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(57) A vapor deposition source 14 according to one
embodiment includes a crucible 20 that contains a vapor
deposition material 6 to be heated and evaporated by
irradiation with an electron beam EB, and a heater 22
disposed to surround an edge 20b of the crucible 20 clos-
er to an opening 20a thereof. This configuration allows
the edge of the crucible to be heated by the heater, and
thus allows the vapor deposition material crawling up to-
ward the edge to be evaporated. As a result, the vapor
deposition material can be kept from flowing out and be-
ing deposited due to the vapor deposition material crawl-
ing up to the edge of the crucible.
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Description

TECHNICAL FIELD

[0001] The present invention relates to a vapor depo-
sition source, an electron beam vacuum deposition ap-
paratus, and a method for manufacturing an electronic
device.

BACKGROUND ART

[0002] The vacuum deposition apparatus includes a
vapor deposition source including a crucible, in which the
vapor deposition material contained in the crucible is
heated and evaporated, and then deposited on a film
formation target substrate, thereby forming a film forma-
tion layer. In the case of forming a film formation layer in
the vacuum deposition apparatus, a heated and melted
vapor deposition material may travel along the inner sur-
face of the crucible and crawl out from the edge of the
crucible closer to the opening thereof. As a method for
preventing this crawling out, a cold lip method of cooling
an outlet (opening) of a crucible is known as employed
in Patent Document 1.

PRIOR ART DOCUMENT

PATENT DOCUMENT

[0003] Patent Document 1: JP-A-2014-072005

SUMMARY OF THE INVENTION

PROBLEMS TO BE SOLVED BY THE INVENTION

[0004] For vacuum deposition methods with the use of
electron beams, there is a tendency to use a crucible
which is shallow to the bottom, and there is a need for
continuous film formation at high speed in forming a film
formation layer while transporting a substrate. In the film
formation at high speed, the temperature of the vapor
deposition material is likely to be increased, and thus, for
example, even if a cold lip method is applied to a crucible
for electron beam vacuum deposition as in Patent Doc-
ument 1, the vapor deposition material may be insuffi-
ciently prevented from crawling out. When the vapor dep-
osition material crawls up to the edge of the crucible clos-
er to the opening, the vapor deposition material is cooled
at the edge, and an evaporated material is thus deposited
on the edge. Since a reflector that returns heat toward
the crucible is typically disposed near the crucible, if the
evaporated material is laterally deposited on the edge,
there is a possibility that the crucible and the reflector
may be connected by the evaporated material deposited.
When the crucible and the reflector are connected by the
vapor deposition material, the function of the reflector will
be decreased, and the heat of the crucible will be taken
away by the reflector, and the problem of decrease in

vapor deposition rate will be caused. When the vapor
deposition material crawls up to the edge of the crucible,
then flows out from the edge, and for example, drips on
the placement surface of the crucible in the vacuum dep-
osition chamber, the vacuum deposition apparatus may
be damaged.
[0005] An object of the present invention is to provide
a vapor deposition source, an electron beam vacuum
deposition apparatus, and a method for manufacturing
an electronic device, which are capable of keeping the
vapor deposition material from flowing out from the cru-
cible and being deposited on the edge due to the vapor
deposition material crawling up to the edge of the crucible
closer to the opening thereof.

MEANS FOR SOLVING THE PROBLEMS

[0006] A vapor deposition source according to one as-
pect of the present invention includes a crucible that con-
tains a vapor deposition material to be heated and evap-
orated by irradiation with an electron beam, and a heater
disposed to surround an edge of the crucible closer to
an opening of the crucible.
[0007] This configuration allows the vapor deposition
material crawling out toward the edge of the crucible clos-
er to the opening thereof to be further heated and evap-
orated by the heater. Thus, the vapor deposition material
is less likely to crawl up to the edge of the crucible. The
vapor deposition material crawling up to the edge can be
heated and evaporated in the same manner, and the va-
por deposition material can be kept from flowing out from
the edge and being deposited on the edge due to the
crawling up.
[0008] The surface of the heater closer to the edge
may at least partially have a flat surface.
[0009] The heater also surrounds an outer surface of
the crucible, and the heater is separated from the edge
and the outer surface such that the vapor deposition ma-
terial scattered from the crucible toward the heater is
scattered toward the opening as viewed from the bottom
of the crucible in the axial direction of the crucible. Thus,
for example, in the case where the crucible is disposed
on the bottom of the vacuum deposition chamber, the
vapor deposition material can be kept from being depos-
ited on the bottom. In this regard, the outer surface of the
crucible refers to the surface of the crucible on the side
opposite to the side of the crucible for containing the va-
por deposition material.
[0010] The heater may have a first heating region lo-
cated lateral to the edge, and a second heating region
located closer to the bottom in the axial direction of the
crucible than the first heating region, the first heating re-
gion may be disposed such that the distance between
one region of the first heating region closer to the second
heating region and the axis of the crucible is equal to a
distance between the other region of the first heating re-
gion and the axis of the crucible, or shorter than the dis-
tance between the other region of the first heating region
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and the axis of the crucible, and the second heating re-
gion may be disposed such that the distance between
one region of the second heating region closer to the first
heating region and the outer surface of the crucible is
equal to the distance between the other region of the
second heating region and the outer surface of the cru-
cible, or longer than the distance between the other re-
gion of the second heating region and the outer surface
of the crucible. This configuration allows the vicinity of
the edge to be heated in the first heating region. Further-
more, by providing the second heating region, even if the
vapor deposition material evaporated near the edge of
the crucible is scattered toward the bottom in the axial
direction of the crucible, the material can be scattered
again toward the opening as viewed from the bottom in
the axial direction of the crucible in the second heating
region.
[0011] The edge of the heater farthest from the bottom
of the crucible in the axial direction of the crucible may
be located farther from the bottom than the edge of the
crucible in the axial direction of the crucible. Thus, in a
direction orthogonal to the axis of the crucible, the vapor
deposition material can be prevented from scattering out-
side the heater.
[0012] The vapor deposition material may be alumi-
num. The material of the crucible may include at least
one of a pyrolytic boron nitride, a pyrolytic graphite, a
pyrolytic silicon carbide, a pyrolytic silicon nitride, a py-
rolytic aluminum nitride, an aluminum oxide, a boron ni-
tride, an aluminum nitride, a silicon carbide, and a graph-
ite. In the case where the vapor deposition material is
aluminum, the vapor deposition material is likely to crawl
up when the material of the crucible includes the exem-
plary material, and the configuration of the vapor depo-
sition source is thus effective.
[0013] Another aspect of the present invention also re-
lates to an electron beam vacuum deposition apparatus
including the above-mentioned vapor deposition source.
[0014] A method for manufacturing an electronic de-
vice according to still another aspect of the present in-
vention is a method for manufacturing an electronic de-
vice manufactured by sequentially forming a first elec-
trode layer, a device function unit, and a second electrode
layer on a support substrate, and at least one of a step
of forming the first electrode layer and a step of forming
the second electrode layer includes a film formation layer
forming step of forming a film formation layer by a vacuum
deposition method with use of the above vapor deposition
source method.
[0015] The vapor deposition source mentioned above
is suitable for, for example, continuous film formation at
high speed, because the vapor deposition material can
be kept from crawling up even if the temperature of the
vapor deposition material is increased. Accordingly, the
use of the vapor deposition source allows the time for
the film formation layer forming step to be reduced, and
as a result, allows the productivity of the electronic device
to be improved.

