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VAPOR DEPOSITION APPARATUS, VAPOR

DEPOSITION METHOD AND METHOD OF

MANUFACTURING ORGANIC EL DISPLAY
APPARATUS

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This patent application is a continuation applica-
tion of US. application Ser. No. 16/409,555, having a
filing/§ 371(c) date of May 10, 2019 (co-pending), which is
a divisional patent application of U.S. application Ser. No.
15/757,263, having a filing/§ 371(c) date of Jun. 27, 2018
(U.S. Pat. No. 10,340,456, issued Jul. 2, 2019), which is a
U.S. National Stage of PCT/JP20171014996, having an
international filing date of Apr. 12, 2017. The entire disclo-
sure of each patent application set forth in this CROSS-
REFERENCE TO RELATED APPLICATIONS section is
hereby incorporated by reference.

TECHNICAL FIELD

[0002] The present disclosure relates to a vapor deposition
apparatus and a vapor deposition method for vapor-depos-
iting, for example, organic layers of an organic EL display
apparatus, and to a method of manufacturing an organic EL
display apparatus.

BACKGROUND ART

[0003] For example, when manufacturing an organic EL
display apparatus, driving elements such as TFTs are formed
on a support substrate, and on electrodes provided on them,
organic layers are deposited for each pixel. The organic
layers are weak to water and cannot be etched. Therefore,
the deposition of the organic layers is done by superposing
a vapor deposition mask and the support substrate (substrate
for vapor deposition) on each other, and by vapor-depositing
an organic material through openings of the vapor deposi-
tion mask. By doing so, a required organic material is
deposited only on the electrodes of required pixels. If the
substrate for vapor deposition and the vapor deposition mask
are not as close as possible to each other, organic layers are
not formed only in a precise area of the pixels. If the organic
material is not deposited only in a precise area of the pixels,
a display image is likely to be unclear. Thus, a magnetic
chuck is used which brings the substrate for vapor deposi-
tion and the vapor deposition mask close to each other by
using a magnetic material for the vapor deposition mask, and
by placing the substrate for vapor deposition between a
permanent magnet or an electromagnet and the vapor depo-
sition mask (for example, refer to Patent Document 1).

PRIOR ART DOCUMENT

Patent Document

[0004] TP 2008-024956 A
SUMMARY OF THE INVENTION
Problem to be Solved by the Invention
[0005] A metal mask is conventionally used as a vapor

deposition mask. However, in recent years, there is a ten-
dency that a hybrid-type vapor deposition mask is used
which has a mask made of a resin layer having openings
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each with a periphery supported by a metal support layer in
order to form finer openings. A vapor deposition mask with
a smaller amount of magnetic material, such as the hybrid
mask, cannot be sufficiently attracted unless a stronger
magnetic field is used.

[0006] As described above, if the attraction is not suffi-
cient, the closeness between the substrate for vapor depo-
sition and the vapor deposition mask decreases. In order to
sufficiently attract the vapor deposition mask to the substrate
for vapor deposition, a strong magnetic field is required. If
a permanent magnet is used as a magnet in the magnetic
chuck, and if its magnetic field is strong, an alignment
between the substrate for vapor deposition and the vapor
deposition mask is difficult. On the other hand, if an elec-
tromagnet is used, the alignment between the substrate for
vapor deposition and the vapor deposition mask is easy
because a magnetic field can be applied after the alignment
without applying the magnetic field at the time of the
alignment. However, the present inventor has found that if
a strong magnetic field is applied using an electromagnet
after the alignment of the substrate for vapor deposition and
the vapor deposition mask, failure in performance and
degradation in properties may occur in the TFTs of the
substrate for vapor deposition and in the organic deposition
layer of the organic material. In particular, if the hybrid-type
vapor deposition mask is used, a strong magnetic field is
required for sufficient attraction. In this case, the increase in
strength of the magpnetic field is at most about twice, and not
so much as to require a large electromagnet. However, even
in the case of an electromagnet for the conventional metal
mask, the magnetic flux changes very significantly when a
current thereto is turned on. When the current increases, the
magnetic flux changes more significantly. The present inven-
tor has found that the failure in the TFTs formed on the
substrate for vapor deposition, and the degradation in the
organic layers may occur significantly due to electromag-
netic induction generated when the current is turned on.
[0007] The present disclosure has been made to solve
these problems, and an object of the present disclosure is to
provide a vapor deposition apparatus and a vapor deposition
method which reduces failure and degradation of elements
such as TFTs formed on the substrate for vapor deposition,
and which also reduces degradation in properties of the
organic layers, even if an electromagnet is used as a magnet
in a magnetic chuck.

[0008] Another object of the present disclosure is to
provide a method of manufacturing an organic EL display
apparatus which has excellent display quality, by using the
above vapor deposition method.

Means to Solve the Problem

[0009] The vapor deposition apparatus according to an
embodiment of the present invention comprises: an electro-
magnet; a substrate holder for holding a substrate for vapor
deposition provided in a position facing one magnetic pole
of the electromagnet; a vapor deposition mask comprising a
magnetic material and provided in a position facing a
surface, opposite to the electromagnet, of the substrate for
vapor deposition held by the substrate holder; a vapor
deposition source placed to face the vapor deposition mask
and provided to vaporize or sublimate a vapor deposition
material; and a power supply circuit for driving the electro-
magnet, wherein the electromagnet comprises a first elec-
tromagnet for generating a magnetic field in a first orienta-
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tion, and a second electromagnet for generating a magnetic
field in a reverse orientation to the first orientation.

[0010] The vapor deposition method according to an
embodiment of the present invention comprises the steps of:
superposing an electromagnet, a substrate for vapor depo-
sition and a vapor deposition mask comprising a magnetic
material on each other, and further attracting the substrate
for vapor deposition and the vapor deposition mask to each
other by supplying current to the electromagnet from a
power supply circuit; and vapor-depositing a vapor deposi-
tion material on the substrate for vapor deposition by
evaporating the vapor deposition material from a vapor
deposition source placed distant from the vapor deposition
mask, wherein the electromagnet comprises a first electro-
magnet for generating a magnetic field in a first orientation,
and a second electromagnet for generating a magnetic field
in a reverse orientation to the first orientation, in which the
second electromagnet is turned off after the current is
supplied to the first and second electromagnets at the same
time.

[0011] The method of manufacturing an organic EL dis-
play apparatus according to an embodiment of the present
invention comprises: forming at least TFTs and a first
electrode on a support substrate; forming an organic depo-
sition layer by vapor-depositing an organic material using
the above vapor deposition method; and forming a second
electrode on the organic deposition layer.

Effects of the Invention

[0012] The vapor deposition apparatus and the vapor
deposition method according to an embodiment of the
present invention can reduce failure and degradation of
elements such as TFTs formed on the substrate for vapor
deposition, and reduce degradation in properties of the
organic layers.

BRIEF DESCRIPTION OF THE DRAWINGS

[0013] FIG. 1 is a view for explaining an example of
configuration of an electromagnet according to an embodi-
ment of the present invention.

[0014] FIG. 2 is a view for explaining another example of
configuration of an electromagnet according to the embodi-
ment of the present invention.

[0015] FIG. 3Ais a view showing a relationship between
an electromagnet, a substrate for vapor deposition and a
vapor deposition mask in a vapor deposition apparatus.
[0016] FIG. 3B is an enlarged view of an example of the
vapor deposition mask.

