FI LM FORMATI ON APPARATUS AND FI LM FORVATI ON METHOD AND CLEANI NG METHCD
BACKGROUND OF THE I NVENTION Field of the invention: The present invention

relates to a filmfornmation apparatus

and a filmfornmation nethod enpl oyed

for filmformation of a film formable material (hereinafter, referred to
as a deposition material) by deposition. Additionally, the invention
relates to a cleaning nethod for renoving a deposition material adhering

nvent i of it FDRpRTA AR abs, ol PR RordBi O oiteed Vecer el 1

used as the deposition material. Related Art: In recent years,
i nvest i g@NPofLEMNING THOR tting apparatuses conprising EL el enents as

sel f-lum nous type elenments have been enthusiastically carried out and
specially, light emtting apparatuses using organic materials as EL
materials have drawn attention. Such a light emtting apparatus is called
as an oBR&HGROEND]IOFDITHE (IGMENTION an organic |ight emtting di ode

(OLED). The EL el enent conprises a layer (hereinafter referred to as an EL
| ayer) craledidniolg thle anhganitdomgnpound capable of emtting

el ectrol um nescence by electric field application, an anode, and 1 a

cat hode. The | @%Wihg?hegoﬁrm9e§@%§EQmi FGLHEEFon ApPHratlSS! ON

(fluorescence) at the tine o

returning to

and a film formation method employed for £ilm formation of a £ilm

formable material (hereinafter, referred to as a deposition

material) by deposition. Additionally, the invention relates

to a cleaning method for removing a deposition material adhering

to the inner wall or the like by the deposition. Particularly,

the invention is an efficient technique in the case an organic

material is used as the deposition material.

Related Art:

In recent vyears, investigations of light emitting

~ apparatuses comprising EL elements as self-luminous type elements

have been enthusiastically carried out and _speciélly, light
emitting apparatuses using organic materials as EL materials have
drawn attention. Such a light emitting apparatus is called as
an organic EL display (OELD) or an organic light emitting diode
(OLED) .

The EL element comprises a layer (hereinafter referred to
as an EL layer) containing an organic compound éapable of emitting

electroluminescence by electric field application, an anode, and



normal state fromthe singlet state and |ight em ssion (phosphorescence)

at the tinme of returning to the normal state fromtriplet state and a
light emtting apparatus to be manufactured by the filmformation
apparatus and the filmformation nmethod of the invention is applicable for
cases using both fluorescence and phosphorescence. The light emtting
apparatus has a characteristic that it has no problemin the visible angle
because it is self-lumnous type, not a liquid crystal display apparatus.
That is, aagaihaggpl e thpknesgrrse dip utEdorsdarie pmeerdsinclndes
suitable_than a liquid crystal display and application in various manners
has beehightpeBiasiqne(£lueressanchdsat theutimeeof nrebiichinget&Lthayer is
sandwi ched between a pair of electrodes and the EL | ayer generally has a

| ayer ed Bermaiurstatet yireoml thanpliagdgleta lsaptecdantr uTight ehigshehe
transporting layer/a light emtting |ayer/an electron transporting |ayer
pr oposed(iyodpngrefashoa) ¥odeke Gomd R rivutelive thasha heeRaHabtyhi gh
light emtting efficiency and alnost all of light emtting apparatuses

whi ch hageokeeipReestiteVand Elﬁ%ﬁt@ﬁ%ﬁ@aﬁﬁéﬁ%gﬁg‘Eo%agﬂuf?t@tﬁ:%&Ct ure.

Further, structures of a hole injecting l'aye transporting layer/a
oo 58, U APl Sibat PUSDRNA' P BYER ASERRFINTASEANC Y 0
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and phospﬁorescence.
The light emitting apparatus has a characteristic that it
has no problem in the visible angle because it is self-luminous
type, notaliquidcrystaldisplayapparatus. Thatis, asa display
to be employed outdoors, the apparatus is more suitable than a
liquid crystal display and application in various manners has
been proposed.
The EL element has a structure in which the EL layer is
sandwiched between a pair of electrodes and the EL layer generally
has a layered structure. A typical example is a layered structure
of a hole transporting layer/a light emitting layer/an electron
transporting layer proposed by Tang, Eastman Kodak Co. The
structure has a remarkably high light emitting efficiency and
almost all of 1light emitting apparatuses which have been presently
investigated and developed employ the structure.
| Further, structures of a hole injecting layer/a hole
transporting layer/a light emitting l.;.-lyer/an electron

transporting layer formed successively on an anode and of a hole



may be enployed. A fluorescent coloring material or the |like may be doped
in the light emtting |layers. Further, these |layers may be forned by using
materials all with | ow nol ecular weights or using materials all with high
nol ecul ar weights. Incidentally, in the specification, all layers to be
formed in a cathode and an anode are generically naned as an EL | ayer.
Accordi ngly, the above-nentioned hole injecting |layer, hole transporting

| ayer, ILght emtting layer, electron transporting |ayer, electron

i nj ect i ngPPEGEADEr daNaT it chaded HHAnSROTHINGyERYERY 30 Lights hemitting
specification, the light emtting el enment conposed of a cathode, an EL

| ayer, ah@8Y&F/arcdeqisramiranspertingllayeniamelaatirohdngeqmtingbaygpes of
the EL elenent: one is a sinple matrix type in which the EL |ayer is
fornmed bwawebe enplokedds dff hioreoscénkecelecingdestéotardoat theghikangl es
to each other and the other is an active matrix type in which the EL | ayer
i s fornedapdier@epefi delthel BLyk ©¢as taamiethedrs0 Thdrawkh ahaR@edaybPsa
matri x and a counter el ectrode. The nost inportant problem of the EL

el enent ayMaGdredla b%pﬁlsii.ﬁ?tﬂlé@efzﬁ?%gaélri Re fl%wofnoigeuih%”ﬁgighgts .

insufficient. The deteriorafion of el enent appears in a way at’
non- || ghoy. SELRGT A8 EPELPD Lia dgLknSROLYL h810Ld50ed, 85 qhhg | ioht em ssion
is carried out Tor a Tong tinme and as causSe o h&-ad eri‘oration, the EL
| ayer deteriorfgé(%g bec. s.an i ssue. . _Th%.EL maj er.i al s forning t he EL
| ayer are det erior ef%fna;gg‘[e' ROt FPESIEICR tHO L tavitseto BraT pREeti ke.
Further, it n%y '

in a cathode and an anode are generically named as an EIL layer.
Accordingly, the above-mentioned hole injecting layer, hole
transporting layer, light emitting layer, electron transporting
layer, electron injecting layer are all included in the EL layer.

Also, in the specification, the light emitting element
composed of a cathode, an EL layer, and an anode is called as
an EL element and there are two types of the EL element: one is
a simple matrix type in which the EL layer is formed between two
kinds of stripe-like electrodes formed at right angles to each
other and the other is an active matrix type in which the EL layer
is formed between pixel electrodes connected to TFT and arranged
in a matrix and a counter electrode.

The most important problem of the EL element on practical
application is that the 1ife of the element is insufficient. The
deterioration of the element appears in a way that a non-light
emitting region (a dark spot) is widened as the light emission

is carried out for a long time and as a cause of the deterioration,

the EI. layer deterioration becomes an issue.



be al so possible that the deterioration of the EL |layer is affected by
contam nation of the EL materials with other inpurities. Further, the EL
materials are divided broadly into | ow nolecular wei ght (nononer-type)

mat eri al s and hi gh nol ecular weight (polyner-type) materials and anong
them the | ow nol ecular weight materials are mainly formed into filns by
deposition. In the case of filmformation by a conventional deposition

met hod, a depqgition material is used as it is, but the deposition

material for tHe fpBeierdnlsiLounbpgsdre £ paYesmEnidnteiorated by
inpurities. That is, oxygen, water, and other inpurities, which are one of
t he causdPWfitieegustaisonxpgenr hawdter|andhhe dike.privbabherni keadsher ei n.
Further, although the purity can be increased by previously refining the
deposi t imakabarasdiblehthat ithepiobtabidrayiohalt therplrlidyeasiarserfaoted by t he
ti me when evaporation is carried out. EL materials are extrenely

suscept il ecdmtateiest ot H rtha gl arstdyidns dized stk deimpapiaigd.in the
presence of oxygen or water. For that, a photolithographic process cannot

be carried outaraiHedr, MHeMERMELd Ll pE0at8 8&9%&&%&8%@1 A3y the

film has to be separated using a nmask having openings (hefeinafter

Aecor di Sy C e SRR (AR YR AHEREEAY "5bH bl ST e 1o
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a filmformtion chanher) .

welght materials ‘are mainly formed into films by deposition.

In the case of £ilm formation by a conventional deposition
method, a deposition material is used as it is, but the deposition
material for the deposition, is supposed to be contaminated with
impurities. That is, oxygen, water, and other impurities, which
are one of the causes of deteriorartlion of the EL element, are
probably mixed therein.

Further, although the purity can be increased by previously
refining the deposition material, there is probability that
impurities are mixed by the time when evaporation is carried out.

EL. materials are extremely susceptible to deterioration
and easily oxidized and deteriorated in the presence of oxygen
orwater. Forthat, aphotolithographic process cannot be cérried
out after £ilm formation and in order to form a pattern, the £film
has tb be separated using a mask having openings (hereinafter
referred to as a deposition mask) simultaneously with film

formation. Accordingly, almost all of the sublimated organic

ELmaterialsadhere toadepositionmaskoradeposition-prevent ing'



in the filmformation chanber. In.order to renove the organic EL materials
adhering to the deposition nmask or the deposition preventing shield, it is
required to open the filmformation chanber to the atnospheric air once,
take the deposition mask or the deposition preventing shield outside and
then return it again to the filmformation chanber after washing it.
However, water or oxygen adsorbed in the deposition mask or the deposition

preventi ng.s_hLi el exgo%ed .to the atnopspheric air, may be probable to be
i sol at edS8AG Pakeh PFRTERELYR| Mlte hEoFi RFeyenting f 8ihasion (_f nghehe

organic EL materials and thus it is apprehended that adsorbed water or
oxygen f8PoFdtiopgaterigl sgubhe ingedstariorfnifddndonmat boyghasber)
materials. The invention is achieved in consideration of the

above- nehii thedfplwbEerpatihdnhaBambeai.mto provide a filmformation
apparatus capable of formng an EL |layer with a high throughput, a high
density, and alhighdenrts yremoes hetie absyahit NeLi maeorions hank@iRgoybde a
filmformation nethod using the filmformation apparatus of the Invention. -

Addi ti onghéYdepowi fieén MaBKObrt BBe | dVEHE L 000k S ﬁﬂeﬁrpé’i&f srﬁ%ll(f,aq.i nggmet hod
for renoving deposition materials adhering to jigs installe |n'ghe I nsi de

of the f+ahipeavtd WpdPRHA IO orkit b EAbhBR.ARY LHE LPRASLRELOf the

filmformafion apparatus 5 w thout exposing nospheric air
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shield outside and then return it again to the film formation
‘chamber after washing it. However, water or oxygen adsorbed in
the deposition mask or the deposition preventing shield exposed
to the atmospheric air may be probable to be isolated and taken
in the film at the time of £ilm formation using the organic EL
materials and thus it is apprehended that adsorbed water or oxygen
may be a factor of promoting deterioration of the organic EL
materials.

The invention is achieved in consideration of the
above-mentioned problems and has an aim to provide a film formation
apparatus capable of forming an EL layer with a high throughput,
a high density, and a high purity. Another aim of the invention
is to provide a film formation method using the film formation
apparatus of the invention.

Additionally, another aim of the invention is to provide
a cleaning method for removing deposition materials adhering to
jigs installed in the inside of the £film fo_rmé.tion apparatus of

the invention and the inner wall of the film formation apparatus



out the cleaning nethod. Incidentally, in the specification, the jigs
installed in the inside of the foregoing filmformation apparatus include
a substrate hol der, a mask hol der, a deposition preventing shield and a
deposi ti on mask. SUMVARY OF THE I NVENTION A film formation apparatus of the
invention is a film formation apparatus for formng a filmon a substrate
by depositing an organic conpound material froma deposition source

i nstall ed, fn %he oggosite to the substrate; wherein a filmformation
chanber "H5°PRE SFPOFHRISERED  LP e thReREMASERABIFsRET a3REES| PFOHidBURCE, a
means for heating the deposition source, and a heating neans for heating a
mask andt#+hB oA tiomappara tha Bravidedwith fiheanedhani s fovaauupings

di scharge treatnment chanber for vacuum evacuating the filmfornmation
chanber . oTFhethaveheavhngrmetded . a Imthdentally orim ntha spebiyidadsen, EL

| ayer by heating a substrate by a neans for heating the substrate and
further teeriass ngsthdlpdess wite tindide 8- Bnd Tordddithip fRalm £OEMhOYEH .
preferably to 1 x 10-3 Torr (0.133 Pa) or |lower, by a pressure decreasing

means ( aapjp&raiing U 1udeha b trd o nBRiesy! fhasRUIPLaér 9T aRHBR t 2on
cryopunp and the like) connected to the film formation chanber an

deposit i g An BLIGNEIE; EPELA da TBEEBL Ak 1 oh! fLKNe deposition source (o
carry out filmformation. 6 Accordingly, in the invention, annealing can
be carried out in vacuum sinultaneously with the filmformation.
Alternatively, the substrate may be anneal ed in vacuum before the film

formati Qyvary OF THE INVENTTON

A film formation apparatus of the invention is a film
formation apparatus for forming a £ilmon a substrate by depos iting
an organic compound material from a deposition source installed
on the opposite to the substrate; wherein a film formation chamber
to install the substrate therein comprises a deposition source,
a means for heating the deposition source, and a heating means
for heating a mask and the £ilm formation chamber is communicated
ivith-a vacuumgas discharge treatment chamber for vacuumevacuating
the f£ilm formation chamber.

The invention provides a method for forming a highly dense

EL layer by heating a substrate by ameans for heating the substrate

and further decreasing the pressure to 5 x 1073 Torr (0.665 Pa)

or lower, preferably to 1 x 1073 Torr (0.133 Pa) or lower, by

apressure decreasingmeans (avacuumpump such asaturbo-molecular
pump, a dry pump, a cryopump and the like) connected to the film
formation chamber and depositing an organic compound material

from the deposition source to carry out film formation.



Al so, the substrate may be annealed in vacuum after the film formation.
The tenperature (T1) of the foregoing substrate is set to be |ower than
the tenperature (T3) . Further, as the neans for heating the substrate, a
stage (optionally having a.function of fixing the substrate) in which a
heater and an electric heating wre are forned or a netal mask in which a
heater and an electric heating wire are forned is used to heat while being
instal | ed cIoseIX to or in the vicinity of the substrate and the

t enper at BFECTETRYLE; incthebivention, cmmneddiing qan he Semdef0OCt in
preferably 65 to 150C . In the present invention, by heating the

subst r at *e@cutheSi;r@pb'sdlmh@mhﬁmtImsurad IFed.mc lEos*mlaytibn.orAJ‘Lherhatx‘Liven.yi,t y of
the heated substrate is also heated. Accordingly, it is preferable for the
deposi t i the radis tira teemapde ahneal sgtial vashenh bdlforeetBe il gbrmAkibAg poi nt
metal such as tungsten, tantalum chrom um nickel, nolybdenum and all oys

cont ai ni Auséhespe 6LBERRASE @a gt%ﬂaﬁﬁ@aateﬂelm |6E&Bﬁﬁ1af€é£-e£h8>’f§@ﬁl the
| i ke which are hardly defornmed by heating (having a | ow thernmal expansion

coef fi ci £dtmatien durahd Q:etrrii)éﬂ?cdl%‘rr{@ﬂ;f)t eré:iﬁé) QBrEB%1§§b§EB§tt§ateF9§

exanpl e, a |ow thermal expansion alloy (42 al on) containing nickel 42 %

by wei ghteand B8 Lo glhfchértder@é%&f@r( eXPﬁ%hQQ 2 19% @ggn' nvar)

cont ai ni ng ni ckel 36 % by wei ght aving a hét) expansi onh coefrtIcient
6 to 5 x 10-6) 7 of _a glass substrate can be

near to %%F%O 5k - gl ! £ 1 D
exenpl i f gubg ]E)?‘é?eraaﬁl ég?o(‘?fﬁE’r%P L¥ BRIFRI hEPredéani on
means for_ preventing the organic conpound from adhering to the
of fixing the substrate) in which a heater and an electric heating
wire are formed or a metal mask in which a heater and an electric
heating wire are formed is used to heat while being installed
closely to or in the vicinity of the substrate and the temperature
(T4) of the substrate is controlled to be 50 to 200°C, preferably
65 to 150°C . In the present invention, by heating the substrate,
the deposition mask installed- closely to or in the vicinity of
the heated substrate is alsc heated. Accordingly, it is
preferable for the deposition mask to be made of a metal material
(e.g. a high melting point metal such as tungsten, tantalum,
chromium, mnickel, molybdenum and alloys containing these
elements) a stainless steel, Inconel, Hastelloy and the l1ike which
are hardly deformed by heating (having a low thermal expansion
coefficient) and qurable to the temperature (T, ) of the substrate.
For example, a low thermal expansion alloy (42 alloy) Vcontaining

nickel 42 % by weight and 58 ¢ by weight and a 1low thermal expansion

alloy (36 Invar) containing nickel 36 % by weight having a thermal

expansion coefficient near to that (0.4 x 10”° to 8.5 x 10"6)



inner wall of the filmformation chanber at the time of deposition and the
filmformation apparatus of the inventionis a film formation apparatus
for formng a filmon a substrate by depositing an organic conpound
material froma deposition source installed on the opposite to the
substrate; wherein a filmformation chanber to install the substrate
therein conprises an adhesion prevention nmneans for preventing film
formation in the |nner wal |, a heating neans for heating the adhesion
prevent (% SeHRSS (HPSIER)S (9am be e lifiathns for heating t he
deposition source, and a heating neans for heating the substrate or a nmask
(a deposition Fm)er.ahﬁ isherdéfénabde imt instzhhebeadhss tompeiveaitddmini t h a
vacuum gas di scharge treatnment chanber for vacuum evacuating the film

f or mat i oreasizaifivar prAvehbéngdbhRei 6pgaheyeabmPou® afiSom SadlePOthd 108 the
preventing shield is preferable and a heater is installed in the

surroundind@r WALl ke 6ROl earma@matémnm 8kCi® theml of *E'fe iitfi%nbOdy of
the deposition preventing shield and set the tenperature (

deposi t Lo pcrrfé/eﬂmgféﬁhétﬂoﬁoﬁgpa@a%@ deahd ey d g g}?%a&gf% (fE Lof the

substrate by at least 10C, so organi c conpoun 'S No
deposi t a stu to the st rat r

heat i ng%tg eposééil? E{ta'%ﬁ jeféen 9%" g{&.ﬂ&%n 3 iH-§ gﬁﬁ%p

sublimation_ 8 tenperature of the or anlc ound) or higher, cleanlng of
the fiPHh PoPABEFd °I%Qfﬁ+ﬁfgfna&‘§t171lfb1 sHiLeR SRERG dgsited Leddher i ng

or gani ¢ conpound.’
on the opposite to the substrate; wherein a £ilm formation chamber

to install the substrate therein comprises an adhesion prevention
means for preventing £ilm formation in the inner wall, a heating
means for heating the adhesion prevention means, the deposition
source, a means for heating the deposition source, and a heating
means for heating the substrate or a mask (a.deposition mask)
and the film formation chamber is communicated with a vacuum gas
discharge treatment chamber for vacuum evacuating the film
formation chamber.

As the adhesion prevention means, a deposition preventing
shield is preferable and a heater is installed in the surrounding
of the deposition preventing shield to heat the entire body of
the deposition preventing shield and set the temperature (T,)
of the deposition preventing shield to be higher than the
temperature (T;) of the substrate by at least 10°C, so that an
organic compound which is not deposited on the substrate can be
stuck to the'substrate. Further, by heatiﬁg the deposition

preventing shield to a certain temperature (the sublimation



In the invention, the tenperature (T1l) of the substrate at the tine of
filmformation is set to be loweirthan the tenperature (T2) of the
deposition preventing shield and the tenperature (T2) of the deposition
preventing shield is set to be |ower than the tenperature (T3) of the
deposition source. Further, using the filmformation apparatus of the

I nvention, an inline-type filmformation apparatus can be obtai ned and
such a filmformation apparatus of the invention is a filmformation
appar at useERRprEYrarh theagirgraitecompound hspyo hiighieah cRgmpdng ofnthe film
formati on chanber joined to each other in series ; wherein the film

f or mat i ofilthaffbemahien achamberonaof beorfaaniiiedg oite bypesvdparation@f tlaaask
and a substrate and the filmformation chanber is conmunicated with a

vacuum gadhéinfasoganieatsmpbusanber for vacuum evacuating the film
formati on chanber and conprises an adhesion prevention nmeans for

preventing filIn fiieraidveniion f hthd nt@ipaedtura (B i 6 tRensuboErdeat i ng
t he adhesi on prevention neans, the deposition soufce, a neans for heating

‘he d L . 1 \ ; .
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obt ai nedt =S Can PR e bee BRI By R QUL AL RE R TS P 1
formation, 9 apparatus conprising a | oad_chanber, a transportati on chanber,

and a fi¥m%& (EPOSH tARRBERVEBLAES FBLedniDtIRy 0 beelrwer HRaReERE the

transportati on chanber has a function_of conform ng the
temperature (T3) of the deposition source.

Further, using the film formation apparatus of the invention,
an inline-type film formation apparatus can be obtained and such
a £ilm formation apparatus of the invention is a £ilm foj:mation
apparatus comprising a load chamber,. a transportation chamber,
andafilmf ormatibn chamber joined toeachother in series; wherein
the film formation chamber has a function of conforming the
positioning of amask and a substrate and the film formation chamber
is communicated with a vacuum gas discharge treatment chamber
for vacuum evacuating the f£ilm formation chamber and comprises
an adhesion prevention'means for preventing £film formation in
the innerwall, aheatingmeans for heating the adhesion prevention
means, the deposition source, a means for heating the deposition
source, and a heating means for heating a substrate or a mask
(a deposition mask).

Further, using the film formation apparatus of the invention,
a multichamber-type £ilm formafion apparatus éan be obtained and

suchafilmformation apparatus of the inventionisa film formation



positioning of a mask and a substrate and the filmformation chanber is
comuni cated with a vacuum gas di'scharge treatnent chanber for vacuum
evacuating the filmformation chanber and the film formation chanber
conpri ses an adhesion prevention nmeans for preventing filmformation in
the inner wall, a heating neans for heating the adhesion prevention neans,
the deposition source, a neans for heating the deposition source, and a
heating neans for heating a substrate or a mask (a deposition mask). In

t he aboRRRAM IwHhePMPEdsdarg velppinchanhari o tapmper taekon chpnbetity of
deposition sources are arranged in one filmformation chanber and in a

si ngl e fandafddmeider tivmbbanber joliuresd o pach dtlneot insalriesgivinsreian be
formed and thus a light emtting el enent having m xed regi ons can be
formed. tioxotdamspoyrtation hehambarahad gaNFEnEOIPRUBE donBor@iiRg Sivw a
plurality of functional regions is forned between an anode and a cat hode
of a | ig¥iwiedidd\@r an@RDhnd WUt Pa €OBKAHHLPR m FRY¥RIEd ol diGibEL 1 D
which clear interfaces exist, a structure in which a mxed region of both

of a matey i Y mkRRAY | 5H¥§i P greTel Il conmposi n

a secondlesﬁE J%Jct I onal réezgi“grgt% ?S%c?fr me ggégm%lesﬁ&t%% %&%‘fiéﬁé‘rb%& on ’
dth f ' I, . ' an be f d. | d ] th

vent | dnt et B SR o droTHA T (P I RS oL acuum

anneali@% 1Q . s %ﬁ{ried out, so that nolecules in the m xed region can be
fitted W RBIRE TR FRY LS 4% ARt PARSSHOPhETRVEEF L8R det Tt es
the energy barrier between functional regions. Consequently,

preventing film formation in the inner wall, a heating means for

heating the adhesion prevention means, the deposition source,
a means for heating the deposition source, and a heating means
for heating a substrate or a mask (a deposition mask).

In the above~mentioned respective film formation
apparatuses, a plurality of deposition sources are arranged in
one £iim formation chamber and in a single film formation chamber,
a plurality of functional regions dan be formed and thus a light
emittingelement havingmixedregions canbe formed. Accordingly,
in _the case an oxganic compound film comprising a plurality of
functional regions is formed between an anode and a cathode of
a light emitting element, unlike a conventional layered structure
in which clear interfaces exist, a structure in which a mixed
region of both of a material composing a first functional region
and a material composing a second functional fegion is formed
between the first functional region and the second functional
région can be formed. In accordance with the-invention, before

the £ilm formation or dquring the £ilm formation, vacuum annealing
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the driving voltage can be |owered and the deterioration of brightness can
be prevented. The first organic conpound and the second organi ¢ conpound
have properties selected froma group consisting of ahole injecting
property to receive hole froman anode, a hole transporting property wth
hi gher hole nobility than electron nobility, an electron transporting
property with higher electron nobility than hole nobility, an electron
injecting ngfert to recejve el ectron from a_ cathode, a bIocking property
to i nhi brf et °BFe &9 Shet modpgidasiindie nhged yagian eantrg figtpedperty
showi ng | um nescence and respectively have different properties. As the
organi ¢ E8EpEBLNE th ee anwitiperhol Foxpatiomgipthpnixed regisn haflecgtasne
type conmpound is preferable and as the organic conpound with a high hole

t ranspor thegepeog¥r bgrraprabetraten fdnatiipsatompgibtsi.s porsegabhelgnd as
an organi c conpound with a high electron transporting property, a netal
conpl ex that @rivigg &odtdyd idih Sk&! ebwBred &RIGAItHD N €Xr LOPL L1 &h NB£a
benzoqui noli ne skel eton, an oxadi azol e derivative, a triazole derivative,

or a phepdghPhetsneafebkVptbyentaapref erable. Further, as an organic
conmpound show ng | um'nescence, a netal conplex containing a quinoline

skel eton, a eyl FGYH ngtgﬁillgi%{}ﬁeﬂ}gﬂg? %[%O'&f]?ﬁgﬁécg%né l&%g%tng.gjpggﬁkggggat al

conpl ex contai ning a benz I CATS stably

Fegi on 1adREEBERRERs stk St i Giomartp cotv iRt Fadp R Sapadrkings

dopant) whose ) .
propertytoreceivehole fromananode, ahole transportingproperty
with higher hole mobility than electron mobility, an electron
transporting property with higher electron mobility than hole
mobility, an electron injecting property to receive electron £from
a cathode, a blocking property to inhibit hole ror‘ electron
transportation, and a 1light emitting property showing
luminescence and respectively have different properties.

As the organic compound with a high hole injecting property,

a phthalocyanine type compound is preferable and as the organic
compound with a high hole transporting property, an aromatic
diamine compound is preferable ﬁnd as an organic compound with
a high electron transporting property, ametal complex containing
a2 guinoline skeleton, ametal complex containing a benzoguinoline
skeleton, an oxadiazole derivative, a triazole derivative, or
aphenanthroline derivative is preferable. Further, asanorganic
compound showing luminescence, a metal complex containing a

quinoline skeleton, a metal complex containing a benzoxazole

skeleton, or ametal complex containing a benzothiazole skeleton,

11



excitation energy is lower than that of the host material and the
excitation energy of the dopant i's planed to be |lower than the excitation
energy of a hole transporting region and the excitation energy of the

el ectron.transporting layer. Due to that, dispersion of excited nol ecul es
of a dopant can be prevented and the dopant can efficiently emt

| um nescence. Further, in the case a dopant is a carrier trap type

materialw:itrl(gg,re-couglinqg‘{':C efficiengé of the carrier can be heightened.
Fur t her , "B A5 E3PRBAC| He Fhabdvemikiing Funddeseriina 1s Rrefceeibhe -
capabl e of converting triplet excitation energy to |um nescence is added
to-the nixed FeHiteT IBFretrrailed g dgight diveingnregien mixecomposed may
have a concentration grade. The film formati on apparatus of the invention
can be edpkRoyesit nfagrexfidimahdr adtiight efhitdtingnhytenial gantlopaatpouinessuch as
the EL material but also other materials such as netal materials to be

enpl oyecexait diepns i dnangy Fg t heter byhdmdiRdt NGE | 68 hdeeMAEr$68NGHAJ t he
| aser beamin the inner wall of the filmformation chanber, cleaning. can

be carriwqt Aot idh eddigy identhey %biafm a_@parlahgal eb Baeloﬁaﬁeﬁélﬂn

includes a filmformation apparatus for formng a film on a substrate by

deposi tiyih alkOf 8294 ncgﬂggwgo@taerljigj\;\%f EQ%SEO?';EF'%%} ?F%E_to%ougrg ipgtalled

on the opposite to the su trate; = 1. erern Fil I'on Cchanbér to
ot g S LR A Lk e R E RS ARSI LR} TR, LR
substr att%iata,ngigggrfsilggp of excited molecules of a dopant can be prevented

and the dopant can efficiently emit luminescence. Further, in

the case a dopant is a carrier trap type material, the re-coupling

efficiency of the carrier can be heightened.

Fur'ther, the invention includes a case that as a dopant,

a material capable of converting triplet excitation enérgy to
luminescence is added to the mixed region. In the mixed region
formation, the mixed region may have a concentration grade.

The £film formation apparatus of the invention can be employed
for film formation of not only an organic compound such as the
EL material but also other materials such as metal materials to
be employed for deposition.

Further, by radiating laser beam and scanning the laser
beam in the inner wall of the film formation chamber, cleaning
can be carried out and thus the film formation apparatus of the
invention includes a £ilm formation apparatus for forming a £ilm

on a substrate by depositing an organic compound material from

a deposition source installed on the opposite to the substrate;
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formati on chanber is communi cated with a vacuum gas di scharge treatnent
chanber for vacuum evacuating the filmformat ion chanber and also with a
cl eaning preparatory chanber for radiating |aser beamto the inner wall of
the treatnent chanber. In the foregoing constitution, the above-nentioned

| aser beam can be scanned by a galvano-mrror or a polygon mrror to
evaporate the deposited matter adhering to the inner wall of the film
formation chanber, a depositjon gr eventing shield, or a deposition nmask
and car r yRgteir|eiAlRdE cmattiamehaphes- peaniséadd the substgatentherehbut t he
filmformation chanber being exposed to atnospheric air at the tinme of

mai Nt enagewpribesrd Agprosathen samrdedameany ferdbeoyeime thicofiepokatséonbeam
may include | aser beamfrom | aser beam source such as continuously

osci | | at sogroe, mida heatihyatdang Sorilibatdey a sabstpadeslanditid £allinng or
pul se oscillating excinmer |aser, Ar laser, Kr laser and the like. The

above- mepbirRaetofOLhdmbaseisi B6MHERScRPEA 0N BhPAWakhiM §istdP8Shasgkect ed
from YAG | aser, YV | aser, YLF |aser, YALO3 |aser, glass |aser, ruby

| aser, a{:Eﬁéﬂﬂéﬂ: ShaftRir £7 vEERAR VA AR A g FIKE %Pl?cfnrﬁ ofdd 18 ShdRbLLAN

apparatus having a plasnma generation means 1n a ormat1 on appar at us

provi ded_\wkt : osi t4ion .source is_also ng 1 | nventi.Qn and _anot her
D conet T s pARECS A% b EprEntl . SFaN et don 2oR RE RS ToaRE on 1 <
afilmformtjon paratus for formng . a filmon _a substrate by depositing
an organ"?%alﬂoh‘bo g ﬁﬁ?ﬁFi‘é{F‘gf‘rB% ghe treatment chamber.

In the foregoing constitution, the above-mentioned laser
beam can be scanned by a galvano-mirror or a polygon mirror to
evaporate the deposited matter adhering to the inner wall of the
film formation chamber, a deposition preventing shield, or a
depositionmask and carry out cleaning. With the above-mentioned
constitution, without the film formation chamber being exposed
to atmospheric air at the timé of maintenance, cleaning can be
carried out.

The above-mentioned laser beam may include laser beam from
laser beam source such as continuously oscillating or pulse
oscillating solid laser, continuously oscillating or pulse
oscillating excimer laser, Ar laser, Kr laser and the like. The
above-mentioned solid laser includes one or a plurality of types
selected from YAG laser, YVO, laser, YLF laser, YAl05 laser, glass
laser, ruby laser, alexandrite laser, Ti:sapphire laser.

Further, a film fqrmation apparatus having a plasma
generation means in a film formation apparatﬁs provided with a

deposition source is also among the invention and another
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deposition source installed on the opposite to the substrate; wherein a
filmformati on chanber to install said substrate therein conprises a
deposition source, a neans for heating the deposition source, a heating
means for heating a substrate, a nmask (a deposition mask), and an

el ectrode on the opposite to the mask and the filmformation chanber is
comuni cated with a vacuum gas discharge treatnent chanber for vacuum
evacuating the film formation chanber_and plasma is generated in the film
f or mat i oFOREHARBELOD | FeEREAABGy dhfenf i died AFRddiONt 2RPETRFES f @fegBimg mask
is made of a conductive material and either the foregoing mask or the

f or egoi NP ERREIPRILS |3 Thlmctammatdon appaxatys cipreyrmiuyea £blmcen
(frequency of 13 MHz to 40 MHz and high frequency power 20 Wto 200 W.
The i nt &2 wlbsfrate bpskepnd titey e cirgaei c neymbearad] jmstedi 4D feom amto 5
cm Also, in the above-nmentioned constitution, the foregoing film

format i cepdwirbbsn | Soprey i degkalidd on 0ase i PFRSHIES N MBAN SsEs L4t & oduci ng
one or a plurality of kinds of gases selected fromAr, H F, NF3, and O

into theyhdid A LATIBE £6PME DA Shaftit 2t a@%aflqrséiiéghﬁrs%a%tﬂ?efaﬁporat ed

deposition substance. Further, in the above-nentioned constitution, 1t is

refera w&' ' t lLect.rqde,.for. 14 neratin
BI asma itgsoan%r'g%t%% g:dérﬁ er |%+I?%g\g? %lé‘ ’c%n_ %&@g?igf%acar#’d&dgat&%%e%%?%?ﬁ%n poi n?
Contai s R PeRbank) Mot eS8 Al Thg U Hibee RIPIE RS VS

deposition mask), and an electrode on the opposite to the mask
and the £ilm formation chamber is communicated with a vacuum gas
discharge treatment chamber for vacuum evacuating the film
formation chamber and plasma is generated in the film formation
chamber.

In the above-mentioned comnstitution, the foregoing mask
is made of a conductive material and either the foregoing mask
or the foregoing electrode is connected with a high fréquency
power source (frequency of 13 MHz to 40 MHz and high frequency
power 20 W to 200 W). The interval of the mask and the electrode
may be adjusted to be 1 cm to 5 .¢cm. Also, in the above-mentioned
constitution, the foregoing film formation chamber is provided
with a gas introducing means for introducing one or a plurality
of kinds of gases selected from Ar, H, F, NF5, and O into the
film formation chamber and a means for discharging the evaporated
deposition substance.

Furthef, in the above-mentioned constitution, it is

preferable that the deposition mask to be one electrode for
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stainless steel, Inconel, Hastelloy and the |like which are hardly deforned
by heating (having a | ow t hermal ‘expansi on coefficient) and durable to
plasma is preferable to be enployed. Further, in order to cool the heated
deposition mask, a nmechanismfor circulating a cooling medium (cooling
water, cooling gas) in the deposition mask may be installed. By the
above-nenti oned plasna generating neans, plasma is generated in the film
formation chanber and the deposited subst ance adhering to the inner wall
of the fPOPRPFELARC Bhashabemadehef dapaesxiahhswvdnehcondusiiistidy endt he
deposition mask is evaporated and discharged out the filmformation
chanber &diiglh meligurg pbénhimgtalVsuch ke aboyst:erentiamtad voonshicrbmti mg,

cl eaning can be carried out without the filmformati on chanber being
exposed niockthe atoingplearine ahd aillidies téortain g NttRRaRC a1 dents pagai ng
met hod using the filmformation apparatus with the above-nentioned

constit ust@iniesal SedNCrHdedei ﬁé]@téﬂ]!@f‘tdn@nthé'l(ilﬁa ﬁhfeﬂla&ge pekageg for
renoving an organic conpound adhering to a I m formation chanber provided

with a d&@fékﬁ:bﬁrbfﬂkénean {Hasfﬁ 'a?‘io%uf:h%ﬁ\ﬁaffe f;&oﬁbsog?ggelé@k' an

adhesi on preventi oh ventlng |on on |nne wal |,

or a mas b La I.n lasma in_t m formation cha

constitu %nxgggﬁﬁe % oglgﬁgﬁtﬁgngﬁe% lﬁgtﬁeg%o&mp F8F588an

pl asma i s generated between the mask and an el ectrodes |nstalled bet ween
t he nasklﬁnﬂrg §8p8§Pﬂ|GHQyﬂﬁ4£?dIq?E?EQQiﬂﬁnWQ%K1oﬁ Bechppism for

above-nenti oned cteani ng_net hod,
circulating a cooling medium (cooling water, cooling gas) in the

deposition mask may be installed.

By the above-mentioned plasma generating means, plasma is
generatedinthe film formation chamber and the deposited substance
adhering to the inner wall of the film formation chamber, the
deposition-preventing shield, | or the deposition mask is
evaporated and discharged out the £ilm formation chamber to carry
out cleaning. With the above-mentioned constitution, cleaning
can be c.arried out without the £ilm formation chamber being exposed
to the atmospheric air at the time of maintenance.

The cleaning method using the £ilm formation apparatus with
the above-mentioned constitution isalso included in the invention
and a cleaning method for removing an organic compound adhering
to a film formation chamber provided with a deposition source
and carried out for cleaning the innerwall, an adhesion prevention
means for preventing £ilm formation on the inner wall, or a mask
by generating plasma in the £ilm formation éhamber.

