18 DEC 2006 LIGHT EM TTI NG DEVI CE, METHOD OF MANUFACTURI NG THE SAME, AND
THI N FI LM FORM NG APPARATUS BACKGROUND OF THE I NVENTION 1. Field of the
Invention 5 The present invention relates to a thin filmform ng apparatus
used in manufacturing a display device that has an EL 18 0EC 2008
(el ectrolum nescence) elenent (the device will hereafter be called a |ight
em tting devild&}H Tt EMI EINGHDEVIGENMEEH® Dn@FaMA YRIF AG T URIN GeVEde
using the film form ng apparatus, and to a light emtting device

manuf act ured by the AN ANDZIHEN BILMIEORMES(E BRI AR ATTUYht emi tting
device having an EL elenment as a self-lumnous element are flourishing in
recent years. The one that attracts attention nost is a |light emtting
device using an organic material as an EL material. The light emtting
device is also called an oBgaDKCGRELUNBDEDAYTIEENDYERIT &N or gani ¢ | i ght
emtting 15 diode (OLED). The light emtting device is characterized by
havi ng no vi ewi ng-angl e-rel ated problem because it is self-|um nous unlike
liquid crystal display devices. This nakes the light emtting device a
nore suitablie feilgpifare T@Ferudrdoor use than liquid crystal displays, and
various application nodes for the light emtting device have been 20
proposed.; An EL "BhemRident Sinconnes edlats ao paithiroffilel eshiiadeganguanadld myer
sandwi ched between the el ectrodes. The EL | ayer usually has a | am nate

strueture typis@hcrukink BdidFay 00&e cRxalim & BE (WBteblhinsinehReppRsachiiyhdang
et al. of Eastman Kodak Conpany and conposed of a hole transporting |ayer,

a light em tdehn@ kayehera@draBe ebHRLr AN light emitting device), to a method of

manufacturing a light emitting device using the film forming apparatus, and to a

light emitting device manufactured by the method.

10 2. Prior Art

Researches on a light emitting device having an EL element as a self-luminous
clement are flourishing in recent years. The one that attracts attention most is a
light emitting device using an organic material as an EL material. The lightemitting
device is also called an organic EL display (OELD) or an organic light emitting

15  diode (OLED).

The light emitting device is characterized by having no viewing-angle-related
problem because it is self-luminous unlike liquid crystal display devices. This makes
the light emitting device a more suitable display for outdoor use than liquid crystal
displays, and various application modes for the light emitting device have been

20 proposed.
An EL element is composed of a pair of electrodes and an EL layer sandwiched

between the electrodes. The EL layer usually has a laminate structure typical



transporting layer. This structure has so high a light emtting efficiency
that it is enployed in alnost all of light emtting devices that are under
devel opnent at 5 present. \When a given voltage is applied to the Et I? %ﬂﬁ
structured as above by a pair of electrodes, reconbination of car EQ g

takes place in the light emtting layer to emt. [light. On one hand, there
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emts Iight matrix method in which EL layers are placed between pixel electrodes that are
connected to TFTs and arranged in matrix and opposite electrodes

A general EL element is formed such that it emits light toward a substrate side
on which TFTs are formed when viewed from the EL element side (this is called a
15 downward (bottom face} emission type).

In the downward emission type, a pixel electrode formed on a substrate thar
has TFTs formed on a quartz, glass or other insulating surface {hereinafrer referred
to as TFT substrate) is an anode, and is formed of a Eigh‘t—transmissive conductive
film such as an alloy film of indium oxide and tin oxide (the alloy is called I'TO} or

20 azinc oxide film. An EL layer is formed on the pixel electrode, and formed on the
EL fayer is an opposite electrode that serves as a cathode and is formed of a metal
material having a small work function. Patterning of the pixel electrode is required
in forming the pixel electrode and, in this case, patterning by photolithography is

usually employed. The opposite electrode is formed by evaporation that damages

25  the EL layer less.



toward the substrate side viewed fromthe EL el enent, nanely, the downward
em ssion type, is limted in aperture ratio because of the structure of the
EL element. 5 Then, expectedly, the aperture ratio is raised by Tﬁhﬂg A EL
el enent of the type that emts light toward the opposite side of "t
substrate viewed fromthe EL elenment (hereinafter referred to as an upward
(top face) em ssion type). The upward em ssion type EL el enent has an

el enent structure reverse to that of the dowward em ssion type EL el enent
and is manufactured differen Hg@@ m ssion type. First,
its pixel electrode forned o iV $@fﬁjﬁfa cat hode and
cannot be patterned by photolithography unlike the case where the pixel

el ectrode i s an anode. Photolithography cannot be used because a
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10 downward emission type. First, its pixel electrode formed on a TFT substrate serves
as a cathode and cannot be patterned by photolithography unlike the case where
the pixel electrode is an anode. Photolithography cannot be used because a
conductive material of the cathode which has a small work function forms an oxide
film to give an insulating surface to the pixel electrode.
15 On the other hand, if the pixel electrode is formed by evaporation using a
metal mask, positioning of the metal mask having a fine mask pattern requires such
a level of accuracy that has not quite been achieved yer. Therefore it is demanded
to raise the accuracy in positioning the meral mask to pattern the pixel electrode by
evaporation.
20 On the pixel electrode, an EL layer is formed. An EL material for forming the
EL layer is extremely weak against oxidization and the slightest amount of moisture
can easily accelerate the oxidization to degrade the EL material. Therefore a

method of inhibiting degradation of the EL material is demanded.



5 The present invention has been nmade to neet those demands and an obj ect
of the present invention is therefore to provide a thin filmformng
apparatus that is nost desirable in formng an EL el ement of upwagd)( 7066
eni ssion type. Another object of the present invention is to provide a

met hod of manufacturing a highly reliable Ilight emtting device by using
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The main purport of the present invention is to manufacture a light emitting
device by using a multi-chamber type (also called a cluster tool type) or in-line type
thin film forming apparatus integrating means for patterning a pixel elecurode

15 {cathode), means for forming a thin film of an EL material, and means for forming
an opposite electrode (anode), which are required in forming an upward emission
type EL element.

According to the present invention, the pixel electrode of the EL element is
formed by evaporation and patterned into a desired pattern using a metal mask.

20 When the evaporation is made using a metal mask of fine mask pattern, higher
accuracy is required in positioning the metal mask with respect to a TEFT substrate.
Furthermore, it is important that the distance between the TFT substrate and the
metal mask is shorter.

The presentinvention therefore places a CCD (charge coupled device) known

25 asanimage sensor in a film forming chamber for forming the pixel electrode. Using



5 oxide filmis fornmed to render the pixel electrode insulating. Therefore
an EL layer is fornmed w thout exposing the TFT substrate to the air after
the pixel electrode is formed. The EL layer is formed in vacuum lfiobt@flEL
material formng the EL layer is also weak agai nst oxygen. On the EL

| ayer, an opposite electrode is forned froma light-transm ssive 10
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of a thin fil ormnga according to I rent
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appar at us accor di ﬁ? -E B“nent 2; Fig. 3 is a diagramshow ng the

structure of a té]n Qhalﬁ w;%g mnh%vaspfir EH%d? ??&%% ﬂgmt %Qﬁm{gﬁmﬂ\%

Figs. 4A and 4B are struct ure orm ng

10 conductive film but the EL layer could be damaged when the opposite layer is
formed. The present invention solves this problem by forming as a passivation film
a metal thin film having a high transmittance on the EL layer.
Then the opposite electrode serving as an anode is formed on the passivation
film that covers the EL layer. Desirably, the passivation film and the opposite
15 electrodes are also formed without being exposed to environment that contains
moisture and oxygen. It is therefore desirable for the means of forming the
passivation film and the opposite electrode to be mounted to the same thin film
forming apparatus.
The present invention meets the above demands with a multi-chamber type
20 thin film forming apparatus and involves a technique for manufacturing a highly

reliable light emitring device by using the thin film forming apparatus,

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a diagram showing the structure of a thin film forming apparatus



apparatus according to Enbodiment 4; Figs. SA to 5F are diagrans showi ng a
process of manufacturing an active matrix |ight emtting device of

Enbodi ment 6; 10 Figs. 6A to 6F are diagrans showi ng a process of e aann
manuf acturing an active matrix light emtting device of Embodi nehi | ?EZMB
Figs. 7TA to 7D are di agrans shomnng el ement structures in a Light emtting

device of E nt,.. | s. 8A to 8H are diagrans show ng exanpl es
of electri c%%aﬁf&ge%ma%ﬁqi bodi rrent 9. DETAILED DESCRI PTI ON OF THE
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9 Raiil IS ohit LlnlLE)lHU device of Embodiment 6;
10 Figs. 6A to 6F are diagrams showing a process of manufacturing an active

matrix light emicting device of Embodiment 7;

Figs. 7A to 7D are diagrams showing element structures in a light emitting
device of Embodiment 1; and

Figs. 8A to 8H are diagrams showing examples of electric apparatuses of

15  Embodiment 9.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

Modes for carrying out the present invention will be described in dertail

through Embodiments below.

[Embodiment 1]
20 A thin film forming apparatus according to the present invention will be
described with reference to Fig. 1. Shown in Fig. 1 is an apparatus for

manufacturing a light emitting device to the point that an EL element composed of:

6



10 Denoted by 103 is a first transferring chanber that includes a nechanism
105 for transferring a substrate 104 (hereinafter referred to as a first
transferring mechanism. A robot armfor handling a substrate isggpkimg of
the first transferring nechanism 105. Reference nuneral 106a indicates a
gate. The first transferring chanber 103 is connected to a plurality of

filmformn 15 chanbers (denoted by . 107 to 1Q9) t ugh gat.es 106b..to
1064, and |2 RoEheerBaar sct BONRbeBa R rsbarc ! LA N ET R 4 ¢ o
seal ing processing.through a gate 1.06e. A gate 106f connects.the firs
Cranst orr1 g RRAHE L CT03b Pa Sl ondtnY Aaer O o CHabbl 22 WA eHISS
connected to _a_third transferring chanber 2 through at e, 106g. The
Chira transrarfiig CHARBER. & 15 oRae A LEond Tt sk e v 5b ShaeRghr s 13,
The third trangferning-ghanberllg is connected to a plurality of film
forming chafberssd48749 & $BFPHhi ng EL | ayers through gates 106h to 1061.
These plural film.form pg chanbers called EL.layer form ng chanmbers
11,4 01 this  sPBOI#T CAFIORIC IR B] SFRaics arlBaPaErgmbe: id iy fin o
form ng chanbers, the transferring 7 1BDLE?&16 chanbers, and th -

by oceasi g CRENB e Ut et Ay emlipohrmsT on anoiror 18 s evdias
106a to 1061, Therefore each chanber has an airtight space, The i.nterior of
the chanber & FaM1Et ! (ol BGCEAPHESS dFOSH'c BREREHT & &&b@aﬁ%ﬂ%ﬁ%reﬁhe
Speci fical | ,r$he Ere sqrﬁlin t he ch?ngers is ke_t_reducedqaf}l x .10-6 to 1
x 10-1 5 Tortdlingrdatphendinldpar ke daidgeiaintPara BlﬁyﬁﬁP%@FH’ﬁﬁuﬁﬁﬁanHﬂ
form ng chanbers, the transferring chanbers, and the processing chanber
with vacuumBtip®! SEREBIE SUPARalh? Burps i ncl ude an oi | rotary punp, a

mechani cg|l booster punp, % turbonol ecul ar punp, and a cryo punp. O se
punps, a]%cr yo pﬁed}( Lgmélyel aris st transterring ¢ 1;11%@17 that includes a mechanism H]io

for transferring a substrate 104 (hereinafter referred to as a first transferring
mechanism). A robot arm for handling a substrate is a kind of the first wansterring
mechanism 105. Reference numeral 106a indicates a gate.

The first transferring chamber 103 is connected to a plurality of film forming

15 chambers (denoted by 107 to 109) through gates 106b to 1064, and is connected to
a processing chamber (a sealing chamber) 110 for sealing processing through a gate
106e. A gate 106f connects the first transferring chamber 103 1o a sccond
transferring chamber 111, which is connected to a third ransferring chamber 112
through a gate 106g. The third transferring chamber 112 has a second transferring

20 mechanism 113.

The third transferring chamber 112 is connected to a plurality of film forming
chambers [15-119 for forming EL layers through gates 106h to 1061, These plural
film forming chambers are called EL layer forming chambers 114 in this
specification.

