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TITLE OF THE INVENTION
Apparatus for and Method of Vacuum Vapor Deposition

and Organic Electroluminescent Device

- BACKGROUND OF THE INVENTION

1. Field of the Invention

[0001] The present invention relates to the art of vacuum vapor deposition of

electroluminescent materials on a substrate to form an electroluminescent device.

More specifically, the present invention relates to an apparatus and a method

" designed to accomplish the vacuum vapor deposition of the electroluminescent

materials and also to an organic electroluminescent device resulting therefrom.
2. Description of the Related Art |
[0002] To perform the vacuum vapor deposition, a vacuum deposition system

is widely utilized, which generally includes a vacuum chamber having a vapor source

" ‘and a substrate disposed in face-to-face relation with each other within the vacuum

chamber. With this vacuum deposition system, after the vacuum chamber has been
evacuated, the vapor source is heated to fuse and vaporize, or sublimated to vaporize,

to thereby produ.ce a gaseous phase of the vapor source which is subsequently

deposited on one surface of the substrate to form a deposited film. For heating the

vapor sburce, numerous methods have been employed such, for example, as electron
beam radiation in which electrons are accelerated tbwa_rds the vapor source to heat it,
resistance 'heating in which an electric power is supplied to a resistance element
constructed in the form of a boat made of a high melting point metal such as tungsten
or mdlybdenum while the vapor source is placed on the boat, and so on. While vapor
molecules emanating from the vapor source as the latter is héated are effused
rectilinearly in a direction normal to the vapor source, the space into which the vapor
molecules are effused is kept evacuated and, therefore, the vapor molecules will

travel a mean free pass of a few tens of meters with the fectilinearly travelling vapor
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molecules subsequently deposited on a-substrate that is disposed in face-to-face

relation with the vapor source.

[0003] Since thg vapor molecules are effused rectilinearly in a direction normal
to the vapor source as discussed above, the vapor molecules travel rectilinearly in
such a direction as to scatter in'all directions as shown by arrows in Fig. 14. If the
substrate shown by 3 has a fiat surface, the distance d1 from the vapor source 2to a
center area of the substrate 3 differs from the distance d2 from the vapor source 2 to
an end area of the substrate 3 and, therefore, the amount of deposition of the
vaporized material on that center area of the substrate 3 and that on the end area of

the substrate 3 differ from each other, resulting in a problem in that the thickness of a

_ film formed on the substrate 3 tends to become uneven over the surface of the

substrate 3.
[0004] Ailso, since the vapor molecules from the vapor source 2 travel

rectilinearly in such a direction as to scatter in all directions, there is a substantial

‘amount of the vapor molecules that do not travel towards the substrate 3 and do

neither deposit on nor participate in formation of the film on the surface of the

substrate 3, ;esultingl in waste of the material. Accordingly, problems have been.

encountered in that the efficiency of utilization of the material used in the vapor source
2 is low, that is, the yield is low and in that the deposition rate at which the film is
formed on the surface of the substrate 3 is also low.

[0005) Some of the vapor molecules that are not deposited on the substrate 3

. are deposited on an inner wall surface of the vacuum chamber. If vacuum vapor

deposition is carried out using the same vacuum chamber, but by changing the
material from one over to another, vacuum vapor deposition of thé different material
would results in re-heating and, hence, re-vaporizing the material that has been
previously deposited on the inner wall surface of the vacuum chamber, which would

eventually be mixed in and, hence, contaminate the fiim being then vacuum vapor
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~ deposited, resulting in reduction in purity of the resulting film.

[0006] In addition, if the material is deposited on the inner wall surface of the
vacuum chamber in the manner described above, such a problem has been arisen
that release of the vacuum chamber to the atmosphere permits moisture and gaseous
components of the outside air to be occluded in the depoéited material to such an
extent as to hamper maintenance of the vacuum chamber under vacuum. Also,
there ﬁas been a possibility of such a problem occurring that occldsion' of the
atmospheric moisture and gaseous c_omponents in the deposited material results in
eventual separatibn of the deposited material from the inner wall surface of the
vacuum chamber in the form of finely divided' flaky debris which would constitute a
cause of contamination of the substrate and the crucible such as the boat.

[0007] Considering that an organic material  such as an organic
electrolumine#cent material requires a relaﬁvely low heating temperature to be used

during vacuum vapor deposition, some of the vapor molecules that are not deposited

~ on the substrate 3 are apt to be deposited on the inner wall surface of the vacuum

. chamber and, moreover, the vapor molecules deposited on the inner wall surface of

the vacuum chamber are susceptible to evaporation. Accordingly, there is a high
possibility of problems occurring that are assoc__:iated with deposition of such sorhé of
the vapor molecules on the inner wall surface of the vacuum chamber:

[0008] An orggni_c thin film element is generally formed by successively
laminating and depositing organic thin films on a substrate so as to exhibit individual
functions. When it comes to the organic electroluminescent (EL) device, the organic

electroluminescent de_vice generally represents a layered structure in which organic

thin films are successiyely layered on a transparent electrode on the substrate. Such

layered structure is fabricated by successively vacuum vapor depositing a plurality of
organic materials. Since USP No. 4,769,292 issued September 6, 1988 to Tang, et

al. and assigned to Eastman Kodak Company has been published, a method of
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'doping a small quantity of a fluorescent light emitting material into an organic host

material during the vacuum vapor deposition is largely practiced. By way of example,
for formation of a green color element, it is well known to dope quinacridone into the

host ‘material, which is used in the form of an Alg3 (tris-(8-hydroxyquinoline)

~ aluminum) layer, by means of codeposition in which quinacridone is simultaneously

vacuum vapor deposited. Also, in order to form a high efficiency organic EL device,
it is also well known to codeposit a hole transporting organic material and an acceptor
for e,nhanciﬁg the hole injecting efficiency from an anode and also to form an electron
injected layer by codepoéition. of the electron transporting organic material and a
donor such as Li.

fooo9] In those film forming methods in which the organic materials are vacuum

‘vapor deposited, it is a general practice to dispose two or more vapor sources within a

single vacuum chamber to achieve the vacuum vapor deposition, but in performing
such codeposition, the concentration of the dopant is an important factor that
determines the nature qf the resultant film. In other words, in the case of the organic
materials, thé temperature at which _they evaporate is low and, even when a dual
vapor deposition is carried out, it often 'occurs that the respective vaporizing
temperatures of two vapor sources aré close to each other. Where one of the
organic materials is deposited on, for example, a walt of the vacuum chamber, re-

heating and cbnsequént re-evaporatioh of the organic material deposited on the wall

surface of the vacuum chamber will adversely affect the doping concentration within

the. eventually formed film. Accordingly, even in such case, there is a high possibility
of occurrence of such problems associated with deposntlon of some of the vapor

molecules, not deposned on the substrate, on the inner wall surface of the vacuum

chamber.
SUMMARY OF THE INVENTION

[0010] | The present invention has been developed to overcome the above-
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described disadvantages.

