LI GHT EM TTI'NG DEVI CE-AND METHOD OF MANUFACTURI NG THE- SAMVE - BACKGROUND - OF -
THE INVENTION 1. Field of the Invention 5 The present invention relates to
alight emtting device with a light emtting elenent conposed of an

anode, a cathode, and a filmthat contains an organi c compound capabl e of
emtting |ight upon application of electric field (the filmis hereinafter

referred i o a nethod of manufacturing
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a light emtting device using a light emtting to elenent that is lower in
drive voltage and longer in elenment |lifetime than conventional ones. A
light emtting device i n BALKGREUND CatTIeB INSTAIHON an i nage di spl ay
devi ce that.. ses, a light emtting elenment; Al so, the follow ng nodul es are
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i ncl udi ng bei ng thin and |ightweight, fast response, and direct current

| ow VBI tegﬁlé&ft&rt Fiindowal vpdnve valeecerrd jongemiudempd higiimsgthanjcgaveiteniing
angl e gi th i -em tti-ng.e ts-better. visibility. . Therefore the
one o QhFs 28 e B LRSI i f o b skl et ay
screens uefs @l Rgttr ¢rmittidh chpnt.anse®, and fanevhgi Modaet iavelay devuel-apedine! t s
said that light emtting elenments emt |ight through the follow ng

mechani RnE0pSf theyghiseraigply dayitse rusednle obieined dusattaphinggandigit femaningr gani ¢

compoun I | ectrons_injected.fromthe cat - and _hol es injected
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return the base state while releasing energy to cause the tight emtting
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deal s
COG (chip on glass) method.
2. Description of the Related Art
20 Light emitting elements are drawing attention as the next-generation flat panel

display elements for their characteristics including being thin and lightweight, fast

response, and direct current low voltage driving. Also, being self-luminous and having

wide viewing angle give the light emitting elements better visibility. Therefore the light

emitting elements are considered as effective elements for display screens of electric
25  appliances and are being actively developed. ‘

It is said that light cmitting elements emit light through the following
mechanism: a voltage is applied between electrodes that sandwich an organic compound
laver, electrons injected from the cathode and holes injected from the anode are
re-combined at the luminescent center of the organic compound laver to form méiecular

30 excitons, and the molecular excitons return the base state while releasing energy to cause

the light emitting element to emit light. Molecular excitons generated in organic



“with elenments that emt |ight fromsinglet--excitation and el enents that
emt light from triplet excitation both. These light emtting el enents are
classified by driving methods into passive 5 matrix (sinple matrix) type
and active matrix type. The ones that are attracting attention nost are
active matrix type elenents, for they-are capabl e of displaying images of

hi gh deflnltlontggth the QVGA | evel nunber of pixels _or nore. An active

matrix | FGRPOEKSt ‘hﬁ‘”&%‘v‘?‘ﬁ%‘ehaﬁ‘ﬁﬁoé qri GIR{et SHEEAtoRg  dilenappcififagon gleals
el ement  SEHUQEMESs 3Rarl dIRic 913G n{% il FxBitatfon ﬁ}drﬁ}nnggé It E:‘Pﬁtnﬁ tQE'i]or?he

substrate 201 io0o and an interlayer 71 nsulating or e
TFT 202. u(ietteveitatmndroktayer i nsul ating film 203, an anode (p| xel el ectrode)

205 is formed to be electrically connected to the TFT 202 through a wring
line 204. A mat et P&F &t eapttee @fi%me@tﬁ@reaﬁ@a%f%@m@van& FEEHESariBter passive
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are proposed. O, those, the ITOfilmis used nost because it has a band
gap of afginitian with e QYGA levaj ngﬁmtflpﬁﬁé%ﬁrfé‘?ﬁi in the range of visible

light. A ird T h lL.n_thi
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cat hode ¢legetth@fuctu2 asmetecomsvgani Blgcqrrp@unrﬁrl PEE forpp@C b laGabkiYate tzhe
organi ¢ conpound |ayer 206 includes a light emtting layer, a hole

i nj ectd o#hd apyigierlayer ivsubatingdim ) elsfomred cnytbe TFL Ml e transporting | ayer,

an electron tra etc sic str ctu of ht _em tting
element is a 2@? %éet 'é‘p‘%lfa mélﬂﬁtd'ég film |283h o P’ﬁ&lr ﬁﬁﬁgféqﬁa ) I’hfg is,fofREfode
| ayer ed ﬂorbetémo&@m%m&k@ Bard qrpr@bm%ug@a%ﬂngﬁnmmf | RGndiB5A sanétaén nate

of an anode, a holé injection layer, a light 25 emtting |ayer, and
cat hode ﬂoaylerwdc 208 1i§ 8 tangiergnt @pn@dtwmmtmldiavmg aahogework funkeon. | n{xﬂct ion

| ayer, l.i ght. er cL.ron trans ng,.l ayer, a
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The cathode is often forned a metal having a function
(typi calthgse, ehentdhfilnped nﬂmglmrgﬁttbeca@soutrha& aobang gap df taboque} dechnt:labh@tdy I n
this speC| fication, such tma g{ ncl udi ng al kaline netals and al kal i ne
earth gareqtén rhf: range of visible hght

An organic compound layer 206 is formed on the anode 205. In this

specification, all the layers that are provided between an anode and a cathode together

20 make an organic compound layer. Specifically, the organic compound layer 206 includes

a light emitting layer, a hole injection layer, an electron injection layer, a hole transporting

layer, an electron transporting layer, etc. A basic structure of a light emitting element is a

laminate of an anode, a light emitting layer, and a cathode layered in this order. The basic

structure can be modified into a {aminate of an anode, a hole injection layer, a light

25 emitting layer, and a cathode layered in this order, or a laminate of an anode, a hole

injection layer, and a light emitting layer, an electron transporting laver, and a cathode
layered in this order.

After the organic compound layer 206 is formed, a cathode 207 is formed to

complete a light emitting element 209. The cathode is often formed of 4 metal having a

30 small work function (tvpicallv, a metal belonging to Group 1 or 2 in the periodic table).

In this specification, such metal {including alkaline metals and alkaline carth metals) 15

b




called-an alkaline netal. A bank 208 is forned froman organic resin
material to cover the edges of the anode and prevent short circuit between
t he anode and the cathode at the site. Fig. 2 shows one pixel and the |ight
~emtting elenment formed therein. The 5 actual pixel portion is provided
with a plurality of light emtting elenents each structured as shown in
Fig. 2 to constitute an active matrix light em.tting device. In the

above- destlefpad@yne 8ktalonal structure for a light enitting device, the
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formed on the interlayer insulating &rent ther maf expansi on
coef fi ci aftlds an\bmemeﬁbrttcﬁrchnﬁaM&ﬂtthd @oﬁemﬁ@mmdmm arsksueture in V\/m ch
materials having different thermal expansion coefficients are in contact
with each other &g ﬂn%hPMGsor@ow@nwdoﬂwhgm grittiegi alemeny fogaed thergnr udbare,

It Cau'se%%@dl )F?gortpontlger V1 1tt 0?11 % %gm}nae W%E[%[; Ieg'c 'gtlha%uregs t he
smal | €r Xpansi on coe |C|e case e anode

is an el :hbAaSn ng)Qtb@b@sﬁitht@&nQ@l:%m&ﬂ&t113%@6&1&%@@&@(:&n l'i ght enission
into the organic conmpound laver. If is there is a crack in the anode, the

crack affects gefrm@hatab@m -gfschibPé sonyaadand sstuper The Higtf cmitohe deviey, dbt ed,
and even rades ht emtti elenent, itself. The i uI ritjes of
the suraEars Ehub e A ngG P pal? GuRETat: sl frGseDoR o hbike

Furt her Wﬁfe‘?layéxhﬁlsﬁraﬂﬁ%e S1r§ AR Uitk Qhernfal Dk pRAYiSN Rob8RGMMY ORGEANRM! by
oxygen and noisture spite this fact, organic resin materials such as

pol yi 1 desatm@@t polpyefminde] cand alcegriiiec narv@hlﬂr agdfenals yhaydegl difierfenr nherinel
interlayer insulati filmand ox t her s released fromthis

| nt or | ay@PARHQL PORTIREI A Gl AR SGh FEM oL o EhTTNE FORy R Rt SR Rbver
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material, such as Al or My, can seriously 1 npair TFT characteristics.

AN 25 adukdlet t’rfermﬁteadpammedoafﬁcaant(almetanodeJ mubus cafe)a Thd anadesiesn alectradige in

el ectri c characterl stic of the TFT, making it inpossible to gjve the TFT a
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of a y separating a TFI nanu act ur e step processing room ean room
froma Iho@d@tm@meﬁt ) cedredegrbdasetheflight emting elom3ft psoL esBicngregolariti¢cbian

roonm). However, another problem arises when nmovi ng a substrate between
rooms ( dhestiace ofe E\“Qd%a'd%&ff’?@ generatigm prdigicghen pEiless in orderto

Furthermore, the organic compound layer is by nature readily degraded by

oxygen and moisture. Despite this fact, organic resin materials such as polyimide,

20 polyamide, and acrylic are frequently vsed to form the interlayer insulating fitm and
oxygen or other gas released from this interlayer insulating film degrades the light emitting
element.

Moreover, the cathode of the light emitting element is formed of an alkaline
metal material, such as Al or Mg, which can seriously impair TFT characteristics. An

25 alkaline metal mixed in an active laver of a TFT causes a change in electric characteristic
of the TFT, making it impossible to give the TFT a long-term reliability.

In order to avoid impairing TFT characteristics, it is preferable to prevent
alkaline metal contamination of an active layer of a TFT by separating a TFT manufacture
step processing room (clean room) from a light emitting element manufacture step

30 processing room (clean room). However, another problem arises when moving a -

substrate between rooms (clean rooms) is added to the manutacture process in order o




3 prevent the alkaline netal contam nation; the TFT-substrate nay be
contam nated by dusts or other contam nants in the air, and the TFT

el enent may be damaged by el ectrostatic discharge. s SUMVARY OF THE

| NVENTI ON An obj ect of the present invention is therefore to provide a

hi gh-quality light emtting device having a long-lasting light emtting
element that is free fromthe problens described above because of a

st r uct ur BrevRtihapikglige mekd caugmimsionotic (IFdnsubsimiie Ay disadontmegated Jnduss
provide h u turin t emttl n evi ¢ The present
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formed oaiséhafgel that is formed on an insulator; an insulating filmis
formed on the interlayer insulating film an anode is formed to be
electrically connected to the TFT through a wiring line; a resin
|nsulat|ngf|Im|sforrredt i hie wiring line; the
reS|n|nsuIat|ngf|Im|s R e anode 1s w ped/cl eaned
after is heat tagajjRObLE ugn e@éht'lﬁ'v‘v‘éi'lh@ﬁ'l@glefréfbf@ foSprb GERGhiLR- qcagmerhgﬁae
anode and the bank. The insulating filmforned between the i'nterl ayer

i nsul at i ergitfing devaerdhavhes ariﬂmgela‘;lmhguppnémg didreery eiree nafreo froof the pacikiémg

caused by heat, treat nent 0| ni terials that ve different :
Chor ol sean e bErrre bR el et RS b CErtE Bhd e oS Mo have a
long 1 f&{d BRroviild & niepRid @ftrhﬂﬁlfzfdt&rmg e fkBOhARALILiQf Ppreventing gas or

noi sture zo rel eased fromthe interlayer “insulating filmfromreaching the
i ghttoem tting eTlmesent‘ﬁh‘ecntnonsmIchamctgrltad m 1y dpeinanlayaroingaating f:hsuk ating

film or be a fllmob ai ned, by surface npdif{jcation through
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to be injected to the qrganic conpound | aver can be expected. Anot her
aspect dfneg e f’fﬁ@s@ﬁ'ﬂiﬂ%éﬁm %ﬁtQ@ddﬂé?%@éﬁnkeawuwo%m wippd/clegngd after

| nsul at g, lfrézltxgklfxtogn%ﬁ Fﬂsﬂﬂuﬁ bRk Fo?mfe{i’%“c?&berhil nBHOEAd @;E%rihé moved to a

processi ng room re contam natl on by "an |ne met a others can
be avoi ded: and THednssting filas raded bgtwdentiB inserlyehiashibind filmahd theable

can suppress the generation of cracking caused by heat treatment in adjoining materials
that have different thermal expansion coefficients. The light emitting element thus can
have a long lifetime. This insulating film is also capable of preventing gas or moisture

20 released from the interlayer insulating film from reaching the light emitting element. The
insulating film may be an inorganic insulating film, or may be a cured film obtained by
surface modification through plasma treatment or a DLC film.

By wiping the anode, the irregularities of the surface of the anode can be
leveled and dusts on the surface of the anode can be removed.

25 By forming the insulating film that covers the anode and the bank, an effect of
balancing amounts of holes and electrons to be injected to the organic compound layer can
be expected.

Another aspect of the present invention is characterized in that: a resin
insulating film for forming a bank is formed; the substrate is moved to a processing room

30 where contamination by an alkaline metal or others can be avoided: and the resin insulating

film 15 etched to form the bank.