In the constitution of the above-mentioned cleaning method,
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the plasma is generated by exciting one or a plurality of kinds of gases
selected fromAr, H F, NF3, and O BRI EF DESCRI PTI ON OF THE DRAW NGS Fi g.
1 shows a filmformation apparatus of the invention (Enbodinent 1). Figs.
2A and 2B show charts showing the flows of the invention (Enbodinent 1).
Fig. 3 shows a filmformation apparatus of the invention (Enbodinent 2).
Figs. 4A and 4B show figures illustrating elenent structures to be
produced by a filmfornmation apparatus’ of the_ invention (Exanple 1).

Fi gs. 5At3%3°§89§H8ﬁ/R]13@H‘raés‘5 geresetadbedveerhiiedraek ped anplrebiedes of
the invention (Exanple 2). Fig.6 shows a figure illustrating afilnformation
appar at usnsb21lied beteeen obh¢ fraskl @ng) thei depgsthbos aofirgare il lustrating
a filmformation apparatus of the invention (Exanple 4). Fig. 8 shows a
figure ill ustritithg constghtutenin of rapeogiparatmsn t bénéd e lieavdanig meathdd gs. 9A

and 9B show figures illustrating a |light emtting 16 apparatus of the
i nvent i othe fpXasnid ishgeheatedUhg éxéibingldiy ox bi pir@Mitll 88 kARR&r at us
of the invention. Figs. 11A to 11F show figures illustrating one exanpl e of

of gases selected from Ar, H, F, NF,, and O.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig.- 1 shows a film formation apparatus of the inventicm
(Embodiment 1).

Figs. 2A and 2B show charts showing the flows of the
invention (Embodiment 1).

Fig. 3 shows a f£ilm formation apparatus of the invention
{Embodiment 2).

Figs. 42 and 4B show figures illustrating element
structures to be produced by a £ilm formation apparatus of the
invention (Example 1).

Figs. 5A and 5B show figures illustrating film formation
apparatuses of the invention (Example 2).

Fig. 6 showsafigure illustratingafilmformation apparatus
of the invention (Example 3)}.

Fig. 7showsafigure illustratingafilmformation apparatus
of the invention (Example 4).

Fig. 8 showsafigureillustratingalightemittingapparatus
of the invention. |

Figs. 9A and 9B show figures illustrating a light emitting
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an electronic apparatus. Figs. 12A to 12C show figures illustrating one
exanpl e of an electronic apparatius. Fig. 13 shows a filmformation
apparatus of the invention (Enbodinment 3). Figs. 14A and 14B show figures
showi ng magni fied cross-sectional views of deposition masks. PREFERRED
EMBODI MENTS OF THE | NVENTI ON Enbodi nents of the invention will be described
bel ow. Enbodi nent 1 The constitution of a filmformati on apparatus of the
invention will be described with reference to Fig. 1. Fig. 1 is one
exanpl e BPPETELYEsOEethPohBVeBtd®nef the filmformati on apparatus of the
i nvention. At the tine of formng a filmby a deposition nethod, a face
down net hod (rEigrrd@ tshows aaddpgeine njllpsmpationg i A dorght cemies)ying
preferable and a substrate 10 is set in a nmanner that the face to forma
fil mtheapparatusaocfé thenin¥batfiane down nethod is a nethod by which a
filmis formed while the face to formfilm of the substrate being kept
face down and Fiogsuahzm wethoe srNesigatesly1 Dis st i 0§ e bt 1eapsbe

suppressed. As shown in Fig. 1, a heating nmeans, in this case a heater 11,

i s instahhed) 88tA6RL! ¥pparhbfsSubstrate 10. By the heating neans, the
tenperature (T1l) of the substrate can be heated to 50 to 200C, preferably

65 to 150C. FL&H&I ’121 'E%t ilECngﬁgwlrzfgures illustrating one example of

an electronic apparatus.

Fig; 13 shows a £film formation apparatus of the invention
(Embodiment 3).

Figs. 14A and 14B show figures showing magnified

cross-sectional views of deposition masks.

PREFERRED EMBODIMENTS OF THE INVENTION

Embodiments of the invention will be described below.

Embodiment 1

The constitution of a film formation apparatus of the
invention will be described with reference to Fig. 1. Fig. 1
is one example of a cross-sectional view of the film formation
apparatus of the invention.

At the time of fprming a film by a deposition method, a
face down method (referred to as a depositing-up methodrin some
cases) is preferable énd a substrate 10 is set in a manner that
the face to form a £film thereon is facé down. The face down method
is a method by which a film is formed while thé face to form £ilm

ofthesubstratebeingkeptfacedownandinsuchanwmhod,adhesion
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fixed in a holder 12b is installed under the substrate 10 and deposition
source holders 16a to 16¢c capable of heating at different tenperatures
respectively are also installed further under the mask. A deposition
source is installed on the opposite to the substrate. In this case, the
substrate fixed in the holder 12b is exenplified, but it nmay be fixed by
the netal mask using a permanent magnet. In Fig. 1, .since the nmetal mask
12a (referred to as a deposition mask in sope cases) is installed

adj acent?y f¥Sther Shpstikeecan, bonewrpresstdstrate is heated, the netal
mask is sinultaneously heated. By the heating neans for the substrate and
the metal nasids shewaniprBigody. ¢ hehéingbseans e onthis lbaskeed. heater
Accordingly, the netal nmask (the deposition mask) is preferably nade of a
met al metkriid inkitelbled ddjatentef croredebyubsttratad 0 duBsbkhetlvedtitng
tenperature (T1) of the substrate. Further, the deposition mask is not
limited neams netlad tratpesat usad By Jrask tlﬁ@fstgi»saismm cparive heatedota | i ght
shielding filmon the surface) nade of another material durable to the

temper aty &d bbo-g! phErerhBEL! 85 Bl USpllorhEl ISELLY mbli! {38 case

t he net nst a dj ac yto e su étr

SXoTPl itea A8 4 B ddWen 0 d Sl a1 108 Lifhd:0 Gl S rﬁ?tﬁg fhg

substrate and from-eac
ad; acon I as %o&“%%{lﬁ{:eﬁaieeaﬁ d raﬁﬁ“eat' oweﬁﬁaparata GBSt ri ¢
heating wire) may be installed
temperatures respectively are also installed further under the
mask. A deposition source is installed on the opposite to the
substrate. In this case, the substrate fixed in the holder 12b
is exemplified, but it may be fixed by the metal mask using a
permanent magnet.

In '-Fig. 1, .since the metal mask 1l2a (referred to as a
deposition mask in some cases) is installed adjacently to the
substrate 10, when the substrate is heated, the metal mask is
simultaneously heated. By the heating meané for the substrate
and the metal mask, the entire body of the substrate can be heated.
chordingly, the metal mask (the deposition mask) is prefe:r:ablyr
made of a metal material which is hardly deformed by heat and
durable to the temperature (T1) of the substrate. Further, the
deposition mask is not limited to a metal material and a mask
(of glass or quartz bearing a 1ight shielding f£ilm on the surface)
made of another material durable to the temperature (T1) of the

substrate may be used. Incidentally, in this case, the metal

mask 12a installed adjacently to the substrate 10 is exemplified,
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in the metal mask itself to heat.the nmetal mask, so that the substrate
adj acent to the netal nmask can bé heated. By heating the netal nask, the
substrate surface in the side where filmformation is carried out can be
heated. In this case, the deposition source is conposed of deposition
source holders 16a to 16c¢, organic conmpounds 17 (17a to 17c) formng an
organi ¢ conpound film and material chambers 18 (18a to 18c) containing
organi ¢ conpounds, and shutters 19 (19a to 19c). Further, it is preferable
t hat . antlaf*g’dh‘f‘?ﬁ‘é’tﬂfbdﬁnﬁoFslﬂh%?%@tk%Ghet arauphe anaek ¢ gubes nakecandl
exchange chanber (not illustrated) attached to the filmformation chanber
so as toaavelal opaskngay obet hartefimffomnaticbnothamber to t he at nospheric
air to the utnost. Opening the filmformation chanber to the atnospheric

air allows waertlend, waheatinganesner(@ hdseebesnd i B eictiac Mehtiagd
rel eased again by vacuum evacuating the chanber. Several tens or hundred

hours arwitekefayt Besm§téﬁléheadfé@é§€1fft6 Qﬁeaﬂé%he:ﬁ'agﬁ%&s aaﬂgatﬁtlﬂg' lize

t he vacuum degree to the equilibriumva Therefore, baking treat

for the wedhs Ofa trey fdyd 'an a@%i@%tﬂ%‘éﬁtiﬁ %ﬂ:@ e]qagu{)et f?gpgii.eint he

ti me. However, repeat of the opening arr
ff 1 h f bl
fo be ?2”%%%“%ta?%%eﬁéﬂ@?ﬁfcg%%"‘%ﬁr'aga@ér‘ﬁasi?g ﬂ%?aa%*&éwan trage
depositio sourc or .t he 3strate i n which deposition is to be carried
out is gEiage QQ) tHﬁd@eﬁﬁ aEPEk(B?nr?ﬁaﬁ%ﬂﬁ§éi Bygheatiggotkeanebahnpl e

in which the substrate to deposit a filmthereon
mask, the substrate surface in the side where film formation is

carried out can be heated.

Inthis case, the deposition source is composedof deposition
source holders 16a to 16c, organic compounds 17 {17ato 17c) forming
an organic compound f£ilm, and material chambers 18 (18a to 18c)
containing organic compounds, and shutters 19 (19a to i9c¢).
Further, it is preferable that an organic compound is introduced
through anexclusivematerial exchange chamber (not illustrated)
attached to the film formation chamber so as to avoid opening
of the film formation chamber to the atmospheric air to the utmost.
Opening the £ilm formation chazﬁber to the atmospheric air allows
water and various gases are adsorbed in the inner wall and released
again by vacuum evacuating the chamber. Several tens or hundred
hours are taken to subside the release of the adsorbed gases and
stabilize the vacuum degree to the equilibriumvalue. Therefore,
baking treatment for the wall of the £ilm formation chémber is
carried out to shorten the time. However, i:e.péat of the opening

to the atmospheric air is not an efficient means, an exclusive

19



I's made rotatable and also a netal nmask 12a and a hol der 12b are nmade
rotatable. Alternatively, while the substrate being fixed, the deposition
hol der may be noved in the x-direction or y-direction relative to the
substrate to carry out deposition. Material chanbers 18 (18a to 18c) are
spaces of the deposition source holders 16a to 16¢c made of a conductive
nmetal material and when the organic conpounds 17 (17a to 17c) in the
insides are heated to the respective sublimation tenperature (T3, T3', T3
©r ) byMetEeTHEdt eFGhRRRs chaediest difc Prpdediadled tRt Rehelnstallad. vol t age
application (resistance heating)] installed in the deposition source

hol der, they af® diffpofilud fonhakbosi cbdmbar tdfe thef amvertidme, stbetrate
10. The heating neans are basically of a resistance heating type, however
a Knudsedepekh tiepbeoenpeoyedthe Isutisdardta iy, whiichhdspspetidbn ché itanbet he
surface of the substrate 10 includes a thin filmforned on the substrate

and in tbhgréageoutais BOLELeP t8 BANALE NN HG O a81R5) F apg g The
shutters 19 (19a to 19c) control the deposition of the evaporated Organic

conmpounds ghiouwsl4a d A% in Wigtcn %hemﬁf'@tde Egﬁéﬁééi@raeffﬂﬁgﬁgre%%e

organi ¢ conpounds 17 (17a to 17c evapor at e eating can eposi t ed.
cover ng t natas R Yo Bao, A mFE e 12 R SRR 58, 11 on
chut o n588 el (AT - PROLE e auCREFeeRdieLag Taed,
the depos-ition holder may be moved in the x-direction or
y-direction relative to the substrate to carry out deposition.
Material chambers 18 (18ato 18c) are spaces of the deposition

source holders l6a to 1l6c made of a conductive metal material

and when the organic compounds 17 (17a to 17c¢) in the insides

are heated to the respective sublimation temperature ( T3, T3' R
T4" ") by the heating means {résistance generated at the time of
voltage application (resistance heating)] installed "in the
deposition source holder, they are evaporated and deposited on
" the surface of the substrate 10. The heating means are basically
of aresistance heating type, however a Knudsen cell may be employed.
Incidentally, in this specification, the surface of the substrate
10 includes a thin film formed on the substrate and in this case,
an anode or a cathode is formed on the substrate.
The shutters 19 (19a to 19c) control the deposition of the
evaporated organic compounds 17 (17a to 17c). That is, when the
shutters are opened, - the organic compoundé 17 (17a to 17c)

evaporated byheating canbe deposited. Furtheroneoraplurality
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preferable that the organic conpounds 17 (17a to 17c) are evaporated by
heating before the deposition so as to nake the deposition possible as
soon as the shutters 19 (19a to 19c) are opened at the tine of the
deposition. Further, in the filmformtion apparatus of the invention, an
organi ¢ conpound filmhaving a plurality of functional regions can be
formed in one filmformation chanber and a plurality of deposition sources

are for [ hat,._ The organic onpounds _evaporated in_the
respect F@g g[g%géslldt Pgﬁkgg%rscegfod‘ﬁr eexﬁngggi't esémro%e["ﬁge E8hs (TR ¢ FRGugh
openingsdggot.iLIustrated) formed in the metal mask 12a. Incidentally, the
openi ngs SGPOEHE LORe SRTRESK Uk Ih Fhe Fuigtration fxom; the dgpopiképnand
they may be arranged in matrix-like shape or delta arrangement. Further,

i npuri ti 8SUFRP§h1EchipePalirediamayi hpsindtpdipdcletyeen Khgherbssmpseat ure
than high purity EL materials (mddle tenperature materials) or inpurities

(1 ow t enp@r andr sheashnittbsy l8eposited at a | ower tenperature are separated
based on the deposition tenperature difference of the deposition naterials

to carry out f&imeéothat fFalmoHormation heihé gbafaubiet \sHdrtei&d ] ai 6. is
Further, in this specification, substances (inpurities) with a 21 higher

subl i mat ppareeapeE dharaHdePgah st cBhpbladsioh Prs itbn(v!ila af@%%&bﬂ!réttéﬁea

naned as high tenperature nmaterials and substances impurities) w

| over supli NBALO! GEPGES LhE BLHoB2EOnAS, Ag%exgg%ggﬁaegg%sﬂgkﬁ-

Al'so, the high purity EL materra | mat e e erature
bet ween fy@gs%ﬂge‘:{s tseégi?raast L4:rheea shutters 19 (19a to 19¢) are opened at

the time of the deposition.

Further, in the film formation apparatus of the invention,
an organic compound f£ilm having a plurality of functional regions
can be formed in one film formation chamber and a plurality of
deposition sources are formed according to-thatr. The organic
compounds evaporated in the fespective deposition sources are
deposited on the substrate 10 through openings (not illustrated)
formed in the mgtal mask 12a. Incidentally, the openings of the
metal mask may be rectangular, elliptical, or liner and they may
be arranged in matrix-like shape or delta arrangement. |

Further, impurities (high temperaturé materials) deposited
at a higher temperature than high purity EL materials (middle
temperature materials) or impurities (low temperature materials)
deposited at a lower temperature are separated based on the
deposition temperature difference of the deposition materials
to carryout film formation only £rom the high pﬁrity EL materials.

Further, in this specification, substances (impurities) with a
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and the | ower tenperature are naned as mddl e tenperature materi al s.
Incidentally, the materials deposited at respective tenperatures are
previ ously anal yzed by mass spectronetry (GC-Ms) to investigate the
sublimation tenperature of the pure EL materials. The deposition materials
may be subjected to sublimation refining before deposition. To refine the
deposition materials, a zone refining nethod nmay be enpl oyed. A

deposi tigp-preventin hield 15 fo reventing adhesion_  of an organic
corrpoundﬁglgﬁﬂiﬂeS n‘%’u*‘ine‘ﬁa’g\b?? B?mlt"?\’éa{‘i“?r% Hhay i Ofo il BighsPUrisy. EL
Installation of the deposition-preventing shield 15 nakes it possible to
deposi t BRALBF§EMF @ROREPEARSAHGh EamBeTratpEe diRNkake and: sebstarceate. |n
the surrounding of the deposition-preventing shield 15, an electric

heati ng WHRBULLtigs) 4w e ehtlowemisiibdrighaiy onh & empeciartiurehaaei ngmedr as 14,
the entire body of the deposition-preventing shield 15 can be heated. At

t he tinelow femperatumed inpakterhel ¢ enparsat,utbe( h2ghopurh€y EL materials
deposition-preventing shield 15 is preferable to be higher than the

t enper at suibl {Ad}eobtt dmiad1s! £ &hSe Byt dte betWeetOthe BYGHRS teﬁ?ﬁgé\%ﬁgﬁ anber

formati on chanber 13 is connected to a vacuum di scharge trea

for vacuum exaatier trfierd tifl a2 il A2a6 A [P%‘?‘{qegg‘cﬁ%ea'ﬁ%%}gﬁg harge

treatment chanber is provided wth a magnetica _ _
(b7 20, MOLFEINGHLUP, n GVIRMIEs oy U, (ARSI e EE 1001
achi evedaré‘?ndprre(:'i}/ieorusspfl.3}:I | fafnlfa iyozr}ado f blynprlﬂystsl egpégg@o}ng%rgun‘&;éi_ﬂg)angoa gas
investigate the sublimation temperature of the pure EL materials.
The deposition materials may be subjected to sublimation
refining before deposition. To refine the depositionmaterials,
a zone refining method may be employed.
A deposition-preventing shield 15 for preventing adhesion
of an organic compound to the inner wall at the time of depqsition
is installed. Installation of the deposition-preventing shield
15 makes it possible to deposit an organic compound which cannot
be deposited on the substrate. In the surrounding of the
deposition-preventing shield 15, an electric heating wire 14 is
adjacently laid and by the electric heating wire 14, the entire
body of the deposition-preventing shield 15 can be heated. At
the time of film formation, the temperature (T,) of the
deposition-preventing shield 15 is preferable to be higher than
the temperature (T;) of the substrate by at least 10°C.

Further, the film formation chamber 13 is connected to a

vacuum discharge treatment chamber for vacuum-evacuating the £ilm

22



di scharge system can be controlled. Further, the filmformation chanber 13
is connected to a gas introduction systemfor restoring a nornal pressure
in the filmformation chanber. In order to prevent introduction of
inmpurities in the inside of the apparatus, as a gas to be introduced, an

I nert gas such as nitrogen , a rare gas and the |like are used. These gases
to be introduced into the inside of the apparatus are subjected to be

hi ghly ggrifigd by a gas refining apparatus before the introduction into
the appatrJFIRSTMHARYTy, Lheya@cyus idhsehapiardieatnent cehamer t 1S be
installed so as_to introduce highly purified gases into the apparatus
after tHRCPYHIed withonmagnetd floakime i voel twaber mgdecullaarpimpuri ti es
contained in the gases can be renoved previously, so that introduction of

these iapuyopuep,i atdry pamp)si ged ahd hexappasesssacagihe wevept 6l-6As a
material to be enployed for the inside of the film formation chanber,

al um nurRanthata degaees b€eltheSESImspoenhaiby chahbehedahyne! eshiobydi C
pol i shing can be enployed for the inner wall faces since their adsorption

capaci t yard reffeitisiel H2SFEHEBN &8 npiaent A AP Ehe JEsd %%%eﬂ s
narrowi ng the surface area. Accordingly, the vacuum degree in the inside

of the f4qidBhbdd Aydtdwtahatbess Peofept at 10-5 to 10-6 Pa. Also, a

material such as a ceramic or the I'TkKé sSubjected to the treatment to

tremely d h b d the. i,ng nber. T
mat o716l & ar o SEATFAD ES 6 M EORRGAT PRGN GRBBEnAde Lo cHITOSFERR FBoR 3nm or

| ess aver age rou%hn SS between center |ines.
gas’ introductlion system for restoring a normal pressure in the

film formation chamber. In order to prevent introduction of
impurities in the inside of the apparatus, as agas tobe introduced,
an inert gas such as nitrogen , a rare gas and the like are used.
These gases to be introduced into the inside of the apparatus
are subjected to be highly purified by a gas refining apparatus
before the introduction into the apparatus. Accordingly, a gas
refining apparatus is required to be installed so as to introduce
highly purified gases into the apparatus after the purification.
As a result, oxygen and water and other impurities contained in
the gases can be removed previously, so that introduction of these
' impurities into the inside of the apparatus can be prevented.
As a material to be employed for the inside of the film
formation chamber, aluminum and stainless steel (SUS) specularly
polished by electrolytic polishing can be employed for the innér
wall faces since their adsorption capacity of impurities such
as o:kygen and water can be decreased by narx;owing the surface

area. Accordingly, the vacuum degree in the inside of the film
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In the filmformation apparatus of Fig. 1, since the film formation is
carried out using a plurality of material roons in the same filmformation
chanmber, a function to nove the material roons containing organic
materials to be enployed for the film formation to the optimum positions
under the substrate at the tine of filmformation or to nove the substrate
to the optinum position above the nmaterial roons nay be installed in order
to inprove the filmformation efficiencyy Using the filmfornmation

appar at UsCERBLHOR FREmpeTICHR bekeRt aﬁo@%i%F@ k&b cBery dlLgo apmatenialn
vacuum befaore film fornmation, annealigg in vacuun1durin% filmformation,

or anned? THY2P R SREARAS Ot 1 ¥5e fbderaedde the Lreainenf toRFeRamekY of

t hrough-put. Further, an annealing chanber enabled to be vacuum evacuat ed
i's conr?%%‘?’é%??% the PPrAsf siavmthonuesdnfer 4ihe tinmesulmambae. | sThese
transported in vacuum so that the annealing in vacuum before film

f or mat i graferiais ameept¢figrahiaisy haveneciadace sheotthhessfayudatabenthanber
or the annealing in vacuumafter filmformation can be carried out.

Her ei nafte@r3nmsomngidde dvérador iohiine 8pposvesnobehtgr 1inea.manuf acturing
procedure of a light emtting apparatus 24 conprising an anode, an organic

conpound | ayerrehacenimt foth8tisR0MSparlthud SAtFQMe 1adkaneBt the £y
organi ¢ conpound layer will be described with the reference to Fig. 2

]'fi)?-mafi :ﬁ:ﬁém% ri_ss BAMRQ 4 B+ ho1hETd P AR e hmh 8 Qat PEohik! fh
the same film formation chamber, a function to move the material
rooms containing organic materials to be empldyed for the film
formation to the pptimum positions under the substrate at the
time of £ilm formation or to move the substrate to the optimum
position above the material rooms may be installed in order to -
improve the £ilm formation efficiency.

Using the £ilm formation apparatus shown in Fig. 1 makes
it possible to carry out annealing in vacuumbefore film formation,
annealing in vacuum during £ilm formation, oxr annealing in vacuum
after film formation to result in improvement of through-put.
Further, an annealing chamber enabled to be vacuum evacuated is
connected to the film formation chamber and the substrate is
transported in vacuum, so that the annealing in vacuum before
film formation in the annealing chamber donnected to the film
formation chamber or the annealing in vacuum after film formation
can be carried out.

Hereinafter, using the film formation rapparatus of_ Fig.

1, a manufacturing procedure of a light emitting apparatus
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At first, a substrate in which an anodée is forned is transported to a
transportation chanber {not illustrated). As a material for formation of

t he anode, a transparent conductive material is used and an indiumtin
conpound, zi-nc oxide and the |ike can be enployed. Next, it is transported
to afilmformation pretreatnent chanber (not illustrated) connected to
the transportation chanber (not illustrated). In the filmformation

pretreat : e in oxi Lo nt. or_heati t reat ment
for the gﬁggggggggaég %%ggg'c%?r?eééﬁﬁé.ébéﬁéﬁﬁéﬁﬁ%zﬁﬁ I Cakb§e
surface, angde surface is_cleaned by radiatin Wrays_ in vacuym_ Al so,
oo the ofP88el CARE A psBRRe 352E00E e et aranadY comROMRA TRR A Mg

at m)sphebe gni | e . heating at 100 to 120C being carried out and in the case
t he anodB® e§RTIBRAG¥ILhe khes reforense toeftigent2 i sFadfedt A¥ea FBOENer, as
the heating treatnent, heating is carried out in vacuumat a heating

t enper at GRevdprgsdbeorf lpwyheftepr tranabbytesivo 180G hevhfihmt ermadbionr at e
can stand to renpove inpurities such as oxygen, water and the |ike adhering

to the sahambare and inpurities such as oxygen, water and the |ike
existing in the filmfornmed on the substrate. Especially, since an EL

material is sustepgtirée,ta IEbeetLtéonal Waidly AAPWhbheeSi$UshrRAsa0RIen,
water and the like, heating in vacuum before deposition is effective.

Next, thersubsbrabe S4bL %&&ﬁ&%&ﬁ@&%&%ﬂ%}{]iﬁw 1IRMEHLeAL SNt t i§§

transported to a filmformation chanber 13 w thout ~béi'ng exposed

at mospheg iyt @i fia] Ed@oaPibar BRLLRD £ gaber, transparent conductive
material is used and an indium-tin compound, ziﬁc oxide and the
like can be employed. Next, it is transported to a film formation
pretreatment chamber (not illustrated) connected to the
transportation chamber (_not illustrated). In the film formation
pretreatment chamber, cleaning, oxidation treatment, ox'heafing
treatment for the anode surfacemaybe carriedout. Asthecleaning
of the anode surface, the anode surface is cleaned by radiating
UV rays in vacuum. Also, as the oxidation trgatment, UV rxays
are radiated in oxygen-containing atmosphere while heating at
100 to 120°C being carried out and in the case the anode is an
oxide such as ITO, the treatment is effective. Further, as the
heating treatment, heating is carried out in vacuum at a heating
temperature of 50°C or higher, preferably 65 to 150°C, which the
substrate can stand to remove impurities such as oxygen, water
and the like adhering to the substrate and impurities such as
oxygen, water and the like existing in the film formed on the

substrate. Especially, since an EL material is susceptive to
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13, the substrate 10 is set while the face to forma filmthereon being
set downward. Incidentally, the filmformation chanber is preferable to be
vacuum evacuat ed before the substrate is transported. The vacuum
evacuation nmeans installed while being connected to the filmformation
chanber is vacuum evacuated by an oil-free dry punp fromthe atnospheric
pressure to about 1 Pa and further vacuum evacuated to the |ower pressure

by magnet | [ . t.ur bo-nol ecu unp__qQr. _caonpounded. nol ecul ar
punmp. A &%f%%%rrr%% lgig ll"#"\s(%;ﬁ%éé %Hrcrgo%%ién’gf?%ﬁ' i“??q't%ea?lﬁ ﬁﬁ?oﬁ‘g‘%‘) fon
chanmber in order.to renove ter. In sych a manner, contamnation wth
organi c %%E%%c’e%,v%ﬁlwpyb%???ef?W?ﬁﬁlaPsEﬁaﬁﬁgeﬁEéﬁ§' is prevented. The
inner wall face is specularly treated by electrolytic polishing to
decrease the ¥fi¥tace thPeSURRETH S cfibIeREefast@nithei APorrmentipuedose of
decreasing the gas emssion fromthe inner wall, a heater is preferable to
be i nst @Fereatment isuivangpertedbofa f£ilhdommta toorcthahee rtl® wathgubut
baking treatnment. Gas em ssion can be suppressed greatly by the baking

t r eat nerteirgexpesed hoatersploepi@\ednt. t e clodtETEmMabraatMohhchifber

I mpurities owng to the gas em ssion, cooling using a cooling 26 medi um at

the tina®f thepeabttentesiPrief eeabiRiie Kt AW 86 Mim a FR1MUEReReGRNNET,
a vacuum degree as far as 1 x 10-6 Pa can be achieved. At the tine of

vacuum eyeagiatd N @wihdierd | | MR+ Ghanfie! | £ APSOSREd Yak ein ARfer
adsor bed oxygen adhering to the inner 1l
is preferéble to be vacuum-evacuated before the substrate is
transported.

The vacuum evacuation means installed while being connected
to the £ilm formation chamber is vacuum-evacuated by an oil-free
dry pump from the atmospheric pressufe to about 1 Pa and further
vacuum-evacuated to the lower pressure by magnetically floating
type turbo-molecular pump or compounded molecular pump. A
cryopump may be installed in combination in the film formation
chamber in order to remove water. In sucha manner, contamination
with organic substances, mainly oil, from the discharge means
is prevented. The inner wall face is specularly treated by
electrolytic polishing to decrease the surface area and prevent
the gas emission. For the purpose of decreasing the gas emission
from the inner wall, a heater is preferable to be installed in
the outside of the film formation chamber to carry out baking
treatment. Gas emission can be suppressed greatly by the baking

treatment. Further, in order to prevent the contamination with

the impurities owing to the gas emission, cooling using a cooling
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of the filmformation chanber, the netal mask, and the deposition
preventing shield can be also reffoved sinultaneously. Further, the film
formati on chanber is preferable to be heated before the substrate is
transported in. It takes tinme to gradually cool the substrate which is
heated by the pretreatnent and again heated after being transported in the
filmformation chanber to result in decrease of the through-put.

Desi r abl the substrate jch is heated by the heating treatnent carried
out as p%@??ﬂt%%ge €%m?mr°§unéﬁB?Féﬁlﬁﬂdl%@Féfﬁr@W€fef Fe s semgdeshoehanber
as it is heated w thout being cooled. The apparatus illustrated in Fig.

1, sincelrhsutieaa imgnmennsa factheatdeyydehass flzat raat @ xs107i8t Bbl edn behe
heating treatnent in the vacuum which is the pretreatnment, can be carried
out in taehievedfornmation chanber. Now, heating treatment (annealing) in
vacuumin the film formation chanber is carried out before deposition. By

t he anneal i gt tHegds® ofiyacuoperatioas isnat e @AY g rmved iin éndmbBe, | i ke
adhering to the substrate and inpurities such as oxygen, water and the

l'i ke exigastBbéd wheet bhaf2EBEhON sPPgENLEERBEENgAES LREDYRRer! Baplider toO
renove the inpurities renoved in such a manner, vacuum evacuation is

preferabhe the Pe1f sk A Rlflbe?! {16 Wghgﬁgf TRY% &Sgbgﬁgﬁggfd 13

further. Next, deposition is carri ed out | ITmtornmati o

1 | SASRE LR bR RSP MRY 85005 Bptoddnd, ELFHHFS0

organi %a”‘%%‘i%df%%%aﬁo%"c a%’t?éz? disbi/)referable to be heated before the
substrate is transported in. It takes time to gradually cool
the substrate which is heated by the pretreatment and again heated
after being transported in the film formation chamber to result
in decrease of the through-put. Desirably, the substrate which
is heated by the heating treatment carried out as pretreatment
is transported and set in the f£ilm formation chamber as it is
heated without being cooled. The apparatus illustrated 4n Fig.
1, since the heating means )for heating the substra_tte is installed,
the heating treatment in the vacuum, which is the pretreatment,
can be carried out in the film formation chamber.

Now, heating treatment (annealing) in vacuum in the £ilm
formation chamber is carried out before deposition. By the
annealing (degassing), impurities such as oxygen, water and the
like adhering to the substrate and impurities such as oxygen,
water and the like existing in the film formed on the substrate

are removed. In order to remove the impurities removed in such

a manner, vacuum evacuation is preferable to be carried out and
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resi stance heating and scattered.toward the substrate 10 when the shutter
19a is opened at the tinme of deposition. The evaporated organic conpound
is scattered upward and passed through the openings (not illustrated)
formed in the metal mask 12a and deposited on the substrate 10.
Incidentally, at the time of deposition, the tenperature (T1l) of the
substrate is heated to 50 to 200C, preferably 65 to 150C, by a neans for
heat i ng %EQ substr?ge. At the time of depositiqgn, the tenperature (T1l) of
the substrat &8 e85 %0 MPIwdF PRSTeAES re (T2) of the
deposition preventing shield and the tenperature (T2) of the deposition
preventing shi Bp#t: deposiftd opels saeriefant e thefddnsk erreat gz phambepe
deposi tion source. Further, the tenperature (T2) of the deposition
preventi g whiiehdibsvaetumoebachagbar tbhzhet hacuanaesakur o£( 51k 2b-Bhe
substrate by at least 10C, so that an organi c conpound whi ch cannot be

deposi t edo@p {0 658bPaNAt Hrertradierptd the1sudspyat ear | PriheiaBPREAL US
illustrated in Fig. 1, a heating néeans for heating the substrate is

i nstal | edeposeeion, ol BeekitnGrddiBd MBBhpeuhand fdeiki |dpdpurmtd @Npiyn
vacuum Since the deposition material at the tine of deposition is

probabl yreg8s€antanhaat g Vahi EHHHEEEE&Sté%ﬁ?da%hgxkéﬂﬁgtr%%eioa{}ﬂehge )

like, it is effective to carry out heating treatnment 1 n vacuumdurin he

deposi ti i tained Lnsthe film Lp. such |
he. substraro Eeen ReEs ah SR Al e Rl el 8 8o PreBPBRP a5 S Hor m o

filmwth a dfsired filglthickness aqg
organic compound is scattered upward and passed threugh the

openings (not illustrated) formed in the metal mask 12a and
deposited on the substrate 10. Incidentally, at the time of
deposition, the temperature (T3) of the substrate is heated to
50 to 200°C, preferably 65 to 150°C, by a means for heating the
substrate. At the time of deposition,. the temperature (T1) of
the substrate is set to be lower than the temperature (TZ) of
the deposition preventing shield and the temperature (T5) of the
depositionpreventingshieldis set tobe lower thap the temperature
(T3) of the deposition source. Further, the temperature (T,)
of the deposition preventing shield is set to be higher than the
temperature (T;)} of the substrate by at least 10°C, so that an
organic compound which cannot be deposited on the substrate can
adhere to the substrate.

In the apparatus illustrated in Fig. 1, a heating means
for heating the substrate is installed to carry out heating
treatment during the f£ilm formation in 'vécuum. Since the

deposition material at the time of deposition is probably
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consequently, an organic conpound |ayer with a high density and a high
purity can be fornmed. The organi ¢-conpound in this case includes organic
conpounds having properties such as a hole injecting property to receive
hol e from an anode, a hole transporting property with higher hole nobility
than electron nobility, an electron transporting property wth higher
electron nobility than hole nobility, an electron injecting property to
receive electron froma cathode, a blocking property to inhibit _hole or

el ectr onCP?ﬁﬁE‘bBPFS i Bhth AMPUTEiGH SeRhtas RFYFeSpelaer SRt 1ike,

| um nescence. In such a manner, deposition of the organic conpound 17a is
fi ni shed Ant® £F5eqkigte tieecargineet depbing trEaptinentydimeyagnum Aaringde.
Further, in order to decrease the inpurities such as oxygen, water and the
li ke in the depashtionryanmicagpmemd:drayeineddat ithge fidder @nesscheaof 1 X
10-4 Pa or lower may be carried out to emt water or the |like entrained at
t he ti mmafneeposhiienhdsisitstdidie dRAS heat ediar vatuah, t Bepbsieigh t he
deposition is probably contamnated with inpurities such as oxygen, water

and the {§kearriddicueitotebirtCal £1 Bllivi GRS AR 289l PnibRnbislshlY
heating 29 in vacuum after deposition. Wen annealing after deposition is

Coh o fibrabeh e S A0 chARBNE Labhe SUPRIE Rty peftaioen,

E/gguﬁlrjnbszi rhafgeil tp%rtzl.hc%r actarllpgghgcr)hﬁeg I r 'ﬂ?g 'otr%ear}liccarc%p%l{ztnd ?.rr]xn?:gliisngaisg
inclqdes 6rganic compounds having properties such as a hole
injecting property to receive hole from an anode, a hole
transporting property with higher hole mobility than electron
mobility, an electron transporting property with higher electron
mobility than hole mobility, an electron injecting property to
receive electron from a cathode, a blocking property to inhibit
hole or electron transportation, and a light emitting property
showing luminescence.

In such a manner, deposition of the orgapic compound 17a
is finished and a £film of the organic compound 17a is formed 6n
the anode.

Further, in order to decrease the impurities such as oxygen,
water and the 1ike in the obtained organic compound layer, heating
under pressure of 1 x 10'4 Pa or lower may be carried out to emit
water or the like entrained at the time of deposition. Since
the deposition material at the time of the deposition is probably

contaminated with impurities such as oxygen, water and the like,

it is effective to emit gases contained in the film by heating
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In the apparatus illustrated in Fig. 1, since a heating neans for heating
the substrate is installed, it i$ possible to carry out heating treatnent
in vacuum after filmformation in the filmformation chanber. It is
preferable to make the vacuum degree further than that at the tine of
deposition and then carry out annealing at 100 to 200C after deposition.
By the annealing (degassing) after filmformation, the inpurities such as
oxygen, .water and the like in the organic conpound |ayer forned on the
subst r at %V &Y P HHeT Q90984 HHo-or HPER ing Gffsimdepapditian a5 a
hi gh density and a high purity. The steps described so far are for the case
of forni ﬁargl,eéi%ﬂ%relgaﬁaérr%ielﬁ@-%tgm@mﬁomsybétMecm pagpbedi ng to
the flow shown in Fig. 2A. Thereafter, the above-nentioned single |ayer

f or mat i ohreatBpstghamkere stitden chank thdei e comgdion chapberdwhiaiens and
finally a cathode is lam nated. Incidentally, in the case of |ayering

di f f er enexpdepbdsgt ilon smbisdriadles t botlgar itncxpiEatitd aiandndatleah eda-yahueri al )

, layering steps nay be carried out in different filmformation chanbers
or entirghiehDiAgSiAOGV&chihhm formation chanber. As the material for the
cat hode, materials containing 30 magnesium (M), lithium (Li), or calcium

() ot ag” ™4 CHO dopd ks O P RIPLAY A r I o1 81 0L el BLELEGTC
g (a material containing and Ag xed’in P Ag = 1)
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carry out—heating treatment in vacuum after film formation in
the film formation chamber. It is preferable to make the vacuum
degree further than that at the time of deposition and then carry
out annealing at 100 to_ 200°C after deposition. By the annealing
(degassing) after £ilm formation, the impurities such as oxygen,
water and the like in the organic compound layer formed on the
substrate are further removed to form an organic compound layer
with a high density and a high purity.