[0017] FIG. 3C is a view schematically showing a mag-
netic field generated by the electromagnet.

[0018] FIG. 3D is a view schematically showing a mag-
netic field generated by a conventional electromagnet.
[0019] FIG. 4 is a graph showing a relationship between a
magnetic flux and a gap between the substrate for vapor
deposition and the vapor deposition mask.

[0020] FIG. 5 is a view showing a vapor deposition
process based on a method of manufacturing an organic EL
display apparatus according to the embodiment of the pres-
ent invention.

[0021] FIG. 6 is a view showing a state in which organic
layers are deposited by the method of manufacturing an
organic EL display apparatus according to the embodiment
of the present invention.
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EMBODIMENT FOR CARRYING OUT THE
INVENTION

[0022] Next, referring to the drawings, a vapor deposition
apparatus and a vapor deposition method according to an
embodiment of the present invention will be described. An
example of overall configuration of the vapor deposition
apparatus according to the present embodiment is shown in
FIG. 3A, and an example of configuration of an electromag-
net 3 therein is shown in FIG. 1. As shown in FIG. 3A, the
vapor deposition apparatus comprises: the electromagnet 3;
a substrate holder 29 for holding a substrate 2 for vapor
deposition to be provided in a position facing one magnetic
pole of the electromagnet 3; a vapor deposition mask 1
comprising a magnetic material and placed at a surface,
opposite to the electromagnet 3, of the substrate 2 for vapor
deposition held by the substrate holder 29; and a vapor
deposition source 5 placed to face the vapor deposition mask
1 and provided to vaporize or sublimate a vapor deposition
material. Further, as shown in FIGS. 1 and 2, the electro-
magnet 3 comprises: a first electromagnet 3A for generating
a magnetic field in a first orientation; and a second electro-
magnet 3B for generating a magnetic field in a reverse
orientation to the first orientation.

[0023] Here, in order to obtain a tight contact (good
closeness) between the vapor deposition mask 1 and the
substrate 2 for vapor deposition, the present inventor inves-
tigated the relationship between the magnetic flux and the
gap between the vapor deposition mask 1 and the substrate
2 for vapor deposition by using the configuration as shown
in FIG. 3A, but using a permanent magnet instead of the
electromagnet 3, and by superposing the permanent magnet,
the contact plate 4, the substrate 2 for vapor deposition and
the vapor deposition mask 1 on each other. FIG. 4 shows the
results. Note that the permanent magnet used was a sheet
magnet to generate a magnetic field on one side and generate
no magnetic field (0 magnetic field) on the other side. Three
sheets of permanent magnets with different magnetic fields
were prepared, and the relationship between the magnetic
field on the surface of the vapor deposition mask 1 and the
gap between the substrate 2 for vapor deposition and the
vapor deposition mask 1 was investigated by exchanging the
three sheets of permanent magnets from one to another. A
hybrid-type mask was used as the vapor deposition mask 1.
Note that it is known that a gap between the substrate 2 for
vapor deposition and the vapor deposition mask 1 is pref-
erably as small as possible, and a desired deposition state of
an organic material can be obtained if it is 3 pm or lower,
from a result of checking the relationship between the gap
and the deposition state.

[0024] Thus, from the results of the investigation shown in
FIG. 4, it is understood that the magnetic flux density B
(B=pH, where p is permeability and H is strength of mag-
netic field) is preferably as high as possible. However, as
described above, the present inventor has found that if the
vapor deposition mask 1 is attracted by a strong magnetic
field using the electromagnet 3 to bring the substrate 2 for
vapor deposition and the vapor deposition mask 1 suffi-
ciently close to each other, the elements such as TFTs
formed on the substrate 2 for vapor deposition may be
damaged or degraded in performance, and further the
organic layers may be degraded in properties. The present
inventor further conducted extensive studies to investigate
their causes, and as a result, has found that when a current
to an electromagnetic coil (hereafter, may be referred to as
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first electromagnetic coil) 32 of the electromagnet 3 is
turned on, an overcurrent flows in circuits such as TFTs (not
shown) formed on the substrate 2 for vapor deposition due
to an electromotive force generated by electromagnetic
induction. Further, the present inventor has found that the
TFTs and the organic layer 25 (refer to FIG. 6) are damaged
or degraded due to the overcurrent and Joule heat generated
by the overcurrent in an electrode 22 (refer to FIG. 5 or FIG.
6) and so on.

[0025] More specifically, referring to FIG. 3D which
shows an example of a conventional electromagnet 3, a
magnetic field H is generated in a certain orientation by the
right-handed screw rule when a current is allowed to follow
in an electromagnetic coil 32 of the electromagnet 3. This
magnetic field H has a property to attract a magnetic
material. However, when the current is applied, the current
flows quickly (almost instantaneously) and it causes a mag-
netic flux ¢ (p=BS=pHS, where S is cross-sectional area of
a core 31) generated by the electromagnet 3 to increase
quickly. When the magnetic flux ¢ varies quickly, an elec-
tromotive force V corresponding to Vec—d¢/dt is generated.
When the current to the electromagnetic coil 32 is turned on,
a time (rise time) At, which is the time from the time 0 of the
current, to a predetermined current, though it depends on the
magnitude of the self-inductance of the electromagnet 3, and
is about 10 ps (microsecond) if the electromagnet 3 is
normal. Since At is very small, the minute time dt can be
approximated by this At. Thus, for example, if the magnetic
flux 1s changed by about 300 gauss within this time At, it
causes an electromotive force of about 30 MV to be gener-
ated by electromagnetic induction. This electromotive force
causes a current to flow in a closed circuit in the substrate 2
for vapor deposition, thereby causing damage of the TFTs
and so on. As can be understood from the above expression,
this electromotive force V increases as the change in the
magnetic flux ¢ increases. Since the electromagnetic coil 32
of the electromagnet 3 has a self-inductance, the change in
the magnetic flux ¢ is reduced, but nevertheless, a high
induced electromotive force of about 30 MV is generated as
described above. Such an induced electromotive force
causes the damage and the degradation in properties of the
elements. In addition, heat as expressed by Q=V2-t/R (where
R is an electric resistance Q of the dosed circuit in the
substrate 2 for vapor deposition) is generated as an amount
Q (1) of the Joule heat. This generation of Joule heat may
degrade the properties of an organic material which is weak
to high temperature.

[0026] In addition, the present inventor further conducted
extensive studies for investigation, and as a result, has found
that by changing a magnetomotive force (NI where N is the
number of turns of the coil, and I is the magnitude of the
current to flow in the electromagnetic coil 32) generated by
the electromagnet 3 to gradually increase, the generated
magnetic flux changes more slowly, and thereby it is pos-
sible to solve such a problem. More specifically, the change
in the magnetic flux B occurs only when the current to the
electromagnetic coil 32 of the electromagnet 3 is turned on
or turned off, while if the current is stabilized, a magnetic
field corresponding to the current and the number of turns of
the coil is stably generated to continuously attract the
magnetic material. Thus, the change in the magpetic flux B
occurs only when the current is turned on or off, and its time
is a time of about 10 ps as described above. If a predeter-
mined current is reached in about 1 ms (millisecond), no
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problem occurs. Thus, the present inventor has found that
the problem due to the generation of electromagnetic induc-
tion can be solved by partially reversing the winding orien-
tation of the first electromagnetic coil 32 as shown, for
example, in FIG. 3C so as to form the first electromagnet 3A
and the second electromagnet 3B which has a winding part
wound in a reverse orientation to the first electromagnet 3A,
and by turning off the second electromagnet 3B after the
current is turned on.

