MANUFACTURI NG APPARATUS BACKGROUND OF THE I NVENTION 1. Field of the

I nvention 5 [0001] The present invention relates to a manufacturing
apparatus having a film form ng apparatus for depositing a nmaterial that
can be deposited by vapor deposition (hereinafter, referred to as an
evaporation material). The present invention relates toa light emtting
devi ce having a | ayer contmluﬂ@N@@qugﬁamg? ’s a light emtting 10
| ayer and which is forned by using the nman acturlng apparatus and a

manuf acturing nethod thereof. Specifically, the present invention relates
to a nethod (a vapor deposition nethod) for formng a filmby vaporizing
an evaporation material fro ol ity of evaporation sources disposed
to be opposite to a substra RAAF dEHINWENIYAN, at us. 15 2. Rel ated
Art [0002] In recent years, actlve research on a light emtting device
having an EU- Bickh@ihe ligentomel f- | umi nous |ight emitting el ement has been
advanced. The light emtting 20 device is also referred to as an organic
EL display &P0®Em organic light emtting diode. Since these light emtting
devi ces have characteristics such as high response speed, |ow voltage, or

| ow power consunpherpreichy im@nash takk® fooh ﬂBMhﬁth§£h$¥amhﬂeMwﬁL%raﬁhﬁ an
attention for a next generation display including a hew generatio

cel lul ar phesigin@apResaO R dedbbitihala AsRLst AR a(nppéb‘zicp()%ftccs Ig? Vlalpiére deOSJtI(())gos]

(hercinafter, referred to as an evaporation material), The present invention relates (o a
light emitting device having a layer containing an organic compound as a light emitting
10 layer and which is formed by using the manufacturing apparatus, and a manufacturing
method thereof. Specifically, the present invention relates to a method (& vapor
deposition method) for forming a film by vaporizing an evaporation maferial from a
plurality of evaporation sources disposed to be opposite to a substrate and a

manufacturing apparatus.

2. Related Art
[0002]
In recent years, active research on a light emitting device having an EI element
as a self-luminous light emitting element has been advanced. The light emitting
20 device is also referred to as an organic EL display or an organic light emitting diode.
Since these light emitting devices have characteristics such as high response speed, low
voltage, or low power consumption driving suitable for movie display, they attracts an
attention for a next generation display including a new generation's cellular phone, a

personal digital assistant (PDA), or the like.



An EL elenent using a |layer containing an organi c conpound as a |ight
emtting |layer has a structure in which a |layer containing an organic
conpound (hereinafter, referred to as an EL | ayer) is sandw ched between
an anode and a cathode. 5 Electro |um nescence is generated in the EL | ayer
by applying an electric field to the anode and the cathode. Lum nescence
obt ai ned fr ofh EL el enent includes |um nescence generated in returning
to a ground state froma singlet excited state (fluorescence) and

| um nescence gener&th%?ien r et urni ng 0 a ground state froma triplet
excited state (phdspHor SARHEYsIng ’Eaé%foﬁ MFRDLERN | UGHC (£RBPRUPAFS riatlight
structure as typified by "a hole transport layer/ a light emtting |ayer/
an el ectron ‘?’?‘ﬁﬂ%&ﬂ“ 1585 63 "S.”“Fti‘?“‘ad’éii‘%’ﬁléh,a mycrgroatdining fioorgavtariconpoand EL
| ayer are classified broadly into | ow nol ecul ar wei ght (nononer) materials
and hi gh ndheeinader, wefegbd to podyBerd)yarais eridwishedgwkanameheidndra oxeticgial
materials are 15 deposited using a vapor deposition apparatus. [0005] A

convent i 6nalElvapotuntiaposidd 8rcapaesiailse lmﬁlagelsu%%?@trﬁg HobKeRicWREd € @he
substrate is set, a crucible (or an evaporation boat) encapsul ating an EL

material (amno@yapar alel eRuA&RL. er { Bhlnes@emdh %%ﬁge(g %Orﬂ r ﬂl\ée?igjr @%ér?erﬂi Eiéclﬁjﬁcés EL

material to be sublinmed from 20 ascendi ng, eat er atin

material in el e, E terial heated by the heaier i ubl i med
and deposi 1 o oSl Referal 0 ke MG V0 oiFR! e SPGkT oo
uniformy, tHe di staegce getween t he cruci hle and the substrate needs to be
1 mor nore PYEHEICY A dWTHITSEnCE goRsrated TR srtiintlp ¥ AFMRd $bo §OM dHRISE ng

a conventional_ vapor
excited state (phosphorescence).

10 [0004]

The EL layer has a laminated structure as typified by "a hole transport layer/ a
light emitting layer/ an electron transport layer". In addition, EL materials for forming
an EL layer are classified broadly into low molecular weight (monomer) materials and
high molecular weight (polymer) materials. The low molecular weight materials are

15 deposited using a vapor deposition apparatus.
[0005]

A conventional vapor deposition apparatus has a substrate holder where a
substrate is set, a crucible (or an cvaporation boat) encapsulating an EL material (an
evaporation material), a shutter for preventing an EI, material to be sublimed from

20 ascending, and a heater for heating the EL material in the crucible. The EL material
heated by the heater is sublimed and deposited on a rotating substrate. At this time, in
order to deposit uniformly, the distance between the crucible and the substrate needs to
be 1 m or more.

[0006]



deposition apparatus or a conventional vapor deposition nethod, nost of the
sublimed EL materials are adhered to an inner wall, a shutter or an
adherence preventive shield, which is a protective plate for preventing an
evaporation material fromadhering to an 5 inner wall of a deposition
chanmber. Therefore, in formng the EL |ayer, an efficiency of utilizing an

expensive EL mat erywakn g mEX{dER! $hrheyV bgéxépgnggﬁirebtsitijo% &rineér g %ﬁ:lugeﬁﬂo?ad i

manuf acturing cost of a light emtting COMmes Vv

According t : j I sition apparatus, .the disfance.

bet ween a %&ﬁgﬁ@é‘%?@é%ﬁﬁ%gr éﬁeg\r’/‘%{‘g@ﬁ%&‘{a@ﬂf g%‘ffg@éoni Ié‘cﬁ‘gatﬁnf’go‘)ftthe B'éﬁﬁ“‘fﬁ or
nore in ordelé totob ai né@ fi,lmw.th uniformthickness. Therefore, the
vapor deposity 8K %{E’P)%?rﬁt bergd dQ@niipnegivwadl, a shpderoray sdigranse provestiveoshicld,
exhausti ng each deposition chanber of the vapor deposition apparatus is
prol onged, tHEflelya rAvtivg RisaorpisBeitigom epeedtiandndtenidrirany adbdringughput .
In using a | arge substrate, filmthickness easily becones uneven in a 15
center pdrtiimreravdl of ademisiimin ghanbieon THerdosy b foratigs teUEL ks, ahhefiMaRar
deposition apparatus has a structure for rotating a substrate; therefore,

there is a lofnitllizig hhexyaRAe COeRASHI RMeRRARTATMS ifeorab&ﬁ”?«%‘ 8918 |, {1%6

substrate. [0008] I'n view of the above described probl ens, e presen

i nventors pr . eposi ti.on apparatus (Reference 1: Japanese
Pat ent Lai d- gﬁa%'\'lgfll\ég%g{qufﬁ%'g@, “3‘&8 dergs ﬁ?cé)ﬁbcé VﬁFY(l?J‘& ranese Pat ent

Lai d- Open 02- 60926) as one nethod for solving the above problens.
SUWARY OF NVENTI ON 3 [0010] The present invention provides a vapor

depositi on nethod and a vapor ] ‘
According to a conventional vapor deposition apparatus, the distance between a

10 substrate and an c{faporation source is required to be 1 m or more in order to obtain a
film with uniform thickness. Therefore, the vapor deposition apparatus grows in size,
and a period required for exhausting each deposition chamber of the vapor deposition
apparatus is prolonged, thereby slowing down deposition speed and lowering
throughput. In using a large substrate, film thickness casily becomes uneven in a

15 center portion and a marginal portion of a substrate. Further, the vapor deposition
apparatus has a structure for rotating a substrate; therefore, there is a limit to the vapor
deposition apparatus for handling a large substrate.

[0008]
In view of the above described problems, the present inventors propose a vapor

20 deposition apparatus (Reference 1: Japanese Patent Laid-Open No. 2001-247959, and
Reference 2: Japanese Patent Laid-Open No. 2002-60926) as one method for solving

the above probiems.

SUMMARY OF THE INVENTION




depositi on apparatus as one of manufacturing apparatus that pronotes an
efficiency of wutilizing an EL material to reduce a manufacturing cost and
is excellent in uniformty or 5 throughput of form ng an EL | ayer. Further,
the present invention provides a light emtting device manufactured by the
vapor deposition apparatus and the vapor deposition nethod according to
the present [0ovgntion, and a nethod for manufacturing the light emtting
device. [0011] 10 The present invention also provides a vapor deposition
apparatus that pr .r at b ing. So. the present

i nvention al so pr glzﬁi’iesﬁﬁi ?‘Ef)ura rﬁnhél?llfrnOL{dg%nc ﬁfg‘ J'Jsr g\el%oﬁglqoc?r Héﬁ@%olagd sUrtile of
a | arge substrat. i.e. 320 mm x.400 370 mMm x 470 mm 550 nm x 650 nm
600 nm X 720&6#?%@7%‘?‘8%69%%3‘%5 880 vl T GRHHITE APPSR PO Ao aC
1150 nm x 130£.nin, r the like. 15 [0012] A larger substrate has |arger
deposi tion AeF & HeFefbiEial L redpger mansiasturog bt andds exedlent is unéquiitedr | n
the case of a conventional vapor deposition nethod in which the distance
bet ween fhe tBigyghpuitef fonaingnan dilaporeat i lantteguhe réssat anuehtied pravidig dl light or
nore. Also, an efficiency of utilizing an expensive EL material is

extremel y | emittinge de?ifc ahemifadlbedr by e, vapdratgosamlappRhtuELaf®Rr ivabod S
required in a large crucible (or an evaporation boat). Moreover,

t hr oughput idepdN@e R HSdNEEoL i om: 10 . of
EL materi al cl())nt ained in tﬁ%ﬂanégﬁtglgﬁgtpt%ieﬁtl ng{é}ﬁ{i aﬁggnetp‘%glf Iiar%%%?agcgﬂgﬂ{g

becones st abl £, fUriffk deSi-pCe substances are not easily heated nor cool ed
under vacuum 1éij’t ta{gegdte?fr?g' to cool the EL material. Specifically, when a

| ar ge am)un:md)lf1 EL 4 material is divided into a plurality of crucibles, it
becones dif |cul]t to control the deposition rate of each crucible;

t her ef orOe, it --bec%rres difficult to keep filmthickness
1 he present invention also provides a vapor deposition apparatus that prevents

a substrate from bending. So, the present invention also provides uniform film
thickness even for a whole surface of a large substrate, i.e. 320 mm x 400 mm, 370 mm
X 470 mm, 550 mm x 650 mm, 600 mm x 720 mm, 680 mm x 880 mm, 1000 mm x
1200 mm, 1100 mm x 1250 mm, 1150 mm x 1300 mm, or the like,

15 [0012]

A larger substrate has larger deposition area; therefore, a larger amount of EL
material is required. In the case of a conventional vapor deposition method in which
the distance between the substrate and the evaporation source is required to be 1 m or
more. Also, an efficiency of utilizing an expensive EL material is extremely low, i.e.