[0011) It is accordingly. an objective of the present invention to provide a
vacuum vapor deposition apparatus in which. when an organic material is to be vapor
deposited, the organic material can be deposited at a high depositign rate to a uniform
film thickness and at a high yield and in which vacuum vapor' deposition can be
performed at a high purity while minimizing deposition of a vaporized matter within a
vacuum chamber and maintaining a high quality of vacuum within the vacuum
chamber. |

[0012] In accomplishing the above and other ohjectives, the present invention
provides a vacuum vapor deposition apparatus which ihcludes a vacuum chamber

having a plurality of vapor sources and a heater for heating the vapor sources to

achieve vacuum vapor deposition on a surface of at least one substrate within the

vacuum chamber, wherein at least one of the vapor sources utilizes an organic

material. A space in whic':h the vapor sources and the substrate confront each other

‘is enclosed by a hot wall, which is heated to a temperature at which the organic

material will be néithelr deposited nor decomposed. The organic material is vapor
deposited on the surface of the substrate by heating the vapor sources while the
vapor sources and the substrate are mﬁved relative to each other. |
[001Sj Preferably, the vapor' deposition is effected on the surface of the
substrate by heating the vapor sources while the vapor sources and the hot wall are
moved relative to each other.

[0014) In order to accomplish the relative movement between the substrate and
the vapor sources, the vacuum vapor deposition apparatus preferably includes a
substrate transport device for moving the substrate relative to tﬁe vapor sources.
This substrate transport device is capable of controlling a speed of movement of the
substrate. Preferably, the substrate trénsport device may have a capability of

causing the substrate to move along a circular path.
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t0015] The substrate to be handled with the vacuum vapor deposition
apparatus of the present invention may be a length of strip, which is transported from
a supply roll towards a take-up roll.

[0016] In a preferred embodiment of the present invention, the vacuum

~ chamber may have at least one auxiliary chamber fluid-connected therewith. This

auxiliary chamber can be evacuated. In this design, one of the vapor sources is
selectively loaded or unloaded between the vacuum chamber and the auxiliary
chamber. | .

[0017] A top opening of the hot wall adjacent the substrate preferably has a
width as measured in a direction perpendicular to a direction of movement of the

substrate, which is within the range of a value 20% greater than a width of the

. substrate as measured in a direction perpendicular to the direction of movement of the

substrate, to a value 20% smalier than the width of the substrate.  Also, the hot wall
preferably encloses 60 to 90% of the space in which the vapor sources and the
substrate confront each other.

[0018] In another preferred embodiment, a surface of the hot wall.corrfronting
the space in which the vapor sources and the substrate confront each other is made
of a material hard to react with the organic material. -

[0019] The present invention also provides a method of vacuum vapor
depositing a plurality of materials on a surface of at least one substrate by heating
vapor sour_ceé within & vacuum chamber. This method includes: using an orga_nic
material for at least one of the vapor sources; heating .a hot wall to a temperature at
which the organic matefiaf will be neither depositgd nor decomposed; heating the
vapor sources while the vapor sources and the substrate, which confroht each other,
are enclosed by the hot wall; and moving the substrate and the vapor sources relative
to each other. The organic material used as the vapor source may be an organic

electroluminescent material.
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[0020] The present invention furthermore provides an organic
electroluminescent device formed by depositing a plurality of organic
electroluminescent materials on a surface of a substrate by means of the vacuum

vapor deposition method discussed above.

" BRIEF DESCRIPTION OF THE DRAWINGS

[0021] The above and other objectives and features of the present invention
will become more apparent from the following deécription of preferred embodiments
thereof with referenf:e to the accompanying drawings, throughout which like parts are
designated by like reference numerals, and whereih:

[0022] Fig. 1 is a schematic longitudinal sectional view of a vacuum vapor
deposition apparatus according to a first embodiment of the present invention; .
[0023] Fig. 2A is a schematic perspective view of the vacuum vapor deposition
apparatus according to a second embodiment of the present invention; .

[0024] Fig. 2B is a view similar to Fig. 2A, but depicting a modification thereof,
[0025] Fig. 3 is a schematic perspective view of the vaéuum vapor d_eposition
apparatus according to a third embodiment of the present invention;

[0026] Fig. 4A is a schematic Iongitudinal sectional view of a portion of the
vacuum vapor deposition apparatus according to the third embodiment of the present
invention;

[0027] Fig. 4B is.a schematic perspective view of that porﬁon of the vacuum
vapor deposition apparatus shown in Fig. 4A;

[0028] Fig. 5 is a perspective view of a portion of the vacuum vapor deposition
apparatus according to a fourth embodiment of the present inventior_n;

[0029] Fig. 6 is a perspective view of the vacuum vapor depositioh apparatus
according to a fifth embodiment of thé present invention;

[0030] Fig. 7 is a schematic longitudinal sectional view of the vacuum vapor

deposition apparatus according to a sixth embodiment of the present invention;
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[0031] Fig. 8 is a schematic longitudinal sectional view of the vacuum vapor
deposition apparatus according to a seventh embodiment of the present invention;
fo032] Figs. 9A, 9B, 9C, 9D and 9E are schematic longitudinal sectional views
of a portion of the vacuum vapor deposition apparatus shown in Fig. 8, depicting the
sequence of operation thereof;

[0033] Fig. 10 is a schematic perspective view, on an enlarged scale, depicting
another portion of the vacuum vapor deposition apparatus shown in Fig. 8;

[0034] Fig. 11 is a schematic perspective \'liew, on an enlarged scale, depicting
a different portion of the vacuum vapor debosition apparatus shown in Fig. 8;

[0035] Fig. 12 is a schematic sectional view of that portion of the vacuum vapor
deposition apparatus shown in Fig. 1b;

[0036] Fig. 13A is a schematic perspective view depicting a modification of the
vacuum vapc;r depositibn apparatus to the seventh embodiment of the present
invention; .

[0037] Fig. 13B is a schematic top plan view of the modified vécuum vapor
deposition apparatus shown in Fig. 13A; and

[0038] Flg 14 is a schematuc diagram dep|ct|ng the manner in which vapor
molecules travel from a vapor source towards a substrate.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS -

[0039]) Thls application is based on an application No. 2000-1 87582 f led June
22, 2000 in Japan, the content of which is herein expressly incorporated by reference
in its entirety.

First Embodiment (Fig. 1) _

[o040} Referring to Fig. 1 showing a vacuum vapor deposition apparatus
according to a first embodiment of the present invention, a vacuum chamber 1 shown
therein incluqes a support base 16 and a vacuum container :17 capped onto the

support base 16. The support base 16 has a vent hole 18 defined therein, which is
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connected with a vacuum pump 20 through a gate valve 19, both positioned on one
side of the support base 16 opposite to the vacuum container 17. In the illustrated
embodiment, as a wall 4 surrounding a space in which a vapor source 2 énd a
substrate 3 confront each other, an open-ended hollow body & is employed and is
mounted on the support base 16 and within the vacuum chamber 1. The wall 4
surrounding the space In which the vapor source 2 and the substrate 3 confront each
other may not be always limited to the. hollow body 5 of a cylindrica! configuration, but
may be defined by a tubular body of any suitable shape such as, for example a
polygonal shape or a conical shape and may also be comprised of a plurality of
partition wall segments assembled together to represent a tubular shape. A
sheathed heqter 21 is spirally turned externally around the hollow body 5 and is
electrically connected with an electric power source 23 through current introducing
terminal members 22 secured to the support base 16 so that the sheathed heater 21
can be electrically energized to heat the hollow body 5.