4 -Anti-electrostatic treatment is conducted-after the insulating.-filmfor
protecting the sem conductor filmof the TFT is formed. A first processing
room (first clean room) for formng a TFT substrate is separated froma
second processing room (second clean .room for formng a light emtting
el ement. Thus, the risk of an al kaline netal m xing iR 5 thﬁ gct|¥e Ihayer
of the TFTfromt | kal i ne nmetal mater rmng the cathode of the
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aspect of the present invention is characterlzed by co Ing a s
form ng géquﬁk afinceperdioy pﬂhgxmﬂadcm alkgiatthanpobmydmylsw ﬁmq;mﬁvltthﬁerbank
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modi fi C@!Hf(ﬁd}f&ﬂ@@dr@i‘ﬂ% ¥y @oR$AIRy It T Si8hERMnolakihs], P %Y\%%&h(/ﬁﬁe baa%hjirl:x%@ '
rel easl ggl):ogx:?rethylene alkylamine fatty acid ester, alkyl diethanolamide, alkyl sulfonate,

20 alkylbenzenesulfonate, alkyl phosphate, tetraalkylammonium salt, trialkylbenzylam
monium salt, alky! betaine, alkyl imidazolium betaine, or the like are used. These can be
casily removed by water or an organic solvent. In addition, an organic msulating material,
such as polyimide, acrylic, poiyam_i.de, polyimideamide, or BCB (benzocyclobutene) can
be used as the anti-electrostatic film. The anti-electrostatic film formed from the material

25 mentioned above can be applied to all embodiments.

Another aspect of the present invention is characterized by comprising a step of
forming a bank and performing plasma treatment on the surface of the bank after heat
treatment is performed on the anode for crystallization.

A cured film is formed on the surface of the bank through the surface

30 modification thereof by plasma treatment. This prevents the bank from releasing its

moisture and degrading the light emitting element.




noi-st-ure -and-degradi ng-the light emtting el enent. BRI EF DESCRI PTI ON. OF THE
DRAW NGS In the acconpanying drawings: Figs. A to |E are diagrans show ng
a nmethod of manufacturing a light emtting device in accordance with an
enbodi nent node; s Fig. 2 is a diagramshow ng an exanple of a conventi onal
light emtting device, Figs. 3Ato 3D are diagrans show ng a process of
manuf acturing a |ight mtting device; Figs. 4A to 4C are di agrans show ng
a process of manuf act ur£a GHRIPTIQN LN T HEAJRAMINGS Figs. 5A to SC are
di agrans show ng f.manufacturing a light emtting device; Figs.
6A and 6B are di%%?gﬁgggﬁ%nIﬁﬂggmﬁ?é%ess of manufacturing a light emtting
device; is Fig. FighslA @i apram ShawhRsmRniexanpkaodl o CaLLYELRG QYL &k} ght
em tting device manufacture process; Fig.:% is a diagram show hg anm -
exanpl e GRUERH §6iG5gh degordance gHth asndrphddigedtendde  manuf act ure process; Fi gs.
9A and 9B are di gr g show n %5Eealing stnﬂc%¥pe for alight emtting 20
devi ce: Figs. 10ATaAd" ‘D84 E" "G e sHEWMNG °f He CeRYqEPTt elight emping|
portion davi®; |ight emtting device; Figs. 11A to 11H are di agranms show ng
exanpl es of an electric appliance: Fig. 12 is a di agram show ng an exanpl e
of carrying out %gs-i%ttoe%?tatrh rijagtemss chowty rgmutastafr mapufacesiap Fiight 13 i s
a diagr%ghﬁﬂpwkggman exanpl e of carrying out a light emtting device

manuf acture 0cess; Fig. 14 is a diagram show ng results of AFM

measur ement: - Filjes. 1A 1§ 4C Gh8GRAMBIMbRE SYbLSs Afr AFMABARKE STROL: 30

Fig. 16 is a diagramshow ng results of AFM neasurenent:
10 emitting device;

Figs. 5A to 5C are diagrams showing a process of manufacturing a light
emitting device;
Figs. 6A and 6B are diagrams showing a process of manufacturing a light
emitting device;
15 - Fig. 7 is a diagram showing an example of carrying out a light emitting device
manufacture process;
Fig. 8 is a diagram showing an example of carrying out a light emitting device
manufacture process;
Figs. 9A and 9B are diagrams showing a sealing structure for a light emitting
20 device;
Figs. 10A and 10B are diagrams showing the structure of a pixel portion of a
light emitting device;
Figs. 11A to 11H are diagrams showing examples of an electric appliance:
Fig. 12 is a diagram showing an example of carrying out a light emitting device
25 manufacture process;
Fig. 13 is a diagram showing an example of carrying out a light emitting device
manufacture process;
Fig. 14 is a diagram showing results of AFM measurement:
Fig. 15 is a diagram showing results of AFM measurement:
30 Fig. 16 1s a diagram showing results of AFM measurement:

Figs. 17A to 17F are diagrams showing a process of manufacturing a tight




Figs. 17A to 17F are~-di agrans showing a process of nmanufacturing-a light 6.
emtting device in accordance with an enbodi nent; Figs. 18A and 18B are

di agrams showi ng a process of manufacturing a light emtting device; Fig.
19 is a conceptual diagram showi ng a production process of the present 5
invention; Figs. 20A to 20D are di agrans showi ng an exanpl e of carryi ng out
alight emtting device manufacture process; Figs. 21A to 21C are di agrans
show ng @Ritéxadplies gfaceertantenythout embddigiett; enitting devi ce manufacture

process; and 10 Ei gs,, 22A 22B.are di agranms show ng. an exanpl e of
carrying out a Ig&%‘t18‘%3{1??lgﬁgdragi\'/‘?gé%mﬁﬁﬁ%fgé”t‘hPré)CffF‘o( 'él?“ef%‘b ng égi&hénd
23B are @hagioddi&how ng an exanple of carrying out a light emtting
devi ce manufacture process. |s DETAILED DESCRI PTI ON OF THE PREFERRED
EMBODI MENTS Enblodi #Bng 2 Modeepiual Rifagt@t shewingy apdoduatian pulissy af eiei@€senThe
TFT shown here is a TFT for <controlling a current flowng into a |ight
em tti:’ngmé? {€nt, and is called in this specification as a current

control I'ing TFT (5i@d A ¢ 288) are%ﬁa%m%%owg %mex&{%gﬁer&* Mrﬁgng-::ﬁa_t FQby, an

interlayer insulating film102 is rmed ftor planarizatio e interl ayer
i nsul at i emgittinig devi@2InamifAaumpdodesom an organic resin material such as

pol yi m de, acryli.c, polyam de, polyi m deam de, an epoxy resin, or BCB
(benzocycl obut er#égﬂt?g%ﬁ%?lgnafa\f@?%@s SHPEKIBeds cHmMBIB it caying au2d dighin  The
subst r atgninGRRReRRAR® e bRYRLEd @Y forming the interlayer insulating
film102. Moreover. the 25 interlayer insulating filmcan reduce parasitic
capaciot ance si ndagorganamd 22Biane daigemmabiovang anloumple of elrediig bet £digst ant

in general. Next, a first insulating film103 is formed on the interlayer
i nsul at iSRG de 6 NANMACYIE Progsss- el eased from the interlayer insul-ating

[1m 103 15 an e gam &4 ponioaf Mg i h AFObie Bl byl FihEe ™
film a emiltingaleviex ynkifactlee pidces. or a silicon nitride film or a lamnate
havi ng
15 DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
Embodiment Mode '

A TFT 101 is formed on a substrate 100. The TFT shown here is a TFT for
controlling a current flowing into a light emitting element, and is called in this
specification as a current controlling TFT 101 (Fig. 1A).

20 On the current controtling TFT 101, an interlayer insulating film 102 is formed
for planarization. The interlayer insﬁiating film 102 is formed from an organic resin
material such as polyimide, acrylic, polyamide, polyimideamide, an epoxy resin, or BCB
{benzocyclobutene) to have an average thickness of about 1.0 to 2.0 um. The substrate
can be properly leveled by forming the interlayer insulating film 102. Moreover. the

25 interlayer insulating film can reduce parasitic capacitance since organic resin materials are
low in dielectric constant in general.

Next, a first insulating film 103 is formed on the interlayer insulating film 102
so that gas released from the interlayer insulating film 102 does not affect the light
emitting element.  The first insulating film 103 is an inorganic insulating {ilm, tvpicaliv, a

30 silicon oxide film, a silicon oxyvnitride film, or a silicon nitride tilm, or a laminate having

the above films in combination. The first insulating film is formed by plasma CVD in




-the above filns in conbination. The first insulating filmis forned by

plasma CVD in 7 which the reaction pressure is set to 20 to 200 Pa, the
substrate tenperature is set to 300 to 400C, and the high frequency (13.56
MHz) power density is set to 0.1 to 1.0 Wcml for electric discharge.
Alternatively, a cured filmcontaining one or nore kinds of gas elenents
sel ected fromthe group consisting of hydrogen, nitrogen, hal ogenated
carbon, SVHGRHEgerRCTanIETSHES isapidordrte 268 Pai diefsobymedt kynpphaswas tat eabment

per forne the surface of 't I |layer ipsulating film Thereafter a

resi st rrgisog ’a‘\‘/r}dn%lea{llgégrie%%lcﬁgﬁégM&E@ DTSR Eonwt 4t IHsl e Wiesickeng a

drain regienioldidhassur nertn.coakr al &ifg fﬁBTcé[ﬁ;Lgfn!irfg bas fH%dr%FoPef &ﬁ{d. & gélsf Ing
a Ti filmas

-

line 104. The wiring line is fornmed froma Al film or

conduct i v&meatapelegedniront the gepypatoneigtifg bihpdrogén.anidodin, Hiheenmt@cidbnj S
deposite ttering.or vacuum evaporation to forma film and the

obt ai n%ad(iilfy ?‘i}é’r%&l?g u%gfi?’ea%ﬁerareigﬁ’és ”BS(EBY BFSYRAFA A PEHRUDPeT @hthecsuratrcel ve
fil m 105 thesinfePlaf@dn8@¥dingd finger ve as an anode of the light enmitting layer.
The transparent conductive film 105 is typically forned fromindium tin
oxide (1 TO, or flhererftadi unsigxinad wividy 2 desired0fatetn 29 ficmedi da dodid) hpiexed
therein. is,.The anode is foglmed by etching the transparent conductive film

105. Thé"’r‘iég‘f‘t‘;é’r‘?raﬁ’ g Alghe curre crpelling Thidatll wdarmschio fosmeomietlod at
230 to 3506 T &hiS 1SPRGLEHCAE i nsyl-ating filmwhich has.an
openi ng above 't he arﬁgoglzﬁoggﬂgﬁhﬁ f:[ ﬁcr:]aoegglsdl %? %eﬂ tefglgleds‘? ao¢0 Rty ggﬁglgn’coél | ed
as a banko gipyEim 0BAADd TC) Tiemstarifias defsitedby spacteinkQ6 vhsuuh PRGoHSLAY a
PVA ( pol v‘%og%ltl tallfrﬁohgld% -based . 20 porous substance along with a washing
l'i qui d té) & i @ng (e oftaingd fifm és paisEIed 196 adisgired shpoe dusts t heref rom
In this specificaty L) ] Wi a_PVA ol yyi

al cohol ) -based %Oﬂrr%}{&ga%ggé}giﬁggveﬁg 3\92:1"{ Ecﬁé%gunre%g(tzoeseéﬁ%a? é’ﬁﬁ{}% ea‘%}és/ §

t her ef r ohglitemeingdsped The wapipagent Afddetiw PIndY03 Baysuef acinRh e Angde, a |
second insulating film110 is formed. 25 An organic conpound | ayer 111 and

then a c@t AHde (1D, ar womgpawe ofide ethdee @At of isupside (gn®) mimet1Bereihe
secongd i nsul ati i 1Q i pel yimide. polyam de, acrylic. or other
f i ngh{ Aldue % f§m%gr (rEr’gdeCym§piﬂ% SERPRHG SO%‘Y'{CHV‘E:kﬁ'é%s“Hf Ito

organic resin insulating fil'm

5 nm  THEheegfani Chahnpuus dotaend ikl kdudehastaaleedhabshasssoe. adgifion to
alight emtting |ayer, a hole injection |ayer, a hole transporting |aver.
a hol e bqu@ﬁlpﬁgaq, gyéps,:ulghng film which has an opening above the anode and which covers

the edges of the anode is called as a bank (Figs. 1B and 1C)
The surface of the anode 106 is wiped using a PVA (polvvinyl alcohol) ~based
20 porous substance along with a washing liquid to level the surface of the anode 106 and
remove dusts therefrom. In this specification, wiping an anode surface with a2 PVA
(polyvinyl alcohol) --based porous substance to level the surface and remove dusts
therefrom is expressed as wiping.
After wiping the surface of the anode, a second insulating film 110 is formed.
25 An organic compound laver 11l and then a cathode 112 are formed on the second
insulating film 110. The second i‘nsulating film 110 is a polyimide, polyamide, acrylic. or
other organic resin insulating fitm formed by spin coating to a thickness of | to 5 nm.
The organic compound layer 111 is a laminate that has, in addition to a light
emitting layer, a hole injection layer, a hole transporting laver. a hole blocking laver, an
30 electron transporting layer, an electron injection layer, a buffer laver, etc. in combination.

The thickness of the organic compound layer 111 is preferabiy about 10 10 400 am.




