; e3e. 4) 6n6T. gMANUFACTURI NG APPARATUS BACKGROUND OF THE I NVENTION 1. Field
of the Invention 5 [oool ~ The present invention relates to a manufacturing
apparatus having a filmform ng apparatus for depositing a material that
can be deposited by vapor deposition (hereinafter, referred to as an
evaporation material). The present invention relates to a light emtting
devi ce having a | ayer cont aMANYFACEURENGARPPARATNS as a light emitting 10
| ayer and which is forned by using the manufacturing apparatus, and a

manuf acturi ng nmethod thereof. Specifically, the present invention rel ates
to a nethod (a vapor deposition nmethod) for formng a filmby vaporizing an

evaporation nmaterial from g piiEROl %%WMGNSOUI’CGS di sposed to be
opposite to a substrate ang—a—rm'm'p?cbt‘un—ngm' : 15 2. Related Art
[0002J In t ars, active research on a light emtting device having
an EL el err%'glefl%@so%ges@w?mf%m nous |ight emtting el ement has been advanced.
The |ight ﬁ;B'@tiing 20 device is also referred to as an organic EL display
or an o§ga 1 ight emtting diode. Since these light emtting devices have
characteristics such as high response speed, |ow voltage, or |ow power
consunpti on dri vithgy psesentabiventiar reteics godi sypdnafactirhgyamtatatec haviag atient i on
for a next generation display including a new generation's cellular phone,
a personal faliniig appaeasd firalepodifity ) méridl Bat! daki e db psi{eQQ§r5\1*a P dEposicanent
using a layer containing an organic conpound as a PI ght 10 emtting |ayer

has a strugfedifaticd NMRIrfeld 8 ok %%%E&Qﬁ&i afé?igf’)p’[ﬁé %?ééhlg diﬁgég{?f%ﬂr}glates to a

(hereinafter, referred to as an l'ayer sand ween an anode
and a cath ElLectro. | um ence is.generated in the EL | ayer hy.

Sl vi g abE et defice MRV NS ZonBitEn e BlaBiclBmprtnd 1 4 Pt Beecniting

obt ain fromth el enent, i ncl. udes | um_ nescence generated in returnin
to a gf(gun[fy &t %Ptd:WEIrLCBﬁ go@eﬂdﬁye‘{m&&’ﬁt’%@“&c&{f@g(%%&%é@?\ééﬂa%ﬁﬂ?mﬂng °

| um nescence generated in returning to a ground state froma tripl et

exci ted stBetodptsephor drsstirally.. theOpwagnt Tinwermion| sojates has metlad (ratvepbor
structure as typified by "a hole transport layer/ a 15 light emtting

| ayer/ an d¢posttioomethadisfoofornhiay er film lby aghdiitingrn dapomtien inddt&idl Grorh @r M ng
an EL layer are classified broadly into | ow nol ecul ar wei ght (nonormer)
materi al s pinehtity obF w%@eﬁi@r sHECAN didpRd T8 De BB hS - a THBstAW L geul ar
wei ght materials are deposited using a vapor depoOsition apparatus. [0005] A
convent i onghq¥aR9fin ﬂtgﬁ'oon apparatus has a substrate hol der where a 20
substrate is set, a crucible (or an evaporation boat) encapsul ating an EL
mat er i (an evaporation material), a shutter for preventing an EL materi al
to be sublimed from ascending, and a heater for heating the EL material in
the cruci bé;ﬁ( The EL material heated by the heater is sublinmd and

deposi ted latpd ALk i ng substrate. At this time, in order to deposit
uniformy, the distance between the crucible and the substrate needs to be
1 mor nor®90Ebo0o6]

In recent years, active research on a light emitting device having an EL 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 respoﬁse speed, low
voltage, or low power consumption driving suitable for movi;: 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.




2 When an EL layer is formed by vapor deposition using a conventional
vapor deposition apparatus or a conventional vapor deposition nethod, nost
of the sublinmed EL naterials 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
chanber. Thepgsflore, in formng the EL layer, an efficiency of utilizing an
expensive EL material is extrenely lowi.e. about 1% or |less and a

manufacturing cogf, ¢f Qle}rfeﬁthhsfﬁg} { t(ljﬂéfeg Y 'n%ngdpecororg%ensi Vc%%%gﬁn&c?gfaag

According to a conventiona posTtion pa

bet ween a 10 ubs%rat and an ev source is, required to be 1 m or
more in or §&P ?F & G, Siﬁlhférlﬁff"crh?%@é‘g anT IQEEARIC CAMPPWK v apor
deposi tion apparat us grows in si ze and a period required for exhausting
each deposi(BFreRattiaraberedsp asiae Elaloyer) depodwicheh beipsan an asodesandractatinged,

t hereby sl ow ng down deposition speed and | owering throughput. In using a

| ar ge s@bsthletw, lufiihescenve dk gerssatedisi the BE doyee Syuipplyting bib cRcfie G@diE®the
portion and a margi nal portion of a substrate. Further, the vapor

deposi ti on aap@arnal Ue heBh@lest NuGhinbRech& obRiRHI H8m ti%JlEEL re@én?ent tllﬂalilaésor e,
thereis alimt to the vapor deposition apparatus for handling a | arge

substrate. 1§ @RQ&entd Eﬁ&?ﬂe J}ngSI gvg adggcﬁlrnh erﬂ%ﬁ £ rgﬁ'ilgr 1t m%cﬂ%cg sal

i nventors propose a apor ion paratu fere panese
e Lo G Sl 0 RO EL80 BB el RBRSR  or
_SUMVARY O:e;gt%dlslt\sli\tlg (I\Il)-[l C]¥10rescence).

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 evaporation boat) encapsulating an EL material (an
cvaporation material), a shutter for preventing an EL 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]



[ ool 0] The present invention provides a vapor deposition nethod and a vapor
deposi tion apparatus as one of manufacturing apparatus that pronotes an
efficiency of utilizing 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 deposi ti onvaRRAMENayR G Fmed B0Fapdfh jsitioﬂnﬁg@t?%&gﬁl&gat@:vggoéo the

present invention, and a nethod for manufacturing t

device. [O o] esent_invention also provides.a vapqr, deposition
appar at us t9 %%(%Sltg)n?leé%gﬁagf Saostsaué)os ‘rat e alf r%l m ggﬁ%sﬁhodi. m%%‘,od’t ]ﬂggpogégeeﬁ ?’in?ﬁ?le ntion
al so provi %‘cis uni.form féﬁ m t hi ckness eyen for a whole surface of a_l arge
subst r at e, HL Ratcrsly argadhergdion ingewally a shatter orgn adfisrenss preysetivenhigddo nm x
720 mm 680 mm x 880 mm 1000 nm x 1200 nm 1100 nm x 1250 nm 1150 nm x
1300 mm oivhitheis|q pretective pRE1DY previentingan svapstatiameniteriall from edhatmgasian on
area; therefore, a larger anount of EL material is required. In the case of
a convedt i ommal wallpdra dbppsition ichambeet hohereforaptin ¢hmiihe tidi BE. 2@ dnaiifeencyt he
substrate and the evaporation source is required to be 1 mor nore. Al so,
an ef fi ci eRe¥tiGkingldn txglcAdvAEICKREIR :j@ G%M%QBW?il.c.'a%oWﬁ%eHPl%s lag&\’iaaL Q:.

20 about 1% or less, a large amount of EL material 1s required In

cruci ble ( rati.on. boat) . reover, throughput is | owered since it
t akes nore %nmcﬁ'\éﬁgg;g Otfﬁélggg?[ﬁ%t U 8@‘%ESYF1£¥E’{%Ba| contained in the
| arge cr uci[(i)dog until the deposition rate becones stable. Further, since
subst ances I'not easily heated nor cool ed under vacuum it takes tine to
cool the EL material. Specifically, when a |arge amount of EL 4 mat eri al
is divided into Acgerding|tp ggonyentiona ivepersieppsitidreanpapsus] tlief digtaide betwezont r ol
the deposition rate of each crucible; therefore, it becones difficult to
keep fil®m sibsakizess aavempoltioeemate isenegiired tocbepl ut at ivoye Bf ordeBioestain a
cruci bles, and the like are provided, it is difficult to provide a
plurality eimivighbhitdn Bikpesat m&c&ﬁwtﬁ@%aﬁhi%ePesiﬁémﬁﬁpaﬂtﬁé SORRGESize, I N
quality and shape thereof. [0013] In the case of depositing over a |arge
substrate I: . S| nter of. a substrate
bends, t he SRS o8 rana 3or LRGSR or MR of HY Flpof asRaBith
~ Consequent | robl em of .a yarj ati.on. of attern.due to,a 10 difference
of adhesi vgﬁ%aéitu%)slscﬁ nEedn %Wgt’% uHeYing éi%g{ij'r fdgpositiqn $pagd I‘W%]t ARV SFHiSor
deposi tion apparatus according to the invention, a substrate (and a nmask)
i s prevent BHOYSIBHE hdAISIRE Bylates| wibptsjest film Shisknesateasihl heromrs wisnen dwlaar t o
a horizontal surface, and the interval distance between the substrate and
t he evépor atlitempdrion cad ce masginalr patien of @ subpsiratal | Fulierctheovapoe slsposition
preferably 30 cmor less, nore preferably from5 cmto 15 cm The
ef fi ci encyapparatis hiasza siguchiic SRR DSUDERALE) thadefB,thEMIio W AiMRivto 1h8 vapots
mar kedl y enhanced and one or both of the substrate and the evaporation
source ar edamhfiibn AppARIuY forl RindLiAEPRRsd dBRfhanber, according to the present
i nvention, an evaporation source holder to which a container encapsul ating
an 20 evapﬁj@,tg' on material is set is noved (or shuttled) at a constant
speed only 1 n one direction (Z direction, for exanple) with respect to the
substrate. The spybstrate i§ transported in a direction (X direction, for
exanpl e) orthogo Y’e‘f’(?tfl%}f‘Feai}%Qgﬁifﬁ'ge‘&iPW@&“?S@ﬂmcﬁmﬁcﬁémé'%B@rfﬁ?ﬁ’%ﬁ ag@pPice
hol der (Z direction) at regular intervals. [0015] 5 Adhesi on of particles
can be2¢ eddenagitiop apppratusdReferencach: dgpanesw BatentabeidgdDpaneNo.1 20Hd2 7958 ngnda
footprint of the vapor deposition apparatus as a whol e can be downsized.
[0016] A sReferdnee €: dhpanbse PateminLaidOpitinsNG.02002-60926 s ofd artddcmt isolings a
manuf acturing 5 apparatus conprising a filmform ng apparatus which
evapor at est@rhbgv@m[);@;ﬂspn material from an evaporation source disposed
opposite to a substrate to perform deposition over the substrate, wherein a
deposi tion chanber conprises: a noving neans (substrate transport
mechani sm) in which a substrate plane is di sposed perpendicular to a bottom