[0041] A heating element 24 in the form of a boat made of a metal having a
high melting point is disposed in a lower region of and within the hollow body 5.
Opposite ends of the heating element 24 are connected electrically with respective
current introducing terminal members 25 that extend inwardly through the vacuum
container 17 gnd then through the hollow body 5 soasto terminate in thé vicinity of
the heating element 24. The current introducing terminal members 25 are in turn
slectrically connected with an electric power source 26 so that the heating slement 24
can be resista}nge heated by an electric power supplied from the electric power source
26. A plurality of support rods 27 are positioned outside the hollow body 5 and
erected on the support base 16 so as to extend upwardly at right aﬁles to the support
base 16 with a substrate support 28 mounted atop the support reds 27. The
'substrate support 28 is secured to respective top ends of the suppor_t rods 27 so as to

assume a horizontal position, and a center portion of the substrate support 28
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disposed above the top opening of the hollow body § and aligﬁed with the heating
element 24 within the hollow body 5 is perforated to define a deposition window 29.
[0042] So far as the illustrated embodiment is concerned, only the heating
element 24 is disposed at the lower region within the hollow body 5 so that only one
vapor source 2ean -be heated to evaperate. —How'eve'l-', a-plurality of heating elements
24 may be disposed at the lower region within the hollow body 5 so as to receive
different vapor sources 2 sa that the different vapor sources 2 cah- be heated one at a
time to acmﬁplish codeposition of those vapor sources 2 on a single substrate.
[0043] Where in the practice of the f)resent invention the plural vapor sources 2
are employed, at least one of the vapor' sources 2 erﬁploys an organic material. This
organic material may be an organic électroluminescent material {hereinafter, reféerred
to as "organic EL material'), examples of which include tris-(8-hydroxyquinoline)
aluminum complex, quinacridone, rubrene, N,N'-bis(3-methylphenyl)-(1,1'-biphenyl)-

44'diamine  (TPD),  4,4-bis[N-(naphthyl)-N-phenyi-amino]biphenyl  (a-NPD),

| bathophenanthroline, bathocuproine, and oxadiazole. When the EL is to be vapor

deposited, it may occur that other than the organic EL material a metal may be used in

part. Accorc{ing_ly. one or some of the plural vapor sources 2 may use materials such

- as metals- other than the organic materials and they may be vapor deposited

simultaneously with- vapor deposition of the organic materials. As materials other
than the orgapic materials, lithium, cesium, lithium fluoride and an alloy containing at
least one of them can be employed. Also, the substrate 3 having a surface on which
the organic EL material and other materials are to be deposited may be a plate made .
of glass, metal or a synthetic resin and is not therefare limited to a particular material.
[0044) It is, however, to be noted that the vacuum vapor deposition apparatus

according to .the present invention is not always limited to the type in which the

_above-discusged organic EL material is employed as the vapor source 2, but can work

satisfactorily even if the vapor source 2 is employed in the form of an organic material
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of a kind used in, for example, a photoelectric converting layer in a sofar cell. The
organic matelfials used to form the photoelectric converting layer include, for example,
perylene derivatives, phthalocyanine derivatives, quinacridone derivatives and the
like. |

[0045] When in use, the vapor source 2 is placed on tho haating element 24
which is in turn set in position at a lower center region of the hollow body 5, and the

substrate 3 is pl.aced on the substrate support 28 with a lower surface thereof exposed

downwardly thraugh the depasition window 29 In thisaway, the suhetrata 3 and the
vapor source 2 are arranged in o'ppositioﬁ to each other. The vacuum pump 20 is
subsequently activated to evacuate the vacuum chamber 1 {o a vacuum condition,
and the heating element 24 is then electrically energized to heat the vapor source 2
and, on the gthér haqd, the sheathed heater 21 is _electricaﬂy energized to heat the
hollow body 5 When the vapor source 2 is thus'heéted while the vacuum chamber 1
has been evaluated, the vapor source 2 melts and evaporates, or sublimates, to
produce vapor. Vapor molecules 31 so produced from the vapor source 2 are
rectilinearly effused from the vapor source 2 in the normal direction and then travel
rectilinearly.in various directions.

[0046] As discussed previdusly, some of the vapor molecules 3 travel
rectilinearly towards the substrate 3 and the remaining portion of the vapor molecules
3 travel rectilinearly in directions div_erting from the substrate 3. However, since a
space between the vapor sourcé 2 and the sub§trate_ 3, within which the vapor
molecules 31 travel, is encircled by the hollow body § with the vapor molecules 3
consequentlyj conﬁneéi wifhin the hollow body 5, the remaining portion of the vapor
molecules 31 tending to travel respective directions diverting from thé substrate 3,
without being scattered astray, travel towards the substrate 3 after having been
reflected by an inner wall surface of the hollow body 5 and, therefore, a major quantity

of the vapor molecules 31 generated from the vapor source 2 can be caused to arrive

11



10

15

20

25

at and be déposited on the surface of the substrate 3 to thereby participate in
formation of a film. |

[o0471 Consequently. waste of the material can be minimized, the efficiency of
utilization of the material of the vapor source 2 can be increased to achieve the vapor
depoéition with a high yield, and the rate at w'hich the film is formed on the suﬁaoe of

the substrate 3 can be increased. Since the vapor molecules 31 which have been

. reflected from the inner wall surface of the hollow body 5 are deposited on various

areas of the surface of the substrate 3 from various directions, the amo_unt of_ .
deposition on such various areas of the surface of the substrate 3 can be made

uniform, making it possible to form the film of an uniform fitm thickness.

[0048] Also, since the hollow body'5 so heated defines é hot wall, there is no

possibility that even though the vapor molecules 31 are deposited on the surface of

the hollow body 5, the deposited matter can be re-heated by the hollow body 5§ to

evaporate without being deposited on the surface of fhe hollowbody 5. Thus, it is .
possible to avbid a deposition of the material of the vapbr source 2 on the surface of

the hollow body 5 and, since the vapor molecules 31 emanating from the vapor source

2 are confineq by and within the hollow body 5, it is possible to minimize deposition on

the inner wall surface of the vacuum .chamber 1. Accordingly, where vacuum vapor

deposition is to be performed using different materials with the use of the same

vacuum charr!ber 1, éven when the different materials are sequentially heated one

after another dl.iring the vacuum vapor deposition, the surface of the vacuum chamber

1 is free from (or if existing at all, bears a smali quantity of) deposited materials of a

kind which wquld be again vapoerized upon heating. Therefore, a vapor deposited

film formed by the vacuum vapor deposition will not be contaminatéd, making it

possible to form a film of a high purity. Also, since any deposited material which

occludes the moisture and gaseous components contained in the air does not exist on

the surface of the hollow body 5 and that of the vacuum chamber 1 (or if existing at all,
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exists in a small quantity), the difficulty encountered in maintaining the vacuum
chamber 1 under vacuum can be eliminated.

