer
(metal layer) made of a ferromagnetic material. The metal
support layer 12 is formed on a portion of a surface of the
resin film 11 to constitute the deposition mask 1. The metal
support layer 12 is magnetized in a certain orientation so that
residual magnetization is left.

[0058] Next, a method for manufacturing an organic EL
display apparatus using the vapor deposition method of the
present invention will be described. Any processes in the
manufacturing method other than the vapor deposition
method can be performed by the well-known methods. Thus,
a method for depositing organic layers by the vapor depo-
sition method of the present invention will be mainly
described with reference to FIGS. 5A and 5B.

[0059] The method for manufacturing an organic EL dis-
play apparatus of the present invention includes: forming a
device substrate 21 by forming TFTs (not illustrated), a
planarizing layer, and first electrodes (for example, anodes)
22 on a support substrate (not illustrated); overlaying and
aligning the deposition mask 1 manufactured with the above
method on the device substrate 21; and forming a deposition
layer 25 of organic layers by depositing the organic material
51. Then, a second electrode 26 (cathode) is formed on the
deposition layer 25.

[0060] The device substrate 21 is formed by a process
described below. For example, although not illustrated,
switching elements, such as TFTs, are formed on a support
substrate, such as a glass plate, in units of RGB sub-pixels
in each pixel, and the first electrodes 22 connected to the
switching elements are formed, on the planarizing layer, by
a combination of a metal layer made of Ag or APC or the
like, for example, and an ITO layer. As illustrated in FIGS.
5A and 5B, insulating bank 23 made of SiO,, an acrylic
resin, a polyimide resin, for example, are formed between
the sub-pixels to divide the sub-pixels from each other. The
above-mentioned deposition mask 1 is aligned with and
fixed on the insulating banks 23 on the device substrate 21.
As illustrated in FIG. 2A described above, the fixing is
performed, for example, by using electromagnet 3, which is
provided over the surface opposite to the vapor deposition
surface of the device substrate 21, to attract the deposition
mask 1. Since the metal support layer 12 in the deposition
mask 1 is magnetized as described above, the deposition
mask 1 is attracted to the magnetic core 31 in the electro-
magnet 3. If the electromagnet 3 does not have the magnetic
core 31, the current is fed through the electromagnet 3 so as
to generate the magnetic field in the same orientation as that
of a magnetized state of the electromagnetic coil 32. The
electromagnet 3 thereby attracts the deposition mask 1. In
this case, the amount of the current may be small enough to
generate the magnetic field. In this state, the opening section
11a in the deposition mask 1 and the first electrode 22 in the
device substrate 21 are aligned with each other. The opening
section 11a in the deposition mask 1 is formed so as to be
smaller than a gap between opposed walls each other, of the
insulating bank 23. Therefore, the organic material is sup-
pressed from depositing to side wall of the insulating bank
23, thereby preventing lowered light emitting efficiency.
[0061] In the above state, as illustrated in FIG. 5A, the
organic material 51 is evaporated from the vapor deposition
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source (crucibles) 5 in the vapor deposition apparatus, and
then the organic material 51 is deposited only on parts of the
device substrate 21 corresponding to parts of the deposition
mask 1 in which the opening sections 11a are formed, so that
the deposition layer 25 of the organic layers is formed on the
first electrodes 22 in desired sub-pixels. Since the opening
section 11 in the deposition mask 1 is formed such that the
diameter is shorter than the gap between opposed walls each
other of the insulating banks 23, as described above, the
organic material 51 is less likely to be deposited on the side
wall of the insulating banks 23. As a result, as illustrated in
FIGS. 5A and 5B, the deposition layer 25 of the organic
layers is basically deposited only on the first electrodes 22.
This vapor deposition step may be performed on each
sub-pixel by sequentially replacing one deposition mask 1
with another. A deposition mask may be used to deposit the
same material on a plurality of sub-pixels at the same time.
When the deposition mask 1 as described above is replaced
with another, the electromagnet 3, not illustrated in FIG. 5A
(see FIG. 2A), can generate a magnetic field to weaken the
magnetization of the metal support layer 12 in the deposition
mask 1, thereby easily separating the electromagnet 3 and
the device substrate 21 from the deposition mask 1. A new
deposition mask 1 may be placed in a manner similar to that
performed in the first step.