face of the deposition chan%%&h&%sm}enlic%mved in the X-axis




10 direction with the substrate kept di sposed perpendicularly; an
evaporation source; and an el evati ng nmeans (evaporation source hol der
novenent nechani snm) of the evaporation source in the Z-axis direction
orthogonal to the X-axis direction, and wherein deposition is perfornmed by
repeatedly noving the substrate in the X-axis direction at regular
interval s afgi@q the evaporation source is noved up and down in the 15
Z-axis direction. (0017) A plurality of evaporation sources nay be provided
for one depositi r: | d enahbl e co-evaporation or nmultilayer
deposi ti on. Anot ﬁg{r: C@t@%ﬁgtlﬂ%é@@% Og}d%? easgf?li of ﬁ%oﬁftll(’g'n Hlleim% %‘%Lﬁ 3éWr i ng
apparatus conptising a filmform ng _apparatus 20 i ch evaporates an
evapor at i oﬁe%ftm 4 aW‘B‘rﬁSefH’eé{deﬂ%'é‘l‘ t’g?f‘gsw PaIeEPtes FBgdtisigngyofy
substrate tq performdeposition over the substrate, wherein a deposition
chanber coipliziggan EL mapgriplgo fedues ajmanyficairing costandristecelkairia undomiitpars ed
perpendi cular to a bottom face of the deposition chanber and the substrate
i's moved i throtghpt afifernding ent Ebriaydrt hFedtier,sthbSireshe inseptior ipspddech light
perpendicularly; a plurality of evaporation 6 sources; and a plurality of
- novenent mesling Sdevade mi@uRictired By (8 VRGP AeASith SPPAARS HRE vapaxi S
direction orthogonal to the X-axis direction, and wherein co-evaporation or

mul til.ayer it & ! £ O, i in
The X axi Ao ool ScRREE ISR, R BRRhES Y TR Mhod R e ALE
evaporat i o&eslgnﬁ[t]cest .arﬁ moved up and 5 down in the Z-axis direction. [0018]
A preparatory EhETEps %K)f‘?‘ig a filmthickness nonitor is preferably

provi ded tm?nect to the deposition chanber. Another structure of the
present in on is a manufacturing apparatus conprising a filmformng
appar at us whi ch evaporates an 10 evaporation material from an evaporation
sour cel®@i sposed &pporisend inention alsetpranidest pviper dopositihepaphtatsrhaveevenhe
substrate, wherein a deposition chanber conprises: a noving nmeans in which
a substrat e mibamatei fordi bamaifigg [y, pde dpresdnarintention balsd Proviaae uiforn €ilm
deposition chanber and the substrate is noved in the X-axis direction with

the subst r afiekre@PévedlifoPOGRBIRAHRENEH! £1kA dubstrAL 18V SRPHA k900 3QH! £/ mANd an
el evati ng neans 15 of the evaporation source in the Z-axis direction

or t hogonal tg@nt i ! i er ej p ra cha in_which
a filmthi ékﬁgs@ﬁﬁé?g?ﬂllﬁs}pggr(gv&%e Oll)églc%??lgc eﬂgftgﬁ}%é{%aggp%’glﬁ%%gnber,
and wher ei ositjlon is for by re t edl vj hg the evaporation
source up g%@?‘glghﬂt‘l{)@mﬁ§ lggélﬂ[%’rﬁgpgﬁ??‘(}ﬁﬁﬁmfnr%\}ggbk‘?he substrate in the
X-axis_ direction at regular intervals after a predeterm ned deposition rate
is obt & neEOOZQ in the preparatory chanmber. (00l9] According to the above
structures, a plurality of filmthickness neters (i.e. a filmthickness
meter for a host Antatger sulisfrate Hak llargethdaplosiées areet trerdfore, a laggamhoumabé BlLal
etc.) may be provided for the preparatory chanber at different distances

from the 7mategiahporegbiral) I8UKE Gase TNV ARRRAIN 4por depdseorPRemed $i WhsdnUr es,
a plurality of the preparatory chanbers are provided to sandw ch the

deposi ti ongehfisthede bemé'eneﬁfl@@%ﬁfailé)ﬁh@ﬁﬂér&ﬁpdrﬁ%&ﬂt)ﬁgﬂég fs%?l_i@rems fﬁg@gﬁt ory

chanber to anot her preparatory chanber throug eposftion cha

Subst a6 B0 FcloRf BF nHFRRS b RPpRe RETEBHT R s BEB e kpendea

b roviding the plurality of the preparatory chanbers having the film
t Ki Ekn%%s ﬁlfgjmt il Br 16@8,]' Egb%g amount 0‘% EL material ¥s required in a large mguciblc (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 easily heated nor cooled under

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




According to each of the above structures, one kind of evaporation material
is horizontally discharged fromthe evaporation source that noves up and
down in the Z-axis direction. joo23] 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 cont ai nermatrsdd ibadivided e@bud @hirliNly ofS cibdKsd adbokdds ANFFRUANE! @@ tPeni ng
(or a guide) on a sidewall. The contai ner has a mechanismfor horizontally

di schar gi NalepRiRARA 8f bR LRI HlordrbRMid fioRXE Rt A ORCRI icialdsd 0024]

Anot her structure of the present inventfon IS a manglé act urrng appar at us

atrial | freosaligyat A ORR BRI o Pl REOREE R A R RSl s

perform deposi tion over the substrate, wherein an opening for_ horizontally
di schar gi né‘l‘%ﬁ“]}é%w 1t pplupalits pf dentical gvapomtiog; s@ueres fue tossmathdifferapres,
container to be placed in the evaporation source, and a plane with a

m ni muPdi dnaeality ed shape 8ppeanfng is coplanar with an outer surface of the
container. (0025] 5 The evaporation source may be changed i nstead of the
cont ai ner §80i#§scri bed above. In that case, the evaporation source also has
a feature thatis provided with an evaporati on opening (or a guide) on a

sidewal | . The evapefeaddsedf HePosstngd dverd MRENABEEAE 2 PAVAOMRHc¢ dow -
di schargi ng an evaporation naterial fromthe evaporation opening. 10 rt0026]

proher st bt €l o(LRCPEESIL L DNEA O, 8, APALLACLHL L T SHRSLA

conpri si ng ormng appara I'cheva

material froman evaporation source disposed opposite to a substrate to
per f orm de&%}‘tlﬁo ¢ “t “§?ﬂbl§'t“§;3étae}"‘%%é? &fnyé(ﬁ“?ﬂ%h%@ PHIThARE 281 al | y

di schargi ng.an evaporation material is 15 provided on a sidewall of the
evapor aPi oRlilédenceof adirgiveness dneaused pmtic substiaternwifage-amet er of the opening is
copl anar WI[(t]Oh (im outer surface of the evaporation source. (0027J

14

In the vapor deposition apparatus according to the invention, a substrate (and a

mask) is prevented from bending by placing the substrate planc 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 ¢m or less, more preferably
from 5 cm to 15 cm. The efficiency of utilizing an evappration material and
throughput is thus markedly enhanced and one or both of the substrate and the
evaporation 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 oaly 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]




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 tenperature, and prevents the opening from being cl ogged. (002s]
According to the above structure, ‘a container containing an evaporation

material to be plAaheson Bf pARICRYARAMRL feiced By G&ii:ﬁlysﬁlﬁéiﬁgﬁdﬁ@s@é{e thnppPer
heater and a 9 | ower heater those can be controll'ed theéir tenperature,