[0016] The support substrate may be long and flexible,
and in the film formation layer forming step, the film for-
mation layer may be formed while continuously trans-
porting the support substrate. In this case, the produc-
tivity of the electronic device can be improved.

EFFECT OF THE INVENTION

[0017] According to the present invention, a vapor dep-
osition source, an electron beam vacuum deposition ap-
paratus, and a method for manufacturing an electronic
device can be provided, which are capable of keeping
the vapor deposition material from flowing out and being
deposited due to the vapor deposition material crawling
up to the edge of the crucible closer to the opening there-
of.

BRIEF DESCRIPTION OF THE DRAWINGS

[0018]

Fig. 1 is a schematic diagram of an electron beam
vacuum deposition apparatus including a vapor dep-
osition source according to one embodiment.
Fig. 2 is an end view schematically illustrating a con-
figuration of a vapor deposition source according to
one embodiment.
Fig. 3 is a diagram in the case of viewing the vapor
deposition source shown in Fig. 2 from the opening
side.
Fig. 4 is a diagram showing an example of a state in
which a vapor deposition material contained in the
vapor deposition source shown in Fig. 2 is heated
by an electron beam.
Fig. 5 is a schematic diagram of an organic EL device
manufactured by a method for manufacturing an
electronic device according to one embodiment.

MODE FOR CARRYING OUT THE INVENTION

[0019] Hereinafter, embodiments of the present inven-
tion will be described with reference to the drawings. The
same elements are denoted by the same reference nu-
merals, and repeated descriptions will be omitted. The
dimensional ratios in the drawings do not always coincide
with the ratios described.

(First Embodiment)

[0020] Fig. 1 is a schematic diagram of an electron
beam vacuum deposition apparatus including a vapor
deposition source according to one mode. The vacuum
deposition apparatus 10 shown in Fig. 1 includes a vac-
uum deposition chamber 12, a vapor deposition source
14, and an electron gun 16. The vacuum deposition ap-
paratus 10 is an electron beam vacuum deposition ap-
paratus for vacuum deposition with the use of an electron
beam EB. Fig. 1 also illustrates, for the sake of explana-
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tion, a film formation target substrate 2 which is a belt-
like substrate on which a film formation layer 4 is formed
by the vacuum deposition apparatus 10. In the following
description (including the description of the second em-
bodiment described later), the film formation target sub-
strate 2 will be simply referred to as a "substrate 2".
[0021] The vacuum deposition chamber 12 is config-
ured such that the inside of the vacuum deposition cham-
ber 12 is adjusted to a predetermined vacuum state by
a vacuum pump 18, and configured such that the sub-
strate 2 can be continuously transported. The vapor dep-
osition source 14 containing a vapor deposition material
6 that is a material for the film formation layer 4 to be
formed is disposed in the vacuum deposition chamber
12 such that the vapor deposition material 6 heated and
evaporated by the electron beam EB from the electron
gun 16 is deposited on the substrate 2. In Fig. 1, the
vapor deposition source 14 is schematically shown by a
block. The vapor deposition source 14 will be described
in detail later. The electron gun 16 outputs the electron
beam EB for heating the vapor deposition material 6 in
the vapor deposition source 14. The electron beam EB
may be, for example, deflected by a deflection device or
the like and applied to irradiate the vapor deposition ma-
terial 6 housed in the vapor deposition source 14. The
configuration of the electron gun 16 is not limited as long
as the vapor deposition material 6 can be heated by the
electron beam EB, and is also not limited to the arrange-
ment shown in Fig. 1.
[0022] Fig. 1 shows only main constituent elements of
the vacuum deposition apparatus 10. The vacuum dep-
osition apparatus 10 can include a known configuration
such as a material supply unit that supplies the vapor
deposition material 6 into the vapor deposition source
14, for example.
[0023] An example of a film formation layer forming
step that uses the vacuum deposition apparatus 10 will
be described. First, the inside of the vacuum deposition
chamber 12 is brought into a predetermined vacuum
state by the vacuum pump 18. Thereafter, the substrate
2 is passed through the vacuum deposition chamber 12
while continuously transporting the substrate 2. While
the substrate 2 is passing through the vacuum deposition
chamber 12, the vapor deposition material 6 in the vapor
deposition source 14 is irradiated with the electron beam
EB from the electron gun 16 attached to the vacuum dep-
osition chamber 12 to heat and evaporate the vapor dep-
osition material 6. The vapor deposition material 6 heated
and evaporated is deposited on the substrate 2 to form
the film formation layer 4. In the formation of the film
formation layer 4 with the use of the vacuum deposition
apparatus 10, the film formation layer 4 can be selectively
formed in a predetermined region of the substrate 2 with
the use of a mask.
[0024] Next, the vapor deposition source 14 will be de-
scribed with reference to Figs 2 and 3. Fig. 2 is an end
view schematically illustrating a configuration of a vapor
deposition source for an electron beam vacuum deposi-