[0049] Where the organic material such as the organic EL material is used as
the vapor source 2 such as in the case of the present invention, since the temperature
at which the brganic ‘material vaporizes is low, some of the vaper molecules 31 not
deposited on the-suﬁétrate 3 are apt to be deposited on the hollow body 5. However,
heating of the hollow body 5 in the manner described above is effective to avoid such
deposition. Also, while the organic EL ﬁln‘i formed on the substrate 3 is a thin film
having a thickness of a few hundreds nanometer and the purity of the film is severely
required, the present invention is particularly effective in vapor depositing the organic
EL material since the film of high purity can be formed as hereinabove described.
[0050] When it comes to heating of the hollow body 5 to a temperature at which
the material of the vapor source 2 will not be deposited, the heating temperature to
which the hol}ow body 5 is heated is preferably of a value equal to or higher than the
temperaturé (evaporé_tion or sublimation tempergture) at which the vapor source 2 is
vaporized under a reduced pressure employed for vacuum vapor deposition.
Although the upper limit in the temperature of the hollow body .5 may not be
particularly limited, it is essential that the material of the vapor source 2 is not
decomposed at the heating tenriperature and, therefore, it is generally recommended
that the hegﬁng temperature of the hollow body 5 has an upper limit which is equal to
the temperature, at which the organic EL material forming the vapor soﬁrce 2is
vaponzed plus about 100°C. Since the temperature of vaporization of such organic
EL material i is in the range of about 50 to 300°C, the heating temperature of the hollow

body § is generally set to a value in the range of about 100 to 400°C. It is to be noted

that although in the embodiment shown in Fig. 1 the heating source for the holiow

body 5 is employed il? the form of the sheathed heater 21 fixedly turned around the

hollow body &, radiant heat from, for example, a halogen lamp may be employed.
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[0051] While the pressure to which the vacuum chamber 1 is evacuated may
be suitably chosén, it must be of a value sufficient to aliow the vapor molecules 31
emanating from the vapor source 2 to reach the substrate 3 without colliding against
gaseous molecules present within the vacuum chamber 1, that is, to allow the vapor
molecules 31 to travel a mean free pass of a few tens of centimeters, and is thus
chosen to be of a value equal to or lower than 0.01 Pa. The lower the pressure
inside the vacuum chamber 1, the better, and idéally 0 Pa. In the embodiment
shown in Fig. 1, the top opening of the hollow body 5 adjacent the substrate 3 is
formed to have a width Wifhin the range of a width that is 10% larger than the width of
the substrate 3 to a width that is 10% smaller than the width of the substrate 3.
Second Embodiment (Figs. 2A and 2B) _'

[0052] Referring to Fig. 2 showing a secoﬁd embédiment of the present
invention, thq ‘vacuum chamber 1 accommodates therein a row of a plurality of (for -
example, three) hollow bodies 50fa square-sectioned configuration. These hollow
bodies 5 are mounted on a generally rectangular support base 33 in a row and are
adapted to be heated by respective sheathed heaters 21 that are spirally tumed

externally therearound. A heating element 24 is disposed in a lower region of each

‘of the hollow bodies 5 for receiving therein a respective vapor source 2 to be

vaporized. Positioned immediately above respective top openings of the holiow
bodies 5 is a substrate transport device 7 which includes a pair of endless conveyors
35 and 35 such as endless belts trained around and between spaced apairt commﬁn
drive and driven rolls 534 and 34. Thus, it will be seen that when the drive roll 34 is
driven, the endless belts 35 and 35 can travel in one direction in unison with each
other to transpon the substrate 3, placed on respective upper runs of the endless belts
35and35in a fashic_m straddling between the belt upper runs, to be continuously
transported so as to move successively over the respective top openings of the hollow

bodies 5.
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[0053] In the vapor deposition apparatus according to the embodiment shown
in Fig. 2A, wheh after the vacuum chamber 1 has been evacuated the vapor sources.
2 each within the lower region of the comresponding hollow body 5 are heated by
electrically energizing the associated heating elements 24 while the hollow bodies 5
are heated by the associated sheathed heaters 21, vapor molecules 31 are generated
from the vapor source 2 within each of the hollow bodies 5. As the substrate 3
carried by tho substrato transport device 7 moves cuccoe.ei{toly past respective .
deposit positions immediately above the top openings of those hollow bodies 5, the
vapor molecules 31 generated within the hollow bodies 5 are deposited on an
undersurface of the substrate 3 with films of the different materials consequently
formed on the undersurface of the substrate 3 in a layered fashion ohe above the
other. |

[0054] Py causing the substrate transport device 7 to transport the substrate 3
so as to move suécessively bast respective positions immediately above the top
openings of the hollow bodies 5, it is possible for a series of vapor depositioh {o be
performed continuously, not on a batch basis, with respect to a single substrate.
Also, since a vacuum vapor depo-sited- film can be formed by depositing the vapor
molecules 31; on the undersurface of the substrate 3 as the substrate 3 being

transported by the substrate transport device 7 move sequentially past the positions

_immediately above the top openings of the hollow bodies 5, the film of a uniform

thickness can be formed by depositing the vapor molecules 31 uniformly on the
undersurface of the substrate 3. Yet, since the substrate 3 as it moves over each of
the top openings of the hollow bodies 5 is subjected to vacuum vapor deposition, the
use of different materials for the respective vapor sources 2 placed inside the
associated hollow bodiés § facilitates formati_oh of the film of a layered structure
including layers made of the respective materials. Although in order for the orgariic
EL material deposited on the substrate 3 to have a capability of emitting light, the film
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-so0 formed on the substréte 3 is of the layered structure, the present invention is

particularly effective in vacuum vapor depositing the organic EL material since the
vapor deposition can result in the layefed structure as described hereinabove.

[0055]  Considering that the substrate transport device 7 is so controlled that
the transport speed at which the endless belts 35 and 35 travel to fransport the
substrate 3 can be adjusted to an arbitrarily chosen speed, the speed at which the
substrate 3 moves can be adjusted as desired. Since the thickness of the film
deposited on the substrate 3 depends on the length of time over which the substrate 3
confronts the top opening of each of the hollow bodies 5, it is possible to control the
thickness of the film to be formed on the substrate if the transport speed of the
substrate 3 is adjusted to adjust the length of time required for the substrate 3 to pass
over each of the hollow body 5.

[0056]  in the embodiment shown in Fig. 24, the width WA of each of the top
openings of the hollo_w bodies 5 as measured in a direction perpendicular to the
direction of transport of the substrate 3 is so chosen as to be within the range of a
value that is 20% greater than the width W2 of the substrate 3 as measured in a
direction perpendicular to the direction of transport of the substrate 3, to a value thatis
20% smaller than the width W2. If the width W1 of the top opening of each of the
hollows 5 is greater than this range, the amount of vapor molecules 31 which would
scatter outwardly through a space between the top opening of the respective hollow
body 5 and the substrate 3 will increase, resulting in reduction of the yield.
Conversely, if;the width W1 of the top opening of each of the hollows 5 is smaller than
this range, the amount of 'v_apor molecule 31 travelling towards lateral end portions of
the substrate 3 will decrease to such an extent that the thickness-of portions of the

resultant film corresponding to the lateral end portions of the substrate may decrease,

resulting in difficulty in securing the film of a uniform thickness.