25 In the structure of Fig. 1, the film forming chambers, the transferring



10 because it is effective in renoving noisture. The chanber denoted by 107
is a netal material evaporation chanber for depositing a netal nateri al
evaporation. There are two enpl oyabl e evaporati on nethods: one |50ig Mﬁe
resistive heating (resistivity evaporation nethod: RE nethod) d
other is to use electron beans (el ectron beam nethod: EB nethod). In this

15 enbodi men am%t §§'i@lfle %L%}‘%ﬂﬁlﬂil%ﬁ. E’?ltnﬁ&‘{ln ?9 u%@ﬁ%ﬂld&ﬂ nd 1 che

expl ai ned. plxe ect e el®ectrically connec on a
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The pixel efectr ormed int embodi rent is a cat ho Thi s neans

that the pixsl glasiede 1as b odecLoriReybEom AnRkal ehemnt ou20 ahal 1

suitable to Torma cat hode, nanel y, a rreta in refl ectance and

Low N sheek, Legls1anAe prlil 2o GIROALIRALHSE %L W, gmm xOlher 1Bl gpisal s

such as chr I's an oy o n oxi de and i ndium oxide
may be u%ed d stead. Yb that is a transition netal is also a materi al
sui tabl e for e pi xel electrode 25 (cathode) because a material having a

smal | work f unCt[‘h?Wdc%IuH{ f{f ﬁ{ %tqggalgc gmcg b%’fp%)\lf?ﬁgx L00G; T RERH )aé 1391ftbc,1 he

pi xel el ectrode by evaporatlon

sputtering. t%tmhéfﬁu%@ﬁ%n@% angd g@%ﬂ‘?&:sﬁﬁc cﬁ nlﬂﬁ&%f%tﬂ VBQ\Ian?nl ey R M%llb

el ectr ode. eria ration

chamber 107'\7181111 eg@;%g)r a%n(,?uc (> QYN 59 (ﬁatgp rp?m 1D, atl)m%@ﬁntu?apg) g[@é' ﬂﬁgp be n the

chanber . ura eva oration's

P xel rg{ng}]ggl%ggthé fhepemhog J“%'&E (aﬁu\esfs SHRE Bl higden cLbepixg), m,fum

eac at COI’]St Itutes one

EL el egnt hotX y{yg\{% ? Lﬁ%CH‘\% @y lﬁ(r)‘{ 1’?{: meeaa |y for ns an oxide film by

its nature “an erning ography is not suitable for an
al um num or titgM.UM, . her denoted by 107 is a metal material evaporation chamber for

depositing a metal material by evaporation. There are two employable evaporation
methods: one is to use resistive heating (resistivity evaporation method: RE method)
and the otheris to use electron beams (electron beam method: EB method). In this
15 embodiment, a case of employing the RE method for evaporation will be explained,
A pixel electrode electrically connected to a TFT on a substrate is thus formed in
the metal material evaporation chamber 107. The pixel electrode formed in this
embodiment is a cathode.
This means that the pixel electrode has to be formed from a metal element
20 that s suitable to form a cathode, namely, a metal element high in reflectance and
low in sheet resistance. This embodiment uses aluminum but other materials such
as chromium or ITO that is an alloy of tin oxide and indium oxide may be used
instead.
Yh that is a transition metal is also a material suitable for the pixel electrode

25 (cathode) because a material having a small work function is preferred as the

8



10 pixel electrode. Then this enbodi nent enpl oys evaporation using a netal
mask in the netal material evaporation chanber 107 to forma finely
structured pixel electrode. The nmetal material evaporation chanberg 407905
upon formation of the pixel electrode is set to a vacuumstate
specifically, to | x 10"6 to 1 x 10,5 Torr and is kept 15 to that state
during film Tn%t&‘ldl%f%@g&%ftl%@ rolipe T9at ﬁxé{%&tt&t&!ﬂ‘?ﬁgg {S{%HLLPB% LY hﬁ)h)flhtltsnl

formng processing t et el shut e evaporati on chanber first

transferring.c ‘?{nolqg thﬁ%nttlgc‘%tnﬂ & d ﬁ ¥0ﬁ is @Fulpﬁo ﬁz\{'ﬁpt‘?{e?&ﬁ% tc&tggm:er
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mat eri al evapo ation as an a t'hon

t he posi tljon LS ];m&)cg}q{}w&&eltn%ééﬁ }{]g{n[{ent mar ks respectl vely marked on

the "TFT substra € an mask in advance are observed and

positioning is $§%ELQK Qgcalgﬁggeﬁhgeéﬂ%ﬁﬁn%gt%:@uPﬁ? %QHQXR‘¥E%85?'th

direction, the Y axrs rect | ion direction such
ARt o LI TR P9 P Pt o
(rom T o L S P P98, TR Bl
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having a | arge r n-such 'or the' ca

to reduc %t Pﬁ V\P(., (yﬁq‘CtT ﬁcn 11% L. ﬁ)()d%%lbl?g(,ﬂl*) QY C\’%g(( 3}18{1)(}51?1'0&1 %{,Qﬁi Y{SE n

f or med & plxe or e e also
requires theusg of macerial evaporation chamber 107 to form a finely structured pixel

or ned

electrode.
The metal material evaporation chamber 107 upon formation of the pixel
electrode is set to a vacuum state, specifically, to 1 x 10° to 1 x 107 Torr and is kept
15 to that state during film forming processing. The gate 106b is closed during the film
forming processing to completely shur the evaporation chamber to the first
transferring chamber 103, so that the pressure in the evaporation chamber is
controlled.
When a pixel-size selective film formation is carried out using a metal mask
20 and the metal mask has a fine pattern of about 10 to 100 pm, high accuracy is
required in positioning the mask with respect to a TFT substrate.
For that reason, the present invention provides the metal material evaporation
chamber 107 with a CCD as an alignment function for the positioning. Through
the CCD, alignment marks respectively marked on the TFT substrate and the metal

25  mask in advance are observed and positioning is made by moving a stage in the X
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10 the CCD in positioning, simlar to the formati on of the pixel electrode.
A netal material suitable for the auxiliary electrode is: a Goup | el enent
in the periodic table of |ong period el enents, such as |ithium sadibidd)s
potassium and cesium a Goup 2 elenment such as nmagnesi uny or an oxi de or
fluoride of those elenents. Being insulating, the oxide or fluoride is

preferabl y f I k 0va_ 15 degr.ee that,a tunnel cuyrrent i_s~ ener at ed,
speci fical | y% ﬂ{‘E{l%& n{'e\sfsd"({)1 ‘a%gEP“ q%(? e éZIPWr]iO“ “b‘i[éié{h'r“é(‘ ﬁép%tl at?“i | m
such as I|th| t cetonate i ac can so he  used. as ary
el ect rode mat &y nn (lne[ ¥‘ﬁ f ﬂ“ﬁ%li' “éhh&ﬁ%} ?)U Flan 1Lh\“e*tﬂ di:é@b? CaHb &PO%X%
terns of reS|stC| \ﬁltth% g e is formed to have a thickness of about 5 20
nm The cat HoUe i 0%8 &4Y6f a 1 aminate of the pi xel el ectrode and the
auxiliary el ectggde as de cribed a ovef to t?ereb adj ust the work
function of the Wuﬁ&eﬁtﬁi 31?’ CEEOAC & TPl ged AN<Ahpl HehBapP o Cal et al
mat eri al for the el e trode and 25 | e boat .of met al
material 1 orltQrMng: HenBiss g ehaetrane HavBbeo e 0 e He Dbt DEGH
placed in the taI terlal oratl n_.cha EL | rs are forned
Pext i the B S0t PR (CHARGELS on 4 et ot bed e PRGBS wmﬂom
EL | ayer form nﬂ [ anb ras, a TI\am nat e i.ncl ud% %/gln{h jjéﬁ @I on a
hol e t r anspdt PR dFeMe 4 IRigke Bikor IIPICHSHIS&? A ) o ‘rﬁh‘éb’d
| ayer, 5 and_an el ectron injection. | a |t|ont a li emttln
| ayer’ can al¥aoHE CGrH VPR b omgae H}Odlc‘i—oFltja%i\d #ﬁt‘-é‘rﬁ%aqdé If 8%1m<~dg
formng a hole,in tion layer, a hole tran portln hol ¢ bl ocki ng
| ayer, an eI At ]t‘"diﬁ‘“t r%l%ﬁﬁﬁt ﬁf‘r@“?“é?é‘r()f%ghdux Akt lee ? Xgﬂj“é&ﬂi“@th et as
wel | as material for form L emttin yer, are called
EL material %le RS N e W AT © g%srgminﬂgpﬂdg Eh Q lecte:
A metal material suirable for the auxiliary electrode is: a Group 1 element in
the periodic rable of long period elements, such as lithium, sodium, potassium, and
cesium; a Group 2 element such as magnesium; or an oxide or fluoride of those
elements. Being insulating, the oxide or fluoride is preferably formed thick to a
15 degree that a tunnel current is generated, specifically, to a thickness of about 0.5 to
2 nm,
An organic metal film such as lichium acetylacetonate (Liacac) can also be
used as the auxiliary electrode material. The film is conductive and hence causes
no problent in terms of resistivity when it is formed to have a thickness of about 3
20 nm.
The cathode is composed of a laminate of the pixel electrode and the auxiliary
electrode as described above, to thereby adjust the work function of the cathede to
2.5 1o 4.0.

Therefore a sample boat of a metal material for forming the pixel electrode and

25 asample boat of a metal material for forming the auxiliary electrode have to be
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10 netal conplexes such as a tris (8-quinolinolate) alum num conpl ex
(hereinafter referred to as Alg3), a his (benzoquinolinolate) beryllium
conplex (hereinafter referred to as BeBgz), and a tris (2-phenyl pyridine)
iridiumconplex (hereinafter referred to as Ir(ppy)3). The fil mifSdiii #igh
chanbers of the EL Iayer form ng chanbers 114 respectively 15 have on
their side f observi ng how EL

mat eri al deploéﬁlt“l %%gl(’ mbBJi(l H%@f’lszlr%‘ﬁ%‘i"r?&‘%fu%F%@“@‘rl ﬁ%e apparatus. The
t I th f d t b he .wi nd )
Thi o makes 11 padelbEB S owi@ﬁ%@? s ks RO E b PR e Lea?ﬁ“%ﬂnﬁﬁf
lly. Eagh of the fiil f h
evapor at | on ToAPRLs gyt 1arehIR wfﬁ%ﬁfmw Rl A oo 1 m
f i h l. bl.e t .
di fferent 233 b Nt A En e kﬂﬁtleaiwﬁ’%ﬁ@ﬁ%@ﬁc 21 eheutidsstrpiian grven o
this enbo is,of a case, V\/n re a | ow. nol ecul i‘g.ht conmpound used
as the | uti Hous At @rTell ki TGtan iRLUTTARS doffits bR 0t 15T o halEct ar
i ght d f ted b t 25. ev. t
T L LR LR RS B YRR o 0 T3, yeRaray on
DEC 2006 In ¢t |s enbodi ot,h l ﬁers t hat c?nstltute the E Iayeri
than the |1 gHECHERPag e Ayt Saret L EETHShHen by B ARTBH L

enbodi nent Qlesclrlbes a.case in which a red I| ht emtt| 9( Ialyer (r d Ek
layer), a gréeh“rHght mé‘rhttoﬂ MY CELAY 70 A5 §rigBRNRYS MHRFers %\n%l“%\ 1@, i"ght

emtting 5 |1:‘1|1‘1 ay (n l'I:' t yer%” IfI C[[;g evapor | on i, il f)f\e1 rent
{71 m o ng e e Tt R ST &1 g CoHarBEr 11 2 P NS AR CrEd £ o
ared E yer Lorm Tg% ch1 moer i thrlouH )fg(g_%ate 106h, 1Ioa( %rLe]en_,\_
layer fohi G- @haRBEIC EL61C fp Gugh €ra igariao e T UHH o 4 Bice B &Y
Form ng Chaqgi%rreglll?o ta? ' q?), a Ig1s avenzoqumolmolate) beryllium complex (hercinafter
referred to as BeBag,), and a tris (2-phenylpyridine) iridium complex (hereinafter
referred to as Ir(ppy) ).
The film forming chambers of the EL layer forming chambers 114 respectively
15 have on their side faces windows (102a to 10Z¢) as means of observing how EL
material deposition is going from the outside of the apparatus. The materials in the
middle of deposition can be observed through the windows. This makes it possible
to check whether the film formation is carried out normally. Each of the film
forming chambers can have a plurality of evaporation sources so that a plurality of
20 layers are formed in one film forming chamber. Specifically, it is preferable to set 1
through 8 different evaporation scurces in each chamber.
The description given in this embodiment is of a case where a low molecular
weight compound is used as the luminous material. A luminous material composed

of a low molecular weight compound is preferably deposited by evaporadion, and

25 evaporation devices are therefore provided in the EL layer forming chambers 114.
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10 106j. These EL |l ayer form ng chanbers each have to be provided with a
plurality of sanple boats for storing different EL naterials in order to
forma lamnate. Specifically, it is preferable to place 1 throuQEB?E‘Yﬂﬁ
different sanple boats in each chanber. The red EL |layer is forne 'F
inthe red EL Iayer forning chanber 1 15 of Fig. 15 1. In this enbodinent,
an el ectron emttin

h : dahole . .
transpor t1 ng' ) i SRR w LR B R BB AR Fgms
First, Alga 's F $ lectron transporting |ayer to a thlckness
of 20 nm byqet/la?%rq}to oRme h’é’ quaﬂt'ifé?ﬁm ng layer is formed next. In this

nmbodi t, d li t
into a filmby u ﬂvﬁgméb%gnﬁ@t\ge i e b e etéhatgygsw e
e e SRR R L oy YA 30 PTG 81

t I b ht Al
Thi cknoss: ofkHav T UL dif diaie aylrirarivea Hareird B arefisi P50 o0
nm In this e dlnent the tight emtting layer is formed to have a 25
t hi ckness of® Eb The thickness of the Iight enitting | ayer may be

adjusted 12 1 U|tabl if n essar the r .tting
ayer, the hol e EE%;S@ T By DY of e CoF TN w@ﬁp%?at (R Mo
hol o 1 anspORtTE | Byet ONEPHES BRbomIReA? ahge%%ﬁefi%?eﬁhﬁo SnBr e Tp@
formed in tHE A Hootrt bBa aBOVE Y e BRI %'59@%5557 Pk
to the o s ThergFR Hg‘ Cﬁ@l@%ﬁ‘é@g pagerch S sa bogor tstm%rléﬁﬁ&tﬁ%"h'
transporti ngofl sa nplt b%nqgs ?oz stounﬂ L?I%Jélenq 1151? 1‘11’1tCI11§118t lhle&&?rtr(‘r)e%rm SMaminate.
Specifically, it is preferable to place 1 through 8 different sample boats in each
chamber.
The red EL layer is formed first in the red EL layer forming chamber 115 of Fig.
[5 1. In this embodiment, an electron transporting layer, a light emitting layer, and a
hole transporting layer are formed in the red EL layer forming chamber 115.
First, Alg, is deposited as the electron transporting layer to a thickness of 20
nm by evaporation. The light emitting layer is formed nexe. In this embodiment,
a low molecular weight red light emitting material is formed into a film by using a
20 metal mask. The metal mask used is capable of selecrively forming red light
emitting layers at positions where red EL layers are to be formed (a metal mask for
red). The red light emitting material used to obtain red light emission is Alq; doped
with DCM-1. The thickness of the light emitting layer formed here is preferably 10
to 100 nm. In this embodiment, the light emitting layer is formed to have a