tion apparatus according to one embodiment. Fig. 3 is a
diagram in the case of viewing the vapor deposition
source shown in Fig. 2 from the opening side. As shown
in Figs. 2 and 3, the vapor deposition source 14 includes
a hearth liner (crucible) 20 and a heater 22. In the de-
scription of the vapor deposition source 14, for the sake
of explanation, as shown in Fig. 2, in the direction of the
axis C of the hearth liner (crucible) 20, the side closer to
an opening 20a (or the side closer to the substrate 2) is
considered as the upper side, and the side closer to a
bottom 20c is considered as the lower side.
[0025] The hearth liner 20 is a container that contains
vapor deposition material 6. The vapor deposition mate-
rial 6 is heated and then evaporated (evaporated by heat-
ing) by irradiation with the electron beam EB. The vapor
deposition material 6 is a material for a layer (film forma-
tion layer) formed with the use of the vapor deposition
source 14. Examples of the vapor deposition material 6
include metals that evaporate in a molten state, such as
aluminum (Al), gallium (Ga), indium (In), zinc (Zn), tin
(Sn), silver (Ag), and gold (Au). The material of the hearth
liner 20 includes at least one of, for example, a pyrolytic
boron nitride (PBN), a pyrolytic graphite (PG), a pyrolytic
silicon carbide (PSiC), a pyrolytic silicon nitride (PSi3N4),
a pyrolytic aluminum nitride (PAIN), an aluminum oxide
(Al2O3), a boron nitride (BN), an aluminum nitride (AlN),
a silicon carbide (SiC), and graphite (C).
[0026] The hearth liner 20 has a cylindrical shape with
a bottom. In the case where the hearth liner 20 is viewed
from above, the shape of the opening 20a of the hearth
liner 20 may be circular as shown in Fig. 3 or may be
quadrangular (square or rectangular). The opening 20a
of the hearth liner 20 typically has a longer maximum
width than the height of the hearth liner 20, and has a
dish shape or a flattened shape. The maximum width of
the opening 20a may be the diameter thereof in the case
where the shape of the opening 20a is circular, and may
be the length of a diagonal line in the case where the
shape is quadrangular. The inside diameter of the hearth
liner 20 may be smaller on the side closer to the bottom
20c than on the side closer to the opening 20a.
[0027] The heater 22 is spaced apart from the hearth
liner 20 so as to surround an edge 20b of the hearth liner
20 on the side closer to the opening 20a. The heater 22
has a first heating unit (first heating region) 221. As shown
in Fig. 2, the heater 22 may have a second heating unit
(second heating region) 222, and may further have a third
heating unit 223. Hereinafter, unless otherwise noted, an
embodiment will be described in which the heater 22 in-
cludes the second heating unit 222 and the third heating
unit 223 in addition to the first heating unit 221.
[0028] As shown in Figs. 2 and 3, the first heating unit
221 is spaced apart from the edge 20b and an outer sur-
face 20d lateral to the edge 20b so as to surround the
edge 20b on the side closer to the opening 20a of the
hearth liner 20. The first heating unit 221, which is a planar
(or plate-shaped) heating element, generates heat when
a current supplied from a power supply (not shown) flows.
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In the present embodiment, the first heating unit 221 is
the heating element mentioned above, but a power sup-
ply connected to the heating element may be also a con-
stituent element of the first heating unit 221.
[0029] Examples of the material for the first heating
unit 221 include materials that are used for resistance
heating elements. Examples of the material for the first
heating unit 221 include metals such as molybdenum
(Mo), tungsten (W), tantalum (Ta), niobium (Nb), chro-
mium (Cr), and platinum (Pt), alloys containing the fore-
going metals, carbon materials (for example, carbon (C),
carbon fibers), silicon carbide (SiC), ceramics (for exam-
ple, molybdenum disilicide (MoSi2), silicon nitride
(Si3N4), alumina (Al2O3)). As shown in Fig. 3, one end
of the first heating unit 221 and the other end thereof are
separated in the circumferential direction of the edge 20b
of the hearth liner 20. The vicinity of the one end of the
first heating unit 221 and the vicinity of the other end
preferably overlap with each other in a direction orthog-
onal to the axis C. The first heating unit 221 may be dis-
posed such that the distance between one region of the
first heating unit 221 closer to the second heating unit
222 (a lower region of the first heating unit 221) and the
axis C of the hearth liner 20 is equal to the distance be-
tween the other region of the first heating unit 221 (the
upper region of the first heating unit 221) and the axis C
of the hearth liner 20, or shorter than the distance be-
tween the other region of the first heating unit 221 and
the axis C of the hearth liner 20. In other words, the first
heating unit 221 may be disposed such that the distance
from the axis C of the hearth liner 20 is constant in the
direction of the axis C, or such that the distance from the
axis C is increased from the lower side of the first heating
unit 221 toward the upper side thereof. In one embodi-
ment, the first heating unit 221 may be disposed such
that an upper edge 221a of the first heating unit 221 (on
the farthest side from the bottom 20c of the hearth liner
20 in the direction of the axis C) is located above the
edge 20b of the hearth liner 20 (on the farther side from
the bottom 20c than the edge 20b, on the side closer to
the substrate 2). The distance between the first heating
unit 221 and the axis C of the hearth liner 20 refers to
the length between the first heating unit 221 and the axis
C of the hearth liner 20 in a direction orthogonal to the
axis C.
[0030] The second heating unit 222 has the same con-
figuration as that of the first heating unit 221, except that
the second heating unit 222 is disposed below the first
heating unit 221 (on the side closer to the bottom 20c of
the hearth liner 20 in the direction of the axis C) so as to
surround the outer surface 20d of the hearth liner 20. The
power supply connected to the second heating unit 222
may be common to the power supply connected to the
first heating unit 221, or may be another power supply.
In Fig. 3, the illustration of the second heating unit 222
is omitted from the viewpoint of ease of viewing the draw-
ing. The second heating unit 222 may be disposed such
that the distance between one region of the second heat-