Warnity. of ARG ARAIEREL b B AL AR B s S8y H AR, |

form ng apg%ﬁt}us of the present invention, the manufacturing apparatus can
be provided Th-“an in-line manufacturing apparatus to which a | oadi ng
chanber, a transport chanber, and a deposition chanber are connected in
series (exanpl es?: Hetsge ofihe denien disdped. inghisspedificationds @] mamifaurering

manuf acturi ng apparatus nay be a manufacturing systemin which w thout

usi ng adcorpparaius nedmpisingaian&im  foymingalapparatubrwelich gévapsrateet id evaporhtien | i ke,
an EL material is directly contained in a container to be provided for the

vapor deposnitértal fgypasiBieyspaitor Rowde ClispdeRd Dppbdife toS aPaIkR4EEd kg t he
container is transported in the deposition chanber. An integrated cl osed

system t haldepéditidd SNE fife wﬁﬁkm%,%lﬁ%lﬁ 59%&%?@%&?1?3@?&%&3@5%0%@% aRQRAt ! on.

material refined at a material maker as™ we au
manuf act uri I es _throu t. can he reali,zed. These and
ot her obj eé%]gj,s ﬁ?tggﬁdﬂr@gﬂ%ﬁﬁ%\%% Shach aogﬁ{%ﬁ%te ﬁ?aé’?éﬁfhspﬁ?grﬂﬁfp&ﬂlwgf Hecone
nore apparen on. reading.of the follow ng detail ed description along with
t he acconpé‘n%’%ﬁ’pnh?%% gf‘gg‘."’ @?I’OgﬂPEFChEEg@?PF‘%“@\IS@S“ﬁQE‘SDRAW“EIE&SthenXtWéS
acconpanyi ng draw ng/s: FIGS. | A and 1B are a perspective view and a
cross- 48ct idhseton with teg substrptekepbdispergd asrnendicularly Eab ovipesmion Modme1)nd 10
FI GS. 2A and 2B are cross-sectional views of a container (Enbodi nent Mde
2); FIGS. 3A alwdaidiy shows c(evapapiomt sonrce( Hohizdi mentmbdrdencbhanisthCof 4#e and
4B are a top view and a cross-sectional view of a filmformng
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 opposite
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




5 apparatus (Enbodinment 1); FIGS. SA and SB are cross-sectional views

showi ng an exanpl e of an evaporation source hol der (Enbodinent 2); FIG 6
is a side view of an in-line manufacturing apparatus (Enbodi nent 3); and 10
FIG 7 is a side view of an in-line manufacturing apparatus. DETAILED
DESCRI PTI ON OF THE | NVENTI ON [ 0031] Enbodi nent nodes of the present

i nvention abercelgasd b pBdaltgofimtAtieht mdéhah SHGAhE PRl 6L cvabofABR3 2burbty

exanpl e of a manufacturing apparatus of the present invention is described

with referepgg i—ﬁ){ighﬁcti&%ﬁggos@éo %192%%](15 %Ee&io% andWhieid B ﬁ%ﬁﬁ‘l\’}:{%\,\/\” ew

of a vapor deposition appar at n 'S & Cross-sectio

correspondi ng..to FLG 1.A .Referencge nuneral 100 denotes a depositjon,
chanber ; 16‘1‘3“%3’?%6&0?1&? 8,18 |p6§?rr%e b deneatedish Boyme: t?‘iéﬁl?s"?t"s ﬁ’oﬁ’(er TaK1s

transport mechani sm 104a and 104b, evaporation source hol ders; 105a and
105b, evapé‘ff&?tmrﬁt§%ﬂ%éﬂ%ma&@ﬂeﬁthapnrgm SOHOBS oY HIp arfd | m
t hi ckness nonitors; 107a 11 and 107b, shutters; 108a and 108b,

pr epar ab or yowndmtherZ-axis dgpetin vel y. [ 0034] Steps of deposition are

descri bed hereinafter. (0035 5 At first, the deposition chanber 100 and
t he prepar §@@8y chanbers 108a and 108b are vacuum evacuated to vacuum
degree of at nost 5 x 10-3 Torr (0.665 Pa), preferably from 10~ to 10-6

Torr. The deposi t SRp&HRMEhandtl? hﬁmﬁ%@ﬁﬁ{é‘?&&%ﬁﬁ%%&hégméfﬁbli}g’g&"gg&d 108b

are connected to a vacuum evacuati on cha can be*vacuu

vacuunm ev a‘%(&l %ﬂlﬁgt R)r thQ %CH&%?JH gﬁa%%g h ei&fl{&h& r S?I'SUSC IIIi'ﬁe OP %ebﬂrés%%{ Pl'g’eliltll:.]()ﬂaljg a

manufacturing 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, 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; an evaporation source; énd 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 moviﬁg
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

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




10 inert gas after the vacuum evacuati on. The above-descri bed vacuum
evacuation chanber is provided with a nmagnetic |evitation turbonol ecul ar
punp, a cryopunp, or a dry punp. The punp nakes it possible for the
transport . chanber connected to each chanber to reach a vacuum |l evel of from
10-5 to 10-6 Torr. Reverse diffusion of inpurities fromthe punp side and

t he evacuakigoraivaisoticean be prevented. In order to 15 prevent inpurities
from bei ng brought into the apparatus, an inert gas such as nitrogen or a
rare gas i OM§$d 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 nmachi ne

prior to being brught into the apparatus.  Accordingly, a gas refining
machi ne needs toAﬁ‘é‘%gf"&}PdE%la %Vetg‘g’%c{“ esgﬁé’hirghtﬁi%HF%P%‘BW“FJ%EG}‘%?QS? 8%t s
brought into the vapor deposition apparatus. In this way, 20 oxygen,

moi sture, &FYISdHesandisch ithg deposisian sBambaroy THe £yaperativa sgurce iinmatehiron;
therefore, these inpurities can be prevented from bei ng brought into the
appar at ¥s. oheqBejarstorsochamber ta embtieniprepasstony apanbdri thmoupht el dbpdsitiqal aced
in the evaporation source holder in advance, and is pre-heated (heated to a
| ower t enpehabbsrethefbyparforiidng ondlidd GHldepositiGREMAFR AN Ppla8RPRBEEAON) 1N
the preparatory chanber 108a or 108b by resistance heating. [0037]
Subsequent fop21§ he substrate 101 is fixed to the substrate holder 102, and
is 5 nmoved into the deposition chanber 100 and to a vicinity of the

evapor ati on sour ge;: e \ . yechani sm 105a by bei ng transported in
the X direction %nh{éﬁé%défpg}s%i f“rﬂggﬁ%ﬁ%ﬁ%g}"ﬁ‘% C@ﬁ’?ﬁ '%/Xr]ifén%lgﬁ%’é't pRviding theo q
vertically P tthe ﬁ‘ubstrate t anﬁgort nechani sm 103. In _the case of
sel ecti vel 9%‘8”& CRLCRIEIONi R PBRes Paviag iy Bimngugknessgpenitohe substrate and
the mask may be fixed to the substrate holder after aligning the 10
substrife 2l he mask. [ 0038] The evaporation source holder is heated in
“the preparatory chanber to such a tenperature that filmthickness rate is
stabilized, whilAcemdmgrtdrachwof thetabavd sthuohirkd, oka&snl obdiapoation maf@RBY] The
shutters 107a and 107b are opened, and the evaporation source hol der 104a
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 evaporation material from an
evaporation source disposed opposite t0 a substrate to perform deposition over the

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



is noved or shuttled in the Z direction by the evaporation source hol der
novenment nechani sm 105a to perform deposition. The Z direction is parallel
to the substrate placed vertically. Here, a mechanismconprising a rotating
belt, a rotating roller, and 20 the like is given as the evaporation source
hol der novenent nechani sm 105a; however, the present invention is not

parti cul ar lpyovidedd dnOsileAIESOa co¥iai ca; | ' b ZRAt

di scharged!IJ and is deposited Overﬁég@gg%?ga!ggd‘g#m%ﬁg&ﬁ&gart%o?lggﬁc&}d&ﬁggiel?e
substrate. r : i fel i s .perfar W f: h vapor at i sour ce
ol der - 1043 ot R, AP o BF deSuRE s JoBil b el AERAR Oy
chanber 108a.. .13 Wi |l e the evaporation source hol der stands by after
noving to tcﬂlétalﬁ?repar atory chanmber 108b through the deposition chanber 100,
t he substrite is moved in the X direction at a certain pace. Then, the
evaporatio 0®5lr ce hol der 104a is noved to the preparatory chanber 108a

t hrough the deposition chanber again. A frimthickness rate can be 5
measur edl i-n eit h&he evapopatapasoatermay haoharzed Gidteadr of 188 kontGmes andeatibad
thickness of a filmto be deposited is easily controlled and a |ifetinme of

the film tabsdeness (a0 BhdeD theCvapiiatiex sdeteslso hR0A QanPy ARl AUSBYid¥d whifhCan
substrate is noved to a vicinity of the evaporation source 10 hol der

movement ngehapitHm é&%@?ég%(g{ Plﬁ 5&%&%’? {o’ﬁaﬁ SsiddvPHie POfte @@&?ﬂioﬁ”&(ﬂlﬁ ce Ith reaei, S a

mechani sm conpri sin a rotating roll and
present

given as t &f{? I transpor.t .nmechani sm 103: howeve th
i nvention ?‘gecgo a'é)af?l{ ﬁ%ﬁlﬁoélpaﬁv fﬁlfqlﬁa{gélbg PhEYHH? 10&3“‘8'@5‘81: frB'é'dt?‘ﬁt?Swratf%
shutters are qQpened; and the evaporation source hol der 104b is nmoved or
shuttl ed i iPYM%E-Z direction by the evaporation source 15 hol der nmovenent
mechani sm 105b_to perform deposition. [0041] In this way, nultilayer
deposi 89 on{®¥EAl be performed. Here, an exanple of a deposition chamber
provided with two evaporation source hol ders and evaporati on source hol der
nmovenment nechani Amethes sgiuvtarg dfothevprescrit hiaveitRee i ai meatfacfing Sagpatatdd
particularly limted thereto. Three or nore evaporation source hol ders and
evapor at | Obomprising a film forming apparatus which evaporates an evaporation material from an
evaporation source disposed opposite 10 a substrate to perform deposition over the
substrate, wherein an opening for horizontally discharging an evaporation material is
156  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.
[GO28]