[0027] While a predetermined magnetic field H is gener-
ated by the first electromagnet 3A, the turning on of the
current also causes a current to flow in the second electro-
magnet 3B. The second electromagnet 3B has a second
electromagnetic coil 35 continuous to the electromagnetic
coil 32 of the first electromagnet 3A, and therefore, the
current flows in them at the same time. However, the
winding orientation of the second electromagnetic coil 35 of
the second electromagnet 3B is reversed from that of the first
electromagnetic coil 32 of the first electromagnet 3A. Thus,
the second electromagnet 3B generates a magnetic field HO
which is directed downward in the figure and directed
opposite to the magnetic field H of the first electromagnet
3A. As a result, the magnetic field H generated by the first
electromagnet 3A is offset, and the magnetic field generated
when the current is turned on becomes (H-HO). As
described above, the electromotive force generated by elec-
tromagnetic induction is proportional to the magnetic flux B,
namely the speed of change in the magnetic field H. There-
fore, if the magpetic field (H-HO) decreases, the electromo-
tive force generated by electromagnetic induction decreases,
and as a result, the influence of the electromagnetic induc-
tion is reduced. Thus, the influence of the electromagnetic
induction when the current is turned on can be avoided.

[0028] For example, if the number of turns of the second
electromagnetic coil 35 of the second electromagnet 3B is
designed to be about half of that of the first electromagnet
3A, the magnetic field generated when the current is turned
on is reduced to about half. This means that the electromo-
tive force generated by electromagnetic induction is also
reduced to about half. Further, by turning off the second
electromagnet 3B after the current is turned on, an intended
magnetic field H to attract the vapor deposition mask 1 can
be obtained. Therefore, the attraction of the vapor deposition
mask 1 is not influenced at all. It is sufficient if the number
of turns of the second electromagnetic coil 35 of the second
electromagnet 3B is at most about 5 to % of the number of
turns of the electromagnetic coil 32 of the first electromag-
net 3A. If reverse electromagnetic induction generated by
turning off the second electromagnet 3B causes a problem,
multiple terminals can be provided on the second electro-
magnetic coil 35 of the second electromagnet 3B to turn it
off stepwise.

[0029] Further, the second electromagnetic coil 35 of the
second electromagnet 3B can be wounded not only on
extending portion of the core 31 of the first electromagnet
3A as shown in FIG. 3C, but also by providing insulation on
an outer periphery of the electromagnetic coil 32 of the first
electromagnet 3A to wind it directly thereon, or by changing
the first electromagnet 3A to a coreless electromagnet and
inserting therein the second electromagnet 3B reversed in
the winding orientation, or by preparing a coreless second
electromagnet 3B with an inner periphery to insert the first
electromagnet 3A therein. Hereinafter, the relationship
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between the two electromagnets 3A, 3B having different
orientations of magnetic fields will be described in further
detail.

Example 1

[0030] The example shown in FIG. 1, which has a con-
figuration similar to the example shown in FIG. 3, shows an
electromagnet 3 in a cross-sectional view in which the
orientations of current to the first and second electromag-
netic coils 32, 35 are indicated by x (oriented downward)
and * (oriented upward). Further, in this example, multiple
terminals 35a, 35b, 35¢ are formed on the second electro-
magnetic coil 35 of the second electromagnet 3B to make it
possible to gradually reduce the second electromagnet 3B by
changing over the terminals to be connected. The electric
resistances of the first and second electromagnetic coils 32,
35 are very small, and therefore, even if the electromagnetic
coil 35 of the second electromagnet 3B is turned off from the
voltage of a power supply circuit 6, the remaining current in
the first electromagnet 3A hardly changes. Thus, the mag-
netic field H generated by the first electromagnet 3A can be
obtained as it is. On the other hand, when the current is
turned on (a main switch 60 is turned on), the second
electromagnetic coil 35 also operates. As described above,
the electromagnetic coil 32 of the first electromagnet 3A and
the second electromagnetic coil 35 of the second electro-
magnet 3B are continuous to each other, and therefore, the
current flows in both of them at the same time. However,
since the winding orientation of the second electromagnetic
coil 35 is reversed, it generates a reverse magnetic field HO.
Therefore, the magnetic field generated when the current is
turned on (the main switch 60 is turned on) is reduced,
making possible to prevent a bad influence caused by
electromagnetic induction.

[0031] Note that since the number of turns of the second
electromagnetic coil 35 is less than that of the first electro-
magnetic coil 32 of the first electromagnet 3A, the influence
of reverse electromotive force due to electromagnetic induc-
tion, which may be generated by turning off the second
electromagnet 3B, is small. However, this influence can be
made extremely small by turning off the second electromag-
net 3B stepwise, if necessary. The stepwise turn-off can be
achieved by forming the multiple terminals 354, 356, 35¢ on
the second electromagnetic coil 35 as shown in FIG. 1, and
sequentially changing over them using a change-over switch
61. The speed of turning off the second electromagnet 3B is
not limited in terms of time by short time such as p second,
and they can be changed over, for example, by a manually
operated slide switch. Speaking of extremes, there is no
problem even if it takes a second-scale or minute-scale time.
In addition, it is also possible to incorporate a circuit which
operates together with the main switch 60 for turning on the
current so as to slide the change-over switch 61.

[0032] Regarding the turn-off of the second electromagnet
3B, the performance of the second electromagnet 3B can be
gradually reduced, for example, by forming the terminals
35a, 35b, 35¢ as shown in FIG. 1, and by setting the
change-over switch 61 to be connected to the terminal 35¢
when the current is turned on, and further by sliding the
change-over switch 61 to allow it to be connected to the
terminals 354, 35q after the current is turned on. The number
of terminals is not limited to three, and any number of them
can be formed.
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[0033] Tt is also possible, for example, to perform an
alignment of the substrate 2 for vapor deposition and the
vapor deposition mask 1 in a weak magnetic field obtained
by operating both of the electromagnets 3A, 3B, and to
gradually turn off the second electromagnet 3B after they are
set. This makes it possible to perform the alignment in a state
where the substrate 2 for vapor deposition and the vapor
deposition mask 1 are brought close to each other to some
extent, making it easier to perform an accurate alignment.
Also, when a magnetic field is applied after the alignment,
the magnetic field is gradually applied, making it unlikely to
cause a displacement in position between them.

[0034] When the first electromagnet 3A is turned off after
completion of the vapor deposition, such a configuration to
place the second electromagnet 3B side by side with the first
electromagnet 3A makes it possible to perform an operation
reversed from when the current is turned on, more specifi-
cally, to change over the change-over switch 61 of the
second electromagnet 3B sequentially from the terminal 35a
to the terminal 35¢ and operate the electromagnet 3B, and
thereafter to turn off the main switch 60 of the power supply
circuit 6. Thus, even when the substrate 2 for vapor depo-
sition is removed, the magnetic field of the electromagnet 3
can be easily released without being influenced by electro-
magnetic induction at all. Thus, considering that when the
current of the electromagnet 3 is turned off, the same
problem of electromagnetic induction as when the current is
turned on is likely to occur, the present embodiment can
solve this problem as well.