ing unit 222 closer to the first heating unit 221 (an upper
region of the second heating unit 222) and the outer sur-
face 20d of the hearth liner 20 is equal to the distance
between the other region of the second heating unit 222
(the lower region of the second heating unit 222) and the
outer surface 20d of the hearth liner 20, or longer than
the distance between the other region of the second heat-
ing unit 222 and the outer surface 20d of the hearth liner
20. In other words, the second heating unit 222 may be
disposed parallel to the outer surface 20d of the hearth
liner 20, or, on the upper side of the second heating unit
222, disposed to be inclined outward from the state par-
allel to the outer surface 20d. The distance between the
second heating unit 222 and the outer surface 20d of the
hearth liner 20 refers to the length between the second
heating unit 222 and the outer surface 20d in a direction
orthogonal to the axis C.
[0031] The third heating unit 223 has the same config-
uration as that of the first heating unit 221, except that
the second heating unit 222 is disposed below the second
heating unit 222 (on the side closer to the bottom 20c of
the hearth liner 20 in the direction of the axis C) so as to
surround the outer surface 20d of the hearth liner 20. The
power supply connected to the third heating unit 223 may
be common to the power supply connected to the first
heating unit 221, or may be another power supply. In Fig.
3, the illustration of the third heating unit 223 is omitted
from the viewpoint of ease of viewing the drawing. The
third heating unit 223 can be disposed in the same man-
ner as the second heating unit 222. More specifically, the
third heating unit 223 may be disposed parallel to the
outer surface 20d of the hearth liner 20, or, on the upper
side of the second heating unit 222, disposed to be in-
clined outward from the state parallel to the outer surface
20d.
[0032] As shown in Fig. 2, in the case where the outer
surface 20d is inclined outward with respect to the axis
C, such that the upper side of the hearth liner 20 (on the
side closer to the opening 20a) is inclined outward, the
inner surfaces of the second heating unit 222 and third
heating unit 223 face upward (toward the substrate 2).
Thus, also in the case where the second heating unit 222
and the third heating unit 223 are inclined further outward
from the state parallel to the outer surface 20d of the
hearth liner 20, the inner surfaces of the second heating
unit 222 and third heating unit 223 similarly face upward.
[0033] The vapor deposition source 14 may include a
reflector 24 outside the heater 22. The reflector 24 can
be a cylindrical body disposed so as to surround the
hearth liner 20 and the heater 22. The reflector 24 is a
heat reflecting member for reflecting the heat generated
by heating the vapor deposition material 6 and the heat
generated by the heater 22 toward the hearth liner 20.
Examples of the material for the reflector 24 may be the
same as the material for the first heating unit 221.
[0034] As shown in Fig. 4, when the vapor deposition
material 6 contained in the hearth liner 20 is irradiated
with the electron beam EB to heat and then evaporate
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the vapor deposition material 6 in order to form the film
formation layer 4 (see Fig. 1), the vapor deposition ma-
terial 6 may be partially melted by the heating, thereby
crawling up along the inner surface of the hearth liner 20
toward the edge 20b. In order to eliminate the problems
associated with such crawling up, the vapor deposition
source 14 includes the heater 22.
[0035] In order to explain the function effect of including
the heater 22, first, in the case of including no heater 22,
the problem will be explained in the case where the vapor
deposition material 6 crawls up along the inner surface
of the hearth liner toward the edge closer to the opening.
In this case, when the vapor deposition material crawls
to the edge closer to the opening of the hearth liner, the
vapor deposition material is cooled and deposited near
the edge. If the vapor deposition source includes no heat-
er 22, there is a tendency to dispose a reflector near the
hearth liner in order to return heat toward the hearth liner.
Thus, when the vapor deposition material is deposited
on the edge and further protruded in a lateral direction,
there is a possibility that the reflector and the hearth liner
may be connected by the vapor deposition material 6
deposited in the lateral direction from the edge. When
the reflector and the hearth liner are connected by the
vapor deposition material 6, the function of the reflector
will be decreased, and the heat of the hearth liner will be
taken by the reflector, and the vapor deposition rate will
be then decreased. When the vapor deposition material
6 is deposited on the edge, for example, in the case of
continuous film formation at high speed, the opening may
be blocked by the vapor deposition material 6 deposited
on the edge of the hearth liner closer to the opening.
Furthermore, when the vapor deposition material 6 crawl-
ing up to the edge is deposited by dripping on the bottom
of the vacuum deposition chamber where the hearth liner
is disposed (the placement surface of the hearth liner),
the vacuum deposition apparatus may be damaged.
[0036] On the other hand, the vapor deposition source
14 of the present embodiment includes the heater 22.
The heater 22 has the first heating unit 221 surrounding
the edge 20b, and thus can positively heat the vicinity of
the edge 20b with radiant heat from the first heating unit
221, in addition to heating by the electron beam EB. As
a result, as shown in Fig. 4, the vapor deposition material
6 crawling up toward the edge 20b can be further heated
and evaporated, thereby keeping the vapor deposition
material 6 from crawling up to the edge 20b and flowing
out to the outer surface 20d or the like from the edge 20b.
Fig. 4 shows the vapor deposition material 6 flowing to
the edge 20b, for the explanation of the function effect
created by the heater 22. Furthermore, the heater 22
heats the vicinity of the edge 20b, thereby also making
it possible to keep the vapor deposition material 6 from
being deposited on the edge 20b. Furthermore, since the
vapor deposition material 6 crawling up is heated and
evaporated, the opening 20a is not blocked by the vapor
deposition material 6, for example, even if continuous
film formation at high speed is carried out. Moreover,