30 electron transporting |ayer, an electron injection |ayer, a buffer

| aver. etc. in conbination. The thickness of the organic conpound | ayer
111 is preferably about 1(1 to 400 nm $ The cathode 112 is forned by
evaporation after the organic conpound laver 111 is formed. The nateri al
of the cathode 112 is MyAg or a Al-Li alloy (alloy of alum num and
lithium. Alternatively, the cathode may he a filmfornmed by

co- evapor ati on of Mafatepdnbht iHEIr@adibyevEpoGtisuplikr the Grgimictdmppend bdiec

t abl e ang jal.umg The_t hi ckness .of t cat hode 112 js. preferably about
80 to 20 1nlr% %gmstgﬁ% ‘ot ert”ﬂe&lét&?a FEtodss ht%hiag [\{]gz}%?)’éf‘e’ﬁl'ibdhaﬁét‘]i Vel i1m
after W umghunt I 8ai MRRtuch)S OBIRMAEJeDY ST BOhe aham e F.OrQ6 MoeHLESCOPe

(AFM, and the results are shown in Figs. 14 to 16. The surface
obser vatoofvaparatinn of anilsaiare htlong eg lagraupniears methe periglic fébbearainulumhoubhlO

filmth is-fornmed to thickness.of, ;110 nm.on | ass substrate and
cryst al ﬁt_ieet. lctl)(?essr?eélfe ?agléoac{%r%éétls %‘Ff%%&?b%t?@.m fﬁﬂ fid 15 show the
irregularities ofhd BeysWoSht alltedrdragR RBSSLMES BYaudFM nShom i §ifig. 14
are results of observing a nmeasurenent surface before w ping treatnent

wher eas tRiagmentSs gihsewed dyutting of aghsier foraegntidresavpagAl-dfienhd skt taoks afd er

W pi ng ﬁS tr.eg.trrgp . gé'g. 16 shows the average surface roughness (Ra)
bef ore andvaftetss pren “‘treatnent using Bellclean (a product of Ozu

Cor poration) as ﬁe%\é@fa@@%ﬁ&r%ﬁggg tt?‘ﬁ%ﬁfbbg%menft ggesvgspa: r'ﬁgasu;mﬁer?\ﬁ{f €an

surface roughness here 1s expan ree-di nensionally so tha e center
| i ne tavdil@g@lnhéiaglit fotefedned thickddss oBAG0 hncan sgaappbiede whi krysespedtbt o t he
20 surface to be observed. Fromthe results, the average surface roughness
on the B 22¥ G ace is reduced and the level ness is increased after

the wi ping treat t { & eahgdi Lves .a descrijption
about a light en‘il ‘filﬁgargrg%%&?ﬁ%#g@lagg manSgggﬁgjécd?%%l&ﬁggqgggegrbésent

i nvent i &d:MDeSbowben Higr Bt wict desuief & @Resrii®a th@Sured®nt QurfRB Heordnyvigkanpl e
of a method of manufacturing TFTs for a pixel portion and TFTs (an

n- chann&icafient whgregs Sige Hanheays teeulfs otgrbserving e mpasyrewaptsugface péersdiming i me
on the sane.pubstrate. The pixel portion has the light emtting el ement of
the present i1nvention. The driving circuit is provided in the periphery of
the pixel porti ®ig. 16 shows the average surface roughness (Ra) before and after wiping

treatment using Bellclean (a product of Ozu Corporation) as a PVA-based porous material
for wiping. The average surface roughness here is expanded three-dimensionally so that
the center line average height defined by JIS BO601 can be applied with respect to the
20 surface to be observed. From the results, the average surface roughness on the

measurement surface is reduced and the levelness is increased after the wiping treatment.

Embodiment 1
This embodiment gives a description about a light emitting element that is
25 manufactured using the present invention. Described here with reference to Figs. 3A to
6B is an example of a method of manufacturing TFTs for a pixel portion and TFTs (an
n-channel TIT and a p-channel TFT) for a driving circuit at the same time on the same
substrate. The pixel portion has the light emitting element of the present invention. The
driving circuit is provided in the periphery of the pixel portion.
30 First, a glass substrate 900 is prepared. In this embodiment, barium

borosilicate glass, typical example of which is Corning #7039 glass or #1737 glass




30 First, -a-glass substrate 900 is prepared. In this enbodinent, barium
borosilicate glass, typical exanple of which is Corning #7059 gl ass or
#1737 glass 9 (product of Corning Incorporated), or alum no borosilicate
glass is usable as the substrate 900. The substrate 900 can be any

| ight-transm ssive substrate. and a quartz substrate may also be used. A
pl astic substrate may be enployed if it has a heat resistance against the

process (@npestatfWeniak hivrpornddgdirmeinincbbdesilicat@slasNRWRABI8 aEitgs sudbraid base
i nsul ati ng filmo0l is formed on the substrate 900 froman insulating film
such as 8Y4i | TRombskree 90 F#q ba agy | lighhrapsmisside Sﬂbﬂnmte anda gidrizcomstrate

oxynitri f, t hiys [ he base in . film901 has a
t wo- | ave?ﬁyscﬂtléolr}%:et ﬁ%g ﬁo[\)/\em q,q'bge‘gl n al}rb OVEd g f?“‘é “‘tqﬁ‘é{hmtgﬁbmF%S‘i%Jﬁ%“of

t he i nsuttatgrogest tdmrdtu@t@dhasammmﬁ@y be used as the base insulating film
The first laver of the base insulating filmto 901 is a silicon oxynitride

film 90la formedMNest: as shivekindse. B al@*@@lszb@nﬁrﬁnlr(ﬂpﬂﬂéfiiemmleg 0B0he tubstDO nm)

oy 11 BRSO ng (R0 Y R b iy S35 nipf . b 33icom =

17%) f exymdidenfifohi Slrﬁmﬁdérﬂ%&m@ﬁ‘ts dle lhdsekinassiy R om nlbe, secend, ! ayer
of the base insulating film901l is a silicon oxynitride film901b fornmed

to a thi¥rsEys. oHOB@VQroazomlmIﬂymson(moeefémabw 1260s oﬁtm:&@wm@nmgurm Hsiech CVD
using as reactl and N e }Oxlcon 0X r| de film901b

a O Tb
(conposi 118k &k 1% ogqe aSt S8 1 uatEgol IrN hpofirsy faye 2%‘ € PEieBERI e iy
enbodionegi1 RassiBednb:okneas foh b9 fvMedD tthﬁklé?@s%%f'm%”v% g rét‘ei%RPj"n

seni conductor |ayers 902 to 905 are forned The sem conduct ' ayers 902
to 905 dﬁelq(bﬂﬁéob)bylapmtltévm ngng misaeactubmsgaseﬁxPSh&ﬂe and 20-CEr yEﬁeaklllt@e

seni conduct ar. film obt ai ned by for mconductor f|ImW|th' an
anor phou(l%Jx ey fﬂ%tfﬂFleb{}fﬁ ofRg pé”’l?r‘?ﬂvﬁ*‘ﬂétgh@dg%% 19 t‘e {%hgN EPEAVD, Foratti cvp,

or the fhikea lﬁn&staﬁﬁbm@h@% Qghkﬁﬁesg'dfn%e‘rﬂ%}(anoﬂﬂ Sercx.ﬁ %Z,J& %?tzh%rdqe

treatment (e.g.. laser crystallization crysta tion
t her nal mmlmra filnz 801 ore sicaoxyndtkigk fim Wlibdormebbal yigtkass of 5@ to 200 nm

sem con 905 are each 25 to 80 nmin_thickness 25
(pref’ériBT erg%lyt ﬁﬁiﬁ’ M “gllﬂé' Rates iCaf D orsingms Eagianagssi sl ¥dhduthicor
! o, R e syl ey 2 R AETE T4 S sy X
si | i con fbirhed ini this emtddiraknédms a diiclzshof 1® nthor med by plasna CVD and then a
solution contai nér? gnen[‘i)a%ié ?Asuilasting%lgn égl,tsgr%igoggugtgrcgygri 9'[()9%0 905 are formed.
The semiconductor layers 902 to 905 are formed by patterning into a desired shape 2
20 crystalline semiconductor film that is obtained by forming a semiconductor film with an
amorphous structure through a known method (sputtering, LPCVD, plasma CVD), or the
like} and then subjecting the film to known crystallization treatment (e.g.. laser
crystallization, thermal crystallization, or thermal crystallization using nickel or other
catalysts). The semiconductor layers 902 to 905 are each 235 to 80 nm in thickness
25 (preferably 30 to 60 nm).. The material of the crystalline semiconductor film is not
limited, but silicon or a silicon germanium (SixGe, - x (X = 0.0001 to 0.02)) alloy is
preferable. In this embodiment, an amorphous silicon film with a thickness of 35 nm is
formed by plasma CVD and then a solution containing nickel is held to the top face of the
amorphous silicon film. The amorphous siticon film is next subjected 1o dehydrogenation

30 (at 500°C, for an hour), then to thermal crystallization (at 330°C. for four hours), and then

to laser annealing treatment for improvement of crystallinity to obtain a crystalline silicon

10




anorphous -sili-con-fi-l-m - The anorphous:silicon film.is next subjected.to
dehydrogenati on 30 (at 500C, ‘for an hour), then to thermal crystallization
(at 550C_ for four hours), and then to |aser annealing treatnent for

i nprovenent of crystallinity to obtain a crystalline silicon 10 film
Patterning treatnment using photolithography is conducted on this
crystalline silicon filmto formthe sem conductor |ayers 902 to 905. The
seni cond{itibor Piyeing 1geumens usns phatplivwempbeds wtduced winnbisecretaling sitifon

i mpur i tyﬁg_%?JIFO%%S?génqgogéucgghrqg\%g%ﬁ[)g dor or der to control the threshold of

the TFTs ter the tormatior Sémi conduct or layers 902 to 905. If
| aser crystallizahd @micSndleest th@rf 00Mid bes ﬁ{axrsiea&dple@evi&eﬁﬂnﬁ%?%%%t bE ?/]v 0?1

P

pul se oscillating type or continuous wave exciner | aser, YAG |aser, or

| aser cainmEity glegleay dwpron asphosphegis) iemrderad chytranbe ghiosenl oluthe GfF Ts hése

| asers_ i referably coll.ected into | i pear beam by an optical system
bef or € i%?goinéatlloﬁé)fﬁ\eese REBREN y8frggﬁgltﬂg 10 Though conditions of

crystallization Efqgsebet\g\%ﬁilli%{iénaﬂ! Yse@Mo aBrRREE *EAlallidd & BicH R RBm, 4 .
preferred conditions. en an exciner laser is used, preferable conditions

i ncl ude BHsa pssglatingdyprudsentigepds) waveorkcimadaencyAGda SO0 rHzY Oahdet bim baser
energy density,. tq 100.to 400 miJ/cn® (typically, 200 to 300 mJ/cnR). \Wen a
YAG | ase‘?m}?lgy %%e Asel Ught epifted Péﬂetcihgf‘%‘ o4t | %?fé BN RIRE TR SRR noni ¢
thereof ,ingnd gtdi Bant NS BH! SRIcAS GidibAt brel LEAHANGY ul0 s30id 3@, kHz
and the IInaser ener gy dreHr?si ty&tﬁlg 30% tto ‘G(ggrerrﬂ/cnﬂ ti/t%i é%ﬁcwd%g%r tﬂgnsoo

m)/ cn®) . Tiwgh | cesditions giitcryssaltizdtionctapdbd st sudably ieasn bpamonaticitga@ windt h of
100 to 1000 um 400 m ‘L‘?r exanple, to.irradiate the entire surface of the
subst r atPECAHER CORBUGEam WGP $hexcimer aser it ys5ih, Prefeabis emndioms aaglefcorettinge

l'i near |{ASisk] @Rt % , N at | i1 p006 is
formed to ?ovser&t %ghgré%%ggﬁlgcuvg%oég? g—%éraghletg% 16%5Q?%r§§0c§5%hgd gg?etb 4o

i nsul at imycihf (typieQsy, 260 foBotegi frd)n arWhasalvAl fagerfis bsade preEahbile RGndiGbds con
by pl asna D or sputtering to a thickness>of 40 to 150 nm_ This enbodi nent
uses a SPFPCOYSIRE{RiSErarderarmpmic thasrpfodind Sching the pylse sicilatmmofeqyercisgolf) N =
7% H.=,29 o tREGKN&RS £10 nm., T at

i nsultglt itﬁé%foi ']hgrin£ :gggntg%( 1%%.%{;{%&9@85{?%20 gppﬁéon OQ’%:F} rl(?v elcafllpl %%Og? J‘é(}(())ur se,

but may nikcra®)si MYk askANgHt iOtoltecteaThidal Igneaf bk Rivin?® widdWrahd ig 1600 i,
containing silicon. Wen a silicon oxide filmis used for the gate
i nsul at Q8 v Ty cxameple. tpisradiatefthe priie syrianenfibe BT Wil &b bTEES In the

(tetr aeﬁl@Xdiat%rlt, QP&SAJeirlgStrﬁ?o (?fr[ge f:i)hea?rl:ﬂlesemiéﬁ(x;IS sert poe.ﬁ() 10 90%.

Next, a gate insulating film 906 is formed to cover the semiconductor layers
20 902 to 905. The gate insulating film 906 is formed from an insulating film containing
silicon by plasma CVD or sputtering to a thickness of 40 to0 130 nm. This embodiment
uses a silicon oxynitride film (composition ratio: Si = 32%, O = 59%, N = 7%, H = 2%)
formed by plasma CVD to a thickness of 110 nm. The gate insulating film is not limited
to the silicon oxynitride film, of course, but may be a single laver or a laminate of other

25 insulating films containing silicon.

When a silicon oxide film is used for the gate insulating film, the film is
formed by plasma CVD in which TEOS (tetracthyl orthosilicate) and O- are mixed. the
reaction pressure is set to 4{) Pa, the substrate temperature is set to 300 to 400°C, and the
high frequency (13.56 MHz) power density is set to 0.5 to 0.8 W/em® for electric discharee.