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



source hol der novenent mechani snms may be provided to continuously perform
deposition. [0042] A shutter different fromthe shutters 107a and 107b may
be provided for the 14 evaporati on source hol der, or a substrate shutter
may be provi ded between the evaporation source holder and the substrate.
[0043] Here, an exanple in which the substrate transport nmechanismis

provi ded onowehaitatahadel caff bd Bent@HBO Shdii wmdp&mﬂ@,e Fespcti@tMENThE QPEYES s t he
substrate transport mechani sm may be provided on the bottom face of "t he

deposi tion r I I 1St ] - val en

t he evaporéf?%ﬂkggﬁrggﬂko 8e§g§ﬁgﬁgﬁéﬂgig§f?§?g§éggﬂ%gB%ngﬁgghﬁmfgﬁ%%g45]
The vapor qlgﬁltglsi tion apparatus shown in FIGS. | A and 1B can prevent even a
| arge substratée from bending by vertically placing the substrate, and

provi de uniﬁ@ﬁ) filmthi ckness on an entire surface of the substrate. In
addi tion, J apor deposition apparatus can prevent a mask for the | arge
substrate from bending. 15 [0046] In the case of perform ng co-evaporation,
a pluraPity of t &y wgdiitmifomisgappaatos ot e prescotiventices tenmsmegad05ag and
105b are disposed at narrower intervals as shown in FIGS. 3A and 3B. Each
evapor at i orppeatuercai 2t prayideé ia @nciedirer aemdactifies apheitiate Wliclaplsapng at el y

adj usting directions of each evaporation opening to 20 sinultaneously
per form evapahbél QNtrahdpBA] chamber, and a deposition chamber are connected in series
(examples thereof 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 integrated 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 DPRAWINGS
In the accompanying drawings:
FIGS. 1A and 1B are a perspective view and a cross-sectional view of a film

forming apparatus (Embodiment Mode 1);

10



In FIG 3A, reference nuneral 120 denotes a deposited fil m obtained by
co-evaporation. [0048] 15 FIG 3A shows a part of a top view around the
evaporation source holder in the case of perfornm ng co-evaporation, and
FIG 3B shows a side view corresponding thereto. In FIGS. 3A and 3B, the
same reference nunerals are used in FIGS. | A and 1B. 5 (Enbodi nent Mde 2)
[00a9] An exanpl BI®S. 2 GAPIB-29€Elos LR ioRd VG LU %ni?mﬁ‘@hﬁidgﬁﬁcﬁt%ode

hori zontal |y di schargi ng an evaporation material 1s described wth
reference tsx FIG 2A. An 10 evaporation opening 112 is provided on a

si dewal | 012 a container and has a characteristic shape, as shown in FIG
2A. [0050J The c iner in FIG 2A has a.cylinpdrical shape as a
whol e and conpri E@iﬁaﬁ%ﬂﬁ‘éﬁ%@*ﬁ@%&?ﬁ@mgﬁd%hweﬁd a |l ower part
111. The lower part 15 of container 111 is covered with the upper part of
the contai ner 118IG3+4h aph4Baaparten visw ant @ ciogs-sectionalsviewof ai fedfdminge

| ower part 111. [0051J In the case of using a container in which an opening
has a t@apenpphrathafanbedileat §) ope sl anted frominside to outside of the
contai ner and a m ninum di aneter of the 20 opening is situated on an inner

~sidewal I, surfacgi@$.edA0hnd@ITE W& crédsb@¥Rial 1Vl RhéwingWah Nex@fhpBX 08l 4T
at nosphere becones | arge, and the opening easily gets col d. [0852J

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




When the opening easily gets cold, an evaporation material fixes to the
opening, and the opening is easily clogged therewth. Therefore, the
openi ng has such a shape 16 t hat opening area on an inner surface of the
container is larger than that on an outer surface, that is, a tapered shape
only wwth a slope slanted fromoutside to inside. A mninmmdianeter of the
opening is Skt t i the container as shown in FIG
2A. An edggﬁggpﬁ%ﬁuﬁ}s’tﬁ%ag%aeﬁ?gnbspg‘%%(leryggﬁl%?%er?wf’ $'Yfede the 5 thinnest
part so thihogl{je opening is easily heated. [0053] When the container is

pl aced in evVaporati on source holder (not shown wholly), a heater (an
upper heater 114) for heating the upper part 110 and a heater (an |ower
heater 115) for R&PSiOhgeRASHIONGFRdeseeiped herginaftes. preferably in contact with
the 10 container as showmn in FIG 2B. In the case of perform ng deposition,
heating tedP@¥dture of the upper heater 114 is preferably set equal to or
hi gher than that of the | ower heater 115. The upper heater 114 can prevent

an evaperati on miefirs@lthd 868Bsition! dmiber 10 ahd MRS pRPALREE RAmbAE 10PPGRA PaT
110 by heating. [0054] 15 I'n the case of using t'f)]e contai ner of the present

i nvention, iaghaid %a&ﬂl:i'%%g%cﬁafeﬁ s avraggflﬁlﬁ &g{e%t ?P W Bl 80 ?f{? & %oﬁgG%éG%' P

Specifically, when a anount evaporation materials TS p05|%)éd at
once, bunpi i.ght oc andsa.l ar particle |16 m ght up as shown in
Fa 28, TndvaPS bl fol o8 ) HheEronifiog chigibeis Pthald BrecProae@er || ng
of the contai ner a?)d is returned to its initial position. Aternatively,
after the $8°M85r8d 08 apd dOBD auseommssated jo arcrym ayagustion chimbery aed caebe i ng
of the container, the particle is vaporized again by the upper heater and

i s deposi t gdcyunend bhea¢uwreevaghating 01 by uhdertdtmotdetioprature y brdagisg ean | n
this case, convection is generated with an evaporation material fromthe

i nternab batdrogaofaftehethe ovdcanmesvdcomdind (T GBdveMPcdnd FAcRWARVEALION
material fromthe internal ceiling of the container toward the bottomto

hori zont al |cHaher is SERGAr j j f [ 112.
[OOSS] A sr?a'?:)e %rfls he opeﬁﬁggﬁaﬁggﬁ%}l&gﬁﬁ%gn , éﬁ%?aﬁ |g{§’%r&r?%og)tg gﬁgﬁ’?%r, or

el ongated r ul 0 Jh ater..fqr heatinng,the u r, portion of
t he cont ai r?gi bﬁnlglg ng elggm%r%%? Jéelttjp S?Sgiﬁﬁeorh%’gﬁléaps 0# ﬁ&%bﬁéf:ﬂ"&%&grtﬁfam
required. 0S7] I n the case of perform ng co-evaporation, the .

manuf act ur %ﬁﬁmsg%fpté’r ‘aﬁtag]% IaFurE H‘g'\?{e Og frgm 3&%u§°e1(i)ﬁ TR c Rexerse (shilfpsien, obf
evaporation source hol ders are provided for one deposition chanber as shown
in FIGS. 3Amghdtiesgromhecruntasiderndtherevacnatibiapystams canr be prepwitebd Inwrdarder t o
nove the plurality of evaporation source hol ders, respectively. Directions
of evapdr atproxnojpegiriigs froay beipp baprghaind yhedwppaciiuss he thestopdshsath adaitrogen

evaporation center 12| of a plurality of evaporation sources is superposed.

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 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 (heated to a lower temperature than an

12



15 Alternatively, directions of whol e evaporation source hol der novenent
mechani snms can be changed so that each evaporation center of the plurality
of evaporation sources is superposed. (00S8] 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

super posed.inik I ; IS4 i d
perp initifie0 tenli@atlfe 8 Ndepb SHUEHY lirplﬂhec ?f@ﬁl}aﬁ:}r? Q:hhﬁﬁela?gﬁ’ae of80kb 06}?.8

structures is described nore in detadi ow ng enbodi nent s.
(Enbodi ment ). @lggtmg;t 1] (0060 5 A part of a top view of a manufacturing
apparatus is shown 1n“FI G 4A. Note that illustration of a preparatory

chanber is @)(59 ted for sinplification in FIG 4A A deposition chanber 200
is a part (E i n-1ine manufacturing apparatus. Chanbers connected

adj acent to the deposition chanber 200 are as follows: a simlar vertical
substrate vapor §é§i§§ﬂ@ﬂtb’n theppehstiata stOlaisvidxad wathesubstratatheldsp 102 eamdhds
apparatus; an 10 alignnent chanber for a substrate and a mask; a substrate
| oadi ng5chamived ;int thebddpositien whhmbeli 13D afhnbarviciaitd df ke levkgorat{d@0sourtder e,
an installation chanber 210 connected to the deposition chanber is provided
~and a cont abhief n2dZnicht WichinidA TSPy %Tei;%ntrﬁﬁ%bsz‘t&ﬁlin ithe OMIREMAM id $hP! aced
in 15 the installation chanber 210, i'n order to prevent dust from being

m xed intogg tﬁﬁpﬂ%lrﬁ ' Qﬁﬂp ) ot Y v in

t he deposi tilli;)tgslcha erﬂcggg.ﬁ tﬁ%uséﬁ&ﬁgg}atﬁ%{a Ilg%lﬁ,oﬁy ?hea%gﬁﬁ%gﬁrgg pog&at edly
made under atnospheri,c pressure and. under vacuum the .i.nstallation chanber
provi des a@?&?ﬂéﬁ}i?@ﬁ cg‘hgges%gﬁt(ﬁ e#ﬁﬁﬁ‘ﬁ&iﬂ‘?%ﬁ“?ﬁe&eﬁgﬁh% :byo‘ﬁl%%r%"é > hi gh
vacuum 20 [0Q062) At first, the container 212 is carried into the

instal | ati SIEIS'C 5 sBkstrate; and fhe guask maybofixed to dssubsiratn helder afier aligwing Aher
installation board 213. After the installation chanber 210 is
vacuuml@vasulstiete and théymaslame | evel as the deposition chanber 200, a gate
214 is opened. Subsequently, an evaporation source holder 204 is noved to a