[0057] In describing the second embodiment of the present invention, it has
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been shown and described as the substrate 3 being transported successively past the
respective -pdsitions immediately above the top openings of the hollow_ bodies 5.

However, in a broad aspect of this embodiment, only one hollow body 5, rather than

~ the plural hollow bodies 5, would be sufficient if the one hollow body 5 is supported for

movement successively past the vapor sources 2 in unison with transportation of the

" substrate 3. In other words, in the embodiment shown in Fig. 2A, the number of the

hollow bodies 5 may not be limited to two or more, and only one hollow body 5 may be
employed satisfactdrily if the single hollow body & is supported for movemeht ina
direction conforming to the row of the vapor sources 2 in unison with movement of the
substrate 3 transportejd by the endless belts 35 and 35, as shown in Fig. 2B.
(Example) | | |
[0058] Filmsof differerit materials were formed on the undérstface of the
substrate 3 using the vapor deposition apparatus shown in Fig. 2A under the following
conditions. | |
- Size of Hot Wall: 50mmix50mmWx250mmH
- Material of Hot Wall: stainless steel (SUS316)
- Size of Substrate: 50mmLx50mmWx0.7mmT
» Material of Substrate: glass
* Vapor Sdurce: tungsten filament + crucible
Vapor Source 1: CuPc (copper phthalocyanine)
| | 250°C (Hot Wall Temp.)
Vapor §ource 2: a-NPD (a-napthylphenylbiphenyldiamine)
250°C (Hot Wall Temp.)
Vapor Source 3: Alg3 (tris-(8-hydroxyquinoline) aluminum) ‘
‘ 250°C (Hot Wall Temp.)
- Electric: Current: 5A for each vapor source

- Speed of Travel of Substrate: 2mm/sec
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(Comparative Example)
* No hot wall was used.
« Other conditions were the same as above.
(Evaluation)
- The film thickness was measuréd using a finger-type thickness méter.
- Raté of Deposition (Tact Time) |
- A change in subétrate weight and a change in crucible weight were measured
before and affer the deposition. |
Change in substrate weightlchange'in crucible weight x 100 — Efficiency of
Utilization of Material
(Results)
* Present Invention
- Total Film Thickness=1 SOOA. (average rate of deposition = 17.3 A/sec)
Efficiency of Utilization of Material = 35.0%
. Comparative Example
Total Film Thicl!<ness=140A (average raté of deposition = 1.9A/sec)
Efficiency of Utllization of Material = 4.2%
Third Embodihent (Figs. 3, 4A and 4B) |
[o059] {-\ third eﬁbwiment of the present invgntion is shown in Figs. 3, 4A and
4B. In this e%mbodim;ent, the vacuum chamber 1 accommodates therein an open-
ended hollow body & C'If a cylindrical configuration. This hollow body 5 has a plurality
of (for example, _three) partition walls 6 installed therein to define a corresponding
number of longitudinally extending parallel chambers 37, each opening upwardly and
downwardly from the top and bottom openings of the holiow body 5, respectively.
Within the hollow body 5, each of the partition walls 6 has a sheathed heater 21 fixedly
mounted thereon ang capable of heating the respective partition wall 6 to a

temperature equal to t;hat of the hollow bady 5. | Each of the chambers 37 partitioned
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by the partition walls 6 has a respective vapor source 2 filled in the heating element 24

and positioned at a lower region thereof. Accordingly, the vacuum vapor deposition
apparatus according to the illustrated embodiment is capable of accommodating the
vapor sources 2 eqUal in number to the partitioned chambers 37 within the hollow
body 5, with a space between each vapor source 2 and a substrate 3 béing conﬁnéd
within the corresponding partitioned chamber 37 in the hollow body 5. The sheathed
heater 21 is also spirally wound éxterna!ly around the hollow body 5 to heat the .latter '
and/or halogen lamps 38 are positioned within the vacuum chamber 1 td provide a

heat source with which the hollow body 5 can be heated.

- [0060] A substrate transport device 7 is disposed within the vacuum chamber 1

and positioned immediately above the top opening of the hollow body 5.  The
Substrate transport device 7 used in this embodiment includes a horizontally Iying
carrier disc 39and a driye motor 40 positioned externally of the vacuum chamber 1
and drivingly coupled with the carrier disc 39 through an output shaft 41 for rotating
the carrier disc 39 about a geometric center theréof in & horizontal plane. The carrier
disc 39 has a plurality of deposition windows 29 defined therein in a circular. row
concentric with the axis of rotation of the carrier disc 39. Substrates 3 are adapted to
be mounted on the carrier disc 39 so as to align with the corresponding deposition
windows 29.

[o061] Figs. 4A and 4B illustrate a retainer mechanism for rotatably s_upporting ‘
the carrier disp 39. This retainer mechanism includes a guide. ring rail 43 fixedly
supported within the vacuum. chamber 1 and immediately above the top opening of
the hollow body 5, and a plurality of (for example, two) connecting arms 42 each fixed
at one end to the ﬁng rail 43 and at the opposite end to the inner Wali surface of the
vacuum chamber 1. The carrier disc 39 is rotatably mounted on the ring rail 43 by
means.of a circular row of casters or any suitable rollers 44 carried by the carrier disc

39 so as to travel along and above the ring rail 43.
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[0062] A;:cording to the third embodiment shown in Figs. 3, 4A and 4B, when
after the vacuum chamber 1 has been evacuated the vapor sources 2 each within the
lower region of the corresponding hollow body § are heated by electrically energizing
the associated heating elements 24 while the hollow body 5 and the partition yvalls 6
are heated'by the associated sheathed heaters 21, vapor molecules 31 are generated
from the vapor source 2 within each of the partition chambers 37 inside the vacuum
chamber 1. On the other hand, the substrates 3 revolve successively past
respective deposit positions immediately above the partitioned chambers 37 as the
carrier disc 39 of the Substrate-transport device 7 is d.ri\.le_h ahout the output shaft 41

Accordinly, as the substrates 3 carried by the carrier disc 39 move successively -

paet the respective deposit positions immadiately above the partitioned chambers 37,

the vapor molecules.31 generated within the partition chambers 37 are deposited on

the undersurfaces of the substrétes 3 to thereby form the déposited films.