[0035] In the example described above, the core 31 is
extended to form the second electromagnet 3B. However, as
described above, not being limited to the example, it is also
possible to wind the second electromagnetic coil 35 on the
electromagnetic coil 32 of the first electromagnet 3A into
multiple layers, if these coils can be electrically insulated
from each other. Further, the second electromagnet 3B can
be formed inside or at an outer periphery of the first
electromagnet 3A. In any case, it is preferable to connect the
electromagnetic coil 32 of the first electromagnet 3A to the
second electromagnetic coil 35. This is because the current
can be applied to them at the same time.

Example 2

[0036] In the example shown in FIG. 1 above, the winding
orientation of the first and second magnetic coils 32, 35
wound on the same core 31 is reversed so as to form the first
and second electromagnets 3A, 3B. However, it is not
necessary to wind two kinds of electromagnetic coils on the
same core. For example, as shown in FIG. 2, it is possible
to form a first electromagnet 3A (3A1, 3A2) by multiple unit
electromagnets 3A1, 3A2, and around a part or the entirety
of the first electromagnet, second electromagnet 3B is
formed. In this example, a third electromagnetic coil 38 is
wound around a housing 36 provided outside the two unit
electromagnets 3A1, 3A2 so as to generate a magnetic field
in a reverse orientation to that of the first electromagnet 3A.
Electromagnetic coils 32 of the first electromagnet 3A1,
3A2 are connected in series, but can also be connected in
parallel. However, they are formed by being wound in the
same orientation. On the other hand, it is preferable that the
third electromagnetic coil 38 of the second electromagnet
3B is wound in a reverse orientation to, and connected in
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series to, the electromagnetic coils 32 of the first electro-
magnet 3A. This is because it is necessary to turn on current
to them at the same time.

[0037] Also in the example shown in FIG. 2, similarly as
in FIG. 1, multiple terminals 38a, 385 and 38¢ are formed
on the third electromagnetic coil 38, and their connections
are designed to be changed over by a change-over switch 61.
Other configurations are the same as those of the example
shown in FIG. 1 above, and like elements are denoted by like
symbols, the description thereof being omitted.

[0038] As shown in FIG. 3A (not showing a power supply
circuit 6), a vapor deposition apparatus according to an
embodiment of the present invention comprises: an electro-
magnet 3 placed on a contact plate 4; a substrate holder 29
provided to be able to hold, via the contact plate 4, a
substrate 2 for vapor deposition on a surface of the electro-
magnet 3 corresponding to one magnetic pole thereof; a
vapor deposition mask 1 provided on a surface of the
substrate 2 for vapor deposition held by the substrate holder
29, which surface is opposite to that facing the electromag-
net 3; and a vapor deposition source 5 placed to face the
vapor deposition mask 1 and provided to vaporize or sub-
limate a vapor deposition material. The vapor deposition
mask 1 comprises a metal layer (a metal support layer 12:
refer to FIG. 3B) made of a magnetic material, and the
electromagnet 3 is connected to the power supply circuit 6
(refer to FIGS. 1, 2, 3C) for applying current to electromag-
netic coils 32, 35 to attract the metal support layer 12 of the
vapor deposition mask 1. The vapor deposition mask 1 is
placed on a mask holder 15, while the substrate holder 29
and a support frame 41 for supporting the contact plate 4 are
each designed to be able to be lifted up. When the substrate
2 for vapor deposition is carried and placed on the substrate
holder 29 by a robot arm (not shown), and the substrate
holder 29 is moved down, then the substrate 2 for vapor
deposition is brought in contact with the vapor deposition
mask 1. Further, when the support frame 41 is moved down,
the contact plate 4 is superposed on the substrate 2 for vapor
deposition. On top of this, the electromagnet 3 is mounted on
the contact plate 4 by operating an electromagnet support
member (not shown). Note that the contact plate 4 is
provided to flatten the substrate 2 for vapor deposition and
cool the substrate 2 for vapor deposition and the vapor
deposition mask 1 by circulating cooling water therein (not
shown). The material and thickness of the contact plate 4 are
determined to homogenize the in-plane magnetic field dis-
tribution on a surface of the vapor deposition mask 1.

[0039] As shown in the schematic view of FIG. 3C, the
electromagnet 3 is formed by winding the first and second
electromagnetic coils 32, 35 around a core (magnetic core)
31 made, for example, of an iron core. As described above,
the second electromagnetic coil 35 is wound in a reverse
orientation to that of the electromagnetic coil 32 of the first
electromagnet 3A. FIG. 3A shows a configuration in which
the electromagnet 3 is formed by arraying a plurality of unit
electromagnets (each individual electromagnet being
referred to as unit electromagnet) side by side, the number
of which is adapted to the size of the vapor deposition mask
1, in which each of the unit electromagnets is shown in FIG.
3C and has a magnetic core 31 with a cross section of about
5 cm square size, when the vapor deposition mask 1, for
example, has a size of about 1.5 mx1.8 m (FIG. 3A being
shown on a laterally reduced scale, reducing the number of
unit electromagnets). In the example shown in FIG. 3A, the
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first and second electromagnetic coils 32, 35 wound on each
magnetic core 31 are connected in series, and further the
plurality of unit electromagnets are connected in series.
More specifically, they are connected in series by terminals
32b, 32¢, 324 of the unit electromagnets, and terminals 32a,
32¢ at both ends of the entire block are connected to a power
supply (not shown). However, it is also possible to connect
the electromagnetic coils 32 of the respective unit electro-
magnets in parallel. Further, it is possible to connect every
several units in series. It is also possible to independently
apply current to a portion of the unit electromagnets. How-
ever, it is preferable to apply current to the plurality of unit
electromagnets at the same time.

[0040] As shown in FIG. 3D, when a DC current flows in
the electromagnetic coil 32 of the electromagnet 3, a mag-
netic field H is generated on the basis of the right-handed
screw rule. When a magnetic material is placed in the
magnetic field H, a magnetism corresponding to the mag-
nitude of the magnetic field H is induced in the magnetic
material. As described above, the magnitude of the magnetic
field H is determined by the product of NI, where N is the
number of turns of the electromagnetic coil 32, and I is the
magnitude of the flowing current. Thus, as the number of
turns N of the electromagnetic coil 32 is increased, or the
current I is increased, a higher magnetomotive force N-I can
be obtained. However, the electromagnetic induction is
generated corresponding to the rate of change in NI, and
therefore, a problem occurs if this change is too large, as
described above. Thus, the second electromagnet 3B (refer
to FIG. 3C) described above is formed to prevent an abrupt
change in the magnetic field H.