19  vicinif@d38pf the installation chanber. Then, the container 212 is noved
to the evaporation source holder 204 fromthe container installarion

ho~, r'd 213 by aThaeviibraiRiiOioudct! hold@tds hathd A A ﬂrﬁ)zﬁ'ﬂ&f&ﬁaﬁﬂfe?w QipSpur ce

hol der 204. After the container 212 is placed In'the evaporation source

hol der 204 t i The Ea n 5 source |.der...204 is
noved to a’tebn?lg%grgget ?}ﬁyl@h%%%iﬁ?%gggwo% f%éﬁgg cci)’ s;h g?tm?aosuﬁlé%twgﬁ tg‘\:’/afb%’r ation

mat eri al . qol%?% As ﬁn evaporation material, a | ow nol ecul ar wei ght organic
conpound miPEHICE MOPHOL necific, a metal conplex such as
tri s(8-1gui nol i nol ate) al um num

[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.
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10 (abbreviated to Al g3), tris(4-nethyl-8-quinolinolate) alum num
(abbreviated to Almg3), bis(10-hydroxybenzo(h]-quinolinato) beryllium
(abbreviated to BeBg2),

bi s(2- et hyl - 8- qui nol i nol at e) - (4- hydr oxy- bi phenyl yl')-al um num (abbrevi at ed
to BAIQ), bis (2-(2-hydroxyphenyl)-benzooxazol ate] zinc (abbreviated to
. Zn(BOX) 2) ; Whildihe elvZpdraidiy e HRRRR ¥ahdOBY 2RMhédERL & Bk pféfafatbiERKEAL ed
to Zn(BTZ)2) can be given: 15 Further, an oxadi azole derivativé such as

2- (4- bi phe ~(4-fert - I ' : i at to PBD)
or 1, 3-bi s(Ii !Sjgﬁ( Bﬁ?‘é%dﬁt tthgtﬁltggl(#gﬁ%n@?@?%i%ﬁg%a%P%?Eesalé%ﬁ%]Iggfgérjlfz(g&{n}é:%&{j&t a
(abbrevi ated. t.o OXD-7).; an triazol.e derivatjve ch as
S or - BERR ey Ttop? PiecpPGigtion Seiasn BAES D45 ooMaved foudh recparatory
(abbrevi ateg to TAZ) or . . .
3- (4-t ert - SHAHPGHER throngh 4he deposifiem ghambsr agaig;. pKe film thickaesy ratet qapgbeol e
(abbreviated to 20 p-Et TAZ); an im dazol derivative such as

2,2, 2"5( 1 n3asurbd iry eitkeetr thy preparatosy ¢haniteen\iD84 bt Hi8bz i Godsazpext]y, (latoresy bft ed
to TPBI'); or a phenanthroline derivative such as bat hophenant hroli ne

(abbr evi at adilttdBihaepositéd Badakioe upitailiRd Gabhrigiint of hofiBCickaBs BRdnised in
addition to a netal conplex. [0064] 20 The substrate 201 is carried into
- the deposi hohe Shapgr 200 after an evaporation material is heated and a
desired filmthickness rate is stably ~~rir~ yd~~t a filmthickness nonitor
206 provi diﬁ“‘m the preparatory chanber 208a or 208b. The substrate and a
-~ mask (not own) are previously aligned in a connected chanber, and 5 the
substrate is fixed, on th]g ub%g,rate .hol der, 202 with bei ng pl aced
“vertically. The SHbSfipent a?@ sirateds mavsdine viswdyiafi tha cyaReTRdnn spce
w t hout exposing to atnospheric air. In the deposition chanber, the

subst r 4P e 2older moyement merhanis 1W5Pdyithe pubstrate tisespngt peelvainy 93| dddrtya by a
substrate transport mechani sm 203. (0065] 10 After noving the substrate to
~a vicini tynechatism ewapoishig o motatey belthorolating Odller,simd ther Ske2f37givamnds 20/b are
opened, and the evaporation source holder 204 is noved (or shuttled) in the
- Z directi oguistrat® fritpor eRcthatishy1030a0Rever2 BR3preQnt 1R nii6:f RahGt Piriicutlinber
208b) to the deposition chanber 200. An evaporation material is

- hori zont al ky.;diys e [ / t | J:
deposi ted gléléghtﬁlg& E(’tjbgﬁ g?%&l%g&f§§@%3h ?é%gg?rgﬁé%ﬁgﬁ\h%hgﬁ?o@%ﬁ%’%ﬁ#ﬁ%‘g) t he
evaporation_source h er 204 in the.Z directi.on an ving the substrate
ThPhe X ey el ThEk mged B ifad 1 HE % yRFRRoRe SHpcralod iese S04
may be poved in the Z direction at arate of from30 cmmn to 300 cnfmn.
20 [ 0069] gPWE’éIDPM%‘ﬂ%%FB%ft aqigm; 1956 tg periamygeppsiiet.ng pl aced vertically in
the case of using the vapor deposition apparatus shown in FIGS. 4A and 4B,
even a | ar {04libstrate does not bend. Therefore, deposition can be
perfornmed even over an entire surface of the

In this way, multilayer deposition can be performed. Here, an example 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
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| arge substrate by repeating the above descri bed depositing operations. 21
(0068] 1n addition, a distance d between the substrate 201 and the

evapor ati on source holder 204 is narrowed to typically 50 cmor |ess,
preferably 30 cmor |ess, and nore preferably from5 cmto 15 cm thereby
remar kably inproving an efficiency of utilizing 5 the evaporation materi al

and t hr ouglkepaporat[di0 68skctiiotderadr €X AuBbteatOTshh@ErMnlg Be SHrodidea | B REenviidh one
evapor ati on source hol der and one evaporati on source hol der novenent

mechani sm ie§adh- MR solRVBYRier add @ RISSERL 1 nvention is not particularly
limted thereigjcr). T\/\%’ or rmrelém?aygrs may be | aminated by 10 providing two or

nor e evapor[ﬁdi' (j)n source hol ders and evaporati on source hol der novenent
mechani sns ‘for ‘one deposition chanber. [0070J This enbodi nent can freely be
conbi ned wi th Enbodi nrent Mode 1 or 2. 15 (Enbodinent 2] (0071] Since a
container is trafEHonlsdamplern yhjel thgiuberes transport mepehanism is pegvidsd jopra
chanber 210 and is placed in an evaporation source hol der in Enbodi nent 1,
the strct gidewsll phdhevdgpositiononhaharcés Igivederhoveods the bebstatd tmdspo0
(0072] In this enbodinent, an exanple of an evaporation source holder to
whi ch t he omchaiisemadybetprovidabod &@d Hokom fabeofiths igdsoh @Raib&nber 210 with
the vacuumrobot 211 and is easily placed is described with reference to
FIGS. SA a . FIG SAis a cross-sectional view showing a state of the
evaporation source holder at the tinme of 22

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 105a and 105b are disposed at narrower inferval§ 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  simuitaneously perform evaporation.
[0047]

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

co-evaporation.