20 about 1% or less, a large amount of EL material is required in a large crucible (or an
evaporation boat). Moreover, throughput is lowered since it takes more time to heat
the large amount of EL material contained in the large crucible until the deposition rate
becomes stable. Further, since substances are not casily heated nor cooled under

vacuuimn, it takes time to cool the EL material. ~Specifically, when a large amount of EL



even. Mreover, even if a plurality of heaters, crucibles, and the |ike are
provided, it is difficult to provide a plurality of identical evaporation
sources due to snmall differences 5 in quality and shape thereof. [0013] In
the case of depositing over a | arge substrate by a conventional face down
met hod, since a center of a substrate bends, the adhesiveness between a

substrate anghagrial s Kiviigedd 6 €AH ﬁﬂﬂu?&ﬁsaﬁuﬁnklMab&mﬂk@hhﬁﬂhﬁfm@aﬁﬁﬁﬂQEé0”
of a pattern due to a 10 dlfference of adhesiveness is caused

substrate Sudépf%%on [[Q1sH cabhy I}éaﬁl(gf ?ﬁpﬂsﬁecbr%@s ﬂgﬁ@@?i %CéJnP Pnh%lglgncss

the invention, a substrate revent rom

pl aci ng the Le ane endi cul ar to a oriz surface and t he
interval dis ncefvg0 v@énv%@easﬁﬂga?‘f%?é %?r[l‘a&tcﬁ'é‘”@\‘}%ﬁfigglﬂ are PEYyifede 1tils
narrowed to 4%£W$all 50 cnror | ess, preferably 30 cmor less, nore
preferably o gitpyide apluplityTofaldentical peapeyation sauices duntp smalbdiffsoeraes on
material and throughput is thus nmarkedly enhanced and one or both of the
substrat & ané quhléty aad shapeahéronf. source are noved. Nanely, in a deposition
chanber, according to the present invention, an evaporation source hol der
to which a doaiHi ner encapsul ating an 20 evaporation material is set is
noved (or shuttled) at a constant speed only in one direction (Z

direction, for exaihehe SfudRSRRE VP a1 e%ubarau[a@ a I BB FRLS

transported in a direction (X direction, r exanpl e ogona

nmovenment  dig&gg (.'l %ﬂ 8 glc%?&g%xgggl;ﬁ}dtg Ber ?d%“ﬁ@ achéSéVCélg?_f; %eég%ég%%%%?%gy and a

regul ar interva heston® of par
vertically pI ion, . a footprint of the

|n asubtr ddi
vapor deposi'ti g q%ﬁﬁ?ﬁ?ﬁ (ggmg'%ﬂgVe d%ﬂb@E‘H Ain¥{riatign of a pattern due to a

10 difference of adhesiveness is caused on the substrate surface.
{0014}
In the vapor deposition apparatus according to the invention, a substrate (and a
mask) is prevented from bending by placing the substrate plane perpendicular to a
horizontal surface, and the interval distance between the substrate and the evaporation
15 source is narrowed to typically 50 cm or less, preferably 30 cm or less, more preferably
from 5 cm to 15 cm. The efficiency of utilizing an evaporation material and
throughput is thus markedly enhanced and one or both of the substrate and the
c¢vaporation source are moved. Namely, in a deposition chamber, according to the
present invention, an evaporation source holder to which a container encapsulating an
20 evaporation material is set is moved (or shuttled) at a constant speed only in one
direction (Z direction, for example) with respect to the substrate. The substrate is
transported in a direction (X direction, for example) orthogonal to the movement
direction of the evaporation source holder (Z direction) at regular intervals.

[0015]

otz |



[0016] A structure of the invention disclosed in this specification is a
manuf acturing 5 apparatus conprising a filmform ng apparatus which
evaporates an evaporation mnmaterial froman evaporati on source di sposed
opposite to a substrate to perform deposition over the substrate, wherein
a deposition chanber conprises: a noving neans (substrate transport

mechani sm in whic : i I : . cul
Dot tom ace of |t he oot BRhaE LA B r ot B SERAMARRALE { Bbot e e
X-axis 10 di ' i b ubstrate kept di sposed rpendicul arly; an
evapor ati on %2@?%@)9’ %%Og?prg“}r?\%g evar ??\%epr?ﬁi‘ﬁg a?%gtﬁﬁ?%? ?"gﬂ%s%ﬁpéégo%‘ls‘é&ﬁt
novenment mec[@e?@sn) of the evaporation source in the Z-axis direction

ort hogonal t e X-axis direction, and wherein deposition is performed by
repeatedly noving the substrate in the X-axis direction at regul ar
interval s after t Heseyepisreft thennwatips alijchosnd e thisippaificationns h maduactding
Z-axis direction. [0017] A plurality of evaporation sources may be provi ded
for one depopptiabs chapiidng 4 Milor deimihe Spabhe SOHEVRVREEO MrOevipdritdmyer
deposition. Another structure of the present invention is a manufacturing

appar at us cenEiidi fgmAafh | dvapbalih NGurRPAAIME DMl G £VARIEAL 88 Form
evaporation material froman evaporation source di sposed opposite "to a

substrate tQep&lifisH e BROSIHEERE, W&Eiﬁtac\ﬁﬁpgﬂggﬁ é@%"g?‘?af’%&’%iﬁ%hg ngoe‘ﬁlgﬁgs Igltﬁ%lggg q

chanber conprises: a noving neans | i'S

per pendi cul bottom f.ace aof. the deposition chanmher and the substrate

e oved' i n e sRo G UEFRaN initiich RGUabI Flate MBHOsH Bggaticular t

perpendicular|y, a plurality of evaporation 6 sources; and a plurality of

novenent neé‘h%‘ﬁfoé‘?nf ‘Pﬁaﬁl@"pf"fﬁoéitiotﬂycwt@\rla@ﬁértét‘iS@hSt?é%ﬁ%@zoveiiriﬂtl‘rhe X-26 s

direction orthogonal to the X-axis direction, and wherein co-evaporation or
10 direction with the substrate kept disposed perpendicularly; an evaporation source; and

an elevating means (evaporation source holder movement mechanism) of the

evaporation source in the Z-axis direction orthogonal to the X-axis direction, and

wherein deposition is performed by repeatedly moving the substrate in the X-axis

direction at regular intervals after the evaporation source is moved up and down in the
15 Z-axis direction.

[0017]

A plurality of evaporation sources may be provided for one deposition chamber
in order to enable co-evaporation or multilayer deposition. Another structure of the
present invention is a manufacturing apparatus comprising a film forming apparatus

20 which evaporates an evaporation material from an evaporation source disposed oppositc
to a substrate to perform deposition over the substrate, wherein a deposition chamber
comprises: a moving means in which a substrate plane is disposed perpendicular to a
bottom face of the deposition chamber and the substrate is moved in the X-axis

direction with the substrate kept disposed perpendicularly; a plurality of evaporation



mul til ayer deposition is perforned by repeatedly noving the substrate in
the X-axis direction at regular intervals after the plurality of
evaporation sources are noved up and 5 down in the Z-axis direction.
[0018] A preparatory chanber having a filmthickness nonitor is preferably
provided to connect to the deposition chanber. Another structure of the

present invequQ8: 4m @piumwgﬂ% YEhOg A8k &2 lafail?)irr §ﬁ$‘gwyg{?§gf§$@{?ﬁgﬁ

appar at us whi ch evaporat es “an evapor at 1 on nater

source di spo: posi.te.to subsirate to. perform deposition over .the
substrate, \Aﬂggﬁé?%xgs %5’53%'? ??%%Ogﬁgﬁgé? Xté%‘rﬁ)&‘ir%cé'gm apd ‘ﬁ%’?ﬁ&oh@éﬂ%‘aﬁlw %hi ch
a substrate plane is disposed perpendicular to a bottomface of the

deposi tion CHAMHET drppsitn subrdtormed Qysrapeatedlyi moving the awbsiragh inetiei Sraxisi t h
the substrate kept disposed perpendicularly; an evaporation source; and an
el evati ng nehigstiasaigkgelaeingrageatiti thn phoslity @f e nagoeich-saxies did Otddorp and
orthogonal to the X-axis direction, wherein a preparatory chanber in which
a filmthickivessinnid Braxissliggeayn.ded is connected to the deposition chanber,
and wherein deposition is perforned by repeatedly noving the evaporation
source up aqdoggmn in the Z-axis direction and noving the substrate in the
X-axis direction at regular intervals after a predeterm ned deposition rate

5, ootarned 20, bRGALGPEL BRI SHTERT b O0ES) 65 il I b
meter for a_ host erial, a.filmthickness neter for a dopant, materi al
etc.) may bé&° S?W”ngd{hp P?ﬂEO‘bFEi{a&’a& O%O@ﬁéwurﬁtofdw PEsen ingerdioarie as
fromthe 7 evaporation source. [0020]
manuiacturing apparatus comprising a film forming apparatus which evaporates an
10 evaporation material from an evaporation source disposed opposite to a substrate to
perform deposition over the substrate, whercin a deposition chamber comprises: a
moving means in which a substrate plane is disposed perpendicular to a bottom face of
the deposition chamber and the substratc is moved in the X-axis direction with the
substrate kept disposed perpendicularly; an evaporation source; and an elevating means
15 of the evaporation source in the Z-axis direction orthogonal to the X-axis direction,
wherein a preparatory chamber in which a film thickness meter is provided is connected
to the deposition chamber, and wherein deposition is performed by repeatedly moving
the evaporation source up and down in the Z-axis direction and moving the substrate in
the X-axis direction at regular intervals after a predetermined deposition rate is obtained
20 in the preparatory chamber.
[0019]
According to the above structures, a plurality of film thickness meters (i.c. a

film thickness meter for a host material, a film thickness meter for a dopant material

etc.) may be provided for the preparatory chamber at different distances from the



According to the above structures, a plurality of the preparatory chanbers
are provided to sandwi ch the deposition chanber. The evaporation source is
noved from 5 one preparatory chanber to anot her preparatory chanber

t hrough the deposition chanber, thereby perform ng one |line of deposition
on the vertically placed substrate. [0021] Alifetine of the film

t hi ckness nqg% . extended by providing the plurality of the
preparatory c g%teu%g&ﬁg%i'ng the filmthickness nonitor. 10 [0022] According

to each of tB@ @bove structures, one kind of evaporation material is

hori zont al IJ f charged fromthe evaporation source that noves up and down
inthe Z-axis direction. [0023] 15 According to the present invention,

si nce deposition iAccpititginthg abave stryatvies,capluyalpy af ¢t swbsttoay ehamairers are
evaporation material is horizontally discharged under vacuum

Consequent | yroddabtut aindeichahs depasitian ftaathdr.e THadvapsrafbe ¥beted isnbled®ftom
evaporation opening (or a guide) on a sidewall. The container has a

mechani son f ohe froparay alhanber 16 NAMAIhAIpRPaRYAPOLBIRDP MRS &H! e
evapor ati on opelbr}i@lrslg. g% [ 0024] Anot her gt?ﬂct u?e of the pr set;yte P%ﬁ{@on

is a manuf aghMhhH%HRRAY : 1 SLE filmformn arat us whi ch
evapor at es aﬁ evapor at ?8?5&%?13 ?)gP E‘*‘ ?gg??%sldé)\r}argﬁ)lotﬁ%ﬁrgga@poﬁ?%e Sﬂﬁ%tf%%ed
opposite to @Oﬁlll:bst rate to perform deposition over the substrate, wherein
an openi ng 1{or orizontally discharging an evaporation material is 8

provi ded on a si d%em?l |. of a container to be placed in the evaporation
source, and a pl affelfefitenof thy fimnficknessemenitest canhbe eptenilerd by sprovidingnthe
with an outer surface of the

plurality of the preparatory chambers having the film thickness monitor.