The steps described so far are for the case of forming a
single layer of the organic compound 17a and corresponding to
the flow shown in Fig. 2A.

Thereafter, the above-mentioned single layer formation
steps are J;:epeated to make desired organic compound layers and
finally a cathode is laminated. Incidentally, in the case of
layering different deposition materials (organic compounds and
a cathodematerial), layering steps may be carriedout in different
f£ilm formation chambers or entirely in a single film formation

chamber. As the material for the cathode, materials containing

30



a light emtting apparatus conpri-sing the anode, the organic conpound

| ayers adj acent to the anode, and a cathode adjacent to the organic
conpound | ayers can be produced. Further, annealing before filmformation
can be carried out in the film formation chanber and in that case, the

t hrough-put is inproved. An exanple of formation of a |ayered structure of
three layers in a single filmformation chanber provided with three

deposi ti rces, Wi ll be described with the reference to the_ flow shown
dopRe L, SBoRRHERS (M) PEERRFUIeN B PRLCHEBLERS OFith 3 SBldeHosk: | on)
of the organic conpound | ayer of the organic conmpound 17a by closing the
shutter T8HCLLHr FRgeFBleRed. apRvetarablvncen pebeetupdeomadhe ofi Nghg | ayer
formation, an organic conpound 17b in the inside is previously heated to
the subffnagieriedngertaining My )amy Ay méxedngnni¥gns Agst al0 ed li)nmay
deposition holder and a shutter 19b is opened to start the deposition
(second depasedi orBesinte s ,0yrh taarinma (i ¥b )c,0 s MdAGAlayd ectefodd)e adr gapnc
conmpound 17b on the organic conpound |ayer of the organic conpound 17a.

Successi gkbytrote] AadANEFARBNSEL A CHHE ékbﬁﬁlﬁffitelae._ deeﬁ%hhgﬂti?%w”d
deposition) of the organic conpound |ayer of the organic conpound 17b by

| i heighut ] 1 i 7C. i t he.j i L
cl osi ng 4 heighw Eﬁ\&tt?{ﬁﬁ aapagat%@g%@ﬁ%ggae& (%6(33,;%132@'%&&%

previously heated to the sublination tenp _ g means

st | by AR T AUl TR CobSoBHRE

organi c 1&()) Wﬂléndo%gé:nfg E:gr%p%ru%%,ni aj(r:gr Olégl% llgi eli)r%fdlfcrt]ae(i. Further,
annealing before film formation can be carried out in the film
formation chamber and in that case, the through-put is improved.

An example of formation of a layered structure of three
layers in a single film formation chamber provided with three
deposition sources will be described with the reference to the
flow shown in Fig. 2B and Fig. 1. On completion of the deposition
(first deposition) of the organic compound layer of the organic
compound 1l7a by closing the shutter 19a aqcording to the
above-mentioned procedure of the single layer formation, an
organic compound 17b in the inside is previously heated to the
sublimation temperature (T3") by a heating means installed in
a deposition holder and a shutter 19b is opened to start the
deposition (second deposition) and form an organic compound layer
of the organic compound 17b on the organic compound layer of the
organic compound 17a. Successively, in the same manner, on

_completion of the deposition (second deposition) of the organic

compound layer of the organic compound 17b by closing the shutter
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organi ¢ conpound 17b. At the tinme of the first deposition, the second
deposition, and the third deposition, the tenperature (T1l) of the
substrate is set to be lower than the tenperature (T2) of the deposition
preventing shield and the tenperature (T2) of the deposition preventing
shield is set to be lower than the tenperatures (T3, T3', T3 '') of the
deposition sources. Incidentally, the tenperatures of the respective

deposi ti sour ¢ differ _dep Lng.on the deposition naterials to be
iond, sof Thart A, EPmpleiY $17%4R e Soiniels oo BEed Lome B ehperaiur o
(T2) of jtion preventing shjeld, be, properly changed dependi ng
on the r%égg‘??l&@%f %%%%?‘g?&?@?rgﬁ:%ffﬁe{ pogg iaolﬂg'%lgg?g .ar}f’u?'gﬁﬁ?,llgghe
vacuum degree is al so changed properly at the time of the first

deposi t i ¥h,2 dePosdddmt hedosint pad, aasbut hert ¢ dsiopegied itonstAwtt hee, a
plurality of shutters of the deposition sources can be opened

si mul t anézpssition dadirirddepositepasi andrforfhan @og#iepe sicnpaunieaaged
deposition method in which sinmultaneous evaporation of different

deposi t i@ t3eUbEeanhy: 86MbolHAI B76 ¥ t@e oPYan BB L:éthhdereNla dleapres are
mxed in the filmformation step. At the time of the first deposition, the

second deRashid QMempddndnfybhe third deposition, since evaporation is
carried out while the substrate being heated in vacuumto carry out film

| avers i th 4UhTAR GEREPP, the PirtaREERs o0, AL BoaiafRets PR Rer
Wi thout R R6eS¥RI$A%ad Pl 11 8L TOSRE S difip b d +utd§ ,Idle)o%§i th@shSstrate
is set to be lower than the temperature (T,) of the deposition
preventing shield and the temperature (T,) of the deposition
preventing shield is set to be lower than the temperatures (T3,
T3, T3"") of the deposition sources. Incidentally, the
temperatures of the respective deposition sources differ
depending on the deposition materials to be used, so that the
temperature (T;) of the substrate and the temperature (T,) of
the deposition preventing shieldmay be properly changed depending
on the respective temperatures of the depositién sources. Further,
the vacuum degree is also changed properly at the time of the
first deposition, the seconddeposition, and the third deposition.
Further, a plurality of shutters of the deposition sources
can be opened simultaneously to carry out co-deposition. The
co-deposition means a deposition method in which simultaneous
evaporation of different deposition sources by heating is carried
out and different substances are mixed in the film formation step.

At the time of the first deposition, the second deposition,
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carried out a plurality of times-while the substrate being heated in
vacuum so that the nolecules in the interlayers of the respective |ayers
are well fitted with one another. Accordingly, the deposition of a
plurality of different organic conpounds is conpleted and stacked | ayers
conposed of the |layer of the organic conmpound 17a, the |ayer of the
organi c conpound 17b, and the | ayer of the organic conpound 17c are forned

on the apqade ferod . manner as the formation of the si e
Cayer | BAdPenEtlued BbREIARR. RIS ardbi Yt Ry SRER LA ARG | he
like in e obt aj ne rgani ¢ conpound layers, heating under pressure of 1
X 10-4 Pso-t Serliﬁ\t aﬁ%ﬁ’ %g‘reraitéﬁl LRVAWHLO CREFEOWy Fida frrBatkhepai ned
at the tine of deposition. In the case annealing after deposition is
carri ed Bitilafesirrd ity thigknesschy phbtainad. oF aamd o ¢ompoendrhayens
chanber or annealing may be carried out in vacuum after the substrate is
t ransporvédh a bighodersity eatdrantigh asditot ben hdabtaimed. nFhothatri, on
chanber w thout exposing the substrate to the atnospheric air. The steps

descri bestishobiairbateg fextpdsadriteg thayetmosphébhec KLgaiHe ceporirdsnand
corresponding to the flow shown in Fig. 33 2B. On conpletion of |ayering

of desiregdrpigang émﬂi%ﬁw £1mas G Ui 18nkOs tH§ L AROY GdTBIY heRedaSt eps,
finally a cathode is layered. In such a nmanner, a light emtting apparatus

conpri si g vatBRmPehat Hh@ 5 B8 fo £ QARUY L 8¥£E 5o PHIFSEIS r&gpgggigg()de’

layers are well fitted with one another.

Accordingly, the deposition of a plurality of different
organic compounds is completed and stacked layers composed of
the layer of the organic compound 17a, the layer of the organic
compound 17b, and the layer of the organic compound 17¢ are formed -
onn the anode.

Next, in the same manner as the formation of the single.
layer, in order to decrease the impurities such as oxygen, water
and the like in the obtained organic compound_layers, heating
under pressure of 1 x 10“4 Pa or lower may be carried out to emit
water or the like entrained at the time of deposition. In the
case annealing after deposition is carried out, the annealing
may be carried out in the f£ilm formation chamber or annealing
may be carried out in vacuum after the substrate is transported
toanothertreatmentchamberotherthanthefilmformationchamber
without exposing the substrate to thé atmospheric air.

The steps described so far are for f‘orr‘ning layers of the

organic compounds and corresponding to the flow shown in Fig.

=
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and a cat hode adjacent to the organic conpound |ayers can be produced. In
the case where layers are forned'in a single film formation chanber as
descri bed above, transportation of the substrate can be omtted and
further the tinme taken to evacuate the filmformation chanber, to heat the
substrate, and to gradually cool the substrate can be shortened to result
i n remarkabl e inprovenent of the through-put. Further, after the
above-neg%ioned formation of the single I|ayer or stacked |layers of the
organic npounds is carried out once or a plurality of tines, it is
preferable to carry out cleaning. The cleaning is carried out by

re-subl i mat i orfPREMgdStdracfalgpering ofatesined organibldonuauwny lapers nner
wal | of the filmformation apparatus and the jigs installed in the inside
of the fa¢pofdinmt tonthepphoaeumeatdohedt asteps] tthmdlcht ingeaehidde is
carried out by any of heater heating, infrared heating, or UV heating and

by conmhiayewedhesin baghidgafBane s 11iGHttdelt t il appadlthis BsREri §ERGSI tion
materials are preferable to be discharged i mediately by using a vacuum

punp. Al dndis, CONE AbFbdia dethPSiEta i QY Prs ChETERENE SEb LRS! &lo4 41 OUGh 2

gas introduction systemto carry out re-sublimtion and sinultaneously

di sch BLi . Lals | f I | des._Further,
n’ ol ean i Rarraoee, aiacnE L8 bfel srdenl® MiBcind AR e e, i n
the fil

e A " AR Ui et P LS T b B e e B
OrganlCé%ggggﬂgf'ggggggggas described above, transportation of the
substrate can be omitted and further the time taken to evacuate
thefilmformationchamber,toheatthesubstrate,andtogradually
cool the substrate can be shortenéd to result in remarkable
improvement of the through-put.

Further, after the above-mentioned formation of the single
layer or stacked layers of the organic compounds is carried out
onceorapluralityof times, it is preferable tocarryout cleaning.
The cleaning is carried out by re-sublimation an_d gas discharge.
To carry out re-sublimation, the inner wall of the film formation
apparatusandthejigsinstalledintheinsideofthefilmformatioh
apparatus are heated and the heating method is carried out by
any of heater heating, infrared heating, or UV heating‘and by
combining these heating manners. Further, the re-sublimated
deposition materials are preferabie to be discharged immediately
by‘using a vacuum pump. Also, & gas containing a halogen-group

- element is injected through a gas introduction system to carry

out re-sublimation and simultaneously discharge the deposition
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to them The organic conpounds adhering to the deposition preventing
shield can be evaporated by heating the deposition preventing shield by an
electric heating wire 14. If cleaning is carried out, the heating neans
for the substrate and the heating neans for the deposition preventing
shield are preferably capable of controlling the tenperature to the
evaporation tenperatures of the organic conpounds. At the tine of

cl eanin he.evaporated _organic _conpounds are recovered by a gas
discharg@aﬁ?gfgx?(énvggﬁuﬁPr%uﬂﬁ)f%HBrPHESPike to make them reusabl e.

Enbodi nent 2 Here, a filmformation apparatus different fromthat of the
enbodi nent 1 iBUFReSt (it 6deanimgycazriad eubvkh ithericgndd.tigm shamphe in
whi ch a heater furnace 31 and a cleaning preparatory chanber 22 are

i nst al | eduhdtratoelspranget! dd tihea fhillmmEbomaditioon apbamrbdns38£wWrii . be
descri bed. The heater furnace 31 for heating a substrate is nade capabl e

of carryl ngheubohdeeandghbrmatae faskyareHellddbyhdwat gg the heéheiaygt si de.
By the heater furnace 31, the tenperature (Tl) of the substrate is

control Ishio£be t3R $6bLOPLk e RERFRAIRIY M SBnd Brgéﬁié%pcﬁ*ﬂdsh&ﬁhefﬁﬁ@t e or

a shutter shown as a dotted line in Fig. 3 is installed between the heater

furnace ) @Remt he rHd nyrdon Bt Lcan,ﬁgﬂmera&gerﬂ h%uggcgﬁt yael%%gggﬁ_ga -

illustrated, a vacuum evacuation ans may be addi t'ional _ _
i SR R T R T
prev_entiné shield by an electric heating wire 14. If cleaning
is carried out, the heatingmeans for the substrate and the heating
means for the deposition preventing shield are preferably capable
of controlling the temperature to the evaporation temperatures
of the organic compounds. At the time of cleaning, the evaporated
organic compounds are recovered by agas discharge system (a vacuum

~pump) and the like to make them reusable.

Embodiment 2;

Here, a film formation apparatus diffei:ent from that of
the embodiment 1l ig illustrated in Fig. 3. |

As shown in Fig. 3, an example in which a heater furnace
31 and a cleaning preparatory chamber 22 are installed while being
connected to a £ilm fof‘mation chamber 33 will be described.

The heater furnace 31 for heating a substrate ismade capable
of carrying out annealing treatment by installing a heater in

the outside. By the heater furnace 31, the témperature (T1) of

the substrate is controlled to be 50 to 200°C, preferably 65 to
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Is carried out by opening the gate. Further, laser 23 and an optical system
24 are installed in the cleaning preparatory chanber 22 and it is nade
possible to radiate |aser beam 21 fromthe laser to the inside of the film
formati on chanber 33 by a scanning neans 20. A wi ndow nmade of a materi al
(quartz or the like) through which | aser beam 21 can be transmtted is
formed in a wall partitioning the cleaning preparatory chanber 22 and the

fil mforﬂgbj,(gn hanber 33. As the scanning neans 20, a_galvanomrror or a
pol ygon ror %E%t & uSedatsr o¥canfifREtes shapBrateadépbipfedinabinances

adhering_.to the inner wall of the filmformation chanber and the

deposi t i oh9 - p? b2 it in & ket dhey hegtexn Eamrage BA and theefdim
cleaning _in condition that no substrate is disposed, in the filmformation
appar at uSoBRatign chamher i3er Alphblghbf it hiss fidtmiflduskiriadedappavatuamand
jigs installed in the inside of the filmformation apparatus are heated by
| aser beavacuatienimeats mayr peowddhit-isuwallilvatirytallial | Aserhdensudr

i ncludes |aser beam from | aser beam source such as continuously

osci | | atfugnacs U SEnosBik| ahibo@imoht d ABESF arkRHIIMPYS! ¥asekbll 8LENY OF
36 pul se oscillating excinmer |aser, Ar laser, Kr laser and the |like. The

above- ' | ' cality ect ed
o vad) taBatnsY Gis héatir CREHEES 6n e fpBoliTiohy dile ao¥BER: 2645

| aser, xands4 Ti. phire laser. Anmong them pul se
osci | | aﬁsﬁg exc:il'érr(gr&?ggtgelf %%%nﬁ?glgg%rg%ﬁl th are enabled to enlarge the

radi ati on surface.,area.in radiatiqn
F.%rq:her, laser %3 an?i an optical system 24 are installed

in the cleaning preparatory chamber 22 and it is made possible
to radiate laser beam 21 from the laser to the inside of the £ilm
formation chamber 33 by a scanning means 20. A window made of .
a material (quartz or the like) through which laser beam 21 can
be transmitted is formed in a wall partitioning the cleaning
pz;eparatory chamber 22 and the film formation chamber 33. Aas
'the scanning means 20, a galvanomirror or a polygon mirror may
be used for scanning to evaporate deposited substances adhering
to the inner wall of the £ilm formation chamber and the deposition
preventing shield and carry out cleaning.

In the case of cleaning in condition that no substrate is
disposed, in the f£ilm formation apparatus of Fig. 3, the inner
wall of the film formation apparatus and jigs installed in the
inside of the film formation apparatus are heated by laser beam
radiAation tocarryoutre-sublimation. The laser beam 21 includes
laser beam from laser beam scurce such as continﬁously oscill'ating-

or pulse oscillating solid laser, continuously oscillating or
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face by the optical system 24 are preferable. Further, a netal mask 32a
fixed in a holder adjacently to “the portion (the portion shown by the
dotted line in Fig. 3) where a substrate is installed is provided and a
deposition source holder 36 capable of heating at independent tenperature
is installed wunder it. A deposition source is installed on the opposite to
the substrate. A material chanber 38 is a space of the deposition source

hol der 36 de of . a cponductive netal material and en the qQrgani.c
corrpoundp?g‘%’leno?ﬁjeﬁ?\gjrﬁ% SRCHR GSFE't%%ﬁq'nﬁ%ﬁ%ﬁB& ®rdke&-T3) by
the heating neans [resistance generated at the tinme of voltage application
(resi st af®® BRSVPAHYPPRLiRRLS) ﬁeglﬁnl@ﬁer Hapbadles oPne i @ Maddity of s
evapor at ed and deposited on the surface of the substrate. The first
shutter 3¥PESTTHI<StehETRENART LrghTof Y P 128@Xp of b d@sergafht0g d@s®Tnd 37.
A second shutter 25 is installed between the heater furnace 31 and the
first shgftees 38sefhersieydhaseshudeetaridriise dadurt | ari fsapptovss ilagdhe
deposition source until the sublinmation speed fromthe deposition source

i s stabi hinved. thém, Fpilberos8ideapshyi ScDhe¥ENdsE St e 13 dOwhich
preventing adhesion of the organic conpound to the inner wall of the film

f or mat i ogrghanhgieat té F@niafse%&'eap&ﬁaﬂ%ie d&fb?é@'alfé% A $Qaidiidde

surroundi ng of the deposition preventing s 35, an electric heating

vire 34 k3cBr oyl dRd 8aHiRN1 BELRLGCELY G eIkl e 34, the entire body
positfon preventing shield

Furi:her, a metal mask 32a £fixed in a holdér adjacently to
the portion (the portion shown by the dotted line in Fig. 3) where
a substrate is installed is provided and a deposition source holder
36 capable of heating at independent temperature is installed
under it. A deposition source is installed on the opposite to -
the substrate.

A material chamber 38 is a space of the deposition source
holder 36 made of a conductive metal material and when the organic
compound 37 in the inside is heated to the sublimgtion temperature
(T3) by the heating means [resistance generated at the time of
voltage application (resistance heating)] installed in the
deposition source holder, it is evaporated and deposited on the
surface of the substrate.

The first shutter 39 controls the deposition of the
evaporated organic compound 37. A second shutter 25 is installed
between the heater furnace 31 and the first shutter 39. The second

shutter 25 is a shutter for covering the deposition source until

the sublimation speed from the deposition source is stabilized.
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can be heated. At the tine of deposition, the tenperature (T1l) of the
substrate is set to be lower thah'the tenperature (T2) of the deposition
preventing shield and the tenperature (T2) of the deposition preventing
shield is set to be lower than the tenperature (T3) of the deposition
source. Further, the tenperature (T2) of the deposition preventing shield
Is set to be higher the tenperature (Tl) of the substrate by at |east 10C,
so that an Orgﬁani@} corrpoHnd whi ¢ch cannot be deposited on.the substrate can
adhere to the stost¥at & “BHPFRELONPEEYeR R (ke h SohARB R TEEerking
connected _to a vacuum di scharge treatnent chanber for vacuum evacuating
the fil MRA1eFieR iYh hearsganitheomponnidotwathenishgRbenrl330fsthe sbilm
connected to a gas introduction systemfor restoring a nornal pressure in
the fil rfopnaionchanepeat Fhe tthewe, ofildxpasitimn dspinatailefl. Figlsa,
heating treatnment in vacuumduring the filmformation can be carried out
by the iredtles fwrmameiidly & ngee tdepdleposdd iprev@aieingl sikieidezsi ngy of
deposition is probably contam nated with inmpurities such as oxygen, water

and the didetrid heata@hlewiriesd @ LRrbYiadh 8810y Ene381LE82 1 BB a gacuum
during the deposition to emt gases contained in the film In suc

manner, wikd %4t.h%h§“@ﬁ%igé§:é€ﬁ o @gﬁt %Qpﬁgetmumvgﬁegﬁigt LRE%‘L@, 54" | ed

out to forma filmwt | ckness™and conséeéquen

PLanL GBS Mt S MOLRSLELINE 2R OLYE LR ED
of the substrate is set to be lower than the temperature (Tz)
of the deposition preventing shield and the temperature (Ty) of
the deposition preventing shield is set to be lower than the
temperature (T3) of the deposition source. Further, the
temperature (T,) of the deposition preventing shield is set to
be higher the temperature (T;) of the substrate by at least 10°C,
so that an organic compound which cannot be deposited on the
substrate can adhere to the substrate.

Further, the film formation chamber 33 if.s connected to a
vacuum discharge treatment chamber for vacuum evacuating the £ilm
formation chamber. The film formation chamber 33 is also
connected to a gas introduction system for restoring a normal
pressure in the film formation chamber.

Fui:ther, also in the apparatus of Fig. 3, heating treatment
in vacuum during the f£ilm formation can be carried out by the
heater furnace 31. Since the deposition material at the time
of deposition is probably contaminated with impurities sqch as

oxygen, water and the like, it is effective to carry out heating
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3, it is made possible to carry out annealing in vacuum before film
formati on, annealing in vacuumduring filmformation, and annealing in
vacuum after filmformation to result in inprovenent of the throughput.
The above-nenti oned cl eaning by | aser beam nay be carried .out every film
formati on process and al so may be carried out after a plurality of film
formation processes are carried out. This enbodi nent can be optionally

conbi ne ] . ' 1. iment, .3 T [ i on of . anot her
FTm for b Entdf Lo VRBehililin e HIZ AR it 0B SEICHabEE b {88
reference tq Fi 13._ Fig.. 13 shows an exanple o Ccross-sectional _view
of anot ER the b, bR | BT GHRBEEE - T 1 Bhe, SHDR GRS CRDSTBANI A 0. 13,
an exanple in which plasma 1301 is generated between_ a deposition mask
1302a cohbh&ECEE. odepeFHhior deygantjed ol tooteEn a18bm wivagte sleegaci t or
1300b and an electrode 1302b will be described. 39 The deposition mask
1302a fi%elnthizkngsdepndsconseguently adimeaigdnia eompeupdr Laypar(wikh
portion shown by the dotted line in the figure) where a substrate is to be

I nst al | el migh ad«lepoisy tad a sSwigk epliol HercdR0becapahed. of heating at
respective tenperature is installed under it. A deposition source is

installed on tHie enPARASIHS e LS Wnikal fon RPpMeitus SRR I Bh ©hgnber

1308 is a space of the deposition
3, it is made possible to carry out annealing in vacuum before

f£film formdtion, annealing in vacuum during £ilm formation, and
annealing in vacuum after £ilm formation to result in improvement
of the throughput.

The above-mentioned cleaning by laser beam may be carried
out every £ilm formation process and also may be carried out after
a plurality of filﬁ formation processes are carried out.

This embodiment can be optionally combined ﬁith the

embodiment 1.

Embodiment 3

The constitution of another f£ilm formation apparatus of
the invention will be described with the reference to Fig. 13.
Fig. 13 shows an example of a cross-sectional view of another
film formation apparatus of the invention.

As shown in Fig. 13, an example in which plasma 1301 is
generated between a deposition mask 1302a connected to a high
frequency power source 1300a through a capaditor_lBOOb apd an

electrode 1302b will be described.
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source hol der 1306 nmde-of a conductive netal naterial and when the
organi ¢ conpound 1307 in the instde is heated to the sublimation
tenperature (T3) by the heating neans (such as a resistance heating

met hod) installed in the deposition holder, it is evaporated and deposited
on the surface of the substrate. Incidentally, at the tinme of deposition,
the el ectrode 1302b is noved to the position where the deposition is not
di sturbed. A deposition preventing shield 1305 for preventing the organic
conpound from ThepienasHgiem ndek i130Qa wdakedofint aehoilfiar iorimstahle@anber
at the time of deposition is installed. Further, an electric heating wre
1304 i s adjalcexfhyers Ithe potrtdoaul thanskhngionfshidien dgpddiet dobtpdeYenéi ng
shield 1305 and the entire body of the deposition preventing shield 1305

can be hpateeé Mguite) ®heekld SubdeddtddsWwd BelidbaWed BRdlH dBpO&Eithen
deposition, the tenperature (T1l) of the substrate is set to be |ower than

the t e”pé’é@%é'é %o](d-'é%) 1@f0c5t B8pHBRAS:# Uk iRy Bt kElpéBtE{rQSg%}ﬁi%éPSture

tenperature ( of the deposition preventing shield o be | ower

h h f )
tenper t%%ﬂ Fretheads FRAEPERUITRAGHERe LA e 8RR, e

t han the ter% ature %Tl% of th substrate by at Ieast 10C, so t hat an
or gani ¢ THRPILNY PRSET % teposited on the substrate can adhere to

t he substrate. 14A shows a magni fied cross-sectional view of the
deposition ma IfL . 2 GFTET 1alcChi@pber 398 MR sicRacqofdig AaRpeRitigR t he

time of processing by etching technique, the cross-section
source holder 1306 made of a conductive metal material and when

the organic compound 1307 in the inside is heated to the sublimation
temperature (Té) by the heatingmeans {such as aresistance heatiﬁg
method) installed in the deposition holder, it is evaporated and
deposited on the surface of the substrate. Incidentally, at the
time of deposition, the electrode 1302b is moved to the position
where the deposition is not disturbed.

A deposition preventing shield 1305 for preventing the
organic compound from depositing on the inner Wall of the film
formation chamber at the time of depositionis installed. Further,
an electricheatingwire 1304 is laid adjacently to the surrounding
of the deposition preventing shield 1305 and the entire body of
the deposition preventingshield 1305 can be heated by the electric

heatingwire 1304. At the time of the deposition, the temperature

(Tq) of the substrate is set to be lower than the temperature
(T,) of the deposition preventing shield and the temperature (T;)

of the deposition preventing shield is set to be lower than the

temperature (T3) of the deposition source. Further, the

40



I's not vertical but tapered. Fig. 14B shows an exanple with a different
cross-sectional structure of the“deposition mask. In both cross-sectional
structures, the peripheral parts of the openings are sharp. Therefore,

pl asma can be easily generated in the peripheral parts of the openings and
due to that, the portions where adhering substances are required to be

cl eaned out nost, that is, the peripheral parts of the openings where the

mask prgcision.is degreas in yhe case where the adher.i subst ances are
adher et FoTBSRBRTE g'gaga‘)%ﬂih.e B SIIRM Prrc?r"%‘rqdd’lﬁ: isﬁ‘d'eri?’hésrrﬁ?gl tfask

ot her than _the etching technique, an electroformn technique is avail able
and in tP® &Jc%g%f, oo thgskemperabuse fhet bReoHiRs bra ke dhhatglensahe

having R in the cross-section. On conpletion of deposition, the substrate
i s takenolt, sandhdterancbeganig compaundedhch tanhemowe depoesité@non
materials adhering to jigs installed in the inside of the filmformation

appar at ushénsubotiatei 8agr adBbleotot iRef EhBstea®kali ON apparatus w t hout
exposing themto the atnospheric air. At the tine of the cleaning, the

el ectrode 130304 TRNCGnbis! HOnBONIEIRA Yrodkl ddit ORNOP ¥ foq Qo Nene

deposition mask 1302a. Further, the gas is introduced into the film

format | gl iDes, Jidk 1 960 gapﬁi%%$??$i%%d’%%%% RBER A oldedB HOLED! | OF

chanber 3 may be one or ura Ypes of gases se om Ar,

H F, NE d_ .0, t hi gh .f ] lectric field i lied to th
depositFg%tﬁ%éﬁlﬁﬁéggé??gﬁ?§%ggﬁp%%%gﬁgﬁ éﬁ% %ﬁ%@@?'é%ﬁﬁﬁ%gﬁgggﬁég%89gxcife

the gas (Ar, H F; NF3, or 0) andtgene[ate pl asma 1301.
is not vertical but tapered. Fig. 14B shows an example with a

different cross-sectional structure of the deposition mask. In
both cross-sectional structures, the peripheral parts of the
openings are sharp. Therefore, plasma can be easily generated
in the peripheral parts of the openings and due to that, the portions
where adhering substances are required to be cleaned out most,
that is, the peripheral parts of the openings where the mask
precision is decreased in the case where the adhering substances
are adhered to can be cleaned out. As a methqd for producing
the metal mask other than the etching technique, an electroforming
technique is available and in this case, the cross—se.ctional shape
becomes an overhung shape having R in the cross-section.

On completion of deposition, the substrate is taken out
and then cleaning is carried out to remove deposition materials
adhering to jigs installed in the inside of the film formation
apparatus and to the inner wall of the film formation apparatus
without exposing them to the atmospheric aii. At the time of

the cleaning, the electrode 1302b is moved to the position on
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In such a manner, plasma 1301 is generated in the filmformation chanber
1303 and the deposited substances adhering to the inner wall of the film
formati on chanber, the deposition preventing shield 1305, and the

deposi tion mask 1302a are evaporated and discharged outside of the film
formati on chanber. By the film formation apparatus shown in Fig. 13,
cleaning can be carried out at the tine of maintenance w thout opening the
filmformation chanber to the atnospheric air. In this case, although the
exanpl e the wPRIshtaditathe degpneibied MmeskhdaiPAshe Hugddiem.ofhaagits 1892a and
the el ectrode 1302b installed between the nmask and the deposition source
hol der iR06odgcedeinpto fihed filllhefonmehionnchamimet 1307 { ed'hieogilbato b
include any as long as it conprises a plasma generation nmeans. Further, a

hi gh frefpehcdupedeinboOUtlse FEim bfotiatibeh echdmbénel 3¢5 afdy oole Jdd2brand
the el ectrode 1302b may be forned to be a nesh type el ectrode or an

el ectrode plstalike ¢f Pey dreadsient selwiteld AroasaeanHher| NF 9dused.
Further, the above-nentioned cleaning by plasma may be 42 carried out

every figm [GLOBL i AN ALACGSS AR SOLIMEDE £RLTACT e Qbadldered pharality

of film brnatlpn processes rie I'S enbodirneént can

const | ¢ SRS 1o By b 2R ety TR Br P Tt e Y e SPHEREC 19 TR 1 he

exanple%u9%$&y¥te the gas (Ar, H, F, NF,, or 0} and generate plasma 1301.
In such.a.manner, plasma 1301 is generated iﬁ the film formation
chamber 1303 and the deposited substances adhering to the inner
wall of the film formation chamber, the deposition preventing
shield 1305, and the deposition mask 1302a are evaporatéd and
discharged outside of the film formation chamber. By the film
formation apparatus shown in Fig. 13, cleaning can be carried
out at the time of maintenance without opening the £film formation
chamber to the atmospheric air.

In this case, although the example in which plasma is
generated between the deposition mask 1302a and the electrode
1302b installed between the mask and the deposition source holder
1306 is exemplified, the invention is not limited to that but
include any as long as it comprises a plasma generation means.
Further, a high frequency power source may be connected to the
electrode 1302b and the electrode 1302b may be formed to be a
mesh type electrode or an electrode just like a shower head into

which a gas can be introduced.

Further, the above-mentioned cleaning by plasma may be
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Exanpl es Exanple 1 In this exanple, production of an elenent in which
nmobility of a carrier is inproved by noderating the energy barrier
existing in organic conpound filnms and simultaneously functions of a
plurality of types of materials are provided as well as functions of the
| ayered structure are separated wll be exenplified. Regarding the '
noderation of the energy barrier in the layered structure, a technique to
insert a carrier injection |layer is found remarkably effective. That is,
in an i nEBFFAEE Mt avery A dmckrEpa LitenMrafass 08, gisemlg;b%ﬁﬁrrée,d a
material which noderates the energy barrier is inserted, so that the

ener gy bepki afterap biudtasitviedfi fiilhefbomatdbnsprpsesssnsayacnalryietihe
carrier injection capability froman el ectrode can be increased and the
driving wottage can be surely decreased to a certain extent. However,
there is a problemthat increase of the nunber of the. |layers contrarily
results in increase eifbdditetitTheanofbd hepeieaaldy 48ombissHaGES:h Thak i S
supposed to be a reason for that an apparatus wth a single |ayer :
struct urgppagdihbatt §p data of the driving voltage and power efficiency. In
other words, if the such a point is solved, while the advantages (a

variety of mtfilalsGanbe UaEls LeoTbAgL! ouand soubL) oaled mopgoul o

designs are no require €'l ayered structure berng ma felfive,
e o e yRLE 208 RS G PO EL 1 A SN Gl eh MR Se g SE beGLw. e Mas
Examples
Example 1
In this example, production of an element in which mobility
of a carrier is improved by moderating the energy barrier existing
in organic compound films and simultaneously functions of a
plurality of types of materials are provided as well as functions
of the layered structure are separated will be exemplified.
Regarding the moderation of the energy barrier in the layered
structure, a technique to insert a carrier injection layer is
found remarkably effective. That is, in an interface of the
layered structure with a high energy barrier, a material which
moderates the energybarrier isinserted, so that the energybarxier
can be designed in the form of steps. Consequently, the carrier
injection capabili£y from an electrode can be increased and the
driving voltage can be surely decreased to a certain extent.
However, there is a problem that increase of the number of the

layers contrarily results in increase of the number of the organic
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In this exanple, in the case an organic conpound film conposed of a
plurality of functional regions i's forned between an anode and a cat hode
of alight emtting elenent, unlike a conventional |ayered structure
having clear interfaces, a structure having a m xed region containing both
of a material fornming a first functional region and a material fornming a
second functional region between the first functional region and the
second functional region_is formed. By form ng such a structure, the
energy baREPEfAERFst | t AfoTigpReeed ncke enkpaseyiforsthat |ageprarasus
conpared with that in the conventional structure and thus it is supposed
that thewithrai eingh¢etayen stpabittieyhas thertopddathaefi thet Aeivhsggy
barri er anong the functional regions can be noderated by formng the m xed
regi on. Y“otbadergid/povbe efiffidiemonnl t dgeo thaer e ridewet £dheasdchleepbinght ness
deterioration can be suppressed. As described above, in this exanple,

regar di ngspsOIvEd | Gfhild thd idiartiddd NG @Ry oFTREILeHa1a!l chaask a
region (a first 44 functional region) in which a first organic conpound is

capabl e ugéapfﬁfearﬂ%ﬁgaw@nfaﬂ&té&ﬂpﬂéa@egeﬂbﬂgcﬁ@afregegﬂgﬁ%“Siriaoﬂé't

region) 1n which a second organic conpound different tfronithe first

or gani ¢ £aaPouad Ler phad e Ll St LiNGLLONAL: P U AL | SeFBORELE Obpe

performng e ction an |ght_en1t ing us conprrsin _
Ot AR Rt o R A PSR i B o
and an organi ¢ conpound form ng a second

has can be achieved.

Inthisexample, in the case an organic compound £ilmcomposed
of a plurality of functional regions is formed between an anode
and a cathode of a light emitting element, unlike a conventional
layered structure having clear interfaces, a structure having
a mixed region containing both of a material forming a first
functional regionandamaterial forminga second functional region
between the first functional region and the second functional
region is formed.

By forming such a structure, the energy barrier existing
among the functional regions is lowered as cdmpared with that
in the conventional structure and thus it is supposed that the
carrier injection capability is improved. That is, the energy
barrier among the functional regions can be moderated by forming
themixed region. Accordingly, the drivingvoltage can be lowered
and the brightness deterioration can be suppressed.

As described above, in this example, regarding production

of a 1ight emitting element comprising at least a region (a first
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functional region between the first functional region and the second
functional region is fornmed. In the filmformation apparatus shown in Fig.
1, an organic conpound filmhaving a plurality of functional regions is to
be fornmed in a single filmformati on chanber and corresponding to that, a
plurality of deposition sources are installed. A substrate in which an
anode is fornmed is transported and set. The substrate is heated by a

heat i ng ans. and. the te erat T1) of the substrate |s adjusted to be
50 to 00MC bratet A9 358 & HFTharUanit fenbone ot S HRmbLe
formation, the erature (Tl of the substrate is set to be | ower than
the t er&fePﬁFEPEm%gg)thﬁff‘FHéth%fpégﬁﬁliﬁglrﬂ%(@ FECRG ISR td- ot ¥agion)
tenperature (T2) of the deposition preventing shield is set to be |ower
than t helh ¥hpeha seeond oy gen iicheonpptad Ailshezemtceromtheifisst arganie
organi ¢ conpound 17a stored in a first material chanber 18a is deposited.

| nci denteinpQundefbrming diganfirsonfomaetibiali sregivn ois| \capatpos abed by
resi stance 45 heating and scattered toward the substrate by opening a

shutter pe¥omhingehtl fenhOf i 6l ROY 4 19gh taREEELRE Apparatils émpLNsihgnal
region 210 shown in Fig. 4A can be formed. Wile the first organic conpound

17a bei nalopasided, vy aipldPindoR £81RPEORMaE DoflROBhEauE CEROAROLAAN ©

conmpound 17b stored |n a second material chanber The second organic
b
ccat o & L ovkt o RE B GSYEEAAE ?€y°£ﬁ3+?539§@%9335 BérmRY

a first functional region and an organic compound forming a second
functional region between the first functional region and the
second functional region is formed.

In the film formation apparatus shown in Fig. 1, an organic
compound film having a plurality of functional regions is to be
formed in a single film formation chamber and corresponding to
that, a plurality of deposition sources are installed. A
substrate in which an anode is formed is transported and set.
The substrate is heated by a heating means and'the temperature

(T1) of the substrate is adjusted to be 50 to 200°C, preferably

65 to 150°C. Further, at the time of film formation, the

temperature (T;) of the substrate is set to be lower than the
temperature (T,) of the deposition preventing shield . and the
tefnperature (Ty) of the deposition preventing shiéld is set to
be lower than the temperature (T3) of the deposition source.