[0048]
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pl acing the container, and FIG 5B is a cross-sectional view show ng a
state of the evaporation source holder at the tinme of deposition. [0073]
The evaporation source hol der conprises an upper part 502 and a | ower part
5 503 and each pan is provided with novenent nechani snms 505 and 506,
heati ng mechani snms (an upper heater 513 and a | ower heater 512),

respectively. ThEIGREsh@nda banef a i isw Geiind e vapRliah Shifee holddrgR i | I N
this enbodi nent, a usual crucible can be used for a container 500, and the

10 cont ai NQkscN3H pArfHRERS HoSahOHatibhPT AZORIG! b ﬂ%ﬁ@n?%ﬂknﬁgggaﬁﬁﬁ@ﬁﬁ?ﬁéon

material from an opening 507 provided for the upper part

openi ng eagy ge apqration.material fixes to.t ni ng, and
t he openi nghijirés(to'ea%ﬁ?fﬁldj(‘%gg%gph@ra es\z/'\/lmteﬁ?feﬁﬁﬁlg? 81‘“('51?"@],18 ?Iﬁém%(gghfﬁbsqﬁg‘sa@gch a
shape t hat gpening area on an inner surface of the upper part 503 is |arger
than that OF-an outer surface thereof, that is, a tapered shape 15 only
with a slope slanted fromoutside to inside of the upper part 503. A

m ni munPdi aneter 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

cont ai ner i(EmbadimenhModbiZpnest part so that the opening is easily heated
(0075] 20 The novenent nmechani sm 505 has a rotating function, and a
direction @fo4dpe opening 507, that is, a direction of discharging the
evaporation material can freely be changed. [0076] In the case of using the

evaporati on Sour o6 beldiaL B s | ASDLEREN SINENL L0 Bndier bEARARNL ! ©

is hard to burst out of" the opening Y, en a large dmount

of evaporation materials is.deposited aj once, b i.ng m gh ccur and a
Targe part iCCCRTRINg¢n 68@%‘?"1@@?} ISt écfﬁhgﬁg‘é“tggﬁpﬁ#if%r% g’uh{;‘g géai %S‘l t he
internal ceiling of the upper part 503 and is returned to its initial
positi 6H. SYIRREAON RPeRipg Hh2vds grroyided i ofy & silewalt af rfercop@ingei Bdehasco, t he
upper part 503 is noved upwardly and the container 500 is placed in the
| ower part cB@acipyistic shapasasrshosboin FIG. 2A. i nstal | ati on chanber as shown in
FI G 5A. Subsequently, the upper part 503 is noved downward and is
connect ed f@03he | ower part 502. In order to firmy connect the upper 10
part 503 to the |ower part 502, a hook (not shown) nay be provided and the
upper -part 503 ma¥e R@nfaitiet @Bwhoin| FIG! & hﬁ%p?acggﬁ&ﬁca@%a 9978lvhﬁ1t§ Lo tine
Wi

of deposition, a whole evaporation source ho IS nove tht upper

part 503 a I i ng connected.to eac th s_sho in
E'G 15 soopBS e Bid 110 aRL 38 oBOMRE AT R PR 1Y e b BPeSR e
upper heater 513 is preferably.set equal to_qr higher _ thap that of f{he

| ower HRat QEC@%‘?PC Q@HS ﬁ%“a"t’ngx’t‘Eﬁ]Fr'ﬁ?%ef B%Pf&ﬁq’g aBWBJi@éﬁerfaéreVéPQi?tF‘?‘br ent
portion (for exanple, a heater control function of the 20 upper heater 513
i s i ncor polat&inl 113 istrentsinedin the lawerpast kkh 505) to separately control the
heaters. The upper heater 513 can al so prevent an evaporation material from
fixing to {#lfnner 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 anth thewase ¢faising £estitdhedif vISARLASRAIEAhsa BRrBesipe Vgt L£d by
heating the upper heater 513 and the | ower 24 heater 512 after

deposi ti Onslobggﬁﬁled from inside to outside of the container and a minimum diameter of the

P

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.
[0052]
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
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I n Enbodi nent |, an exanple of using a rotating belt and a rotating roller
as the evaporation source hol der novenent nechanismis descri bed. However,
in this 5 enbodi nent, an exanple of using a wheel (not shown) with the use
of a rail portion 508 is described as the nmovenent nechani sns 505 and 506.
A plurality of wheels are provided inside the novenent nechani sns 505 and

506 so t hathdt opyningreed 600 ah hiner SuHad0bt iR coRlSher T @ar géfatﬂa{ fHak Q8 a%owt&e
hol der can be aned inthe Z direction along the rail portion 508 by

T L G e

enbodi nent,_.an_ex of n in-line factrurin atu suitable for a
mass pr odultT6H 3% @838?915%65 %/%Fl%%% é’f’ egsfdge'l"—’ 1ot the conjpinaras

Gat eways of  each charrber are connected to forma vacuumtransport path in a
20 shape oftet d&glGarda At £AEDEPHIN ol thst openinghet s eottiginerets medgpithsyi ded
‘therein. A footprint of the manufacturing apparatus as a whole is reduced
by tran@poﬁhlhm}taarsmémtﬁwepaﬁngrs cdgipolsdatddon above a fil m formi ng apparat us
as shown in FIG 6. [0084] In FIG 6, reference nuneral 600 denotes a

| oadi ng chfddssi; 601, a 25 pretreat nent chanber; 602, a deposition
chanber (a deposition chanber for depositing a hole transport layer or a

hol e injection | gyeh) the6QitaiferdRPRSLA Hﬁaﬁ%g%ﬁﬁu&ﬁs&ﬁ[? hokc deP’E?&h for

depositing a light emtting |ayer); sition c eposi tion

chanber fo i er or tron injection
Fayery: coStoR0E tcaly A uSlel UG IRERBube B Fins® R g aRg s B
mechani sm 1606 ﬁ% ratg tranigﬁrt chanber havi ng a hori zont al . novenent
nechani sm "“&Hd %"@t?er 08 g HAWRe Path A e Rrdefhaingcontagt Wit Mieni sm
Note that gate valves are provided anong each chanber. [0085] 10 The
verticdl vapuRingl36sthomsn i Aths Hedly ichted of rpeEvpoiigndenosiiode heating 2, or
Enmbodiment 1 or 2 is used for the deposition chanbers 602 to 604. [0086] At
first, a stdmperatte afitheoppdy leatenhbtles prefefablyred eigsalpb @€ dighentHahehdt @fdheng
chanber 600. A nechanismfor vertically placing a substrate is preferable;

however, aidwermeaianiism Tee uppki Reater Tor bZ{Pﬁi&kﬁﬂa@b@%@atﬁiﬂbﬁﬁfeﬁﬁpfr‘éﬁ{t i cal
in the I oadi ng chanber nay be provi ded. Subsequently, the | oadi ng chanber

i s vacuum evacUgiROinntNGLal & el d then the substrate is
carried int oﬁfgﬁ[e prg{lr eat nent cﬁ %’geerpﬁgggﬁggﬂgat@ ansport robot or the liKke.
In the preid&%&ment chanber 601, heat treatnent for degasification is

per f or med, sk (not shown) is aligned, or the substrate is fixed to a 20

substr ?é e hol der _( r}lot shown). The pretreatnent chapber 601 is provided with
a feed € case of usmg the container of the present invention, a large particle is

hard td 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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transport nechani sm (not shown) for sequentially transporting the substrate
hol der and conprises a transport line for intermttently transporting a
plurality of substrate holders in a predeterm ned cycle. Subsequently, the
substrate holder to which the substrate is vertically fixed is carried into
t he deposition chanber 602. 1n the deposition chanber 26 602, an

evapor at i oﬂistma‘rgerihalcvi;mr:hﬁmirﬁaaﬁﬂlff&ntiiesx;iaﬂﬂhgqmwth the evaporation source
hol der noving in the Z direction to performdeposition onto the vertically
pl aced subgdgsaye. [0087] 5 Subsequently, deposition of a filmcontaining an
organi ¢ conpound is sequentially perfornmed in the deposition chanbers 603

and 604, as in tRe htion . er. 602. A,s trate after deposition is
carried into theﬁsslﬂlgéefo&zfth% Og’ Flélﬁggor {19 héanﬁ?é'fld’ég]gp,suc&ﬁdecftgngu s %‘i/gaéﬁr‘ile
upward lift mechanism Then, the substrate is carried into the unloading
chanber 6079MBBEHh the substrate transport chanber 606. 10 The

manuf acturing apparatus has a nechani smfor taking out the substrate by

bri ngi ng dﬂ%%ﬁlhe substrate in the unl oadi ng chanber 607. Here, although
not shown, it is preferable that the unloading chanmber is further connected
to a chamber f or Thoheuterdoshaating doaippacpatiohafibe cofitaines @Ak nbobsprotidad ift he
substrate can be transported w thout being exposed to atnospheric air. In
the case othechehRNRAGIN piafEichILE }cqg{fga_ti ng panel, a mask 15 is changed to form
a cathode made of a netal material. Thereafter, a light emtting device is
conpl et ed Fxﬁsﬁaling with a sealing substrate or a sealing can. In the case
of manufacturing a full color light emtting panel, the apparatus shown in
FIG 6 is preferﬁpg¥ an agpaégtus to which .respective chanbers for R G
and B are appropr atery° COFTECIBES Q- rARORHA B PAMHAWIRE, apRATAS, Ay o v
colore? by. changi ng masks for each 20 col or. (0088L@The manuf act uri ng
appar alUs” he&F HEruchirg hyhichsa RRsly phevepezation seprexbelders seg pwvidefliforconien one
direction. (0089] 27 In FIG 7, reference nuneral 700 denotes an | oadi ng
chamber; 7daposiioprchamben aseshowotia fi6s; 3Acad 38. d Syuts ithdt amveherbmeckalésossi t i on
chanber for depositing a hole transport layer or a hole injection |ayer);
703, a depasifrovided haotder to(idepothetjlonlighemiaporhfsn SQRREShAIIAE, RspdcBbdly.
emtting layer); 704, a deposition chanber (deposition 5 . chanber for
deposi t i NgDMcRIRChHf QRaddrASP r 4 AN . hhkegt | a ;