10 [0022]

According to each of the above structures, one kind of evaporation material is
horizontally discharged from the evaporation source that moves up and down in the
Z-axis direction.

[0023]

15 According to the present invention, since deposition is performed on a
vertically placed substrate, an evaporation material is horizontally discharged under
vacuum.  Consequently, a container also has a feature that is provided with an
evaporation opening (or a guide) on a sidewall. The container has a mechanism for
horizontally discharging an evaporation material from the evaporation opening.

20  {0024]

Another structure of the present invention is a manufacturing apparatus
comprising a film forming apparatus which evaporates an cvaporation material from an
evaporation source disposed opposite to a substrate to perform deposition over the

substrate, wherein an opening for horizontally discharging an evaporation material is



container. [0025] 5 The evaporation source nmay be changed instead of the
contai ner as descri bed above. In that case, the evaporation source also
has a feature that is provided with an evaporation opening (or a guide) on
a sidewal . The evaporation source has a mnechanismfor horizontally

di schargi ng an evaporation material fromthe evaporation opening. 10

[ 0026] Anot . e nt.lnvention is a nuf acturin
appar at us m@%g ?ﬁg%g&%‘%{l ln(% fPl o"r"%[aﬁ‘ge? é‘%)B%P l\eéff% (ﬁ% e & Hapé’éggo&rsé%:& 3 plane
evapor ati on erial. from.an evaporatiqn source di sposed opposite to a
substrate tdﬂgéffg?%?ﬂ@%%&???BhogJ%ﬁOPWB“g§%5§PP§PéY”Wh@}@F&réﬁﬂ%ﬁéﬁfﬁﬁpfor
hori zontal | y di schargi ng an evaporation material is 15 provided on a

si dewal | of "E"I‘i@“@\ﬁaporati on source, and a plane having a m ninum diameter
of the opening is coplanar with an outer surface of the evaporation source.
[ 0027] Accod@&ﬁﬂ to the above structure, an area of the opening on the
outer surface of the evaporation source is smaller than that on an inner

surface 6f the evapereatpoatis®¥site magtelEHafighd BMBAH DrANY bEtRinkY aObcstiBed
opening fromfalling in tenperature, and préevents the opening from belng

cl ogged. [OGB&¥c. AQReKAIdAGk tRe b O?J?B}{%oﬁltc'élé?sto;ﬂa@ AaL20hal ﬂ;gpgro%%gé %Jitrfli ng an

evaporation material to be placed in the evaporation source I's surrounded
Cermor atur e.C peepiont Phefoe kot Gty T SR GV o e PRORBBRrG UEodgba by
heating t herr\{eic jiﬂr}él}lyfog fho}igoentgll?f msglgargntg hant ehvipgxgl%grrl material from the evaporation
opening,
10 [0026]

Another structure of the present invention is a manufacturing apparatus
comprising a film forming apparatus which evaporates an evaporation material from an
evaporation source disposed opposite to a substrate to perform deposition over the
substrate, wherein an opening for horizontally discharging an evaporation material is

15  provided on a sidewall of the evaporation source, and a plane having a minimum
diameter of the opening is coplanar with an outer surface of the evaporation source.
[0027]

According to the above structure, an area of the opening on the outer surface of
the evaporation source is smaller than that on an inner surface of the evaporation source.

20 This prevents a vicinity of the opening from falling in temperature, and prevents the
opening from being clogged.
{0028]

According to the above structure, a container containing an evaporation

material to be placed in the evaporation source is surrounded by an upper heater and a



heater. [0029] 5 By using a filmform ng apparatus of the present

i nvention, the manufacturing apparatus can be provided in an in-line
manuf act uri ng apparatus to which a | oading chanber, a transport chanber,
and a deposition chanber are connected in series (exanples thereof are
shown in FIGS. 6 and 7). [0030] 10 The manufacturing appar atus may be a

manuf acturin y i Sl onventi tal ne
typically a %Fé%vw?ggtlg}a&%sﬁq% rﬂﬁg"}‘fgﬁxnﬁﬁéd hcl‘< g%fﬁra%trehﬁ‘?qgﬁ 1§F @ﬂaPPE‘E:’PFQS
contained in | ner ed for the vapqr deposi t| Qn appar at us
and in whi chpra‘é%’g"sqt? ’Eg;fi?g%ﬂ#ﬁ'dg%@‘t"érthﬁ H’éC‘EBhtoﬁlth"ePP?'Eng PRSP r4RpeT i n
the deposition chanber An integrated closed systemthat can prevent
inpurities fhesterpe; ng m xed 15 into an evaporation material refined at a
material maker as well as a fully automated manufacturing systemthat

i mproves t hr{@0gNput can be realized. These and ot her objects, features and
advant ages of the present invention will becone nore apparent upon reading

of the fallowing defaiihed flestiinpt '\g[l (%J’ﬁ)a?dtw e t s%f?ﬁinv@iﬁﬁﬁ”%ﬂh%fg&% 98
20 BRI EF DESCRI PTI ON OF THE DRAW In the accorrpanyl ng draw ngs: FI

1A and 113 aj ﬁax@taﬁ%a%ﬂ%:ﬁﬁo\(ﬁdc\ﬁ V\ﬁlﬁg\?llﬁﬁgﬁ%%?%%ﬁg{g %k‘aﬁﬁ . w%cha flf)elcmlg

form ng apparatus (Enbodi nent
cross-secti %%bc\!ﬂ, W?ra%port %ﬂam &I:rn%rnd( Err(P posmon cham%er arg ‘connected in series

(examples thercof are shown in FIGS. 6 and 7).
(0030}

10 The manufacturing apparatus may be a manufacturing system in which without
using a conventional container, typically a brown glass bottle or the like, an EL material
is directly contained in a container to be provided for the vapor deposition apparatus
and in which deposition is performed after the container is transported in the deposition
chamber. An infegrated closed system that can prevent impurities from being mixed

15  into an evaporation material refined at a material maker as well as a fully automated
manufacturing system that improves throughput can be realized.

These and other objects, features and advantages of the present invention will
become more apparent upon reading of the following detailed description along with the
accompanied drawings.

20

BRIEF DESCRIPTION OF THE DRAWINGS

In the accompanying drawings:
FIGS. 1A and 1B are a perspective view and a cross-scctional view of a film

forming apparatus (Embodiment Mode 1);
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FI GS. 3A and 3B show co-evaporation (Enbodi nent Mode 1); FIGS. 4A and 4B
are a top view and a cross-sectional viewof a filmformng 5 apparatus
(Enmbodi nent 1); FIGS. 5A and 5B are cross-sectional views show ng an
exanpl e of an evaporation source holder (Enbodinment 2); FIG 6 is a side
view of an in-line manufacturing apparatus (Enbodinent 3); and 10 FIG 7
is a side view of i gali nuf act ur i. ng, appar gt us. . .DETAI LED. DESCRI PTI ON
OF THE | NVENTI ON Pﬁ@és% R R R C T &r‘é’é‘&ﬂ?cfi(ﬁvﬁﬁa%ﬁ?tﬁ@%
descri bed hﬁr_ei nafter. 15 (Enbodi nent Mode 1) [0032] An exanple of a
manuf act uri é apparatus of the present invention is described wth
reference to FIGS. | A and 113. [0033] 20 FIG 1A is a perspective view of
a vapor depositi odfappst andidB shoe chiaBapdiBtios (Bnbatimsst-Medt ipnal vi ew
corresponding to FIG 1A Reference nuneral 100 denotes a deposition
chanber; 101, a sUbGSrétend HRarca ®pbdéw ang ah@bskedectididd vicd SLRH M oBming
transport nechani sm 104a and 104b, evaporation source hol ders; 105a and
105b, evaponppdr@is (SQY6digcholder novenent mechani sms; 106a and 106b, film
t hi ckness nonitors; 107a 11 and 107b, shutters; 108a and 108b, preparatory

ﬁg?g?ﬁ;?i ei espect pyeLy sa LAP34B kB3 LleHERIS LR nsh%rqug G re;('cplgp ¢ of an

evaporation source holder (Embodiment 2);
FIG. 6 is a side view of an in-line manufacturing apparatus (Embodiment 3);
and

10 FIG. 7 is a side view of an in-line manufacturing apparatus.

DETAILED DESCRIPTION OF THE INVENTION

[0031]
Embodiment modes of the present invention are described hereinafter.
15  (Embodiment Mode 1)
[0032]
An example of a manufacturing apparatus of the present invention is described
with reference to FIGS. 1A and 1B.
[0033]

20 FIG. 1A is a perspective view of a vapor deposition apparatus, and FIG. 1B is a
cross-sectional view corresponding to FIG. 1A. Reference numeral 100 denotes a
deposition chamber; 101, a substrate; 102, a substrate holder; 103, a substrate transport
mechanism; 104a and 104b, evaporation source holders; 105a and 105b, evaporation

source holder movement mechanisms; 106a and 106b, film thickness monitors; 107a

11



[0035] 5 At first, the deposition chanber 100 and the preparatory chanbers
108a and 108b are vacuunm evacuated to vacuum degree of at nost 5 x 10,3
Torr (0.665 Pa), preferably from10-4 to 10-6 Torr. The deposition chanber
100 and the preparatory chanbers 108a and 108b are connected to a vacuum
evacuation chanber, and can be vacuuned by vacuum evacuating or be under

at nospheric pr re by bringing in an 10 inert gas after the vacuum

evacuation.zgﬂéiggdgﬁﬁ s&¢@%%@%&QEdHﬁWEWQBUéﬁﬂﬁﬁB’6ﬁﬁ%ﬁéQYis provided with
a magnetic | evitation turbonol ecul ar punp, a cryopunp, or a dry punp. The
punp makes ilP0¥Hssible for the transport chanber connected to each chanber

to reach a vacuum |l evel of from10-5 to 10-6 Torr. Reverse diffusion of

i npurities from t [fepuiplepbdeonnd dehgibed acuatfien System can be prevent ed.
In order to 15 prevent inpurities from being brought into the apparatus, an
inert gas syofsss nitrogen or a rare gas is used as the gas to be brought
in. The gas brought into the apparatus has to be a highly pure gas refined

b ~refini : i QF. i . to th :

pocor dindl v, 8 gad rny e BERRhARENR RD S dhe el s PR W
hi ghl i fi bef it is b ht intg th d it t

oty s ey, 109 285y Befim e Saiiao Mt figrcs fbal masee £ L ARBOETBr om

the gas in advance; therefore, these inpurities can be prevented from
bei ng br ougREEPRPY fraB &P pae dOUsTorr.[ dBissilepasisiont ciarder 400 taail rtha gremaratory
evaporation material is placed in the evaporation source holder in
advance, anghimbgrdOReatédOfheat edhtcoted th amwescutpnpacadtivnectahmer, amd chne
initiation tenperature for deposition) in the preparatory chanber 108a or
108b by reshafuangebheaduuigevdd@Bid or be under atmospheric pressure by bringing in an
10 inert gas after the vacuum evacuation. The above-described vacuum evacuation
chamber is provided with a magnetic levitation turbomolecular pump, a cryopump, or a
dry pump. The pump makes it possible for the transport chamber connected to each
chamber to reach a vacuum level of from 10° to 10 Torr. Reverse diffusion of
impurities from the pump side and the evacuation system can be prevented. In order to
15 prevent impurities from being brought into the apparatus, an inert gas such as nitrogen
Or a rarc gas is used as the gas to be brought in.  The gas brought into the apparatus has
to be a highly pure gas refined by a gas refining machine prior to being brought into the
apparatus.  Accordingly, a gas refining machine needs to be provided so that a gas is
highly purified before it is brought into the vapor deposition apparatus. In this way,
20 oxygen, moisture, and other impuritics can be removed from the gas in advance;
therefore, these impurities can be prevented from being brought into the apparatus.
[0036]