[0063] Thus, by causing each substrate 3 to move past a top opening of each
of the partitioned chambers 37, it is possible to deposit the vapor molecules 31 on the

réspective substrate 3 fo form the deposited film on the respective substrate 3 and,

accordingly, it is possible to form the deposited film of a uniform thickness. Also,
since the vapor deposited film can be formed by depositing the vapor molecules 31 on

the undersurface of each of the substrates 3 as the substrates 3 being transported by

the substrate transport device 7 move sequentlally past the positions immediately

above the top openings of the partition chambers 37, the use of different materials for

the respective vapor sources 2 placed inside the associated partition'chambers 37

facilitates formation of the film of a layered structure including layers made of the

respective materials. |

[0064] The third embodiment shown in Figs. 3, 4A and 4B does not require a

plurality of hollow bodies 5 such as required in the previously described embodiment

of Fig. 2A and, yet, is possible to form the depos_ited film of the layered structure using
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the different materials. Therefore, the apparatus can be simplified.

_Fourth Embodiment (Fig. 5)

[0065] This embodiment shown in Fig. 5 is directed to the substrate transport

device 7 that is designed to revolve the substrates 3 above the holiow body 5. The

substrate transport device 7 shown therein includes, in addition to the ring rail 43, a

plurality of (for example, three) carrier discs 39 rollingly resting on thé ring rail 43, and
a drive disc 45 drivingly cbupled with the drive motor (not shown, but shown in Figs.
4A and 4B) by means of the output shaft 41. Each of the carrier discs 39 resting on
the ring rail 43 at a portion of the outer periphery thereof have an opposite portion of
the outer periphery thereof held in frictional contact with an outer periphery of the drive
disc 45 so that rotation of the drive disc 45 can result in rotation of the respective
carrier disc 39 about its own geometric center. Thus, it is clear that rotation of each

of the carrier discs 39 so effected in turn results in circular motion of the respective

carrier disc 39 along the ring rail 43 about an axis coaxial with the drive shaft 41.

Fifth Embodiment (Fig. 6)

[0066] The va‘cuum vapor deposition apparatus according to a fifth
embodiment of the present invention shown in Fig. 6 is substantially similar to that
described in ponnection with the third embodiment shown in Figs. 3, 4A and 4B.

However, in this embodiment shown in Fig. 6, the use of the partition walls such as

identified by 6 in Fig. 3 has been eliminated so that vapor molecules emanating from

the different materials on the respective heating elements 24 can be deposited
simultaneously on each of the substrates 3 in a mixed fashion.

Sixth Embodiment (Fig.' 7)

[0067] Where the substrate 3 is available in the form of a length of strip 8 such
as, for example, a film strip made of synthetic resin such as PET or polyethylene, a
vacuum vapor deposition apparatus shown in Fig. 7 can be effectively used therewith.

The vacuum chamber 1 used in the vacuum vapor deposition apparatus in this
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embodiment of Fig. 7 includes a plurality of partition walls 4 cooperating with each
other to define parallel chambers 37 each between the neighboring partition walls 4
that open downwardly and upwardly. Each of the partition walls 4 haé a respective
sheathed heater 21 secured thereto for heating the corresponding partition wall 4.
The heating element 24 is disposed at a lower region 'of each of the partition
chambers 37 and can be set in position after the vapor source 2 has been mounted on
the heating element 24,
[0068] The interior of the vacuum chamber 1 is divided into upper and lower
compartments by means of a partiﬁon ceil'ing 46 having a deposit window 47 defined
therein at a location above the partition chambers 37. A pair of rolls 9 and 10 are
accommodated within the upper compartment defined above the partition ceiling 46.
One of the rolls, that is, the roll 9 has a roll of the elongated strip 8 wound |
therearound whereas the other roll 10 is used to wind up the length of the elongated
Strip 8 that has been drawn outwardly from the supply roll 9. A backup roll 48 is
disposed between the supply and take-up rolls 9 and 10 and in alignment with the
deposit window 47 with an outer portion thereof situated within the deposit window 47.
The elongated strip 8 extends from the supply roll 9 to the take-up roll 10 with a

generally intermediate portion thereof turned around the backup roll 48 so as to

. confront the vapor sources 2 through the deposit window 47.

[0069] According to _the siith embodiment shown in Fig. 7, when after the
vacuum chember 1 has been evacuated by the vacuum pump 20 the vapor sources 2
each within the lower reglon of the comresponding partition chamber 37 are heated by
elecfrically energlzmg the associated heating elements 24 while the partition walls 4
are heated by the associated sheathed heaters 21, vapor molecules 31 are generated
from the vapor source 2 within each of the partition chambers 37 inside the vacuum
chamber 1. On the other hand, the elongated strip 8 is transported continuously from

the supply roll 9 towards the take—up roll 10 past the backup roll 48, and as a portion of
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the elongated strip 8 moves along that portion of the periphery of the backup roll 48
confronting the deposit window 47, the vapor molecules 31 within the partition
chambers 37 are deposited to form a deposited film on the elongated strip 8.

[0070] Since as discussed above the deposited film can be formed on the
surface of the elongated strip 8 while the laiter continuously travels from the supply
roli 9 towards the take-up roll 10, it is possible to form the deposited film of a uniform |
thickness over the length of the elongated strip 8.  Also, the speed at which the rolls
9 and 10 rotate is adjustably controlled and, accordingly, by changing a strip winding
speed by controlling the rotational speed of the rolls 9 and 10, the speed at which the
elongated strip 8 moves can be adjusted so that the thickness of the film being formed
on the elongated strip 8 can be controlled, while formation of the film can be
performed at a high speed.

{0071) It is to be_noted that in any one of the foregoing erhbodiments, the
substrate or substrates 3 have been described as being moved relative to the vapor _
sources 2. However, movement of the vapor sources 2 relative to the substrate or
substrates 3 can be equally employed. Alternatively, the substrate 2 may be held in
a fixed position whereas the vapor sources 2 may be moved relative to the substrate,
or both of the substrate 3 and the vapor source 2 may be supported fbr movement.
[0072] Where the vapor source 2 is fixed in position and the hot wall 4 is also
fixed in positi_bn, the position of the vapor source 2 relative to the hot wall 4 is fixed
and, accordingly,'there is a possibility that the material of the vapor source 2 has a
propensity of being deposited on a localized area of the hot wall 4, and the effect of
preventing deposition of the material by 'heating the hot wall 4 would become
insufficient.  In such case, if at least one of the vapor source 2 anﬂ the hot wall 4 is
supported for movement relative to the other and vacuum vapor deposition is effected
whi!e one of the vapor source 2 and the hot wall 4 is moved relative to the other,

localized vapor deposition of the vapor molecules 31 on the specific portion of the hot
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wall 4 can be avoided and, henc_e, the effect of preventi‘ﬁﬁ the deposition by heating
the hot wall 4 can be enhanced.