[0062] FIGS. SA and 5B each simply illustrate the depo-
sition layer 25 of the organic layers by a single layer, but in
fact the deposition layer 25 of the organic layers may be
formed of the deposition layers 25 of a plurality of layers
made of different materials. For example, a hole injection
layer is provided as a layer in contact with the anode 22 in
some cases. The hole injection layer improves a hole injec-
tion property and is made of material having a good ion-
ization energy matching. A hole transport layer is formed of,
for example, an amine-based material on the hole injection
layer. The hole transport layer improves stable transport-
ability of holes and enables confinement of electrons (energy
barrier) into a light emitting layer. Further, the light emitting
layer, which is selected depending on a target emission
wavelength, is formed on the hole transport layer, for
example, by doping red or green organic phosphor material
into Alqs, for the red or green wavelength. As a blue-type
material, a bis(styryl)amine (DSA)-based organic material is
used. An electron transport layer is formed of Algs, for
example, on the light emitting layer. The electron transport
layer improves an electron injection property and stably
transports electrons. These respective layers, each having a
thickness of approximately several tens of nanometers, are
deposited to form the deposition layer 25 of the organic
layers. It should be noted that an electron injection layer,
such as LiF or Liq, which improves the electron injection
property, may also be provided between the organic layers
and the metal electrode.

[0063] In the deposition layer 25 of the organic layers, an
organic layer of a material corresponding to each color of
RGB is deposited as the light emitting layer. In addition, the
hole transport layer, the electron transport layer, and other
similar layers are preferably deposited separately by using
materials suitable for the light emitting layer, if emphasis is
placed on light emission performance. However, in consid-
eration of the material cost, the same material common to
two or three colors of RGB may be deposited in some cases.
In a case where the material common to sub-pixels of two or
more colors is deposited, the deposition mask 1 is formed to
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have opening sections 11a formed in the sub-pixels sharing
the common material. When individual sub-pixels to have
different deposited layers, for example, one deposition mask
1 is used for sub-pixels of R, so that the respective organic
layers can be sequentially deposited. In a case where an
organic layer common to RGB is deposited, other organic
layers for the respective sub-pixels are deposited up to the
lower side of the common layer, and then at the stage of the
common organic layer, the common organic layer is depos-
ited across the entire pixels at one time using the deposition
mask 1 with the opening sections 11a formed at RGB sites.
[0064] After finishing the formation of the deposition
layer 25 of all the organic layers and the electron injection
layer, such as a LiF layer, as described above, the electro-
magnet 3 apply a magnetic field to cause the deposition
mask 1 to repel the electromagnet 3, thereby easily separat-
ing the deposition mask 1. Thereafter, the second electrode
(e.g., cathode) 26 is formed over the entire surface. An
example illustrated in FIG. 5B is a top emission type, in
which light is emitted from a surface opposite to the device
substrate 21 illustrated in the figure. Thus, the second
electrode 26 may be formed of a light-transmissive material,
for example, a thin Mg—Ag eutectic layer. Alternatively, for
example, Al may be used. It should be noted that in a bottom
emission type which emits light through the device substrate
21, ITO or In;0,, for example, may be used for the first
electrodes 22, and metals having low work functions, for
example, Mg, K, Li, or Al may be used for the second
electrode 26. A protective layer 27 made of, for example,
Si;N,, is formed on a surface of the second electrode 26. It
should be noted that the whole deposited layers are sealed
with a sealing layer made of glass or a moisture-resistant
resin film (not illustrated), for example, and is thus config-
ured to prevent the deposition layer 25 of the organic layers
from absorbing moisture. Alternatively, a structure can also
be provided in which the organic layers may be made
common or shared as much as possible, and a color filter
may be provided on the surface side of the organic layers.
[0065] The above deposition mask 1 can be repeatedly
used. Once magnetized, the deposition mask 1 can be used
without being re-magnetized. However, since the organic
material 51 is deposited on a surface of the deposition mask
1 which faces the vapor deposition source, the deposition
mask 1 needs to be washed when the organic material 51 is
accumulated thereon by approximately 1 um. If the magne-
tized deposition mask 1 is washed, magnetic materials
contained in a cleaning liquid may absorbed to the deposi-
tion mask 1, damaging the deposition mask 1, or particles,
such as dust particles, in the air may be absorbed to the
deposition mask 1. Therefore, before the washing, the mag-
netization of the deposition mask 1 may be demagnetized, or
a magnetic field may be applied to the deposition mask 1 in
the opposite direction to weaken the magnetization. In this
case, for example, the deposition mask 1 may be washed
with an organic solvent.

REFERENCE SIGNS LIST

[0066] 1 Deposition mask

[0067] 2 Substrate for vapor deposition
[0068] 3 Electromagnet

[0069] 5 Vapor deposition source
[0070] 6 Touch plate

[0071] 7 Magnetic material

[0072] 11 Resin film
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[0073] 11a Opening section
[0074] 12 Metal support layer
[0075] 12a Opening

[0076] 14 Frame

[0077] 15 Mask holder

[0078] 21 Device substrate
[0079] 22 First electrode
[0080] 23 Insulating bank
[0081] 25 Deposition layer
[0082] 26 Second electrode
[0083] 27 Protective layer
[0084] 29 Substrate holder
[0085] 31 Magnetic core
[0086] 32 Electromagnetic coil
[0087] 33 Resin

[0088] 41 Laser mask

[0089] 41a Opening section
[0090] 415 Light-shielding film
[0091] 42 Optical lens