A container containing an evaporation material is placed in the evaporation

source holder in advance, and is pre-heated (hcated to a lower temperature than an

12



Subsequently, the substrate 101 is fixed to the substrate hol der 102, and
is 5 noved into the deposition chanber 100 and to a vicinity of the
evaporation source hol der novenment nechani sm 105a by being transported in
the X direction in the deposition chanber 100 with the substrate pl aced
vertically by the substrate transport mechanism1.03. In the case of
selectively.ggrtorning dqﬁos'tion by using a mask, both the substrate and
the mask mayPBRUPR JEHPEIEUR A0S dRRASIEAT iHoffiadhreraTaiery shamhem0gamer 198b by
substrate and the mask. [0038] The evaporation source holder is heated in
t he prepar ati6¥i§taBeedifBErst o such a tenperature that filmthickness rate is
stabilized, while neasuring with the film thickness nonitor. 15 [0039] The
shutters 107803Hd 107b are opened, and the evaporation source hol der 104a
is noved or shuttled in the Z direction by the evaporation source hol der

nmovenent nechani SmiQfeent® tRELHRIMA00SE Fixed 1o khe sdoFatLhbldep 1038, prr &l | el
to the substrate placed vertically. Here, a nmechanismconprising a

rotatingsbelfoycd fn%ﬁé&@&o%ﬁfoheéhanﬁ)@fj 1&8 a%ﬁetoll%ggcjriﬁﬁo%\/ﬁenc@asptokzle?ﬁ)rr)l SouIce,

evapor ation source er novenent nechani sm ver, resent
invention i t rticularly limted thereto. An evaporation. materjal is
hori zont al | 31 Ogﬁ% §crﬁ§\"eé'é€c§’? ”é%cc!il%fugmdméég Py e “Eﬁ/érran%f’%\éf 'é’c@co%(oaﬁ'éd\?& Wy
pl aced substrate. For exagﬁled deposition is perforned with the
evapor at i on %BeNEN ARanghsr 1090mith ey substrats Rlared depisally ibonthe rathgieate tr@Esportom
the preparatory chanmber 108a. 13 Wile the evaporation source hol der
stands by afashanipii K. t dn tthe cpreeplasdeativylycprafiyeing 80 8isiticr by ghinghe mask,
deposition chanber 100, the substrate is noved in the X direction at a
certai n pacéothTthersubdtinte enbfhermiskonapoudficed hokitefubiPda okdcramnedali@iff the
preparat ory

10 substrate and the mask.

[0038]

The evaporation source holder is heated in the preparatory chamber to such a
temperature that film thickness rate is stabilized, while measuring with the film
thickness monitor.

15 [0039]

The shutters 107a and 107b are opened, and the evaporation source holder 104a
is moved or shuttled in the Z direction by the evaporation source holder movement
mechanism 105a to perform deposition. The Z direction is parallel to the substrate
placed vertically. Here, a mechanism comprising a rotating belt, a rotating roller, and

20 the like is given as the evaporation source holder movement mechanism 105a; however,
the present invention is not particularly limited thereto. An evaporation material is
horizontally discharged, and is deposited over a surface of the vertically placed

substrate. For example, deposition is performed with the evaporation source holder

104a moving to the deposition chamber 100 from the preparatory chamber 108a.

13



chanmber 108a through the deposition chanber again. A filmthickness rate
can be 5 neasured in either the preparatory chanber 108a or 108b.
Consequently, thickness of a filmto be deposited is easily controlled and
alifetinme of the filmthickness nonitor can be extended. [0040]
Subsequently, the substrate is noved to a vicinity of the evaporation
source 10 h er. novenent nechani sm 105b b he substrate transport
nmechani sm 10?h%%?%?vagora%8 REVIIMS ﬁPﬁdﬁﬁﬂF?‘gﬁ t?%af'[écrr“&?vé’ﬂg iyths drgparaforysihambeag
roller, and {h like is given as the substrate transport mnechani sm 103;
however, the %ﬁéé@#ﬁh it pigian chamber 198y thesubsirats/is movediiadhe Keliwedon asa
descri bed above, the shutters are opened, and the evaporation source

hol der 104b ¢estaimppad. ol hehuht legaparatidrhenuZead holdet i@ Bymbiel e thoosrapdraory
source 15 hol der novenent nechani sm 105b to perform deposition. [0041] In

this way, nuhahdbay¢084leposiit tendgabitida @amber ABLdn. HAr 8im aRicR¥@ENEE @h B
deposi tion chanber provided with two evaporati on source hol ders and

evapor at i5on m&RHfasn Rahdehe %%&Sf dﬁgﬁggﬁni@g?oridfﬁﬁﬁi V@Bhsé&i}%\‘ﬁ}e’@ E}g?ﬁt{%g% %f

present invention is not 20 ticualar Iimte ereto.

evapor ati on hol.der nd. evapo ipn . source h b%g. vemnment .
mechan; s o b oS B QupGig A0 Cee B ARRIBL S SRR SBLsoi PR omesion
shutter differﬁnt fr@%)the shutters 107a and 107b nay be provided for the

1. 4 evapor atPBRCSHGPLE hol der, or a substrate shutter may be provided
bet ween the{ogﬁﬁporation source hol der and the substrate. [0043]

Subsequently, the substrate is moved to a vicinity of the evaporation source
10 holder movement mechanism 105b by the substrate transport mechanism 103. Here, a
mechanism comprising a rotating belt, a rotating roller, and the like is given as the
substrate transport mechanism 103; however, the present invention is not particularly
limited thercto. As described above, the shutters are opened, and the evaporation
source holder 104b is moved or shuttled in the Z direction by the evaporation source
15 holder movement mechanism 105b to perform deposition,
[0041]

In this way, multilayer deposition can be performed. Here, an cxample of a
deposition chamber provided with two evaporation source holders and evaporation
source holder movement mechanisms is given; however, the present invention is not

20 particularly limited thereto. Three or more evaporation source holders and evaporation
source holder movement mechanisms may be provided to continuously perform
deposition.

[0042]

A shutter different from the shutters 107a and 107b may be provided for the

14



Here, an exanple in which the substrate transport nmechanismis provided on
a 5 sidewall of the deposition chanber is given; however, the substrate
transport mechani sm nay be provided on the bottom face of the deposition
chanber. [0044] A mechanismfor adjusting the interval between the
evaporation source holder and the substrate nmay be provided. 10 [0045] The

vapor deposigi, S in ELGS. | d 1B can prevent, even
| ar ge substr at g&? ?@ﬁ] OgInC i Pl(gllagl\illm(\)/lje%t F%bgﬁr 2% g’i“& g h@e éﬁ%‘fi?gtb@?‘v%ﬁd%’e
provide uniform filmthickness on an entire surface of the substrate. In

c
addi tion, tHERUBLI" PUFFNAIGAnd Lhsibsidle can prevent a mask for the |arge
substrate from hending. 15 [0046] In the case of perform ng co-evaporation,
a pIuraIity[8@4ﬂhe evaporation source holder novenent nechani sns 105a and
105b are disposed at narrower intervals as shown in FIGS. 3A and 3B. Each
evapor ati on cent etlet@ hnnmymipée mowbiehtler adbsonctthaspaubgtialien Byprovided on a
appropriately adjusting directions of each evaporation opening to

20
si mul t angousid¢waRr bor e eYERRiRIN QRambBO47] gibén;FhGvedd, ®El GHRNSE ﬂﬁﬁ%@%
120 denotes a deposited film obtained by <co-evaporation. [0048] 15 FIG 3A

shows . par tndeharsrh ORay Seito BBl Bl dld s BHPRL A IR BOUGGR ARller 1 the
case of perform ng co-evaporation, an sho a srde view
correspondi asihereto. In FIGS. 3A and 3B, the sane reference nunerals are

used in FI . 1A and

A mechanism for adjusting the interval between the evaporation source holder

and the substrate may be provided.,
10 {0045]

The vapor deposition apparatus shown in FIGS. 1A and 1B can prevent even a
large substrate from bending by vertically placing the substrate, and provide uniform
film thickness on an entire surface of the substrate. In addition, the vapor deposition
apparatus can prevent a mask for the large substrate from bending,

15 [0046]

In the case of performing co-evaporation, a plurality of the evaporation source
holder movement mechanisms 1052 and 105b are disposed at narrower interval§ as
shown in FIGS. 3A and 3B. Each evaporation center 121 may be concentered on the
substrate by appropriately adjusting directions of each evaporation opening to

20 simultaneously perform evaporation,
[0047]

In FIG. 3A, reference numeral 120 denotes a deposited fitm obtained by

co-evaporation.

[0048]
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113. 5 (Enbodi nrent Mode 2) [0049] An exanple of a cross-sectional
structure of a container for horizontally discharging an evaporation
material is described with reference to FIG 2A An 10 evaporati on opening
112 is provided on a sidewall of a container and has a characteristic
shape, as shown in FIG 2A [0050] The container shown in FIG 2A has a
cylindrical shape roses a per part 110 havin n
openi ng and a Iowéﬁ%b ﬁﬁhETiaP?ﬁ@fP& F“ﬁ%??m“iggéﬁaﬁgﬁP%ﬁﬁ%?cﬁﬁﬁd?g he
covered with the upper part of the container 110 after an evaporation
material 11F%% EHTAMEE Fheranerationennpalri. 3B shpwosy side view heoreartndifs
using a container in which an opening has a tapered shape with a slope

sl ant ed frorth¢raisi ddn tFdGoudAiand 8%, thdsamomfaicner nanerals are mkediim BiGEdeandf
the 20 opening is situated on an inner sidewall, surface area of an outer
sidewal | inidntact wth an exterior atnosphere becones |arge, and the
opening easily gets cold. [0052] When the opening easily gets cold, an
evaporat son naterial fixes to the opening, and the opening is easily

cl ogged therewith. Therefore, the opening has such a shape 16 that opening

area on an 'ﬁHﬁBdﬁMJ R£8.0h the container is larger than that on an outer
surface, a erea shape only with a slope slanted fromoutside to

i nsi de. Tb@gﬁUﬁ]dlaneter of the opening is situated on the outer
si dewal | of cont ai ner as