705, a deposition charrblsecir (deg{)ptg?ﬂtnlg%ﬁrﬁ?ﬁ;#gfebpﬁfa%? J%pggiﬁ{sléﬁggcgq%t é?&ﬂ) ayer
serving as hode) . 7 depQsi.t4on chanber (a vertical substrate
sputteri ngc\%ﬁgr&{t}g? ? %jnrters 8%% Zorf i E‘g%z%%%“ orogaﬁ‘l’%)olmﬁﬂsaﬂ I gﬂlrﬁﬁs ¥ ﬁ?%cé?‘?f'le‘h'g as a
protectdve,tilm.; .and 707 n .unl oadi ng chanbey. to [0090] The verti cal
vapor #epo%\'flt?’inghv%lﬁ FeSHiQRs Ogé‘g’é’?‘? pegoIaHoORAYTET Lr?;lﬁ?f BYranepit giechanigps can

Enbodi ment 1 or 2 is used for the deposition chanbers 702 to 704. [0091] In
FIG 7, sebtrhrpeed spdhataragh gvagorntinmeenieraofpthe tpburalityeoff ¢vappratien saurses fsode i n
15 the deposition chanber 706; however, the present invention is not

parti cul ar $upetposed.ed

[0058]
Plural types of containers (upper portion) having openings in different positions
20 may be provided and appropriately be rcplaced 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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thereto. The deposition chanber 706 may be replaced by a chanber for
sealing with a sealing substrate or a sealing can. [0092] An in-line
manuf act uri ng apparatus in which processes of fromform ng an 20 organic
conmpound filmonto an anode to form ng a cathode, further to sealing are
fully automated may be conpl eted by conbi ni ng the manufacturing apparatus
showmn in FIG 6 with the manufacturing apparatus shown in FIG 7. [0093]
Thi s enbodi ment can freely be conbined with Enbodi nent Mbde 1 or 2, or 28
Enbodi ment gnmgmgmn[0094] According to the present invention, a
nanufacturlng cost gan be reduced by inproving an efficiency of utilizing
an evapora:{tmgOlm . 5 {0095] Not only are a | arge substrate and a mask
prevented from ﬁ% %G and is a vapor deposition apparatus that provides
uniforn1f|I&%%ﬁ|ckness over an entire surface of the substrate realized,

but also a print of a manufacturing apparatus as a whole can be
reduced. 10 This application is based on Japanese Patent Applications
serial $o. 2003- AgIBRH & fopeiiew nf 3 apanfaeairiagtappirhius és showhlin FIG74An Roa3, t he
contents of which are hereby incorporated by reference. Although the

present i nventiwratias obgerepatdibry dhemeed Rashityd vaYsiapliBXA0R! iR FIG! BAT eher ence
to the acconpanying drawings, it is to be understood that various 15

changes, S g Saparane b seusienic RSN MARLT COMALL
scope of t QSDIR: &ﬁeznﬁacent to the deposition chamber 200 are as follows: a similar vertical
substrate vapor deposition apparatus; a vertical substrate sputtering apparatus; an
10  alignment chamber for a substrate and a mask; a substrate loading chamber; a substrate
unloading chamber; and the like.
[0061]
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 instaliation

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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I nvention hereinafter defined, they should be construed as being included
therein. 29 WHAT IS CLAIMED IS: 1. A manufacturing apparatus conpri sing:
a filmform ng apparatus having a deposition chanber, wherein the
deposition chanber conprises: 5 a substrate holder in which a substrate is
di sposed perpendicular to a bottomface of the deposition chanber and the

substrate ivicinioved ibe htaHaten hainbect iTHenWithd) dohRiku b3ty & endept todiusposed
per pendi cul arly; an evaporation source having an evaporation material, the

evapor at i ORygRAtich $HuPRORAGerORAOShhahE QottlBies Hﬁé&mﬁ&&i‘ééﬁg %é%[y?a JR\GHENT
a .’z Irectio

mechani sm for novi ng the evaporation source In - axi'sT n

or t hogonal -3l L recti d wherein d sitron.is perfo d by
repeat edl y IEr’rtgo\}rZEg’ {ﬁﬁgégﬁaﬁ% #natt%é e?%jotr %{e}m 0 g&cfglog%q 2@ i o“hh%lrtntth T 21F

i nterval s after(fhe evapor ati on soHrﬁe | s moved up and down in the Z-axis
di recti on. SRlaced ijdhesrappration saiee heffei? Mo the gafag It is gloseds nThersaapaFalis at i on
material is horizontally discharged fromthe evaporati on source that noves
up and Bowsonise hpldey 284 ismayedtst 2 preparpry chamberpii¥aar (298h de staditndiettoarc| ai m
|, wherein a sidewall of the evaporation source has an opening for

hori zont al leyamhrsteivangferigl. t he evaporation nmaterial, and wherein a pl ane

havi ng a m ni mum di aneter of the opening is coplanar wiwth an outer surface
of the evapouesyi on source. 30

As an evaporation material, a low molecular weight organic compound

material, in specific, a metal complex such as tris(8-quinolinolate) aluminum

10  (abbreviated to Algs), tris(4-methyl-8-quinolinolate) aluminum (abbreviated to Almqs),

bis(10-hydroxybenzo[h]-quinclinato) beryllium (abbreviated to BeBqa),

bis(2—methyl-8-quinolinolate)-(4-hy&roxy-biphenylyl)-aluminum (abbreviated to BAlq),

bis [2-(2-hydroxyphenyi)-bcnzooxazolatc]. 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[5-(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-ethylphenyi)-5-(4-biphenylyl)-1,2,4-triazole (abbreviated to

20 p-EtTAZ); an imidazol derivative ‘'such as  2,2',2"-(1,3,5-benzenetryil)

tris[1-phenyl-1H-benzimidazole] (abbreviated to TPBI); or a phenanthroline deriw-/ative

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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4. A manufacturing apparatus conprising: a filmform ng apparatus having a
deposi tion chanber, wherein the deposition chanber conprises: a substrate
hol der in which a substrate is disposed perpendicular to a bottom5 face of
t he deposition chanber and the substrate is noved in an X-axis direction
with the substrate kept disposed perpendicularly; a plurality of

evapor ati on sour dés, substrite e ds atarder Sotor te klapositiprachawbgro 2 i after nad er i al
and di sposed opposite to the substrate; and a plurality of novene

i

mechani sns eshpdrintoremageialbis iheites and 6 dssircdaflh Hikkavanafeat k@plySHb ing in

a Z-axis direction orthogonal to the X-axis direction, and wher ei n one of

CO- evapor atal Ol adka bk Fc4E6ARE e z%@ﬁg‘é&r dHEfinBY 20 REARE YTREY! N

the substrate in the X-axis ection at r‘interva ter a east

. one of the: ' rces i s, moved .up and do in the Z-axi

di recti on. Sﬁgﬁ%?er %%d %;@gggg?(&s‘q‘%gg%% R{SVIPESIX 2 ‘F”?ﬁ‘ﬁ;‘ %%Fﬁgﬁﬁ@nﬁ?fnan%f
evaporagi 03 mat.erials 1| s hori zon%al | y di scharged fromthe evaporation
sour ces °t hatC SHPEa s freed e sybsirate Rolder 204 with brigs placed yrertigals: aThe
according to claim4, wherein a sidewall of each evaporation 20 source has
an openi ng SEBstraffoisicamied dntoyheiflenositiog ichynbir08weitfab ¢ xmsingeto etmaspherinair.
wherein a plane having a m ni mrum di aneter of the opening is coplanar with
an out er sunfthe depisitionectmarbier, ahapabsiaic0P0S WIfkRed Tn A Xatetaed Withngeing
apparatus conprising: 31 a filmform ng apparatus having a deposition

chanber anglac@emiodlat B ¥ s bRAHE tansphAGhEitAniREXAEP0SI ti on chanber
conpri ses:

~ [0065]

10 After moving the substrate to a vicinity of the evaporation source holder 204,
shutters 207a 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 cm/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. Therefore, deposition can be performed even over an entire surface of the

large substrate by repeating the above described depositing operations.

21



a substrate holder in which a substrate is disposed perpendicular to a
bottom5 face of the deposition chanber and the substrate is noved in an
X-axis direction with the substrate kept di sposed perpendicularly; an
evapor ati on source having an evaporation material, the evaporation source
di sposed opposite to the substrate; and a novenent mechani smfor noving the
evaporati ofoggsjrce in a Z-axis 10 direction orthogonal to the X-axis
direction, wherein the preparatory chanber in which a filmthickness neter

s provided is canaegistJ Subhe SRRGSLL UBNJENARDSD) AANR NS SL SRR LI or

is performed by repeatedly no evaporation source u down™in the
Z-axis directio nd_novi the substrate in th -ax| s direction at 15
regul ar i n?‘gt({%?g‘?éﬁ ?aé'fo“éer&pgtf’etéi@f@rﬁ‘f’méﬁl b { %%Pf&%f@@é%@&fﬁ@%smﬂe’aor% t he
preparatory chanber. 8. An apparatus according to claim7, wherein a
plurality orefemblydramarcan i ygelna%@bg rerperkpbly ingeayinganseffigishehof wilizing
deposition chanber. 20 9. An apparatus according to claim7, wherein the

pr epar ab or yhecdvaptratiohamtesiaband thidughpwf the fil mthickness neters at

di fferent distances fromthe evaporation source. 10. An apparatus according

to claim7][00g9grei n one kind of evaporation 32 material is horizontally
di scharged fromthe evaporation source that noves up and down in a Z-axis