- 30 The silicon oxide film thus formed can provide excellent characteristics as the gate

insulating tilm when the film receives subsequent thermal annealing at 400 1o 500°C.
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reaction pressure is set to 40 Pa, the substrate tenperature is set to.300
to 400C. and the high frequency (13.56 MHz) power density is set to 0.5 to
0.8 Wcm for-electric discharge. 30 The silicon oxide filmthus formed can
provi de excellent characteristics as the gate insulating filmwhen the
filmreceives subsequent thermal annealing- at 400 to 500C. 11 ..... ......
A heat-resistant conductive laver 907 for formng a gate electrode is
formed on the gatfehtaigedisithtraynfidtimedO6r 907 doit fleriokizessitotle200ct i© fd@G:drdmm
(prefera 250 t 350.nm) The, heat - i.stant conductive | ayer 907 may be
a singl e?li'é/ E8F o1 ‘ﬁ‘“pafoThé?(é ' thiggness H?é@g to 3#’0 Aot r?fggf@,hgb( hedb88dry.
The heat mh@%ﬁm@kraﬁpe&uﬁrchw1J\@y${57ma € &nfik! IS HRLALA NG B R{b % ”E”t

sel ected fromthe group consisting of Ta_ Ti, and W Al'ternative
heat - r esios tram¢ l@onsdﬁutqmwry ayBhe hay-réstan cahdilu:ywé ildyer erttei d’lﬁlmgc@ﬂemﬁfo t he
el ements |i ted l? ndoher el ements, or _an_alloy filmcontaining a

conbi nat Aor® ‘Eﬁ’elﬂt tht FQP CABIVEE ehft dii AR oF- coBemetividad theo
f orm t hepbgatsik@sd @n@ﬂ&tl@l@d%bygc af\4Aby fhl@l Q88hing Qe O?QHECQIanQEa listed

resi stance of the |ayer, the concentrati on of Inpurfties confained inthe
| ayer toahweuind dikerl devees ana dlog fdmycgmmxmogaemhrtamcn@m dfnhalkeincayliRted s

preferablg/ red ced to 30 E;,pégm or less. In this enbodinent, a Wfilmis
formed t8°%¢ hi ekﬁ%%% 0F CY¥d0 sy t@rﬁ@ﬂwhefheﬁﬁ{wgﬁﬂbéow%w%@jlwr spatarési ng

With Wasf Qﬁué@{lﬁqﬂ:ﬁst%?(:eb(yf tthQ%)%?l RQ&&&ﬁ{rﬁk% urilies %8&&9‘ nehl (%)I‘ 'theeldng\Fa)

In either case I'm has tG have a | ow resi tlvt in o order to
the WA i shmuld be lgatred @ahé ahe ogezen/otesitiaaibh én pesicalar vd pt;ef@ﬁblyhedd%ﬁltb moi s 20
iitQ@mor |ower 15 The resistivity of the Wfilmcan be reduced by

i ncr easi PRMtAdCEr y &1 Biis gRbpdimenz e Wulm js formediea diieknesbo hddfy nimrpdife Yy
el ement Sz Gy AR. A1NAFBy sPud ﬁm\’&p,ful. Wihs BlMRIRL b HOUAQM| %v”[%g%g't&n%%eho

ralsethere3|st|V|ty Fmis

sput t er i Mgaflaorid¥ (WEFget Iﬂ\feitﬂibra:aml Eid W folin 8818 ke SR IRARWV(16 insRdr ANeea
great care is taken not to allow inpurities in gas phase to mx in the W

filmthatheiV¥ fﬂ@i fﬁ'gﬂ gase ﬁbéirodfﬁs & fesdgble, resipieviygydtitherW 80n ¢ad0 h&een ar lower.
ESISthIt

resis |v ter an also b used o forma Ta film
for t t {2res] tanB con &P[{/ée r‘fdévg?%ﬁd’?aegm’ég fFiPY igéa“?éllﬁgﬂ‘

usi ng Atthaz% SR Ubb ahhmg i 1ty| éie;aen@aa&mglﬁty en YRR i@ r @allfation %dded
to the sputtering gas, the internal stress of the obtained Ta filmis

eased t onpibégd ke raigeeth gesistivinys r ducgdiig nghefithe BhElim esfosnied by gpuatterangTa il m
I()'[]hg r Zﬁ a\%gf%%e stithaab 81lilgity2c9f éb@rt% 68995&%%5 ?isbt’l: anciS a gre%tagz(?reel'la ?a tt’lr'l%%te to all ou:[-f he
impurities in gas phase to mix in the W film that is being formed. As a result, the W film
20 can have a resistivity of 9 to 20 uQcm.
Sputtering can also be used to form a Ta film for the heat-resistant conductive
layer 907. The Ta film is formed by using Ar as sputtering gas. If an appropriate

amount of Xe or Kr is added to the sputtering gas, the internal stress of the obtained Ta

film is eased to prevent the Ta film from peeling off. The resistvity of a Ta film in o

D
(1)

phase is about 20 ufcm and is usable as a gate electrode. On the other hand, the
resistivity of a Ta film in 3 phaée ts about 180 pf2cm and is not suitable for a gale
electrode. A Ta film in a phase can readily be obtained by forming, as a base of a Ta film.
a TaN film that has a crystal structure approximate to that of the « phase. Though not
shown in the drawings, it is effective to form a silicon film doped with phosphorus {P) to a
30 thickness of about 2 to 20 nm under the heat-resistant conductive laver 907. This

improves adherence to the conductive film to be formed thereon and prevents oxidization.



~resistivity of a Ta-filmin (3 phase is about..180 itQm and is not _suitable
for a gate electrode. A Ta filmin a phase can readily be obtai ned by
formng, as a base of a Ta film a TaN filmthat has a crystal structure
approximate to that of the a phase. Though not shown in the draw ngs, it
is effective to forma silicon filmdoped with phosphorus (P) to a 30

t hi ckness of about 2 to 20 nmunder the heat-resistant conductive | aver

907. Thisﬂiﬁﬂﬁﬁ@@é§ﬂadheﬁdh@e ﬁb?pheewenduﬁmnvenﬁMhnnfoﬂbénénﬁmﬁdﬁememeon
and prevents oxidization. . 12 ...... ...... At the_sane tine,
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TV Don EPRITEHd0ahE oS arecuE BOnIIT 998 el aNB Ao (B ned
in the hegigsr esi ﬁtgaatms@muat@ vevtdﬂt/&rr n%ez@mg %Qf,%f f!tbflef HSIsN il M Rt he
first shape Yat e |nsufat|ng | m 906. What ever is used,"a ~
preferabmewhehesntvuamcmadgewemumrQMethabsﬂeslaﬁant conductive | ayer 907
is 10 to 50 uQx hi.s enbo a TaNfilmis used for the first
conductive fil nbﬁgl @% I”WPfﬁfﬂ??ghﬁéedﬁﬂdprﬁﬁéh§e%ﬁﬁdc%ﬁh@@%ﬁp@émﬁﬁlm
908 (FI 0w i DKlror iR Sk&na AR 90 % Al PLTBA) uSi g the photol i thogr aphy
technique. Then first etching treatnment iIs ed out. The first etching
treatnent is condlest edsianagersks fH0Pst-~efocined gustgndid ipho®!idogr£phe ordheyehi ng
condltloqg %o In this enbodi nent, an I.CP etching apparatus is used,

Fiy figst elghing fecafmentds gareipd Ayt g dde ftrﬁfeet?laflg gegmeghts ondygtedpader
t her eof power of 3.2 WcnR is given
at a preggﬁ?ghg%gmﬁgg%?é%%eﬁgggtggmﬁé%Oégﬂ "(13.56 MHz) power of 224

MV crioi s al so glveiks ¢rabddimest)bs ICRERhBigdPpLSaARDY 8se8! @YRJF.$ond DAkire used
substantiallg negative self-bias voltage is applled thereto. The Wfilmis
et ched uftef ’tnﬁéa%‘hﬁlf?%‘t Oége‘hﬂﬂ\y rarlFePOHsset TheSRp1let urd & (g aéowdtzr)u ons

are t heno sl ghed viFNe REG0Rd o SLG 19, FORALLIONS ALENOUR L qTaY o)

resi st er e §econ |ng condi £ ons, ed as

et chi ng g&ser bhex2dani w/@h- g@Satg‘ol gweﬁatoe:ﬁeheﬁmxfatd SidelsatrPle Itk PGoSHEM and
RF (13.56 MHz) power is 3$ven at a pressure of 1 Pa to generate plasm. RF
(13.56 M@ﬁtapb negratipg saN-p s apKageds vepliadghetstw. s dhstWdilm eleetéle(l sade the

st age that supbst an negative sel f-bi vol t be appli ed.

Conduz:t iV grSt g.ﬁ_)g 5%5}]& 59 1?hﬁ ad/%% §lCHIng ‘fcg'td“toa{'ﬁeztm aﬁ éwé{g]ge ﬂ’é’dsetcﬂﬁgug h

the fi r(&&hlﬂg CEiragtidns ALIBAL renl&MBn@ NGk erelist tHRKE ap‘Un%lgr RAE 4LBRd AicHlipe
conductive layers 910 to 913 is sét to 15 to 30. In order to etch the

films wedndiitonse@li syl &hyare esdddasesicltihe gag, ¢l ragfo of gas flow rate thereof is set to
30 /30 SCCM, and RF (13.56 MHz) power is given at a pressure of [ Pa to generate

plasma. RF (13.56 MHz) power of 20 W is also given to the substrate side (sample stage)
20 so that substantially negative self-bias voltage can be applied.

Conductive films 910 to 913 having a first taper shape are formed through the
first etching treatment. The angle of the tapered portions of the conductive layers 910 to
913 is set to 15 to 30°.  In order to etch the films without leaving anv residue, the etching
time is prolonged by about 10 to 20% for over-etching. The selective ratio of the silicon

oxynitride film (the gate insulating film 906) to the W film is 2 to 4 (typically, 3), and

I
L

hence the exposed surface of the silicon oxynitride film is etched by about 20 to 50 nm
through the over-etching treatment (Fig. 3B).

Then first doping treatment is performed to dope the semiconductor layers with

an impurity clement of one conductivity type. An impuritv element tor giving the n tvpe

30 conductivity is used in this doping step without removing the resist masks 909, The

semiconductor layers 902 to 905 are partially doped with the impurity element using the
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tinme. is prolonged by about 10 to..20%for over-etching. The selective ratio .

of the silicon 25 oxynitride film (the gate insulating film906) to the W
filmis 2 to 4 (typically, 3), and hence the exposed surface of the
silicon oxynitride filmis etched by about 20 to 50 nm through the
over-etching treatment (Fig. 3B). Then first doping treatnent is perforned
to dope the sem conductor lavers with an inpurity elenment of one

conduct i Vit yapey pbapeAeoriduptive tayes| Bifentd 916t agmaikng whiveehry fisgpe ty@0impurity

conducti vi t use n this dopin Wi t hout r ving the resist masks
900, The AR c‘?lcf B P ) B0 S5+ Q@ﬁﬂ%f!&*ﬂﬁaﬂ |‘§In8y‘*dg‘bé"apwfﬁ’r?i‘irﬁ%“
| mpur i tyf&'iﬁl‘ﬁﬁmnoutﬁé ﬂg;r,'ﬁ(h@ondgg’tmh gh GI%B?"IJW&IQIQ gﬁ.ﬁfo;(i?c té?l%e IC% 0 and

913 as nasks, whéreby first type i npur regl ons 0 or med
in a sel phtalphgmns 1iB) omamernic (Aljed Tas dbbmmmammsds)phei;;ﬂmamdndfmh dop‘m&rt Mg the
n type conducti vi t%/( [s.a Goup 15 elenment in the periodic table, typically
phos phbr GCEPyatn rtE%HF?:M(%EW%&MWH@%HB? 8 (YRS PP ds< H4d G bn
dopi ng. 21 g i I M+ arting the n
ype condug: rurycng @ 0ol B IP WK HUEBE (HESBRR 1o 1 ype
inpurity regi onsS&bdtcach@erirdatingnt i8Blen Badanel eithbitngmbl R@ttie fdsist maklen
conducted w thout renoving the resist masks. The second etching treatnent
i s carri &P SERONdnHERIng HrGalmeRt cihi G ich A BRdsshiA Fteisng ©candigipeniang fourth

N A R e e L

et chi ng tgaSICPtafpgaﬂ’a&isl1®eﬁifplcfy|e@VCFﬁ£rﬁI CLhes eQdd dssei@fhg &%, 3130w and RF
(13.56 MHz) power is given at asogéessure of 1 Pato generate plasnma. RF
(13. 56 NPgEopBst taodl/ S@ﬁl\é adddF GidenMilr) phees shveraate: prcshare véfshﬂpl(e

t b t {b | ¢
thor ot o Lt R R e B e S aRbeF g "B POms S L el o@BRoke et s
918 to qgammem é)heo What' S Eadsmnamytd&@atT@é\lsEuflbmgabsn@geclrhecif)bﬁeé h!ﬁ'er@t%”e

degree (Fig. 30). |l e leaving the resist nmasks in their aces,
et chi ng %liﬁ’@iﬂtqnéﬁfsﬂ@rtélrd @H&lﬂ@@br{qum@rfﬁ corduetiee élhmgi&@@@izﬂlmt: tﬂﬂn‘dér the

fourth [ I ons and 02 is used as
et chi ﬁgetlgglsandgtﬁa%nﬁg ftlﬂsarggt% %B\ﬁ%‘}le SN &éﬁqﬁ) a pressure of 1 Pato
gener ate pl asma. wiiie (14326 M1ZdsiROMBEKsOfn ARir la@esaltﬁé) egéh\{z‘%ﬂ bRitREs Akt

substrate side (sanple sta ge) so that substantially negative self-bias
vol t age qhsn@dpibltbcj fourﬁmtemlog chinbtivys i [Undes thet fohshl etnhdey card@idnsya tfix@tachi ng

condi ti W 4, élor mds 8(301? CIIJSgJI aP etch?n(zgng.'alljsctalngeRII~ i(|1£§6 %\%%Z% (;))ogv%? 19( E{veh d:%[?:l)

pressure of 1 Pa to generate plasma. RF (13.56 MHz) power of 20 W is also given to the

20 substrate side (sample stage) so that substantially negative self-bias voltage is applied

thereto. The W film is etched under the fourth etching conditions to form second shape
conductive films 922 to 925 (Fig. 3[)).