At first, a first organic compound 17a stored in a first
material chamber 18a is deposited. Incidentally, the first

organic compound 17a is previously evaporated by resistance
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Here, a first m xed region 211 conposed of the first organic conpound 17a
and the second organi c conpound 17b can be forned. After a while, only the
shutter 19a is closed and the second organic conpound 17b is deposited.
Consequently, a second functional region 212 can be fornmed. In this
exanpl e, although a nmethod for formng the m xed region by simnmultaneously
depositing two types of organic conpounds is described, the m xed region

may be fornEd bet ween the fiyst functionag regi on and the second
funct i orfaPaF ERFAPEy RS hgvarflothe SDSHEATE OY GREDIRG ArEPYHERE

depositing the second organic conpound under the deposition atnosphere of
the first93fathe t fapoRgkionyhi fenseguentlyid afdaatcEenebbemal 17b
bei ng deposited, a shutter 19c is opened to deposit a third organic
conpoundragéon s P eghownaginhFidnatadr cah bhafbemed8c. The third organic
conpound 17c is also previously evaporated by resistance heating and
scattered towdiildetisabstrst eodyampeniagpdined sid tissiddcdeples Bted46aa
second m xed region 213 conposed of the second organic conmpound 17b and

the thirsh@tgani Lol P BPthel/ & o ARpRR iftOLMBHcoAlt 8FganYRI ESmpOBhY 176
shutter 19b is closed and the thir organi ¢ conpound 17c i s deposited.

ConsequegitdYed a1hNhr dechHAC AR g.a]'lfg%l%}nt?e]rél i %10} bgiiﬂee(rjrgn rilfl ﬁ)g&;%l?f?.ﬁ]a

cathode is forned to conplete the t emtting t
format | ARRIS LY L 411 pRLGRbLSy oFUpLPEEeaty 2024 NERnRLIR05E, GTPOUN

film as's
and scattéred toward the substrate by opening the shutter 19b.
Here, a first mixed region 211 composed of the first organic
compound 17a and the second organic compound 17b can be formed.

After a while, only the shutter 19a is closed and the second
organic compound 17b is deposited. Consequently, a second
functional region 212 can be formed.

In this example, although a method for forming the mixed
region by simultaneously depositing two types'of organic compounds
is described, the mixed region may be formed bgtween the first
functional region and the second functional region by depositing
the first organic compound and then depositing the second organic
compound under the deposition atmosphere of the :Ei:fst organic
compound.

Next, while the second organic compound 17b being deposited,
a shutter 19c¢ is opened to deposit a third organic compound 1l7c¢
storedinathirdmaterial chamber 18c. The thirdorganic compound
17c is also previously evaporated by resisfance heating and

scattered toward the substrate by opening the shutter 19¢c. Here,
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4B, after the first functional region 220 is fornmed using the first
organi ¢ conpound 17a, the first nixed region 221 conposed of the first
organi ¢ conpound 17a and t he second organi c conpound 17b is formed and
further the second functional region 222 is forned using the second
organi ¢ conpound 17b.  Successively, the second m xed region 223 is forned
during the formation of the second functional region 222 by sinultaneously
depositin%g%pe thirg or gani ¢_conpound 17c bﬁ tenporarily opening the
shutter 2BHEONG Péxe @ 2{gcampried ofotle SequkarIRBI S EPRPeHed second
functional region 222 is forned. Finally, a cathode is forned to conplete
the |ight7RnRe| e etohkdtorgamte cpmproiing, 1dengenobheappamadus of Fig. 1
capable of form ng the above-nentioned organi c conpound filmcan formthe
or gani ¢ conpouEk€r lanwhale nprdpktbeashuyter Fandsi obesed egidonbe thiedsi ngl e
f iImf ormation chanber, the interf aces of the functional regions are
not pol | etgainid: t leompouwnid | B3c and afleposiked. r egiamsequeh iy, ba fenied in
the interfaces of the functional regions. In the above-nentioned manner, a
l'i ght enfiddflofd ENBEGioRV2IE & KdeBbrhayered structure (that is, no
clear organic interface) and provided with a plurality of functions can be
formed. Furthes; fLl A . | ls b] e Of
carryi ng out 3§gﬁﬁﬂﬁghhea-ﬁﬁgﬂ%gkgﬁgaﬁg &3%§§ﬂ§§Fgﬁgﬂﬁﬁ%Fﬁg%%ﬁﬁiﬁflna
formatiqg fter, fi formation, and by carrying, ouf_ _vacyum anneal i ng
eﬁlgfl;ab “the %J;?Em ?@E%%egnﬂp?ﬂ%a $ eék ghe invention.

during fi I on, [

Furfher, as another organic compound £ilm, as shown in Fig.
4B, after the first functional region 220 is formed using the
first organic compound 17a, the first mixed region 221 composed
of the first organic compound 17a and the second organic compound
17b is formed and further the second functional region 222 is
formed using the second organic compound 17b. Successively, the
second mixed region 223 is formed during the formation of the
second functional region 222 by simultaneously depositing the
third organic compound l17c¢ by temporarily opex}ing the shutter
19¢c.

Aftera While; the shutter 19c¢ is closed and again the second
functional region 2272 is formed. Finally, a cathode is formed
to complete the light emitting element.

Since the film formation apparatus of Fig. 1 capable of
forming the above-mentioned organic compound film can form the
organic compound film having a plurality of functional regions
inasinglefilm formation chamber . the interfacés of the funct_ional

regions are not polluted with impurities and also mixed regions
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regions are well fitted. Accordingly, the driving voltage can be decreased
and the brightness deterioration can be suppressed further. By annealing
(degassing) after filmformation, the inpurities such as oxygen, water and
the like in the organic conmpound |ayer forned on the substrate are further
renoved and the organic conpound |ayer with a high density and a high
purity can be fornmed. This exanple can be optionally conbined with the
enbodi ment 1, the enbodi ment 2, or t he enbodi nent 3. Exanple 2 The

const i t R3BdrPformad gy Gmaﬂn@ﬁrﬁasgusap@stbﬁ fungtienakpredhpps . beln
described in accordance to Fig. 5. Fig. 5Ais an upper face view of the
filmfortphe iahowppeentionehdafingr, 5B lighd embssisgceélemantvhawingommon
synbol s are assigned to common parts. In this exanple, formation of three
t ypes ofclheayaniayemadmotinst futers( fliel, 1 9y aeh, cldk Wipnid ikeeerdcem
formati on 48 chanbers of an in-line type filmformation apparatus

conpri sidigl pesaddwerd 1A pIeFABiEPros hﬁﬁ@@ffoﬁ‘& | bakenexepphnihi, ed.
I nci dental |y, a first fil mformahon chanber 305, a second film formation

Che T ooy SR i A0 SOt B U LS,
e o g ST SBE,ER S0 BB FREI S FELA SRS
transporftlelcgn foormatlon, and after film formation, and by carrying out
vacuumannéalingduringfilmformation,themoleculesinthenﬁxed
regions are well fitted. Accordingly, the driving voltage can
be decreased and the brightness deterioration can be suppressed
further. By annealing {degassing) after film formation, the
impurities such as oxygen, water and the like in the organic
compound layer formed on the substrate are further removed and
the organic compound layer with a high density and a high purity
can be formed.

This example can be optionally combined with the embodiment

1, the embodiment 2, or the embodiment 3.

Example 2

The constitution of a film formation apparatus of this
example will be described in accordance to Fig. 5. Fig. 5A is
an upper face view of the film formation apparatus and Fig. 5B
is a cross-sectional view. Common symbols are assigned to common
parts. In th:_'Ls example, formation of three.r types of organic

compound films (red, green, and blue) in three £ilm formation
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a first transportation chanber 301. In the first transportation chanber
301, netal nmasks 303 previously fixed in holders 302 are aligned in
respective holders and the substrate 304 before the deposition is nounted
on the metal mask 303, for which alignment is finished. Consequently, the
substrate 304 and the nmetal mask 303 are united and transported to first
filmformation chanber 305. Further, in this exanple, a vacuum di scharge
means and, a_. heat i neani_for the substrate are installed in the first

t r anspor PREMSTEERRNEE 1361106 LEPP SRR Ot AERETRS U5 FORBTisRRY

deposition and renove water contained in the substrate. Further, the

rever si nfRREENaHRERS f i lihefoupatione ahgBRerfistvallled be nekpaplified.
transportati on chanber 301. The hol der 302 conprises a mask hol der, a
shaft, alBOhSepiadlyhor dirstafidm Eokrmmtdleanchanbaux303 aray sgiqudfid ltnhe .
like. The netal mask 303 is fixed while being matched with the projections
on t he nBekmhblider chanbehe3gabsandt a 304 ridsfimmnEegdmanibhe chdinbler 49 onask
303. The substrate 304 on the netal nask 303 is fixed by the auxiliary

pi ns. OnatengdetéofordindecathenfEnh Qrldiei o cMamBesk130showhen FAgMt i
noved to z-axis direction to nove the netal nask 303 again and the netal

mask 303;and the substrate 304 are fixed by the auxiliary pins, so that
the alignnment of the netal mask 303 and the positioning confornmation of

o s AT R e 068 L CATILIBL, LI SRR LY,
descri beighe load chamber is vacuum evacuated to decrease the pressure,
the substrate installed in the load chamber is transported to
a first transportation chamber 301. In the first transportation
chamber 301, metal masks 303 previously fixed in holders 302 are
aligned in respective holders and the substrate 304 before the
deposition is mounted on the metal mask 303, for which alignment
is finished. Consequently, the substrate 304 and the metal mask
303 are united and transported to first film formation chamber
305. Further, in this example, a vacuum discharge means and a
heating means for the substrate are installed in the first
transportation chamber 301 to carry out vacuum annealing before
the deposition and remove watér contained in the substrate.
Further, the reversingmechanismfor the substratemaybeinstalled
in the first transportation chamber 301.
The holder 302 comprises a mask holder, a shaft, a substrate
holder, a control mechanism, auxiliary pins and the like. The

metal mask 303 is fixed while being matched wifh the projections

on the mask holder and the substrate 304 is mounted on the metal
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here, positioning conformation may be carried out by CCD alignnment nethod
using a CCD canera. Further, at the tine of transporting the substrate from
the first transportation chanber 301 to the first filmformation chanber
305, it is preferable to keep the substrate fromthe atnospheric air and
to maintain the vacuum degree. Accordingly, before the substrate
transportation, the first filmformation chanber 305 is nade to be vacuum
of the extent_as sane as_that @ of the first transgortation chanber 301 by

the vacUt@Fhi3%par gére pehsdrate 204 on thgemetadt Mask3Pdr At FoxeenB¥ber
305 is provided wth a plurality of deposition sources 306. Each
deposi t i gie a@xuttiaBpePiBSconposed of a material chanmber (not illustrated)
for storing an organic conmpound and a shutter (not illustrated) for
control ling then soaipletiiogn of the aljgnmentombdihel mea@iomatsdd 303 the
material chanber to the outside of the material chanber 50 by opening or

cl osi ng.staEt hes , méhed ftd St-dxisn dorgation thandes tRBOSmétabrmubHedowni th a
substrate heating nmeans. Further, although it is not illustrated, a

mechani {gd o ld A hetBe RHBR! §88Canfeaid NI ARG 4 Re- B #aMBgk 303
(including the substrate) is also installed. A plurality of the depo0sition

sobners SE Anelaldsy i so EhE®,chY! SLLgUBLY e TG Rac Y
the organi ¢ ¢t QRN JiidP ndbidddYof B4 Y@t Mbisk 303 and the
substrate 304 can be completed. Incidentally, although.the case
of positioning conformation by pin-alignment method is described
here, positioning conformation may be carried out by CCD alignment
method using a CCD camera.

Further, at the timg of transporting the substrate from
the first transportation chamber 301 to the first f£ilm formation
chamber 305, it is preferablé to keep the substrate from the
atmospheric air and to maintain the vacuum degree. Accordingly,
before the substrate transportation, the first £ilm formation
chamber 305 is made to be vacuum of the extent as same as that
of the first transportation chamber 301 by the vacuum discharge
means.

In Fig. 5, the first £ilm formation chamber 305 is provided
with a plurality of deposition sources 306. Each deposition
source 306 is composed of a material chamber (not illustrated)
for storing an organic compound and a shutter (not illustrated)

for controlling the scattering of the organic compound evaporated

-~ in the material chamber to the outside of the material chamber
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In the first filmformation chanber 305, the organic conpounds stored in
t hese deposition sources are successively deposited by the nethod
described in the enbodinent 1 or the exanple 1 to forma first organic
compound film (in this case, red) having a plurality of functional
regions. At the tine of deposition, in order to inprove the evenness of
the obtained thin filmin the substrate face, filmformation is carried
out while the substrate 304 being rotated. Next, the substrate 304 is
trans por‘P%d’ﬁedi’é‘%gﬁms%%nsﬁlé?ga?ﬁn“&?éﬁ‘ﬁélt Hptm Egrmard on Fhagper
transporting the substrate fromthe first filmformation chanber 305 to
t he seco®@’ lERFepiedvibth actubperaBe hegtingmeand or AMrtrer kadphohgh
substrate fromthe atnospheric air and to maintain the vacuum degree. In
the caseibfigsnoy dlhesthatedk avndchieismantoopahliggipgt tleensubshrahe
second transportation chanber 307, the substrate 304 and the netal mask

303 are m@magadeém@rmﬁmih@mctmoﬂﬁ@mndst 0eAc1bdiAgVEHeSOUBSLEQLERI Y
out proper positioning for the filmformation of the second organic

conpound; &i Axanghihgregal nmask 303 may be aligned again. After that, on
conpletion of the alignnent, the substrate 304 and the metal mask 303 are

At oront pat (apniralttSor the BEctIA S HohegeE J56 Sndittast shohe wi e
he - SedoHer T T THR L LVF CRAHE SO ERnteHS Soie SPemspuie RranSRor  od
to the second film .
respectively different functions and composing the organic
compound films of a light emitting element.

In the first film formation chamber 305, the organic
compounds stored in these deposition sources are successively
deposited by themethod described in the embodiment 1 or the example
1 to form a first organic compound f£ilm (in this case, red) having
a plurality of functional regions. At the time of deposition,
in order to improve the evenness of the obtained thin film in
the substrate face, film formation is carriefi out while the
substrate 304 being rotated.

Next, the substrate 304 is _transported to a second
transportation chamber 307. At the time of transporting the
substrate from the first £ilm formation chamber 305 to the second
transpeortation chamber 307, it is preferable to keep the substrate
from the atmospheric air and to maintain the vacuum degree. In
the case of using a metal mask with the same opening pattern,

in the second transportation chamber 307, the' substrate 304 and

the metal mask 303 are separated from each other once and then
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formati on chanber 308. At the tinme of transporting the substrate fromthe
second transportati on chanber 307 to the second film formation chanber

308, it is preferable to keep the substrate fromthe atnospheric air and
to mai ntain the vacuum degree. The second film formation chanber is also
provided with a plurality of deposition sources and substrate heating
means and in the same nmanner in the first filmformtion chanber 305, a
plurality of organic conpounds are successively used and deposited to form
a secondd¥AFocas SPpSUREY UL PTPRer masiddaning EeR)thaidl forprtdonity of
functional regions. Further, the substrate 304 is transported to a third

t r ansporafatitoh seeansk orI@eicAcompounidnidin andntbermnehglthasksaddtmaye from
the second filmformation chanber 308 to the third transportation chanber.
309, it bes grigfresdldgaiimn ka€perheéhatthbsbnatempledivhhef ati® saihegnce®t| and
to maintain the vacuum degree. In the case of using a netal mask with the

sane opefHdGubaiteite 3022ahf tHe hdtdll ddA0FY bk Q?aiﬁ%@éﬁlé@&aﬁ@e
substrate 304 and the netal nmask 303 are separated from each other once

and therg; A0y ed 130t 88 cheC¥ méiagg a Re2R8 08\ hglggr% ngtfgc:epb&%t{g%%, ray

formation of the third organic npoun e neta

b i iR . ti f th | i t t

subet r atieg Rk s {hEELb0RLy nBR COTRGF EnBb Yot fut BRIRE sypsbieten (e
case of using a _net.al ma%k,wii_lh a different gatternx a newmrask is

pr evi oudIFdFe SPEEdF LY atPghRenteGPR FRansRpttaLien GRYMBET FTRY out

in the third transportati on chanber or the
second film formation chamber.

Then, the substrate 304 is transported to the second film
formation chamber 308. At the time of transporting the substrate
from the second transportation chamber 307 to the second film
formation chamber 308, it is preferable to keep the substrate
from the atmospheric air and to maintain the vacuum degree. The
second film formation chamber is also provided with a plurality
of deposition sources and substrate heating means and in the same
manner in the first film formation chamber 305‘, a plurality of
organic compounds are successively used and deposited to form
a second organic compound film {im this case, green) having a
plurality of functional regions.

Further, the substrate 304 is transported to a third
transportation chamber 309. At the time of transporting the
substrate from the second £ilm formation chamber 308 to the third
transportation chamber 309, it is preferable to keep the substrate
from the atmospheric air_and to maintain the fracuum degrec—_z. in

the case of using a metal mask with the same opening pattern,
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third filmformation chanber. Then, the substrate 304 is transported to the
third film formation chanber 310. At the tine of transporting the
substrate fromthe third transportation chanber 309 to the third film
formati on chanmber 310, it is preferable to keep the substrate fromthe
atnospheric air and to maintain the vacuumdegree. The third film
formation chanber is also provided with a plurality of deposition sources
and substrate heating neans and in the sane manner in other formation
chanber sin gt ditking 333?@#15@:0@?5@’0@-0&:@1@6@@@'3 38Pe thecesubburhyeudtd and
deposited to forma third organic conpound film(in this case, blue)

havi ng atipk umetal yrask 3i0hatmeoseparedgiednSromheacht heherbehcat endOdhes
transported to an annealing chanber 312. At the tinme of transporting the

subst r atmo¥éedmot &e tot barty buthbiepsetgsyi iy F3E0tH® flilg foneaticg
chanber 312, it is preferable to keep the substrate fromthe atnospheric

air 53 &E\dtﬁé) 01 Ay drie VASHYGRAE OF £6in aﬁ{& efnd N LA PANRROK L 65 R PF  the
substrate to the annealing chanber 312, annealing in vacuum is carried

t. Aft d d h th
\?gcuum egree Tat tlhgat ek h?%e%agﬁg@dsgﬁlrgﬁmbf?t%%égl §%gﬂ£%§%§,{?ﬂ éﬁgg ise
B oxyade Carﬂéte%ﬁ%“ﬁpﬁe#bkﬁh?a””ﬁ%i' i 0% B A g Er LB et i8n 1 he
substrate are further renoved to form an organic corrpound Iayer vvlth_a

high dénisfeS add HRecgieRfk ey P IR Fetal ey idd agdissrentopat hern,

anewmaskispreviouslymadereadyandalignmentwiththesubstrate
may be carried out in the third transportation chamber or the
third £film formation chamber.

Then, the substrate 304 is transported to the third f£film
formation chamber 310. At the time of tramsporting the substrate
from the third transportation chamber 309 to the third film
formation chamber 310, it is preferable to keep the substrate
from the atmospheric air and to maintain the vacuum degree. The
third £film formation chamber is also provided With a plurality
of deposition sources and substrate heating means and in the same
manner in other formation chambers, a plurality of organic
compounds are successively used and deposited to form a third
organic compound film (in this case, blue) having a plurality
of functional regions.

Then, the substrate 304 is transported to an annealing
chamber 312. At the time of transporting the substrate from the
third film formation chamber 310 to the anneéling chambe: 312,

it is preferable to keep the substrate from the atmospheric air
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substrate may be provided in anneal chanber 312. Finally, the substrate 304
is transported to an unload chanber 311 and after an inert gas is
introduced to restore a normal pressure, the substrate is taken out of the
filmformation apparatus. After an inert gas is introduced in the anneal
chanber 312 to restore a normal pressure, the annealing nay be carried
out. After annealing is carried out in vacuumin the annealing chanber

312, an inert gas may be introduced in the anneal chanber 312 to restore a
nor mal ARl Baiptadgchhg YaeweR degreqy r pEkgrotheatranspartatiencoofet al
masks 303 every tinme after formation of different organic conmpound filns

i n the rdspedtisiateaiopbhe anneatingtrdraner 312 mehoemdtingninchambens), a
plurality of organic conpound filnms can be formed in a single apparatus
whi | e t hies cacuieidegr e Alfdiergd epo $i. 8icr Gdnd Ase dasttirhdeyade Us, £151 tieer
functional regions form ng one organic 54 conpound filmcan be fornmed in a

singl e fildrdDsdmttiem ¢hanbabuumCaslaak Nat 11e Wikld bEPHhEld&So /PG { he
functional regions can be avoided. Further, since this filmformtion

appar at ;%ﬂéarlé%?%?\% e%l@ﬁf,i {:ﬁf %%g?ﬁéegr%%@r%%iﬁﬁ%a%%dq%@{]boréfgyhe

functio ght “em ng~-element ving a pluralit

funct | OnSmdi LN B SRl d:/eTernl LUERNEG AN BB PERTNEEG A LhPUON e

apparat us \ ‘ctarrires ou ormation o e "organic _ _

desort bete Nl 34 ATbEsRH1S Hohiloubd’ TBVLON-ERREALHSLRE 0I5, Laventi on
are furthér removed to form an organic compound layer with a high
density and a high purity. Further, reverse mechanism of the
substrate may be provided in anneal chamber 312.

Finally, the substrate 304 is transported tc an unlcad
chamber 311 and after an inert gas is introduced to restore a
normal pressure, the substrate is taken out of the film formation
apparatus.

After an inert gas is introduced in the anneal chamber 312
to restore a normal pressure, the annealing may be carried out.
After annealing is carried out in vacuum in the annealing chamber
312, an inert gas may be intrbduced in the anneal chamber 312
to restore a normal pressure.

In such a manner, by carrying out alignment of the metal
masks 303 every time after formation of different organic compound
films in the respective t?:ansportation chambers {(or £ilm formation
chambers), a plurality of organic compound films can bé formed

in a single apparatus while the vacuum degree being maintained.

As described above, since functional regions forming one organic
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this constitution but includes those conprising a filmformation chanber
for formng a cathode on the organic conpound filns and a treatnent
chanber capable of sealing the light emtting elenent. The order of the
formati on of the organic conmpound filns having the red, green, and bl ue
| um nescence may be inconsecutive. Further, a nmeans for cleaning the
transportation chanbers and the filmformation chanbers shown in this
exanpl e installed., A cleaning preparatory chanber 22 as shown in

Fi g. ﬁﬁéPBBngl%%erﬁﬂ%ﬂqeé§°rpéﬂtﬁéra singsk FidaphPapgti-cahahpebPeror
storlng used deposition nmasks and un-used deposition nasks may be

i nst al | e@ontaminatiespetth vinpyakiches tamangn thieafvacs igna 1t Keglevgecanve
film formation chanbers. This exanple nay be optionally conbined with
enbodi nebe atpidafiodi Flrenthér, estiodiendhii s3,£idm eBeampiicidn Sppéxatpseis | n
Exanpl e 2, an exanpl e of apparatus that fornms up through the organic

conpoundcéphblé Sofl Eeaingdmikadt Fé§i 6X8 e the et ne@ypbaranigopunktiohg19i ven
of the case where the apparatus that conducts to the sealing of the

present }8y4e8h&0% i $ghPeenl seher® h Fig.
0, referen%e numer al g501 Jgﬁ%?ggea@|§§§ 3%%%%%Pﬁﬁfﬁfgﬁfm%Qﬁffgnggﬁgbgate S

LT anspory,egh o NOL gy LHALy LSt SE M cBHBS! Lahenas pliaRflkl Lhi s example is to be

understo to mean the one w an anode or cat hode (anode used in

this exanple)-Although the apparatus which carries out formation of the
organic cémpound films is described in this example, the film
formation apparatus of the invention is not limited to those with
this constitution but includes those comprising a £ilm fermation
chamber for forming a cathode on the organic compound films and
a treatment chamber capable of sealing the 1light emittingelement.
The order of the formation of the organic compound f£ilms having
the red, green, and blue luminescence may be inconsecutive.

Further, a means for cleaning the transportation chambers
and the film formation chambers shown in this example may be
installed. A cleaning preparatory chamber 22 as shown in Fig.
3 ﬁay be also installed.

Further, a mask preparatory chamber for storing used
deposition masks and un-used deposition masks may be installed
in the respective transportation chambers and the respective £ilm
formation chambers.

This example may be optionally combined with embodiment

1, embodiment 2, embodiment 3, or example 1.
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for use as one electrode of a light emtting el ement being forned thereon.
In addition the | oad chanber 501 conmes with a gas exhaust system 500a,
wherein this exhaust system 500a is constituted including a first valve
51, a turbo nol ecular punp 52, a second valve 53, a third valve 54 and a
dry punp 55. Additionally in this exanple, as the material used for inside
of respective processing chanbers such as a gate-bl ocked | oad chanber, an
al i gnmengxghgibes, a deposition chamber, a sealing chanmber and an _

unl oadi ngchamber, a material such as alum num or stainless steel (SUS)
wWth mrror s rou nt. of electr ld shing is, used on the
I nternal wal l u'%{ g%gjzlp?'geﬁr)é%:}‘ 5%%@5?% cﬁ Q%’g&'ﬁ'&‘ﬁ %ggoﬁf%g‘g gﬂr‘&'ﬂggr ption
of the inpurit such as oxygen.and water by making surface area of the

i nsi de ?Iogﬁ%?+%r9°TH°HHéi%'&W,1anﬁ$ﬁapxﬁghbe s FXFRREF i af? such
as ceramcs_or else are enployed as the inside material which 56 are

treat ed $HRITRFERD pekbhd e givarelof thes caret wherat thaeapparatusi fhathave
surface snoot hness with the center average roughness being | ess than or
equal t ccgpduct\tdhdingh sieled ifrig off thevprétens anwehmival ie hhei hglangat e
valve, a butterfly valve that functions also as a conductance valve wl|

al t er natscledme peviugedrefidiee sesotdl Pa§ve653 and the third valve 54 are fore
valves. First, a pressure of the load chanber 501 is roughly reduced by

the dry punp 5% wilgh tehe regearfice/auerdl epanadnokest a RolECSHMhBeRf the
| oad chanmber 501 is reduced to a high degree of vacuum by the turbo

ol ecul afrdiMPnPéh Wat lsubstrate is transported. Note that the term

éubstrate as used in this example is to be understood to mean
the one with either an anode or cathode {anode used in this example)
for use as one electrode of a 1ight emitting element being formed
thereon. Inaddition the load chamber 501 comes with a gas exhaust
system 500a, wherein this exhaust system 500a is constituted
including a first valve 51, a turbo molecular pump 52, a second
valve 53, a third valve 54 and a dry pump 55.

Additionally in this example, as the materi;l used for inside
of respective processing chambers such as a gate-blocked load
chamber, an alignment chamber, a deposition chamber, a sealing
chamber and an unloading chamber, a material such as aluminum

~or stainless steel (SUS) with mirror surfaces through treatment
of electro polishing is used on the internal wall planes thereof
due to its capability to reduce an adsorption of the impurity
such as oxygen and water by making surface area of the inside
wall smaller. In addition, internal members made of material

such as ceramics or else are employed as the inside material which
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the first valve 51 and third valve 54 open. Note that the turbo nolecul ar
punp may be replaced with a nechani cal booster punp; alternatively, the
turbo nol ecul ar punp is usable after increased the vacuum degree by the
mechani cal booster punp. Next, the one indicated bynuneral 502 is an

al i gnnment chanber. Here, alignment of a netal nmask and positioning of a
substrate on the netal mask are done for deposition at a deposition

chanber ake Whestod!tiht lpdieal DecdhBlEidithy it | RN noRARRELES02

may be equi pped with an i'nversion nmechani sm a substrate. ditironally,

t he net [N | |.0._2 may be, enpl oyed ,i.n he alignment net hod
here. A ?Flggggaﬁ%yﬁdah‘}eéqaﬁlggﬁ‘gﬁt %rﬁ%%%ggsiS&tgbnﬁﬁ?se%e t%grasag?ﬁggft
system 500b and is._shut and shielded fromthe |oad chanber 501 by a gate,
not shomﬁ?u?ﬁP?ﬁﬁrPefﬂg g??ﬁnﬁ?ﬁ? OFafFEA1AS62 3% Aorovi ded with a cl eaning
prelimnary chanber 513a to_thereby enable of cleanup 57 at the alignnment
chanber A502. AbtRougiatthedinsy vadieg SdadR adeaiberaleaaying @ oate ng
the netal nmask in the alignnment chanber A502 in advance. Next, nuneral 503
denot es walivposatbahtehfibevalye thabr £uacitdonsf adsbi Bst aocgaductaomeound

| ayer by vacuum evaporation nethods, whichwi Il be called deposition
chanber ¥#aD3eheirl nefternatiheldeposusedn asarricox) a1 Esandthexhaust
system 500c. In addition, this is shut and shielded fromthe alignnent

chanber tRHHE RY1ve B4 GardOto S OVMivd N2 FiPd A PrdsBde ¥ LB BRaa

chamber A502, the deposition
chamber 501 is roughly reduc_ed by the dry pump 55 with the second
valve 53 opened, next, apressure of the load chamber 501 is reduced
to a high degree of vacuum by the turbo molecular pump 52 with
the first valve 51 and third valve 54 open. Note that the turbo
molecular pump may be replaced with a mechanical booster pump;
alternatively, the turbomolecular pump is usable after increased
the vacuum degree by the mechanical booster pump.

Next, theone indicatedbynumeral 502 is an alignment chamber.

Here, alignmenf of a metal mask and positioniqg of a substrate
on the metal mask are done for deposition at a deposition chamber
to which it wili next be transferred. The alignment chamber 502
may be equipped with an inversion mechanism of a substréte.
Additionally, the method explained in Fig. 5 may be employed in
the alignment method here. Additionally the alignment chamber
A502 comprises a gas exhaust system 500b and is shut and shielded
from the load chamber 501 by a gate, not srhown.

Further, the alignment chamber A502 is provided with a

- cleaning preliminary chamber 513a to thereby enable of cleanup
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chanber A503 is provided with a cleaning prelimnary chanber 513b. 1In this
exanpl e, a deposition chanber that has the structure shown in Fig. 1 is
provi ded as the deposition chanber A503 for fabrication of the first
organi ¢ conpound | ayer which emts red Ilight. Additionally provided as the
evaporation sources are a first evaporation source provided with an
organi c conpound with hole injectability, a second evaporation source

provi deda¢l kfe aighA8kCcHARBRUNAsHALD HoLE £ﬁ§989§étaehhi&§tai A

evaporation source provided wt an organl C comnpoun

abi 11y, cans PYpbenS Sy o BT kol net o Rl AR Weden L SERABRETG

W th Iur%g cent |I|ty, a fifth evaporation source provided with an
or gani c ﬁ%oﬁﬂda rER°Bt ocking ability, and a sixth evaporation source
provided with an organic conpound with electron transportability. 58 It is

al so noted tha'®¥h- t Munesahpl5d3 capperepht haldRBReH Hon (ShamhATt £@Tas

"Cu-Pc" hereinafter) is used as the organic conpound with hole

i nj ect abfabrjcahionpf@/f iledtiorgand cf¢ompoursd hppeatiyonacwem ewapdrad'ioni s
[ N- (1- napht hyl ) - N- phenyl - ami no] - bi phenyl (abbreviated as "a-NPD"'

her eaf t em¢thedssethiah wiEl begalile CadapesDti ¢h chah®ea A30Rnepehihalfitkirt.y
bei ng provided in the second evaporation source;

4, 4' - di cenbadepes Dt pEeNYh&mEBE" A503 agﬂgragebhsnOégﬁaugtceyeeéﬁd5ow%lCh
becones the host provided in the third evaporation source; 2, 3, 7, 8, 12,

13, 17, 18 a‘lfiﬁat%.tdﬁ’,l tRibh i s%ld'tpgﬁ@ @H:Lékdem @Ebﬂluf'?le alignment chamber

A502 by a gate, not shown.

Inasimilarway to the alignment chamber A502 , thedeposition
chamber A503 is providedwith a cleaning preliminary chamber 513b.

In this example, a deposition chamber that has the structure
shown in Fig. 1 is provided as the deposition chamber A503 for '
fabrication of the first organic compound layer which emits red
light. Additionally provided as the evaporation sources are a
first evaporation source provided with an orgaqiﬁ compound with
hole injectability, a second evaporation source provided with
an organic compound with hole transportability, a third
evaporation source provided with an 6rganic compound with hole
transportabilify for use as a host of organic compound with
luminescent ability, a fourth evaporation source provided with
an organic compound with luminescent ability, a fifth evaporation
source provided with an organic compqund.with.blocking ability,
and a sixth evaporation source provided with én organic compound

with electron transportability.
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("PtOEP") is used as the organic conmpound with |um nescent ability

provided in the fourth evaporati on source; bathocuproin ("BCP") 1is used as
the organic conmpound with bl ocking ability provided in the fifth
evaporation source; and, tris (8-quinolinolat) alumnum ("Al g3") is used
as the organic conmpound with electron transportability provided in the

si xth evaporation source. It is noted that the organic conpound | ayer

conprising repi QB%Mhageﬁh\ﬁmJﬂJFﬁtﬂrﬁ@egém?Pée c'o?p%ﬁ@lﬁ%ﬁéié‘c%?ﬁ.ﬁ?l can

transportability, |um nescent ability, and el ectro porta

be forne ngde uby. geposi t.i gani.¢ canpgund in_order
t hr ough a%%%ﬁ%gg(\a/gpgrgat :&)(gln%gl éé)e%go&éﬁéaﬁe) i%étﬁlsg e?asrrpq'é? A-AREG
region is forne at,an interface hetween different function regions by

si nul tan%%Tn%Ou?/(chﬁ%{‘e Q36 ai't’ﬂfrf”b?rbb:’o]r’gta‘ﬁi gh%{mﬁﬁﬂﬂ&gegoﬁs‘} stheigEFshot h
function regions, To be brief, mxed regions are forned 59 respectively at
an inter?%ﬁk&’%’ﬁ@én the hol e iSW9%on region afld the hol e tréhskést
region and at an interface between the hole transport region and the

el ect r onlN1Ghsprphthel) oi- PhehviliraginalFbibhesyédnt rleploreviRiiant i cabky,
after formed a first function region through deposition of Cu-Pc to a

t hi cknesoPOS WeresadtarfuiBcuaad asNRBe ayr@ya0ER0Stdgsolyd awyeR Ui8Le
evaporation at a sane tinme to thereby forma first mxed region with a

filmthitdaregsortathi 1 or Being gefidd @Rhi 193 edohllldPafordrta 8ufce ;

t hi ckness of 40nmto thereby forma second function region, followed by

formati on, 9f -3i886BAY01e-biphenyl ("CBP" ) is used as the organic compound
which becomes the host provided in the third evaporation source;
2,3,7.,8,12, 13, 17, 18-octaethyl-21H, 23H-porphyrin-platinum
("PtOEP") is used as the organic compound with luminescent ability
provided in the fourth evaporation source; bathocuproin ("BCP")
is used as the organic compound with blocking ability provided
in the fifth evaporation source; and, tris (8-quinolinolat)
aluminum ("Algs") is uéed as the organic compound with electron

_ transportability provided in the sixth evaporation source.

It is noted that the organic compound layer comprising
regions having the functions of hole injectability, hoie
transportability, luminescent ability, and electron
transportability can be formed over the anode by depositing these
organic compound in order through a vacuum evaporation.