since the vapor deposition material 6 crawling up can be
kept from flowing out from the edge 20b, no vapor dep-
osition material 6 drips on the bottom of the vacuum dep-
osition chamber 12. Thus, the vacuum deposition appa-
ratus 10 including the vapor deposition source 14 can be
kept from being damaged. Since no vapor deposition ma-
terial 6 drips on the bottom of the vacuum deposition
chamber 12, maintenance of the vacuum deposition
chamber 12 is easy. Furthermore, since the vapor dep-
osition material 6 evaporated on heating by the heater
22 also contributes to the formation of the film formation
layer 4, the vapor deposition material 6 can be efficiently
used.
[0037] As mentioned above, the heater 22 is provided
for the hearth liner 20, thereby eliminating the problem
associated with the vapor deposition material 6 crawling
up to the edge 20b. Thus, for example, it is not necessary
to make the shape of the hearth liner 20 complex in order
to prevent the crawling. Since there is no need to make
the shape of the hearth liner 20 complex, the hearth liner
20 is less likely to be broken by stress even at high tem-
peratures.
[0038] There is a tendency to use a hearth liner 20
which is relatively shallow to the bottom for a crucible in
a vacuum deposition method with the use of an electron
beam EB. In such a hearth liner 20, the vapor deposition
material 6 is likely to crawl up, and thus, the vapor dep-
osition source 14 is effective which is capable of heating
the edge 20b with the heater 22 and then further evap-
orating the vapor deposition material 6 near the edge 20b.
[0039] In continuous film formation at high speed onto
the substrate 2, the temperature of the vapor deposition
material 6 tends to be increased, and the vapor deposi-
tion material 6 is likely to crawl up to the edge 20b. Also
in this case, in the vapor deposition source 14, the edge
20b can be heated by the heater 22, thereby further evap-
orating the vapor deposition material 6 near the edge
20b, and the problem with crawling up can be thus con-
trolled. Accordingly, in the vacuum deposition apparatus
10 including the vapor deposition source 14, the film for-
mation layer 4 can be formed at high speed on the sub-
strate 2. As a result, as described with reference to Fig.
1, the vacuum deposition apparatus 10 is capable of
forming the film formation layer 4 while continuously
transporting the substrate 2, and reducing the time for
the step of forming the film formation layer 4 (film forma-
tion layer forming step).
[0040] In the embodiment in which the heater 22 has
the second heating unit 222 in addition to the first heating
unit 221, the radiant heat from the second heating unit
222 can heat the outer surface 20d of the hearth liner 20,
thus heating and evaporating the vapor deposition ma-
terial 6 crawling up toward the edge 20b. Accordingly, it
is possible to keep the vapor deposition material 6 from
crawling up to the edge 20b. In the embodiment including
the third heating unit 223, for the same reason, it is pos-
sible to further keep the vapor deposition material 6 from
crawling up to the edge 20b.
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[0041] Furthermore, in the embodiment in which the
heater 22 has the second heating unit 222, the vapor
deposition material 6 evaporated near an edge 22b and
scattered downward (toward the bottom 20c in the direc-
tion of the axis C) by heating with the first heating unit
221 is further evaporated upward (toward the opening
20a in the direction of the axis C, toward the substrate
2). Thus, the vapor deposition material 6 can be also kept
from being deposited on the bottom of the vacuum dep-
osition chamber 12 where the hearth liner 20 is disposed.
In the case where the third heating unit 223 is further
provided, the vapor deposition material 6 can also be
further kept from being deposited on the bottom of the
vacuum deposition chamber 12.
[0042] As long as the heater 22 is spaced apart from
the hearth liner 20, and configured and disposed to allow
the vapor deposition material 6 scattered toward the
heater 22 to be scattered upward through the space be-
tween the heater 22 and the hearth liner 20 (toward the
opening 20a in the direction of the axis C, toward the
substrate 2), the vapor deposition material 6 can be kept
from being deposited on the bottom of the vacuum dep-
osition chamber 12, and the vapor deposition material 6
can be effectively used.
[0043] For example, in the embodiment in which the
first heating unit 221 is disposed such that the distance
between the axis C of the hearth liner 20 and the first
heating unit 221 is increased from the lower side toward
the upper side, the inner surface of the first heating unit
221 faces upward, thus making the vapor deposition ma-
terial 6 more likely to be scattered upward. The same
applies to the case where the second heating unit 222
and the third heating unit 223 are arranged such that the
inner surfaces thereof face upward. In particular, to the
second heating unit 222 and the third heating unit 223,
the vapor deposition material 6 is scattered downward
from the edge 20b, and the configuration of the second
heating unit 222 and the third heating unit 223 arranged
such that the inner surfaces thereof face upward is thus
effective. For example, when the second heating unit 222
and the third heating unit 223 are inclined outward from
the state parallel to the outer surface 20d of the hearth
liner 20 on the upper sides of the second heating unit
222 and third heating unit, the vapor deposition material
6 evaporated by the heating the second heating unit 222
and the third heating unit 223 is likely to be scattered
toward the substrate 2 without colliding with the outer
surface 20d of the hearth liner 20.
[0044] In the embodiment in which the height of the
edge 221a of the first heating unit 221 with respect to the
bottom 20c of the hearth liner 20 is larger than that of the
edge 20b of the hearth liner 20 (i.e., the edge 221a is
farther from the bottom 20c than the edge 20b), even if
the vapor deposition material 6 heated and evaporated
near the edge 20b scatters laterally, the vapor deposition
material 6 will be blocked by the first heating unit 221,
and thus less likely to scatter outward from the first heat-
ing unit 221 in a direction orthogonal to the axis C. Ac-

cordingly, the vapor deposition material 6 can be kept
from being deposited on the side wall surface of the vac-
uum deposition chamber 12 (the side wall surface near
the vapor deposition source 14).
[0045] In the case where the material of the hearth liner
20 has high wettability to the vapor deposition material
6, the vapor deposition material 6 is considered likely to
crawl up. Accordingly, in the case where the material of
the hearth liner 20 has high wettability to the vapor dep-
osition material 6 used, the configuration of the vapor
deposition source 14 is effective. For example, in the
case where the vapor deposition material 6 is aluminum
(Al), whereas the material of the hearth liner 20 partially
includes at least one of a pyrolytic boron nitride (PBN),
a pyrolytic graphite (PG), a pyrolytic silicon carbide
(PSiC), a pyrolytic silicon nitride (PSi3N4), a pyrolytic alu-
minum nitride (PAIN), an aluminum oxide (Al2O3), a bo-
ron nitride (BN), an aluminum nitride (AlN), a silicon car-
bide (SiC), and graphite (C), the configuration is effective,
and effective, in particular, in the case of including PBN,
BN, or SiC. Although the explanation is given herein from
the viewpoint of wettability, the configuration of the vapor
deposition source 14 is also effective, for example, in the
case where the hearth liner 20 is configured with such a
material that causes the vapor deposition material 6 to
bring about a capillary phenomenon with respect to the
hearth liner 20.

(Second Embodiment)

[0046] As a second embodiment, a method for manu-
facturing an organic EL device (electronic device) 26 with
the use of the vapor deposition source 14 described in
the first embodiment will be described. Unless otherwise
noted, the bottom emission-type organic EL device 26
will be described below, but the organic EL device 26
may be a top emission-type organic EL device.
[0047] Fig. 5 is a schematic diagram for explaining the
configuration of the organic EL device 26 to be manufac-
tured. The organic EL device 26 includes a support sub-
strate 28, an anode layer (first electrode layer) 30, an
organic EL unit (device function unit) 32, and a cathode
layer (second electrode layer) 34.

[Support Substrate]

[0048] The support substrate 28 has the property of
transmitting visible light (light of 400 nm to 800 nm in
wavelength). The thickness of the support substrate 28
is, for example, 30 mm to 500 mm, and can have a film
shape. In the case where the support substrate 28 is a
resin, for example, the thickness is preferably 45 mm or
more from the viewpoint of preventing the substrate from
being distorted, wrinkled, and stretched in continuous
transport in accordance with a roll-to-roll system, and
preferably 125 mm or less from the viewpoint of flexibility.
[0049] The support substrate 28 with flexibility is, for
example, a plastic film. Examples of the material of the

11 12 



EP 3 722 453 A1

8

5

10

15

20

25

30

35

40

45

50

55

support substrate 28 include polyester resins such as
polyether sulfone (PES), polyethylene terephthalate
(PET), and polyethylene naphthalate (PEN); polyolefin
resin such as polyethylene (PE), polypropylene (PP), cy-
clic polyolefins; polyamide resins; polycarbonate resins;
polystyrene resins; polyvinyl alcohol resins; saponified
ethylene-vinyl acetate copolymers; polyacrylonitrile res-
ins; acetal resins; polyimide resins; and epoxy resins.
[0050] The material of the support substrate 28 is,
among the above-mentioned resins, preferably a poly-
ester resin or a polyolefin resin, more preferably polyeth-
ylene terephthalate or polyethylene naphthalate, be-
cause the resin is high in heat resistance, low in linear
expansion coefficient, and low in manufacturing cost.
One of these resins may be used alone, or two or more
thereof may be used in combination.
[0051] The support substrate 28 may be a thin film
glass. In the case where the support substrate 28 is a
thin film glass, the thickness thereof is preferably 30 mm
or more from the viewpoint of strength, and preferably
100 mm or less from the viewpoint of flexibility.
[0052] On the support substrate 28, a barrier layer that
blocks gas, moisture, and the like (in particular, a barrier
layer that blocks moisture) may be disposed.