[0041] In the example shown in FIG. 3A, the unit elec-
tromagnets are fixed with a resin 33, such as silicone rubber,
silicone resin and epoxy resin, provided therearound. This
resin 33 is not always necessary, but it can fix the unit
electromagnets and facilitate handing the electromagnet 3.
However, according to the present embodiment, instead of
fixing the unit electromagpets with the resin 33, it is also
possible to provide space around them so that the electro-
magnet 3 can be cooled by thermal radiation, since the
electromagnet 3 is used in a vacuum environment. Here, it
is preferable that the surface of the electromagnet 3 is a
treated surface obtained by a blackening treatment such as
alumite treatment. Further, the surface of the electromagnet
3 can be a roughening-treated surface with an arithmetic
average roughness Ra of 10 pm or higher, for example. In
other words, the surface is preferably subjected to a rough-
ening treatment to obtain a surface roughness Ra of 10 pm
or higher. The surface roughness Ra of 10 um means that the
surface area increases 2.18 times, assuming each convex
part formed by the roughening is an ideal hemisphere. As a
result, the thermal radiation effect also increases twice or
more. A cooling device is used to mean a device having a
broad sense including the electromagnet 3 having a surface-
treated surface formed on the electromagnet 3 as described
above, as well as such thermal radiation or water cooling
described above. When a large current flows continuously,
the electromagnet 3 may generate heat. In this case, it is
preferable to cool the electromagnet 3 by water cooling. For
example, it is considered possible to bury a water cooling
pipe in the resin 33 described above, and allow cooling
water to flow therein.

[0042] As shown in FIG. 3A, the substrate holder 29 and
the mask holder 15 are provided in the vapor deposition
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apparatus. The substrate holder 29 is connected to a driving
device (not shown) to hold, by multiple hook-shaped arms,
the substrate 2 for vapor deposition at its peripheral portions
so as to allow it to move up and down. With the hook-shaped
arms, the substrate holder 29 receives the substrate 2 for
vapor deposition having been transferred into a chamber by
a robot arm, and moves down until the substrate 2 for vapor
deposition gets dose to the vapor deposition mask 1. In order
to enable the alignment, an imaging device (not shown) is
also provided. The contact plate 4 is supported by the
support frame 41, and is connected via the support frame 41
to the driving device which moves down the contact plate 4
until it gets in contact with the substrate 2 for vapor
deposition. By moving down the contact plate 4, the sub-
strate 2 for vapor deposition is flattened. For the alignment
between the vapor deposition mask 1 and the substrate 2 for
vapor deposition in the present embodiment, the vapor
deposition apparatus also includes a fine movement device
to move the substrate 2 for vapor deposition relative to the
vapor deposition mask 1 while imaging alignment marks
formed on the vapor deposition mask 1 and the substrate 2
for vapor deposition, respectively. In order to prevent the
electromagnet 3 from unnecessarily attracting the vapor
deposition mask 1, the alignment is performed while the
current to the electromagnet 3 is turned off. As described
above, according to the present embodiment, both of the first
and second electromagnets 3A, 3B are operated when the
alignment is performed, so as to enable the alignment with
the two being brought close to each other in a weak magnetic
field. Note that although not shown, the vapor deposition
apparatus also includes a chamber to house the entire shown
in FIG. 3A and a device to be evacuated inside the chamber.

[0043] As shown in FIG. 3B, the vapor deposition mask 1
includes a resin layer 11, a metal support layer 12 and a
frame (frame body) 14 formed around it. For the vapor
deposition mask 1, as shown in FIG. 3A, the frame 14 is
placed on the mask holder 15. A magnet material is used for
the metal support layer 12. As a result, an attraction force
acts between the metal support layer 12 of the vapor
deposition mask 1 and the magnetic core 31 of the electro-
magnet 3, and the metal support layer 12 of the vapor
deposition mask 1 is attracted by the magnetic core 31 of the
electromagnet 3 via the substrate 2 for vapor deposition.
Note that the metal support layer 1 can be made of a
ferromagnetic material. In this case, the metal support layer
12 is magnetized (a state in which a strong magnetization
remains even after removing external magnetic field) by a
strong magnetic field of the electromagnet 3. The use of such
a ferromagnetic material allows that when separating the
electromagnet 3 and the vapor deposition mask 1 from each
other, they can be more easily separated by applying a
reverse current to the electromagnet 3. According to the
present embodiment, even if such a strong magnetic field for
magnetization is generated, a trouble due to electromagnetic
induction does not occur. Further, it is possible to operate
both of the first and second electromagnets 3A, 3B when
separating the electromagnet 3 and the vapor deposition
mask 1 from each other.

[0044] For example, Fe, Co. Ni, Mn or their alloys can be
used for the metal support layer 12. Among them, invar
(alloy of Fe and Ni) is particularly preferable, because it is
only slight different in linear thermal expansion coeflicient
from the substrate 2 for vapor deposition and it expands very
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little due to heat. The metal support layer 12 is formed to
have a thickness of about 5 pm to 30 pm.

[0045] Note that as shown in FIG. 3B, each of an opening
11a of the resin layer 11 and an opening 12a of the metal
support layer 12 has a taper shape with a diameter gradually
reduced toward the substrate 2 for vapor deposition (refer to
FIG. 3A). The reason for this will be described below.
Various vapor deposition sources 5 such as point-shaped,
linear-shaped surface-shaped ones or the like can be used as
the vapor deposition source 5. For example, a line-type
vapor deposition source 5 (extending in a direction perpen-
dicular to the sheet in FIG. 3A) formed by linearly arranging
melting pots is used for scanning, for example, from the left
end to the right end of the sheet, so as to perform vapor
deposition on the entire surface of the substrate 2 for vapor
deposition. As described above, the vapor deposition source
5 emits the vapor deposition material such that the cross
section of the emitted beam of the vapor deposition material
as determined by the shape of the melting pot is a sectorial-
shaped cross section expanding at a constant angle 0. The
opening 12a and the opening 11a of the metal support layer
12 and the resin layer 11, respectively, are formed to have a
taper shape so as to allow even the vapor deposition particles
near the side of the sectorial cross section shape to reach a
predetermined region on the substrate 2 for vapor deposition
without being blocked by the metal support layer 12 and the
resin layer 11. If the opening 12a of the metal support layer
12 is formed to be large, the taper shape is not required.

Vapor Deposition Method

[0046] Next, a vapor deposition method according to an
embodiment of the present invention will be described. As
shown in FIG. 3A above, the vapor deposition method
according to the embodiment of the present invention com-
prises: a step of superposing an electromagnet 3, a substrate
2 for vapor deposition and a vapor deposition mask 1
comprising a magnetic material on each other, and further
attracting the substrate 2 for vapor deposition and the vapor
deposition mask 1 to the electromagnet by supplying a
current to the electromagnet 3 from a power supply circuit
6 (refer to FIGS. 1 and 2); and a step of depositing a vapor
deposition material 51 on the substrate 2 for vapor deposi-
tion by evaporating the vapor deposition material 51 from a
vapor deposition source 5 placed distant from the vapor
deposition mask 1. Further, the electromagnet 3 comprises a
first electromagnet 3A for generating a magnetic field in a
first orientation, and a second electromagnet 3B for gener-
ating a magnetic field in a reverse orientation to the first
orientation, while the method is performed by supplying a
current to the first and second electromagnets 3A, 3B at the
same time, and thereafter turning off the second electromag-
net 3B. It is also possible to perform an alignment between
the vapor deposition mask 1 and the substrate 2 for vapor
deposition before the attraction by the electromagnet 3.