Seventh Embodiment (Figs. 8 to 12)

[0073] In a seventh embodiment shown in Figé. 8 to 12, the vacuum chamber 1
includes a plurality of (for example, two) auxiliary ch'ambers 11 positioned adjacent a

bottom of the vacuum chamber 1 and connected with the interior of the vacuum

‘chamber 1 through respeétive gate valves 49 each capable of being selectively

opened and closed. Each of the auxiliary chambers 11 can be connected with the
interior of the vacuum chamber 1 when the respective gate valve 49 is opened, but
can be isolated airtight when the respective gate valve 48 is closed. While as

hereinabove described the vacuum chamber 1 is fluid-connected ‘with the vacuum

pump 20, the auxiliary chambers 11 have their own vacuum pumps 20 fluid-connected

respectively tlher'ewith. Each of the auxiliary chambers 11 has a top lid 50 for
selectively opening and-closing the top opening of the respective auxiliary chamber
1. | ’_ |

[0074] A plurality of walls 4 each in the form of a partition. wall are dispbsed
within an upper region of the vacuum chamber 1, with the neighboring walls 4 defining
the partition ghambér 37l that opens upwardly and downwardly within the vacuum
chamber 1. The walls 4 can be heated by respective sheathed heaters 21 secured
thereto. A substrate support 28 is disposed within the vacuum chamber 1 and
immediately above the top openings of the partition chambers 37 and has a plurality of
(for example, two) deposit windows 29 defined therein so that substrates 3 placed on
the substrate support 28 can be exposed downwardly through the associated deposit
windows 29 so as to éonfront the respective vapor source 2 as will be described later.
[o075] Within each of the auxiliary chambers 11, a generally linear guide rail 52
is disposed vyith a driven slide piece 53 slidably mounted on the guide rail 52 for

movement in a direction close towards and away from the vacuum chamber 1. A
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carrier arm 54 is mounted on the driven slide piece 53 so as to extend upwardly a
.slight distanoé and be bent to protrude in a direction parallel to the guide rail 52 and
towards the vacuum chamber 1. A movable stage 55 having a vapor source holding

cassette 63 mounted thereon is fixedly mounted on a free end of the carrier arm 54.

" The movable stage 55 within each of the auxiliary chambers 11 represénts a

generally U-shaped configuration opening towards the vacuum chamber 1, as clearly
shown in Fig. 10.

[0076] A drive guide rail 56 similar in shape to the guide rail 52 and having a
drive slide piece 57 slidably mounted thereon is positioned externally of and secured
to a bottorn wall of the respective auxitiary chamber 11 so as to extend parallel to the
guide rail 52. The driven and drive slide pieces 53 and 57 are employed in the form
of magnets so that when the drive slide biece 57 is moved along the guide rail 56, the
driven slide piece 53 can be synchronously moved along the guide rail 52 by the effect
of magnetic attraction developed between these slide pieces 53 and 57.

[0077] A stationary stage 59 is fixedly mounted on the bottom of the vacﬁum
chamber 1. The stationary stage 59 is of a generally rectangular or square
configuration having a center opening defined therein, as best shown in Fig. 11, and a
lift ta_ble 60is positiqned within the center opening of the stationary stage 59. The lift
table 60 is in turn drivingly connected with a cylinder device 61 so that the lift table 60
can be selectively eIeyat_ed to a position above the center opening of the stationary
table 59, as shown by a phantom line in Fig. 11, and lowered to a position within the
center opening of the statlonary table 59 as shown by a solid line in Fig. 11.

[0078] Fig. 10 |Ilustrates the details of the vapor source holding cassette 63
As shown therein, the vapor source holding cassette 63 includes a carrier plate 64
having a plura_lity, of {for example, two) pairs of generally L-éhaped ter_'minal members
65 fixedly mounted thereon. A heating element 24 in the form of a boat made of a

metal having a high melting point is mounted on each pair of the terminal members 65
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so as to straddle between the terminal members 65 of the respective pair. The pairs |

of the terminal members 65 have respective connecting ends 66 that protrude
outwardly from the perimeter of the carrier plate 64 for electric connection with the
power source (shown by 26 in Fig. 1) through corresponding power supply electrode
members 67 és will be described later. This vapor source holding cassette 63 within
each of the auxiliary chambers 11 is used as mounted on the associated movable
stage 55.

[0079] The vacuum vapor depoéition apparatus according to the seventh
embodiment of the present invention oper'alted in the follbwing manner to accomplish
the vacuum vapor deposition to form the film on the substrate. At the outset, the top
lid 50 of one of the auxiliary chamber 11 is opened so that vapor sources 2 can be
placed on the associated heating elements 24 on the vapor source holding cassette
63 then positioned within such auxiliary chamber 11. After the top lid 50 has been
closed as shown in Fig. SA; the vacuum ﬁump 20 is driven to evacuate the auxiliary

chamber 11 to a substantial vacuum condition. On the other hand, the vacuum

chamber 1 is;kept evacuated and the walls 4 are also kept heated. Thereafter, the -

associated gate valve_ 49 is opened to establish communication between the vacuum
chamber 1 aﬁd such 6ne of the auxiliéry chambers 11, and when the drive slide piece
57 associated with such one of the auxiliary chambers 11 is slid along the guide rail 56
towards the vacuum chamber 1, the driven slide piece 53 then magnetically coupled
with the drive slide piece 57 is correspondingly slid along the guiide rail 52 towards the
yacuurﬁ chamber 1, with the movable stage 55 consequently introduced into the
vacuum chamber 1 through the opened gate valve 40 to thereby assume a position
immediately above the stationary stage 59l as shown in Fig. 9B.

[0080] As a matter of course, the vapor source holding cassette 63 placed on

the movable stage 55.is also introduced into the vacuum chamber 1 together with the

movable stage 55 té the position immediately above the stationary stage 59.
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Thereafter, the lift table 60 is elevated upwardly through the center opening of the

stationary stage 59 with the vapor source holding cassette 63 consequently lifted from

- the movable Stage 55 ;as shown in Fig. 9C. As the vapor source holding cassetie 63

is lifted in this way, the drive slide piece 57 ié slid along the guide rail 56 towards the
associated auxiliary chamber 11, acéompanied bya oorresbo'nding slide of the driven
slide piece 53 along the guidé rail 52, with the movable stage 55 consequently
retumed from the vacuum chamber 1 to the associated auxiliary chamber 11 as
shown in Fig; oD.

[0081] Subsequent to the condition shown in Fig. 9D, the lift table 60 is lowered
to aliow the vapor source holding cassette 63 td be placed on the stationary stage 59
as shown in Fig. 9E.  After placement of the vapor source holding cassetie 63 on the
stationary stage 59 as shown in Fig. 9E, the power supply electrode members 67,
operatively accommodated within the vacuum chamber 1, are lowered to thereby
connect the connectirig ends 66 of the paired terminal members 65 on the vapor
source holding cassette 63 with the electric power source to heat the heating
elements 24.

[0082] Simultaneously with or shortly after energization f the heating elements
24, the gate valve 49 is closed to isolate the vacﬁum chambar. 1 from the associated
auxiliary chamber 11. In this condition, vacuum vapor deposition is effected to
deposit the materials of the vapor sources 2 placed on the heating elements 24 on the
substrates 3 to thereby form the film on the substrates 3 in a ﬁanner similar to that
described previously.

[0083] Aﬂer the vapor sourceS 2 have been consumed, the vapor source
holding casset_te 63 is returned to the éssociated auxiliary chamber 11 in a manher
substantially reverse to that described above. More specifically, after the vapor
sources 2 have been consumed, the lift table 60 is elevated to lift the holding cassette

63, followed by opening of the gate valve 49 td allow the movable stage 55 to be
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introduced into the vacﬁum chamber 1. The lift table 60 is then lowered to place the
vapor source holding cassette 63 onto the movable stage 55, followed by return dfthe
vapor source holding cassette 63 to the associated auxiliary chamber 11 together with
the movable stage 55. Finally, the gate valve 49 is closed.