Also note that in this example, a mixed region is formed
ataninterfacebetween different functiop regions by simultaneous

vacuum evaporation of organic compounds consisting of both

function regions. To be brief, mixed regions are formed
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m xed region wth a thickness of 5 to 10nm by sinul taneous vacuum
evaporation of a-NPD and CBP. Thereafter, fabricate a filmof CBP to a

t hi ckness of 25 to 40nm thus formng a third function region. At the step
of formng the third function region, both CBP and Pt OEP are deposited at
a sanme time, thereby formng a third mxed region at the entirety or part
of the third function region. Note here that the third m xed region has

| um nesceatpeabilely. abuid heftediide RN BER Abeeden9sktednb¥egion
si mul t aneous vacuum evaporation to a filmthickness of 5 to 10nm thereby

formng agaf EHétﬂoﬂEX€9aﬁ§B599-ré?i@ﬂdhﬁ?ogt énBEEtéfkabéSEée%gﬁa&ﬁg to a

t hi ckness of 8nm thus formng a fourt unct1on region. urthernore, BCP

and Al ga | .Sl mul Qus. vacuu aporatian to a.film

1 cknocaBL e eRAUG cB15h Bid RGBT (R RYBBRt Bedton Polbnifbon

Lastly a_film of Alﬂ% Is formed to a thickness of 25nm thus enabling

f or mat i off ‘Jt')‘flm:én?is?? f GF8¢PBn 60 region. Wth the above process steps, a
first organic conpound layer is thus forned. It should be noted that in

the above explZrR¢tbratiyicaiiar formeds arsirst famaticonpegien thepughy

ki nds of organic conpounds different in function fromone another are
provi deddéposikior\EpEnaPicobno sothteknesspet 1i5v elmy, Badhtthe-Pe gavd a-Npppound
| ayer is then fornmed by vacuum evaporation of these organi c conmpounds.
Thi s exaapt dlegiuri ted dly levhcoinedvapbyatfohhet ab@ameardm@atoUsReraby
plurality of organic conpounds. Additionally the organic conpound provi ded
in a singbemeyapdret | BIxEQUFESi SN0 €h NQt £ 2l MAYBickness of 5 to 10nm.
Then, fabricate a £ilm of a-NPD to a thickness of 40nm to thereby
form a second function region, followed by formation of a second
mixed region with a thickness of 5 to 10nm by simultaneous vacuum
evaporation of o-NPD and CBP. Thereafter, fabricate a £ilm of
CBP to a thickness of 25 to 40nm, thus forming a third function
region. At the step of forming the third function region, both
CBP and PtOEP are deposited at a same time, thereby forming a
third mixed region at the entirety or part of the third function
region. Note here that the third mixed regionrhas luminescent
ability. Further, both CBP and BCP are deposited by simultaneous
vacuum evaporation toafilmthickness of 5 to 10nm, thereby forming
a fourth mixed region. In addition, a BCP film is fabricated
to a thickness.of 8nm, thus forming a fourth function region.
Furthermore, BCP and Alq; are deposited by simultaneous vacuum
evaporation toafilmthickness of 5 to 10nm, resultingin formation

of a fifth mixed region. Lastly a film of Aiq3 is formed to a

thickness of 25nm, thus enabling formation of a fifth function
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be limted to a single one and may alternatively be nultiple ones. For
exanple, in addition to a single kind of material provided in an
evaporation source as an organi c conpound with | um nescent ability,

anot her organi ¢ conpound that serve as a dopant may be . provi ded together.
Note that the first organic conmpound |ayer has a plurality of functions
and prior known materials may be used as these organic conpounds conposing

an or ganigeg&efPouRdth lawe abdeChreRk5s thepteth |f:9:@t oldgahd o BohBofiaied
that the evaporatlon sources may be designed so that a m croconputer is

used to gg?éfogstgﬁuge 8§hEPon speeds thereof. Additionally, with this
arrangenen S pre era to control the ratio of m xture upon

si mul t aneous f r| catl urali of . organi ound | ayers. Next
the one i ndi caf ed 5y nuﬁr%rnézlte%’ogkflé g‘@ % x@ﬁ‘:?r?ﬁ‘ér?ilqn C%Pérnéfl?’gnrrent
of a netaB% and osjitioning of _a substrate 61 on the netal nmask are
done fort ﬁﬁ?&ﬁf nie GEpBONPdoha¥RENBER KiRASuaic RTINS FORRRUNEE

transferred. The alignment may be done in the deposition chanber 507.
Addi t i on@tFieraRt aingfitnrtigmnbeem RHES anmphesesre gaovhdesisinspikem
500d and is shut and shielded fromthe deposition chanber A503 by a gate
not showevapoeratiohercunmeyp respeckiciedaniang phelorgaraiy cohguierd 3agert hat
is shut and shielded fromthe alignment chanber B506 by a gate not shown,
in a sins ahemyotmedhpy aldgitie8irapbaalalon b8 2 hdex orgawiRy abmpBéndenot es a
deposi tion chanber for fabrication of a second organic conpound |ayer by
vacuum This example should not be limited only to the above and may use

2 plurality of organic compounds. Additionally the organic

compound provided in a single evaporation source should not always

be limited to a single one and may alternatively be multiple ones.

For example, in addition to a single kind of material provided

in an evaporation source as an organic compound with luminescent

abi;ity, another organic compound that serve as a dopant may be

provided together. Note that the first organic compound layer

has a plurality of functions and prior known materials may be

used as these organic compounds composing an organic compound

layer which emits the red light.

It is tobenotedthat the evaporation sources may be designed

so that a microcomputer is used to control the deposition speeds

thereof. Additionally, with this arrangement, it is preferable

to control the ratio of mixture upon simultaneous fabrication

of a plurality of organic compound layers.

Next, the one indicated by numeral 506 isan alignment chamber.

Here, alignment of a metal mask and positioning of a substrate
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evaporation, which will be called the deposition chanber B507. This

deposi tion chanber B507 is provided with an exhaust system 500e. In
addition it is shut and shielded fromthe alignnent chanber B506 by a
gate, not shown. Further, it conprises a cleaning prelimnary chanber 513d
whi ch is shut and shielded fromthe deposition chanber B507 by a gate not
shown, in a simlar way to the deposition chanber A503. In this exanple a

deposi ti g @l mtalVh bk e FbhUCES Gep WD dlakl & debolss ARV EHEHLAS t he
deposi tion chanber B507 for fabrication of a second Organi c conpound | ayer

whi ch emfsa0f &en ¢ Whaht ne £AG1d it%?x's!f%ggre%/.i d%ﬂeaéligﬁmééﬂgg%[rgt‘cjeo ﬁoﬁ%ﬁr ces

are a first evaporati on source provi Wth an or gani und Wt

hol e i nj idi R d tion. hird ti
our ce eLbEE R RRR R R BB A B NA A TR e EFPRRRRRL -
fourth ey ration source provided with a 62 host material with hole
trans por?gﬁglq‘i@ma??sf o ﬁag\ﬁiﬁﬁ*‘aﬁq gy stegyred Ang igeth ik Anchahérddsic

conpound with lum nescent ability, a sixth evaporation source provided

wi th an BFefrite deppsdidon ehambesdd iy baba 9ate nakdshowey etthfursperat i on
source provided with an organic conpound with electron transportability.
It is notemprhaesia ¢cheanixanptel infndcy i chanpndBashate 1 soshparti and
compound Wi th hole injectability provided in the first evaporation source;
MIDATA ishbapliegefiran the alggnmentosRamber BEDE bl & yataspett ahokinty
provided in the second evaporation source; a-NPD is enployed as the

or gani ¢ LOMNRosNdi Yathwhel €0 the alignment chamber A502.

Next, numeral 507 denotes a deposition chamber for
fabrication of a second organic compound layer by vacuum
evaporation, which will be called the deposition chamber B507.
This deposition chamber B507 is provided with an exhaust system
500e. In addition it is shut and shielded from the alignment
chamber B506 byagate, not shown. Further, it comprises acleaning
preliminary chamber 513d which is shut and shielded from the
deposition chamber B507 by a gate not shown, in a similar way
to0 the deposition chamber A503.

In this example a deposition chamber with the structure
shown in Fig. 1 is provided as the deposition chamber B507 for
fabrication of a second organic compound layer which emits green
light. Additionally provided as the evaporation sources are a
first evaporation source provided with an organic compound with
hole injectability, a second evaporation source and a third

evaporation source each provided with organic compounds with hole

transportability, a fourth evaporation source provided with a
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transportability provided in the third evaporation source; CBP is enployed
as the host material with hole transportability provided in the fourth
evaporation source; tris (2-phenylpyridine) iridium(Ir(ppy)3) is enployed
as the organic conpound with [um nescent ability provided in the fifth
evaporation source; BCP is enployed as the organic conmpound with bl ocking
ability provided in the sixth evaporation source; and, Alga is enployed as

t he orgaﬂbstc,gg@;eyﬂglweﬁ‘eheﬁ&féreﬁanggapﬁ ps i 2Rl | 1 Ve pEQY dod wa&gs
It dt Payer

sevent h evaporation source. I'S not e second organi c cohpoun

can be f . e ccessive va ratl of .t hese

or gant o SEHEgs pHo R AR O R e AT TN Sl S SFE°
transport ahil it v Iunigescent ability, _blocki.n abiliti and el ectron

t r anspor & &R é ARPEFLHGR SAURA® PROVALL ML PR, OTI7R XS FMRABH Fithor ned
63 at an interface between different function regions by sinultaneous
vacuum eRdpeking aPidiitsrganica sevsarkievepPERrh§oBCITE ¢ PrGYddashwifthgi ons.
More specifically, mxed regions are formed respectively at an interface
bet ween ameohgheicrapspovndregtbnelantirohe tivhoskprgabdgdiidy.and at an '
I nterface between the blocking region and the electron transport region.
Practically, alfters hoteadthafiistthfisnekampleegCanPthiouglpl depdsist tha of
Cu-Pc to a thickness of 10 nm both Cu-Pc and MIDATA are deposited by a

vacuum eya@en B¢ | edmpdured Sainth ol tie: fldearaahiv i tho pho¥ ifddas inMeked £h egton

with a filmthickness of 5 to 10nm
evaporation source; MTDATA is employed as the organic compound
with hole transportability provided in the second evaporation
source; o-NPD is employed as the organic compound with hole
transportability provided in the third evaporation sourée; CBP
.is employed as the host material with hole transportability
provided in the  fourth  evaporation  source; tris
(2-phenylpyridine) iridium (Ir(ppy):) is employed as the organic
compound with luminescent ability provided in the fifth
evaporation source; BCP is employed as the organic compound with
blocking ability provided in the sixth evaporation source; and,
Algs; is employed as the organic compound with electron
transportability provided in the seventh evaporation source.

It is noted the second organic compound layer can be forrﬁed

on the anode by successive vacuum evaporation of these organic
compounds,‘which compriseé regions having functions of hole
transportability, luminescent ability, blocking ability and

electron transportability.

Also note that in this example, a mixed region is formed
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Then, fabricate a filmof MIDATA to a thickness of 20nmto thereby forma
second function region, followed by formati on of a second m xed region
with a thickness of 5 to 10nm by si nul taneous vacuum evaporation of MIDATA
and a-NPD. Thereafter fabricate a film of a-NPD to a thickness of 10nm
thereby formng a third function region. Then, by sinultaneous vacuum
evaporation of a-NPD and CBP, a third mxed region is forned in thickness

JRURRES i A E RN Sk e T e R

a .
to 40nm e orm a ction Tegion: orm ng

the fourth function region, (lr(ppy)3) is d sited si qul f aneous vacuum
ovapor at{ TS S5aPPTaE LoRT by oBIA G GHATh L OFIEE HREE SGRH ien
formng a fourth m xed region; then, sinultaneously deposited CBP and BCP
by vaculRERPOrati 3Pk $REELELERLLN. ni Ré¥CHegitsFiAREh £%%i ckeeaedof 5
to | Onm next, deposit a BCP filmof 10nmthickness to thereby forma fifth
functi orrespeceively atexn igitewifeaeebetipetdepbei foBEPtramuisPdyh HyIveruumM
evaporation to forma sixth mxed region with a filmthickness of 5 to
10nm | aaid ywhe blocRihgl regiofagrl e antintekresse bk td@en thehbbodlingng a
sixth function region to thereby forma second organic conpound | ayer.

Not ed t hadgidh tdiea 2y G FEPt PRt t PaN&PErOr Bagiénconpound | ayer is forned
by vacuum evaporation from seven evaporation sources provided with organic

Do, e S, bichbpiad Fpestl Yobt it beprspondphgar o

I's modifd 3bl& tion of Cu-Pe to a thickness of 10 nm, both Cu-Pc and MTDATA
are deposited by a vacuum evaporation at a same time to thereby
form a first mixed region with a £ilm thickness of 5 to 10nm.
Then, fabricate a £ilm of MTDATA to a thickness of 20nm to thereby
form a second function region, followed by formation of a second
mixed region with a thickness of 5 to 10nm by simultaneous vacuum
evaporation of MTDATA and o-NPD. Thereafter fabricate a film
of a-NPD to a thickness of 10nm, thereby forming a third function
region. Then, by simultaneous vacuum evaporat;i.on of o-NPD and
CBP, a third mixed region is formed in thickness from 5 to 10nm.
Subsequently, fabricate a film of CBP t¢ a thickness of 20 to
40nm to thereby form a fourth function regiocn. At the step of
forming the fourth function region, (Ir(ppy)s:) is deposited by
simultaneous vacuum evaporétion at part or entirety of the fourth
function region, thus forming a fourth mixed region; then,
simultaneously deposited CBP and BCP by vacuum evaporation to
form a £ifth mixed region with a thickness of 5 to 10nm; _next,

depositaBCPfilmof 10nmthickness to thereby formafifth function
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as far as a plurality of evaporation sources. Additionally prior known
materials may be used as organi ¢ conpounds with a plurality of functions
for form ng an organi c conpound | ayer which emts green light. Next, the
one indicated bynunmeral 508 is an alignnment chanber. Here, alignnent of a
metal mask and positioning of a substrate on the nmetal mask are done for

deposition at a deposition chanber to which it will next be transferred.
The al i gnnent _may, _be done Jj.n the osition.c er_50 Addi t | |y the
al i gnrrenfcggﬁgﬁﬁer ex‘(%:508'5 1é“our%p1}ar%ee%usgf58a§ %%1%153? Esys‘:"tne‘% Igb‘é’f C%hd{’gga ut and
shielded fromthe deposition chanmber.  B507 by a gate not _shown, |t further
conpr i se€VEPLEFREAPRGEPrEP TR TR Idh MMpea FEIEOh ¥l ths as AddMahgLCERPEFded
fromthe alignment chanmber C508 by a gate not shown, in a simlar way to

the al i gRFeRtCTRAERPer LaShRY . Negam anFadmapt FOgldEA R dhickngwsiof dAnBhanber
for 65 fabrication of a third organic conpound | ayer by vacuum

evapor at tbus fanndhgwi| $ikpehcilthetlivherdgponi toobhehahiefoCBOe. s&lpad
deposition chanber C509 is provided with an exhaust system 500g. In

addi ti onorghniie &bmpoand xhiyekded fromthe alignnent chanber C508 by a gate
not shown. Further, it conprises a cleaning prelimnary chanmber 513f which

i's shut and shyetégedid©md ARV 3D 16RAFION €RR9 orBhnd clabipBahashown,
inasimlar way to the alignnment chanber A503. In this exanple a

geposi ti j?Qy&ﬁa%Ee%o&ngg Fgev%tédéﬁ& Wfap Wb NeFdd sdvbi BYAYLIGHE RS the

eposi t1 on” chanber r
sources ﬁrovided with organic compounds having different
functions respectivelyas the secondorganiccompoundlayer. This
example should not be limited only to the above and is modifiable
as far as a plurality of evaporation sources. Additionally pricr
known materials may be used as organic compounds with a plurality
of functions for forming an organic compound layer which emits
green light.

Next, theone indicatedbynumeral 508 isanalignment chamber.

Here, alignment of a metal mask and positioning of a substrate
on the metal mask are done for deposition at a deposition chamber
to which it will next be transferred. The alignment may be done
in the depositionchamber509. Additionally the alignment chamber
C508 comprises a gas exhaust system 500f and is shut and shielded
from the deposition chamber B507 by a gate not shown. It further
comprises a cleahing preliminary chamber 513e that is shut and
shielded from the alignment chamber C508 by a gate not shown,

in a similar way to the alignment chamber A502.

Next, numeral 509 denotes a deposition chamber for
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fabrication of a third organic conpound | ayer which emts blue 1ight.

Addi tionally provided as the evaporation sources are a first evaporation
source provided with an organic conpound with hole injectability, a second
evaporation source provided with organic conmpound with | um nescent

ability, a third evaporation source provided with blocking ability, a
fourth evaporation source provided with an organic conpound with el ectron

t ranspor Lo . ' t. ] ' - ' as
the br ghapscatashio? &rREkAGmga: d o L RRE Bt i R aBPRASHSE.
evaporatipn squr.ce; a-NPD.i s enployed.as the_or |l c compound  with

i neocREoRHiTbe BatyBahe ABPREEE 188 Ararar ot § on Tt feaoShibons
enpl oyed as the organi c conpound with blocking ability provided in the
third evaBGF'B?Fd—‘rP@oﬁﬁ drovigled Wi §b ansexhans b yyg tem Wég or gdhaddisApaund
with electron transportability provided in the fourth evaporation source.
66 It isihcteébrieardishiekdpmifaoamoiibe i nnent chanherf 66M8dy @vgatehe
anode by successive vacuum evaporation of these organic conpounds, which
conpr i segoteghicms. h&Turnperyntt icompmisdwhecléan bog phidliimidany chanbeir
ability, blocking ability and el ectron transportability. Also note that in

this exaspse, witidh ¥edshedi Qi ishifeldRt £rah fite IGHRId BELo® haaberdckber ent
function regions by sinmultaneous vacuum evaporation of organi c conpounds

form ng Hptd ddee ftCldiRiim | 63 WS1n0E $RGCHD €Akl Ya 1 Fhied " BAbABR A € .
formed respectively at an interface between the hole 1njection region
| A503. '

In this example a deposition chamber with the structure
shown in Fig. 1 is provided as the deposition chamber C509 for
fabrication of a third organic compound layer which emits blue
light. Additionally provided as the evaporation sources are a
first evaporation source provided with an organic compound with
hole injectability, a second'evaporation source provided with
organic compound;with luminescent ability, a third evaporation
source providedwith blockingability, a fourth evaporation source
provided with an organic compound with electron transportability.

It is noted that in this example, Cu-Pc is employed as the
organic compound with hole injectability provided in the first
evaporation source; o-NPD is-employed as the organic compound
with luminescent ability provided in the second evaporation
source; BCP is employed as the organic compound with blocking
ability provided in the third evaporation source; and, Alg; is
employed as the organic compounduwith.electroh transportability

provided in the fourth evaporation source.
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and the light emtting region, the light emtting region and the bl ocking
regi on, and the bl ocking region and the electron transport region.
Practically, after fornmed a first function region through deposition of
Cu-Pc to.a thickness of 20 nm both Cu-Pc and a-NPD are deposited by a
vacuum evaporation at a sane tine to thereby forma first m xed region
with a filmthickness of 5 to 10nm Then, fabricate a filmof a-NPD to a

e e R R R S e
I mul ' f.a-NPD and . Th '
FiTm o SED YRS WP PRI AIGSI yRChR ERSe Fop il o ThiPa oidebEE,”

region. Then, 3¥ shgul #aneous vacuum evapor ati on of BCP and Alﬁ]a},l f third
m xed r eGPBRACYRIF or HBACPn OMBRSESs FePH%S t BaVERf fuaatiPns &in balei | m of
Alg3 to a thickness of 40nm to thereby forma third_ 67 organic conpound

| ayer. NeRéRctabpilihy: humipesseakmidditibnbloekbrgabididtyasinbectagdr is
formed by successive vacuum evaporation fromfourth evaporation sources
provi dedtwarspdéotmbblgbni ¢ conpounds having different functions
respectively as the third organic conpound |ayer. The present invention
shoul d not be Alsn tirtteordhat dd hBisaksempaed asmiwddf Feblienassf saormseda
plurality of evaporation sources. Also, an organic conpound provided in a

singl e eypRANA 1T HEEwes AISE oMt Athd ©1d1R¥8g0BA s PEimABYaRBo8s -
plurality of ones. For instance, in addition to a single kind of materi al
provi dedvé.ufhum evdporation of crganic compounds forming both the function
regions. More specifically, mixed regions are formed
respectively at an interface between the hole injection region
and the light emitting region, the light emitting region and the
blockingregion, and the blocking region and the electron transport
region.

Practically, after formed a f£first function region through
deposition of Cu-Pc to a thickness of 20 nm, both Cu—Pc and o~NPD
are deposited by a vacuum evaporation at a same time to thereby
form a first mixed region with a f£ilm thickness of 5 to 10nm.
Then, fabricate a £film of o-NPD to a thickness of 40nm to thereby
form a second function region, followed by formation of a second
mixed region with a thickness of 5 to 10nm by simultaneous vacuum
evaporation of «-NPD and BCP. Thereafter fabricate a £ilm of
BCP toathickness of 10nm, thereby forming a third function region.
Then, by simultaneous vacuum evaporation of BCP and Algz, a third
mixed region is formed in thickness from 5 to 10nm; lastly, form

a film of Alqg; to a thickness of 40nm, to thereby form a third
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an evaporation source as the organic conpound with |um nescent ability,
anot her organic conpound that serve as a dopant may be provided together.
Note that prior known nmaterials may be used as organic conpounds with a
plurality of functions for formng an organic conpound |ayer which emts
blue Iight. Additionally in this exanple, one specific case has been
expl ai ned where the organic conpound | ayer which emts red light is forned

in the f&figng@p@&hﬁégﬂdcj]gﬁpﬂ A503 while formng the organic conpound
| ayer which emts green light 1n the second deposition chanber B507 and

also formng t o} 1€ sCO un | ayer . which emits blue |light in the
third deposit iﬁ(}ﬁt%%g%{;&ef 1%5%81% a%mvéf?l?ﬂggﬁ?ag]fﬁ%f0?%?%? ?%‘?‘f“%cfu ese

| ayers shoul d not _be imted only the above order. One of_ the organic
compound-FE5ert® HRFEReRYt SHCGRESINE MaFUYYy EMRPORAT IALET I SRR el y
may be forned within one of the deposition chanber A503, deposition 68
chanber BRPOTEHREPRY HBLHIGORTENARBEr v Eowt opgagiiceenappyedy hawing

addi ti onal deposition chanber may be provided for formng an organic
conpoundiffierenhifginatmians wkispedtigly laer €éhe. thhrdnoeganig dempaoed nay be
provi ded to anneal the organic conpound filmwth vacuum after the

deposi t ilmyeaf. t The prgsent tonpatnda. siiyuldenchnealliifg tald enliyho the
deposition, oxygen and water in the organic conpound | ayer forned on the

subst r atabovesah@aR\ESHI EHANES a8 F drh@é alP 101-LHENRS) ¥ 32 HaF R ik dE gani €

conpound | ayer may be fornmed. Next, nuneral 510 denotes a deposition

chamber A1y, hnYrPHdi®Rompound provided in a single evaporation source
is not limited to have one kind, may be a plurality of ones. For
instance, in addition to a single kind of material provided in
an evaporation source as the organic compound with luminescent
ability, another organic compound that serve as a dopant may be
provided together. Note that prior known materials may be used
as organic compounds with a plurality of functions for forming
an organic compound layer which emits blue light.

Additionally in this example, one specific case has been

explained where the organic compound layer which elﬁits red light
is formed in the first deposition chamber A503 while forming the
organic compound layer which eﬁits green light in the second
deposition chamber B507 and also forming the organic compound
layer which emits blue light in the third deposition chamber C509.
However, the order of formation of these layers should not be
limited only the above order. One of the organic compound layers
which emit lights of red, green, and blue, réspectively may he

formed within one of the deposition chamber A503, deposition
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of . a conductive filmbeing either. the anode or the cathode of a |light
emtting elenent (a netal filmused as the cathode in this exanple) by
vacuum evaporation, which will be called the deposition chanmber D510. The
depositi on chanber D510 conprises an exhaust system 500h, in addition, is
shut and shielded from the deposition chanber C509 by a gate not shown.
Further, it conprises a cleaning prelimnary chanber 513g which is seal ed

and shi elgeberoB5dNE HRPQSH6S LFL&h 2HAGHOdS Y gl LalebraBeWdely,n a
simlar manner to that of the deposition chanber A503. In this exanple a

deposi ti ; h t : H%M% | | Qs [ reQ\l t he
deBosi ti %% %Eggnggén&ﬁeﬁg%ég%élg%g y,e"-'ls ﬁgygggp%g%gl%é%e;&afl%gngp %?Ll on of
t he deposi ti anber 10, refer to the explanat. f Fig 1. In this
exanpl o, SFgRS SORBRn e ffon, Bt i, VLR Lt Faciedhn 1| in rmdeof
an alloy of alumnumand lithium _is 69 depqgsited as, the conductive film

used as the cathode BF TRREALIYY TWRATS Mk RedROVARS GorRRSRY thg | |

al so possible to enploy co-vacuum evaporation of alum numand an el ement
bel ongi ngrEgnig crEpouRd Fidmpwithr vgeoup pEter the geppsditdomamife the
Alternatively a CVD chanber may be provided here for formation of an
i nsul at i pyganic;eongrusds. siBy domannenldegfafter thel deprs biice, bxlyweand DLC
film"or else as a protective film (passivation filnm of the |ight _
enm tti ngaelienatér Notithd alganic tbmpoend Dayprofécthed @l aheC¥behamhey , it
will be preferable that a gas purifying machine be provided for increasing
i n advangg removed further so that high-density and high-purity organic
compound layer may be formed.

Next, numeral 510 denotes a deposition chamber for formation
of a conductive f£ilm being either the anode or the cathode of
a light emitting element (a metal film used as the cathode in
this example) by vacuum evaporation, which will be called the
deposition chamber D510. The deposition chamber D510 comprises
an exhaust system 500h, in addition, is shut and shielded from
the deposition chamber C509 by a gate not shown. Further, it
comprises a cleaning preliminary chamber 513g which is sealed
and shielded £rom the deposition chamber D510 by a gate not shown,
in a similar manner to that of the deposition chamber A503.

In this example a deposition chamber with the structure
shown in Fig. 1 is provided as the deposition chambexr D510.
Accordingly, in regard to a detailed operation of the deposition
chamber D510, refer to the explanation of Fig. 1.

In this example, in the deposition chamber D510, an Al-Li

alloy £film {(£ilm made of an alldy of aluminum and lithium) is
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the purity of a material gases used in the CVD chanber. Next, nuneral 511
denotes a sealing chanber, which conprises an exhaust system 500i. In
addition, it is shut and shiel ded from the deposition chanber D510 by a
gate not shown. In the seal chanber 511, processing is to be done for
finally enclosing a light emtting element in a seal ed space. This
processing is the treatnment for protecting the light emtting el enent

f or med aggba.s.rteaxageah@een&%% ve?fﬁr@ﬁ%le@yﬁsgﬁ@?ﬁ%hgﬁre &P%@ﬁghlbty

enclosing it by a cover materia ternativ or encl osing

either t bl | t.r,avi. Ie

mat er | aIa 5\% F %g&g%\q/gr eA(i 1% lf rFaV%R ?ﬁﬁ% p%sesfjat?d‘ff%so BF'Q?"PVC or
nmetal, the cover materi nust have o tical tranSWISSIVItﬁ in cases where
li ght i s@m ErEd™ SmparFﬁé‘OBOQ r 3THPERPE) a80gan CARRRRLOREIPPIRI Eover
material and a substrate with the 70 above-stated light emtting el ement
fornmed tReFRER Ehe JUREPed ofog&rHer 18y ofsdhef perdedliontablieal such as

t hermal hardenable resin or ultraviolet-ray hardenable resin or else,

t hereby forni ndltennativelghta st edhapher may ebei provtidedesherde floar dened

through thermal processing or ultraviolet ray irradiation processing. It
is al so Ebfratior ¢ g duisdd dtrindhifdimeahed apatesid vy nikeidrbgankabl e
material, typical exanple of which is bariumoxide. It will also be

possi bl esiDiébh| okhaeSpadn BeAWVBRR iy Wierel S8 85| &l pRRdebhevaUR L AL €

having the light emtting elenment formed thereon mnth ei ther thermal

har denab{ ga £ 888t 8bn U1 1RY ¥ ¥l A ght emitting element. Note that in
the case of providing such CVD chamber, it will be preferable
that a gas purifying machine be provided for increasing in advance
the purity of a material gases used in the CVD chamber.

Next, numeral 511 denotes a sealing chamber, which comprises
an exhaust system 500i. In addition, it is shut and shielded
from the deposition chamber D510 by a gate not shown. In the
seal chamber 511, processing is to be done for finally enclosing
a light emitting element in a sealed space. This processing is
the treatment fo:; protecting the light emitting element formed
against oxygen and water, and employs a means for mechanically
enclosing it by a cover material or alternatively for enclosing
it by either thermally hardenable resin or ultraviolet-ray
hardenable resin material.

While the covermaterial usedmay be glass, ceramics, plastic
or metal, the cover material must have optical transmissivity

in cases where light is emitted toward the coirer material side.

Additionally the cover material and a substrate with the
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hardenabl e resin. In this case, it is effective to add a noisture
absorption material typically such as bariumoxide into either the thernal
har denabl e resin or ultraviolet-ray hardenable resin. In the deposition
apparatus shown in Fig. 6, a mechanism for irradiation of ultraviolet
Iight to the interior of the seal chanber 511 (referred to as the
"ultraviolet light irradiation nechanisn hereinafter) is provided, which

i s arrangsgveostafka l':l.él&@Vén‘Pi@E:.rig Hlenith t8Folrh@ theFebil §rls” LaR¥Eaket

light irradiation nechanismis used to harden the ultraviolet-ray

har dena Youie N ri ses
an exhaBt? ég@%gnPgaggé ?ﬁegggégi %% MA?%WP%%%t em %ﬁﬁgié?%ggﬁgaﬁianed

t hereon wil be taken out of here.  As scri hed the ab sing the
depost 11 B SR ATV et waY hepachaBTe Heslior 8158, Henaby hathian
emtting elenent 71 to the outside air is avoided until the Ilght emtting

el ement aF &5 tePsated SRECE hY lefd 10gat el resddcbe hagdenad thrgughi pl e

to manufacture a | um nescent device.with high reliability. This exanple may
be freel YheHndl netooessimmbodi weravielet rarxmperdiatiionrpEraepssng.
Exanple 4 Another filmformati on apparatus of the invention will be

descri bellt viig lalislve efEketdnectbopFogidd. il tHHig) sealddhepaeeeaahoigbhrdenot es
a transportation chanber and the transportation chanber 701 is provided

W th a tapsusiedhhé it it5Pi(d1 Eéxdmple of which is barium oxide.

It will also be possible to fili the space between the cover
material andthe substratehaving the light emitting element formed
thereon with either thermal hardenable resin or ultraviolet-ray
hardenable resin. In this case, it is effective to add a moisture
absorption material typically such as barium oxide into either
the thermal hardenable resin or ultraviolet-ray hardenable resin.

In the deposition apparatus shown in Fig. 6, a mechanism
for irradiation of ultraviolet light to the interior of the seal
ghamber 511 (referred to as the "ultraviolet light irradiation
mechanism" hereinafter) is provided, which is arranged so that
ultraviolet light as emitted from this ultravioclet light
irradiation mechanism is used to harden the ultraviolet-ray
hardenable resiﬁ.

Lastly, numeral 512 is an unload chamber, which comprises
an exhaust system 500j. The substratewith light emittingelement
formed thereon will be taken out of here.

As described the above, by using the deposition apparatus

shown in Fig. 6 or Fig. 1, exposure of the light emitting element
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and transports a substrate 703. The transportation chanber 701 is
controlled to be in decreased pressure atnosphere and connected with
respective treatnment chanbers through gates. Sending and Treceiving a
substrate to and fromthe respective chanbers is carried out by the
transportati on nechanism (A) 702 when the gates are opened. Further, to
decrease the pressure in the transportation chanber 701, a gas evacuation

punp SUcko agha HlidsiHEMRirehadbsakd BASLEENLUIPght Wkt HDh&Cel dhetimP (2
magnetically floating type) or a cryopunp can be enployed and in order to

produce 1y Qoih16A%tnci86q Wil £n8 Mbdpaby. [ HfuIRANCILGLYEi gating

type tu punp 1s prefe rei nafter, e pective
treatment_ch Wil | 8€ descri bged Incidené I since hh .
tr ansportadtanEqditke ' ofm{ SEFcoRE pexlts “FrEB bt an aFREERRaT Y e
treatment chanhers 72 directly caonnected to . the transportation chanber 701
are all eqmiﬁhﬁf\ﬁ%ﬁ?&kﬁ“ﬁﬁk ﬁaﬁgseﬁanﬁemPﬁBPS1WFE§t mpedymeRs {hkC gas
evacuati on punps, the above-nentioned dry punp, nmechanical booster punp,
t ur bo- ot edFaRPIRFPL ( LFEFRIPEalI 2y floating type) or cryopunp can be
enpl oyed and also in this case, the magnetically floating type
turbo-nol ecul ar punp is preferable. At first , the nuneral 704 denotes-a
| oad chamber for carrying out setting (disposing) a substrate. The | oad
chanber ¥éfidnplse £onnected to the transportati on chanber 701 through a gate
700a ana a carrier (not illustrated) on which the substrate 703 is
mounted i s i ngrdiRd- kenm rdbRat 98 £hpabEEus UlE WHKInded®13% will be
described with the reference to Fig. 7. In Fig. 7, the numeral
701 denotes a transportation chamber and the transportation
chamber 701 is provided with a transportation mechanism (A) 702
and transports a substrate 703. The transportation chamber 701
is controlled to be in decreased pressure atmosphere and connected
with respective treatment chambers through gates. Sending and
receivingasubstrate toand fromtherespective chambers iscarried
ocut by the transportation mechanism (A) 702 when the gates are
opened. Further, to decrease the pressure in the transportation
chamber 701, a gas evacuation pump such as a dry pump, mechanical
booster pump, turbo-molecular pump (amagnetically floating type)
or a cryopump can be employed and in order to produce highly vacuum
state with a high purity, the magnetically floating type
turbo-molecular pump is preferable.
Hereinafter, the respective treatment chambers will be

described. Incidentally, since the transpori:ation chamber 701

is in decreased pressure atmosphere, the treatment chambers
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a transportation chanber for a substrate which is passed through the
el enent formation process to a sealing chanber. The |oad chanber 704 nmay
conprise different roons for substrate transporting in and substrate
transporting out. Further, the |oad chanber 704 is provided with the
above-nenti oned gas di scharge punp and a purge line for introducing

nitroge

n gas or arare gas wth a high purity. Turbo nol ecular punp is
pref er ablieréotlgasonfiestbar go Ruep triidgiitatiibn RNG®dd Mol Sagguapped

with a gas refining apparatus so as to previously renove inpurities

(oxygen
this ex
conduct
this ex
forma

al i gnnmen
positio
an anod
el enent
the tra
time di

carried
705, a

eqitppelefitH e decKas 7%é %Lﬁ’?pé NhbedLagsirhPed e aPRIRI Yas | N

substrate on which a t ranspar ent

anpl e, as the substrate

In

;ﬁ?éﬁéﬁéﬂs%%gﬁga?e bl G 08 SARRE AR,
o SRAAE ERRR el e i R (e ontt & %@ﬁ{%% EuBef® "

ni n confornatlon of t he. substrate passed through the formati on of

ST T ODIPH AT DEISTRIARE L ARG ALEP ARGHGF G5 haNY magnekicalhy

and the netal mask and the alignnent chanber 705 is connected

s EHR Y oY RPakibERo Toal e baghrampaie poeferabhei-dental Iy, every

to

fferent organic conmpound filns are forned, alignment of the netal
mask and posi tAbAingtcdfeorwserah 70df de et s bstaeat ehanbetrtfomeaatryimgk are

out .in the alignnment chanber. Further, in the alignnment chanber

i} (setrhhige(disposing) a substrate. The load chamber 704 is
connected to the transportation chamber 701 through a gate 700a
and a carrier (not illustrated) on which the substrate 703 is
mounted is installed here. The load chamber 704 works also as
a transportation chamber for a substrate which is passed through
the element formation process to a sealing chamber. The load
chamber 704 may comprise different rooms for substrate
transporting in and substrate transporting out. Further, the
load chamber 704 is providedwith the above-mentioned gas discharge
pump and a purge line for introducing nitrogen gas or a rare gas
with a high purity. Turbo molecular pump is preferable for gas
discharge pump. Further, the purge line is equipped with a gas
refining apparatus so as to previously remove impurities (oxygen
and water) from the gas to be introduced into the apparatus.
In this example, as the substrate 703, a substrate on which
a transparent conductive film to be an anode of a light emitting
element is employed. In this example, the substr_&nte 703 is set

on the carrier while the face to form a film thereon being face
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coupl ed device) known as an inmage .sensor is installed, so that positioning
conformati on of the, substrate and the netal mask can be carried out at a
hi gh precision at the tine of filmformation using the netal mask.

Further, a cleaning preparatory chanber 722a is connected. to the alignnent
chanber 705. The constitution of the cleaning preparatory chanber 722a is
as shown in Fig. 3 and the enbodi nent 2. Ceaning may be carried out using
a reactigewgas. Alternatively, no cleaning preparatory chanber is
installed and as shown in the enbodinment 3, a gas (one or a plurality of

types of gasegesg! efﬁédﬁgfn%?}éﬁrvoﬁ’ dend¥el AMD Yol 1EAGNGE bQEO  the

filmformation chanber a sma |I's generat int mat 1 on
chanber t_-dry cleanin r %ﬁ' s.ar the like is introduced and
ohysi oal SEFEZEDY S it dhfeniils Aot had aplibori T gnita O SnFOPRELRE cace
of carryi out cl eani ng using, the reactive gas, .a wave oscillator for
gener at i?]ﬁgt%\%&ﬁt’r"?ﬁ AIFFEL AR %5%@%8% REr @nP&e PEn&ni t t ed
to a plasma discharge tube through a waveguide. Incidentally, fromthe
wave osertineder(in HileRassedn anles) efséhe hgbtoemabbingzelemept s
radi ated. Further, to the plasma discharge tube, the reactive gas is
suppl i ecand obre metal maskivand orhei pbighmenhechamber ve05 ghsesohR8ct &84, or
C1F3 nmay be used. The reactive gas is deconposed by the wave in the
pl asma dicschaige tindraspot atgidire alcHeasntgenerztled throlaghr adi cghtpasgeebt hr ough
the gas introduction pipe and is
Incidentally, every time different organic compound films are
formed, alignment of the metal mask and positioning conformation
of the substrate and the metal mask are carried out in the alignment
chamber. Further, in the alignment chamber 705, a CCD {(a charge
coupled device)} known as an image sensor is installed, so that
positioning conformation of the substrate and the metal mask can
be carried out at a high precision at the time of £ilm formation
using the metal mask.
Further, a cleaning preparatory chamber 722a is connected
~ to the alignment chamber 705. The constitution of the cleaning
preparatory chamber 722a is as shown in Fig. 3 and the embodiment
2, Cleaning may be carried out using a reactive gas.
Alternatively, no cleaning preparatory chamber is installed and
as shown in the embodiment 3, a gas (one or a plurality of types
of gases selected from Ar, H, F, NF,;, and 0) is introduced into
the film formation chamber and plasma is generated in the film

formation chamber to carry out dry cleaning' or Ar gas or the like

is introduced and physical cleaning by sputtering method may be
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I ntroduced into the alignnment chanber 705 connected to through the gate.
In the alignnent chanber 705, a nmetal nmask bearing an organic conpound
filmis previously disposed. Then, the radical can be introduced into the
al i gnment chanber 705 by opening the gate installed between the cleaning
preparatory chanber 722a and the alignnent chanber 705. Consequently,
cleaning of the netal nmask can be carried out. Next, the nuneral 706 is a

filmforgatire8ackagber for formng an organic conpound filmby a
deposition nethod and naned as a filmformation chanber (A). The film

formati on cha r kS e 0 [ chaap 01
t hrough a gat gﬂgo%%é)c%gét%fl s ex%:%,&é{f??enéé%ﬁgﬁ%ﬁécﬁgenber vxﬁ'wza
structure shown in Fi ._#lis formed as the filmformtion hilgb r ’§A) 706.
'n this SR&mR & VENC.OPPLILREPFE PEOSRETATNS (M WARE 17| TS b8 ofnEkfon
chanber (A) 706, a first organic conmpound filmemtti ng red color is

AsS

forned. By Ju#EyespoBPYagefotherag o rigewh eniddifsh eu g, PhasBa g&hs ehakgemound
filmconprising regions having functional properties of a hole injecting

pr oper t ytubke hdbgouginsgomavegprdsper t nciddnt@itiven £romg theper tyavand an
el ectron transporting property can be formed. The filmformation chanber
(A) 706 oscthimpst db be emphbgedain tieid aaseen) wieelaa abbhat DLasgbHAa gat e
700g. In the material replacenment chanber 714, a heater f or heating the
repl aci ngs eagaated.corpothdri $d Ghkadlasha Aipehakkgestsbe ) the naaetiean be
renoved ' _
gas is supplied from a gas introduction pipe. As the reactive
gases NF;, CF,;, or C1F; may be used. The reactive gas is decomposed
by the pwave in the plasma discharge tube and radical is generated.
The radical passes through the gas introduction pipe and is
introduced into the alignment chamber 705 connected to through
the gate. In the alignment chamber 705, a metal mask bearing
an organic compound £ilm is'previously disposed. Then, the
radical can be introduced into the alignment chamber 705 by opening
the gate installed between the cleaning preparatory chamber 722a
and the alignment chamber 705. Consequently, cleaning of the
metal mask can be carried out.
Next, the numeral 706 is a film formation chamber for forming
an organic compound film by a deposition method and named as a
film formation chamber (A). The film formation chamber (A} 706
- is connected to a transportation chamber 701 through a gate 700c.
In this example, a £ilm formation chamber with a structure shown

in Fig. 1 is formed as the film formation chamber (A) 706.