Then second doping step is carried out (in which the semiconductor layers are

doped with an n type impurity element through the second shape first conductive films

25 922a to 925a). As a result, second n type impurity regions 926 to 929 are respectively

formed on the side of the channel formation regions that are in contact with the first n type

impurity regions 914 to 917. The concentration of the impurity in each second n type

impurity region is set 1o 1 x 10'* 10 1 x 10" atoms/cm™. In the second doping step, the

semiconductor layers are doped with the n type impurity element also through the tapered

30 portions of the first laver second shape conductive films 9224 to 923a. In this

specification, portions of the second n type impurity regions that overlap the first laver
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Then second doping step is carri.ed out. (i.n which the sem conductor |ayers.
are doped with an n type inpurity elenent through the second shape first
conductive filns 25 922a to 925a). As a result, second n type inmpurity
regions 926 to 929 are respectively fornmed on the side of the channel
formation regions that are in contact with the first n type inpurity
regions 914 to 917. The concentration of the inpurity in each second n type
i npur i t ysaceyd omapescapdtictive filnxs PRAB1d 625a xrel@lBdat@mebenstahds tdhe cseggny
dopi ng step, t“leee sem conductor |ayers are doped with the n type ingurity
Eg)d?st gd ke

el enent % JROTIRES PLPEHEEPTSON PEELTMBREYTELIORRRT fQ nOY eealep sl
shape coy; ke S . . i . i.fd cati Qn rtions, of
t he seco!rqg&ﬁge%rgleghza %?ﬁ%g@%gi“gﬁgf%ﬂg? 2%5%% %El%%(e)h:‘(ic(?ﬁsctgf%dfﬁg f (fﬂfti)econd

shape comdiont (kie. 44). s 922a to 925a are called Lov (-ov' stands for

‘overlap) regions whereas portions of the second n %Se inmpurity regions
that do not overfapaeindiigstB. impyEty Keien§32Kate 06 Yddb) andedF3 (98 exba to

925a ar o - for. -etfsetel- Leqgions (Fig. 4A). 5 As
hoan | v pry atid il Oedm BORIAR Bless AR 90k B R ot Bhiesana
933b) ars doivegdlernof pehseid CaNdUCTaE cbayetisit®AZpaand R0Bpures Rassively .
which are to serve as active layers of p-channri TFTs. 'Iphe ‘conductivity
type of AHEPAPUVELSG 14 BigiosasODBRELvEKyre33 Ths impyilygegipns Phbarshid3 too are
conduct i ] e cthe inpurity regions 932 and 933 too are.  forned.in a
sel f-al i%ﬂ%‘%dggr?rgr?ﬁg'rahl%?m&o%la %theg%%ﬂgé enm]_tc8?(?‘1°5yeh“§er\‘7\/i‘flﬁ‘ 4R TRBUR ty to
el emept ddidnt Jhatg@hvdshle P &y oRARENEY IWhileyusid LR 448bAPcSNRICBEC ORErs 922
conductive | ayers 922 and 925 as nasks. Prior to this doping, resist masks

930 and 294 P23 me nfasksre Prioe te Guedoping. resist iasks $3Pfaad 831 efe fonmed entmenduct or

| avers 903 and.904 that are to serve active |l avers of n-channel TFTs.
The p-t JBE TS Doty TrrrodD HASEOmECH une i Agneasting

di bor ang.-{iB3k4) TiFhe g8 ath QR P fredibRs bIPULUtIA3F QL dRAT b ngd, thgiR type
1s conductivity is set tCFgw ex 1%1‘}109{8%{2 x 1021 atons/cm i@i%gggﬂ d(g)ﬁmghe p
type i npamgt §ibpege disH«93 X tendo@88tratiiin af ¢hosmputigokor trhhgarfing ythe ¢ myperi ty
regions 932 and 933 contair the inpurit gl.ement that gives the n_type
conddet i‘v‘%“i‘z‘ﬁﬁ“’%\ﬁeﬁ%mg ﬁé) mt*gﬁel | nzﬁﬁ’i“g/f:?‘ IR GG 1agp ERRIIMRLY Fegjeisno
probl emgh ;fiibg3 i oning as a source region and a drain region of p-channel
20 TFTs if they are doped with the inpurity elenent for inparting the p
type conducti vi ¥4 aidiosar leotindent ryptiimpuditysreions 982 aed 983 gbetaint hanmpiiéty
concentration of the inpurity el enment that

element that gives the n type conductivity. However, the p type impurity regions 932 and

933 have no problem in functioning as a source region and a drain region of p-channel

20 TFTs if they are doped with the impurity element for imparting the p tvpe conductivity in a

concentratton 1.5 to 3 times higher than the concentration of the impurity element that
gives the o type conductivity.

Thereafter, a first interlayer insulating film 934 is formed on the second shape

conductive layers 922 to 925 and the gate insulating film 906 as shown in Fig. 4C. The

first interlayer insulating film 934 is a silicon oxide film, a silicon oxynitride film, or a

~
A

silicon nitride film, or a laminate having the above films in combination. In any case, the
first interfayer insulating film 934 is formed from an inorganic insulating material. The
thickness of the first interlayer insulating film 934 is set to 100 to 200 am. If a silicon
oxide film is used for the first interlayer insulating film 934, the filn is formed by plasma
30 CVD in which TEOS and O- are mixed, the reaction pressure is set to H) Pa. the substrate

temperature is set to 300 to 400°C, and the high frequency (13.36 MHz) power density is
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gives the n type-conductivity. Thereafter; a first interlayer insulating
film934 is formed on the second shape conductive |ayers 922 to 925 and
the gate insulating film906 as shown in Fig. 4C. The 25 first interl]aver
insulating film934 is a silicon oxide film a silicon oxynitride film or
a silicon nitride film or a lam nate having the above films in

conbi nat i th first inter|ay insulating film934 is
formed f ?%%O é)nb a‘%g‘%‘% ﬁoﬁgﬁcgﬁ ﬁ’f@dﬁ‘ﬁﬁ er il gfi ‘;S*?ﬁ’é Oxifl’ifr{ﬂ?n@%”dﬂ\“@ R e st

i nterl ayggs iimsHh @t iR LddamiR3434 S iheetint thalOQ f2medQ oxi de
filmis useé forﬁt r:e first 1| nterlayer | nsau | at |On%1 fi F%SS Cﬁ[\):'ﬁjiphfgﬂi
formed biH-Ql ashiH300rCuin iSaiwaidN: CFECBhaﬁ&n@)m(momcmmhiomhﬂ theaedd iabiude
pressure is se{;e to 40 Pa. the substrate nperature is set to 300 to 400C,
and the g8 HiccGadingyPEIISH Rﬁ%i@} 280 ke “lfe‘ﬂ’é’ﬁ‘tr%}e itgnpergiugeto 1 @ H4° 0. 8
Wem § ofn e Gidd fedllcnf (ggf Y & Film, r the
first |ntner | aye - eﬂl sul g'?{lg ng 5?3%&(&%%?)( %1%% fglél for grsgﬁlqu\% CvD

fromSi Fiﬁsulal\li’@ﬁlraf%ﬂ\lhﬁ{ bon Sﬂrdam(ﬁh hidriad tydda©. i’iﬁEh&rifnbﬁ Mon® IRt NSO, and
conditions in this case include_ setting the reaction pressure to 20 to 200

Pa, the Substdtenrdrge/arasdh rssonciaycnopalating i cemae fpgrdtindutney (60

MHz) power. de O Wcm . The first interlayer insulating
f|Im93V\ﬁs g?ﬁayrg 0?1%10%:1%%%”“% hydrate filmformed from SiH4, N, QO

and H2. A SI |'i chitenndrt dtid@tibih kitp a$ colRicledns activii® tHealuritnsivmaidk Mgatfard M can
be formed simlarly by plasma CVD from SiH4 and NH3. Then an activation
step i% l&&ﬁ&mé?@dthﬁéelawmt@r kaﬁ@rsmﬁtffqrw ceneapEatians 4ndtsivg Gen tbe askEeE t o

dope B RORGAT 0 afll GO0 e RRIEPLAD T Sp R et R

n type ype con Heti vIcty

anneal i ngnesingdfudince - ana&alahﬂ@am‘ngrdaaglﬁd thmn aAhdagak i(RUA PmavaRi dhjbesdral
anneal ing (RTA) may be enployed "instead. Thernmal annealing is conducted in

a nitrogBsicag: no?t?ﬁ@ﬁle apfieaing hie exyigetad igongemegeat iorpspledragvith pymooygéress,
f bl f 400 to 15 700C, 1y
e L RS |55 ohe o RRG Lt 0l § Afodeie 19 FoLLL

for f1@ur70b0@r@pzdan 00 BSEO6°CS URA KL Srehfidin MASHk QlRFhedi68 I Dhane& L used
as the substrate 900, laser annealing is preferred. In this heat treatnent

step, tHé0catiar ﬁcturdncexlrserrefﬁta plﬁstakslb)strersetuau hast low Btagpesidftanceriy sised bs zheng t he
semcon%utor JS)/ rs S ved@&%g red) to the first n type inpurity 20
regi ons H A 36583%18 ngts BY5 el ement in the periodic table that

has a getteringn this heat treatment step, the catalytic element (nickel) used in the step of

crystallizing the semiconductor layers is moved (gettered) to the first n type impurity

20 regions heavily doped with a Group 15 element in the periodic table that has a gettering

effect (phosphorus is used in this embodiment). As the result of gettering, the
concentration of the catalvtic element is reduced in the channel formation regions.

The activation step is followed by a step of hydrogenating the semiconductor

layers through heat treatment at 300 to 450°C for 1 to 12 hours while changing the

25 atmosphere gas to an atmosphere containing 3 to 100% hvdrogen. This step is for

terminating 10'® to 10"%7cm” of the semiconductor layers by thermallv excited hydrogen.

Other usable hydrogenating methods include plasma hydrogenation (using hydrogen

excited by plasma). Whichever method is used, the defect density of the semiconductor

"“em® or lower. To achieve this, the

layers 902 to 905 is desirably reduced to 10
30 semticonductor layers are doped with 0.01 to (.1 atomic % hydrogen.

A second interlaver insulating film 933 is formed to an average thickness of [.0
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ef fect--(phosphorus is-used in this enbodinent). As the result of gettering,
the <concentration of the catalytic elenment is reduced in the channel
formati on regions. The activation step is followed by a step of

hydr ogenati ng the sem conductor |ayers through heat treatnment at 300 to
450C for 1 to 12 hours while changing the 25 atnopsphere gas to an

at nosphere containing 3 to 100% hydrogen. This step is for termnating 1016
to 10" 2/ B Oatmtfieen gewigaminlinstloting ayerisl. byl letsecoral inye rlexai inedatingdiilog ey

O her usabl ro enatl met hods i nclude plasma, hydrogenati on (using
hydr ogen% egocrl eg “%3‘)0 TR cRavER! rﬁéf[ﬁo‘tf P‘S%é‘é Pl I%Ieff’Qf‘, “H%ﬁ"m ty

of the sggi méhh@ﬁ&r la@@ 50202 clBuRBD). | LRl ¥ lgm or
| ower . Tg ggﬁl eve thlog fen 30Cse#1 cg)ndzrgfg[?’[ ayer}s]grgg&gﬁ’gp Jﬂ?c ﬁpﬁ 01
to 0.1 atimtnlt tiogrinyidly @géﬂmermeéad:tondpplmtiemlaaytémmuasmluatd nge fril [|nm]3965m:($ bi-or med
to an ave ﬂgthl kness of 1. mfroman organi¢c insulatin

nat er i hl W ECHHRY PHERA é?;élc i r{%meaftei%d fnieraYFRyIsuEng dHlm ssdfosmed o
organi ¢ k&$1iR ARLSIkakpsS Ue , :

pol yi m dear%}h1 t 1% Cgp benz cyc oﬁmyeﬁgsn I%Ig:%yhﬂl ﬁs?&%géﬂmmﬂgncuﬁgﬁgﬁ%nﬁe of

the t ypethetrha:lturr:ss Mrémta:b ltiye q:rulry rerficzed tiaf $ubstrappkingdh dpdnidr, IbOSEbahe isS
used, the filmis formed by baking in a clean oven at 300C. If the second

i nt er | ayBe-heakdions pyjt Pﬁaferﬁ“l@ & ben cgpndsagnd ihpe thersubstpde 6 hajpe in g clean
enpl oyedme‘ﬁhang@t@f&%ro%lr% eshtS ‘Wfﬁgf‘ W,th the curing agent, the mxture is
0

applied to the entire surface e substrate using a spinner, the
substrate is prBeingdomukdot @ dighdic plsakinginaBfl, ftl@dqe@@n@ﬁﬁémd@r indtEiihfen

t he subs rate i.s baked in a_clean oven at 250C for 60 nminutés to formthe
film 1 9 1§ GiRMRIE of lexpling dsrimeaphRioparlY- ndwﬁ@pwrr #he intaglayeeinonigting

interl aygr; 'cQﬁltlJ-:cﬁH’: qfnflé ﬁ?ﬁadc@ s?&%ﬁtﬁg mg 1’6‘:1 aten S Eapee;c?zgén ?}j Ffi c

properly. "\or eover, e i nt ayer ins mcan‘re

capaci t anaetagi m@%e@egam Eloh@st JYBdred iredis rﬁﬁtérlél@erb Mhyeir@cBFier hifd 26Ok ant
in general. However, organic resin materials are hygroscopic and are not

sui t abl esUifably 35 dtRsetertive filmm Tierefoss.orsein tis mbpdimenantbe deeanst mt@rﬂfelesecond

|t or oy iy e, AR Lo iy o GREENETHSR ot Gt Bt oy o

silicon foxyéd fromdesifibdioxigE filnSd dilieaodyhitfitdaloh | e sillkg ereTdml nt erl ayer
insulating film935 formed froman organic insulating material may rel ease

moi sture and gaslha seghed eneteyengnailaingriio 82 favpinfrom deorasicl psuldégg aded

g% i Stnlljartgna may relgaseyxgmspu're l&le ]:ggsCt ’ngfrﬁ Cal"nllttll'l%hélﬁ%gi!]tt'i taernEHO\SI\'l/ Itc(}: %eteg% y Uses

degraded by moisture or gas (oxygen). In fact, in a light emitting device that uses an