25  thickness of 20 nm. The thickness of the light emitting layer may be adjusted
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10 BCP. The thickness of the hole blocking layer is 20 nm Next, a green
light emtting |layer is forned. Used here is a netal mask capable of
selectively formng green light emtting |ayers at positions where green EL
| ayers are to be formed (a netal mask for green). The green Lighlthiﬂ%ﬁng
material used to obtain green light emssion is CBP and Ir(ppy)3, which
are dep05|teg %3 1{HS evaporation. The thickness of the light emtting

| ayer forned it Y %¥§F%¥ably 10 to 100 nm In this enbodinent, the
light emtting |

i S thlckness .of . 20 h ess

of “the Iight emi 4t H&l‘ﬁﬁ&ebwav%ﬁ%fu@%é CLaira }»’Lh@?@%ﬁf\f‘ S the

reen light emttin a 0 rtin is for fr 20
onteri al oot it &k Gding? e Sudinetn of BRoRals EepE uéewawet? Sty 2@190 80
conpl eting the . F rned next in.,the hlue er farm
chamber 137 B FigE TDIF raeRE i oEE ) Byer DAt S g Fat O 4 T
el ectron trans pln er is formed fr ﬁfrlalﬂ simlar,to.the one
used in f o nfR 1@5%61 la“%t&ﬁayiéfuw 5 Wb ERdIer gRECar £1 51 Y Br (€ Fehed
next. Used hefe i S qe qaik capabl e 13 18DEC2006 of selectively
forning bl ue 1%5ﬁ?néhf %? QL &Fs at positions where blue EL |ayers are

£ BT AT i A e
5 doposied by, pveperatlon The ihchgess o the LLat enihing Laver
R
blve oy eqiid g, Laxer, 2 nels Lrpraporting Laver 1 formed from s
conpleting the Next, a green light emitting layer is formed. Used here is a meral mask capable
of selectively forming green light emitting layers at positions where green EL layers
are to be formed (a metal mask for green). The green light emitting material used
to obtain green light emission s CBP and Ir(ppy),, which are deposited by co-
15 evaporation. The thickness of the Hight emitting layer formed here is preferably 10
to 100 nm. In this embodiment, the light emirting layer is formed to have a
thickness of 20 nm. The thickness of the light emitting layer may be adjusted
suitably if necessary.
On the green light emitting layer, a hole transporting layer is formed from a
20 material similar to the one used in forming the red EL layer, thereby completing the
ereen EL layer.
Formed nextin the blue EL iayer forming chamber 117 of Fig. 1 is the blue EL
layer. In this embodiment, an electron transporting layer is formed from a material
similar to the one used in forming the red EL layer,

25 A blue light emitting layer is formed next. Used here is a metal mask capable
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10 blue EL layer. Through the above steps, EL el enents respectively having
red, green, and blue EL |ayers are obtained. Elenent structures of the EL
el ements fornmed in accordance wth this enbodi nent are shown in Figs. 7A
to 7D. Fig. 7A shows the basic elenment structure. Fig. 7B shows %@ggﬂfﬂg
materials used to formthe EL el ement having the 15 red EL Iayer Fig. 7C

ayer, ond L&FSL@BW W30 Pl PTG TR o TR eﬁéﬁéﬁfFL
nav 3 the B b VR VRS 1 e Flyefl il erblnf e
cr ased so 1 narethECHRERE e Bl ST Y8 rars CBRETLE B GRS G50 by
or ccsure i n O ERERRY oy bF b B R R R e R TP e WEE S hhi Ty
o the. T of m i CRRENEr 5 TS tﬁ@ﬁ%ﬁ?ﬁ\tﬁ@& i Ry P e {83}#% Bor 1o
comron chamibi e 20 1 % phe %%Eﬁilb“f AREATEHG L T P G0y ©BRBbNT
in and sent out BR’blgt he form ng chanbers. The pressure during formng the

EL | ayers has'f n‘s%‘t“’%% | x 10-6 to 1 x 10' Tort. Lum' nous materials
t hat can be use tﬁl e ent |nvet|on are not limt totheoes
given in the abo b P BERC P LRt O3 R Dok ENsr i foimgd SR a
conbi nati on. ssible ta yse organic ounds that e

ot 11 2ing r“ ﬁe&a?%%ﬁ i R G e G S B E D TR R o g o
this spe LF?r ).in conbination with usual |umnous materials. The
third tr 3‘1‘c‘|‘\anber 112 is connect ed to a spare chanber 1 (118)

agggggt}héhe gat °r 1%1%%&511 he fcljbovc thDb %ic%?&ﬁ? ?({spgcé\}c ? ?1'1&1?{0?8 hﬁ’lELﬁﬁe, anattb?ut,

EL layers are obrained. Element structures of the EL elements formed in accordance
with this embodiment are shown in Figs. 7A to 7D. Fig. TA shows the basic element
structure. Fig, 7B shows specific materials used to form the EL element having the
15 red EL layer, Fig. 7C shows specific materials used to form the EL element having
the green EL layer, and Fig. 7D shows specific materials used to form the EL element
having the blue EL layer. However, the present invention is not limited to these
structures. Forinstance, the Alg, + DCM-1 layer in the element of Fig. 7B may be
replaced by a layer of other materials, or completely erased so thar the light emitting
20 layer consists of a single layer of Alg,.

Since luminous materials are extremely weak against moisture, the pressure in
the EL layer forming chambers 114 has to be set such that a vacuum state is
maintained during forming the EL layers. The vacuum stare i1.1 the forming
chambers is controlled by using the gates 106h to 106j to completely shut down

25 communication between the forming chambers and the common chamber 112
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10 spare chanbers may be used as EL |ayer form ng chanbers for formng EL

| ayers of other colors than red, green, and blue, or as filmformng
chanbers for formng EL naterials into filns by a nmethod other than
evaporation. The EL | ayers shown in this enbodi nent have a | am nate€ § JEC 006
structure consisting of a hole transporting |ayer, a |ight enitting | ayer,

and an el ect &P&LDE (V%QEQBEEM[)LQI atg'?s 61%}/1%1 1|11|:|1(%1V\F s\éggﬂgto (Q{%Hg Fornbxlno c%an"g)glls 'th

injection la acki n ayer may

be added to lell@sﬁn%@m nl.%t[ﬁ%lﬁ L?}C%Ekiyg br}%%ys%l%%cha@l%é la}é%sf”?g},l

conposed sol i ng yer
va

the TET subst r at fu ﬁi&[s%n%c?m g PAgkK Sé utscog inht 'ILELL Lb(,?é 28 “é Olﬁénﬁﬁﬂlnélﬁtdg e

chamber 107. revent ‘gaha
is formed on_t h a) SSI atlon il mis foermed o
evapor at | on Ohrh gtug% P cﬁf’}sl‘:;(‘s1 |m\;;1é 1?‘1e} ﬁ %m fipgn d}laléé]g] L’b%cflb\g)énmﬁﬁ ){IE)ELI %‘yé?
and the ri JBas g ,
entbod rren g%@lﬁqggm Bl BonstdF P RS o S Bl t P SRR i g
generated in 1thet t:f%qa1gcr é eiﬁ ed go Jd t he fj rst E§SS| atlon film
Fur t her mor e, "¢ “r?‘&tlé‘ i é 1°85% d{ﬁli’ shit s TG icnsiR hRavEe 'PHPYE "hor k
function becqy§e]5 V @ﬁSlvatlon f|ln1|n this enbodiment is forned
on the anode&had ﬁﬂ%ﬁ FPB%?WH@ﬂEEVVayer The metal material for
formng the fir SS|vat| N i conduc &E
Lransmts & visi Bleoray areh v Ao TeEnEd i O%%ﬁicbwéh& hhety
function of . '”@Q al;filmis e ISIb Y-
hence the t htﬁl%we“s%%‘% B % i Shed e8P PEPSH hin i fisvde 95@ 8"
rim. Th ig odi. ment ref r abl
Silver, B pF Dah ﬂtﬁw%&wﬁé& i ﬁxw 6’:1“%?%“?1@‘%@ FrPgeY E23er et on
filmis also RYf in 1e boat '1{1 F (e ? evappr tion I
chanber . HiBeE A0 G RAMRYS green, and blue, &1 A8 fifn onnmw chambers for forming EL
materials into films by a method other than evaporation.
The EL layers shown in this embodiment have a laminate structure consisting
of a hole transporting layer, a light emitting layer, and an electron transporting
15 layer. However, one or more of a hole injection layer, an clectron injection layer,
and a hole blocking layer may be added to this laminate structure. Alrernatively,
an EL layer may be composed solely of a light emitting layer.
After each EL layer is formed, the TFT substrate is transferred back to the
metal material evaporation chamber 107. In order to prevent damage to the EL
20 layer when an anode is formed on the EL layer, a first passivation film is formed by
evaporation through resistive heating and is placed between the EL layer and the
anode.
The material of the first passivation film used in this embodiment has to be a

metal material having high tansmittance, for light generated in the EL layer is

25  emitted toward the first passivation film. Furthermore, the material is required o
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10 The chanmber denoted by 108 is a filmformng chanber for forming a film
by sputtering and is called a sputtering chanber. In. this enbodi nent, an
opposite electrode to serve as the anode is fornmed by sputtering. Usually,
evaporation or sputtering is enployed to formthe opposite el ectfpdél /Ihi s
enbodi ment chooses sputtering since the EL materials that have been used

to formthe EL IaMeUrs h i heat []e |stance of ﬁgo ut 100G,
interior of "tHe %' iEn ¥ UHQUEH rbersCd hlﬁﬁ HSTHAE S HRE AT §1\‘§?ét‘" “Pbmaﬁ

argon at nosphere, wi t en .added ther kes it possible to
control Eﬁ% u%@ﬂé hﬁpégteﬁL “?he“FK' ‘FBFHbqugHereby obtaining a | ow

resistive f| I m\Af. h tragsp ance. he chamber 108{[ s shut tf ti

first transferri rhj; EH:S aargaa O3 oOrmiRghe THY BarE aieschiny lm%nvatl vee}t fe EL
llayer formn hanbers, .the sputtering, chanber 108 has o ace a
wi ndow 121 ASVHHEARS KRS ttuﬁﬁlcwww O T RO R S AR B loT e feg
fromthe outsid f the rat filmfornmation is going can be
obser ved °t hﬁo‘ﬁ@‘ﬁ‘ ?Wétwlrfgpgr 1LQ én?ﬁatl:g‘ém i¥ OFBELIBIEC bH‘é&L‘ efher
the film 25 for t|o is carri d out no 1 C 2006 .
opposite el geewo ef‘(a a8y Of eyl Wééct é<>|2?5@ﬁt?1flf~§ﬂ[)ﬁ1 s@%l %eﬁﬁuééteve
fl|mthatIS|OWInl’SISIVIt hlghlntraglts ii\ ce. I‘Im|OﬁL
resistivi tylmﬁ?éalﬁét%mf HP tlh%tb ‘Ft& O‘é“%‘ﬁk‘ét preagpshvainie S VLBG“ PEF g é‘t’“e or
| ess. A light- ransntsS|ée conducti ve fl|ﬂ1hlgr in transntttangf ans a
fi 1 m havi ng™709b B (e Hifgher mipaASHT {1 ARedyatapelin italb) PUt Prosthatc P Eh

all oy of indiumoxide and tin oxide ﬁn all oy of indiumoxide and zinc
oxi de, | DI X&¢ Bdat lﬁéfqli EVap@aisBFhaT Elsputtering chanber 108 may be set

8 e o2, DS 8 0 RS T Btut A
pressure of 1x103t05 -2 Torr. ring the film ,
sputtering and is ca lec a sputtering chambBer. In this embodiment, an opposite
electrode to serve as the anode is formed by sputtering. Usually, evaporation or
sputtering is employed to form the opposite clectrode. This embodiment chooses
sputtering since the EL materials that have been used to form the EL layers have a
15 heat resistance of about 100°C.

The interior of the film forming chamber during film formarion is set to an
argon atmosphere with oxygen added thereto. This makes it possible to control
oxygen concentration in the film formed, thereby obtaining a low resistive film with
high transmittance. The chamber 108 is shut to the first transferring chamber 103

20 through the gate 106c.