In this example, in a film formation part 707 in the £ilm
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previ ously by heating the organic conpound. The tenperature at the tinme of
heating is preferably 200C or lower. Further, since the naterial

repl acenent chanber 714 is provided with a gas discharge punp capable of
keeping the inside in decreased pressure, the inside is kept in decreased
pressure after an organic conpound is additionally supplied fromthe
out si de or exchanged and then heated. When the pressure is decreased to

the Sawefaﬁxgéjr@é chaabteﬁom W6, Arpifr%rmaﬂ,%gig @ﬁgg;un& Bﬁ%ﬁ@% inst e

opened to suppl enent e organi'c conpound positlon sour

I nsi de of t?elggl{psftoorrrrat'on chanber. The organi c conpound is thus stored
in the cﬁa%%s TN Sourté™h the filmformation chanber by the
transportation nechanism Regarding the filmformation process in the film
formati on chab&RCCRESIYE LY AEPESILANSt PBﬂaB?‘CF?ﬁ'.“p?“HE%r?‘Béi‘quPJt‘Fle 76
enbodi nent 1 and the exanple 1 should be referred to. Incidentally,

si mi | ar IGeRRPYRME i iny Gaemrishing e goms haviahi g enahiprepetahder 722b
is connected also to the film formation chanber (A) 706 through a gate
(not il lafta &t infeectina@razeroonsa ileke dirdansspaneing phepeteaniag
preparatory chanber 722a and organi c conpound or the |ike adhering to the
i nsi de Qfighthenfiidtinfo pirepieditychamide an (&) eFObon atriespendieg . piNepér-ty he
nuneral 708 denotes a filmformation chanber for form ng a second organic
conpoungdy l¥B Box@medeposi tion nethod  and nanmed as a filmfornmati on chanmber
(B). The filmformation chanber (B) 708 is connected to a transportation

chamber 701 tRiQUBIMm formation chamber (A) 706 is connected to amaterial
replacement chamber 714 through a gate 700g. In the material
replacement chamber 714, aheater forheating the replacingorganic
compound is installed. Impurities such as water can be removed
previously by heating the organic compound. The temperature at
the time of heating is preferably 200°C or lower. Further, since
the material replacement chamber 714 is provided with a gas
discharge pump capable of keeping the inside in decreasedpressure,
the inside is kept in decreased pressure after an organic compound
is additionally supplied from the outside or exchanged and then
heated. When the pressure is decreased to the same level as that
of the film formation chamber, the gate 7009 is opened to supplement
the organic compound to the depositicn source in the inside of
the film formation chamber. The organic compound is thus stored
in the deposition source in the film formation chamber by the
transportation mechanism.
Regarding the £ilm formation process in the £ilm form‘ation‘

chamber (A) 706, the description of Fig. 1 described in the
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a gate 700d. In this exanple, a filmformation chanber with a structure
shown in Fig. 1 is formed as the filmformation chanber (B) 708. In this
exanple, ina filmformation part 709 in the filmformation chanber (B)
708, an organic conpound filmemtting green color is fornmed. By
successi vel y depositing organi c conpounds, an organic conpound film
conprising regions having functional properties of a hole transporting

; 5 v . q | ect
Fr anspor eTASHsHBeRY khalenl" BRShble 2 BbARy DY L eBRELY e T By 08 i s
ted t terial I 715 th t Oh.

the matori ol FEpt GEBFRHLY CrafBElanty £8 Tt T B Rb B he? 12pl ol ng
organic cogBQund is installed. Inpurities such as water can be renmpved 77

pr evi ousPYEBY LA RTSRATHLTH SR Pstnds e @S doathethblRi ne of
heating is preferably 200C or | ower. Further, since the material

r epl acenBprmahaapcthaniey $A)r 696 dhiromgthaoate (ngitséhingérptiag)capiipee of
keeping the inside in decreased pressure, the inside is kept in decreased
pr essur epafitticah congaiitotdonmpiriadmeias the cbeaniogiprtep dradroyhehanibst de.
When the pressure is decreased to the sane level as that of the film

for mat i om2zhadi®lorgddi’: gangoltdn oirStREENEKE taAHIR £ RN thehensiganb e
conpound to the deposition source in the inside of the filmformation

chanber . thdhei O OBGfa ELOROREmbSr! (B 556 88ni Bet PEmEGRASI tiOn source in
the filmformati on chanber by the transportation mechani sm or
Next, the numeral 708 denotes a film formation chamber for
forming a second organic compound film by a deposition method
and named as a film formation chamber {B). The film formation
chamber (B) 708 is connected toatransportation chamber 701 through
a gate 7004d. In this example, a film formation chamber with a
structure shown in Fig. 1 is f_ormed as the film formation chamber
(B) 708. In this example, in a film formation paxrt 709 in the
film formation chambex (B) 708, an organic compound £ilmemitting
green coloxr is formed.
By successively depositing organic compounds, an organic
compound film comprising regions having functional properties
of a hole transporting property, a light emitting property, a
blocking property and an electron transporting property can be
formed.
The £ilm formation chambé.r (B) 708 is connected toamaterial
replacement chamber 715 through a gate 700h. In the material

replacement chamber 715, aheater for heat ing the replacingorganic

compound is installed. Impurities such as water can be removed
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the Iike. Regarding the filmformation process in the filmformation
chanber (B) 708, the description of Fig. 1 describedin the enbodinent 1
and the exanple 1 should be referred to. Incidentally, simlarly to the
al i gnnent chanber 705, a cleaning preparatory chanber 722c is connected
also to the filmformation chanber (B) 708 through a gate (not
illustrated). Next, the nunmeral 710 denotes a filmformation chanber for

form ng A [ ilmb Pt naped as
R e i e e i R S A T
connected to a transportation chanber 701 through a gate 700e. In this
exanpl e, tBefimg PSHH%?FH?S difaRbefeRpbhy 220G OFt Shokmybthes gsigceg
formed as the filmformation chanber 78 (Ci 710. In this exanple, in a
film forkBei BAtpELEL7 FERlRaements ighankeFml L BniehRAodided wild: angebgani c
compound filmemtting blue color is forned. By successively depositing
or gani ¢ @bapbands puapr Gapdniecof keepdgdiié instdepnidioncasel pneshuveng
functional properties of a hole injecting property, a light emtting
propert ytha ibsdde hg keptope derraad calhpetestreafiteanapanigaigi peompbapdcan be
formed. The filmformation chanber (C) 710 is connected to amateri al

repl acengst iakagdacedl Gty opfoma thR!l ou¥dlide ReORhEhNGHNpFddsFOT HBL I ON
process in the filmformtion chanber (C) 710, the description of Fig. 1

descri begededfa tPRIISERIY 14vaDhd RAXGEFRNE £1 B PYhdts I ERRRBE L O

the gate 700h is opened to supplement the organic compound to
the deposition source in the ingide of the £ilm formation chamber.
The oxganic compound is thus stored in the deposition source in
the £film formation chami)er by the transportation mechanism oxr

the like.

Regarding the f£ilm formation process in the f£film formation
chamber (B) 708, the description of Fig. 1 described in the
embodiment 1 and the example 1 shouldbe referred fo . Incidentally,
similarly to the alignment chamber 705, a cleaning preparatory
chamber 722c¢ is connected also to the £film formation chamber (B)
708 through a gate (not illustrated).

Next, the numeral 710 denotes a £film formation chamber for
forming a third organic compound £fiilm by a deposition method and
named as a £film formation chambér {C). The film formation chamber
(C) 710 is connected to a transportation chamber 701 through a
gate 700e. In this example, a film formation chamber with a

structure shown in Fig. 1 is formed as the film formation chamber
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Incidentally, simlarly to the alignment chanber 705, a cleaning
preparatory chanmber 722d is connected also to the filmformation chanber
(C© 710 through a gate (not illustrated). Next, the nunmeral 712 denotes a
filmformation chanber for formng a conductive filmto be an anode or a
cathode (in this exanple, a netal filmto be a cathode) of a |ight
emtting elenent by a deposition nmethod and naned as a filmformation

chanber The. fi f ti.on chanber . (DL 712 LS _connec to the

Cr anopor f &1 B0 nabib st Lo SR8 AR, BLabor oA L RpcBRR B L 18 HRE (1)
formatiog_ afrf[ 713 .in the filmformation chanmber ‘?(;l“D 712, an Al-Li alloy
film (al bg"‘ ATHadT-oR REF A LPniahPrIegine EileePittiRe a
cathode of the |ight emtting elenent is fornmed. Incidentally, elenents
bel ongi MLe® €PHeH Isofcxredp 79 11 in a periodic table may be
co-deposited with alumnum The filmformation chanber (D) 712 is
connect ed to BYsusmdess ivedadepost téraroeganie chmpoghds gaheo#g8nicln t he
material replacenment chanber 717, a heater for heating the replacing
conduct i vempmbied | £1.1m Sconst b1 réditonie Havlyg BumttBshyltpropbetabsgnnment
chanber 705, a cleaning preparatory chanber 722e is connected also to the

filmforemhinyLeis: ihFPhrobérith, 04 ghe Gflte {Phrbpbeel’ af 8HdexEHG her,

heating mechani smfor heating the respective film" formation chanbers is

0o g WAL Bl ST B U e

formation Cha%eerfiﬂ}] f%&r%n’ation chamber (C) 710 is connected to amaterial
replacement chamber 716 through a gate 700i.

Regarding the £ilm formation process in the £ilm formation
chamber (C) 710, the descrj.ption of Fig. 1 described in the
embodiment 1 and the example 1 should be referred to.
Incidentally, similarly to the alignment chamber 705, a cleaning
preparatory chamber 7224 is connected also.to the £ilm formation
chamber (C) 710 through a gate (not illustrated).

Next, the numeral 712 denotes a £ilm formation chamber for
forming a conductive film to be an anode or a cathode {in this
example, ametal £ilm to be a cathode) of a 1ight emitting element
by a deposition method and named as a £film formation chamber (D).
The f£film formation | chamber (D) 712 is connected to the
transportation chamber 701 through a gate 700f. In this example,
in a £ilm formation part 713 in the £ilm formation chamber (D)
712, an Al-Li alloy film (alloy film of Aluminum and Lithium)
to be a conductive film of a cathode of the light emitting element

is formed. Incidentally, elements belonging to group I or group
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Consequently, sone of the inpurities in the respective chanbers can be
renoved. Further, each of the fil'mformati on chanber (A) 706, the film
formati on chanmber (B) 708, the filmformation chanber (C) 710 and the film
formati on chanmber (D) 712 is kept in decreased pressure by a gas discharge
punp. Incidentally, the achieved vacuum degree in this case is preferably
10-6 Pa or higher and for exanple, anount of |eakage should be 4.1 x 10-7

R T O | B8 804 DM b PECABFSE A R SAMARUI f o o0

di scharge spe 0 ng the surtface area 10n2 of the
inside of eaglh filmformation chanper I.ng alum numto formth

nai de of t ho e ki Tt o hBper Bl 7T nEbARALAed e RnAheELad

seal i ng chapber éreferred 80_also to as a sealing chanber or a gl obe box)
and connedREyCement ehamgr cRAkbERT9BYN: fr gBGS Zoééte okhe | Pat@Eiadal i ng
chanmber 718, a treatnment for finally sealing the light emtting el ement

in a cl cceRlagempent schamberd 7ddt.. arhkeatent fent heatigy gt ecebhgcinge
formed light emtting el ement from oxygen and water and sealing it

mechani cadhduekive anzioeeiabuisr installbsl. enpadagtarbns simitaaliyngowi th a
t hernosetting resin or a UV curable resin. As the cover material, glass,

cer am csthelasigmiert dRinleir 708y, beceBrh@ygdprpueutbriynchAfabease2bbght is
radiated to the cover materials side, it should be light transm ssive.

Further js iyl ALY k8l tABJEi DR ARR{Y AlE SanULCltDYNe 18PN EsHERAT | Oned

light emtting elenent is forned are stuck to each other by using
a gate (not illustrated).

Further, heating mechanism for heating the respective £ilm

formation chambers is installed in each of the film formation
chamber (A) 706, the film formation chamber (B) 708, the film
formation chamber (C) 710 and the £ilm formation chamber (D) 712.
Coﬁsequently, some of the impurities in the respective chambers
éan be removed.
Further, each of the film formation chamber (A) 706, the film
formation chamber (B) 708, the film formation chamber (C) 710
and the film formation chamber (D) 712 is kept in decreasedpressure
by a gas discharge pump. Incidentally, the achievedvacuumdegree
in this case is preferably 10-6 Pa or higher and for example,
amount of leakage should be 4.1 x 1077 Pa.m’/s™' or lower for 20
hours in the case of using a cryopump of a gas discharge speed
of 10,000 1/s (H,0), setting the surface area 10m® of the inside
of each film formation chamber and using aluminum to form the
inside of the film formation chamber.

Next, the numeral 718 denotes a sealing chamber (referred
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a sealing agent of a thernpsetting resin or a W curable resin and the

cl osed space can be forned by curing the resin by heating treatnent or W
radiation treatnment. It is also effective to put an absorbent such as
barium oxide in the closed space. Further, the space between the cover
material and the substrate on which the above-nentioned light emtting
element  is fornmed nmay be filled with a thernosetting resin or a UV curable

resin. Ifn$Yck fasGedilids cqia%ﬁ)ﬁ 'fc?ﬁtai VfLdE B PRl Y e d as

bari um oxide 1n the cl osed space. e filmformation apparatus shown in

Flo- 7, fRehatemhabler gthebubaiened 160Re. Wi EAd aLhpn gRabaRlan 710

for radra rays is 1nsta nsi e seafing chamnber
718 and W, curable resin js cured hy W rays.radiated from. 81 the W
adi at s I rehakrehmess £3hd iini i Sorting thE THERE RS A Brciisrte Kept
i n vacuum by installing a gas di scharger&;}n?. In the case where the

above- nerft PFRFL EPPRE 1T 6eEsielothr ri peRtReRhaf £aFIBrahesiong

operation, contam nation with oxygen and water can be prevented by

car ryi ng-hsuformedgdrighdsemi tit ing edrmendiian oxygén acd wat ¢y anfdesealing
concentration of oxygen and water is preferably decreased to 0.3 ppm or
| ower. Qt mecheonitag=rly, witthe al pevee mhtehtaleati by empbheing fcary dof
pressurized. In this case, the pressure is applied while purging with a

hi ghly a6 iy Wiogena Jaferiiod et €1 R Sr &€ Sof Ca PIEVEeRtapeaeteaihon of
oxygen fromthe outside air. Next, a passing chanber (a pass box) 720 is
connect ed t()_As the cover material, glass, ceramics, plastics or metals
may be employed, however in the case light is radiated to the
cover rhaterials side, it should be light transmissive. Further,
. the cover materie;l and the substrate on which the above-mentioned
light emitting element is formed are stuck to each other by using
a sealing agent of a-fhermosetting resin or a UV curable resin
and the closed space can be fo‘r'med by curing the resin by heating
treatment or UV radiation treatment. It is also effective to
put an absorbent such as barium oxide in the closed space.
Further, the space between the cover material and the
substrate on which the above-mentioned light emitting element
is formed may be filled with a thermosetting resin or a UV curable
resin. In such a case, it is also effective to put an absorbent
such as barium oxide in the closed space.
In the £ilm formation apparatus shown in Fig. 7, mechanism
(hereinafter referred to as UV radiation mechanism) 719 for
radiating UV rays is installed in the insi@e of the sealing chamber

718 and the UV curable resin is cured by UV rays radiated from
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t he sealing chanber 718. The passing chanber 720 is provided with a
transportati on nmechanism (B) 721 and the substrate passed through the
sealing treatnment of the light emtting elenent in the sealing chanber 718
is transported to the passing chanber 720. The passing chanber 720 is al so
made to be vacuum by installing a gas discharge punp. The passi ng chanber
720 is a facility for inhibiting the sealing chanber 718 from direct

eXPOSUr Dy 38 4 A TRSPRELA Sn AL ﬁg@! nfe @g&%ﬁ@ﬁ?ﬁ%@%ﬁﬁ@ﬁaﬁ%& r at ed)

substrate 1s taken out. Besi er sup

for sup ' nenber, t.o be enployed in the sealin anber_may _be

i nst al | g)&% M&’L‘th SRt 8 Y8 t PR A gé’%aﬁsg’?‘%ee&“{'}% i ght
emtting elenent formation, an insulating fil mof a conpound 82 containing
silicon Fgﬁo%?s%ivﬂhie&?nt]aﬁi%%o‘bﬁ"‘l‘%twlk%d Geading REGFLEESNES faThied
conprising a carbon-containing DLC (dianond |ike carbon) |ayered further
thereonUﬁaym@§hﬁ6ﬂﬁ§dlahbﬁhéobpgh@P%ﬁ@ti@hg coltig@grinatipe wHiih @kygend | i ke
carbon) film means an anorphous filmin which dianond bond (SP3 bond) and
gr aphi t @nsowd tesR2ah drd presendted: bgetderyikarduiethel probesscaseracaum | m
formati on chanber provided wth a CVD (chem cal vapor deposition)

appar at gsnidirtiomr nPrgcgichinyf the kyngeneration RSBy deh ad Water

sel f-bias and deconposing raw material gases by plasma di scharge may be

i nstal | 9@ pperdessiivbadc2Ravea Ry 6Bl E%ﬁnngrti"@wéi':l. MO iQhtRRRAr at us
shown in Fig. 7, without being exposed to the atnospheric
the inside of the sealing chamber 718 may be pressurized. In
this case, the pressure is applied while purging with a highly
pure nitrogen gas or-rare gas so as to prevent penetration 6f
oxygen from the outside air.

Next, a passing chamber (a pass box) 720 is connected to
the sealing chamber 718. The passing chamber 720 is ﬁroﬁided
with a transportation mechanism (B) 721 and the substrate passed
through the sealing treatment of the light emitting element in
the sealing chamber 718 is transported to the passing chamber
720. Thepassingchamber 720isalsomade tobevacuumby installing
a gas discharge pump. The passing chamber 720 is a facility for
inhibiting the sealing chamber 718 from direct exposure to the
atmospheric air and £from the chamber, the cobtained substrate is
taken out. Besides, a member supply chamber (not illustrated)
for supplying a member to be employed in the sealing chamber may
be installed.

Although it is not illustrated in this éxample, after the

lightemittingelementformation,animsulatingfilmcﬂfacompound
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air, the processes can be carried out until the light emtting elenent is
conpletely sealed in the closed 'space, so that a highly reliable |ight
emtting apparatus can be produced. The exanple can be optically conbi ned
wi th enbodi nent 1, enbodinent 2, exanple 1 or exanple 2. Exanple 5 Here, a
detail ed description will be given on a light emtting device by using the
deposition apparatus of the present invention. Fig. 8 is a cross-sectional

vi ew of t.ive t | Lght mttl n,active

ol onent COATAS TP {odn  EPEFLAAL" sadfcbho MR | &F 1R AME S R 1
here, a ,MOS tra.nmaﬁg Cgl}ﬁ/ al so be used 83 Atop gate TET (specifically a
pl anar RLAMPTASEM BLATPYBT EOHT FHR TREQ (9hrEapdythRer sel y
staggered TFT). may also be used. In this exanple, a substrate 800 is used,
whi ch | Sarea )&aY%eeql ﬁm&eefstmlte@emgw&femeﬂm Hepdighitienekitleing ass, a
quartz substrate, a silicon substrate, a nmetal substrate, or stainless
subst ratee-eﬁr@mrh-ngThﬂ Dh@uﬂ@immgudillimeowarlh@rﬂufﬁamemaaysben usBEcphdupl astic
substrate having heat resistance enduring a treatnent tenperature of this
exanpl e fallsoinahiith dsemondbohdr(igrrpend ) enidbeaphtibstsai@ (B9 henaped.
Next, a silicon oxynitride filmis formed as a |ower |ayer 801 of a base

i nsul at iea@ sfti tBYEEhArheatresEs! ant tﬁh§8éa§ebse1 E3b & £6REL SHAEK Ahi5e800)
with a thickness of 0.7 nm by plasma
provided with a CVD (chemical vapor deposition) apparatus for
forming a thin £ilm by generating plasma by applying self-bias
and decomposing raw material gases by plasma discharge may be
installed.

As described above, by employing the fiim formation
apparatus shown in Fig. 7, without being exposed to the atmospheric
air, the processes can be carried out until the light emittiﬁg
element is completely sealed in the closed space, so that a highly
reliable light emitting apparatus can be produced.

The example can be optically combined with embodiment 1,

embodiment 2, example 1 or example 2.

Example 5

Here, adetaileddescriptionwillbegivenonalightemitting
device by using the deposition apparatus of the present invention.
Fig. 8 is a cross-sectional view of the active matrix type light
emitting device. As an active element, a thin film transistor
is used (hereinafter referred to as TFT) here; a MOS transistor

may also be used.
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a tenperature of 400C using Si H4, NH3, and N20 as material gas (the
conposition ratio of the silicon oxynitride film Si = 32% O=27% N =
24% H = 17% . The silicon oxynitride filmhas a thickness of 50 nm
(preferably 10 to 200 nm. The surface of the filmis washed with ozone
wat er and then an oxide filmon the surface is renoved by diluted fluoric
acid (diluted down to 1/100). Next, a silicon oxynitride filmis formed as

an upper layer 802 of the base inpsulatjng filmb sna D at a
femperature & tagozahe; iy Siveatitesble mialat B I8 SR b i on
ratio of the silicon oxynitride film Si_=32% 0 =59% N=7% H= 29.
The si | iSCEHPRBEMi® PPEEOM PRERASFR { hYRiRRLLY cinviemsely THregered TFBD to
200 nn) and is laid on the lower layer to form 84 a |am nate. Wt hout
exposi nfahalghibratasad the air, a semconductor film having an anor phous
structure (here, an anorphous silicon film is formed on the | am nate by
pl asma CVD atInathéspexatple, d s3BEEratiengodi ¥ wsedntwdriichl igasadd hef

sem conductor film (an anorphous silicon filmis used here) is 54 nm
(pref er AaniudbbbLo2V0i Bate idlddl ekNEEEmMi Ao BESESs i Bed 84 iNIGdd,| A dukntdd S
exanpl e has a two-layer structure. However, the base insulating film may
be a i it rh¥4er aOki MPEsn [ IR {4004 AuPhedh GOBMLALLRY OI| SBa i

containing silicon. The nateria t he sem conduct or mis not Timted
but it i I ra f a t ) conductor..fjl gm silicon or a
silicon Sglg% %ﬁ&mgéﬁ%ﬁg(% )?&l _)? ;@é;%(}ig'o‘é’% E%é oy E')cjeb?/' ayaggn%%é et hod

(sputt e BQ&S%E(C:V Is:)ﬁbg{gggg }%%ng I’he,ta erlelsii%)tance enduring a treatment

temperature of this example also may be used, and further a £lexible
substrate may be used.

Next, a silicon oxynitride film is formed as a lower layer
801 of a base insulating £ilm on a heat-resistant glass substrate
{the substrate 800) with a thickness of 0.7 mm by plasma CVD at
a temperature of 400°C using SiH,, NH;, and N,O as material gas
(the composition ratio of the silicon oxynitride £ilm: Si = 32%,
C =27%, N = 24%, H = 17%). The silicon oxynitride £ilm has a
thickness of 50 nm (preferably 10 to 200 nm). The surface of
the film is washed with ozone water and then an oxide f£ilm on
the surface is removed by diluted fluoric acid (diluted down to
1/100). Next, a silicon oxynitride film is formed as an upper
layer 802 of the base insulating filmby plasma CVD at a temperature
of 400°C using SiH, and N,0 as material gas (the composition ratio
of the silicon oxynitride film: Si = 32%, O = 59%, N = 7%, H =
2%). The silicon oxynitride film has a thickness of 100 nm

(preferably 50 to 200 nm) and is laid on the lower layer to form
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Pl asma CVD apparatus used nmay be one that processes wafer by wafer or one
that processes in batch. The base insulating filmand the sem conductor
filmmay be fornmed in succession in the same chanber to avoid contact with
the air. The surface of the sem conductor film having an anorphous
structure is washed and then a very thin oxide film about 2 nm in

t hi ckness, is forned on the surface using ozone mater Next, the

sem conduc f| I 0 th a mnut mount . of ur| t el.ement
(boron o t]‘hosp SHor US) ﬁ gg?ﬂg etXcPOc?drﬂgr ofh? %f?ﬁ%as‘h tfﬁ/‘? h&8*FTET® Here,
t he anor phous sc|illcon filmis doped with boron I on dog ggln whi ch

di bor ane® PRYERYIRCLRR o EidF RAH rrﬁnvmat"'r?&ﬂhour?as tERphRL Tfhe #dpi ng
conditions include setting the 85 acceleration voltage to 15 kV, the flow
rate of FYERTRPPRF rid igen %iﬂllm)i Ay Bepoedrran tthel daping tey By opbasma QP scem
and the dose to 2 x 1012 atons /CM2. Next, a nickel acetate solution
cont ai niag 40 teEmpenfatnirekedbf BypoMei gbtings SHphl ied bytarsalneers. | Mhead of
application, nickel nmay be sprayed onto the entire surface by sputtering.

The sem semieidictort nfikn iy e@icedpHonshedll icopatEiRnl ikousedyhénd) ize it
and obtain a sem conductor filmhaving a. crystal structure. The heat

treat merdy ifin AGHH-EHSEah Iy a5 4 §CE 6 Cnh I PRCEhiBknbY¥sl rradi ation of intense
light. When heat treatnent in an electric furnace is enpl oyed t he

tenperature '%Sd:%Ttset %é&&%& g@ﬂ&nﬁnt BRiEr e3biik Y S e‘gﬂ%
hours. Here, I con rTFh ving a crystal strdcture |s otaln y heat
treatne@fructure However, the base insulating film may be a single
iayer ormore than two layers of insulating £films mainly containing
silicon. The material of the semiconductor film is not limited
but it is preferable to form the semiconductor film from silicon
or a silicon germanium alloy (SixGe; - x {X = 0.0001 to 0.02)) by
a known method (sputtering, LPCVD, plasma CVD, or the like).
Plasma'CVD apparatus used may be one that processes wafer by wafer
or one that processes in batch. The base insulating f£ilm and
the semiconductor film may be formed in succession in the same
chamber to avoid contact with the air.

The surface of the semiconductor f£film having an amorphous
structure is washed and then a very thin oxide film, about 2 nm
in thickness, is formed on the surface using ozone water. Next,
the semiconductor £film is doped with a minute amount of impurity
element (boron or phosphorus) in order to control the threshold
of the TFTs. Here, the amorphous silicon £film is doped with boron
by ion doping in which diborane (B;Hg) is excited by plasma without

mass separation. The doping conditions include setting the
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for crystallization (at 550C for. 4 hours) after heat treatment for ,
dehydrogenation (at 500C for an hour). Although the sem conductor filmis
crystallized here by heat treatment using an electric furnace, it nay be
crystallized by a | anp annealing apparatus capabl e of achieving
crystallization in a short tinme. After an oxide filmon the surface of the
silicon filmhaving a crystal structure is rennved by diluted fluoric acid

or the like onti nuous e _so]jid-stat aser t he secopd fourth
o i AeFS e E L e e 2okl o0 iy s e, 88 Shraned hy ot ¢
of large_grain size when crystallizing an anorphous sem conductor film

Si nce tHEL1ASERT | 4HIRTING L K3 o Ghs hydanags: &8 BR Fremaj andrthe desexygen
at nosphere, an OXIde film 86 is forned on the surface as a result.
Typi cal 150 2 e t@Comgomsdemdni c (532 nm) or third harnonic (355 nm) of a
Nd: YVO4 | aser (fundanental wave: 1064 nm) is enployed. Wen using a
continuous wlNext asarickeb eceltiaght sebitien dondriaity Y ppreofaoitkelious
wave YVO4 |aser is converted into harnonic by a non-linear optical

el ement bﬁé@gﬁﬁtiyébyl1&5%}}@@&@#&3:‘ S thaeaacbﬁoﬁﬁpm&bal&goﬁ e Cr yst al
and a non-linear optical elenent in a resonator e harnonic is

pref erali p@ltgfé WO SPESNGhO e Iﬁ. Qt$ﬁ& LE8SEY Sbﬁg@grgﬂggp irradiation

surface by an cal system and rra lates ah Irradiation object.

e 08 G A A AT B, 0100 LRl Mg

filmis m)Ved.l.]I.’J(_az.leat:LItVz(:am Olt)'pglll'lag esremlc%r}}du%tor b t.l.(lan ﬁ];v}.ggtg czl%(r)sot CJr_ﬂ S
structure. The heat treatment is achieved in an electric furnace
or by irradiation of intense light. When heat treatment in an
electric furnace is employed, the temperature is set to 500 to
650°C and the treatment lasts for 4 to 24 hours. Here, a silicon
film having a crystal structure is obtained by heat treatment
for crystallization (at 550°C for 4 hours) after heat treatment

for dehydrogenation (at 500°C for an hour). Although the

semiconductor film is crystallized here by heat tfeatment using
an electric furnace, it may be crystallized by a lamp annealing
apparatus capable of achieving crystallization in a short time.

After an oxide‘film on the surface of the silicon filmhaving
a crystal structure is removed by diluted fluoric acid or the
like, a continuous wave solid-state laser and the second to fourth
harmonic of the fundamental wave are employed in order to obtain
crystals of large grain size when crystallizing an amoxrphous
semiconductor f£ilm. Since the laser light irradiation is

conducted in the air or in an oxygen atmosphere, an oxide £ilm
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O course, although a TFT can be fornmed by using the silicon filmhaving a
crystallizing structure before the second harnonics of the continuous wave
YVO4 | aser is irradiated thereon, it is preferable that the silicon film
having a crystalline structure after the laser light is irradiated thereon
Is used to formthe TFT since the silicon filmirradiated the |aser |ight
thereon has an inproved crystallinity and electric characteristics of TFT

are inprpye Lns c | t hough,. when . TFT is_f.orned usi ng the
silicon J?%/I %’ﬁggé ngﬂa£§$y§P5%FFﬁea trau&eﬁruéﬂbef gﬁ’glc Yl'ats%‘re 19% n‘?s

i rradi ated thereo a bility is almst 300 cnP/Vs, when TFT is fornmed by
usi ng t H@E’T“F?%‘bn&ﬁ% Hﬁaf??’nﬁxé’:dc}i‘?@?%%? NS Ak Afe2alitel VOnc asakr

light is irradiated thereon, 87 the nobility is extremely inproved with
about 500F4RAZRN k3P WGTe: 10 ¢ Lnm)his empdoyeld- z ahen Ysdndbadtritiehuaing
nickel as a netal elenment that pronotes crystallization of silicon, the
cont i nuotavedescyVasas dridlst emiddiedt £xon laet @ ¢h powesgton hbbuolis nwa el
thereof, after the silicon filmis formed having an anorphous structure

and the haat Haseat deniconSrepaifdim® heairmoddiy dyo e main -Ained dieieal i con
filmhaving a crystalline structure nmay be obtained by the second

har noni Gs1éiferte AQREAWPYSe1%AYenEVIArheaeE 18 bhtadhasesy JherPygse wave
| aser may be used for as a substitute for the continuous wave | aser. In

ooy oL S LEA ot MRS SRNP B mddodinor
set fr Oq]h]eoﬂagrﬁol]i?g%.s preferably shaped intoc oblong or elliptical laser
light on an irradiation surface by an optical system and then
irradiates an irradiation object. The energy density required
at this point is about 0.01 to 100 MW /cm® (preferably 0.1 to
10 MW /cm?). During the irradiation, the semiconductor £ilm is
moved relative to the laser light at a rate. of 10 to 2000 cm/s.
Of course, although a TFT can be formed by using the silicon
filmhaving a crystallizing structure before the second harmonics
of the continuocus wave YVO, laser is irradiated thereon, it is
preferable that the silicon film having a crystalline structure
after the laser light is irradiated thereon is used to form the
TFT since the silicon film irradiated the laser light thereon
has an improved crystallinity and electric characteristics of
TFT are improved. For instance, although, when TFT is formed
by using the silicon £ilm having a crystalline structure before
the laser light is irradiated thereon, a mobility is almost 300
cm?/Vs, when TFT is formed by using the silicon film having a

crystalline structure after the laser 1ight is irradiated thereon,
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ml/cnR (typically 200 to 800 mJ/cnR). Here, the laser light may be
over |l apped 50 to 98 % The oxide filmfornmed by laser light irradiation is
renoved by diluted fluoric acid and then the surface is treated with ozone
water for 120 seconds to formas a barrier layer an oxide film having a
thickness of 1 to 5 nmin total. The barrier |layer here is fornmed using
ozone water but it nmay be forned by oxidizing the surface of the

sem conductor fjlmhaving a crystal structur hr ou ul travi ol g

i rradi at FBf W?P’allrfté&ﬂéeﬁ’gﬁ’fﬁ’% FetBPreye ai’ﬁ’if%oggﬁi?? r‘f’g’ot He }sYl?f ace of
the sem conductor filmhaving a crystal structure through Qx%gen pl asma
treatment, or dterithe srrashelldvatigndsecrrgusited 4gdngt ndfked #8rt an
about 1 to 10 nmthick 88 oxide film The oxide filmformed by the |aser

| i ght irmetadt edpmepty thatr @mwestdef crpstablbaatien bdyerilisdror nklde Next,
an anorphous silicon filmcontaining argon is formed on the barrier |ayer

by pl asnaof¥inesuspuatver ¥YWQ,t Daservesadreradgetieer ithgsidre. thidwegh hi sgbess of
t he anmorphous silicon filmis 50 to 400 nm here 150 nm The anorphous

silicon fihinés tRePBEE, | RrrRranann siimsalerelm il theanidd MdPragt han
pressure to 0.3 Pa by sputtering using the silicon target. Thereafter,

heat treghipihous Qgﬂﬂe‘c‘ﬁﬁg 5, re}ilf‘é Geddt CrrblERaae dls G Qhed BHRULES

for gettering to reduce the nic concentration in the sem conductor film
a0 e S AR BRISRHL L SHPR T e DR T
getteri%&ructuremaybeobtainedbythesecondharmonicsofthecontinuous
wave YVQ, laser is irradiated.
The pulse wave laser may be used for as a substitute for
the continuous wave laser. In the case that the excimer laser
of the pulse wave is used, it is preferable that the frequency
is sef to 300 Hz, and the laser density is set from 100 to 1000
mJ / cm? (typically 200 to 800 mJ/cm?’). Here, the laser light may
be overlapped 50 to 98 %.
The oxide £ilm formed by laser light irradiation is removed
by diluted fluoric acid and then the surface is treated with ozone
water for 120 seconds to form as a barrier layer an oxide f£ilm
having a thickness of 1 to 5 nm in total. The barrier layer here
is formed using ozone water but it may be formed by oxidizing
the surface of the semiconductor film having a crystal structure
throughultraviolet irradiation in an oxygen atmosphe_re ., or formed
by oxidizing the surface of the semiconductor filmhavinga crystal

structure through oxygen plasma treatment, or by using plasma

CVD, sputtering or evaporation to form an about 1 to 10 nm thick
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site, nanely, the anorphous silicon filmcontaining argon, is selectively
removed. Then, the barrier layer is selectively renmoved by diluted fluoric
acid. Nickel tends to nove toward a region having high oxygen
concentration during gettering, and therefore it is desirable to renove
the barrier layer that is an oxide filmafter gettering. Next, a thin
oxide filmis forned on the surface of the obtained silicon fiIm

eing o BRBSE P "\ TPEHE S Tl PRrph ERRAReRE DB PraeRiph L

etched to fo I sl and-]i ke sem conduct or ers separated fron1one anot her
and havify g@s??@ﬂvgﬂabﬁgorﬁfFEP Pﬁérééﬁléﬁﬁﬁﬁcﬁﬁr fogefs are formed 89
the resist mask is renoved. The oxide filmis renoved by an et chant

cont ai ni ng fl U¥eXE, acpnorphgust sihbcendd i aentapaisgrazgen ¢ £asmedll i con
filmis washed. Then, an insulating filmminly containing silicon is

f ormed tons‘ehedaasrfeegalaye‘mslw g lamnd (OVD 803 splitd egding itesskeatwiengs &ilm
here is a silicon oxynitride film (conposition ratio: Si = 32%, 0 = 59% N
= 7% H getteringretidy s thicWiese BEVend andipkdes $iafickib famm Ngxt, a
| am nate of a first conductive filmwith a thickness of 20 to 100 nmand a

second CpUS O, | b 156 kil CHABSEnoAbndAY 401 400h WLine 160£BRAeAN ¢ he
gate insulating film In this exanple, a tantalumnitride filmwth a

Chi cknessy ofn 50 ¥R iatmd % YL AP 1 $UALIG pLEs303-and phen 2

tungsten
Pa by sputtering using the silicon target.