20 organic resin insulating film to form an interlayer insulating film, it is conceivable that its
light emitting element is easily degraded by moisture and oxygen released from the organic
resin Insulating film due to heat generated during the light emitting device is in operation.
Therefore, a first insulating film 936 is formed on the second interlaver insulating film 935
that 1s formed from an organic insulating material.

25 A silicon oxide filin, a silicon oxynitride film, a silicon nitride film, or the like
is used for the first insulating film 936. The first insulating film 936 is formed here by
sputtering or plasma CVD. The first insulating film 936 may be formed after contact
holes are formed.

A resist mask having a given pattern is then formed to form coantact holes

30 reaching the impurity regions that are formed in the semiconductor lavers to serve as

source regions or drain regions. The contact holes are formed by drv etching. In this
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20 organi-c resin insulating filmto forman interlayer insulating film it
is conceivable that its light emtting elenent is easily degraded by

noi sture and oxygen rel eased fromthe organic resin insulating filmdue to
heat generated during the light emtting device is in operation. '
Therefore, a first insulating film936 is formed on the second interl ayer
insulating film935 that is formed froman organic insulating material. 25
A si | i coffSexi daxtire ff (s antl Qedh ussd s etchias 2o tonetch the firs onsuhdting Gien PBé m  or
the likeg. s [, e ] Ldonsul ati.ng fi .936. T first insulating
£ m 936k fggﬁgﬁ{“ﬁé‘réé‘pg‘y‘%e@ %ﬁ"t“ﬁ%? ?‘On% md’r“%ﬁ %{Jsgrrg : %@D‘.‘“ &% Ftrpétd"f ﬁ%ﬁ?éﬂ i ng

fil m 936intaaybe ifsarang fafi e85 epntiacbrmdioles af 8rehpicn@sn MalBS SITHIRSK:
having a given pattern is then fornmed to formcontact holes 30 reaching
t he i mpuftFhipe Lagionsighsdbagy © €br ardiOp o elsb theefiist oridlryeomshyies silind Fer ve

as saur i 0on redeain reqio The contact holes are. formed.by dry
et chi ng. fﬁ?engt?’ ﬁ]iﬂg g%i% félzratggr, alémm x&oﬂé RN %&ﬁr tgne(?%fﬂceitge ﬁeg%cdlvﬁ§d[é‘f (‘?’I’fgﬁbe gas
to etch deaticrdusiorilgid, alnting: Lhte TABKing filh Hh6 iTBRh& CPIMOcARR hd1dk hed
changed to a m xture of CF4, O, and He to etch the second interlayer

i nsul at i thgs PPRMI35 that is formed froman organic resin material. Then the
etching gas is s CE4 .and to etch the first interlayer

tgi tc[hEd tz]ac tﬁ d% ) th

i nsul ating fil m 9345 HRECUYS AT S SALGAD% SRYTEPE O AAGEID CERIBET ADr der
to enhangeretdie s8heGl inkekr athe Ml i HRE BRI &PIGUE WAtink AVRES93 ARG dhe gate
insulating film906 is etched. The contact holes are thus obtained A netal

conduét i Meoughlnet owimidd dpywiggu thewinmg laresvathis ambvdipenaticdormedifrom a

patterned using.a k. The filmis.then etched to formwring |ines 937 to

a5, °" L QRO H3E TEH S § RN AN Band era iy SR AT HoUoT Alph pgh -

enmbodi MpickaE. ofgnRe, froma lamnate of a Ti filmwith a thickness of 50

nmand an alloy film (A -Ti alloy film with a thickness of 500 nm A

transparent condbctanspardnt condustifofimds fohaedtirrdon iaathickksness30to 84 wm. 120
mis,then etched to forman anode 944 (Fig. 5A). The

tr ansggfﬁ{#“&bﬁdﬂ‘éff FiFRed {9 form a8 agede Oth (i ¥ entdiitroRareal cAdpgic i i n
4 AP B P f ANl S (20
Wi t h t heo @0% of zing oxide (Ziev D idimhexiley t he anode is electrically
connected to t hefh%ra%ioge 529 iisofr(])nggd tt;ohceoz]:(i‘«fl:J {nr ceorillttact and overlap with the drain wiring
line 943, whereby the anode is electrically connected to the ldrain region of the current
controlling TFT (Fig. 5A). The anode 944 at this point may receive heat treatment at 180
20 to 350°C.

Next, a third interlaver insulating film 945 is formed on the anode 944 as
shown in Fig. 5B. At this point. the substrate may be moved to a processing room (clean
room) for forming a light emitting element. In order to avoid contamination or breakage
of the TFT substrate by dusts in the air, a very thin film 946 having an anti-electrostatic

25 effect (hereinafter referred to as anti-electrostatic film) is formed on the third interlayer
insulating film 945. The anti-electrostatic film 946 is formed from a material that can be
removed by water washing (Fig. 3C). Instead of forming an anti-electrostatic film, the
substrate may be stored in an anti-electrostatic carry case. Before changing processing
rooms, the TFT substrate that has finished the steps above may be subjected to operation

30 testing.

When the TFT substrate 1s brought into the processing room {(clean room) for
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~eontrolling TFT-(Fig. 5A). The anode 944 at this-point my receive heat . .
treatnent at 180 20 to 350C. Next, a third interlayer insulating film 945
is formed on the anode 944 as shown in Fig. 5B. At this point, the
substrate nmay be noved to a processing room (clean room for formng a
light emtting element. In order to avoid contam nation or breakage of the
TFT substrate by dusts in the air, a very thin film 946 having a
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washing. Then the third interlayer insulating film945 is etched to forma
bank 947ubliavriig hif App@HPRdednsagyds RGO 1§ RERUZBDIMHER R PragerHing FROpifRE|

(lI'ight t1in e esist is used to formthe bank 947 in this
enbodi rreefrrﬁmm%hglgotewﬁgﬂéeieme{'br s enbodinent 5 is about 1 min thickness,

and a region of Af@udankeQ4FilthRlus€PiRlil BAAE HTNiA HANeitBBdigndnh podfigte i s 1N
contact with the wiring line is tapered (Fig. 6A% The TFT substrate may be

subj eiét ddm @ pHraredertdm. on acewid ﬁgn argﬁGB fhangpcyic Ohugznbr dlighe silios axige

f f t L Al t hough t
P Pt o (B PR imes S 408 Sorme Bffes sty S5 b et b i Fay
pol yam dgnd hd s %a@férdfhh&mftldgm Iepr%eﬁaﬁweawﬁt QbLaN8 Yornh IHB bagtk Sl i con

oxide fil'm or the like nay be used in sone cases. The bank 947 may be
i nor ganiicisgreforajinioctasa phangerasive taciyiic ddpadndehaf pirfigul beat pgatment at 180

phot osensi tjive acrylic is used to for pank 947, ble to
Btoh o PhATBLensAFy 8 PAERAPIESAS 1A A1 thﬁé'h’sr}@ﬂ dtmmelﬁfab_tf‘r@a AP el 150
L0 390Crclliih &t IRNOPBACIRNlNA G Wl hfin tid fiks Used, 11 1 preferabl e

to perform i's treatment at 180 to 350C first and then etch to form
t he bank. Next, Nexpi wgamg e@bmeatt 1sspe|:ferrh@:t wadthe rsutfiace sxﬁrmacaaoésf tlhethanode.

I(g E?LZSE{EHBFQ%?S&% su age% rttftéle %go e 945,4{1 ?s %?1% eus?rltlg4 Beﬁcleag (a prcsxliuc%J o?e |l ean
Corporation) to level the surface of the anode 944 and remove dusts therefrom. In wiping,
pure water is used as a washing liquid, the number of rotation of the axis around which

20 Bellclean is wound is set to 100 to 300 rpm, and the depression value 1s set to 0.1 to 1.0
mm (Fig. 6A).

Next, the TFT substrate is baked in a vacuum. In order to release moisture
and gas from the resin insulating film for forming the bank, the vacuum exhaust is
conducted at a constant degree of vacuum, for example 0.01 Torr or less.  The baking in a

25 vacuum may be conducted after removing the anti-electrostatic film. after wiping treatment,
or before forming light emitting element.

A second insulaiing film 948 is formed to cover the bank 947 and the anode
944, The second insulating film 948 is an organic resin film, such as a polvimide film, a
polyamide film. or a polvimideamide film, formed by spin coating, evaporation, sputtering,

30 or the like to a thickness of | to 5 nm. By forming this insulating film, cracking in the

surface of the anode 944 cun be avoided and degradation of the light emitting element can
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- Corporation) to |level the surface of the anode-944 and renove.dusts-
therefrom In wiping, pure water is used as a washing |liquid, the nunber
of rotation of the axis around which 20 Bellclean is wound is set to 100 to
300 rpm and the depression value is set to 0.1 to 1.0 mm (Fig. 6A). Next,
the TFT substrate is baked in a vacuum In order to rel ease noisture and
gas fromthe resin insulating filmfor form ng the bank, the vacuum exhaust
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organi ¢ conpoungh Itlﬁ.\!%lfnb%ﬂnd:r& aoapanbﬂ&mcymﬁe Ragsedi fBr adibid ifectiod 1@ydd ght
emtting layer, a hole injection |aver, a hole transporting |ayer, an

el ectid oWWW&ﬁ@pHPD Bousedyfer a hate EhspoTtiog layanj eBodmoll digdayera atsufofeed lbaver |
etc. in_conbination. The structure of the organic conpound |ayer used in
this enBOHCHERT will be described in detail below In this embodi nent,

copper pht hal ocyaéi@mlifindsSgekrf leorﬁleH(?xL:?t | ﬁﬁti b@l@ob;ﬂ%‘ﬁf dlff@fﬁ)’l‘ﬂ%‘ét%ﬁﬁiqa NPD
is used for a hole transporting |ayer. Both of the layers are forned by

evapor aticowsed Aot idgffaremndighti engittirey byeis sofantare drged compomz‘rd Rversbbali emaitt |
' ers to obtain

or ;;ﬁf gn&%ﬁ%ﬁ#&%ﬂgfe%et ﬁgleedelg%g{ﬂcd#{%g@?aw? FurgAtingh ol bodiREnstGani ¢
Corpoun A SRCTRY 4 SoBOAE [MTLe Bl S LOES SRR
Al typbghtof Adlgaes of cgapiouetpoayd ycarae fameddyinrapwapon.at Tomefoidérisf or e,
't possible to use a metal mask to form light emitting layers from a material that varies
between different pixels.
A light emitting layer that emits red light is formed from Alg: doped with
20 DCM. |Instead, N, N'-disalicylidene-1, 6-hexanediaminate) zinc (I1) (Zn(salhn)) doped
with (1, 10-phenanthroline)-tris(1, 3-diphenyl-propane-1, 3-dionato) europium (111}
{(Eu(DBM)3(Phen)) that is an Eu complex may be used. Other known materials may also
be used.
A light emitting layer that emits green light can be formed from CBP and
25 Ir(ppy)s by coevaporation. It is preferable to form a hole blocking laver from BCP in this
case. An aluminum quinolilate complex (Algs) and a benzoquinolinolate beryllium
complex (BeBq} may be used instead. The layer may be tormed from a quinolilate
aluminum complex (Alg:) using as dopant Coumarin 6, quinacridon, or the like. Other
known materials mav also be used.