Similar to the EL layer forming chambers, the sputtering chamber 108 has on
its side face a window 121 as means through which the film being formed can be
observed from the outside of the apparatus. How the film formation is going can be
observed through the window 121, This makes it possible to check whether the film

25 formation is carried out normally.
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10 formati on processing, the chanber 108 is conpletely shut to the first
transferring chanber 103 by the gate 106c to control the pressure in the
chanber 108. Next, the chanber connected to the first transferring chanber
103 through the gate 106d is a filmforning chanber for form ng affiltd B4
pl asma CVD (chem cal vapor deposition) and is called a CVD chanber. In

thi s enbodi gﬁnt, a 15 di arrgngélqisgs,c%bon ilm ,hgrei nafter referred to as
DLC filn) seRGPREOHLE glegigpdp fpn 45 PSP 1L 8- FEPREESHYE WHYEhe EL
el emrent that. has, been finjshed . .through the fornmation of the opposite
el ect r oddm fhatds ey in E%Wﬁ%@‘igkﬁ&%‘ﬁawme{ fﬁgﬁebﬁ@a% i eesitivabt ode

formed of I TO and the second passivation filmformed of DLC, an insul ating
filmsuchears & &imi ot hap aoghert fasistgnce of |3k 6h pert squpaef oy AgssorA dightt i con
filmis formed in the CVD chanber 109 before form ng the second

passi vattramsnfissive dondustise eitadiighnin, trahembit@de hrpahs randidims babing 60 ®over
the EL elenent is an anorphous filmw th di anond bonds (sp3 bonds) and

gr aphi t ehigbedgagspltasendspecifidatiyd ITQahet is. arTadoDoOnddianeride lankidin axisien)
filmexhibits a Raman spectrum 25 distribution that has an asymmetric peak
around ¥54leneflindidnaxsde ahdein@oxided DIXD, k81 dDibe [2@06e 16840 cnt', and has a
har dness of 15 to 25 GPa when neasured by a mcro hardness tester. The DLC
film has at (MheBpueerivigribaatbdrd 08 inse bebetioamuadurs ytdte &y sattiigtite har dness,
chem cal inertness, transparency to light ranging froma visible ray to an

i nfraregpresyre and xietoel £¢0F Tory, @siis bangdilnientiagehbambdes. iNedeteom t hi s
simlarity. 5 Having the above attri butes and a dense structure, the DLC

fil m doeRe fidh it Fmsed ﬁnd@%é(%@@s_s@ﬁ*e BRI stiraodnd1hemes. Dhuiyt fabienas a
protective film A dense DLC filmcan be forned by applying a negative

Fo.4obL sensatbagolabipnloaitadoon rn deapi e i ertay 5s
EL el emgRhmbER§05BY &hé BhtIARKCTBY0RE MUY H35BRNN the chamber 108.
Next, the chamber connected to the first transferring chamber 103 through
the gate 106d is a film forming chamber for forming a film by plasma CVD
(chemical vapor deposition) and is called a CVD chamber. In this embodiment, a
15 diamond-like carbon film (hereinafter referred to as DLC film) serving as a second
passivation film is formed by CVD on the EL element that has been finished up
through the formation of the opposite electrode.
In order to improve adhesion between the opposite electrode formed of [TO
and the second passivation film formed of DLC, an insulating film such as a silicon
20  oxide film, a stlicon nitride film, or a silicon film is formed in the CVD chamber 109
before forming the second passivation film.
In this embodiment, the DLC film formed so as to cover the EL element is an
amorphous film with diamond bonds (sp® bonds) and graphite bonds (sp? bonds)

mixed therein. The DLC (diamond-like carbon) film exhibits a Raman spectrum

25  distribution that has an asymmetric peak around 1550 cm! and a shoulder around
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10 for exanple, saturated hydrocarbon such as net hane, ethane, propane, and
but ane, unsaturated hydrocarbon such as ethylene, or the gas may be
aromatics such as benzene and toluene. It is also possible to use

hydr ocarbon halide in which one or nore hydrocarbon nol ecul es arje DLC 7006
substituted by hal ogen el ements such as F, C., and Br. 15 The sealing

chamber 110 connect to.th f|r t_tr i ng_chanb 103, t h the
gate 106e. Iirﬁ)t Chian se%ﬂ“fﬁ%f ‘bh%lr‘}ﬁ]éf’s (11]05 rot%nérp }LlW%6%§§$J?@ AGPICEACF it ﬁ]g‘
the EL el ement Al space is conducte ifica the EL
el'onent  forfd: oﬁ@%ﬁ*ggdb ﬁﬁﬁ&%“ﬁa b B B dher 8 Laxalg.«lhgl #eakal
mat eri al (aI so Z E ‘)e%‘l IS, encl osed usi ng thermal |y
curabl e resiHg P“Sé C}‘dnb:ﬁ Wéé@}‘rgf’ ttf‘{}b%p?‘ {CH [0 BEREEAN UMY HRPES V Eﬁ‘* éayn’é‘t”é“r
can be used .as. seali erlal However, ..t he seal ﬁrlal as t?

i ght - transrﬁ’@é Qeran! P Fa% pE A S AT R r@étlart i oyl
seal i.s bonded to the substrate on which alé f above
proceSS| 9 ﬁi@ mﬁégh‘l O¥adict H“Og"‘i‘ ag’ PR HBINS ©r ]oﬁc}e{1 [Pedpgy Tyt Cgnsmit
phot osensitive resin, which | cured F heat treatp nt or uItraV|oIet
i ght i rradi®AVRTROF PR M AR kfla?h%%w&crﬁ YREOTCAB A BN 2006 space.

dryi ng agent sug)‘?{\ (Tbéf‘ru oXi dIP {m qu ed in this al rtight sp acgl

Al ternatively, HRAB ﬁ&h‘f‘&b OISt VC’}PP nﬁhblﬂ‘dé"‘é‘r‘félsf sy wd§age &9 die

can encl ose, t he Jr % Wi t hout usi ng seal teri ? In this cagse,

a ther mal I y cleairos I]é“ ST Lé?@%“‘éﬁd?é%éﬁ FA5 8L sty i%“ﬂ b aBeEaD caslit o

cover ﬁ’St si.de facg a gﬂ ﬁgxsjt rate ﬁn which all of the abog

or ocesei ng WX HeERe 0oitheredc ohill Fselemearn Chr s tcnnl SsppavnbEline st e

from ent E the EL el erren% $om tihe fH nlt\erfacle The aboveﬁﬂg ocessi ng

i ncl udi r@ (USSR, S PR By TORY: PR S O YRR n S VR PHIHE s @L“ﬁé“

carried out b fuII)L/ } i C co uter control using a {ouch panel
unsaturated hydrocarbon suc TPas ethylene, or the gas Tnay be aromatics such as
benzene and toluene. It is also possible to use hydrocarbon halide in which one or
more hydrocarbon molecules are substituted by halogen elements such as F, CL, and
Br.

15 The scaling chamber 110 is connected to the first transferring chamber 103
through the gate 106e. In the sealing chamber 110, the final processing of enclosing
the EL element in an airtight space is conducted. Specifically, the EL element
formed on the TFT substrate is mechanically enclosed using a seal material {also
called a housing member), or is enclosed using a thermally curable resin or a

20 photosensitive resin.

Glass, ceramics, or a metal can be used as the seal material. However, the seal
material has to be light-transmissive when light is emitted toward the seal material.
The seal material is bonded to the substrate on which all of the above processing has

been conducted using a thermally curable resin or a photosensitive resin, which is

25 cured by heat reatment or ultraviolet light irradiation treatment to form an airtight
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10 or a sequencer. The thin filmform ng apparatus structured as above is
best characterized in that the pixel electrode can be forned by
evaporation on the TFT substrate with high accuracy owing to the )
positioning function utilizing the CCD, and that the first passivéﬁi%ﬂzm%
filmis formed on the EL | ayer to prevent damage to the EL | ayer when. 15

sputtering ig,laed e 19r al 1%?&&?”841% 1?1‘[1} BQ!%IQ%lIaJ ﬁzy%lgregsmﬁfd‘?irs%ﬁ%ﬂh Loyent I on

is also characterized i n orm ng (o “Thin

films to be for ”?\qltc(?hattl\hﬁ\r e Iﬁ&ﬂpﬁ%r& )Brlg%i g@HgEcggnmﬁw 1&%11 alone can

mul ti-chanber type t cor Fehent

can be fornggd uit H%U]EL %?uptlgntef(ﬂ%%ﬁg IRUttH(f ﬁgalft%i%%qgs[n aYigR P%ethﬁ E(%ﬁvt he

step of 20formn ectrode on Fate oug

st ep of for nlLIﬁ%R (,hL%SlUI (plpﬁg 151.6088%58 l% Qgﬁ% XSAﬁ()@]td{Lgsb% cld l() Ch)%k_l [IIIYFLAEE 5?( ELLS

manuf acture w t ev

el ement that e ﬁlbplgm o @mﬁm ﬂ%f @vq%(w@wgz&bﬁlmq%g 51%%1&@699 &

TFT substrate name

E G loos [ Enhodiyent Al T) &éuﬁg?gﬁgigfnpoa ey fcapsol Lm?ﬂh JehS ﬂ%{t

of the thin or m ng" “appar anatl
wth ref er enge. 9. Fig. 2. To be 5 speci f| c, the nodi f| cation conS| st s of
provi ding a Vacuum exhaust pr ocessi ng chanber 201. between the first

transferring chagper, )A\Q:?p%r}%b%fl” mclucﬁﬁaF ](L’élfb:%né)@lg A Rs f%uuw {gm f)u)nqéoq and

processing i s made under &1 e

E EZ EII;CI: falyg )tﬁ'l%{bnlﬂgg bg QE%%LOI@ ﬂ?ye{ P%Ia]'gfaf nl[_;)UP({al (%)h'l%l ?d.lgllls‘ghd RJULz}dﬁdﬁlﬁ?n

has only;ene )IElrsuﬁlXﬁcu orm ng chanber, a pl ural ity of EL layer formng

The thin film forming apparatus structured as above is best characrerized in
that the pixel electrode can be formed by evaporation on the TFT substrate with
high accuracy owing to the positioning function utilizing the CCD, and that the first
passivation film is formed on the EL layer to prevent damage to the EL layer when

15 sputtering is used to form the anode on the EL layer.

The present invention is also characterized in that the film forming chambers
for forming thin films to be formed on the TFT substrate are all mounted to the
multi-chamber type thin film forming apparatus. Accordingly, the EL element can
be formed without being exposed to the outside air even once since the step of

20 forming the pixel electrode on the TFT substrate through the step of forming the
opposite electrode.

As a result, the invention can manufacture with simple measures a light
emitting device having an EL element that emics light {rom an EL layer toward the
opposite side of a TFT substrate, namely, an EL element of upward emission

25 type.
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chanbers may be provided if necessary. The case shown in Enbodinment | is of
setting the interior throughout the thin filmformng apparatus to a
vacuum state to forman EL |ayer in vacuum However, if a high nolecul ar
wei ght (polyrmer) material is used to forman EL layer, the layer 15 J&L 2006
formed in a chanber filled with inert gas under nornmal pressure, and the
pressure difference between the EL | ayer form ng chanber and the rest of
the thin film form ng apparatus has to be overconme in order to transfer a
substrate inﬁ the EL iayer form ng chanber 203. Therefore, in this

embodi nent , ’é“%ﬁ%%gfﬁ in the vacuuntexhaust processing 20 chanber 201
is reduced firsgrtoithe_ﬁaqe Level of pr ﬁ as the F St trﬁ rr|n
chamber 103, an ltlhén}e%& 1@‘*%680“’%"‘618%%8 TS Bidd 18 i Qnt ReIng
substrate in. After 106d, i s .cl ased the va uuntexh SS|ng
chanber 201 &7 fPyel i P Thioreilgalufnes Eokne Breaduracs orHe: Lhanbat 201

returns to nor pr essur, Then a.gate 202 is opened to tr ansfer t he

obot 1ot & o e Phe 1}139@&1%? iR R e OB TS b RRE L o i
brought into th ein aced . 20 1 C 200 t age or
oy mamns. deght éa%gtﬁtﬁ el 16 BRL I RERERE REREE! 0SSRty R e Tapnfe

conpl et ed, E 02 |s opened to tran the substrate back tq the
otr i exhastEnRt SR ParreRbg s AR ThdshHoB st 16n ta £ eRTEL ed
while the gate 20§ d thF e 106d are cl osed. ,Wen t ssur e in the
vacuum exhabSesps é%ﬂ‘su“hg‘; S @o@%cbeaﬁ(cledf\mot% nwaw T thke R

| evel of reduced sur s the flrft transfeirl 8 %B ate
106d i s opeﬁébt%ttb 3R TP ed Bty st RO RS POUHET E Mmbnetta 8r 1103,
Wth th above tructure ih sub trate gan be hangtepl : untln al | of
the chafbel§'e @épﬂ“Yh@* | ek <fl&tlﬁf%n§%lﬂ&ﬁber Pl of Fnbaar dent g

chambers may be provided if necessary.

The case shown in Embodiment 1 is of setting the interior throughout the thin
film forming apparatus to a vacuum state to form an EL layer in vacuum. However,
if a high molecular weight (polymer) material is used to form an EL layer, the layer

15 isformed in a chamber filled with inert gas under normal pressure, and the pressure
difference between the EL layer forming chamber and the rest of the thin film
forming apparatus has to be overcome in order to transfer a substrate into the EL
layer forming chamber 203.

Therefore, in this embodiment, the pressure in the vacuum exhaust processing

20 chamber 201 is reduced first to the same level of pressure as the first transferring
chamber 103, and the gate 106d is opened in this state to bring the substrate in.
After the gate 106d is closed, the vacuum exhaust processing chamber 201 is purged
with inert gas until the pressure in the chamber 201 returns to normal pressure.
Then a gate 202 is opened to transfer the substrate into the EL layer forming

25  chamber 203. The substrate may be brought into the chamber while being placed
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Thi s enbodi nent describes a case of applying the present invention to an
in- line type thin filmform ng apparatus. The description is given with
reference to Fig. 3. Basically, the apparatus of this enbodinent is
obt ai ned by nodifying the multi- chanber type thin frlnrfornlng,@ﬂggrﬁ us
of Fig. 1 into an in-line type apparatus. 15 Therefore see Enbb AU

for explanati §sﬁfffLQf1%§qﬁ?ﬁrﬁ%&pcaﬂP§tc‘?lnlxrgr,rmbgel , reference symbol 301

denotes a | oadi ng ¢hanb Substrate in. A carrier 302

is set in the |oadpg; h?i”p\ [Ls%;pl 1}%}3(&3 ﬁ%ggﬁjgaé‘q?,@% ql“i‘he&? rspigi,nu t%nt%%%s 91 to

f f mb

e e e e e
305. The 20 first trang[f erring ‘harrber e3ly Stéj ot 18“1761 ﬁe?’éﬁ‘ Vitht'er al
chanber. 588 %E?%Hﬁrrmémmﬁﬁ%m SR Rt St behre 8RR ROt

I EL he EL |
form ng chambar oo™ ﬁ“"’v"%rum Bl wg?@u‘%%ftrr (PERbeh 2R ?{)Hreahﬁéhlt“tdﬁléf“br‘ A
I d b ed Prou
efeci0ob andinm L aver e TG e BLAUNL LD 8 second, UansiCng
chanber 513 th 5%'ugﬁlﬂaﬁégif’oegeﬁé’mfﬁwreta B 8oy %ré,%@t GhpRrTdTs T

ded 5 h h b

et rare om or UREVL LRI TLL B TESCALL O San TG AR AT o
transferri ngcﬁl&%@pgr ngt}% hc ﬁgq%?‘?‘%t@q‘ﬁ‘}l.‘]%oﬁﬂﬁ utt r| ng chanber 316 through

a gate 315, and to a cha te 317. An opposite

el ectrode is forned on the substrate in the sputtering chanber 316 and the
substrate 10 then receives processing in the CVD chanber 318. Thereafter,

t he substbatEQREOdﬁggﬂg?F into a fourth transferring chanber 320, which is
connect e