[0047] As described above, the substrate 2 for vapor
deposition is superposed on the vapor deposition mask 1.
The alignment between the substrate 2 for vapor deposition
and the vapor deposition mask 1 is performed as follows. It
is performed by moving the substrate 2 for vapor deposition
relative to the vapor deposition mask 1 while using an
imaging device to observe alignment marks for alignment
formed on the substrate 2 for vapor deposition and the vapor
deposition mask 1, respectively. Here, it can be performed in
a weak magnetic field by bringing the substrate 2 for vapor
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deposition and the vapor deposition mask close to each
other, if performed in a state where the first and second
electromagnets 3A, 3B are operated at the same time as
described above. However, it is also possible to perform the
alignment without generating a magnetic field at all. This
method can match the opening 11a of the vapor deposition
mask 1 with a vapor deposition region (for example, pattern
of the first electrode 22 on a device substrate in the case of
the organic EL. display apparatus described later) on the
substrate 2 for vapor deposition. After the alignment, either
the second electromagnet 3B is turned off, or the first and
second electromagnets 3A, 3B are operated and thereafter
the second electromagnet 3B is turned off. If the magnetic
flux is stabilized, the magnetic flux is maintained, and
almost no electromagnetic induction is generated, making it
possible to obtain a stable magnetic field. As a result, a
strong attraction force acts between the electromagnet 3 and
the vapor deposition mask 1, and thus the substrate 2 for
vapor deposition and the vapor deposition mask 1 are
brought sufficiently close to each other.

[0048] Thereafter, as shown in FIG. 3A, the vapor depo-
sition material 51 is deposited on the substrate 2 for vapor
deposition by evaporating (vaporizing or sublimating) the
vapor deposition material 51 from the vapor deposition
source 5 placed distant from the vapor deposition mask 1.
Specifically, a line source formed by linearly arranging
melting pots, for example, is used as described above, but it
is not limited thereto. For example, when manufacturing an
organic EL display apparatus, multiple kinds of the vapor
deposition masks 1 which have different opening patterns of
the opening 11a formed are prepared, and the vapor depo-
sition masks 1 are exchanged from one to another to perform
multiple vapor deposition operations to form organic layers.
[0049] According to this vapor deposition method, the
magnetic field (magnetic flux) generated by the electromag-
net 3 is reduced in an initial period of current application due
to the offset between the first electromagnet 3A and the
second electromagnet 3B, reducing the electromotive force
due to electromagnetic induction. However, when the sec-
ond electromagnet 3B is turned off; the magnetic field
becomes an intended magnetic field to generate a strong
attraction force to be able to bring the substrate 2 for vapor
deposition and the vapor deposition mask 1 sufficiently close
to each other. The second electromagnet 3B can be turned off
stepwise instead of at one time. As a result, the overcurrent
to flow in the substrate 2 for vapor deposition by electro-
magnetic induction is reduced, making it possible to reduce
an influence on the elements, the organic material and the
like formed on the substrate 2 for vapor deposition.

[0050] According to the present embodiment, even if the
electromagnet 3 is turned off to remove the substrate 2 for
vapor deposition after completion of the vapor deposition, a
process reversed from when the current is turned on can be
performed. More specifically, it is preferable to turn off the
electromagnet 3 after operating the second magnet 3B. This
can control and reduce electromagnetic induction which is
generated because the current changes abruptly from a
predetermined value to O when the first electromagnet 3A is
turned off, and which is reversed from when the current is
turned on.

Method of Manufacturing Organic EL Display Apparatus

[0051] Next, a method of manufacturing an organic EL
display apparatus using the vapor deposition method accord-
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ing to the above embodiment will be described. A known
method can be used as the manufacturing method, except for
the vapor deposition method. Thus, a method of organic
deposition layers using the vapor deposition method of the
present embodiment will be described mainly with reference
to FIGS. 5 and 6.

[0052] The method of manufacturing an organic EL dis-
play apparatus according to an embodiment of the present
invention comprises the steps of: forming a TFT, a flattening
layer (which is not shown) and a first electrode (for example,
anode) 22 on a support substrate 21; aligning and superpos-
ing a vapor deposition mask 1 on a surface thereof; and
forming an organic deposition layer 25 by vapor-depositing
a vapor deposition material 51 using the above vapor
deposition method. A second electrode 26 (refer to FIG. 6,
cathode) is formed on the organic deposition layer 25.

[0053] Although not completely shown, driving elements
such as TFTs for respective RGB sub-pixels of respective
pixels has formed on the support substrate 21, for example,
such as a glass plate, while the first electrode 22 connected
to the driving elements is formed on the flattening layer by
using a combination of a metal layer such as Ag, APC or the
like with an ITO layer. As shown in FIGS. 5 and 6, an
insulating bank 23 made of SiO,, an acrylic resin, a poly-
imide resin or the like to divide the sub-pixels is formed
between the sub-pixels. The vapor deposition mask 1
described above is aligned and fixed on the insulating bank
23 of the support substrate 21. As shown in FIG. 3A above,
this fixing is done by attraction, for example, using an
electromagnet 3 provided via a contact plate 4 on the
opposite surface of the vapor deposition surface of the
support substrate 21. As described above, a magnetic mate-
rial is used for the metal support layer 12 (refer to FIG. 3B)
of the vapor deposition mask 1, and therefore, when a
magnetic field is given by the electromagnet 3, the metal
support layer 12 of the vapor deposition mask 1 is magne-
tized to generate an attraction force between it and the
magnetic core 31. Even if the electromagnet 3 does not have
the magnetic core 31, they are attracted to each other by
magnetic field generated by a flowing current in the elec-
tromagnetic coil 32. Here, as described above, when the
current is turned on, an abrupt change in magnetic flux is
prevented by operating the first and second magnets 3A, 3B
at the same time. Thus, the influence of electromotive force
generated by electromagnetic induction is reduced. Note that
the vapor deposition mask 1 has an opening 11a formed
narrower than an opening gap on the surface of the insulat-
ing bank 23. It achieves to prevent an organic material as
much as possible from being deposited on a side wall of the
insulating bank 23, thus preventing a reduction in luminous
efficiency of the organic EL display apparatus.

[0054] In this state, as shown in FIG. 5, a vapor deposition
material 51 is evaporated from a vapor deposition source
(melting pot) 5 in the vapor deposition apparatus to deposit
the vapor deposition material 5 on the support substrate 21
only in an area where the opening 11a of the vapor depo-
sition mask 1 is formed, and thus an organic deposition layer
25 is formed on the first electrode 22 for desired sub-pixels.
As described above, the opening 11a of the vapor deposition
mask 1 is formed narrower than the opening gap on the
surface of the insulating bank 23, and therefore, the vapor
deposition material 51 is less likely to be deposited on the
side wall of the insulating bank 23. As a result, as shown in
FIGS. 5 and 6, the organic deposition layer 25 is deposited
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almost only on the first electrode 22. This vapor deposition
step can also be performed by sequentially exchanging
vapor deposition masks 1 for respective sub-pixels. It is also
possible to use a vapor deposition mask 1 to deposit the
same material for a plurality of sub-pixels at the same time.
When the vapor deposition mask 1 is exchanged from one to
another, the power supply circuit 6 (refer to FIGS. 1 and 2)
is turned off to remove a magnetic field to the metal support
layer 12 (refer to FIG. 3B) of the vapor deposition mask 1
by the electromagnet 3 (not shown in FIG. 5A; refer to FIG.
3A). Also here, it is preferable to turn off the power supply
circuit 6 after the second electromagnet 3B is operated, so as
to make it possible to reduce an influence of electromagnetic
induction on the elements such as TFTs formed on the
support substrate 21.