[Anode Layer]

[0053] The anode layer 30 is provided on the support
substrate 28. For the anode layer 30, an electrode layer
that has a light-transmitting property is used. As the elec-
trode that has a light-transmitting property, thin films in-
cluding a metal oxide, a metal sulfide, a metal, and the
like which are high in electric conductivity can be used,
and thin films which are high in light transmittance are
preferably used. For example, a thin film is used which
is made of an indium oxide, a zinc oxide, a tin oxide, an
indium tin oxide (abbreviated as an ITO), an indium zinc
oxide (abbreviated as an IZO), gold, platinum, silver, cop-
per, or the like, and among these films, the thin film in-
cluding an ITO, an IZO, or a tin oxide is preferably used.
As the anode layer 30, transparent conductive films of
organic substances such as polyaniline and derivatives
thereof and polythiophene and derivatives thereof may
be used. The anode layer 30 may have a network struc-
ture formed of a conductor (for example, a metal).
[0054] The anode layer 30 may have a multilayer struc-
ture. The thickness of the anode layer 30 can be deter-
mined in consideration of light transmittance, electric
conductivity, and the like. The thickness of the anode
layer 30 is typically 10 nm to 10 mm, preferably 20 nm to
1 mm, more preferably 50 nm to 200 nm.
[0055] The anode layer 30 can be formed by a dry film
formation method, a plating method, a coating method,
or the like. Examples of the dry film formation method
include a vacuum deposition method, a sputtering meth-
od, an ion plating method, and a CVD method. In the
case of forming the anode layer 30 by a vacuum evapo-
ration method, the anode layer 30 can be formed by an

electron beam vacuum deposition method with the use
of the vapor deposition source 14 described in the first
embodiment, for example. In the case where the anode
layer 30 has a multilayer structure, the same applies in
the case of forming at least one of the film formation layers
by a vacuum deposition method. Examples of the coating
method include an inkjet printing method, a slit coating
method, a micro-gravure coating method, a gravure coat-
ing method, a bar coating method, a roll coating method,
a wire bar coating method, a spray coating method, a
screen printing method, a flexographic printing method,
an offset printing method, and a nozzle printing method.

[Organic EL Unit]

[0056] The organic EL unit 32 serves as a functional
unit that contributes to light emissions of the organic EL
device 26, such as charge transfer and charge recombi-
nation, depending on the voltage applied to the anode
layer 30 and the cathode layer 34, and has a light-emitting
layer.
[0057] The light-emitting layer is a functional layer that
has the function of emitting light (including visible light).
The light-emitting layer is typically composed of an or-
ganic substance that mainly produces at least one of flu-
orescence and phosphorescence, or of this organic sub-
stance and a dopant material that assists the organic
substance. Thus, the light-emitting layer is an organic
layer. The dopant material is added, for example, in order
to improve the luminescent efficiency or change the lu-
minescence wavelength. The organic substance may be
a low-molecular compound or a high-molecular com-
pound. The thickness of the light-emitting layer is, for
example, 2 nm to 200 nm.
[0058] Examples of the organic substance mainly as
a luminescent material that produces at least one of flu-
orescence and phosphorescence include the following
dye-based materials, metal complex-based materials,
and polymeric materials.

(Dye-based Material)

[0059] Examples of the dye-based materials include
cyclopendamine derivatives, tetraphenylbutadiene de-
rivative compounds, triphenylamine derivatives, oxadia-
zole derivatives, pyrazoloquinoline derivatives, distyryl-
benzene derivatives, distyrylarylene derivatives, pyrrole
derivatives, and thiophene ring compounds, pyridine ring
compounds, perinone derivatives, perylene derivatives,
oligothiophene derivatives, oxadiazole dimers, pyrazo-
line dimers, quinacridone derivatives, coumarin deriva-
tives.

(Metal Complex-based Material)

[0060] Examples of the metal complex-based materi-
als include metal complexes having rare-earth metals
such as Tb, Eu, and Dy, or Al, Zn, Be, Ir, Pt, or the like
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as a central metal, and having an oxadiazole, thiadiazole,
phenylpyridine, phenylbenzmidazole, or quinoline struc-
ture or the like as a ligand, for example, a metal complex
with luminescence from a triplet excited state, such as
an iridium complex and a platinum complex, an aluminum
quinolinol complex, a benzoquinolinol beryllium complex,
a benzooxazolyl zinc complex, a benzothiazole zinc com-
plex, an azomethyl zinc complex, a porphyrin zinc com-
plex, and a phenanthroline europium complex.

(Polymeric Material)

[0061] Examples of the polymeric materials include
polyparaphenylene vinylene derivatives, polythiophene
derivatives, polyparaphenylene derivatives, polysilane
derivatives, polyacetylene derivatives, polyfluorene de-
rivatives, polyvinyl carbazole derivatives, and the above-
mentioned dye-based materials and metal complex-
based luminescent materials polymerized.

(Dopant Material)

[0062] Examples of the dopant material include peryl-
ene derivatives, coumarin derivatives, rubrene deriva-
tives, quinacridone derivatives, squarylium derivatives,
porphyrin derivatives, styryl-based dyes, tetracene de-
rivatives, pyrazolone derivatives, decacyclene, and phe-
noxazone.
[0063] The light-emitting layer can be formed, for ex-
ample, by a coating method. Examples of the coating
method are the same as those in the case of the anode
layer 30.
[0064] The organic EL unit 32 may have various func-
tional layers, besides the light-emitting layer. Examples
of the functional layer disposed between the anode layer
30 and the light-emitting layer include a hole injection
layer and a hole transport layer. Examples of the func-
tional layer disposed between the cathode layer 34 and
the light-emitting layer include an electron injection layer
and an electron transport layer.
[0065] Examples of the layer configuration of the or-
ganic EL unit 32 are shown below. In the following ex-
amples of the layer configuration, the anode layer and
the cathode layer are also listed in parentheses in order
to show the positional relations among the anode layer
30, the cathode layer 34, and various functional layers.