This embodiment describes a case of applying the present invention to an in-
line type thin film forming apparatus, The description is given with reference to Fig.
3. Basically, the apparatus of this embodiment is obtained by modifying the muli-
chamber type thin film forming apparatus of Fig. 1 into an in-line type apparatus.
15 Therefore see Embodiment 1 for explanations of processing chambers.
In Fig. 3, reference symbol 301 denotes a loading chamber for bringing a TFT
substrate in. A carrier 302 is set in the loading chamber 301. The loading chamber
301 is connected to a first transferring chamber 304 through a gate 303. The first
transferring chamber 304 is provided with a first transferring mechanism 305. The
20 first ransferring chamber 304 is connected to a metal material evaporation chamber
307 through a gate 306, and to an EL layer forming chamber 309 through a gate
308.
A pixel electrode is formed in the metal marterial evaporarion chamber 307

and an EL layer is formed in the EL layer forming chamber 309. A TFT substrate

21
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313 through a gate 319. In the CVD chanber 318, a dianond-I|ike carbon film
(hereinafter referred to as DLC film is formed on an EL el enent that has
been finished up through 15 formation of the opposite electrode in the
sputtering chanber 316. In order to inprove adhesion between the1qppgsighe
el ectrode and the DEC film an |nsulat|ng f|In1conta|n|ng silicon, such as

3, Si1oon oxbe heT B RlLLgaN IV HLORIALID LS, (RFTDS, LoN,ADS, opRosLle
B e D S AR 5@% “a%f?i%%%gr
the fourth TFanarss Frnb cHaRer o0 ke T F encob Brartrn nee % SheiTns i s
chanber 327 HRrEaaH A% 9“%“@@ G380, R St e R Q@E@\lﬁ?f e
ot on the, b (0 mar g et v, 20 S gEcizies 1ot e
e R e SR N
R L
ST 0 AT T T et s s cho, T
spear atus | AR &L, ST R chanters and o pesliog
encl osi Nt Ofth@n llé 1%' seg?oénss;[m in LHL r{E\I}b é]]]mm ber 318. Thereafter, the substrate is
brought into a fourth transferring chamber 320, which is connected to the chamber
313 through a gate 319
In the CVD chamber 318, a diamond-like carbon film (hereinafrer referred to
as DLC film) is formed on an EL element that has been finished up through
15 formation of the opposite electrode in the sputtering chamber 316, In order to
improve adhesion between the opposite electrode and the DLC film, an insulating
film containing silicon, such as a silicon oxide film or a silicon nitride film is formed
on the opposite electrode in this embodiment before the DLC film is formed.
The fourth transferring chamber 320 is connected to a fifth transferring
20 chamber 322 through a gate 321. The fifth transferring chamber 322 is provided
with a third transferring mechanism 323, which brings the substrate out of the
fourth transferring chamber 320. The fifth transferring chamber 322 is connecred
to a sealing chamber 325 through a gate 324, and to an unloading chamber 327
through a gate 326.

25 In this embodiment, the TFT substrate on which the DLC film as a protective
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Thi s enbodi nrent shows anot her case of applying the present invention to an
in-line type thin filmform ng apparatus. The apparatus of this enbodi nent
is different fromthe one shown in Fig. 3 in that all processing chanbers
are connected 15 in series and no transferring chanber is prOV|qeg Qe
adj acent processing chanbers. The descrlptlon |s given with reference

Figs. 4A and al paratu gd
by modi 1y ngl {RE T L1 G - 0y AR ETH PHIEGh oG ABbaac e Per el 1
into an in- I|ne %%- pparatus Therefore see Enbodinent 1 for

expl anat i ons® Byn rocessi ng chanbers. 20 In Fig 4A, reference synbol

401 denotes a | chanber. fo te in. arcker
203 1o et i n tnElr DR AR nb Pl S8 Pondrng ¥ RARE 8?‘ b HRE 5P
connected to mat eri al evaporati on amber 0 h a te
303, and t o & FBTSICTHARST A SURBBTalToNEEHURBAT: 320408 EH dagh ¥ gates
405. 2.3 200 I l ectro is f n the.metal materia
evapor at i on @ﬁEﬁﬁgﬁ ”ﬂ1&6ﬁf§zn&ﬁﬁﬁqﬁﬁigﬁﬁé??LngifP% 5“F%&P6%H%H“? FEHEC
net al nateriﬁh Fvaporatlon q? f é]&@ A TFT substrate on which the
pi xel el ect rode! BiCTHeE auX 'Wﬁé ;Vé e ERingds GHaNE GPREATYS then noved to EL
| ayer formng c ers nect d t.o net al mat er.i al

chanber 2 (406) Ehngughelaogut.e adh f@mio@}%ﬁ@ee%y*éwnfertﬁf §hkBihsar
408, which |s’conn cted-through a a e 409 to f? | ayer é ng
chanber 410, Sy GHITG (oA ARI S X bt Pé*u'lné&ye 8T HG S 9&&}1 O]
t hrough a gate, 41. The green EL I er fqorm ng chanber 408, the red

| ayer formbhdh’efﬁ é‘}bﬁdl C ERECE R P&@“&L‘*‘I ay"é‘FC%‘r"m @“bﬁ&%é‘ﬂr’ ‘j‘i@‘% e
generically cal | er formng chanbers in this enbodinent. The
blue EL | ye*rl1 ‘O At q% Ktﬂiz is connected through a gate 413 to a

nmetal material evaporation chanber 3 (414), which is connected through a
gate 415

[Embodiment 4]

This embodiment shows another case of applying the present invention to an
in-line type thin film forming apparatus. The apparatus of this embodiment is
different from the one shown in Fig. 3 in that all processing chambers are connected

15 in series and no transferring chamber is provided between adjacent processing
chambers. The description is given with reference to Figs. 4A and 4B. Basically,
the apparatus of this embodiment is obtained by maodifying the muld-chamber type
thin film forming apparatus of Fig. 1 into an in-line type apparatus. Therefore see
Embodiment 1 for explanations of the processing chambers.

20 In Fig. 4A, reference symbol 401 denotes a loading chamber for bringing a
TET subscrate in. A carrier 402 is set in the loading chamber 4C1. The loading
chamber 401 is connected to a metal material evaporation chamber 1 (404) through
a gate 403, and to a metal material (,vap()latmn chamber 2 (406) through a gate

405.
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to a sputtering chanber 416, which is connected to a CVD chanber 418
through a gate 417. In Fig. 4A only a part of the gate 413 connected to
the EL | ayer 15 form ng chanber 412 is shown due to | ack of space but the
gate 413 is actually connected to the nmetal material evapor at||0g1 hgm)er 3
(414) in linear series. After the processing in the CVD chamber 41

finished, th d hanb 42

connected 1ot ne finse B T Rrgugin e fal %a%rgﬂa %of{wnsﬁm%«vaaﬁpé
br ought |nt01§31 unl gqllg charqber 422 tha il 0 con egted to t E&
420 through ¥ gé\'tél AOETY g e ds Braigd in Geghs Al g1t PO &

25, S S A A s
between the fil s, or essi ng arrbers in this
embodi ment . PrEYer 8" fpERT At £ T AP G anE e hrgBr Fo! Hoknaret:!
chaber W et 3R 90 B8R 2 T t%gg“fh 7 ive eredT T Byt
crbod: ment . BT RRPET SPS¢ MY brori aHBer T e SEa RgCa fAnaE :';e
Lol ement PCHITH g Wr%@g R S ERBGdRE Y Ea%@?&i‘lgﬁ%ﬁ'ggc?@?&%
cvapor at | on 'HANHLR L5 L. TRk FBr Y A5 CCRAMBER, CTATITS: tt%a‘é??@c fber,
imted to i oH e BoHBHIGH I g e %ﬁ?@%ﬁ[@@%ﬁ% ST YRl
ﬁ;gg;gg?g}? Iﬂ Lflé}, a%1hg}r1mfn|1<|r c mm{)ua ! 1115 Chbodm e, be pr OVI ded if
The blue EL layer forming chamber 412 is connected through a gate 413 to a
metal material evaporation chamber 3 {(414), which isconnected through a gate 415
to a sputtering chamber 416, which is connected to a CVD chamber 418 through
a gate 417. In Fig 4A, only a part of the gate 413 connected to the EL layer
15 forming chamber 412 is shown due to lack of space but the gate 413 is actually
connected to the metal material evaporation chamber 3 (414) in linear series.
After the processing in the CVD chamber 418 is finished, the substrate is
processed in a sealing chamber 420 that is connected to the chamber 418 through
a gate 419, Then the substrate is brought into an unloading chamber 422 that is
20 connected to the chamber 420 through a gate 421, and is stored in a carrier 423 in
the chamber 422.
Fig. 4B shows a sectional structure of the apparatus shown in Fig. 4A. Since
no transferring chamber nor transferring mechanism is provided between the film
forming chambers or the processing chambers in this embodiment, the TEFT

25 SUbbLI ate is l'llOVLd from one chambu to another (,hdll}b(,l while l")(,lﬂ“‘ seronastage
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It is also effective to formas a |ast passivation filman insulating film
preferably an insulating filmcontaining silicon, or a DLC filmafter an EL
element is sealed so 15 as to cover the EL el enment as shown in Enbodi nment
4. A desirable insulating film containing silicon is a Silicon’l@:ﬂff?@g
filmor a silicon nitride oxide filmwhose oxygen content is sna

descri bed abgyg, -t he conbi nati.on. of, .1he plural prpcessin ambers i s not
o ted in ¢ R pESeHE T B i AR ine SRR Falncis oha D Ra S alst ng
20 chanbers tp\haﬁg_g,n be set at one's discretion. For explanations of
these proceSS$Pig~'tHatbers, see Enbodi ment 1. [Embodi ment 6] This

enbodi nent shows

a case in ich thin filmform apparatus , 2 _
TBo22006. acor AtnSRESs Lot ER Bt Kk omne e A2 PR R B e B o
active matrix light ..emttin evi.ce. The descri.pti,on will be gjven with
by ene. § ooy g e e e AP s L 1 s
t aki ng as_an exanpl e the apparatus , expl ai ned .in Enbodi.nent 1. Accordi.ngly,
o o Poaars AT e ear R b T S BTG BT enans Bt keaing pon MY

conducted in,the respective filmformng chanbers. As shown in Fig. 5A
TFTs 502 ar e''F6H% 1'1Pirst on a glass substrate 501. The TFTs 502 of pixels
503 can be fabricated by a known TFT fabrication nethod. O course, the
TFTs 502 may either be top gate TFTs or bottomgate TFTs. A TFT substrate
shown in Fig.5
| oadi ng chantigP
first transferri g_ngqhaniggllOS tr sfe{s t he TfT,sqbgtr@te to the netal
material evaporat} b ERERBES HVEY D RRRPEBICRET LhEtdbdes b Ok Tl 8196 HRE.,

In this enbqdi nent, tal. sk is positioned wth respect,  to,the TFT
SUbst rat e uSTHIIDES TR hioWeHt d VP ROPRETY T Ko A EHARBR PRgTa N et 2

exhausted into a vacuum st at ,
90 sputtering chamber, a Evp chamber, and a sealing chamber. However, the present

ﬁ(%s set..in the carrier 102, which is placed in 10 the
GHTDE the thin filmform ng apparatus shown in Fig. 1. The

invention is not limited to this combination. Two or more sputtering chambers may

be provided and plural other film forming chambers may be provided if necessary.

[tis also effective to form as a last passivation film an insulating film, preferably

an insulating film containing silicon, or a DLC film after an EL element is sealed so

15 as to cover the EL element as shown in Embodiment 4. A desirable insulating film

containing silicon is a silicon nitride film or a silicon nitride oxide film whose oxygen
content is small,

As described above, the combination of the plural processing chambers is not

limited in the present invention, and what kind of functions the processing

20 chambers to have can be set at one's discretion. For explanations of these

processing chambers, see Embodiment 1.