[0084] After the vapor sources 2 Within one of the auxiliary chambers 11 have |
been utilized in the manner described abové, the vapor sources 2 within the other of

the auxliary chambers 11 may be utilized in a manner similar to that described

hereinabove.

[0085] With the vacuum vapor deposition apparatus of the structure described
above, the vacuum chamber 1 need not be open to the atmosphere and replacement
of the vapor sources 2 within the vacuum chamber 1 can be quickly performed and,
accordingly, it is possible to vapor deposit on the substrate 3 a film of an increased
film thickness.

[0066] Although in describing the embodiment shown in Figs. 8 to 12 reference
has been made to the use of one pair of the auxiliary chambers 11, the number of the
auxiliary chambers 11 may not be always limited to two such as shown, but may be
one or more than two. Where three or more auxiliary chambers 11 are employed, it
is preferred tﬁat these auxiliary chambers 11 be arranged so as to extend radially
qutwardly from the b?ttom of the vacuum chamber 1 generally in a spider pattern
when viewed from tgp of the vacuum chamber 1.

Modification (iFigs. 13A and 13B)

[0087] Figs. 13A @nd 13B illustrate the vacuum vapor deposition apparatus of
the structure §hown in Figs. 8 to 12, which is modified in accordance with the present
invention to include five auxiliary chambers 11. The vacuum chamber 1 shown
therein has a pentagonal section having five sides along which the five auxiliary
chambers 11 are disposed so as to_ extend radially outwardly therefrom as best shown

in Fig. 13B. lt is to be noted that, for the sake of _l__)revity, each of the five auxiliary
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chambers 11 is shown as accommodating therein a single vapor source 2. When.in

use, the vapor source 2 within the vacuum chamber 1 may be replaced with one of the

vapor sources 2 within the auxiliary chambers 11 in succession. Alternatively, the
vapor sources 2 within the respective auxiliary chambers 11 may contain different
materials, reépedively, so that the different vépor sources 2 c¢an be .successively
loaded into the vacuum chamber 1 one at a time.

[c088] jlt is to be noted that when the chamber in which the vapor source 2 and
the substrate 3 confront each other is enclosed by the hot wall 4, this chamber may
not be completely enclosed by the hot wall 4, but 60 to 90% of the chamber may be
enclosed by the hot walt 4. By so doing, it is possible to form the film of a uniform
thickness by means of the vacuum vapor deposition at a high yield.

{0089] Also, the hot wall 4 which is heated to a temperature effective to avoid
deposition of the organic material is preferably of a structure in which the surface of

the hot wall 4 surrounding the chamber in which the vapor source 2 and the substrate

3 confront ea(:h other is made of a material that hardly reacts with the organic material.

'Examples of the mat;arial include a ceramic material such as, for example, alumina or
silicon carbide, diamond or stainless steel. [f the hot wall 4 is made of such material,
any possible transformation of the organic material which would othemisé occur when
deposited on the hot wall 4 can be avoided, and even when the organic material once
deposited on the hot wall 4 is re-vaporized upon heating to deposit on the substrate to
thereby -form:a film, any possible reduction in purity of the resultant film can .be
avoided. |
[0090] Although the present invention has been fully described by way of
examples with referenice to the accompanying drawings, it is to 5é noted here that
various changes and modifications wili be apparent to. those skilled in the art.
Therefore, unless su§h changes and modifications otherwise depart from the spirit

and scope of the present invention, they should be construed as being included
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 What is claimed is:

1. A vacuum vapor deposition apparatus comprising:

a vacuum chamber having a plurality of vapor sources and a heater for
heating the vapor sourceé to achieve vacuum vapor deposition on a surface of at least
oﬁé,substrate within the vacuum chamber;

at least one of the vapor sources utilizing an organic material,

a hot wall heaie_d to a temperature at which the organic material is
neither deposited nor decomposed, said hot wall enclosing a space in which the vapor
sources and the substrate confront each other; and

said organic material being vapor deposited on the. surface of the
substrate, by heating the vapor sources while the vapor sources and the substrate are
moved relative to each other. |
2. The.vacuum vapor deposition apparatus as claimed in Claim 1, wherein
while the vapor sources.and the hot wall are moved relative to each other, vapor
deposition is effected ;m the surface of the substrate by heating the vapor sources.

3. The vacuum vapor deposition apparatus as claimed in Claim 1, further
comprising a éubstrate transport device for moving the substrate relative to the vapor
sources, said' substraie transport device being capable of controlling a speed of
movement of the substrate. .

4. The vacuum vapor deposition apparatus as claimed in Claim 1, further
comprising a substrate transport device for moving the substrate relative to the vapor
sources, éaid substrate transport device being capable of causing the substrate to
move along a circular path.

5. The vacuum vapor deposition apparatus as claimed in Claim 1, further
comprising a supply roll and a take-up roll wherein the substrate comprises a length of
strip that'is fransported from the supply roll towards the take-up roll.

6. The vacuum vapor deposition apparatus as claimed in Claim 1, further

comprising at ieést one auxiliary chamber fluid-connected with the vacuum chamber
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and capable of being evacuated, and wherein one of thé vapor sources is selectively
loaded or unloaded between the vacuum chamber and the auxiliary chamber.
7.  The vacuum vapor depbsition apparatus as claimed in Claim 1, wherein
a top opening of the hot wall adjacent the substrate has a width as measured in a
direction perpendicular to a dire‘ction' of movement of the substrate, which is within a
range of a value 20% greater than a width of the substrate as measured in a direction
perpendicular to the direction of movement of the substrate, to a value 20% smaller
than the width of the substrate.
8. The vacuum vapor deposition apparatus as claimedin Claim 1, wherein
the hot wall encloses 60 to 90% of the space in which the vapor sources and the
substrate confront each other.
9. The vacuum vapor deposition apparatﬁs as claimed in Claim 1, wherein
a surface of the hot wall confronting the space in which the vapor sources and the
substrate confront ea?:h other is made of a material hard to react with the organic
material. ' .
10. A method of vacuum vapor depositing a plurality of rﬁaterials on a
surface of at least oﬁe_ substrate by heating vapor sources within a vacuum chamber,
said method cjomprisirfxg the steps of: |

ﬁsing an organic material for at least one of the vapor sources;

heating a hot wall to a temperature at which the organic material is
neither deposited nor decomposed;

' f\eating the vapor sources while.the vapor sources and the substrate,

which confront each other, are enclosed by the hot wall; and

moving tpe substrate and the vapor sources relative to each other.
11. The methed as claimed in Claim 10, wherein the orgénic material used
as the vapor source is an arganic e!eé.troluminescent material.

12. An organic electroluminescent device formed by depositing a plurality of

~ organic electrblumineécent materials on a surface of a substrate by means of the
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