An example of a cross-sectional structure of a container for horizontally
discharging an evaporation material is described with reference to FIG., 2A. An
10  evaporation opening 112 is provided on a sidewall of a container and has a
characteristic shape, as shown in FIG. 2A.
[0050]
The container shown in FIG. 2A has a cylindrical shape as a whole and
comprises an upper part 110 having an opening and a lower part 111. The lower part
15 of container 111 is covered with the upper part of the container 110 after an evaporation
material 113 is contained in the lower part 111.
[0051]
In the case of using a container in which an opening has a tapered shape with a
slope slanted from inside to outside of the container and a minimum diameter of the
20 opening is situated on an inner sidewall, surface area of an outer sidewall in contact
with an exterior atmosphere becomes large, and the opening easily gets cold.
f0052]
When the opening easily gets cold, an evaporation material fixes to the opening,

and the opening is casily clogged therewith. Therefore, the opening has such a shape
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shown in FIG 2A. An edge portion of the opening of the container is nade
the 5 thinnest part so that the opening is easily heated. [0053] Wen the
container is placed in an evaporation source holder (not showmn wholly), a
heater (an upper heater 114) for heating the upper part 110 and a heater
(an | ower heater 115) for heating the |lower part 111. are preferably in
contact with, the 10 container,as shown in FIG 2B. In the case of

perform ng dBHoRERIENACH &1t d0nipnct Auhe coptaings it sest thamthat oniap pater
preferably set equal to or higher than that of the |ower heater 115. The
upper heat ersutfae, dbi ipr @ Vanstcdashapy apbyr withonslepe elanted froomutdigeinipside. t e

i nner surface of the upper part 110 by heating. [0054] 15 In the case of
usi ng the conhahmeardiehmctchef freegentng in\senhicoddn tac loateg8ideaatlioltBe containar g t 0
burst out of an opening 112. Specifically, when a | arge anmount of

evapor at i on shg®h&hi BIG 24. dRRO&Igk esbrabn AICHe f%‘éﬂﬁign& MeIntARGU]s ARG Fhe
| arge particle 116 m ght pop up as shown in FIG "2B. However, the |arge

particl e511thgHégpEa@gg%&ggheia({behmgqip%lﬂyrlllgﬁch'i ng of the container and is

returned to 1ts 1 hitial position. e vely, after the 20 | arge
particle 1120@;?5 up and fixes to the internal ceiling of the container,
the particl vapori zed again by the upper heater and is deposited from
the internal ceili n]gqto the bottomof the container. In this case,
convection i s gendYRtedhenrRmaiger & R6Ehtn oM evapogtionl squreamheler i(patetheayn
bottom of the container toward the ceiling and an evaporation materi al
from the i nthoHy), ackdatdrign opparteacoii4) foerheatowmihe wpiper pat dbOmbda heater (an
horizontally 17 discharge the evaporation material fromthe opening 112.

[ 0055] A shapeerolicatdrel IGpefoi mgatinkthzalowee gaauD, a@l hichdrhiflgl in d@edcanRgU &fe, OF
el ongat ed - '

10 container as shown in FIG. 2B. In the case of performing deposition, heating
temperature of the upper heater 114 is preferably set equal to or higher than that of the
lower heater 115. The upper heater 114 can prevent an evaporation material from
fixing to the inner surface of the upper part 110 by heating.

[0054]

15 In the case of using the container of the present invention, a large particle is
hard to burst out of an opening 112.  Specifically, when a large amount of evaporation
materials is deposited at once, bumping might occur and a large particle 116 might pop
up as shown in FIG. 2B. However, the large particle 116 bumps against an internal
ceiling of the container and is returned to its initial position. Alternatively, after the

20  large particle 116 pops up and fixes to the internal ceiling of the container, the particle is
vaporized again by the upper heater and is deposited from the internal ceiling to the
bottom of the container. In this case, convection is generated with an evaporation

material from the internal bottom of the container toward the ceiling and an evaporation

material from the internal ceiling of the container toward the bottom to horizontally
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rectangular. 5 [0056] The heater for heating the upper portion of the
container may not be provided if the heater is not particularly required.
[0057] In the case of perform ng co-evaporation, the manufacturing
apparatus may 10 have a structure in which a plurality of evaporation
source hol ders are provided for one deposition chanber as shown in FIGS.

3A and 3B. te that novenent chani s are provided in order to nove the
plurality o Isecsgﬁ%?]éct?"&ﬂorgﬁﬂ? E’g‘?‘jrﬂ??g‘é’fmst, CPB%’b‘Egtlf%\:m y. Directions of

evapor ati on @@i{u ngs nmay appropriately be adjusted so that each

evaporat i onl ler 121 of a plurality of evaporation sources is superposed.
15 Alternatively, directions of whol e evaporation source hol der novenent
mechani sms can bé\ gtangéthesapaniret 1 Bachy deapoadtellgnicele nopingofart drecipdgacal ity
of evaporation sources is superposed. [0058] Plural types of containers
(upper port remngodni ng openings in different positions 20 may be provided
and appropriately be replaced to adjust evaporation centers to be

super posgd. [d';(%gsg] The present invention conprising the above nentioned
structures is déscribed nore in detail in the follow ng enbodi ments. 18

(Embodi ment) [ Erhgd ihgﬁg'rt fog" Lean[n%qgg Lpper portion of the container may not be provided if
the heater is not particularly required.
[0057]
In the case of performing co-evaporation, the manufacturing apparatus may
10 have a structure in which a plurality of evaporation source holders are provided for one
deposition chamber as shown in FIGS. 3A and 3B. Note that movement mechanisms
are provided in order to move the plurality of evaporation source holders, respectively.
Directions of evaporation openings may appropriately be adjusted so that each
evaporation center 121 of a plurality of evaporation sources is superposed.
15 Alternatively, directions of whole evaporation source holder movement mechanisms can
be changed so that each evaporation center of the plurality of evaporation sources is
superposed.
{0058]
Plural types of containers (upper portion) having openings in different positions
20 may be provided and appropriately be replaced to adjust evaporation centers to be
superposed.
[0059]
The present invention comprising the above mentioned structures is described

more in detail in the following embodiments.
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5 Apart of a top view of a manufacturing apparatus is shown in FIG A4A
Note that illustration of a preparatory chanber is omtted for
sinplification in FIG 4A. A deposition chanber 200 is a part of an

i n-1ine manufacturing apparatus. Chanbers connected adjacent to the
deposition chanber 200 are as follows: a simlar vertical substrate vapor
deposition apparatus; a vertical substrate sputtering apparatus; an 10

al i gnnent chanber for a substrate and a nmask; a substrate | oadi ng chanber
a substrate _unl oading chanber; and the like. [0061] Here, an installation
chanmber 210 (Eahedtrad) t o the deposition chanber is provided and a
container 212 in which an evaporation material is contained is placed in
15 t he i nst §Edbidomenthhnber 210, in order to prevent dust from being m xed
into the deposition chanber 200 and to maintain a vacuum degree in the
deposi tion ¢b@tyer 200. Although the installation chanmber is repeatedly
made under atnospheric pressure and under vacuum the installation chanber

provi dessa syst emy o1y GENRISENEL mARIALTAY Akt HSRISH 1A b ChambRp.N! of

vacuum 20 [0062] At first, cont al ner carrired in
installationp ch "@:‘ 210 through a , dqor .215. i s. placed on ont ai ner
hotal | ati o SAREIoR 5P o apbrHin onandieh i 4 B ot R BieeBep BIEOIA™ A
vacuun}evacgated,to the s level as the deposition chanmber 200, a gate
214 i s open8POSEifysehfer 1400 it 83t SRy Inohine BupBECHENgePP2ES s Ghawdarst o a
19 vicinity of the installation chamber. Then, the container 212 is noved
to the evaporucicdmdiangniéo el depositiv ¢haorher R0cantaai fodpwinstsamilat vaticdoar d
213 by a vacuum robot 211, and is placed in the evaporation source hol der
204. After sitstraenvaparedepdiioni sppakraagdai verfidi® @WbapaE adpuaBris® Wppsratie] dar
204, the gate 214 is closed. The evaporation
10 alignment chamber for a substrate and a mask; a substrate loading chamber; a substrate
unloading chamber; and the like.
f0061]
Here, an installation chamber 210 connected to the deposition chamber is
provided and a container 212 in which an evaporation material is contained is placed in
15  the installation chamber 210, in order to prevent dust from being mixed into the
deposition chamber 200 and to maintain a vacuum degree in the deposition chamber
200.  Although the installation chamber is repeatedly made under atmospheric pressure
and under vacuum, the installation chamber provides a system for consistently
maintaining the deposition chamber high vacuum.
20  [0062]
At first, the container 212 is carried into the installation chamber 210 through a
door 215 and is placed on a container installation board 213. After the installation

chamber 210 is vacuum-evacuated to the same level as the deposition chamber 200, a

gate 214 is opened. Subsequently, an evaporation source holder 204 is moved to a
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5 source holder 204 is noved to a preparatory chanber 208a or 208b to start
to heat an evaporation material. [0063] As an evaporation material, a | ow
nol ecul ar wei ght organic conpound naterial, in specific, a nmetal conplex
such as tris(8-quinolinolate) alumnum 10 (abbreviated to Al g3),
tris(4-nethyl-8- quinolinolate) aluninun1(abbreviated to Al ng3),

bi s(10- hydr z j nat eryI ium br evi at to BeBg2),

bi s( 2- net hyl%éﬁlﬁgl ﬁif)ﬁmngff %1 tlo 4* ﬁyrﬁl?e&y Wﬁ’hé]#ylcwt)amﬁf ' lﬁnn(l%‘ﬁg g/'“?ft ed
to BAIQ), his {) (()2 h drl?? @ﬁ 2 ) - benzooxazol ate] zingc..(abbreviated to
Zn(BOG 2}, o aRpEog sopist RIUFE IR - BBt sR b e o R (R W o
to Zn(BTZ)2) can be given. 15 Further, an oxadi azol e derivative such as

2- (4- bi phenylopo21l4andsistplanseyin Hrreesappration Spucokaldin2dt.e Afibtthevostied 2152
PBD) or 1,3-bis[5-(p-tert-butyl phenyl)- 1.,3,4-oxadi azol e-2-yl] benzene
(abbr evi at eds prc@XDx (R} evaordtidnasoake lﬁb@dleir\@ﬂﬂj e gstdh4asclosed. The evaporation
3-(4-tert-butyl phenyl)-4-phenyl -5-(4-bi phenylyl)-1,2,4-triazole

(abbrevi at ediotifve BdMder P04 is moved to a preparator chambel 208a or 208b fg, start to heat an
3-(4-tert-butyl phenyl)-4-(4-ethyl phenyl)-5-(4-bi phenylyl)- ,4-triazole

(abbrevi at eq3 b QordGoPinktediA) 5 an imdazol derivative such as
2,2',2"- Y lg?%enozelr‘]?eterlﬁllzl ) tris[1l-phenyl-1H benzi m dazol e] (abbreviated

to TPBI ) 0 ﬁhenant hrol i ne derivative such as bathophenanthroline
(abbrevi at ec{ BPhen) or bathocuproin (abbreviated to BCP) can be used in
addition to a netal conplex. [0064] 20 The substrate 201 is carried into
the deposition chaf¥béf ’Q‘G’@O@F‘PBr mgkeriaby dpBvatmeacyet ardight pr2apisacempound a
desired filmthickness rate is stably neasured with a filmthickness

moni tor 206 Wtedlddd specifie pr eparlatcomplaxhantler as208s(8equidivlat@haluminum
substrate and a mask (not shown) are previously aligned in a connected
chanber 10 andabbreviated to Algs), tris(4-methyl-8-quinolinolate) aluminum (abbreviated to Almqps),

bis(10-hydroxybenzo[h]-quinolinato) beryllium (abbreviated to BeBqp),
bis(2-methyl-8-quinolinolate)-(4-hydroxy-biphenylyl)-aluminum (abbreviated to BAlq),
bis [2-(2-hydroxyphenyl)-benzooxazolate] zinc (abbreviated to Zn(BOX);), or bis
[2-(2-hydroxyphenyl)-benzothiazolate] zinc (abbreviated to Zn(BTZ),) can be given.