[Embodiment 6]

This embodiment shows a case in which a thin film forming apparacus
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15 and a filmminly containing alumnumis used to formthe pixel

el ectrodes 504. The pixel electrodes 504 function as reflective el ectrodes
because light generated froman EL elenent is emtted toward the opposite
side of the TFT substrate (upward in Fig. 5A) in this enbodinment§ 0tC 2006
Accordingly, a material having higher reflectance is preferred for the

pi xel el ectrodes. 20 | nl this way, the pixels 503 having the TFTs 502 and
the pixel el 8E¢REHEEO RaPHoERSINVSDHOArE Ut b ek Uilar (it R acEEe S light
Fig. 513. The TFTs 502 control the ampunt of current flow ng into the

pi xel el ect r BHBYIEGIEVIGH thedsretinrionatbbe giveaveporadeicone ehBigberA 1078 dhe
nmet al mask is[ positioned wth respect to the TFT substrate using the CCD
provi ded in HREEhEROE this pmbadimost 1o s fadvinatasom of<aphge pheedpparatus

el ectrodes 504. Thereafter, auxiliary electrodes 505 26 1 8 DU ' 1006 are
sel ectively foplasydoi Emboginit bl ectpotegybos aplawdpordr lonbodive et &ri al
used here for the ?u i l'i ary electrodes is lithiumacetylacetonate (Liacac).
After the’stae@ipp! Hhglilng®imatgm apide;ted e the respeetianklie foibrge mee s m
105 transfers the TFT substrate to the second transferring chanber 111.
The second 5 transhersiindigechahl el a8 kened e TFTlsubssrate5?b The
third transferring chanber 112 and then to the red EL | ayer form ng chanber
115, where r”efé’ﬁb‘i-ﬁg)%tof raxgls PP Agat dy drlyicared bo e kegwy TEV dpbricaionmeshog @f
metal mask. Next, the second transferring nechanism 113 sends the TFT
substrate t oc@Hes, Geebh ELOL aywrcitior dierigperamBérl strdotwmegeragFESn. | i ght
emtting layers are forned 10 by evaporation using a netal mask. The
second transf er r ngl hesehaip srphewnadntiiend A énds i Wec THTics UB2t whidh # plickd in
blue EL | ayer form ng chanber 117, where blue light emtting |ayers are
formed byY eVupdordicomhaisinglCd ofebalthirathkn (ameineegpagreeshoand biaué. | i ght
emtting layers are_ fornmed through the above steps. In this enbodi nent,
each EL | ayer 506he fxgitgrsiafing mechanism 105 transfers the TFT substrate to the metal

material evaporation chamber 107, where pixel electrodes 504 are formed. In this
embodiment, a metal mask is positioned with respect to the TFT substrate using a
CCD provided in the film forming chamber that is exhausted into a vacuum state,
15 and a film mainly containing aluminum is used to form the pixel electrodes 504.
The pixel electrodes 504 function as reflective electrodes because light generated
from an EL clement is emitted toward the opposite side of the TFT substrate
(upward in Fig. 5A) in this embodiment. Accordingly, a material having higher
reflectance is preferred for the pixel electrodes.
20 In this way, the pixels 503 having the TFTs 502 and the pixel efectrades
(cathodes) 504 are arranged in matrix as shown in Fig. 5B. The TFTs 502 control
the amount of current flowing into the pixel electrodes 504.
In the metal material evaporation chamber 107, a meral mask is positioned
with respect to the TFT substrate using the CCD provided in the chamber, similar

25 o the formaton of the pixel electrodes 504, Thereafter, auxiliary electrodes 5035

20



15 a single layer of light emtting layer (Fig. 5D). After the state of
Fig. 5D is obtained, the TFT substrate is sent back to the netal nmaterial
evaporation chanber 107 to forma first passivation film507 froma netal
filmhaving a large work function by evaporation. In this enmbodig®it liia
gold (Au) filmwth a thickness of 5 nmis forned (Fig SE) 20 The TFT

i s transferred

bstrat fil
From t e et WEreh I bR PRRRORRh ShebiruTo30F o e DeRttvks 1h e Ratber
108 by the f t th utt nb
opposYte gle%n’}ﬂét %I?eréﬁﬁgBﬁcﬁﬁ%“?(féﬁpi%%%q¥§Fﬁ SQPPqﬁ:@ﬁ%”fpgn1gr o
light- t t d. of .

b 0 ot de 28 (ERdTES 8&?@ é@aﬁ Pgw%'l%tgsffﬂai EBRoGHE! bR 6% de
d d t t 08 hi
nbod ment X:lée%(?lr?et&“fﬁ i gt stte PRET eRoSotiy SEv o ol he BRraeThd

d t di Th t F th t
Thereaf tf O %‘*H%’t AR BASREF g ehBe bR DR Tod S akedo (R VT gaa&%me on
5 which th de 508 . t of, th
Sounich the gpposli e elesty gde, o é#f%gr & ﬁﬁaﬁ%lbagﬁwlvﬁﬁ ST e (o
shown) may be fo(r}meg in {h QS( chanber. by pl asma flrom an i nsul atl ng
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necessary. The-TET substrate on ich the seco mis f rrred
s 10 t1anster rag* b Pom PR fishtar:. FoeTv0 L AG San g bhdrer: 140fby
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substrat in this enbodi sacaseln which a thin filmformng
appar at u jy “tvhléjob}té(g?amm r‘n\)@h‘t 8?'?5‘}5 used to nanufacture an active matrix

light em tt ' ng dlehL Setond transferring mechanism 113 then sends the TFT substrate to the
blue EL fayer forming chamber 117, where blue light emitting layers are formed by
evaporation using a metal mask. The red, green, and blue light emitting layers are
formed through the above steps. Tn this embodiment, each EL layer 506 consists of

15 asingle layer of light emitting layer (Fig. 5D).

After che state of Fig. 5D is obtained, the TFT substrate is sent back to the
metal material evaporation chamber 107 to form a first passivation film 507 from a
metal film having a large work function by evaporation. In this embodiment, a gold
(Au) film with a thickness of 5 nm is formed (Fig. 5E).

20 The TFT substrate on which the first passivation film 507 is formed is
transferred from the metal material evaporation chamber 107 to the sputtering
chamber 108 by the first transferring mechanism 105. In the sputtering chamber,
an’ opposite electrode is formed on the first passivation film 507 from a light-
transmissive conductive film containing a compound of indium oxide and tin oxide

25 (the compound is called ITO) or a compound of indium oxide and zine oxide.
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15 However, the apparatus of the present invention can also be used to
manuf acture a passive matrix light emtting device. The structure of this
enbodi ment may be obtained by any thin filmformng apparatus of
Enbodi ments 1 through 5. [Enbodi ment 7) This enbodi nent shows ah6tiérliiase
in which a thin filmfoam ng apparatus 20 according to the present
invention is used.t AuUf . @l B mat X, ght.. . em.td 0 dayi.ce-
The description %lll ﬁ)@eﬂsﬂgi @g%Llﬂéﬁ%a%}%ﬁgrzﬁgc@ tL([}lSF(ilgggmé}flﬁgb é&%lﬂ%eﬁ 1°F
description j i S i | S e takkng as.an.. 1€, appar.at us
expl ai hed | - CaBOAThERPRLH Tl | B RE AR R AL LA R IR SPRELENY
for details. of the fil r:mati on conducted in the respective filmformng
chanbers. Z%fqll"B?%ELghilg]) 9°{1§§&'shovm in Fig. 6A, TFTs 602 are forned on a

gl ass substrate 601, g h - SS:. .suhsticatg..i npl.oyed+i: LS
anbodi ment, any MOUS? Al AR e USd O NG SIHCPrAre: Mnb LGS Yan
be fabricate a . . THT fahri-gation._mat. ( yrse, . the Thks. 602
may eit he$ b\gh{%ﬁ‘pﬁé’g@) gjw%}IETQ-[(%L%gétDt@ gﬁr% @)5?1;58 ﬂg'?fg{ tl%%)#%{@u@s‘{nrl g leﬁsgi‘z)ﬁﬁ in
Fig. 6Ais sgt . in the carm 2. 10ehi gh Ged R ke Jeading chagber
103 of the ChN PRI a1 A RSP PRSER LR b fo RRGLRT 4P
mechani sm 105 _t ransfers TR subst r at the. tal..material oo
evaporat i on SRARETL o7 e Rt e r gel bRl E e i,
The pi xel elsel%ornodﬁgh ?9 41%1'?%[6 nft?r‘gfpdr sﬁﬁcon %ﬁrj'*,l 1?},1”?(}5”%54
al um num Thé p1 %&b el A&E 604 P Unet _%15 é_ &tt'i ve el ectrodes _
because |ight gppe r'ﬁ]%?dSLEIgs man,E ITJ}?%%'CE{T@{H é%sorﬁl?p%lts%%tg{ﬁ V@{%l?lﬁ%&ﬂ?@l%?&f)sl& te
m

om contai ning 10

side of the TFT "substrate (upward in I's e

Accordingly, t.r%st%!rgnﬂiﬁ?)éﬂtgél vy (I,Illci mw%rﬁl :P(%@ \}\éghg E? :@21}55_;5 o %‘b‘gg N Dy " %gdhrll%?rs a

mat eri al “havi T\g ectance: I'n avi ng _
Sﬁgvma nidnt Ele &%1@%&11%@%%@% ‘181%8213@30 E}Iglﬁg Qobggﬁ%g @Rfllm%[ﬁ SPLEAD ged o ugrl?ﬁ; 1 &aS
material such as a glass substrate and a plastic substrace.
Shown in this embodiment is a case in which a thin film forming apparatus of
the present invention is used to manufacture an active matrix light emitting device.
15 However, the apparatus of the present invention can also be used to manufacture

a passive macrix light emitting device. The structure of this embodiment may be

obtained by any thin film forming apparatus of Embodiments 1 through 5.

[Embodiment 71
This embodiment shows another case in which a thin film forming apparatus
20 according to the present invention is used to manufacture an active matrix light
emitting device. The descriprion will be given with reference to Figs. 6A 1o 6F. The
description in this embodiment is made taking as an example the apparatus
explained in Embodiment 2. Accordingly, see explanations in Embodiment 2 for

details of the film formation conducted in the respective filim forming chambers.
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t he amount of current flowing into the pixel electrodes 604. In the netal

mat eri al evaporation chanber 107, a netal nmask is positioned wth respect
to the TFT substrate using a CCD provided in the chanber, simlar t \,t[]@e
formati on of the pixel electrodes 604 Thereafter, auxiliary el ect ﬁ&?iésl 05
are 20 selectively fornmed on the pixel el ectrodes 604 by evapor ation. The

material used | &%E}Rﬁzﬁﬁ%@?@é%?lﬂ’h%@f fqafwl I‘fi{ Y a?l & eﬁ)%l' SA,&}ITM%%(TWTh

fluoride (LiF), into“d f n‘f’nl t kness

vacuum exhack 5 BRSSa al ERasker to01 SRASHRENS, ﬁ?w %éﬁ 3 e”ﬁt SRl e
ﬁirﬁéfssﬂfﬁtﬁmﬁsqf Vﬁ*ﬁ%@@“ﬁ?@%‘ p B QRS LpRLY AATRS *@gﬁ?r?feﬁd%ufﬂaﬂg %ﬁ@aw
203, wher o 46U bﬂ%ciﬁﬁ”a%ﬁ?ﬁ%%ﬁw&”ta%glréiﬁfﬁ%%mﬁ%@aﬂ%‘% E’f‘m s
o ection' LC&S&‘“W&UF% L BoBngR b 1 BB ot PO S A Ebus
' e or . Mot SR TR T Byt G ﬁﬁPw{:‘}g“?M“e b SGotved in
Qher conbi nat i bIE ﬁwﬁ% Ghipr okl ar (et AneE i Shtar O’ b i
Formed, t he FRFESESPParES "Ea%%%&@ﬁ %Alﬁﬁélvégﬂ%ﬁgsé@hé' aM@f PG

chanber 201{Th a]tti 202 @\cl 03 Qd th e acuu exha I’OCGSOSI ng
chanber 201 57§60 16 éi’” cufih Viftén M‘ér“ eEsdr ' “‘le 7 VACHUM'S

exhaust (‘% Ssin E@ ]2q1 reg h&%(ft samne ﬁg _.I,A {ts“ ﬁre as LH

First trAnsrabPingcraiberer s Ret g 647" g i5nd R s B BT R

mechani sm ]'rr%ncmmdafkom Wt hﬁn-lc:l;I Lss%%%%trcq toward the opposite side of the TFT
substrate (upward in Fig. 0A) in this embodiment. Accordingly, an aluminum (Al)
film with a thickness of 60 nm is used as a material having high reflectance.

In this way, pixels 603 having the TFTs 602 and the pixel electrodes

15  (cathodes) 604 are arranged in matrix as shown in Fig. 6B. The TFTs 602 control
the amount of current flowing into the pixel electrodes 604.

In the metal material evaporation chamber 107, a metal mask is positioned
with respect to the TFT substrate using a CCD provided in the chamber, similar to
the formation of the pixel electrodes 604. Thereafter, auxiliary electrodes 605 are

20 selectively formed on the pixel electrodes 604 by evaporation. The material used
in this embodiment for the auxiliary electrodes is lithium fluoride (Li¥), which is
formed into a film 0.5 nin in thickness.

After the state of Fig. 6C is obtained, the TFT substrate is transferred to the
vacuum exhaust processing chamber 201 and then the gate 106d is closed. The

25  pressure in the vacuum exhaust processing chamber 201 is changed to normal
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After the state of Fig. 6D is obtained, the TFT substrate is sent back to
the netal nmaterial evaporation chanber 107 to forma first passivation
filme607 froma netal filmhaving a small work function by evaporation. In
this enbodi nent, gold (Au) is used to formthe first passivationi §illt 005
(Fig. 6E). 20 The TFT substrate on which the first passivation film607 is

formed is H%@ﬁ gé%@gospz_gglc%zmtsnﬁ aJI 1!,”%% #5% g?,%yaspogg?x 1905 "hg'n?gsrt{lﬂ%ﬂétéo

t he sputterl e trans I’T'EC ani sm

sputtering C]E%Erbt%réoégf Ig&)ua?ol%)l%gschang Z%@ Od%c608 1121 %(n}tqimltw & fl"n it

passi vation ma’l m-econt &t ni ng
> comound orol B EX bR SR OE G 45 %ﬁ‘i‘ég@ﬁgg@%‘%& ﬁ*ﬂ'“ed%ls@

20 To 1556 ot ‘EF%%“%H% Aol e RO Ty S B S SORE S ERIRAR bl 'H%sp
Subst at o o R S EE R st B 6P Bone DR Ep AR s %iu@afﬁgvﬁi&
SPasi vat i on i PArCnot Tg ag%nfsgﬂﬁf@%é}”ﬂ%% @%ﬂ G R ﬁvOB sy