direction. 11. ARcADRALALHSIHIARHEY shipidh Bl if ¥€9§§§%ﬁ8n§5ﬂﬁMﬁﬁgapf the

evaporation 5 source has ah openi ng zont a arging t
evaporatio ' . 5 A aratus a corﬁi ng to claim11 erein a
~ pl ane havi %th%\haﬁhﬁ%% is?i'ﬁr\g? 3&%8? Mp P e SRGCRAPIFE 1% 8IS P PoweyFt: HeRieSsht er
surface of .the._.evaporatipon SOLi[’ ce. .
invention 1s not particularly iimited 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 container 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 froni the installation chamber 210 with the vacuum robot 211
and is easily placed is described with reference to FIGS. 5A and 5B. FIG. 5A is a

cross-sectional view showing a state of the evaporation source holder at the time of
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10 13. A manufacturing apparatus conprising: a filmform ng apparatus which
evaporates an evaporation material froman evaporation source di sposed
opposite to a substrate to be perforned deposition thereover, wherein the
evaporati on source conprises container for the evaporation material 15 and
a sidewall of the container has an opening for horizontally discharging the

evapor at i oplachigethieadontaditd, MEFEENSB iPlaan@sdieeiioghl it khoWngoi 3RS 6f tgf the
opening is coplanar with an outer surface of the container. 20 14. An

apparat us ¢4k fidAGohiRe GbRieMickRe i@k AL hsidd@. M ni mum di ameter of the
opening on an outer surface-of the container is smaller than a dianeter of

t he openi ngod)ﬁ, an i nner surface of the container. 15. An apparatus
according to cﬂai m 13, wherein the evaporation source is 33 surrounded by
an upper heater d a |l ower heater which can be controlled their
tenper at ures, respPeEVIRAEIEPN spgreebpldas romprises ar MBPAi g 10 &R VS, Pagher ei n
a novi ng direction of the 5 evaporation source is orthogonal to a moving
direction 6P3tand eaghsparhise pravidedawithnubaonenti mgchapjsarsablfs avdfiP6i deating a
filmform ng apparatus which evaporates an evaporation material from an

evapor at i omesbarisras @Ginsppecitbatp 503 hiba lowea heatbss 12 resgeotitidy. peTHeQippetiand
deposition 10 thereover, wherein an opening for horizontally discharging

t he evapor gdvw@paiBES! hdbe tcpaficdyi'ded on a sidewal | of the evaporation
source, and wherein a plané having a m ninum di aneter of the opening is

copl anar wygdy4qn outer surface of the container.

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
15  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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15 18. An apparatus according to claim 17, wherein the m nimum di aneter of
t he opening on an outer surface of the evaporation source is snmaller than a
di aneter of the opening on an inner surface of the evaporation source. 20
19. An apparatus according to claim 17, wherein the evaporation source is
surrounded by an upper heater and a | ower heater which can be controll ed

their tenpeugd parile iehfdciol baky ou2Bf Y opditad 3VYS SFCHAINIwhen G Rirgh 1
wherein a noving direction of the 34 evaporati on source is orthogonal to

T AT 7 o GRS A Bhorkfith BiAREsI Bepoiicd ot once, bumping mighy ogeyr and @ laggey | o

A q0u A Loy ALY by ALOSK Al a5, 0w A, 000, A O ALOU Ay A O

Mrahmdf | wr ca ca] ca] ca] ca] cal ca] ca] ca] ca] ca] ca] ca] ca] ca] ca
]ca]c" a] ca]q‘gg’FyﬁPE‘]d]aé‘]z:\fog ] %P%;‘b]o]cma‘]]l&’él v CRL\( I ] } vvr]nhcl‘Y] I:a] I:a] I:a]
ca] ca]ca]ca ca]tca] ca] ca] caj ca] cac' a] ca] c”a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] C
- a] ca] cafcal %@7 al"e"h""d#
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he 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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10d<10%i& () - S#Sln Embodiment 1, an example of using a rotating belt and a rotating roller as

the evaporation source holder movement mechanism is described. However, in this
5 embodiment, an example of using a wheel (not shown) with the use of a rail portion 508
is described as the movement mechanisms 505 and 506. A plurality of wheels are
provided inside the movement mechanisms 505 and 506 so that they sandwich the rail
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
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{00851
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 horizbntally 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 pretrcatment 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 intermittently 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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Subsequently, deposition of a film containing an organic compound is

sequentially performed in the deposition chambers 603 and 604, as in the depositiOn_
chamber 602. A substrate after deposition is carried into the substrate transport
chamber 605, and is raised by the upward lift mechanism. Then, the substrate is
carried into the unloading chamber 607 through the substrate transport chamber 606.
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
preferable that the unloading chamber is further connected to 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 panel, a mask
15  is changed to form a cathode made of a metal material. Thereafter, a light emitting
device is completed by scaling with é 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 manufactuﬁng apparatus may be laid out as shown in FIG. 7 to have a
seriate line in one direction.

[0089]
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5. chamber for depositing an electron transport layer or an electron injection layer); 705, a

deposition chamber (deposition chamber for depositing a metal layer serving as 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
sealing substrate or a scaling 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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According to the present invention, a manufacturing cost can be reduced by

improving an efficiency of utilizing an evaporation material,
5 [0095]

Not only are a large substrate and a mask prcvented. from bending and is a
vapor deposition apparatus that provides uniform film thickness over an entire surface
of the 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 fo 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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F1j ' 109%& ()-F1j!'109%& ()-|| ?}}} ~—~~_@C ! PA10%& () "10% & ()-m
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10i <109’ ( kact 11 ¥&e ﬁéﬁosﬁﬁin! HAMek dndtnd) Sub§¥fe €9 moved in an X-axis direction with

the substrate kept disposed perpendicularly;
an evaporation source having an evaporation material, the evaporation source
disposed opposite to the substrate; and
10 a movement mechanism for moving the evaporatioﬁ source in a Z-axis
direction orthogonal to the X-axis direction, and
wher¢in 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

Z-axis direction.

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

source has an opening for horizontally discharging the evaporation material, and
wherein a plane having a minimum diameter of the opening is coplanar with an

outer surface of the evaporation source.
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15

20

face of the deposition chamber and the substrate is moved in an X-axis direction with
the substrate kept disposed perpendicularly;

a plurality of evaporation sources, each evaporation source having an
evaporation material and disposed opposite to the substrate; and

a plurality of movement mechanisms of the evaporation sources, each
evaporation source moving in a Z-axis direction orthogonal to the X-axis direction, and

wherein one of co-evaporation and multilayer deposition is performed by

repeatedly moving the substrate in the X-axis direction at regular intervals after at least

one of the evaporation sources is moved up and down in the Z-axis direction.

5. An apparatus according to claim 4, wherein one kind of evaporation materials
is horizontally discharged from the evaporation sources that move up and down in the

Z-axis direction.
6. An apparatus according to claim 4, wherein a sidewall of each evaporation
source has an opening for horizontally discharging the evaporation material, and
wherein a plane having a minimum diameter of the opening is coplanar with an

outer surface of the each evaporation source.

7. A manufacturing apparatus comprising:
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5  face of the deposition chamber and the substrate is moved in an X-axis direction with
the substrate kept disposed perpendicularly;
an evaporation source having an evaporation material, the evaporation source
disposed opposite to the substrate; and
a movement mechanism for moving the evaporation source in a Z-axis
10  direction orthogonal to the X-axis direction,
wherein the 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

15 regular intervals after a predetermined deposition rate is measured in the preparatory

chamber.

8. An apparatus according to claim 7, wherein a plurality of the preparatory
chambers are provided to sandwich the deposition chamber. |
20
9. An apparatus according to claim 7, wherein the preparatory chamber has a

plurality of the film thickness meters at different distances from the evaporation source.

10. An apparatus according to claim 7, wherein one kind of evaporation
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1.”An apparatus according to claim 7, wherein a sidewall of the evaporation

5  source has an opening for horizontally discharging the evaporation material.

12. An apparatus according to claim 11, wherein a plane having a minimum

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

10. 13. A manufacturing apparatus comprising:

a film forming apparatus which evaporates an evaporation material from an
evaporation source disposed opposite to a substrate to be performed depbsition
thereover,

wherein the evaporation source comprises container for the evaporation material

15 and a sidewall of the container has an opening for horizontally discharging the
evaporation matérial, and

wherein a plane having a minimum diameter of the opening is coplanar with an

outer surface of the container.
20 14.  An apparatus according to claim 13, wherein the minimum diameter of the
opening on an outer surface of the container is smalfler than a diameter of the opening

on an inner surface of the container,

15. An apparatus according to claim 13, wherein the evaporation source is
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16. An apparatus according to claim 13, wherein a moving direction of the

5 - evaporation source is orthogonal to a moving direction of the substrate,

17. A manufacturing apparatus comprising:
a film forming apparatus which evaporates an evaporation material from an
evaporation source disposed opposite to a substrate to be performed deposition
10  thereover,
wherein an opening for horizontally discharging the evaporation material is
provided on a sidewall of the evaporation source, and
wherein a planc having a minimum diameter of the opening is coplanar with an

outer surface of the container,

15
18. An apparatus according to claim 17, wherein the minimum diameter of the
opening on an outer surface of the evaporation source is smaller than a diameter of the
opening on an inner surface of the evaporation source.
20 19. An apparatus according to claim 17, wherein the evaporation source is

surrounded by an upper heater and a lower heater which can be controlled their

temperatures, respectively.

20. An apparatus according to claim 17, wherein a moving direction of the
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