15 Further, an oxadiazole derivative such as 2-(4-biphenyl)-5-(4-tert-butylphenyl)-
1,3,4-oxadiazole  (abbreviated to PBD) or  1,3-bis[S-(p-tert-butylphenyl)-
1,3,4-oxadiazole-2-yl] benzene (abbreviated to OXD-7); an triazole derivative such as
3-(4-tert-butylphenyl)-4-phenyl-5-(4-biphenylyl)-1,2,4-triazole (abbreviated to TAZ) or
3-(4-tert-butylphenyl)-4-(4-cthylphenyl)-5-(4-biphenylyl)-1,2,4-triazole (abbreviated to

20 p-EtTAZ); an  imidazol  derivative such as  2,2',2"+(1,3,5-benzenctryil)
tris{1-phenyl-1H-benzimidazole] (abbreviated to TPBI); or a phenanthroline derivative
such as bathophenanthroline (abbreviated to BPhen) or bathocuproin (abbreviated to
BCP) can be used in addition to a metal complex.

[0064]
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5 the substrate is fixed on the substrate hol der 202 with being pl aced
vertically. The substrate is carried into the deposition chanber 200

Wi t hout exposing to atnospheric air. |In the deposition chanber, the
substrate 201 is noved in an X direction with being placed vertically by a
substrate transport mechani sm 203. [0065] 10 After noving the substrate to

a vicinity of the.gva t10 ource hqgl der 204 shutters 207 nd 207b
are opened, and tk@eeglgtgpsgrra%t ?‘8; %Soﬁ?xgléghg'l% e eZ@)%’OF’émﬁDG%HH %rgmgﬁ&‘teﬂ%)
in the Z direction from,tge 1{)r eparatory chanber 208a (or the preparatory
chanmber 208H)'2PY 2t HLMAENES IStieatedamdrdasirod fim Apicknasp srtads Hablanessigd with
horizontally discharged fromthe evaporation source holder 204 and is

deposi t ed ovekilm Hickngbsmpaiter A® poyided in dpearepathtpryroimiger(208a ©h208h.i e t he
evaporation source holder 204 in the Z direction and noving the substrate
in the X di rsebitiatmand 066k (Ror stexainpie pravhgisBvVaRgeatih Qrocs@bdte® chahtler a04

may be noved in the Z direction at a rate of from30 cmmn to 300 cnfmn.

20 [0067F Si b i i tihbgi i RV
[ b Sithe eulish@teSiBtddad:e theS s@RlrhdcStbid L 32 %tﬂg?%'ll\,%‘ﬁ?‘%e% %%Sltéicg% g:{r‘]l'l 4B,

the case of using the vapor deposition apparatus

even a | ar g, Syl #ah£icd9ae, th@ﬁl&g@ﬁ%%‘chgﬁt%rﬁr?ﬂ %ithcglﬁ%%ﬁig%iir,xgpoegtgg)sgfgegiézﬁiﬁ. g

perfor nmed even over an entire s ace O arge s

t he above d i hed depositi.n eration 21 [0068] In ditjon, . a .

di stance d E‘iﬁ*&%g‘ﬁwﬂb “s%baérft}e ttg‘gzs(ﬁ‘%s%f’ﬁ‘d%pil‘nés é’\Lfé‘ic‘} r’&t?‘bﬁagﬁﬁﬁ"@é Wb bsEe 204
is narrowed to ygi.cally 50 cmor less, preferably 30 cmor |less, and nore
preferably PiaGﬁ‘iB Rt subs{rateEnspayt meehanksabP9s.i nprovi ng an ef fici ency

of utili zi n?0065]

10 After moving the substrate to a vicinity of the evaporation source holder 204,

shutters 2072 and 207b are opened, and the evaporation source holder 204 is moved (or
shuttled) in the Z direction from the preparatory chamber 208a (or the preparatory
chamber 208b) to the deposition chamber 200.  An evaporation material is horizontally
discharged from the evaporation source holder 204 and is deposited over the substrate
15 201 by repeatedly moving (or shuttling) the evaporation source holder 204 in the Z
direction and moving the substrate in the X direction.
[0066]
For example, the evaporation source holder 204 may be moved in the Z
direction at a rate of from 30 cm/min to 300 cra/min.
20 [0067]
Since the substrate is carried with being placed vertically in the case of using
the vapor deposition apparatus shown in FIGS. 4A and 4B, even a large substrate does
not bend. Thercfore, deposition can be performed even over an entire surface of the

large substrate by repeating the above described depositing operations.

21



5 the evaporation material and throughput. [0069] Here, an exanple of
formng a single |ayer with one evaporation source hol der and one

evapor ati on source hol der novenent mechanismis given; however, the present
invention is not particularly limted thereto. Two or nore |ayers nay be

| am nated by 10 providing two or nore evaporation source hol ders and
evaporation @ﬁ@gce hol der novenent mechani sns for one deposition chanber.
[ 0070] This di mrent can freely be conbined with Enbodi nent Mbde 1 or 2.
15 [Enbodi nent 2] [0071] Since a container is transported with a vacuum
robot 211 from an Inpddisionag disiance ddrebesen2he sabstrales2(il awkdicievaporatuagoret i on
source holder in Enbodinent 1, the structure of the evaporation source

hol der needsholder 284 devisesded 20 typANR] S0l din toRilsss e plaeAhiTe B0, crar e8 g demefe an
evaporation source holder to which the container is transported fromthe

i nstal | at i orprefoanBefroR1Demich hlstchﬁ tr{é%wmrfaﬂ%ﬁl iddrov ARGl SHERRE ¥ Lﬁhéﬁggg :5
a

described with reference to FIGS. 5A and 5B. G H5A s a cross-sectl

Vi ew showi ngh@c&ggltacﬁogfm %@gégﬂgg@#@gp source holder at the time of 22
I .

pl aci ng the contal ner, an a cross-sectional view show ng a
state of th«?0 @\japor ation source holder at the tine of deposition. [0073]
The evaporatl% source hol der conprises an upper part 502 and a | ower part

5 503 and each part is provided with novenment nechani snms 505 and 506,
heati ng Here, an example of forming a single layer with one evaporation source holder

and one evaporation source holder movement mechanism is given; however, the present

invention is not particularly limited thereto. Two or more layers may be laminated by
10 providing two or more evaporation source holders and evaporation source holder

movement mechanisms for one deposition chamber.

{0070]

This embodiment can freely be combined with Embodiment Mode 1 or 2.

15 [Embodiment 2]
[0071]

Since a confainer is transported with a vacuum robot 211 from an installation
chamber 210 and is placed in an evaporation source holder in Embodiment 1, the
structure of the evaporation source holder needs to be devised.

20 [0072]

In this embodiment, an example of an evaporation source holder to which the
container is transported from the instaliation chamber 210 with the vacuum robot 211
and is easily placed is described with reference to FIGS. 5A and 5B. FIG. SA is a

cross-sectional view showing a state of the evaporation source holder at the time of
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mechani sms (an upper heater 513 and a | ower heater 51.2), respectively. The
upper and |ower parts can nove separately. [0074] In this enbodi nent, a
usual crucible can be used for a container 500, and the 10 container has a
mechani sm for horizontally discharging an evaporation material from an
openi ng 507 provided for the upper part 503. Wen the opening easily gets
cold, an evagporation rIateriaI I&iﬁ(s}to t he opening, .and the opening_is
easi |y cl ogddtF e dheetanisiner pRe T P8 15 fERNeRrinahaicvs shewimeshaple phake
opening area on an inner surface of the wupper part 503 is larger than that
on an out er ¥aPITALERN §owEtedislderap e tine ofxlapapiéiped shape 15 only with a sl ope
slanted fromoutside to inside of the upper part 503. A mininmm dianeter
of the openifig73]s situated on the outside of the upper part 503 as shown in
FIG 5A. An edge portion of the opening of the container is nmade the

thinnest part so tihdtevapdigri®PesirB8 hbRleeashpisdieat esher AR and0s TRE:r part
novenment nechani sm 505 has a rotating function, and a direction of the

openi ng §07,508Naiq bsoh Bat?ioi% Gf{wla@d ittﬁin%lé?r[egi f}geéhgﬁtsﬁ¥aﬂ%8r A%s,”ﬁ%ﬁfdéf‘

I
can freely be changed. n the case of usin e ‘evapor ation source

hol der of t [esent. invention, 3.,large particle is.hard. o burst out
of the open?ﬁeé:B%rB%.gs éﬁeué)lpF i %eaal??rf,lg\ﬁﬂéﬁlgw?a eé‘gcr Sghglﬂ?ﬁpef}fve 'a&%ﬂﬂé'tpp%and
materials is deposited at once, bunping mght occur and a large particle
m ght pop uzﬁ’“’%&“} mEKE S¢RFYEYparticl e bunps against the internal
ceiling of the upper part 503 and is returned to its initial position. 5
[0077] [0074]

In this embodiment, a usual crucible can be used for a container 500, and the

10 container has a mechanism for horizontally discharging an evaporation material from an
opening 507 provided for the upper part 503. When the opening easily gets cold, an
evaporation material fixes to the opening, and the opening is easily clogged therewith.
Therefore, the opening has such a shape that opening area on an inner surface of the
upper part 503 is larger than that on an outer surface thereof, that is, a tapered shape

156 only with a slope slanted from outside to inside of the upper part 503. A minimum
diameter of the opening is situated on the outside of the upper part 503 as shown in FIG.
5A. An edge portion of the opening of the container is made the thinnest part so that
the opening is easily heated.

[0075}

20 The movement mechanism 505 has a rotating function, and a direction of the
opening 507, that is, a direction of discharging the evaporation material can freely be
changed. |
[0076]

In the case of using the evaporation source holder of the present invention, a
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At the tinme of placing the container (crucible) 500, the upper part 503 is
noved upwardly and the container 500 is placed in the lower part 502 by a
vacuum robot in an installation chanber as shown in FIG 5A. Subsequently,
t he upper part 503 is noved downward and is connected to the |ower part
502. In order to firmy connect the upper 10 part 503 to the | ower part

502, a hook ot _shagwn) .may .b rovi ded and the er _par. 503, may be
rotated to fllglr ct‘haerﬂﬁﬁp%rhaﬁ%rt? el%%%‘.m[to%gg]e ﬁPe’F%%B?‘neS i@l g POFR R Paégc
whol e evaporation source holder is noved with the wupper part 503 and the

| oner part W%Pﬁ@"%ﬁi’é’ét‘%ﬁmﬂﬁs dndeposiierbat enseshipoping might@ecun sidsBlarge
[0079] In the case of depositing, heating tenperature of the upper heater
513 is prefpartih pightt papouml  Howorerhihg Range tpretivle hampohgding thoweernhleadidng
512. Each heater control function is provided for a different portion (for

exanpl e, a hfalicuppeopit 603 Anthsirb@mealtoilenifal piaRsn, heater 513 is

i ncorporated in the novenent nmechani sm 505) to separately control the
heaters. 5Thgg er heater 513 can al so prevent an evaporation material from
fixing to the inner surface of the upper part 503 by heating. A problem

and the upper  and o P et pRerd bM e Ruob Eiod g PRC ST B/BRY e oy
[0080] "1 EMOAREATE B AAGREATIP & Blotl e OV GUEEL F7 Bt LG BOPOFEN ng
roller as the evaporation source hol der nmovenent nmechanismis descri bed.
However, i nifstalkation chambrriavshewndn FéGadpl e Subsequinily, thewtppet pqrh593 ishromwdd
with the use of a rail portion 508

downward and is connected to the lower part 502. In order to firmly connect the upper

10 part 503 to the lower part 502, a hook (not shown) may be provided and the upper part

503 may be rotated to fix the upper part 503.