CVD from an | ati ng materi cont ai ni silicon a ico

i trde o <HEREBARSERT i %Plﬂ&@e@ iw W bR T s 3F hben Pk
second passivatij.on fil 1forms [l P i-r ansferred fromthe CVD char
109 to the S| “Hdueﬂaﬁlabr 336y e B Ehana I e R S R 08 T Phe
seal i ng chanbe seal i (% using a seal material such as a gl ass
substrate an%l“éscp ‘ablinlpg §gbg{‘gri * Shown in this enmbodinment is a case in

which a thin fil X Elﬂ‘l &ia&agr -)s of31 h.grﬁ ent |inv1e1% an. a} m]m
manuf act e an 40PFGELAtES ROD PGt FomgE BG0TGE T 1% hbRh “t‘ﬁ‘é
apparatus. of ex 1@1%5 1'%1%%%?5%11('! Emntb QO(]?aan%(l, ?ggtcbgﬁ)ﬁjsv?g ots& q‘%ﬂ“ff&n e Sacuum
exhaust processing chamber 201 is set to a vacuum state. When the pressure in the
vacuum exhaust processing chamber 201 reaches the same level of pressure as the
first transferring chamber, the gate 106d is opened and the transterring mechanism
15 105 takes cut the TFT substrate.
After the state of Fig. 6D is obrained, the TFT substrate is sent back to the
metal material evaporation chamber 107 to form a first passivation film 607 from a
metal film having a small work function by evaporation. In this embodiment, gold
(Au) is used to form the first passivation film (FFig. 6E).
20 The TFT substrate on which the first passivation film 607 is formed is
rransferred from the metal material evaporation chamber 107 to the sputtering
chamber 108 by the transferring mechanism 105. In the sputtering chamber 108,
an opposite electrode 608 is formed on the first passivation film 607 from a light-

transmissive conductive film containing a compound of indium oxide and tin oxide

25 (the compound is called [TQ) or a compound of indium oxide and zinc oxide.
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a passive matrix light emtting device. The structure of this enbodi nent
may be obtained by any thin filmform ng apparatus of Enbodi nents |
through 5. [Enbodi nent 8] This enbodi ment describes a nethod of Lgrﬂl a] a
metal mask that is used to 20 forma pixel electrode in a filmf i 3 b
apparatus according to the pr esent invention. One of techniques for

form ng a netal %sglnl:)&lt%n {;g qu qggl S@% Vms em “O%ﬁ“ﬁtl{t 13 {%pm@drﬂegdﬂ a

pI ate such as a stalnfless s Yerne

with an appr%%é 38\'5” (%% [ ehant 16 {()O%‘p zmtcr%)lxé(ig is mmh(;‘{ h 11 dlu 1 cgq} 0. Stpl?gl N9

31 1 8 DEC 2 terns on a tai Straté s
the farthest afford Accordingly, a rret aI mask used | n the
present | nve(ﬁﬁﬁen&?s tglﬁjé(ié‘u%ﬁ by electrotyping. To be speci fic, a resi st

f d k th
borvos oe & casel ERARREBL AR BIRE avﬁf’f%mwf}@éﬁ%m%“ﬁ ?Légb Plabe TR
t tt film
Pfgg?;ltve " Bt bl i PR Dol B el igf*gﬂwﬁ % %R s
t 10 A ti Th
bt ar thi o ARV SRR B Blserh e%@gﬁ%?&ﬂi@? %Mﬂﬁw kimfwi
tt th i
Rt ante bet DR e chanter Phﬁ@l&ﬂ%ﬁé\‘?@ o SRR e o B e G
The present inyention ther ys. A magnet set in a stage on which
the TFT subsﬁ“tdalttj«-iS HEOB HEeY, 0158 lf‘ﬁlg?)xf‘ ellt H&’%F“’r‘msk i's heI d close to the

TFT b b f
due to bendi ﬁg ATBAPEE Sy FhEE ol ReBlPRES T e Pl G L oL o

steel, 1&k trans Ltrrgchrfoom H‘K %,\Pbef Fam%uy 1%%690 R saaﬁnw chamber 110 by the

cransferring mechanism 105, In the sealing chamber, sealing is made using a seal
material such as a glass substrate and a plastic substrate.

Shown in this embodiment is a case in which a thin film forming apparatus of

the present invention is used to manufacture an active matrix light emitting device.

15  However, the apparatus of the present invention can also be used to manufacture

a passive matrix light emitting device. The structure of this embodiment may be

obtained by any thin film forming apparatus of Embodiments 1 through 5,

[Embodiment 8]
This embodiment describes a method of forming a metal mask that is used to
20 form a pixel electrode in a film forming apparatus according to the present
invention.
One of techniques for forming a metal mask is an etching method in which a
resist on a metal plate such as a stainless steel plate is patcerned and etching is made

with an appropriate etchant from both sides. However, forming 100 pm spacing
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metal mask forned in accordance with the present invention. By using the
nmetal mask forned as above, an evaporation pattern of 10 Ain or |ess
spacing can be fornmed on the TFT substrate. The structure of this

enbodi nent may be combined 20 freely with any of the structuresl&f L1005
Enbodi ments 1 through 5 [Enbodlnent 9] The light- enlttlng di spl ay device

of the prese Ype

conpared to Q&ngggg crys dH?%ﬁTunLﬁgi%(“Q%Qq%éftlt V@Eﬁ“‘”“gh%ﬂ%fn
properties a qs broad in an angle of visibility. Accordlngly, the |ight-
32 18 DEC 2 emtting display device can be applied to a display portion
in various elect on|c ctron

present i nvent g C?‘Hé ngTE s 5%al, a8 WIS S S @auavbm\%l“@mr% Enabtgb%
t di spl
by oducti ol Bg?ca g St e B TSR AERLSR U 2R,
t ebook t t f
termnal 15 @ﬁ&é%ﬂ%?ﬂabw Bytplit G d ot apiecd &lef)ﬁéHém &e%'#'goﬁtg%ane
hi t b I k d th
T ecor di ng "hach U { SBer HT oA yis Q0 ce oy deadar PG df dpPag HBoreTon
whi ch plays 10 back inages in a recording nedi umsuch as a digital
versatile di*$k® LpI ayer (DVD), and di spl ays the i mages) In partl cular, in

t he case of the<B lable |anrnat|on é— Ef se of tq S qgl l
devi ce. havi ng ar Bl brafeft q el Begttbis w “we%& Sabr & oh B
termnal that is |Ik? é‘A ) gﬁed f&ony@ ted ] gqﬂgqg i n1§§n15
required to Wy degifelssy bl nn ‘glib&f’ Sﬁé i EexE of Hﬂ%g
electrongﬁ qﬁnﬁnentﬁ are shomn %n W& %_ H{E a_ di splay
devi ce cont dfifmgH a® QE1%§°26bf“'35m§ BB?¥1S¥ HaP2002) - HH‘H“HI pl ay
ortion 2003, t ker rti pn 20 ut, termnal
P h&/heg HE e AP huasl s Gsex oafgun a felm tﬂ(_ AideBEE pe B metal
mask and a TFT substrate has to be kept small. The present invention therefore
employs a magnet set in a stage on which the TFT subscrate is placed, so that che
metal mask is held close to the TFT substrate by magnetic force. This can prevent
15 adefective patcern due to bending or shift of the metal mask.
For that reason, stainless steel, nickel, or chromium is preferably used for the
metal mask formed in accordance with the present invention. By using the metal
mask formed as above, an evaporation pattern of 10 um or less spacing can be

formed on the TFT substrate. The structure of this embodiment may be combined

20 freely with any of the structures of Embodiments 1 through 5.

{Embodiment 9]
The light-emitting display device of the present invention, is a self light
emitting type, therefore compared to a liquid crystal display device, it has excellent

visible properties and is broad in an angle of visibility. Accordingly, the light-
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2005. The light-emtting device of the present invention can be used as the
display portion 2003. Such a light-emtting device having an EL elenent is
a self light 20 emtting type so that a back light is not neces$§a&riil 7Hius,

t he display portion can be nade thinner than that of a liquid crystal

di splay. Further the light-emtting device is including all information

di spl ay device .such .as. fora.personal conputer,. for a TV broadcast;ing and
for an adverfpglﬁgﬁg§pEWd&v 5%6&%‘%ﬂﬁﬂ@ﬂpd?d?@ﬁﬁﬂ“%&ﬁ&ﬂ&;Vﬁﬁﬂmc%h?g?%§ a
mai n body 210% .a display 25 portion 2102, an inmge receiving portion
2103, operat iF0hk&ys 2104, an external 33 180EC2006 connection port 2105,
and shutter 2106., Th vention.ﬁ%n

@ALtgp%:enigtinglgeyi?e ng;netprg§%nt i nvention..
be used as the df SpPHY FETETBHC SYFMET OF 4o STt H1VFETE YiaC BT sbi
conputer, and_contain dg mai n body 2201, a.ca inﬁ géoz, a gispl? sportion
2203, a keyboAPl B4 SEl @Y drnal o ERnSER ORCRer o0 505 Eha HTH6! At i
nouse 2206. Theh]Lght-eqittiqgﬁggch? of tge.ﬁggsent _inygnt{oq can be used
as the di Spl &Y BBHPIGRSP03 OBt SHEM IS okl 126 Wdiplie'sr Andid LRt 8iths
a mai n body 23_1,fa1$isplg%um§ rtion 2302, a swtch 2303, an o Qnationl&ey
2304 and inf PAFed [BEIY 2305 YRR REAEQTBIHCORIG v €R° GPPEIE hreBaHED!
invention can be used as the display portion: 10 2302., Fig, 8F is an image
bl ayback devi¥a Batr pEGa L a0 ps CaPaT o HERH G & pepeiertisarrys s Pove
pl ayback device), and contains a majn body, 2401, a-casing, 2402, .a display
or i on (A 5368 S TANERT 4 et bR res): 24041 TEoREEGH B g wadt G DpSLu o
a DVD and so _forth) rea ortion 2405, operation keys, 2406, a speaker ,15
porti on 24077 ‘T MELBT Sy HBPET ORI LAY 205 S S rar iy disaa pertiaT SRl Gy
image information. The display portion (B) 2404 .is nainly,used for.
i spl ayi 19 cRaTBGTEr Tt GEmTBRLCHHE BIDEET b MU <tiﬂwtar%\{%
nmet hod of the rfs nt inventiaon , , . .
and displays the 11}1age%. In particular, in the case of the portable information
terminal, use of the light emitting device having an EL element is preferable, since
the portable information terminal that is likely to be viewed from a tilted direction
is often required to have a wide viewing angle.  Specific examples of those
15 electronic equipments are shown in Figs. 8A-8H.
Fig. 8A shows a display device containing a casing 2001, a support stand 2002,
and a display portion 2003, the speaker portion 2004 and the video inpurt terminal
2005. The light-emitting device of the present invention can be used as the display
portion 2003. Such a light-emitting device having an EL element is a self light
20 emitting type so that a back light is not necessary. Thus, the display portion can be
made thinner than that of a iquid crystal display. Further the fight-emitting device
is including all information display device such as for a personal computer, fora TV
broadcasting and for an advertisement.

Fig. 8B shows a digital still camera, and contains a main body 2101, a display

25 portion 2102, an image receiving portion 2103, operation keys 2104, an external



can be used as the display portion (A) 2403 ) and as the display portion
(B) 2404. Note that the imge playback device equi pped with the recording
medi um i ncl udes 20 devices such as donestic ganme nmachi nes. Fig. 8F @o, a
goggl e type display device (a head nounted display device), and d&nﬁ"ﬁ@ga
mai n body 2501, a display portion 2502, and an arn1portion 2503. The

light-emtti n%gylbﬁg)o?géd?? ”l%rdebsf Mer! quént"fh(,nlnggﬁ umt%%no ekvu: otfﬁle%glch;glég

portion 250 i's AVi deo carer a, - a con

a displ ay pq{qtvp?tg%%ﬁén%% LBEQ%%Q(@QPPOW po‘gggl v p@g 2603, an ext er nal

connection remote ¢ 0 portlon 2605, an |nage
et on by 2208 angraft LAY é%g%zpescn&%q%u“ it gﬁww i ce
of the presej [ Ve on; can us §s f% §

shows a porta 511 25wphoh 3apzuc)ont E HJHJ_H§CH n{ﬁgbz

a dlsplay p 70 soun po i 0 704 o t artion
2705, opera?‘il’zt(gj %@s §$ﬁlln Hng§ ?zg? g%ﬁe@#?dﬁnt (%?d%“éﬁ ! QS 8hna
2708. The l.ight emtti pr.essl i nvention can be used as

t he d|splaylﬁg?@?%%caﬁ¥6gmtﬁﬁfgh%ﬁﬁ? Pgﬁlg©ﬁng white color characters

bl k | t di t 2703 h
o consunpt | 017 AU G vabie Cgpﬂé@%ﬁaﬁg%h&lﬁg R O D A Rl of
t f ut i t-
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t d t
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el ectronj i€ ?gﬁzﬁes di splay often infornatlon transmtted through an
el ectronic nication circuit such as the Internet and CATV (cable

Fig. 8E is an image playback device equipped with a recording medium
(specifically, a DVD playback device), and contains a main body 2401, a casing
2402, a display portion {(A) 2403, a display portion (B) 2404, a recording medium
{such as a DVD and so forth) read portion 2405, operation keys 2406, a speaker

15 portion 2407, The display portion (A) 2403 is mainly used for displaying image
information. The display portion (B) 2404 is mainly used for displaying character
information. The electronic device and the driving methed of the presentinvention
can be used as the display portion (A) 2403 and as the display portion (B} 2404.
Note that the image playback device equipped with the recording medium includes

20 devices such as domestic game machines.

Fig. 8F shows a goggle type display device (a head mounted display device),
and contains a main body 2501, a display portion 2502, and an arm portion 2503.
The light-emitting device of the present invention can be used as the display portion
2502.

25 Fig. 8G is a video camera, and contains a main body 2601, a display portion
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TV), and particularly situations of displaying noving inmages is increasing.
The response speed of organic materials is so high that the light-emtting
device of the 20 present invention are good for display of novi ng, }j ﬁ%ﬂﬁ
In addition, since the light emtting device consunes power in the q@
emtting portion, it is therefore preferable to use the light emtting

device for displ mfamov@?@%ﬁé&%ﬁ&ﬁﬁ&% {Vfdg&% zts@@,&fc%muec%hta 'P(Q:uvm%
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devi ce of thls e
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formngaplx |ng unc
t filmf i
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h .
prevent - dameget {ERETRIERRR LT T ORISR mﬁ-?ﬂ%ﬂa YRediahd %;J@ f’%\f&@ﬁ'b?lm an
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Mnteorat 0 anpay el %18% e%@/% R by EhalE it R Gl o e b
W t hout bei ed to the air. Accordingly, a light emtting device
i frifistens
g an EL mat'erital can be greatly inproved in reliability.