30 A light emitting laver that emits blue light can be formed from DPVBi that is a

distylyl derivative, N, N -disalicvliden-1, 6-hexanediaminate) zinc (11) (Zn{salhn)) that is a
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-possi-ble to use a netal mask to-formlight emtting |layers froma material . .
that varies between different pixels. Alight emtting |ayer that emts
red light is formed from Al ga doped with 20 DCM |Instead, N,

N -disalicylidene-1, 6-hexanediam nate) zinc (1l1) (Zn(salhn)) doped wth
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O her known nat eg'hal S | so be used. An electron transporting layer is
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transporting layer. In this enbodinent, a -tr erivative

( TAZ) 10} snrfidrupiaklllyyolewaliér @n) onthicknesshnk nessitiofde 3B0tie 86Qo AN nh (@pighily he
above steps, tEen@r.g%i c conpound | ayer having a lamnate structure is
conpl et etV PP BAYEERSTENt . the organic conpound |aver 949 is 10 to 400
to nm(typically ' [ ess e 0 LS to
200 nm (typi cal Ii}ﬁgrlgg: %%Qriﬂggaor?ﬁ ultnﬁ ltggé}c[‘%ngos@.gg’AH}e?aqt % gsraﬂgz)ﬁ?}éé iloggrgound
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by evaporation. In this enbodinent, MjAg is used for a conductive film
Chat - CorfSRfPaiEdTIFhtat SHERESIRe Cabods ehibe dight emifgreriement . Hovwera Ak A
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co-evaporation of aluminum and an element belonging to Group 1 or 2 in the periodic table
may also be used.

Thus completed is a light emitting device having the structure shown in Fig.
6B. A portion 951 where the anode 944, the organic compound layer 949, and the

20 cathode 950 overlap corresponds to the light emitting element.

A p-channel TFT 1000 and an n-channel TFT 1001 are TFTs of the driving
circuit, and constitute a CMOS. A switching TFT 1002 and a current controlling TFT
1003 are TFTS of the pixel portion. The TFTs of the driving circuit and the TFTs of the
pixel portion can be formed on the same substrate.

25 In the case of a light emitting device using a light emitting element, its driving

circuit can be operated by a power supply having a voltage of about 3 to 6V, 10 V, at most.

Therefore degradation of TFTs due to hot electron is not a serious problem.

Embodiment 2
30 This embodiment describes another example of process of manufacturing a

light emitting device with reference to Figs. 19 to 22B.
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periodic table nay also be used. Thus conpleted is a light emtting device
having the structure shown in Fig. 6B. A portion 951 where the anode 944,
t he organic conmpound | ayer 949, and the 20 cathode 950 overlap corresponds
tothe light emtting element. A p-channel TFT 1000 and an n-channel TFT
1001 are TFTs of the driving circuit, and constitute a CMOS. A sw tching
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power supply having a voltage of about 5 to 6V, 10 V, at nost. Therefore
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process where the conductive filnms 907 and 908 are etched 5 using nasks
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shape i r 2 ma) etching is
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of CF4, d:, and O, is respectively set to 25 / 25/ 10, and RF (13.56

MHz) powisie (BrmBlootage) so giay sybstastiall v negative stlédiasooliags ca tprrqsmde Vodof | Pa

for the al so. n to the
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filmis etched to have a gi-ven shape. ereafter, the etching gas is

changed theseafms seimel 3QY 30, andR I A3 Mﬁzgasvvf:t oRB(H0aWds Ut\hert@afcoul@d slettrade 30 /
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pover 0B W is also given to the substrate side (sample stage) so that substantially negative
self-bias voltage can be applied. With the mixture of CF; and Cl», the tantalum nitride
film and the W film are etched at about the same rate. Thus formed are the conductive
layers 3901 to 3904 having a first taper shape. The taper thereof has an angle of 45 to 75°
20 In order to etch the films without leaving any residue on the second insulating film, the
etching time is prolonged by about 10 to 20% for over-etching.  Surfaces of regions of the
gate insulating film 906 that are not covered with the first taper shape conductive lavers
3901 to 3904 are etched and thinned by about 20 to 50 am (Fig. 20A).
Subsequently, second etching treatment is conducted as shown in Fig. 20B
25 without removing the masks 909a to 909d. In the second etching treatment, CFy, CL..
and O are mixed as etching gas, the ratio of gas flow rate thereof is set to 200/ 20/ 20, and
an RF (13.56 MHz) power of 500 W is given to a coiled electrode at a pressure of | Pa to
generate plasma. The substrate side (samplé stage) receives an RF (13.56 MHz) power of
20 W 1o apply a self-bias voltage lower than that in the first etching treatment.  Under
30 these etching conditions, the W film that is the second conductive film is etched. Thus

formed are conductive layers 3905 to 3908 having a second taper shape.  Surfaces of
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substantially negative self-bias voltage can be applied. Wth the m xture
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type impurity element in a second concentration and n type impuritv regions 3916 and

20 3918 that contain an @ tvpe impurity element in a third concentration each. The n tvpe
impurity region 3917 formed through this doping, which contains an n tvpe impurity
element in a second concentration, contain phosphorus in a concentration of 1 x 10" to 1 x
10" atoms/cm®. The n type impurity regions 3916 and 3918 formed through this doping,
which contain an n type impurity element in a third concentration each. contain phosphorus

25 in a concentration of 1 x 107 to 1 x 10™ atoms/cm’ (Fig. 20D).

As described above, the n type impurity region that contains an n tvpe impurity
element in a second concentration and the n type impurity regions that contain an n tvpe
impurity element in a third concentration each are formed in one doping step in this
embodiment. However. the doping step may be divided into two steps to dope the

30 semiconductor layer with the impurity element.

Next. masks 3919 and 3920 for covering the semiconductor lavers 903 and 904
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r egi ons 53§99 nHHde G4 Ar akicon eypiadanlin frmed by plpwma £ Qeioefh%ﬁtd thigkaesssecond

conc ‘??t 5950 Q. lﬁq}r%ﬂog@{/@ chvﬂn@n &%IE%HI {oalth'e quggég elﬂg%%é élha? aﬁe gse%lqz 0

at ons to eac ype I npurity reglons COI’]t ain a

p type dopitlid yerglcendittor laferd, B&E QrdrB@i1Cie Nlohakdie ade(fORBE 4 Tufm@ed. ONS
that overlap the second taper shape conductive |ayers 3905a “and 3908a. As

shown i ADjsifigat aggment alsq Bydrpganaiep él]ﬁeﬁeml?@\ﬂu‘éﬁoi Hyofsi 13k sioemn; rglepspdrfeam f r om a

the silicon nitride film or silicon oxynitride film.
The heat treatment may be achieved by other methods than the method that
20 uses a furnace. A heat treatment method by RTA may be used instead (including an RTA
method using gas or light as the heat source). If the heat treatment is carried out using a
furnace, an insulating film for covering the gate electrode and the gate insulating film is
formed prior to heat treatment, or the heat treatment atmosphere is set to a reduced
pressure nitrogen atmosphere, in order to prevent oxidization of the conductive film that
25 forms the gate electrode. Alternatively, the semiconductor layers may be irradiated with
second harmonic (332 nm) light of a YAG laser. As can be seen in the above, there are
several ways to activate the impurity elements used to doi)e the semiconductor layers. and
an operator can choose from them one that suits him.
On the first interlaver insulating film 3925, a second interlaver insulating film
30 3926 is formed from acrvlic. A silicon nitride film is formed on the second interlaver

insulating film 3926 by sputtering as a first insulating film 3927 for protecting the TFTs
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silicon nitride filmor-a silicon oxynitride filmfornmed by plasma CVD to. .
have a thickness is of 50 nm In order to give activation treatnent to the
inmpurity elenments that are used to dope the sem conductor |ayers, heat
treatment is conducted at 410C using a furnace. This heat treatnent also
hydrogenates the sem conduct or Iavers by hydrogen rel eased from the
silicon nitride filmor.s tr| heat treatpent may be
2chi eved TP bRutiesbfbiaetenEh ot e B8 T G Bab ) A hoat
treatment method @Vth@%rﬁ@%n@a&@eﬁlnﬁ 9§i’/e%dtra(n'€|[§‘ GEH ARG AR RTA s TBLNQM; usT ng
gas or light as the heat source) the heat treatnment is carried out

usi ng a hive nalweknan 0|fr8§ubalt2()ngn hndimétolnedcmv{?ermmg dnhée gate (B ertAxpdetand
the gate insul ati orned prior to heat. treatnment, or the heat

e oo ottt B il bR TR e i indle 08 ariderT o B Gh 5 GEEr e i n
order 0 BRANGDL B ioBtARld 1/ Blind R%:&?BQME%%H?Z fd 0% Bhﬁg %§1dfe H@ the gate
el ectrode. Alternatively, the sem conduct or layers may be | rr |a ‘ed with

second harnoni ¢ ¢53Zistmpaski ivingph @viofAGaliases .thés faardhe Reancdnmct H@labove,

there are everal ways to actjivate the inmpurity elenments used to dope the
seni cond BN Ta3RsFUVely the ”%Wrﬁbé??é?’bgﬁ%]éngg%éé@lf‘?*‘&n%(’pﬁéhﬁltcﬂﬁ‘é f‘t’.fﬁ%ﬁd gui ts

him On {he 9 +S6£0
i nsul ati %'gf efn}l%&{déj(%&%q{iz‘lg éé?%g%%drrgﬁgnré é‘%‘{ﬂ (ﬁc&? ¢ ??goﬁﬂm %Hrn?;{ é%ﬁﬁism is
formed oaretfbansebpdd dtcﬁtlﬁﬁl ayer insulating film 3926 by sputtering as a
first insulating film 3927 for protecting the TFTs 24 frominpurities
(hereithaf t er the?¥ ekl icendycsiye ddm @ofoanﬁfgrbyﬁé\attqrmrawcngmf wamyrdppn ¢nd21C) .

Formoa ¢ B, VAR, P8 Tl 0l S ARG B SRR Rl DRLEE anode

3928 ( Fi gho@dAlot shb@n ifi (RNGRRANER] thelvahg ddes innthishin®oaieiaf®Rirmied A& bNdi um
tin oxide (ITO) film or a transparent s conductive film obtained by m xing

i ndi um olandeatgyof B 12 film Wobmdhickngse 0bRY @ Arkh alloy files (Al Tralkky favi wigh a
gi ven pagtern i sttoﬁen formed to formcontact holes reaching respectively

t he |rrpur|“f§/1 ?gecbl $'"3916, 3918, 3921, and 3923 that are forned in the

sem cenduct or | apeks attl@;r@ﬂ{té/r?agéﬁ ifSQMIRE flAHIONTs Armed & Boved MOftRrde BICS
contact holes are forned by dry etching. 10 A netal conductive filmis

f or med bawcbpmt wermgwgn@r 3Vt tuab evapieet thenmamefactpeet procersdprosiedy ta arask. The
filmis t

H chu%{%irtg formyé\i (ﬁg | ines 3929 to t39 Thpu??r ts'h[own in
the draw'AgS, TERETRITPERG TONES 9 14 PLOSHBRRI iRt ©O4r QP Biena o TF T oibstrate
(hereinafter referred to as first clean room) to a processing room for forming a light
emitting clement (hereinafier referred to as second clean room) in order to reduce the risk
20 of mixing the alkaline metal from the alkaline metal material, such as Al or Mg, used for
the cathode of the light emitting element into the active layers of the TFTs.
To avoid contamination of the TFT substrate bv dusts in the air and

electrostatic discharge damage of the TFT substrate by static electricity during the moving,

a very thin film 3937 having an anti-electrostatic effect (hereinafter referred to as

b
LA

anti-electrostatic film) is tormed on the third interlayer insulating film 3936. The
anti-electrostatic film 3937 i1s formed from a material that can be removed by water
washing or like other simple methods (Fig. 22A). Instead of forming an anti-electrostatic
film, the substrate may be stored in a case capable of preventing clectrostatic discharge
damage during moving. Before changing processing rooms, the TFT substrate that has
30 finished the steps above may be subjected to operation testing. The steps up through this

pomnt are for processing in the first processing room (clean room) which is shown in the

[
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| am nate-of a Ti filmwth-a thickness-of 50 nmand an alloy film(A-Ti--
alloy film with a thickness of 500 nm 15 Next, a'third interlayer
insulating film3936 is forned to cover the anode 3928 and the wring
lines 3929 to 3935. Now, .the manufacture process proceeds to a step where
the substrate is noved froma processing roomfor formng a TFT substrate

(her ei naf ed,fo as first clean roon) to a processing roomfor
form ng aﬁﬁéﬁﬁtggﬁgt%(}rng el enent (hereinafter referred to as second cl ean

room in order tovarRANGRsdsherer bstkeid@lef inMndhitg thheTal kabihge sl ik rom t he
al kaline metal material, such as Al or My, used for the cathode of the

| i ght enmiBre¢asgngiresren? thenreeoncheroaessingaobmy elbsr ofantife NETET sTOs@amoingy be

cont am nar;l(i)‘pla 1§)f t he .ﬁFT rs#bi{jr(gt e qé dusts in the air an el ectrostatic
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(hereinafter retferred to as 25 anti-electrostatic film 1s forr?ed on the

t hi rd i ntbervepdrctprisulpardengng idoms30.36 cléRheoomsitdwrelddot ditisteat incofpokaricd937 i s

formed froma material .that Cﬁané’gﬁ removed by water washing or |ike other

si npl e met ABUST PRGNS Fngarrisq Qi gtiledpking A cptnoh P dfpasedPedt fosbsfae il m
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di scharge damage during noving. anging processi ng roo thé TFT
subst r at eogrh&¢ledramod() Whioh shedwinhie asiepshabof/Bignty. BEhesTB] eabthtd Brought

operation testing. The steps up through this point are for processing in
the fi'f sf“tBr%Ee%eg?% PRt %If@%ﬁ (A3 qoEc s rashadomithi Watehelo pmnavcoiliechar t
of Fig. 18 NMrbQisc RACoH e'[“f:ﬁeciﬁ{c\lﬁgﬁeidsmam?% g 30 LFLeRUPSS Fahe of Fom
the first processing roomto the seco processi ng room FOr exanple, the
TFT subsbazit 893Gy Tie bamkvied hebpwiny di 4 fpesicioh thati doidi@s Wih tthe psaIglicht
prem se, or between factories (processing 5 roons, e.g., clean roons

| ocat ed PRIHPEFIEFEAD: 414 Edansid kAR aROTHAR Whaivehe werdrpbrad 9 Bhis ineontpest ween

factori es,: i r , d. by, different
| neor por S OROSESR SShar AT cobekhe SLANT HOMRd WAL BB ER e o

t o damagbarikh893BHE fouled fidinea rebRefo hiviea MAMKHACHUARHUPN QGRS S AR RIS §RMHS, {he
processing in the second processing room(clean room which is shown in a

f1 ow chaPperafionriegting qayThreporformed Rgeinaeme tsr S Hubsteaie praught Frso dbe serpnd
pr ocessi ean roonm is washed with water to renove the
anti - el e@%%%ﬁ@[rg)g&fi | m 3937. Third interlayer insulating film3936 is

etched to form ain order to prevent degradation of the light emitting element due to moisture

and gas released from the bank 3938, the surface of the bank 3938 is covered with a second