[0078]

At the time of deposition, a whole evaporation source holder is moved with the
upper part 503 and the lower part 502 being connected to each other as shown in FIG.

15 5B.
f0079]

In the case of depositing, heating ternperaturc of the upper heater 513 is
preferably set equal to or higher than that of the lower heater 512. Each heater control
function is provided for a different portion (for example, a heater control function of the

20 upper heater 513 is incorporated in the movement mechanism 505) to separately control
the heaters.  The upper heater 513 can also prevent an evaporation material from fixing
to the inner surface of the upper part 503 by heating. A problem where an evaporation

material goes into and fixes to a connecting portion and the upper and lower parts

cannot be separated can also be prevented by heating the upper heater 513 and the lower
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i s described as the novenent nechani sns 505 and 506. A plurality of wheels
are provided inside the novenent nmechani snms 505 and 506 so that they
sandwi ch the rail portion 508. The evaporation source hol der can be noved
inthe Z direction along the rail portion 508 by driving the wheels. 10

[ 0081] This enbodi nent can freely be conbi ned with Enbodi nrent Mode 1 or
Enbodi nent Jh.ea{?Egﬁ)%éne t 3{3 15 [0082] In this enbodi nent, an exanpl e of
an in-1ine manuf (frﬁ%p%% Atatus suitable for a mass production system
IS describeg with reference to FIG 6. [0083] Gateways of each chanber are
connected t d%%¥m a vacuum transport path in a 20 shape of a |oop, and a
transport line of a substrate holder is provided therein. A footprint of
t he manuf act uri ng lagjmeiralimentals aa avaoipde dOSusieglacedtiby btit ans paotadting raller as
substrate after deposition above a filmformng apparatus as shown in FIG

6. [0084] | nhdkGpobationefort@nicdauikahefORcARARKES descABsl. NHehaReHh; th&01,
a 25 pretreatnent chanber; 602, a deposition chanber (a deposition chanber

for deposi tichthodAndty) & dRRION dsidY GheQ! (v Bh 8¢ E QL AYR it a
deposi tion chanber (a deSosi ti or?l g’é‘%arr%er(nﬁosiﬂgﬁgyggrﬁlﬁ%{é&a%flaiaréﬁtp)}rehr%%%?)igng
| ayer); 604, a. it cha a, deposi.tLon amher. fqr _depositing an
el ectron t résngf)%?ltB & gyéfr?pg]rovgﬁgg{ &t lﬁ%nﬁ?w%jsé%tapgr?%?a;g ?l,ur%t%,o‘%awécctls il
substrate transport chanmber havin n upward lift mechanism 606, a .
substrat e tPé%é‘g%{‘E’S*%&ﬁ‘éWWﬁs% Iﬁﬁgf@“ﬁaﬁ g S0epiPethiaihthe rsaireh fhe w@ild
607, an unl oadi ng _chanber

portion 508.  The evaporation source holder can be moved in the Z direction along the

rail portion 508 by driving the wheels.

10 [0081]

This embodiment can freely be combined with Embodiment Mode 1 or

Embodiment 1.

[Embodiment 3]
15 [0082]
In this embodiment, an example of an in-line manufacturing apparatus suitable
for a mass production system is described with reference to FIG. 6.
[0083]
Gateways of each chamber are connected to form a vacuum transport path in a
20  shape of a loop, and a transport line of a substrate holder is provided therein. A
footprint of the manufacturing apparatus as a whole is reduced by transporting a
substrate after deposition above a film forming apparatus as shown in FIG. 6.
[0084]

In FIG. 6, reference numeral 600 denotes a loading chamber; 601, a



having a downward |lift nmechanism Note that gate val ves are provi ded anong
each chanber. [0085] 10 The vertical vapor deposition apparatus descri bed
i n Enbodi nrent Mode 1 or 2, or Enbodinment 1 or 2 is used for the deposition
chanbers 602 to 604. [0086] At first, a substrate on which an anode is
formed is placed in the |oading chanber 600. A nechanisn1for vertically

pl aci ng a subgiAnend GaRivef;HabkL %eftgkgt?l@} Hamt ﬁf&ﬂ@hﬁ%ﬂb&ofm r(‘g%k(j}sr?i%]ga

hori zontal |y placed substrate vert cha
ded. S d, th t
Vel ve i s opéﬁééﬁgﬁﬁ%¥%la#§%a%‘f%gﬁ?c&oa ysc%gﬁ%,. ae%e‘fa%%?pﬁﬁﬁcﬁ%% i e

chanber 601 C@é{“ﬁﬁ % ?jg or.t bot or .the like. In the pretreatnent chanber
601, heat tr htor 5P Sl?fé’g% ight edittinhlayenpel4 grdepasition ghambqriadertstion | s
aligned, or the substrate is fixed to a 20 substrate hol der (not shown).

The pr et r eatGhembecivadprasitéanan degravirdspgomiayir ar freedctrdrr mirspon layerc 5aG1ias m
(not shown) for sequentially transporting the substrate hol der and

conpri se§ a subsingpoatspbitabahber Havirgy 41 dvend Iyt heasRer: DA AbHrME HahdpbrOf
substrate holders in a predeterm ned cycle. Subsequently, the substrate

hol der to whh&RbéhRaGMD S HRIZ8nIaP mAkRfdechC Acbiarfidmtesthd gO’P aagxr hlﬂgaaiﬂg%hgljﬂﬁer

deposi tion chanber 602. In the deposition chamer , an evaporation

material is hﬁWnk@@&@H\!er%i% %hgﬁgm Nad DG gxt%porv%tslaﬁ% P{S,Ogllil‘{lfic ?‘g,g Bzfczslced

noving in the Z direction to orm deposi n-onto"t
substrate. g{%@ 5 Subsequent ly, dep05| tion of a filmcontaining an
organi ¢ conpoun s sequentially perfornmed in the deposition chanbers 603

and 604, as [6&3 ﬁhe deposi tion

10 The vertical vapor deposition apparatus described in Embodiment Mode 1 or 2,
or Embodiment 1 or 2 is used for the deposition chambers 602 to 604.
{0086]
At first, a substrate on which an anode is formed is placed in the loading
chamber 600. A mechanism for vertically placing a substrate is preferable; however, a
15 mechanism for making a horizontally placed substrate vertical in the loading chamber
may be provided. Subsequently, the loading chamber is vacuum-evacuated, the gate
valve is opened, and then the substrate is carried into the pretreatment chamber 601 by a
transport robot or the like. In the pretreatment chamber 601, heat treatment for
degasification is performed, a mask (not shown) is aligned, or the substrate is fixed to a
20 substrate holder (not shown). The pretreatment chamber 601 is provided with a feed
transport mechanism (not shown) for sequentially transporting the substrate holder and
comprises a transport line for intcrmittently transporting a plurality of substrate holders
in a predetermined cycle. Subsequently, the substrate holder to which the substrate is

vertically fixed is carried into the deposition chamber 602. In the deposition chamber
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chanber 602. A substrate after deposition is carried into the substrate
transport chanber 605, and is raised by the upward lift nmechanism Then,
the substrate is carried into the unloadi ng chanber 607 through the
substrate transport chanber 606. 10 The manufacturing apparatus has a
mechani sm for taking out the substrate by bringing domn the substrate in

t he unl oadi ngyc Iﬁﬁ‘r@fgéorggg nté% @lﬁopgggtgg?o&tscﬁg 1th t Otevf Igfa{%%hgs%ljfcet hat

t he unl oadi ng chanbe urt connec to a

cat hode and hanber f.or,s so .that_the substrat n be transported
wi t hout bei ri%k&exp%wg%l lPothgteﬁD%E%Q?‘i’ do a?errfo”F‘nd"tHﬁ’é“’é’as‘eme‘?a VEEHEENr Rpeed
light emtti panel, a mask 15 is changed to forma cathode made of a
metal mat er S99 her eafter, a light enmitting device is conpleted by
sealing with a sealing substrate or a sealing can. In the case of

manuf act uri fgP&]ful | color light emtting panel, the apparatus shown in
FIG 6 is preferably an apparatus to which respective chanbers for R G

and B ar& appr opr Sabelquentbondupotitidn 64 NCgiliN@oRANGAe NEASedte R@nsRRAk ale! ¥
col ored by changi ng masks for each 20 color. [0088 % The nanufacturing

appar at us rr[g%qouiaaléigl7ﬁe&éﬁne~aslnS:'RQ\Manéin&i Chanfbds® 6B§‘_§1§836é)45 3 Shd htﬂa éfbnone

di rection. 89] In FIG 7 erence nuner al es an

chanber; P reat h e 2 a depo

(deposrtion éﬁﬁﬁbe§&% A epgéigiﬂg?a& lghtFaﬁgﬁgff“% Qgrlggggehgpgpon
injection | deposi tio chanber depagsi fion__chanber for
depositing & aﬁ/ %ﬁ‘i gogg”lapal Rgasad ) ﬂw?@ﬁ”afé ]dédﬁ’é‘ihf’i"@ﬁl c Hdw¥Be the( gbsBatetison 5
chanber for de positing an electron transport |ayer or an electron injection

| ayer); 705caftéied dEpIEF wnkrdingastsatber @8Pasi omgbrrh@:h@mstrete frorspoe phsinbem0@

nmet al Iayer serving as a
10 The manufacturing apparatus has a mechanism for taking out the substrate by bringing

down the substrate in the unloading chamber 607. Here, although not shown, it is
preterable that the unloading chamber is further connected {0 a chamber for forming a
cathode and a chamber for sealing so that the substrate can be transported without being
exposed to atmospheric air.  In the case of a monochrome light emitting pancl, a mask
15  is changed to form a cathode made of a metal material. Thereafter, a light emitting
device is completed by sealing with a sealing substrate or a sealing can, In the case of
manufacturing a full color light emitting panel, the apparatus shown in FIG. 6 is
preferably an apparatus to which respective chambers for R, G, and B are appropriately
connected, since the panel needs to be separately colored by changing masks for each
20 color
[0088]
The manufacturing apparatus may be laid out as shown in FIG. 7 to have a
seriate line in one direction.