Thereafter, heat treatment is conducted in an electric
furnace at 650°C for 3 minutes for gettering to reduce the nickel
concentration in the semiconductor filmhaving acrystal structure.
Lamp annealingapparatusmaybeusedinsteadof anelectric furnace.

Using the barrier layer as an etching stopper, the gettering
site, namely, the amorphous silicon film containing argon, is
selectively removed. Then, the barrier layer is selectively
removed by diluted fluoric acid. Nickel tends to move toward
a region having high oxygen concentration during gettexring, and
therefore it is desirable to remove the barrier layer that is
an oxide film after gettering.

Next, a thin oxide film is formed on the surface of the
obtained silicon film containing a crystal structure (also
referred to as a polysilicon £ilm) using ozone water. A resist

mask is then formed and the silicon film is etched to form
island-like semiconductor layers separated.ffom one ancther and

having desired shapes. After the semiconductor layers are foxrmed
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with a thickness of 370 nmis laid thereon. The conductive filns are
patterned by the procedure shown below to formgate el ectrodes and wres.
The conductive materials of the first conductive filmand second
conductive filmare elements selected fromthe group consisting of Ta, W
Ti, M, A, and Cu, or alloys or conpounds nmainly containing the above
elements. The first conductive film and the second conductive filmmy be

sem condypbofebii k¥#Bmasky PCakhyyREl ycrystalline silicon filns, doped with
phosphorus or other inpurity elenents or nay be Ag-Pd-Cu alloy films. The

present invent 0 mtedto WO st.ruct nductive film
For exanpl e, T %ree %a%érl st¥ SRS %C%Xs?st I%cdma%cgp glgéngng{ﬂﬂ?fﬁc
tungsten_fli m.t hi ck al.um numsilicaon ¥ Al-Si) fil and 30 nm

thick ti ?‘éﬁ%n‘?ﬂgt?{]dﬁl? TG dyded then sﬂuﬁ‘f?c& &?r Sﬁélﬁﬂﬁl 5%&8. ifhen

the three-layer structure is enployed, tungsten of the first conductive
filmmay"8hedp Jhen . B dasydedd ne £iilfeMadRd YacontaGRiEEl FEdhcanl by
(AI-Si) filmof the second conductive filmnay be replaced by an

al um nunfefmeditonserv¢ g & gotFidnsullahingnfilh@ 03i.t afthamatia inselétingof the
third conductive filmmaybe replaced by a titaniumfilm Alternatively, a
si ngl e- | &/bm keneutsi aesiliconayxpeitiside £il@P(&omposityvehyraoupkedi
plasma) etching is preferred for etching of the first conductive film and

second corsiyg}ive- fidg N ral, ef chhey kbeakiEBly andsmace9d ebChhvE a
treatnment). By using |ICP et chi ng and adj usting etching conditions (the
amount Ofhickness of 115 nm.

Next, a laminate of a £first conductive filmwith a thickness
of 20 to 100 nm and a second conductive film with a thickness
of 100 to 400 nm is formed on the gate insulating f£ilm. In this
example, a tantalum nitride film with a thickness of 50 nm is
formed on the gate insulating £ilm 803 .and then a tungsten film
with a thickness of 370 nm is laid thereon. The conductive films
are patterned by the procedure shown below to form gate electrodes
and wires.

The conductive materials of the first conductive f£ilm and
second conductive film are elements selected from the group -
consisting of Ta, W, Ti, Mo, Al, and Cu, or alloys or compoundgs
mainly containing the above elements. The first conductive £film
and the second conductive film may be semiconductor films,
typically polycrystalline silicon films, doped with phosphorus
or other impurity elements or may be Ag-Pd-Cu alloy films. The

present invention is not limited to a twb-layer structure

conductive £ilm. Forexample, a three-layer structure consisting

90



el ectric power applied to a coiled el ectrode, the anbunt of electric power
applied to a substrate side electrode, the tenperature of the substrate
side electrode, -and the like), the filns can be etched and tapered as
desired. The first etching treatnent is conducted after a resist mask is
formed. The first etching conditions include applying an RF (13.56 Miz)
power of 700 Wto a coiled electrode at a pressure of 1 Pa, enploying CF4,

C12, and__O et chj ng, gas, apd setting e gas, flow rate ratio_thereof

to 25 : 95 % %g F@cghingﬁghgﬁgg?rgfimsiﬁég(ggngmkcgt% WP ESiliCePyves an
RF power %& 158 VV%13.56 MHz) to apply a substantially negative self-bias
vol t age. @FHBY o &b F%] Fdimot 2R} SO0 ditiigthe tidppdup| Rk bR fidm dagerndx 12. 5
cmand the.coiled electrode is 91 a disc 25 cmin dianeter (here, a quartz
di sc on R ERLFherder Imay deprepnleupd. THhew thenthseet tapdrustoncthese
first etching conditions to taper it around the edges. Thereafter, the
first eliskmgaedl tingstanesthediedtt condecticemd lat ndy e cepllateans

wi t hout renoving the resist nask. The second etching conditions include

usi ng CHRdyanth@dvens ialrGlfid)g teasalent hhm9stDecensaflOw (Aalsy y gtina bier eof
to 30 : 30 (sccm, and giving an RF (13.56 MHz) power of 500 Wto a coiled

el ect r odgh @l cdoRidessSHiEcOPlvd £FRam ddy gls&%ﬁaecescﬂ gfra% éfama&m@ﬂtégiuﬁbout

30 seconds. The substrate side (sanple stage SO recelves an power of

20 4 ool 40 SPELY, ST AL SRR STA B Lol 09,
used, t@§n<¥¥1é££\% ! mtnpa?yggNeriJ_lanélead’gy%ttcﬁea(.jn{l?m%li ms.t £f§e§3§§19§9§?e'
a single-layer conductive film may be used. =
ICP (inductively coupled plasma) etching is preferred for
etching of the first conductive film and second conductive film
(first etching treatment and second etching treatment). By using
ICP etching and adjusting etching conditions {the amount of
electricpower appliedtoacoiledelectrode, the émount of electric
‘ power applied to a substrate side electrode, the temperature of
the substrate side electrode, and the like), the films can be
etched and tapered as desired. The first etching treatment is
conducted after a resist mask is formed. The first etching
conditions include applying an RF (13.56 MHz) power of 700 W to
a coiled electrode at a pressure of 1 Pa, employing CF,, Cl,, and
0, as etching gas, and setting the gas flow rate ratio thereof
to 25 : 25 : 10 (sccm). The substrate side (sample stage) also
receives an RF power of 150 W (13.56 MHz) to apply a substantially
negative self-bias voltage. The area (size)' of the substrate

side electrode is 12.5 cm x 12.5 cm and the coiled electrode is
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The first etching conditions and the second etching conditions constitute
the first etching treatnent. Next follows the second etching treatnment with
the resist nask kept in place. The third etching conditions include using
CF4 and Cl2 as etching gas, setting the gas flowrate ratio thereof to 30
: 30 (scam, and giving an RF (13.56 MHz) power of 500 W to a coiled

el ectrode at a pressure of 1 Pa to generate plasma for etching for 60

ds. j t lsq. ' . f 20
W (13, 58 W) b snaly SLafe el Wdhe| Wibark Ru68rph 000 (e BT O

the third etchin onditio .are.switched to the fourth . etchi condi tions
wi t hout Jrserﬁﬁﬁvn]g@eiln‘e bi‘?i gtsfﬁggk.lsTﬁ’é_‘ tul‘n"d&rctﬁhr?ggec%rﬁﬁgﬁ o‘?r}gc}fjrﬂﬁ ude
using 92 CF4, Cl2, and 02 as etching gas, setting the gas flowrate ratio
t her eof G Hifiong to §GPP§C%¥03F°%%@%P9§3% ﬁﬁ‘?@%@ggeﬁmﬂh‘ﬁ(ﬂe‘fﬂ of 500
Wto a coiled electrode at a pressure of 1 Pa to generate plasnma for

et chi ng &teshigisbgendd tieasmike swidohgsstpdthe se¢ond ehehieg stayt)tgne

recei ves an RF power of 20 W(13.56 MHz) to apply a substantially negative
sel f - bi as.tigittagemo¥hnagt the desdisthhagkcorthé isecsndnet thiend cordi etads ng
conditions constitute the second etching treatnent. At this stage, gate

el ect rodeididie arsdng 1075 8RB €0, HY dwoniy tdes f idsit dired | s | Evey  804a
as the lower |ayer and the second conductive |ayer 804b as the upper

layer ar@tedrBido Midredihad &Y St IPYsdchy ML P N fheF S{1 S0P ng

treatnment to dope with the entire surface using the gate el ectrodes
MHz) power of 500 W to a coiled electrode at a pressure of 1 Pa
togenerate plasma for etching for about 30 seconds. The substirate
side (sample stage) also receives an RF power of 20 W (13.56 MHz)
to apply a substantially negative self-bias voltage. Under the
second etching conditions where a mixture of CF,; and Cl, is used,
the W £ilm and the TaN film are etched to almost the same degree.
The first etching conditions and the second etching conditions
constitute the first etching treatment.

Next follows the second etching treatment with the resist

mask kept in pilace. The third etching conditions include using
CF; and Cl; as etching gas, setting the gas flow rate ratio thereof
to 30 : 30 (scem), and giving an RF (13.56 MHz) power of 500 W
to a coiled electrode at a pressure of 1 Pa to generafe plasma
for etching for 60 seconds. The substrate side (sample stage)
alsoreceives anRFpowerof 20W(13.56MHz) toapplyasubstantially
negative self-bias voltage. Then, the third etching conditions
are switched to the fourth etching conditions without removing

the resist mask. The fourth etching conditions include using
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804 to 807 as masks. The first doping treatnent enploys ion doping or ion

i npl antation. Here, ion doping conditions are that the dose is. set to 1.5
x 1014 atons/cnR, and the acceleration voltage is set from®60 to 100 keV.
As an inpurity elenments that inparts the n-type conductivity, phosphorus
(P) or arsenic (As) is typically used. The first inpurity region (n"

regi on) 822 to 825 are forned in a self-aligning manner. Masks forned from

resi st .“%‘i‘,r%éﬂ?cﬁéquoaspé%éﬂfxﬁ% E“tsetﬁr[_hfethtehgagf%18Hr{§£'ét “e of

4
the switchin Wer e nmasks are - of me o over %annel

formati em_conduct er f.ormn t TFT of the
pi xel qzrr}f %088:(5’1 a'n&B g) {PEH™ he"f”é f91HiRg ﬁﬁgiéqipe\ga &H@&g?%w%‘? ot ect
t he 93 channel formation region of the sem conductor |ayer formng the

p- channét PP Hobot dHelaft electaadaupt anresrurRAhieP? tAIRRITdte
addition, the masks are forned to overlap the channel formation region of
the semRIGHRRHOT | ayekingr fidngabhetc A0 ancaist.r ofheTERIgratte t$idei xel
portion 901 and the periphery thereof. An inpurity region (n- region) that
over | apd senmphlea gimge Joalseof reheigakeanl REtpodker icf 20r Wed 1By 56 0MHZEtEdg
selectively the second doping treatnent using the nmasks fromthe resist.

The seeppliioapi sgbstertiBRDlyi SogaRELMES JeF -$ARISNGrdAtd dgm | it +ON.
Here, ion doping is used, the flow rate of gas obtained by diluting

phosphi Ra-dHildy cW'nHlitlﬂSWsoﬁﬁ& t1e Folidth %%Eh&ﬁtg3901§&fﬂloﬁgec&9§€l1l:< 1§e set to

1.5 x 1014 atons/cnR, and the acceleration volfage 1s set to 90

this caggd Qscgﬂﬁkétgﬁﬂ?gfﬁr%@{nﬁﬁlé} MALhRE stage, gate electrode 804

and wires 805 to 807 having the first conductive layer 804a as
the lower layer and the second conductive layer 804b as the upper
layer are formed.

Next, the resist mask is removed for the first doping
treatment to dopewith the entire surface using the gate electrodes
804 to 807 asmasks. The first doping treatment employs ion doping
or ion implantation. Here, ion doping conditions are that the
dose is set to 1.5 x 10 atoms/cm?, and the acceleration voltage
is set from 60 to 100 keV. As an impurity elements that imparts
the n-type conductivity, phosphorus (P) or arsenic (As) is
typically used. The first impurity region (n™~ region) 822 to
825 are formed in a self-aligning manner.

Masks formed from resist are newly formed. At this moment,
since the off current value of the switching TFT is lowered, the
masks are formed to overlap the channel formation i‘egion of a
semiconductor layer forming the switching TFT of the pixel portion

901, and a portion thereof. The masks are formed to protect the
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second conductive |ayer serve as masks against the inpurity element that

I nparts the n-type conductivity and second inpurity regions 311 and 312
are formed. The second inpurity regions are doped wth the inpurity

el enent that inparts the n-type conductivity in a concentration range of 1
x 1016 to 1 x 1017 atons/cnB. Here, the sane concentration range as the
second inpurity regionis referred to as a n- region. Third dopi ng

treat ment, | ucted wi thout repovi ng the resist sks. The_ third doping
treat nen hélngn%jr')rp DY a68MRE © rtl?%%q“ﬁrﬁomtiodh. axer; {ptminy enent s

I nparts n_tﬁ$ﬁﬁ conductivity, phosphorus (P) or arsenic (As) are used

typi cal 18- chappel TFE PR BEANe drived cireitt spd thererigherasike TRt by
dilutin 94 phosphine (PH3) with hydrogen to 5 %is set to 40 sccm the
dose isikafdigiony tipy pagksaye fermedite breadep| drathanned| fegeatioset to
80 keV. In this case the masks made fromresist and the second conductive
| ayer searagicrs gfhsites agminsindietomplaydsy Sdmnang HHwmtcus gt tSodtwon-t ype
conductivity and third inpurity regions 813, 814, 826 to 828 are forned.
The thi rIFT rgpos idfy t16giPite BrifoEopes oo t And hené MPeFipefy efRBebRAL

I nparts the n-type conductivity in a concentration range of 1 x 1020 to 1

x 1021 at oms/ iiBimpRECty HdiLRTR ] #hbenod Q%vitﬁrea.tﬁgf@i&gpuri ty

region is referred to as a n' region. After renoving the resist mask and

t he new ' ' . the four doni.ng treatnent, is conduct ed.
The f ouro[fﬁsdhlgnﬁur | ty‘:ll l%ecgqﬁld?%,&%&@,a, i c‘gtnldl qe%een%?iﬁv?%}buq?‘? y

regi ons

second doping treatment using the masks from the resist. The
second doping treatment is employs ion doping or ion implantation.
Here, ion doping is used, the flow rate of gas obtained by diluting
phosphine (PH;) with hydrogen to 5 % is set to 30 sccm, the dose
is set to 1.5 x 10" atoms/cm®, and the acceleration voltage is
set to 90 keV. In this case the masks made from resist and the
éecbndconductivelayerserveasmasksagainsttheimpurityelement
that imparts the n-type conductivity and second impurity regions
311 and 312 are formed. The second impurity regions are doped
with the impurity element that imparts the n—tj’(pe conductivity
in a concentration range of 1 x 10*® to 1 x 107 atoms/cm®. Here,
the same concentration range as the second impurity region is
referred to as a n” region.

Third doping treatment is conducted without removing the
resist masks. The third doping treatment is employs ion doping
or ion implantation. As impurity elements imparts n-type
conductivity, phosphorus (P) or arsenic (As) are used typically.

Here, ion doping is used, the flow rate of gas obtained by diluting
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816, 817, 830, 831 are fornmed in.which inpurity elements inparts p-type
conductivity are added to the sem conductor |ayer formng the p-channel
TFT by the fourth doping treatnent. The concentration of the inpurity

el enent that inparts the p-type conductivity is set from1l x 1020 to 1 X
1021 atonms/cnB to add to the fourth inpurity regions 818, 819, 832, and
833. The fourth inpurity regions 818, 819, 832, and 833 being region (n--

' .ead h the t t
doped ?ﬁsfﬁ*ﬁﬁ@ otp R Rl Lo BORER P8 ¥ b e F L BBl ERE BB 0
concentration 1.5 to 3 .times the phosphorus oncentratlon to obtain the

p-type cbﬁdﬁ‘ﬁﬁﬂ 2% rélt%inﬁ/e%w onanﬁaW?lgaqq'ﬁel%%ﬁ’m i8§nSehnge as
the fourth | rity regions 95 is also called a pf region, The fifth

i mpurityt Pe‘bqn%ﬁé’ 816n @iE case thmmagks maee Mg ovpgesiatiand thg AcoV8r | aps
with the taper portion of the second conductive layer. The inpurity

el ement scPRgaetive-hapyer seowdas masky agalniie dhenbrpuoi by etlemesdnteatr at i on
range from 1 x 1018 to 1 x 1020 atons/cnB. Here, the region having the
sanme coimpartattlon n-aype esntihetinviitly anpuhind neguenity Sepebakr 83, to as
p- region. Through the above steps, an inpurity region having the n-type

or p-typgigprelstovaly aire formed. | nrl@@ﬁ:%ﬁ@l”iﬁ?ﬁﬂﬂﬁ&@fed% areThspea
conductive layers 804 to 807 becone the gate electrode of TFT. An

i nsul at i pgth StAQTIMhtOF MYmcHt i Sat! BfipaRtis’ en8Uhl 8ffe conductivity
in a concentration range of 1 x 10%° to 1 x 10?! atoms/cm’. Here,
the same concentration range as the third impurity region is
referred to as a n° region.

After removing the resist mask and the new resist mask is
formed, the fourth doping treatment is conducted. The fourth
impurity regions 818, 819, 832, 833 and the fifth impurity regions
816, 817, 830, 831 are formed in which impurity elements imparts
p-type conductivity are added to the semiconductor layer forming
the p-channel TFT by the fourth doping treatment.

The concentration of the impurity element that imparts the
p-type conductivity is set from 1 x 10%° to 1 x 10?* atoms/cm® to
add to the fourth impurity regions 818, 819, 832, and 833. The
fourth impurity regions 818, 819, 832, and 833 being region (n™~
region) are already doped with phosphorus (P) in the previousA
step but are doped with the impurity element that imparts the
p-type conductivityinaconcentrationl.5 to 3 times the phosphorus
concentration to obtain the p-type conductivity. Here, a region

having the same concentration range as the fourth impurity regions
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(not shown). In this exanple, the silicon oxide filmhaving 50 nmin

t hickness is formed by plasma CVD nethod. OF course, the insulating film
is not limted to a silicon oxide filmand a single |ayer or |am nate of
other insulating filns containing silicon may be used. The next step is
activation treatnment of the inpurity elenents used to dope the

sem conduct or | ayers. The activation step enploys rapid thermal annealing

(RTA) us%ggagsbaggliéghé sQUI f%nil'radiation of a laser, heat treatnent
using a furnace, or a CoRbihal T o of these methods. In the exanpl e shown

in this exanpl he interlayer insulatipng filmis for after the

above- descr i beﬁ‘%%f‘%&éﬁ%‘t‘rz%rﬁ&hé’\?@?éi@hgliﬁing%é@t ﬁﬁ??‘ A5y o B H or med
before the activation. The first_interlayer insulating film 808 nmade from
a silicol®niPPi FEIHPAMOVETHGRR i thebhe t hRPSENPOSRdOS: Sif | B SegpRd
subjected to heat treatnent (at 300 to 550C for 1 to 12 hours) to

hydr oger@@edaabiven kawrriuct or TheyeinpuThty sebpmeptforimpartEnapi bgpe
dangling bonds in the sem conductor |ayers using hydrogen contained in the
first i tendageivitpgul sitaddeditheBdBo aflhehes amromtticdbiohayangeafeom
hydrogenated irrespective of the presence of the interlayer insulating

filmthat s 903°id ilcan10%i deombi/lci . Ogfe hitded gRBALNORaFR hgOERecsRhaY abl e
i nclude plasma hydrogenation (using hydrogen excited by plasma). Next, a

second iddEd Y RIL NS UrAtddIthad i {16 8PRr i IOy ORedbnti {StréPLEELRY T
insulating film808 froman organic
to as p~ region.

Through the above srteps . animpurityregionhaving then-type
or p-type conductivity is formed in each semiconductor layer.
The conductive layers 804 to 807 become the gate electrode of
TET.

An insulating is formed to cover almost the entire surface
(not shown). In this example, the silicon oxide f£ilm having 50
nm in thickness is formed by plasma CVD method. Of course, the
insulating £ilm is not limited to a silicon oxide £ilm and a single
layer or laminate of other insulating films coﬁtaining silicon
may be used.

The next step is activation treatment of the impurity
elements used to dope the semiconductor layers. The activation
step employs rapid thermal annealing (RTA) using a lamp light
source, irradiation of a laser, heat treatment using a furnace,
or a combination of these methods.

In the example shown in this example, the interlayer

insulating film is formed after the above-described activation.

926



insulating material. In this exanple, an acrylic resin film809a is forned
to have a thickness of 1.6 m and a silicon nitride film809b is forned to
have a thickness of 200 nm by sputtering. The pixel electrode 834 in
contact with the drain region of the current control TFT 904 forned from
the p-channel TFT 904 is formed to overlap in contact with the connecting
electrode that is fornmed later. In this exanple, the pixel electrode

functio 0 ED dis transpare conductive filmfor
the 11 g BR8P ey by e v e EOORER I R R S ot or e
next are contg&{ hol es .reachi ng the conductive Iaéers t hat serve, as the
gate el ect rodeS ot it dnhErd SVt RBRL AL P AT 897 madechTorg el teRir i ty
regions. In this exanple, etching treatment is conducted several times in
successitbtrifeofilm ifj Foamad e, Thehe theofgMigraANSEeOr (IRHARR L film
I's used as an etching stopper to etch the third interlayer insulating
film thermhjastdd rist helatt eéteaytaentngatasoagtd i 3509 Avaed &5 AR dhwhs g
stopper to etch the second interlayer insulating film and then the first
i nterl aysy hpdvbaehagef itha | Semichrduciber eakess,. elBeis 08esp83s tHoB41,
specifically, a source wre, a power supply line, a |lead-out electrode, a

connect iﬁkmﬂ@@iﬂ@%n@lﬁa? ap8nf8er AR theoWeMicohaudddbr OlapirdBiLing he
el ectrodes and wires are obtained by patterning a lamnate of a Ti film

(100 Mgy ef Bentherdl fh LALELAN A odd S0BuiHEAS TR 466 Okness)
, and anot her™ Ti fllnlp nm i1 n thickness).
The semiconductor layers are hydrogenated irrespective of the
presence of the interlayer insulating £film that is a silicon oxide
film. Other hydrogenation methods employable include plasma
hydrogenation (using hydrogen excited by plasma).

Next, a second interlayer insulating f£ilm 809 is formed
on the first interlayer insulating film 808 from an organic
insulating material. In this example, an acrylic resin £ilm 809a
is formed to have a thickness of 1.6 um, and a silicon nitride
film 809b is formed to have a thickness of 200 nm by sputtering.

The pixel electrode 834 in contact with the drain region
of the current control TFT 904 formed from the p-channel TFT 904
is formed to overlap in contact with the connecting electrode
that is formed later. In this example, the pixel electrode
functions as an anode of OLED, and is a transparent conductive
£ilm for the light emitted from OLED radiating through the pixel
electrode.

Formed next are contact holes reaching the conductive layers

that serve as the gate electrodes or gate wires and contact holes
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The source el ectrode, source wire, connection el ectrode, |ead-out

el ectrode, power supply line, and the |like are thus fornmed as needed. A

| ead-out el ectrode for the contact with a gate wire covered with an
interlayer insulating filmis provided at an end of the gate wire, and
other wires also have at their ends input/output term nal portions having
a plurality of electrodes for connecting to external circuits and external

power s ' tion el ectr 84 royi de s to contact. and
ver! ap T g A8 InERRRG Al RS, TR S SBREYe o B PimghREREEi,
contact . with th% grain rggion of . the current control TFT 904. A driving
circui t GoIORGVCHG S TR Lt ABEF IR SUGGPSHIGR - nALRAnrdl thET SERIRY a
p-channel TFT 906 are conbined 98 conplenentarily and a pixel portion 901
with a gitf 8pPPYddpteriaver nsnlabing£idm & upadas arpEchd290tepPRRR hannel
TFT 904 are forned in the manner descri bed above. Next, insulators 842a
and 8430 eftgh he othird bahkriaperf dngpdatmngadhilend tdfert Heheifkiatst

el ectrode 834 so as to cover each end of the pixel electrode 834. The

banks 842etesrichy®i3hnandaftdngedi L Denased asudmtdtiithifid @toppeai Bbngtei | i con
or aresinfilm In this exanple, the bank 842a is forned by patterning

the inswhat i 8gcohdll MntRAQ dvedm 1H8uOREAAKC Fi09 N EhEMtH&e $hbl conpdi tride
film is fornmed by sputtering, and the bank 842b is formed by patterning.

Next , a&n'%leﬂl%)y%rr &4%@%4;1&{5? fﬁl{pg?b t O§ OLED are formed on the pixel
y

el ectrode 834 whose ends arée cover e banks. In this exanple, the EL
layer 843 andphReeG#tedes3dd:2haSkBss to 841, specifically, a source

wire, a power supply line, a lead-out electrode, a connection
‘electrode, etc. are formed from Al, Ti, Mo, or W. Here, the
electrodes and wires are obtained by patterning a laminate of
a Ti film (100 nm in thickness), an Al film containing silicon
(350 nm in thickness), and another Ti film (50 nm in thickness}.
Thesourceelectrode,sourcewire,connectionelectrode,1ead-out
electrode, power supply line, and the like are thus formed as
needed. A lead-out electrode for the contact with a gate wire
covered with an interlayer insulating £ilm is pJ;"ovided at an end
of the gate wire, and other wires also have at their ends
input/output terminal portions having a plurality of electrodes
for connecting to external circuits and external power supplies.
The connection electrode 841 provided as to contact and overlap
with the pixel electrode 834 that is previously formed is in contact
with the drain region of the current control TFT 904.

A driving circuit 902 having a CMOS circuit in which an

n-channel TFT 905 and a p-channel TFT 906 are combined
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are evaporated by the deposition apparatus shown in Enbodiment 1. An
evaporation nethod is according to Enbodinent 1 or Exanple 1. High-density
and high purity EL |l ayer nay be formed by conducting evaporation in vacuum
whil e heating the substrate. An EL |ayer 843 (a layer for light em ssion
and for noving of carriers to cause light em ssion) has a light emtting
layer and a free conbination of electric charge transporting | ayers and

I ht
or gant o raLOE afﬁtt%r%aa Tt oo orgr P el et RS se
to forman E Ia er. (g% Iayer be a thin filmfornmed of a |ight
emittind Mt G AL -SharRe] Tﬁﬂtg%yogrff‘@l‘é‘f‘a@i‘&lt'ﬁt'?(?@‘l( fradredeetice) (a

singlet conpound) 99 or a thin filmfornmed of a light emtting nmateri al
that enit® the JMRARE (degreibedkake¥e on (phosphorescence) (a tripl et
conpound). I norganic materials such as silicon carbide may be wused for the
el ectri c char dextr.adasyliatoyrd Sieas aadd 8dBbcreferrelatgeas np doanlorateayers.
Known organic EL materials and inorganic materials can be enployed. It is
sai d t hefioxrwal pneéach ethdreifethal phte R cQaidiode8444 6 & Wet 8bvBavédeh a
small work function (typically, a netal elenent belonging to Goup 1 or 2

in the paid efithd pke) edlectitcild 8¥407 TrdIpHnREIfl2a ZRA d4:ﬁbhr%f?o§ﬁﬁéﬁ'
efficiency is inproved as the wor k function beconmes small er. Therefore an

al | oy gty ah J.ﬁQﬁlQth m(édﬁﬁé%m n%k?fllcrsorp?ﬁr Qf rghgge L talg,

particularly desirable e cat terra e cat o) functlons
this example, the bank 842a is formed by patterning the insulating

film made from the organic resin film, the silicon nitride film
is formed by sputtering, and the bank 842b is formed by patterning.

Next, an EL layer 843 and the cathode 844 of OLED are formed
on the pixel electrode 834 whose ends are covered by the banks.
In this example, the EL layer 843 and the cathode 844 of OLED
are evaporated by the deposition apparatus shown in Embodiment
1. An evaporation method is according to Embodiment 1 or Example
1. High-density and high purity EL layer may be formed by
conducting evaporation in vacuum while heatingr the substrate.

An EL layer 843 (a layer for light emission and for moving
of carriet:s to cause light emission) has a light emitting layer
and a free combination of electric charge transport:ing layers
and electric charge injection layers. For example, a low
molecular weight organic EL material or a high molecular weight
organic EL material is used to form an EL layer. An EL layer
may be a thin £film formed of a light emitting material that emits

light by singlet excitation (fluorescence) (a singlet compound)
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as a wire common to all pixels and has a termnal electrode in an input
termnal portion through a connection wire. The stage conpleted so far
steps is shown in Fig. 8 Though the switching TFT 903 and the current
supply TFT for OLED (the current control TFT) are shown in Fig. 8, it goes
w thout saying that it is not [imted thereof, various circuits forned
fromplural TFTs may be provided at the end of the gate el ectrode of TFT.

Next, t ¥ t thade, o ' | d
X her QL ER 12V NGy ao of! &aweﬁ%ﬁ@pﬁggﬁagg%%&yﬁ% an

an anode is preferably sealed by an ofrganic resi a

seal i ng r o] A ealing.can to the OLED conpl et ely of rom

t he out§?§Q§%ngﬁﬁr5%éﬁﬁe%erﬁgggFS%logf gﬁ%@?ﬂﬁ?rgﬁﬁngﬁggs,asu ?ﬁ%é@é

noi sture and oxygen, that 100 accel erate degradation due to_oxidization of
the EL ISQfROUNhyefBPTdaniic mideriddes SHFY £8 provraR FREPHAGIBRYIR® film
or the like in the input/output termnal portions to which an FPC needs
to be cdHREIRF |thereletieimpCharesityran ok clavers Jand eteakhbd to
the electrodes of the input/output term nal portions using an anisotropic
conduct ickearge enjadtidhdayersot r Bpownongdudid Blematrerénil alandsi mongasied of a
resin and conductive particles several tens to several hundreds pmin

di amret ematwasiaIirdac ase agsmpPbpéd®d by Au or the |ike. The conductive
particles electrically connect the electrodes of the input/output term nal

portions with W rgs safi@f bt tH @ rfeerdda MRRESSELY  oflh CRit1eade f 8480 such
as a circularly polarizing
is ametal having a small work function (typically, ametal element
belonging to Group 1 or 2 in the periodic table) or an alloy of
such metal. The light emission efficiency is improved as the
work function becomes smaller. Therefore, an alloy material
containinglLi (1lithium) thatisoneofalkalimetalsisparticularly
desirable as the cathode material. The cathode also functions
as a wire common to all pixels and has a terminal electrode in
an input terminal portion through a connection wire.

The stage completed so far steps is shown in Fig. 8. Though
the switching TFT 903 and the current supply Tf‘T for OLED {the
current control TFT) are shown in Fig. 8, it goes without saying
that itisnot 1limited thereof, various circuits formed fromplural
TFTs may be provided at the end of the gate electrode of TFT.

Next, the OLED having at least a cathode, an organic compound
lairer, and an anode is preferably sealed by an organic resin,
a protective film, a sealing substrate, or a sealing can to cut

the OLED completely off from the outside and prevent permeation

of external substances, such as moisture and oxygen, that
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pl ate conposed of a polarizing plate and a phase difference plate my be
provided and an I C chip may be nobunted. Through the above steps, a nodul e
type light emtting device to which an FPC is connected is conpleted. This
exanple may be freely conbined with Enbodi mentsl, 2, and Exanples 1 to 4.
Exanple 6 The top surface view and the cross-sectional view of the nodule
type light emtting device (also referred to as EL nodule) obtained by

Exanpl e 5:@&fes8PUN aefr@aaohns dud/i ¥ .Q)fxi%itz%&i%f{ Lﬁgemgewfl eg?dul e

and 101 Fig. 9B i1s a"cross-sectional view taken a 1€ I'ine o A of
Fig. 9A . Fi A sho) tﬁgt t he base.i nsul ati.ng Filn1ﬁgl Is.__formed on the
. H . .
bondi ng ﬁgﬁgg?g40%p(¥%fu% AFSE S e tO PERY BSnEPRgPT ﬁﬁt%vﬁnglgﬁe°¥lke),
and the @Axgi%gorii n 402, the source side _driver circuit 404, and the
gate si de*@rivey %ﬂlﬁﬂﬁ1?“3&?4%@?3“&’ﬁ@&mlpﬁérBSFFIPW§S§°pW§éPhp6PtF%ﬁ and
driver circuit may be obtained according to above-nentioned Exanple 5. The
r ef er encte9lFreb @l P 1GoRRegkedr JakeE-resin and 419 is a protective film
The pixel portion and the driver circuit portion are covered by the
organi ¢ resin s, FRAd(fhexdbdeniprintesi ncitddiis) chseredaoheidhe:grohecti ve
film419. In addition, .the organic resin may be seal ed by the cover .
mat eri alelsttipdde ofonthe g impiigoutPut ceremifalerpatt Lads basadiergd as a
support medi um before peeling-off is subjected.
anisotropic conductive material. The anisotropic conductive
material is composed of a resin and conductive particles several
tens to several hundreds pm in diameter whose surfaces are plated
by Au or the like. The conductive particles electrically connect
the electrodes of the input/output terminal portions with wires
formed in the FPC.
If necessary, anoptical filmsuchasacircularlypolarizing
plate composed of a polarizing plate and a phase difference plate
may be provided and an IC chip may be mounted.
Through the above steps, amodule type 1ight emitting device
to which an FPC is connected is completed.

This example may be freely combined with Embodimentsl, 2,

and Examples 1 to 4.

Example 6

The top surface view and the cross-sectional view of the
module type light emitting device (also referred to as EL module)
obtained by Example 5 are shown.

Fig. 9A is a view of a top surface view of EL module and

101



In addition, reference nuneral 408 represents a wiring for transmtting
signals to be inputted into the source side driving circuit 404 and the
gate side driving circuit 403, and it receives a video signal and a clock
signal fromthe FPC (flexible print circuit) 409 which becones an externa
input termnal. In addition, here, only FPCis shown in the figure, but a
printed wring board (PWB) nay be attached to this FPC. A light emtting

devi ce imighopresentrapecisbictabndn viedssHRBH h2oRgNtAENLINE oPMya e |ight
emtting device itself but also a state in which FPC or PWB is attached

theret 0.ofThg £1 @3S- SPELL 05 ssﬁcgvséwr_txgar@ £HHO WA glen éﬁl:,ala%gggsfﬁfﬁ%w% 102

A base insulating film401 i ornmed on the bonding ne r 400. The pixel
portion &pgtﬂ; }l.r' ' [ it40%6 orned__in tact with
Phe. | nodiormed B e YR Hd eRlaf! d0Y'(ret S 8hB1 & i pebBnE N RE Rd) e
control TET 411 ng | ural . pi xel inclugin the pixel el ectrode 412 that
s conndTIRFEAER FPEAlTE®) { GHhEng BIHCOPPREL ChrA % tO8nEPBFOTIiae . | n
addition, the gate driving circuit 403 is fornmed by using a CMOS circuit
that i STIGRK FeECHLEH Gheand Wingate PriesdBlvpl ciFeudtctdh aee frmed s, -
The TFTs (including 411, 413, and 414) may be manufactured according to
n- channdihemEpnf Ehamel pigeimbptidramnd dTETeofc et maysbe Wivtafined| y t he
current supply TFT for OLED (the current control TFT 411) is shown in Fig.
9, it geexomdirouttcsaboue ieaitiéned Exawpléntted thereof, various circuits
formed fromplural TFTs may be provided at the end of the gate el ectrode
of TFT. The reference numeral 418 is an organic resin and 419 is

a protective film. The pixel portion and the driver circuit

portion are covered by the organic resin 418, and the organic

resin 418 is covered by the protective £ilm 419. In addition,

the organic resin may be sealed by the cover material using the

bonding member. The cover material can be adhered as a support

medium before peeling-off is subjected.

In addition, reference numeral 408 represents a wiring for

transmitting signals to be inputted into the source side driving

circuit 404 and the gate side driving circuit 403, and it receives

a video signal and a clock signal from the FPC (flexible print

circuit) 409 which becomes an external input terminal. Iin

addition, here, only FPC is shown in the figure, but a printed

wiring board (PWB) may be attached to this FPC. A light emitting

device in the present specification is assumed to contain not

only a light emitting device itself but also a state in which

FPC or PWB is attached thereto.