[0055] FIGS. 5 and 6 show the organic deposition layer 25
as a simple single layer, but the organic deposition layer 25
can be formed of a plurality of layers made of different
materials. For example, as a layer to contact the anode 22,
a hole injection layer made of a material to match it well in
ionization energy to improve hole injection properties may
be provided. On the hole injection layer, a hole transport
layer to improve stable hole transport and enable electrons
confinement (energy barrier) in a light emitting layer is
formed by using, for example, an amine group material.
Further thereon, a light emitting layer selected depending on
the light emission wavelength is formed by doping a red or
green organic fluorescent material, for example, for red or
green color into Alq3. Further, a DSA group organic material
is used as a blue group material. Further, on the light
emitting layer, an electron transport layer to improve elec-
tron injection properties and stably transport electrons is
formed by using Alq3 or the like. These layers are each
deposited in a thickness of about a few tens of nm to form
the organic deposition layer 25. Note that an electron
injection layer such as LiF, Liq or the like to improve
electron injection properties may be provided between the
organic layers and the metal electrode. The present embodi-
ment refers to these inclusively as the organic deposition
layer 25. Although such the organic deposition layer 25 may
be influenced by electromagnetic induction, an abrupt
change in magnetic field is prevented according to the
present embodiment, because, as described above, the sec-
ond electromagnet 3B to generate a magnetic field in a
reverse orientation to that of the first electromagnet 3A is
operated when the current is turned on or off. As a result, the
influence of electromagnetic induction is reduced.

[0056] In the organic deposition layer 25, an organic layer
of a material for each of RGB colors is deposited as the light
emitting layer. If light emission performance is emphasized,
it is preferable to deposit the hole transport layer, the
electron transport layer and the like separately by using
materials suitable for the light emitting layer. However,
considering material cost, the same material may be used for
deposition in common for two or three of the RGB colors.
If the same material is deposited in common for sub-pixels
of two colors or more, the vapor deposition mask 1 is formed
to have openings formed for the common sub-pixels. If the
vapor deposition layers are different respectively for indi-
vidual sub-pixels, it is possible to use one vapor deposition
mask 1, for example, for R sub-pixels and sequentially
vapor-deposit respective organic layers. Further, for depos-
iting a common organic layer for RGB, organic layers for
respective sub-pixels are vapor-deposited up to immediately
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below the common organic layer, and thereafter the common
organic layer is deposited by using a vapor deposition mask
1 having openings formed for RGB for all pixels at one time.
Note that for mass production, it is also possible to place
many chambers of the vapor deposition apparatus side by
side which respectively have different vapor deposition
masks 1 installed therein, and to move the support substrate
21 (substrate 2 for vapor deposition) through the respective
vapor deposition apparatus to sequentially perform vapor
deposition.

[0057] After the formation of the organic deposition layer
25 formed of all the organic layers including the electron
injection layer, such as UF layer, or the like is completed, the
power supply circuit 6 of the electromagnet 3 is tumed off,
and the electromagnet 3 is separated from the vapor depo-
sition mask 1 as described above. Thereafter, the second
electrode (for example, cathode) 26 is formed on its entire
surface. Since the example shown in FIG. 6 is a top
emission-type device, which is of a type to emit light from
its surface opposite to the support substrate 21 as shown in
the figure, the second electrode 26 is formed of a transparent
material such as a thin Mg—Ag eutectic layer. Otherwise, Al
can also be used. Note that in the case of a bottom emission-
type device to emit light from the support substrate 21, ITO,
In, 0, or the like is used as the first electrode 22, and a metal
with a low work function such as Mg, K, Li, Al or the like
is used as the second electrode 26. A protective layer 27
made, for example, of Si;N, or the like is formed on a
surface of the second electrode 26. Note that its entirety is
configured to be sealed by a sealing layer made of glass,
resin layer or the like (not shown) to prevent the organic
deposition layer 25 from absorbing water. Further, the
organic layers can be configured to be made common as
much as possible and to have a color filter provided on a
front surface thereof.

SUMMARY

[0058] (1) The vapor deposition apparatus according to a
first embodiment of the present invention comprises: an
electromagnet; a substrate holder for holding a substrate for
vapor deposition provided in a position facing one magnetic
pole of the electromagnet; a vapor deposition mask com-
prising a magnetic material, the vapor deposition mask
being provided in a position facing a surface, opposite to the
electromagnet, of the substrate for vapor deposition held by
the substrate holder: a vapor deposition source placed to face
the vapor deposition mask and provided to vaporize or
sublimate a vapor deposition material; and a power supply
circuit for driving the electromagnet; wherein the electro-
magnet comprises a first electromagnet for generating a
magnetic field in a first orientation, and a second electro-
magnet for generating a magnetic field in a reverse orien-
tation to the first orientation.

[0059] The vapor deposition apparatus according to the
first embodiment of the present invention is configured to
attract the vapor deposition mask by an electromagnet, and
therefore, the alignment between the substrate for vapor
deposition and the vapor deposition mask can easily be
performed without applying a magnetic field, or in a weak
magnetic field. Further, the substrate for vapor deposition
sandwiched between the electromagnet and the vapor depo-
sition mask can be brought sufficiently close to the vapor
deposition mask. In addition, in the present embodiment, the
electromagnet comprises a first electromagnet for generating
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a magnetic field in a first orientation and a second electro-
magnet for generating a magnetic field in a second orienta-
tion opposite to the first orientation. Therefore, the magnetic
field can be weakened by the operation of the second
electromagnet when current is turned on. Thus, even when
the current to the electromagnet is turned on, it is possible
to prevent the elements such as TFTs formed on the substrate
for vapor deposition from being influenced by electromag-
netic induction generated by the turning on of the current.
[0060] (2) The power supply circuit comprises a change-
over switch for turning off a current of the second electro-
magnet after the current is supplied to the first electromagnet
and the second electromagnet at the same time. Therefore, it
is possible to obtain a desired magnetic field in normal
operation, while avoiding an influence of electromagnetic
induction, when the current is turned on.

[0061] (3) It can also be configured so that a first electro-
magnetic coil corresponding to the first electromagnet and a
second electromagnetic coil corresponding to the second
electromagnet are configured to be connected in series,
wherein the number of turns of the second electromagnetic
coil is less than that of the first electromagnetic coil, and the
second electromagnetic coil has a reverse wound orientation
to a wound orientation of the first electromagnetic coil. By
connecting the two electromagnetic coils in series, it is
possible to apply a current to the two electromagnets at the
same time. Further, the magnetic field generated by the first
magnetic coil is partially offset by the second electromag-
netic coil.

[0062] (4) It can also be configured so that the second
electromagnetic coil comprises terminals at both ends
thereof and a third terminal therebetween, wherein the
change-over switch turns off the current to the second
electromagnet stepwise by changing over the terminals of
the second electromagnetic coil. This can avoid an influence
of electromagnetic induction which may be generated by
turning off the second electromagnet.