(a) (anode layer)/light-emitting layer/(cathode layer)
(b) (anode layer)/hole injection layer/light-emitting
layer/(cathode layer)
(c) (anode layer)/hole injection layer/light-emitting
layer/electron injection layer/(cathode layer)
(d) (anode layer)/hole injection layer/light-emitting
layer/electron transport layer/electron injection lay-
er/(cathode layer)
(e) (anode layer)/hole injection layer/hole transport
layer/light-emitting layer/(cathode layer)
(f) (anode layer)/hole injection layer/hole transport

layer/light-emitting layer/electron injection lay-
er/(cathode layer)
(g) (anode layer)/hole injection layer/hole transport
layer/light-emitting layer/electron transport lay-
er/electron injection layer/(cathode layer)
(h) (anode layer)/light-emitting layer/electron injec-
tion layer/(cathode layer)
(i) (anode layer)/light-emitting layer/electron trans-
port layer/electron injection layer/(cathode layer)

[0066] The symbol "/" means that the layers on both
sides of the symbol "/" are joined.
[0067] Known materials may be used as materials for
the functional layers (for example, a hole injection layer,
a hole transport layer, an electron injection layer, an elec-
tron transport layer) of the organic EL unit 32, other than
the light-emitting layer. The thicknesses of the functional
layers of the organic EL unit 32 have optimum values
that differs depending on the materials used. The thick-
nesses of the functional layers of the organic EL unit 32
are set in consideration of electric conductivity, durability,
and the like. The functional layers of the organic EL unit
32 other than the light-emitting layer can be formed in
the same way as the light-emitting layer. The electron
injection layer may be a part of the cathode layer 34.

[Cathode Layer]

[0068] The cathode layer 34 is provided on the organic
EL unit 32. The cathode layer 34 can be provided so as
to be brought into contact with the support substrate 28
on the side of the anode layer 30 opposite to the part
thereof exposed from the organic EL unit 32. The cathode
layer 34 may have a laminated structure of two or more
layers laminated.
[0069] In order to reflect the light from the organic EL
unit 32 at the cathode layer 34 to deliver the reflected
light toward the anode layer 30, the material of the cath-
ode layer 34 is preferably a material that is high in re-
flectance with respect to the light from the organic EL
unit 32. As a material of the cathode layer 34, for example,
alkali metals, alkaline-earth metals, transition metals,
Group 13 metals of the periodic table, and the like may
be used. Specifically, as the material of the cathode layer
34, for example, a metal such as lithium, sodium, potas-
sium, rubidium, cesium, beryllium, magnesium, calcium,
strontium, barium, aluminum, scandium, vanadium, zinc,
yttrium, indium, cerium, samarium, europium, terbium,
and ytterbium, an alloy of two or more of the metals, an
alloy of one or more of the metals and one or more of
gold, silver, platinum, copper, manganese, titanium, co-
balt, nickel, tungsten, and tin, graphite or a graphite in-
tercalation compound, or the like is used. Examples of
the alloy include a magnesium-silver alloy, a magnesium-
indium alloy, a magnesium-aluminum alloy, an indium-
silver alloy, a lithium-aluminum alloy, a lithium-magnesi-
um alloy, a lithium-indium alloy, and a calcium-aluminum
alloy.
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[0070] As the cathode layer 34, for example, a trans-
parent conductive electrode including a conductive metal
oxide, a conductive organic substance, or the like may
be used. Specific examples of the conductive metal oxide
include an indium oxide, a zinc oxide, a tin oxide, an ITO,
and an IZO, and examples of the conductive organic sub-
stance include polyaniline and derivatives thereof and
polythiophene and derivatives thereof.
[0071] The thickness of the cathode layer 34 is set in
consideration of electric conductivity, durability, and the
like. The thickness of the cathode layer 34 is typically 10
nm to 10 mm, preferably 20 nm to 1 mm, more preferably
50 nm to 500 nm.
[0072] The cathode layer 34 can be formed in the same
way as the anode layer 30. In the case of forming the
cathode layer 34 by a vacuum deposition method, the
cathode layer 34 can be formed by an electron beam
vacuum deposition method with the use of the vapor dep-
osition source 14 described in the first embodiment, for
example. In the case where the cathode layer 34 has a
multilayer structure, the same applies in the case of form-
ing at least one of the film formation layers by a vacuum
deposition method.
[0073] The organic EL device 26 may include a sealing
member that seals the organic EL unit 32. The sealing
member may be provided on the support substrate 28
so as to seal the organic EL unit 32 and partially expose
the anode layer 30 and the cathode layer 34 for externally
connecting the anode layer 30 and the cathode layer 34.
[0074] In the organic EL device 26, at least one of the
anode layer 30 and the cathode layer 34 includes a film
formation layer formed by an electron beam vacuum dep-
osition method with the use of the vapor deposition
source 14 described in the first embodiment. An example
of a method for manufacturing the organic EL device 26
will be described. A method for manufacturing the organic
EL device 26 while transporting a long support substrate
28 by a roll-to-roll method will be described herein.
[0075] First, the long support substrate 28 is prepared.
While transporting the long support substrate 28 in the
longitudinal direction, the anode layer 30 is formed dis-
cretely in the longitudinal direction of the support sub-
strate 28 (anode layer forming step). Next, the organic
EL unit 32 is formed on each anode layer 30 while trans-
porting the support substrate 28 in the longitudinal direc-
tion (organic EL unit forming step). In the case where the
organic EL unit 32 has a multilayer structure, multiple
layers constituting the organic EL unit 32 may be formed
in order from the side of the anode layer 30. Thereafter,
the cathode layer 34 is formed on the organic EL unit 32
(cathode layer forming step). In the cathode layer forming
step, as described previously, the cathode layer 34 is
formed such that the cathode layer 34 is partially brought
into contact with the support substrate 28.
[0076] The organic EL device 26 is formed for each
anode layer 30 on the support substrate 28 subjected to
the cathode layer forming step. Thus, the method for
manufacturing the organic EL device 26 may include a