[0089]

27



cat hode); 706, a deposition chanber (a vertical substrate sputtering
chanber for sputtering an inorganic insulating filmserving as a
protective filnm); and 707, an unloadi ng chanber. 10 [0090] The verti cal
vapor deposition apparatus described in Enbodi rent Mbde 1 or 2, or
Enbodinment 1 or 2 is used for the deposition chanbers 702 to 704. [0091] In

FIG 7, sealing ig,p o] or.m r ive filmover .a c ode in
15 the depositi onshclz hgr erﬁm'?g%pé{ﬁ%mg\[ﬁé‘lf}gl f? kqg gérng)géesn;éni i;g)\zllcehrlftgi 8%1?%6%37:0?’ 4
particularly limte t here The deposition anher 706 may be rep] aced
by a chanberp“f’%"’?&r%‘é%l‘%hﬁ‘&%ﬁ’tt7ﬁ2aa H%’é}‘ﬁ?‘ﬂf‘éﬁg%‘t &QP%S’B‘P“ ah%mfifﬂfggwﬁ%ﬁ“g@ogz]
An in-1line ufacturing apparatus in which processes of fromformng an

20 organic ﬂ:pgﬁﬁ‘?dfofti In¥stoRTt & hals iairsten dayero /A8 ng dgpesition deambbarr(dppysitian
sealing are fully autonmated may be conpl eted by conbi ning the

manuf act ur i thamppatoatdgpositimya light BinGiing Gawiry, WOthe deposifiac thunlg (dppaitiinus
showmn in FIG 7. [0093] This enbodi nent can freely be conbined wth

Enbodi meit Nhatebdr for déhoshing ad&I&mdadiamgirt thydr or2an clbQRIhjcA66013LAI7EL ot he
present invention, a manufacturing cost can be reduced by inproving an

:a; 1;i ci ency abpasitidr émgbén(a%ié@&@&ﬁfchg}ﬂb&aﬁo‘%r&@!osiﬁﬁg[Q%éll MOt QB ¥heAhE 2
ge substrate and a nmask prevented frombending dnd 1s a
cathode); 706, a deposition chamber (a vertical substrate sputtering chamber for
sputtering an inorganic insulating film serving as a protective film); and 707, an
unloading chamber.
10 [0090]
The vertical vapor deposition apparatus described in Embodiment Mode 1 or 2,
or Embodiment 1 or 2 is used for the deposition chambers 702 to 704.
[0091]
In FIG. 7, sealing is performed by forming a protective film over a cathode in
15  the deposition chamber 706; however, the present invention is not particularly limited
thereto. The deposition chamber 706 may be replaced by a chamber for sealing with a
scaling substrate or a sealing can.
[0092]
An in-line manufacturing apparatus in which processes of from forming an
20 organic compound film onto an anode to forming a cathode, further to sealing are fully
automated may be completed by combining the manufacturing apparatus shown in FIG.
6 with the manufacturing apparatus shown in FIG. 7.

[0093]

This embodiment can freely be combined with Embodiment Mode 1 or 2, or
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vapor deposition apparatus that provides uniformfilmthickness over an
entire surface of the substrate realized, but also a footprint of a
manuf act uri ng apparatus as a whole can be reduced. 10 This application is
based on Japanese Patent Applications serial no. 2003-184139 filed in
Japan Patent O fice on Jun. 27 in 2003, the contents of which are hereby
incorporateqﬁpymﬁg%g{pgpf. Al t hough the present invention has been fully
descri bed by way of exanple wth reference to the acconpanyi ng draw ngs,
it isto be{ﬁﬁ&ﬁrStOOd t hat various 15 changes and nodifications will be
apparent to 0Se skilled in the art. Therefore, unless otherw se such
changes and nodi fications depart fromthe scope of the present invention
her ei nafter defi neétcotdieg, o5 suprgsasé innsionue dnasfdssiring costlcan dd eihemedity. 29
VWHAT IS CLAIMED I S: 1. A manufacturing apparatus conprising: a filmformng
appar at us hawmpnyizg gregfsichcoof whamiyein angdoatipn epasralory chanber, 5 the
deposi tion chanber conprising: a substrate holder in which a substrate is
di sposedspefp@sdi cular to a bottom face of the deposition chanber and the
substrate is noved in an X- axis direction with the substrate kept di sposed
per pendi cul arlvy; i i ion rial. the
Doy UAPBICPL L 0 SR, M Wa R BYBREY R BaBhE b i

10 evaporation source di sposed”opposite it

mechani sm f i . evaporati on .source fr t.he preparatory chanber
to the depog?iﬁ(f%‘iépgﬂ%%g??‘if% 5 1 grovaden Yoo ghickso R4 ooitie Sulaee s
direction, a )

o? ﬂle substrate realized, but also a footprint of a manufacturing apparatus as a whole

can be reduced.

10 This application is based on Japanese Patent Applications serial no.
2003-184139 filed in Japan Patent Office on Jun. 27 in 2003, the contents of which are
hereby incorporated by reference.

Although the present invention has been fully described by way of example
with reference to the accompanying drawings, it is to be understood that various

15 changes and modifications will be apparent to those skilled in the art. Therefore,
unless otherwise such changes and modifications depart from the scope of the present

invention hereinafter defined, they should be construed as being included therein.
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15 2. An apparatus according to claim1l, wherein the evaporation material
is horizontally discharged fromthe evaporati on source that noves up and
down in the Z-axis direction. 3. An apparatus according to claim1l1, wherein
a sidewall of the 20 evaporation source has an opening for horizontally

di schargi ng the evaporation material, and wherein a plane of the opening
is coplanar with an outer surface of the evaporation source. 25 4. A

manuf act uhj h r nprising: a filmform ng apparatus having a
deposi ti M%’ﬁ%ﬁ@i@h@% eparatory chanber, the deposition chanber
conprising: a ‘FUbSté%ée r}olgﬁ in V\:hitCh a substrate is disposed

per pendi cul ar 30 t’ ARGEL n?fc?&%? u?_ﬁé’"&fgbsé@@'ti on chanber and the
substrate is n@ﬁﬁﬁ'f{bﬂhiﬁ? abpafetus HAVIrRCA epo¥tibA chh%b%ﬂ%ﬁ@ﬁféd@@@&)r@ sposed

perpendicularly; 30 a plurality of evaporation sources, each of the
pl ural i t yCh#Mb@&yapor ati on sources having an evaporation material and

di sposed opposi i he I?Ht? te . . a plurality of novenent nechani sns
for m%'vi ng thzﬁ]%qu g)lsfttoy % @éé%)éﬁ%?sjﬁ&on sources fromthe preparatory
chanber to the depassubsinatehtaiderin wiich Zsabxdtratdiis etdpiosdd Perpagtiogbrt o t he

X-axis di rect‘%%?. 5. An apgar atus according to claim4, wherein the
evapor at I8 PoRrafage of the depositnrrngmbes 8hd tr sUbstEateds mavgskingeXof t he

8: ;”62![: E)%a!x@g dirdEiVARAHRE SAPsPAUNESE didhdbedPErSetticaBflydown in the Z-axis
an evaporation source having an evaporation material, the
10 evaporation source disposed opposite to the substrate; and
a movement mechanism for moving the evaporation source from
the preparatory chamber to the deposition chamber in a Z-axis direction

orthogonal to the X-axis direction, and

15 2. An apparatus according to claim 1, wherein the evaporation
material is horizontally discharged from the evaporation source that moves up

and down in the Z-axis direction.

3. An apparatus according to claim 1, wherein a sidewall of the

20  evaporation source has an opening for horizontally discharging the evaporation
material, and

wherein a plane of the opening is coplanar with an outer surface of the

evaporation source.

25 4. A manufacturing apparatus comprising:
a film forming apparatus having a deposition chamber and a preparatory
chamber,
the deposition chamber comprising:
a substrate holder in which a substrate is disposed perpendicular
30 to a bottom face of the deposition chamber and the substrate is moved in an X-

axis direction with the substrate kept disposed perpendicularly;
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6. An apparatus according to claim4, wherein a sidewall of at |east one
of the plurality of evaporation sources has an opening for horizontally

di scharging the evaporation material, and wherein a plane of the opening is
15 coplanar with an outer surface of the at |east one of the plurality of
evaporation sources. 7. A manufacturing apparatus conprising: a film
form ng apparatus having a deposition chanber and a preparatory 20

chanber, the deposilfi r l S| ng; u a I i ich a
substrate is dispos%nggéﬁgggféa%§£P£¢%4ggﬁg??%ngéééeggﬁﬂghgﬁ%gwgsﬁ?ion
chanber agvhpdrationBstrcaisehdvingravesidpdrationimaadtia shd eisbossad Gipbbsitd ¢o
substrate kept disposed perpendicularly; 25 an evaporation source having an

evapor at i B SHsHRI%IaN% he evaporati on source di sposed opposite to the
substrate; and,a ' f ' h t ur.ee from
the. pr opar at or) EREARLr O o ERd Ao Ao B, ToR e he, AR CBEF on

or t hogonadvaporation Xearces feomehe iprapa@fonyhehraanibert toether depositicoor ghamasber in
which a f.ilmthickness neter is ovjded i.s connected to the deposition
chamber. 82 Taxﬁg'é%%%‘? J%O%%chh?gxtad“%ﬂﬁ??ﬂoﬂ- wherein a plurality of
preparatory chanbers are provided to sandw ch the deposition chanber. 5 9.
An apparatus according to claim?7, wherein the preparatory chanber has a
plurality of f3. m tAncaprarstuseascerding dof tairand, diviserairc dse f e\@parakon

evaporat'rﬂgte?ﬁvrigehorizontally discharged from at least one of the plurality of

10 evaporation sources that moves up and down in the Z-axis direction.

6. An apparatus according to claim 4, wherein a sidewall of at least
one of the plurality of evaporation sources has an opening for horizontally
discharging the evaporation material, and wherein a plane of the opening is

16 coplanar with an outer surface of the at least one of the plurality of evaporation

sources.

7. A manufacturing apparatus comprising:
a film forming apparatus having a deposition chamber and a preparatory
20  chamber,
the deposition chamber comprising:
a substrate holder in which a substrate is disposed perpendicular
to a bottom face of the deposition chamber and the substrate is moved in an X-
axis direction with the substrate kept disposed perpendicularly;
25 an evaporation source having an evaporation material, the
evaporation source disposed opposite to the substrate; and
a movement mechanism for moving the evaporation source from
the preparatory chamber to the deposition chamber in a Z-axis direction
orthogonal to the X-axis direction,
30 wherein the preparatory chamber in which a film thickness meter is
provided is connected to the deposition chamber.
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10. An apparatus according to claim?7, wherein the evaporation 10 materi al
I's horizontally discharged fromthe evaporation source that noves up and
down in the Z-axis direction. 11. An apparatus according to claim?7,
wherein a sidewal|l of the evaporation source has an opening for

hori zontal |y di scharging the evaporation 15 material. 12. An apparatus
according to claim1ll, wherein a plane of the opening is coplanar with an
outer surface of the evaporation source. 20 13. A manufacturing apparatus
according to claim3, wherein a shape of the opening is round, elliptical,

rectangul ar, og, el Oﬂlﬁa\fiﬁﬁa@% ag8shraing td4clafmMamuivieldini B pARBRKAIHS
according to claim®, erein a shape of the opening is round, elliptical,
r ect angul Riiepgratenoeipmbers aetriayidedrto sapgwich the depnsitiost chambeappar at us
according to claim 11, wherein a shape of the opening is round,
elliptical, rectangular, or elongated rectangular. 32

5 9. An apparatus according to claim 7, wherein the preparatory

chamber has a plurality of film thickness meters at different distances from the

evaporation source.

10.  An apparatus according to claim 7, wherein the evaporation
10 material is horizontally discharged from the evaporation source that moves up

and down in the Z-axis direction.

11.  An apparatus according to claim 7, wherein a sidewall of the
evaporation source has an opening for horizontally discharging the evaporation

15  material.

12. An apparatus according to claim 11, wherein a plane of the

opening is coplanar with an outer surface of the evaporation source.

20 13. A manufacturing apparatus according to claim 3, wherein a
shape of the opening is round, elliptical, rectangular, or elongated rectangular.

14. A manufacturing apparatus according to claim 6, wherein a
shape of the opening is round, elliptical, rectangular or elongated rectangular.
25
15. A manufacturing apparatus according to claim 11, wherein a

shape of the opening is round, elliptical, rectangular, or elongated rectangular.
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