[0063] (5) It can also be configured so that the first
electromagnet is formed by arraying a plurality of unit
electromagnets, and the second electromagnet is formed by
a third electromagnetic coil wound around the plurality of
unit electromagnets. It can be selected depending on the
space of the electromagnet.

[0064] (6) It can also be configured so that the third
electromagnetic coil comprises terminals at both ends
thereof and a third terminal therebetween, wherein the
change-over switch turns off the current to the second
electromagnet stepwise by changing over the terminals of
the third electromagnetic coil. This can turn off the second
electromagnet stepwise as described above.

[0065] (7) The vapor deposition method according to a
second embodiment of the present invention comprises the
steps of: superposing an electromagnet, a substrate for vapor
deposition and a vapor deposition mask comprising a mag-
netic material on each other, and further attracting the
substrate for vapor deposition and the vapor deposition mask
to the electromagnet by supplying current to the electro-
magnet from a power supply circuit; and vapor-depositing a
vapor deposition material on the substrate for vapor depo-
sition by evaporating the vapor deposition material from a
vapor deposition source placed distant from the vapor depo-
sition mask, wherein the electromagnet comprises a first
electromagnet for generating a magnetic field in a first
orientation, and a second electromagnet for generating a
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magnetic field in a reverse orientation to the first orientation,
wherein the second electromagnet is turned off after the
current is supplied to the first and second electromagnets at
the same time.

[0066] According to the vapor deposition method of the
second embodiment of the present invention, when the
current to the electromagnet is turned on, the first electro-
magnet and the second electromagnet are operated at the
same time, and therefore, the magnetic field is reduced,
reducing the effect of electromagnetic induction. On the
other hand, the second electromagnet is turned off after the
current is turned on, and therefore, the magnetic field
generated by the first electromagnet is provided as it is,
making it possible to obtain a required attraction force. As
a result, it is possible to reduce degradation in properties of
the elements and the organic layers, while maintaining
sufficient attraction between the substrate for vapor deposi-
tion and the vapor deposition mask.

[0067] (8) By turning off the second electromagnet step-
wise, it is possible to reduce the generation of reverse
electromagnetic induction when the second electromagnet is
turned off.

[0068] (9) By operating the second magnet after the vapor
deposition of the vapor deposition material is completed,
and by thereafter tuming off the current to the electromagnet,
it is possible to reduce the generation of electromagnetic
induction when the current is turned off.

[0069] (10) Further, the method of manufacturing an
organic EL display apparatus according to a third embodi-
ment of the present invention comprises: forming at least a
TFT and a first electrode on a support substrate; forming an
organic deposition layer by vapor-depositing an organic
material using the vapor deposition method according to any
one of the above (7) to (9); and forming a second electrode
on the organic deposition layer.

[0070] The method of manufacturing an organic EL dis-
play apparatus according to the third embodiment of the
present invention degradation in properties of the elements
and organic layers formed on the support substrate are
prevented, when manufacturing the organic EL display
apparatus making it possible to obtain a display image with
a fine pattern.

DESCRIPTION OF REFERENCE NUMERALS

[0071] 1 Vapor deposition mask
[0072] 2 Substrate for vapor deposition
[0073] 3 FElectromagnet

[0074] 3A First electromagnet
[0075] 3B Second electromagnet
[0076] 4 Contact plate

[0077] 5 Vapor deposition source
[0078] 6 Power supply circuit
[0079] 11 Resin layer

[0080] 11a Opening

[0081] 12 Metal support layer
[0082] 12a Opening

[0083] 14 Frame

[0084] 15 Mask holder

[0085] 21 Support substrate

[0086] 22 First electrode

[0087] 23 Insulating bank

[0088] 25 Organic deposition layer
[0089] 26 Second electrode

[0090] 27 Protective layer
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[0091] 29 Substrate holder

[0092] 31 Magnetic core (core)

[0093] 32 Electromagnetic coil (first electromagnetic
coil)

[0094] 33 Resin

[0095] 35 Second electromagnetic coil

[0096] 35a, 355, 35¢ Terminal

[0097] 36 Housing

[0098] 38 Third electromagnetic coil

[0099] 38a, 385, 38¢ Terminal

[0100] 41 Support frame

[0101] 51 Vapor deposition material

[0102] 60 Main switch

[0103] 61 Change-over switch

What is claimed is:

1. A vapor deposition apparatus comprising:

a first electromagnet to generate a first magnetic field

being oriented toward a first orientation and

a second electromagnet to generate a second magnetic

field being oriented toward an orientation opposite to
the first orientation; and

a holder on which a member comprising a magnetic body

is to be placed, wherein the member being placed on
the holder is attracted to the electromagnet by supply-
ing current to the electromagnet.

2. The vapor deposition apparatus according to claim 1,

wherein a first electromagnetic coil corresponding to the

first electromagnet and a second electromagnetic coil
corresponding to the second electromagnet are config-
ured to be connected in series, and the second electro-
magnetic coil has a reverse wound orientation to a
wound orientation of the first electromagnetic coil.

3. The vapor deposition apparatus according to claim 1,
the vapor deposition apparatus further comprising a change-
over switch to turn off a current of the second electromagnet,
the current being supplied to the first electromagnetic coil
and the second electromagnetic coil.

4. The vapor deposition apparatus according to claim 3,

wherein the second electromagnetic coil comprises ter-

minals at both ends thereof and at least one third
terminal between the terminals, and the change-over
switch turns off the current to the second electromagnet
stepwise by way of the third terminal.

5. The vapor deposition apparatus according to claim 1,

wherein the first electromagnet is formed by arraying a

plurality of unit electromagnets, and the second elec-
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tromagnet is formed by a third electromagnetic coil
wound around the plurality of unit electromagnets.
6. The vapor deposition apparatus according to claim 5,
the vapor deposition apparatus further comprising a change-
over switch to turn off a current to the third electromagnetic
coil, the current being supplied to the first electromagnet and
the second electromagnet,
wherein the third electromagnetic coil comprises termi-
nals at both ends thereof and a third terminal between
the terminals of the third electromagnetic coil, and

wherein the change-over switch turns off the current to the
second electromagnet stepwise by way of the third
terminal.

7. The vapor deposition apparatus according to claim 1,
the vapor deposition apparatus further comprising a cooling
device to cool the electromagnet.

8. The vapor deposition apparatus according to claim 1,

wherein the member is a substrate for vapor deposition,

on which an organic material is to be vapor deposited.

9. The vapor deposition apparatus according to claim 8,
the vapor deposition apparatus further comprising a second
holder on which a vapor deposition mask comprising a
magnetic body is to be placed,

wherein the vapor deposition mask being placed on the

second holder contacts the substrate for vapor deposi-
tion being attracted to the electromagnet by supplying
current to the electromagnet.

10. A vapor deposition method using the vapor deposition
apparatus according to claim 8.

11. A method of manufacturing an organic EL display
apparatus, the method comprising:

preparing a substrate for vapor deposition by forming a

TFT and a first electrode on a support substrate;
arranging the substrate for vapor deposition and the vapor
deposition mask in the vapor deposition apparatus
according to claim 9;
supplying current to the electromagnet to fix the substrate
for vapor deposition and the vapor deposition mask to
the electromagnet;
forming an organic deposition layer by depositing an
organic material on the substrate for vapor deposition;
and

forming a second electrode on the organic deposition

layer.
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