singulation step of singulating the support substrate 28
subjected to the cathode layer forming step for each an-
ode layer 30 to obtain product-size organic EL devices
26. In a mode in which the organic EL device 26 includes
a sealing member, the organic EL unit 32 corresponding
to each anode layer 30 may be sealed with a sealing
member after the cathode layer forming step.
[0077] At least one of the anode layer forming step and
cathode layer forming step of the method for manufac-
turing the organic EL device 26 includes a film formation
layer forming step of forming the film formation layer 4
by an electron beam vacuum deposition method with the
use of the vapor deposition source 14 described in the
first embodiment. In this film formation layer forming step,
the film formation layer 4 may be formed, with the sub-
strate (film formation target substrate) 2 replaced by the
support substrate 28 subjected to the steps before the
film formation layer forming step in the method of forming
the film formation layer 4 described with reference to Fig.
1.
[0078] For example, in the case of forming the cathode
layer 34 in the film formation layer forming step, the sub-
strate 2 shown in Fig. 1 may be replaced by the support
substrate 28 with the organic EL unit 32 formed through
the organic EL unit forming step, and the cathode layer
34 as the film formation layer 4 may be formed in the
same way as in the method described in the first embod-
iment with the use of the material of the cathode layer 34
as the vapor deposition material 6. In the case where the
cathode layer 34 has a multilayer structure, at least one
of the layers may be the film formation layer 4. The same
applies to the anode layer 30.
[0079] In the film formation layer forming step, the film
formation layer 4 is formed by the electron beam vacuum
deposition method with the use of the vapor deposition
source 14 described in the first embodiment, and the film
formation layer 4 can be thus continuously formed at high
speed. Accordingly, the film formation layer 4 can be
formed while continuously transporting the support sub-
strate 28, thereby reducing the time for the film formation
layer forming step of the organic EL device manufactur-
ing method. As a result, the productivity of the organic
EL device 26 is improved. Furthermore, the vacuum dep-
osition apparatus 10 including the vapor deposition
source 14 for use in the manufacture of the organic EL
device 26 can be kept from being damaged. Furthermore,
the vapor deposition material 6 is kept from being depos-
ited on the wall surface in the vacuum deposition cham-
ber 12, and thus maintenance of the vacuum deposition
chamber 12 is easy.
[0080] The present invention is not to be considered
limited to the various embodiments illustrated, but intend-
ed to encompass the scope specified by the claims, and
encompass all modifications within the meaning and
scope equivalent to the claims.
[0081] The crucible is not limited to the hearth liner,
but may be any container that is capable of containing a
vapor deposition material for electron beam vacuum dep-
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osition.
[0082] The surface of the heater on the edge side of
the crucible has only to at least partially have a flat sur-
face. There is no need for the first heating unit to serve
as a planar heating element. For the first heating unit, for
example, a wire or the like may be wound around a sup-
port member may generate heat. The support member
is not limited to a planar (or plate-shaped) member, and
may have a rod shape. Although the modification exam-
ple of the first heating unit has been described, the same
modification can be also applied to the second heating
unit and the third heating unit.
[0083] The embodiment has been described in which
the heater includes the second heating unit and the like
which are separate from the first heating unit. The con-
figuration of the heater is, however, not limited as long
as a part of the heater surrounds the opening edge of
the crucible. For example, the heater may have a con-
figuration in which the first heating unit, second heating
unit, and third heating unit are integrated.
[0084] The support substrate for use in the method for
manufacturing an organic EL device does not have to be
a long support substrate, and may be a single support
substrate.
[0085] Although the anode layer is illustrated as the
first electrode layer and the cathode layer is illustrated
as the second electrode layer, the first electrode layer
may serve as a cathode layer and the second electrode
layer may serve as an anode layer. More specifically, the
cathode layer may be disposed on the side with the sup-
port substrate (flexible substrate).
[0086] Although the method for manufacturing the or-
ganic EL device as an example of the electronic device
has been described in the embodiments mentioned
above, the present invention can be also applied to meth-
ods for manufacturing organic electronic devices such
as an organic thin film transistor, an organic photodetec-
tor, an organic sensor, and an organic thin-film solar cell,
besides the organic EL device. The present invention
can be also applied to electronic devices (electronic de-
vices other than organic electronic devices) in which
functional layers of device function units are all made of
inorganic materials.

DESCRIPTION OF REFERENCE SIGNS

[0087]

4...Film formation layer
6...Vapor deposition material
10...Vacuum deposition apparatus (electron beam
vacuum deposition apparatus)
14...Vapor deposition source
20...Hearth liner (crucible)
20b...Edge
20d...Outer surface
22...Heater
24...Reflector

26...Organic EL device (electronic device)
28...Support substrate
30...Anode layer (first electrode layer)
32...Organic EL unit (device function unit)
34...Cathode layer (second electrode layer)
221...First heating unit (first heating region)
221a...Edge
222...Second heating unit (second heating region)
223...Third heating unit
C...Axis

Claims

1. A vapor deposition source comprising:

a crucible that contains a vapor deposition ma-
terial to be heated and evaporated by irradiation
with an electron beam; and
a heater disposed to surround an edge of the
crucible closer to an opening of the crucible.

2. The vapor deposition source according to claim 1,
wherein a surface of the heater closer to the edge
at least partially has a flat surface.

3. The vapor deposition source according to claim 1 or
2, wherein
the heater also surrounds an outer surface of the
crucible, and
the heater is separated from the edge and the outer
surface such that the vapor deposition material scat-
tered from the crucible toward the heater is scattered
toward the opening as viewed from a bottom of the
crucible in an axial direction of the crucible.

4. The vapor deposition source according to claim 3,
wherein
the heater has a first heating region located lateral
to the edge, and a second heating region located
closer to the bottom in the axial direction of the cru-
cible than the first heating region,
the first heating region is disposed such that a dis-
tance between one region of the first heating region
closer to the second heating region and the axis of
the crucible is equal to a distance between the other
region of the first heating region and the axis of the
crucible, or shorter than the distance between the
other region of the first heating region and the axis
of the crucible, and
the second heating region is disposed such that a
distance between one region of the second heating
region closer to the first heating region and the outer
surface of the crucible is equal to a distance between
the other region of the second heating region and
the outer surface of the crucible, or longer than the
distance between the other region of the second
heating region and the outer surface of the crucible.
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5. The vapor deposition source according to any one
of claims 1 to 4, wherein the edge of the heater far-
thest from the bottom of the crucible in the axial di-
rection of the crucible is located farther from the bot-
tom than the edge of the crucible in the axial direction
of the crucible.

6. The vapor deposition source according to any one
of claims 1 to 5, wherein the vapor deposition mate-
rial is aluminum.

7. The vapor deposition source according to any one
of claims 1 to 6, wherein the material of the crucible
includes at least one of a pyrolytic boron nitride, a
pyrolytic graphite, a pyrolytic silicon carbide, a pyro-
lytic silicon nitride, a pyrolytic aluminum nitride, an
aluminum oxide, a boron nitride, an aluminum nitride,
a silicon carbide, and a graphite.

8. An electron beam vacuum deposition apparatus
comprising the vapor deposition source according
to any one of claims 1 to 7.

9. A method for manufacturing an electronic device
manufactured by sequentially forming a first elec-
trode layer, a device function unit, and a second elec-
trode layer on a support substrate,
wherein at least one of a step of forming the first
electrode layer and a step of forming the second
electrode layer includes a film formation layer form-
ing step of forming a film formation layer by a vacuum
deposition method with use of the vapor deposition
source according to any one of claims 1 to 7.

10. The method for manufacturing an electronic device
according to claim 9, wherein
the support substrate is long and flexible, and
in the film formation layer forming step, the film for-
mation layer is formed while continuously transport-
ing the support substrate.
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