The cross-sectional structure shown inFig. 9B is described.
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The pi xel portion 402, the source.side driver circuit 404, and the gate
side driver circuit 403 are fornmed on the sane substrate according to
Exanpl e 5. The pixel electrode 412 functions as a cathode of the |ight
emtting elenent (OLED) . The bank 415 is forned at the both ends portion
of the pixel electrode 412. The organic conmpound |ayer 416 and the anode
417 of the light emtting elenent are forned on the pixel electrode 412.
As the & dmse ioenaiictg ayem 446,is tf adiwed dnbehapporeingatembdntaddhe
organi ¢ conpound |ayer (a layer for carrying out light em ssion and

novenentTHE pa&idli §oEtibRTAIPRAN fRY fftd riREngYciddBif 4osl Yrethinddg a
light emtting |ayer, an electric charge transport |ayer or an electric

char ge i} @bt WMeh: tﬁplejyﬁ%%%g%% démﬁtmns el Wibpgudp all

pixels, and is electrica fo an FPC 4 ro a connection
W ring 408. dg , I@Hgnts which are_c n&?'n g i n_the pix§l ortion 402
and the gaf%lgééeg%r?ging C?Pgﬁ??%48§n§F83al lI‘cg &r@@dpﬁy' éﬁ§8%£%17, an
organic resin. 418 and a otective film419. In addition, as the organic
resin 4igcrqaing theefxel elacrrade 417, thabdrchonprchafietachictra
material to visible light to the extent possible. Further, it is
r ef er afi%® Hgadnai® Gfgdheccurseng gentrela TRt dliLal Thiaddieken nothe
P ati™ C . .
transmt inpurities such as noisture and oxygen to the extent possible.
Al so, iwgate gimdfvdmeegiriout taf0adris heodmeghtbemistiniong eMefemtrchat theen
conpl etely covered with the organic resin 418, the
is combined with the n-channel TFT 413 and the p-channel TFT 414.
- - The TFTs (including 411, 413, and 414) may be manufactured
according ton-channel TFT of Example 5 and p-channel TFT of Example
5. Thoughonly the current supply TFT for OLED ( the current control
TFT 411) is shown in Fig. 9, it goes without saying that it is
not limited thereof, various circuits formed from plural TFTs
may be provided at the .end of the gate electrode of TFT.

The pixel portion 402, the source side driver circuit 404,
and the gatesidedrivercircuit 403 are formed on the same substrate
according to Example 5.

The pixel electrode 412 functions as a cathode of the light
emitting element (OLED). The bank 415 is formed at the both ends
portion of the pixel electrode 412. The organic compound layer
416 and the anode 417 of the light emitting element are formed
on the pixel electrode 412.

As the organic compound layer 416, it should be appreciated

that the organic compound layer (a layer for Carrying out light

emission and movement of carriers therefore) may be formed by
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protective film419 be at |east fornmed on the surface (exposed surface) of
the organic resin 418 as shown in Figs. 7A and 7B. The protective film my
be formed on the entire surface including the back surface of the
substrate. In such a case, it is necessary to carefully formthe
protective filmso that no protective film portion is forned at the
position where the external input terminal (FPC) is provided. A mask nmay
be used £fedLpVvesbiniiyf ar Miht AmiPeidgoleghiVeahl ldNRit il ScR@syd i on.
The external 1nput termnal portion may be covered with a tape such as a
tape midera®bpdPl! PhyvLE ook SART e LERHEBRY IS 88 BoflRskig tape 1N & CVD
Ilmf gt Ve Tim

apparatus to prevent ormng of the protect he ™ 104 silicon

nitride film fi,l or ALNxOy filmmay be.used .as e projective
flimato. The THEAReSs eeisSarERane et Ghos "4 2106 6P, Bid BAES. | s
encl osed with the protective film419 to conpletely isolate the |ight

em tti nga%\‘%l éT?eﬁReFEEPnCPﬁIgYO‘ER%‘F%‘éFe?I*FE aﬁr%%n‘ﬂ%&%rﬁé‘lgé‘r PaFANRECHIAR wat er
and oxygen whi ch accel erate degradation of the organic conpound |ayer by
oxi dat i ¥ &M er FHg thesm efamenlissvibch BHes com@ineghdnephet PEgelevi ce
having inproved reliability is obtained. The steps fromthe deposition to
the sedaomiglen 492 angdrhargptbes tdadicitsichdginsung 403 aappaidtosvehedn in
Figs. 5 to 7. Another arrangenent is conceivable in which a pixel

el ect r odey theuanddassi €N, anoceganicareoigayliscananp @uodtdctyicfe adm €1¢at hode
are made in lamnation to emt light in a direction

In addition, as the organic resin 418, it is preferable

-to use a transparent oxr half transparent material to visible light
to the extent possible. Further, itispreferable that the organic
resin 418 is a material which does not transmit impurities such
as moisture and oxygen to the extent possible.
Also, it is preferred that after the light emitting element
- has been completely covered with the organic resin 418, the
protective film 419 be at least formed on the surface (exposed
surface) of the organic resin 418 as shown in Figs. 7A and 7B.
The protective £film may be formed on the entire sﬁrface including
the back surface of the substrate. In such acase, it is necessary
to carefully form the protective £ilm so that no protective film
portionis formed at the position where the external input terminal
(FPC) is provided. A mask may be used to prevent film forming
of the protective film at this position. The external input
terminal portion may be covered with a tape such as a tape made
of Teflon (registered trademark) used as a masking tape in 'a CvVD

apparatus to prevent film forming of the protective f£ilm. The
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opposite to the direction indicated in Fig. 9. Fig. 10 shows an exanple of
such an arrangenent. The top view thereof is the sane as the top view
shown in Fig. 9 and will therefore be omtted. The structure shown in the
cross-sectional viewof Fig. 7 will be described. An insulating film 610
Is formed on a substrate 600, and a pixel portion 602 and a gate-side
drive circuit 603 are forned above the insulating film 610. The pi xel

portion &£0Picds fDFrEtk B4 1@ PlewedbiLicy £ahimpi el 81NROVULL N6 BagUbé adegont rol
TFT 611 and a pixel el ectrode 612 electri cally connected to the drain of

the currgnt O+ OtedtivElds 1.4 e side driver circuit 603 is formed by
using a CMOS citcuit having a conbi nation of 105 an n-channel TET 613 and

a p-channel TR 5% h g‘ % %é! %§E& %1 b ed in
the sane mannere aégtl%egﬁn-e't ﬁ P @ Ct%’:?cg d@%eggbgﬁa{q‘:’ﬂ 4 TFT
of Exanple S Thou nly.the c nt s 5; for %the rrent
control ngmlﬁenpﬁf’ ec%éve %RS %I Jf‘?}o‘fﬁ'mpjg%@? ¥ a‘F? i's
not I|n1ted thereof various_circuits formed fromplural TFTs may be
provi dedh 1igbkremitting ghementefrpBdéheorutstde. THOYH R EREIRGde 612
functions as an anode of the light emtting element (OLED). Banks 615 are
f or med aatgipiozlis sushdes witehand oxlygenewhiclecadd@l e natie ate gy adat ton
conmpound | ayer 616 and an anode 617 of the light. emtting elenent are
formed @ferthe hergendsd ce:lnqmum’ﬂaaqﬂé&: bih epzaitedel @il £ 12drs ced tecingnBras a
common W ring el enent
the outside. Thus, the light emitting device having improved
‘reliability is obtained. The steps from the deposition to the
sealing of EL layer may be conducted by using the apparatus shown
in Figs. 5 to 7.
Another arrangement is conceivable in which a pixel
electrode is used as an anode and an organic compound layer and
a cathode are made in lamination to emit light in a direction
opposite to the direction indicated im Fig. 9. Fig. 10 shows
an example of such an arrangement. The top view thereof is the
same as the top view shown in Fig. 9 and will therefore be omitted.
The structure shown in the cross-sectional view of Fig.
7willbedescribed. Aninsulatingfilmé610isformedonasubstrate
600, and a pixel portion 602 and a gate-side drive circuit 603
are formed above the insulating £film 610. The pixel portion 602
is formed by a plurality of pixels including a current control
TFT 611 and a pixel electrode 612 electrically connected to the

drain of the current control TFT 611. A gate side driver circuit

603 is formed by using a CMOS circuit having a combination of
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connected to all the pixels and is electrically connected to a FPC 609 via
connection wiring 608. Al the elenents included in the pixel portion 602
and the gate-side drive circuit 603 are covered with the anode 617, an
organic resin 618 and a protective film®619. A cover nenber 620 is bonded
to the elenent |ayer by an adhesive . Arecess is forned in the cover
menber and a desiccant 621 is set therein. In the arrangenent shown in

Fi 0. 10,0 e diaflo £100F 0EF 2d§ 4#SEUcREnhAE $PFheflg. whil e the organic

conpound | ayer and the anode are fornmed in lamnation, so that light is
emtted in the IO ar [ 0,1 Ll he t gate
TFTs have been g%c??%ed?ggﬁ Ef%f %ﬁ%%ﬁ%é ppﬁ%'beeggﬁ¥glnggﬁtf%ﬂﬂgan be
applied irrespective o the TFT str AL For _exa t he present
PDent | G REE Sk, B B T oChRRR e Hat 1 FAvledE 5 BhSgHer du G A L e)
TFTs and staggered _structure TFTs. This exanple may be fr eI conbi ned
with Entiédi ménExampler 5.angheghppedy| the SurEsabpd@PRlByTT ipf @FehEhg t he
present invention, EL modul es (active matrix liquid crystal nodule, active
matri x Hitheodurzeahdomrtiok THELLL ) FECshownl ¥) Fdgn be. ddnpbesedi.tma.nlel y, by
i mpl enenting the present invention, all of the electronic equipnments into
whi ch tdagringy ithiat dddikesoar eikitel Bhereofpledeibusotipwhbys cBornasd gi ven
as such el ectronic equi pnments: video

from plural TFTs may be provided at the end of the gate electrode

of TFT.

-The pixel electrode 612 functions as an anode of the light
emitting element (OLED). Banks 615 are formed at opposite ends
of the pixel electrode 612, and an organic compound layer 616
and an anode 617 of the light emitting element are formed over
the pixel electrode 612.

The anode 617 also functions as a common wiring element
connected to all the pixels and is electrically connected to a
FPC 609 via connection wiring 608. All the elements included
in the pixel portion 602 and the gate-side drive circuit 603 are
covered with the anode 617, an organic resin 618 and a protective
film 619. A cover member 620 is bonded to the element layer by
an adhesive. Arecessis formed in the covermember and adesiccant
621 is set therein.

In the arrangement shown in Fig. 10, the pixel electrode
is used as the cathode while the organic compound layer and the
anode are formed in lamination, so that light is emitted in the

direction of the arrow in Fig. 10.
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caneras; digital caneras; head nounted displays (goggle type displays);
car navigation systens; car stereos; personal conputers; portable
information termnals (nobile conputers, nobile phones or el ectronic books
etc.) etc. Exanples of these are shown in Figs. 11 and 12. Fig. 11Ais a
personal conputer which conprises: a nmain body 2001; an inmage input
section 2002; a display section 2003; and a keyboard 2004 etc. Fig. 11Bis

a video caner WhMEQJhétZ)G% ?ia%%SPF’Ias B8 b%%yaegéioﬂbe@bglw%q} &Y ek@mbh@n 2102;

a voice input section operation 107 switches 2104; a battery 2105
d I t
ahi ch cone PRese RSPt afé%%%%ﬂ%%%%%%“%n@?%z%* 3
2 t tch 2204 and_a di t 2205
crc. Fi QEEENE E8 eudfFIE. ?@sfé%e&ﬁﬁ%hlgm??egim? Be: hoBiasa 2s01.
a dlspl% section 230 and an arm section 2303 etc. Fig. 11E is a player
using a ?ée‘bfb‘ifd?fhgaﬁﬁ W‘?’FFW Eﬁaageﬁﬁggsrﬁ?ﬁcﬁ%refbg'éﬁ'&e@? fErgUREeer

referred to as a recording nmedium which conprises: a nain body 2401; a

di spl ayS&&EBcitYae2dFTs-a speaker section 2403; a recording medi um 2404; and
operation swtches 2405 etc. This apparatus uses DVD (digital versatile
disc), CD, eThisfexanhdermayprtenfjreedyuspmbidedawiphr Enbodiments 1,
appreciation, filmappreciation, ganes and use for Internet. Fig. 11F is a
di gi t al 2caamgaEwhmghegoaptiosss: a mai n body 2501;

Example 7

-By implementing the present invention, EL modules (active
matrix liguid crystal module, active matrix EL module and active
matrix EC module) can be completed. Namely, by implementing the
present invention, all of the electronic equipments into which
the various modules are built are completed.
Following can be given as such electronic equipments: wvideo
cameras; digital cameras; head mounted displays {(goggle type
displays):; car navigation systems; car stc-;-reos; personal
computers; portable information terminals (mobile computers,
mobrile phones or electronic books etc.) etc. Examples of these
are shown in Figs. 11 and 12.
Fig. 11A is a personal computer which comprises: a main body 2001;
an image input section 2002; a display section 2003; and a keyboard
2004 etc.

Fig. 11B is a video camera which comprises: ‘a main body

2101; adisplay section 2102; avoice input section 2103; operation
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a display section 2502; a view finder 2503; operation switches 2504; and
an i mage receiving section (not shown in the figure) etc. Fig. 12Ais a
nobi | e phone which conprises: a main body 2901; a voice output section
2902; a voice input section 2903; a display portion 2904; operation
swi t ches 2905; an antenna 2906; and an image input section (CCD, inmage
sensor, etc.) 2907 etc. Fig. 12B is a portable book (electronic book) which

CoNpri sesiitehe n102¢Ya B8@tery 516 S4nROLH 1My e3282e209n3d08kk: t fon PAGR di Ng

medi um 3004; operation switches 3005 and an antenna 108 3006 etc. Fig. 12C
is a di gplcay which conprises: a main body 3101; a supporting section 3102;
and a display portion 3103 etc. In addition, the display showmn in Fig. 12C

has smal | and.nedi sized or.large-sjized.screen. for exanple. a.size of 5
to 20 inches Pur thers® FomRkALP SR Lt X F AL PRIPEAPE i PSR ROG: zes,
it is pr%f rabl e to mass-produce by ggp printing by using a substrate
with oné?fetel GRMETE FECtAONGLOZ:p 3-56\9@ reReiYdme Std T rig® It t he
present invention is extrenely large, and the invention can be applied to
el ect r oRPETEFdiopmeHid chresy &2 0du sngty endigphay t9ratior 220%ce¥oni c devi ces
of this exanple can be achieved by utilizing any conbination of
const i t Higend 1PniEnbogdgehe stype @BisphaiExdanitlesconiprtisds : BXANEIE Ay
2301; a display section 2302; and an arm section 2303 etc.
Fig. 11E is a player using a recording medium in which a program
is recorded (hereinafter referred to as a recording medium) which
comprises: a main body 2401; a display section 2402; a speaker
section 2403; a recording medium 2404; and operation switches
2405 etc. This apparatus uses DVD (digital versatile disc), CD,
etc. for'the recording medium, and can performmusic appreciation,
film appreciation, games and use for Internet.
Fig. 11F is a digital camera which comprises: a main body 2501;
a display section 2502; a view finder 2503; operation switches
2504; and an image receiving section {not shown in the figure)
etc.
Fig. 12A is a mobile phone which comprises: a main body
2901; a voice output section 2902; a voice input section 2903;
a display portion 2904; operation switches 2905; an antenna 2906;
and an image input section (CCD, image sensor, etc.)} 2907 etc.
Fig. 12B 1is a portable book (electronic book) which

comprises: a main body 3001; display portions 3002 and 3003; a

recording medium 3004; operation switches 3005 and an antenna
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In the present exanple, a novel filmformation nethod is described. As a
typi cal exanple of a physical filmformation nethod, a vacuum evaporation
which forns a filmby evaporating an evaporating nmaterial from an
evaporati on source under vacuumis known. Further, as. a typical exanple of
chemcal filmformation nethod, CVD (chem cal vapor deposition) which
forms a filmby chem cal reaction on a substrate surface or in a vapor is
known. The present exanple provides a novel filmformation nethod. 109
That is, Wk gl organic conpound naterial is evaporated from an
evaporation source in a filmformation chanber, a mnute anount of a

mat eri al gas wh%&h cgggrises, as}an ingredient, a material which is

smal | er than a pafticfe OF & RASBIERNE o ioBeRdshat f imain bedyaddoirow to
include the small atomi c radius material in an organic conpound film As
the smal |l %arOMPOTFARRLECHELRR | H0%adndofe diFRYar PATHlan BL0XKigtds sel ect ed
froma silane group gas (nonosilane, disilane and trisilane) , SiF4, GeH4,
GeF4, SnHAParfhihStar Hem §isnpagashewny in (PRp, €264 hasd 96H6) emd be
used. Before the gas is introduced inside the apparatus, the gas is highly
purified BPddvu§asipadi ey ilayrgemsdredescreenr diomlexanpiei s sieresfabytoo
provide the gas purifying machine so that after the gas is highly purified
, the ga29%i 3nFhesoddtadhent ote eaevigsdnatel dheadpsplay parkheneby suokygen,
wat er and other inpurities contained in a gas can be previously renoved.
Ther ef or e 81Eesi. slipds gitsferablprieveatst hesducapy ddneprinting by using
& substrate with one meter on a side.

As describeidAébove, the applicable range of the present
invention is extremely large, and the invention can be applied
to electronic equipments of various areas. Note that the
electronic devices of this example can be achieved by utilizing
any combination of constitutionsinEmbodiments1to3, andExamples

1l to 6.

EXAMPLE 8

In the present example, a novel film formation method is
described,

As a typical example of a physical film formation method,
& vacuum evaporation which forms a film by evaporating an
evaporating material from an evaporation source under vacuum ig
known. Further, as a typical example of chemical film formation
method, CVD (chemical vapor deposition) which forms a film by
chemical reaction on a substrate surface or in a vapor is known.

The present example provides a novel film formation method.
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from being introduced inside the.apparatus. For exanple, when a nonosil ane
gas is introduced at several sccminto the filmformation chanber in which
an-organic material 1is deposited by evaporation, SiH4 floating inside the
film formation chanber enters into a thin filmwhich is formed over a
substrate by depositing an organic naterial evaporated from the
evaporation source. Then, a small atomc radius SiH4 as it is or SiHRis
buried between relatively large particle radlUS organic nmaterial nolecul es

0,06 oo okl {1 1 Bqchie BB UARRLEL 91 IS-EUBRLELT. o,

source i s heated at about cause nonosi

emper 2 U Glahots A0 L HORP (00 BECOMRERE, DSRENg a0 21

organic materi a be " evapora reac

conpound. _Eurt . .hecause .0 en r nmoisture) slightly remaining in the
FrT for S5 b et Al o 68K 3 BompkPhef o n ancindxsdienton HoFSELRL)

which is a,factor dei\fri E‘ati ng an _organic material can be reduced in the
film formEPrSH ThaRgtf e tdon e PRELEPLfOIALNG organie cqmpound makersik to
inprove reliability of a light emtting elenent. Wen there is a spacing
bet ween t A& 'B?S%rﬁ]t?%f’eilpﬁi%ldﬁnq% 1 ateméciradiupmpfesriadsinyaent er s
the spacing to, cause deterioration. Because this spacing should be buried,
reliabiliPYy9B8PLEHeCTRYMY &ifilM-i ng el ement can be inproved by using SiF4,
GeH4, GeF4, SnH4 and hydrocarbon group gas (CH4, C2H2, C2H4 and C6H6) . As
t he above or garﬁ%thﬁts@ﬁil&@togliq\]mﬂ(ms’ material gas, one kind or a plural

kinds selected from a silane group gas (monosilane, disilane and
trisilane), SiF4, GeH,, GeF,, SnH,; and hydrocarbon group gas (CH,,

CsH;, C;H; and CgHg} can be used. Before the gas is introduced

inside the apparatus, the gas is highly purified by a gas purifying

machine. Accordingly, it is necessary to provide the gas

purifying machine so that after the gas is highly purified , the

gas is introduced into the evaporationapparatus. Thereby, oxygen,
water and other jmpurities contained in a gas can be previously
removed. Therefore, it is possible to prevent these impurities
from being introduced inside the apparatus.

For example, when amonosilane gas is introduced at several
sccm into the £film formation chamber in which an organic material
is deposited by evaporation, SiH; floating inside the f£ilm
formation chamber enters into a thin f£ilm which is formed over
a substrate by depositing an organic material evaporated from
the evaporation source. Then, a small atomic radius SiH,; as it
is or SiHy 1is buried between relatively large particle radius

organic material molecules to be contained in the film., During
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bi s-[ N (napht hyl ) - N- phenyl - am no] bi phenyl), BCP (basocuproine), MIDATA
(4,4 ,4" -tris(N 3-nethyl phenyl - N-phenyl -am no) triphenylam ne), Al ga
(tris-8-quinolinorathoal um num derivative) can be enunerated. The present
exanple is effective when formng a mxed region shown in Fig. 4 by
coevaporation, or when depositing a functional region (having an electron
transporting function). AS a result, reliability of alight emtting

el enent is inproved. 111 A vacuum degree of the filmformation chanber is

10"8 to = r._ preferabl 0-7 to 10.2. Taqrr. A dry punp,.a cryopunp,
or a turb%gﬁéﬁééglgﬁ” 5§%pe§?9§ééﬁﬁﬂq(?QPFSStl?sﬁﬁﬁﬁﬁg|5F09B8£g *QQQ&a vacuum
evaporatiQ LlLgatent . chanber connect eg with the film formation chanber.
Further, Whan & SOTTHCEE 5 RES AGEEPTRPSHFLOM tePpeRatyRe PL 8PORKE 50 tm
formation er i.s made snmall  ads tion of inpurities such as oxygen
and wat eriggdn%%%enﬁgd%e%?ﬂws.e ThB?EFB&:‘?g Ut fnPEgaripdprtexidad) t@r bal um num
mrrored b‘y el e trdol_yti C tg-?l ishing is used. Thereby, it is possible to

mai ntain & %oc]i??ﬁﬁ ey eRe Gt W B ST PLE trsForm aspEROERR- f Flakthemmat i on
chanber. . Further, a material such as ceram cs treated to reduce a pore to
ext r emel PRGAHISE RIHFER | (OTuSRd stredn slAgbE IReRpBRiniRg| 4n tbebdidnt ed t hat
it is preferred that these have surface flatness having a center |ine

aver age LSO Fhahey 46 Fartured ¢gnferm §ilon ostygenf (¢Immodisritsriedn

apparatus in the present invention wll be explained using Fig. 15. Fig.
15 shows Vgﬂ%ﬁﬁf@ctox‘ deteriorating an organic material can be reduced

in the film formation chamber and in the film. As a result, it
' is possible to improve reliability of a light emitting element.

When there is a spacing between the organic material
molecules in the film, oxygen easily enters the spacing to cause
deterioration. Because this spacing should be buried,
reliability of the light emitting element can be improved by
using SiF,;, GeH;, GeF,, SnH, and hydrocarbon group gas {CH,, C,H.,
C;Hy and CgHg) .

As the above organic material, <« -NPD (4,4'-
bis-[N-(naphthyl)-N-phenyl-amino] biphenyl), BCP
{ basocuproine}, MTDATA
(4,4",4" " ~tris(N-3-methylphenyl-N-phenyl-amino)
triphenylamine), Alg, {tris-8-quinolinorathoaluminum
derivative) can be enumerated.

The present example is effective when forming a mixed region
shown in Fig.4 by coevaporation, or when depositing a functional
region (having an electron transporting function)., As a result,

reliability of a light emitting element is improved.
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showi ng a cross sectional view of the filmformation apparatus in the
present invention. In Fig. 15, an evaporation nask 1502a fixed in contact
with a substrate 1501 by a holder is provided. Further, under it,
evaporati on source hol ders 1506 bei ng capabl e of being heated at different
tenperatures respectively are provided. It is to be noted that these
evaporation sources are provided opposed to the substrate. A materi al
chanber 1508 is a space of the evaporation holders 112 1506 conprising a

conductive netai i al.._Wien organi conmpound 1507 provided inside
is heated to a subl| ?rlg"t ?Sﬂre‘tae?r%gtrqﬁ ﬁ:"“b§°5mﬂgg?‘i‘ fPIRfFs G ylicdlly a

resi stancesheallpg ho provi ded f.or the evaporation holders, it is
deposi t ed Oovg%‘g' ur aeggg%)‘ Hi-e %%g'sqrért"grt’hr%tfﬁw PEPBri 2 5WPUH s to
be not ed n candugting the evaporation, an electrode 1502b is noved
to a posi %’?g&ntggg?emq ec&’§§'§ ﬁ'ﬂﬂ’p ﬁrfeW%g?eY £d0abot e 3% Previded £ot he
organi c conpound 1507 is provided in respective containers (typically
cruci bl e AnFEHEbEVAPPEAt bRt reatentFhambey werneetedapbtht tloh £idmnat eri al
gas is ipntroduced at several scamto contain the material gas in the

film ThetfERation chawber - ndiurtheg: cwhemta shrEpce mifl er makegasl 491 apont ai ned
inthe filmat 0.01 atonms%to 5 atons% preferably 0. 1 atons t. to 2

at ons. AsH'RREYRA cddthedilnformpsiohonainbemrss nade shaiberaddi®tione ki nd

or a plural kinds selected froma silane group gas (nonosilane, disilane
and tri sithpeyuryiies s\@iHds ogpfdn andwater canbemade small. Therefore,

stainless steel (SUS) or aluminum mirrored by electrolytic
pélishing is used. Thereby, it is possible to maintain a vacuum
degree of 107° to 107! Torr inside the film formation chamber.
Further, a material such as ceramics treated to reduce a pore
to extremely small number is used for an inner member. It is
to be noted that it is preferred that these have surface flatness
having a center line average flatness of 3 nm or less.

A constitution of a £ilm formation apparatus in the present
inventionwill be explainedusing Fig.15. Fig.15 shows anexample
showing a cross sectional view of the film formation apparatus
in the present invention.

in Fig.15, an evaporation mask 1502a fixed in contact with
a substrate 1501 by a holder is provided. Further, under it,
evaporation source holders 1506 being capable of being heated
at different temperatures respectively are provided. It is to
be noted that these evaporation sources are provided opposed to
the substrate.

Amaterial chamber 1508 is a space of the evaporation holders
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SnH4 and hydrocarbon group gas (CH4, C2H2, C2H4 and C6H6) can be used. The
filmcontaining an organi c conpound fornmed using Fig. 15 contains the
material gas or the main ingredient of the material gas, and
oxygenandnoi st ur ear ehardtoenterthefilm Therefore, a light emtting

el ement using this filmcontaining the organic cbnpound is inproved in
reliability. Further, when conducting coevaporation by evaporating a
plurality of different materials, two kinds of organic conpounds 113 are

si mul t anepysd Vi Qsated apdathe; abav tecial gas js _introduced to form
a nixed region c#nt ailn}gng ?ﬂéd‘tl% ‘ieln §:ao ma&?ﬁ%\ﬁ?t c‘,’%‘r%‘oﬁ?d?rgﬁﬂl?he
mat eri al él1 in_in regi nt . of the material gas. Further, after
evaporati%%aléqcfci’{én |$§ oPﬁgﬁ?ge oﬁﬁ‘&}ﬁ,ﬁ, thehegbedndCoryafudBRs36Rd i s
evapor at ed under thebsanﬁ*e%gporation at nosphere and t he above materi al
gas is i nt PRI EoPY o7 e tiRoxBaaRe of BIPisalided Teigtange hgatinsnal
regi on and the second_ functional region. In the present exanple, the first
organi ¢ EHSUNETOY1dsHoFPT ckhe e vVineFasden  beldekhc d thdat dsgosadethe fir st
shutter 1509 is opened during the evaporation. Thereby, it is dispersed
toward t HVSUBsEPEtace of £he SuRgtratife threagh (anorigaiionr egirisskown in
Fig. 4A can be fornmed. Next, the second shutter 1519 is opened for the
evapor at i hiebed dhgtahan eandegt g tharave@oratiohoam aecbreode 1882begi on,
the m xed region may have concentration gradient. Further, the present
i nvent i orig moved to a position where it does not prevent the evaporation.

Further, the organic compound 1507 is provided in respective

containers {typically crucible and evaporation boat).

Further, during the evaporation, a material gas is

introduced at several sccm to contain the material gas in the

film. The material gas or main ingredient of the material gas

is contained in the film at 0.01 atoms% to 5 atoms%, preferably

0.1 atoms% to2atoms%. Asagasintroducedinto the filmformation

chambjer 1503, one kind or a plural kinds selected from a silane

group gas (moncosilane, disilane and trisilane), SiF,, GeH,;, GeF,,

SnH, and hydrocarbon group gas {(CHy. C,H., C.H, and CgH:) can be

used.

The film containing an organic compound formed using Fig.15

contains the material gas or the main ingredient of the material

gas, and oxygenandmoisturearehardtoenterthefilm. Therefore,

a tight emitting element using this £ilm containing the organic

compound is improved in reliability.

Further, when conducting coevaporation by evaporating a

plurality of different materials, two kinds of organic compounds
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applicable when a material capable of converting a triplet- excitation
energy into a light emssion is added to the m xed region as a dopant.

Furt her, when conducting coevaporation, it is preferred that directions of
evaporating organi c conpounds are crossed at a position of an object to be
evaporated so that the organic conpounds are m xed with each other.
Further, an adhesion prevention shield 1505 is provided to prevent an
organi ¢ conpound from adhering to an inner wall of the filmformation

chanber dycpn QR? ion.  13.4 Further,  because the .evapqgrat.ion

hol der 15%%%?’%‘5}?%@%}{\,\,, %11%} hegfaa’[plonrﬁltr?ga%gdsﬁce aag’ogehé“a tgrrila\si %Sseld's to a
hi gh tenperature it i referred that it i s covered with eat
insulatinénﬁﬁféﬁ?%ﬁ to £0F™ EuPERRY T Eiﬁﬂn§° lBénaeﬂ%?aﬁﬁﬂaTiﬁé%(ﬂgd t hat
it does not _ippart danmgge t he fil mcaqntaining, organic conpound. It is
possi bl e PEOHBRE S A" fe FHE PR 41y 61 AF) bRE HASKS rHORE o ect ed
wi th ahigh fg@gue cy paower source 1500a through a capacitor 1500b and an
el ect r ode®is .m4§§%4ﬂ$'?aﬁhosphine gas may be introduced in addition to
nonosi | ane. Further, instead of nonosilane, AsH3, B2H2, BF4, H2Te,

Cd( CH3) 2, zn( cH3YEhereahtamevepaea t g shefinat aLganks CoppeYRa. thheet hyl

gal liumcan be_used. The present exanple can be freely conbined with either
one of EhReeREerganicieepoynd I gNppesated anferpche sgmsevaperitiaivent i on,

whil e a substrate being heated
atmosphere and the above material gas is introduced to form a

mixed region between the first functional region and the second
functional re'gion. In the present example, the first organic
compound is vaporized by previous resistance heating and the £irst
shutter 1509 is opened during the evaporation. Thereby, it is
dispersed toward the substrate. Inthisway, the first functional
region shown in Fig.4A can be formed. Next, the second shutter
15192 is opened for the evaporation to form a mixed region.

Further, in forming the mixed region, the mixed region may
have concentration gradient. Further, the present invention is
applicable when a material capable of converting a triplet
excitation energy into a light emission is added to the mixed
region as a dopant. Further, when conducting coevaporation, it
is preferred that directions of evaporating organic compounds
are crossed at a position of an object to be evaporated so that
the organic compounds are mixed with each other.

Further, an adhesion prevention shield 1505 is provided
to prevent an organic compound from adhering to an inner wall

of the £ilm formation chamber during the evaporation.
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I n vacuum deposition is carried out and filmwth a desired thickness is
formed, so that an organic conpound |layer with a high density and a high
purity can be formed. Further, according to the invention, while a
substrate being heated in vacuum deposition is carried out a plurality of
times, so that nol ecul es between respectively neighboring | ayers are
fitted better. Especially, in the case of formng m xed regions, the

nol ecules in the mxed regions are fitted better. Consequently, the

Gotor 19 w0l srogusenebe vdealeasat Lubhlel Alifnolder VaBeTAAdERRarn | |

deterioration can be s g to The Tnv

o101 B BRI SRR e B ROPSDL S L, B, O Breal o

i n vacuum bef ore i on, anneali hg

formati on, | i LN, vacuum after filmforpation to result _in

oo overt FSPrRRAR AR At Y S dRaR et bt pheat Thgn et fn beRerbaL

depositiﬁ‘%0 terials adhering to jigs installed in the inside of the film
P

formatio paratus and inner wall of the filmformation apparatus can be
renmoved mﬁthou% exposing themto the atnospheric air. 116 Wiat is cl ai ned

is: 1. A cl eanf Bt h&F2FBR Mahbei SRp e tadREPkidefibatdit faas e to a

filmformation chanber provided with a deposition source, said nethod

conpri si A§Pa&FedATAGS at treidke iHiWheopitedrisgnar gonie eemraurgt. aft is
possible to generate plasma between the evaporation mask 1502a
connected with a high freguency power source 1500a through a
capacitor 1500b and an electrode 1502b.

Further, phosphine gas may be introduced in addition to
monosilane. Further, insteadof monosilane, AsH;, B;H,, BF,, H,Te,
Cd{(CH;),., Zn(CH3)», (CH,y)3In, H.Se, BeH,, trimethyi gallium or
triethyl gallium can be used.

The present axamﬁ)le can be freely combined with either one
of Embodiments 1 to 3 and Examples 1 to 7.

According to the invention, while a substrate being heated
in vacuum, deposition is carried out and film with a desired
thickness is formed, so that an organic compound layer with a
high density and a high purity can be formed.

Further, according to the invention, while a substrate being
heated in vacuum, deposition is carried out a plurality of times,
so that molecules between respectively neighboring layers are
fitted better. Especially, in the case of forming mixed reglons,

the molecules in the mixed regions are fitted better.

Consequently, the driving voltage can be decreased further and
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inner wall of the filmformation chanber or an adhesion prevention neans
inthe filmformation chanber for preventing filmformation on the inner
wal | by generating plasnma in the filmformation chanber to renove the
organi ¢ compound adhering to the nask or the inner wall of the film
formati on chanber or the adhesion prevention neans, wherein said plasm is
generated by exciting one or a plurality of kinds of gases selected fromF
and 0. 2. A nethod according to claiml1; wherein said plasna is generated
(1 the i b N0f (k0 BRTLRL o DAL YEE L Wiphro8Bdaan el ect rode provi ded
bet ween said mask and said deposition source by applying a high frequency
electric fiel gfdn3dl dalRekalAgEXE! kReONGvRhERoR! UER! Kl Y iQlg1le! 345 mOf
gases selected fromF and 0. 3. A nethod according to claim1l wherein the
adhesi on ' S [ ptign ent j 4. A
LORRIE] WBRAR, | FEUTE 1S HOSHIBE L8 0cRERY MM Wbl

L 0
met hod acc rm 1 her ctonprising scann m on

th Kk t i LL.of.the, filmf t . adhesi
prevent i i HEATEM BT AR S PR T e S ot aandr PG bE T sk or
th i |, of the filmf ti h t dhesi ti
moans. | n BPHH G cPR AR LS ALY PR FAREF SILFAGEM LT ERES
formation  chanber or the_adhesion grevention nmeans. 5. A nethod according

to clai m¥ vHEPRYFMRE QdnhE8PoRRToughput.

Further, according to the invention, deposition materials
adhering to jigs installed in the inside of the film formation
apparatus and inner wall of the film formation apparatus can be

removed without exposing them to the atmospheric air.

116



prevention means conprises a deposition preventing shield. 6. A nmethod
according to claim1l further conprising heating the mask to evaporate the
organi ¢ conpound adhering to the nmask in order to clean the mask, and
circulating a cooling nediumin the mask in order to cool the mask. 7. A
met hod according to claim®6 wherein the cooling nediumconprises a cooling
wat er or a cooling gas. 8. A nethod according to claim6 wherein the
adhesi on prevention neans conprises a deposition preventing shield. 9. A
met hod according to claim1 further conprising heating the adhesion
prevent i onWhainisholafmed Sy jc heating wire to evaporate the organic
conpound adhering to the adhesion prevention neans in order to clean the
adhesi on prevention neans. 10. A nethod according to claim9 wherein the
adhesi on preveAtioheasars oefprdsefon depusiinicon apr eostignhg stimepaind 11. A
met hod accordin oclaim?2 rej ; JAsk, conDr | - al._ .and
cross-sectﬁgﬁeg n%he%ﬁasﬁ ig¥fﬁap£$5%£€ﬁ ch %£§0&&&E§ with
"deposition source, said method comprising:

cleaning a mask in the film formation chamber or an
inner wall of the film formation chamber or an adhesion
prevention means in the film formation chamber for
preventing film formation on the inner wall by generating
plasma in the film formation chamber to remove the organic
compound adhering to the mask or the inner wall of the film
formation chamber or the adhesion prevention means,

wherein said plasma is generated by exciting ocne or a

plurality of kinds of gases selected from F and O.

2. A method according to claim 1; wherein said plasma 1is
generated in the film formation chamber between said mask
and an electrode provided between said mask and said
deposition source by applying a high frequency electric
field to said mask to excite one or a plurality of kinds of

gases selected from F and O.

3. A method according to c¢laim 1 wherein the adhesion

prevention means comprises a deposition preventing shield.

4, A method according to c¢laim 1 further comprising
scanning a laser beam on the mask or the inner wall of the
film formation chamber or the adhesion prevention means to
evaporate the organic compound adhering to the mask or the
inner wall of the film formation chamber or the adhesion

prevention means in order to clean the mask or the inner
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wall of the film formation chamber or the adhesion

prevention means.

5. A method according to claim 4 wherein the adhesion

prevention means comprises a deposition preventing shield.

6. A method according to c¢laim 1 further comprising
heating the mask to evaporate the organic compound adhering
to the mask in order to clean the mask, and circulating a

cooling medium in the mask in order to cool the mask,

7. A method according to c¢laim 6 wherein the cooling

medium comprises a cooling water or a cooling gas.

8. A method according to c¢laim 6 wherein the adhesion

prevention means comprises a deposition preventing shield.

9. A method according to <c¢laim 1 further comprising
heating the adhesion prevention means by an electric heating
wire to evaporate the organic compound adhering to the
adhesion prevention means in order to clean the adhesion

prevention means.

10. A method according to claim 9 wherein the adhesion

prevention means comprises a deposition preventing shield.
11. A method according to claim 2 wherein the mask

comprises a metal and a cross-section of the mask is

tapered.
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