Note that if the luminance of organic material increases in the future, then it
will become possible to use the light emitting device of the present invention in a
front type or a rear type projector by expanding and projecting light containing

15 output image information with a lens or the like

Furcher, the above electronic devices display often information wansmitted
through an electronic communication circuit such as the Interner and CATV (cable
TV), and particularly situations of displaying moving images is increasing. The
response speed of organic materials is so high that the light-emirting device of the

20 present invention are good for display of moving image.

In addition, since the light emitting device consumes power in the light
emitting portion, it is therefore preferable to use the light emitting device for
displaying information so as to make the light emitting portions as few as possible.
Consequently, when using the light emitting device in a display portion mainly for

25  character information, such as in a portable information terminal, in parvicular a
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.36 1 8 DE C 2006 WHAT IS CLAIMED IS: 1. Athin filmform ng apparatus
conprising: a first filmformng chanber for formng a first conductive
film a 5 second conductive filmand a passivation film by vacuum . . _.
evaporation using a first mask into a first pattern; a second fil ﬁnﬂf[ﬁanZiUQ@g
chanber for formng an organic filmby vacuum evaporation using a second

k int d,pattern: a,third filmformng ch far. formi
Tont 1 ansr a6 Eonaudt ot it i NGB hRAER B haVEY Par- Lp Blign

third filmform ng_ chfrrber.s In% Fggnﬁct ed. to a t ransf er.rlj\ n_g c[]glrrbgr .
wher ei n t he TREF P iOAGERENBE R éﬂltr%fﬁérf‘é’lbr?(%wﬁéa‘ﬁ]%“fd MEPAnsFa g a
substrate. 15 2. A Phi,,nff\h' J‘orn‘i ng apparatus conprising: a first film
form ng chadberORbIF6F /i AGEEPITFSt conductive filmby vacuum evaporation
using a first sk.int & first, pattern, a segog\c} filmformn __ghqlnbe,rrl)f or
form ng a secon dsateed oROYS Ity d@@llwli\?’&@ﬁﬂ‘rﬁ} Apbrat PBR fusTHg e Ys@ttnd
mask intq a sacgnd pattern; a\&hiﬂrqlfﬁi,l m forrn‘i_,nl?‘ {;ﬂanb?r _f]o\r. f_]orryi’n(gl_ an
organi ¢ Pi | By VARUAM S8y dpbF St 1dn IEr iy v ERe Puliesk RS e Tt fegtonic
pattern; a fourth filmformng _c_hairvﬁqer for formng a passivation film a
PEfth f11m CBFIRFAS B TSR COPMOrhs (F G SHEH 490 ven SBECSTIIEY ve
film by sput]teri, nP, wherei.n each of the first through fifth filmformng
chanbers i s the display portion by implementing the present invention,
In forming a pixel electrode of an EL element, a positioning function is given
to a film forming chamber to make it possible to form a film of fine pattern by
10 evaporation using a metal mask. A first passivation film having a high
transmittance is formed after an EL layer is formed to prevent damage to the EL
layer from sputtering that is emploved to form an opposite electrode. The problems
accompanying manufacture of a light emitting device having an upward emission
type element thus can be solved. The processing is conducted by a multi-chamber
15 type or in-line type integrated apparatus, whereby the EL element is formed of an

EL material without being exposed to the air. Accordingly, a light emitring device

using an EL material can be greatly improved in reliabilicy.
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separated by a gate, wherein the first through fifth filmform ng chanbers
are connected in series. 37 10 DEC 2006 3. An apparatus according to
claim1l1, wherein a plurality of second filmform ng chanbers are provided
so that a different organic filmis forned in each of the pluralistysaf 706
second film 5 form ng chanbers. 4. An apparatus according to claim1,

wher ei n i-rs .l mformng chanber has a positioning function wusing a
CCD and @(Ir\ts(éls%‘g\ﬂgbl%o 5. An apparatus according to claim1, wherein
t he second conductive filmconprises an elenent selected fromGoup 1 or 2
in the periodic table. 15 6. A nethod of manufacturing a light emtting

devi ce, said f@i%g fil O%Miﬁkgg%ggagugtcgﬂls rcljsf.: formng a first conductive

filmby vacuum evaporation; 3“second #onductive filmon the first

conductive film by, gacyuum %&%ﬁg%ﬁ&ﬂbeg@oﬁ ?&fi‘%.i?\% 2% ARG chibL iR 4 he
ormng a p

second conductive film by vacuu evapor ation; ng a passivation T1lm
on the organigechhd CbRIuMAEMEITh QUAROHAdsiion I b}r_ci{a'&hﬁ% évap@tion using a
[

transm ssive conductive filmon the passivation m by 25 sputtering,
first mask into a first pattern;
a second film forming chamber for forming an organic film by vacuum
evaporation using a second mask into a second pattern;
a third film forming chamber for forming a light transmissive
10 conductive film,
wherein each of the first through third film forming chambers is
connected to a transferring chamber,
wherein the transferring chamber has transferring means for
transferring a substrate.
15
2. A thin film forming apparatus comprising;
a first film forming chamber for forming a first conductive film by
vacuum evaporation using a first mask into a first pattern;
a second film forming chamber for forming a second conductive film
20 by vacuum evaporation using a second mask into a second pattern;
a third film forming chamber for forming an organic film by vacuum
evaporation using a third mask into a third pattern;
a fourth film forming chamber for forming a passivation film;
a fifth film forming chamber for forming a light transmissive
25 conductive film by sputtering,
wherein each of the first through fifth film forming chambers is
separated by a gate,
wherein the first through fifth film forming chambers are connected in

series.
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wherein each of the first conductive film the second conductive film and
the organic filmis fornmed into a pattern using a nask. 38 18DEE2006 7. A
nmet hod of manufacturing a light emtting device, said method conprising
the steps of: formng a first conductive film by vacuum evaporati qgj; DEC 2006
formng a second conductive filmon the first conductive film by aCLQ n
evaporation; formng an organic filmon the second conductive film by
vacuum evaporation; form ng a passi vation filmon the organic film by
vacuum evapor at i og Anf Qr m n & %r a%?rri]tssi ve conductive filmon the
passivation film by TP Flng, " Yhe first conductive film the

second conducti ve L.t h;I?JurQIr SecbhlTioh R RASSLYALER Ll odtitd e

| i ght transm ssive conduc m are successiv reduced
pressure. 15 (Bat AJIBERSE EQIlﬂglstf%rﬁJea'ﬂ‘e%’ch‘mQh@ ufaﬁﬁ %?%@&ﬂqd film
conductive filmconprises an el enent selected from G ou or 2 in the
peri edic tablf@rmaq &mb&@d according to claime6, 20 V\/nerel n the
passivation film corrprl ses a netal elenment having a transmttance of 70%
or nore and a work function of 4.5 to 5.5 eV. 10. A nethod according to
claim®6, wherein the light transm ssive conductive filmconprises a netal
25 material havi ndg. Arstpratesicbadiog tofcldth Q per square or less and a

transm ttance of 70% or nore
wherein the first film forming chamber has a positioning function

using a CCD and an X-Y-0 stage.

10
5. An apparatus according to claim 1,
wherein the second conductive film comprises an element selected
from Group 1 or 2 in the periodic table,
15 6. A method of manufacturing a light emitting device, said method
comprising the steps of:
forming a first conductive film by vacuum evaporation;
torming a second conductive film on the first conductive film by
vacuum evaporation;
20 forming an organic film on the second conductive film by vacuum
evaporation;
forming a passivation film on the organic film by vacuum evaporation;
and
forming a light transmissive conductive film on the passivation film by
25 sputtering,

wherein each of the first conductive film, the second conductive film,

and the organic film is formed into a pattern using a mask.
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3918 DEC 2006 11. Alight emtting device conprising: at least a thin
filmtransi stor over a substrate; a first conductive filmformed over the
thin filmtransistor; a second conductive filmin contact with the first
conductive film 5 an organic filmin contact with the second condugt| s
film a passivation fiImin contact with the organic film a light

et e swor o gt Sl o G Bt Rt et
conprises an e .fromGoup 1 or 2 in the periodic table. 13.
A devi ce accor I?‘nrlSl%lgﬁﬁ?g&l%% 15 wherein the organic filmincludes an

el ect ron transportfoﬁ%gé@gst &)I‘!d&'ﬁtvef A VBt @Ehpoatyg hol e

transporting |ayer evice accor ein the

el ectron transpor tﬂo%ﬁ?Yaerse&%H)rdoﬁa%cﬁgaﬁlnﬁ éh |th@Mfirst 2QrRfctiv "Girh aiy)‘?r
conprises Alga, and 1, and the hole transporting |ayer conprises ‘of

a-NPB. 15. Adevueeeagsntdong to claimll, wherein the passivation film
conprises a netal elenent having a 25 transmittance of 70% or nore and a
work function of 4obmning &nbrgahic 40mloBtie decEn@@0fdudeve Alrddwi wauaaecor di ng
to claim15, wherein the passivation filmconprises at |ease one sel ected
fromthe evaporation;

forming a passivation film on the organic film by vacuum evaporation;
forming a light transmissive conductive film on the passivation film by
10 sputtering,
wherein the first conductive film, the second conductive film, the
organic film, the passivation film and the light transmissive conductive film

are successively formed under a reduced pressure.

15 8. A method according to claim 6,
wherein the second conductive film comprises an element selected

from Group 1 or 2 in the periodic table.

9. A method according to claim 6,
20 wherein the passivation film comprises a metal element having a

transmittance of 70% or more and a work function of 4.5 to 5.5 eV.

10. A method according to claim 6,

wherein the light transmissive conductive film comprises a metal
25 material having a sheet resistance of 50 Q per square or less and a

fransmittance of 70% or more.
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group consisting of gold, silver and platinum 5 17. A device according to
claim1l, wherein the |ight transm ssive conductive filmconprises a netal
mat eri al having a sheet resistance of 50 Q per square or less and a
transmttance of 70%or nore. 10 18. A device according to claim 3k nie 9906
wherein the light emtting device is one selected froma display device

digital still not ebook .conputer, a nobile conputer, a portable
i mge reprodumﬂ]g%{ﬂgghg@nétﬁ’lﬂ A TRAPESIEE or di ng medi um a goggl e type

di splay, a video ﬁ?aﬁ%as% ??Hﬁgiwsg%tgﬁ Rggr?%ng%? 19. An apparat us

according to cl a| ‘éfcond and third masks is

a metal mask. %‘\Fk]t%Bﬂﬁ[{E‘ﬁHéfiﬁﬁ%ﬁ%x%&%v%?tk?é ali 51%51%%1&%};%;9' na

plurality of thlrd”i ers are provi dt a different

organic filmis f%%nﬁ%o%@%'ﬂtl% fﬂlIQQano‘rﬁrt@ét'V\tnYh H{e flmtrcgnaﬁét'ibé( hfn'i” form ng
chanbers. 21. An apparatus according to claim 2, wherein each of the

first filmform nearchasher fiBAGn LBRtas RN Hel defond ebﬂa@@nﬁéﬁﬁlﬁmer has a
positioning function using a CCD and an X-Y-e stage. 41 1 8 D E C 2006

22. An appar at us acpassiiatprt Hlmlimcomni2ct whr gierorgheicsdaond conductive film
conprises an elenment selected fromGoup 1 or 2 in the periodic table. 5
23. An apparat us acdightlitrapsmaissivai carluctive film in contact with the passivation

film.

10 12. A device according to claim 11,
wherein the second conductive film comprises an element selected

from Group 1 or 2 in the periodic table.

13. A device according to claim 11,
15 wherein the organic film includes an electron transporting layer, a light

emitting layer, and a hole transporting layer.

14. A device according to claim 13,
wherein the electron transporting layer comprises Algs, the light
20 emitting layer comprises Alqs, and DCM-1, and the hole transporting layer

comprises of a-NPD.
15. A device according to claim 11,

wherein the passivation film comprises a metal element having a

25 transmittance of 70% or more and a work function of 45 to 5.5 eV.
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wherein each of the first, second and third nmasks is a netal mask. 24. A
nmet hod according to claim6, 10 wherein the mask is a netal nmask. 25. A
met hod according to claim7, wherein the second conductive filmconprises
an elenent selected fromGoup 1 or 2 in the periodic table. 15 ig.” A

met hod according to claim7, wherein the passivation filmconpris -él*r@qﬁal

el ement having a .transm.ttance . of 70% .or re and a work function of 4.5
Co'B 5 eV 20°27. TR Aeandte AECOHIE SBTRA% m 7 wherein the ©ight

anen 55 ve coniuchia, (RIS oG BB L e

resi stance of 50 uare or 1ess a a nor e.
42 group consisting of gold, silver and platinum.
5 17. A device according to claim 11,

wherein the light transmissive conductive film comprises a metal
material having a sheet resistance of 50 € per square or less and a

transmittance of 70% or more.

10 18. A device according to claim 11,
wherein the light emitting device is one selected from a display device,
a digital still camera, a notebook computer, a mobile computer, a portable
image reproducing device equipped with a recording medium, a goggle type
display, a video camera, and a cellular phone.
15
19. An apparatus according to claim 1,

wherein each of the first, second and third masks is a metal mask.

20. An apparatus according to claim 2,
20 wherein a plurality of third film forming chambers are provided so
that a different organic film is formed in each of the plurality of third thin film

forming chambers.
21. An apparatus according to claim 2,

25 wherein each of the first film forming chamber and the second film

forming chamber has a positioning function using a CCD and an X-Y-6 stage.
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22. An apparatus according to claim 2,
wherein the second conductive film comprises an element selected

from Group 1 or 2 in the periodic table.

23. An apparatus according to claim 2,

wherein each of the first, second and third masks is a metal mask.

24. A method according to claim 6,

wherein the mask is a metal mask.

25. A method according to claim 7,
wherein the second conductive film comprises an element selected

from Group 1 or 2 in the periodic table.

26. A method according to claim 7,
wherein the passivation film comprises a metal element having a

transmittance of 70% or more and a work function of 4.5 to 5.5 eV.

27. A method according to claim 7,
wherein the light transmissive conductive film comprises a metal
material having a sheet resistance of 50  per square or less and a

transmittance of 70% or more.
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