[0092] 45 Process stage
[0093] 61 Support frame

1. A vapor deposition method comprising:

forming a deposition mask having at least partly a metal

layer made of a ferromagnetic material;

magnetizing the metal layer of the deposition mask by

applying a magnetic field to the metal layer;
aligning the deposition mask and a substrate for vapor
deposition with each other, and then attracting and
fixing the deposition mask to an electromagnet with the
substrate for vapor deposition therebetween,

depositing a vapor deposition material on the substrate for
vapor deposition by vaporizing the vapor deposition
material in a vapor deposition source, the vapor depo-
sition source being disposed so as to face the deposition
mask; and

separating both the electromagnet and the substrate for

vapor deposition from the deposition mask by gener-
ating a magnetic field to cause the deposition mask to
repel from electromagnet.

2. The vapor deposition method according to claim 1,
wherein the electromagnet magnetizes the metal layer of the
deposition mask.

3. The vapor deposition method according to claim 1,
wherein the electromagnet comprises a plurality of electro-
magnets, the electromagnets being disposed for the deposi-
tion mask, and wherein the separating of both the electro-
magnet and the substrate for vapor deposition from the
deposition mask includes applying a repelling force differ-
ently to a center portion and periphery portion of the
deposition mask.

4. The vapor deposition method according to claim 3,
wherein the repelling force is generated so as to gradually
vary from the periphery potion toward the center portion of
the deposition mask.

5. The vapor deposition method according to claim 1,
further comprising demagnetizing the deposition mask after
separating the substrate for vapor deposition from the depo-
sition mask.
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6. The vapor deposition method according to claim 1,
wherein the electromagnet operates while being cooled
down.

7. A vapor deposition apparatus comprising:

an electromagnet;

a substrate holder to hold a substrate for vapor deposition
so as to be adjacent to one magnetic pole of the
electromagnet;

a deposition mask provided on an opposite side of the
substrate for vapor deposition to the electromagnet, the
substrate for vapor deposition being held by the sub-
strate holder; and

a vapor deposition source vaporizing a vapor deposition
material, the vapor deposition source being provided so
as to face the deposition mask,

wherein the deposition mask has a metal layer made of a
ferromagnetic material, and the electromagnet is con-
nected to a control circuit capable of magnetizing the
metal layer being included in the deposition mask.

8. The vapor deposition apparatus according to claim 7,
wherein the electromagnet is connected to a control circuit
capable of removing residual magnetization of the metal
layer.

9. The vapor deposition apparatus according to claim 7,
wherein the electromagnet comprises a plurality of electro-
magnets, the plurality of electromagnets being formed for
one of the deposition mask, and wherein at least one of the
plurality of electromagnets has a control circuit being able to
independently adjust a strength of generated magnetic fields.

10. The vapor deposition apparatus according to claim 7,
further comprising a cooling device cooling the electromag-
net, the cooling device being provided adjacent to the
electromagnet.

11. A deposition mask for use in forming a deposition
layer on a surface of a substrate at a predetermined location,
the deposition mask comprising:

a metal layer formed in at least a portion of the deposition
mask, the metal layer being made of a ferromagnetic
material; and

a resin film, on a portion of a surface of the resin film
provided with the metal layer to constitute a complex
type mask,

wherein the metal layer possesses residual magnetization
by being magnetized in a certain orientation.

12. A method for manufacturing an organic EL display
apparatus by depositing organic layers on a device substrate,
the method comprising:

forming the device substrate by forming at least a TFT
and a first electrode on a support substrate;

forming a deposition layer of the organic layers on the
device substrate by depositing organic materials on the
first electrode with the vapor deposition method
according to claim 1; and

forming a second electrode on the deposition layer.
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MADE OF FERROMAGNETIC MATERIAL

l FORMING DEPOSITION MASK HAVING METAL LAYER ‘

S
l MAGNETIZING METAL LAYER OF DEPOSITION MASK ‘

ALIGNING SUBSTRATE FOR VAPOR DEPOSITION
WITH DEPOSITION MASK, AND THEN ATTRACT
AND FIX DEPOSITION MASK TO ELECTROMAGNET
WITH SUBSTRATE FOR VAPOR DEPOSITION
THEREBETWEEN

DEPOSITING VAPOR DEPOSITION MATERIAL
ON SUBSTRATE FOR VAPOR DEPOSITION
BY VAPORIZING VAPOR DEPOSITION MATERIAL
IN VAPOR DEPOSITION SOURCE PROVIDED
SO AS TO FACE DEPOSITION MASK

GENERATING MAGNETIC FIELD FROM
ELECTROMAGNET TO CAUSE DEPOSITION MASK
TO REPEL ELECTROMAGNET, THEREBY SEPARATING
ELECTROMAGNET AND SUBSTRATE FOR VAPOR
DEPOSITION FROM DEPOSITION MASK
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