20 insulating film 3939 that is a silicon nitride film or the like. The second insulating film

3939 is an insulating film for protecting the light emitting element from moisture and gas,

which cause degradation of the light emitting element. Accordinglv, the second

insulating film 3939 is also called a second barrier insulating film 3939,

Next, the TFT substrate is baked in a vacuum. In order to release moisture and

25 gas from the resin insulating film for forming the bank. the vacuum exhaust is conducted at

a constant degree of vacuum, for example 0.01 Torr or less. The baking in a vacuum mav

be conducted after removing the anti-electrostatic film, or before forming light emitting
element. |

Next, an organic compound {ayer 3940 is formed by evaporation on the second

30 . insulating film 3939 such that the organic compound laver comes into contact with the

anode 3928. On the organic compound layer 3940, a cathode 3941 is formed by
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bank~3938. The bank has-an opening, at a position-that-coincides wth the
pi xel (light emtting elenent), and is tapered to cover a portion where
the wiring line 3934 is in contact wth the anode 3928 and to cover the
edges of the anode 3928. In this enbodinment, the 15 bank 3938 is forned
froma resist to have a thickness of about | um At this point, the
operation_testing be rformed again,on.the TET substrate ught_into
b Eessithy © gg’ﬁ‘\m?“ﬁ G @%A%reé?/cérﬁfie d8hrt féla(t“fr@rqeo‘?t}r ﬁ'ﬁegﬁtght

the secofid? proc

eni tti ngepheRBRlenie tuPol¥Rl RAMEmartMdIsUasy b&LRASEH IS OMHeNR RNk FRRBd t he
surface of the bank 3938 is covered with a second 20 insulating film 3939

that is &ysi B94bin adimmiatethhi han oraddhen blkdighThmitseg dnarinsud atiaignfldvem 3939
is an insylating filmfor protecting the li ht‘er’r]'tti ng .el ement from

Toi St ur 64 A FHSPOMRRIRIRT (R BB P HeRATIBN TP £RE EIBRIN ETH PRI TPt
Accor di nglyyy oty &ﬁﬁ&a&i%d_ NStHeal ke thhpbaRBRydiSinghs %n%ldﬁ)rﬁgﬁt% REMEAGy

barrier insulating film3939. Next, the TFT substrate Is baked in a vacuum
| n or der falwiet daslesat®hwf & ndrdim®F igas fromthe resin insulating filmfor

form ng the bank, the vacuum exhgust is conducted at a constant degree of
vacuum for exanpl'® EOBHICRG S doligheauitting devicadiayang fheastugaire shewy in fie
conduct egr@gf t gr ' ti: .G f i 0g
Tont em T ng PEFERERTD ViR, Aol 300 R St Ty 20 90 A 1,
evapor at tahodeB¥Mhevsegoadrespindsns thealighn gofiftingeBa3Ac.such that the organic

conpound | ayer cones into contact with the anode 3928. On the_organic
conpothd | ayer 38aclesgried: phaye. dysscrpeting, H@dogsysing goavafyr Brmbig aThFS
enbodi ne t t t Light. L L DO
ol enent . ottEe R QA R oD, deth d BpcERIERBrE for Rl setf Wi
conpoundelemaytefe. B394 Qedomdaclt anioaat)e at hativdBSer bha addi ta0be tpeordcted ghdm an
emtting laver. a hole injection laver. a hole transporting |ayer, an

el ect r on2tkplisspeirk maGTipbpsh as A o8 Mg ryedrfor arabpdodl 4 HglremigingM§aentgnd ayer |
etc. in gno%ie ?ﬁtilféﬂt S%Egn oagggé Igoggrir!pé%und | ayer in this enbodinent is
ol'T'own ety

formed by g escri ption of Enbodi nent 1. Thus conpleted is a
|l ightisemtting.device having the structure shown in Fig. 22B. A portion
3942 where the anode 3928, the organic conpound |ayer 3940, and the

cat hode BohadigwatPap corresponds to the light enmtting elenent. to As
described above, phy, SEPH bR pRol P EEHBNer 1057 4 Ohe A WeNGud plbckss up
through the step of forming the second interlayer insulating film (933 or 3926) is finished.
Then, instead of forming the first insulating film 936 of Embodiment 1, plasma treatment
20 is performed on the second interlayer insulating film to modify the surface of the second
interlayer insulating film (935 or 3926). This method will be described with reference to

Fig. 7.

The second interlayer insulating film (935 or 3926) receives plasma treatment
in, for example, one or more kinds of gas selected from the group consisting of hydrogen.
25 - nitrogen, hydrocarbon, halogenated carbon, hydrogen fluoride, and rare gas (such as Ar.
He, or Ne), so that a coat is newly formed on the surface of the second interlayer insulating
film (935 or 3926) or the existing functional group on the surface is changed to a different
functional group. The surface modification of the second interlaver insulating film (933
or 3926) is thus achieved. As shown in Fig. 7, a dense film 935B is formed on the surtace
30 of the second interlayver insulating film (935 or 3926). This film is called a cured film

9358 in this specification. The film prevents release of gas or moisture from the organic
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substrate-(e.g., a first clean roon) froma processing roomfor formng a
light emtting elenent (e.g., a second clean room, an active |aver of a
TFT can be protected froman alkaline netal material such as Al or My used
for a cathode of a light emtting element and an excellent light emtting
device is obtained. 15 Enbodi nent 3 Follow ng the description of Enbodi nent
1 or 2, the nuf acture process up through the step of form ng the second
interlayEF“iﬁE%lating film (935 or 3926) is finished. Then, instead of
formng the fir sy iaSulabdiftnl 130 (o) FThHh P ke e RLARIRLLI SRAARNL 20
is performed on fhe second I nterl ayer "1 nsul'ating Filmto nodi y the surface
of the sdeend avditliapl ayeruaiios ihatihig Hadra(O3avior 3926Int (hbirsal nethadom | |
be described with reference to Fig. 7. The second interlayer insulating
film (935PBHCIsYD pleceire ebsrb strpitas i iHiEabridat In | ¢irect gonexanpitle, casheoder mor e

ki nd f I f . i St f h 2N 1 Lt ,
00 21 8RR RE SEAEE LURTYHID AR, SORSUL 18 B INERIET (B0 LT

Ar. He, eemble)cande fréaintd. CoBle plssniteidymbar foe theoRRcbliBinsdiabacias@hidhginsecond
interlaver insulating film (935 or 3926) or the existing functional group

on the s(BP&ES97G® enabrgRiges befarcifafier Enming ¢andaqtdaleh- group. The surface
nodi fi cation of the. s d d-_t.erl.aver,.,. insul ating film (935 or, 3926) is
LCrRETRTA b peihe py AR B Feb P af s SERAe

t hus achi eved. As (S

surface gOuef sddded Sﬁfcﬂa?@ﬂ Risefatiay efiln 934 Q)Triﬁglﬁ? ithad (OBRnRH H928)orgddit S
filmis called a cured film 935B in this specitication. The fil mprevents

rel eatfe ohulaling gratarsi 9 ve ¢ orera Kindgrajagrscsel@red &9imtif gnup |qensiliing of
enbodi nent, _an aqode (hT%? i% fo&ﬂed akéfr Fhe gqifgceﬂnodific tion.

t her eby BB g EOES Pt (RETTOGHPPR (HPEFIAHRE: &3P R O THP P4 % At " h&f'ral
expansi qRuctc @efAr ¢ieer SNEECANBrdIRAY, thee@lrBRMIMWEIR Raiang bk df tBClas

contact with each other. 5 Therefore, cracking in the ITO el ectrode’is
pr event edemends dugplbledrpgn, afitreges, hydrhearesn. thalaggnated eatban, kahogra feaudsnt ed.

The pl as treatnent fqr the ond interlayer insulating film (935 or
3926) ndg%ﬂgfé?§gﬁcﬁéf%W@ﬁﬁfnigﬁer forming contact holes. The cured film
935B jss formed by perform ng plasma treatnent on the surface of the second

interlayer insulating film (935 or 3926) that is fornmed of an organic
Embodiment 4

Following the description of Embodiment 1 or 2, the manufacture process up
through the step of forming the second interlayer insulating film (935 or 3926) is finished.
Then, as shown in Fig 12, a DLC film 936B as the first insulating film 936 is formed on

20 the second interlayer insulating film (935 or 3926).

A characteristic of the DLC film is having a Raman spectrum distribution that
has an asymmetric peak around 1550 cm’ and a shoulder around 1300 c¢cm™. When
measured by a microhardness tester, the DLC film exhibits a hardness of 135 to 25 GPa.
The DLC film is also characterized by its excellent resistance to chemicals. Moreover,

25 the DLC film can be formed at a temperature range between room temperature and 100°C.
Examples of the method that can be used to form the DLC film include sputtering, ECR
plasma CVD, high frequency plasma CVD, and ton beam evaporation. The thickness of

the DLC film is set to 5 to 30 am.

30 Embodiment 3

This embodiment describes a case of employing other insulating films than a
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~to-insulating material -i n-one-or-nore kinds of gas sel ected fromthe group -
consi sting of hydrogen, nitrogen, hydrocarbon, hal ogenated carbon, hydrogen
fluoride, and rare gas (such as At, He, or Ne). Accordingly, the cured
film935B contains one of the gas elenments out of hydrogen, nitrogen,
hydrocarbon hal ogenat ed carbon, hydrogen fluoride, and rare gas (such as

5 Enbqdi.nent .4 Foll o t he descr ptlon of. Enbod I oent 1
or 2.t R Lo & BRdceuiiglith HAbagAn eoet Biuber BrHiHe: (HE (Lebond
interlayesqyi nsulating film (935 or 3926) is finished. Then, as shown in
Fig 12, a 3LC film936B as the first insulating film936 is formed on 20
t he second i nt ef-bHyeing thsuleatripnignfdf| Fmb&@Bhicor 1 8926)he rAurchanaeteodcss up of

the DLC filmis haV|Hg a. Raman spectrumdistributjon that__has an
asymet Hireugetik siPorfi T@S’Sdh%ﬁ?mﬁ!défﬂfﬁfléy%ﬁ%i%g fumddie 01 3%¢P) dnri18ishgghen
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mis so characteri zed Fts excellent’resistance
t o chenugial Siliddar &0¥ akrge?5 I%eflﬂleofmitmmmdh@nkwanﬁcb gdt sithBIRpeLAiUke
range between room tenperature and 100C. | es of the nethod that can
be usedPEHCHdHmPrHfsrablacior isemifrpgInydl) &p TIXEFS %ﬂlt@@z dfpil HEAH AU UERIGh

f f. DLC
(11 m o e ARy i RRCED pREARE CBRRER Pithe H0E ] EADRRER i 508, o e
of enpl ayinhgerapdraturd asdliaid AG Alan® nbbagarg t028e I.‘Blsauﬁd hmdho fioram aguiibe

insulating film 936 on the second interlaver insulating film(9-15 3926).
Fol | #ni HguleHee démcisivsed ah thef intarisgen Wéhltatmg Gimpit ig ﬁ@fm@a@mr%e stliseBss up

throuqhmttrfl : Al ed%”{%%ﬁpé“ thtgh‘s%{)?s]t ?I » n' @rdglr am%ﬁlove tsul&t '@I%g cg 3 SILfd%éJTS or

3926) | ini's St 1 nsul a con

ni tri-dembigdhife W34, ldéh¢d36£@ﬁtlbé{ uetdneid ;bl@fdﬂﬂjlﬁgoﬁdulcie@%f [Rutidg ey gdkiatdhe
filmformation conditions can be set--suitably, but it is particularly

pr ef er aisl wactiomzg 80t ﬂﬁ@gj‘efvr(sb&e)ralamnmf;sttg sevepfl haiusr ode e aagehe afsthe
2P T AT AR T 9 L SRR BRY G S PR S iy
NeCepSagl atl@néJﬁsesuBﬁﬁEd, Qaghigﬁfiﬂzﬁueﬂdcy ;ﬂﬂvé?r(!il;@BBQ'VIHz) of 800 W is given at 0.4 Pa,
and the size of the target is set to 152.4 mm in diameter. The film formation rate obtained
under these conditions is 2 to 4 nm/min.
The thus obtained silicon nitride film contains impurity eclements such as
oxygen and hydrogen in a concentration of 1 atomic % or less, and has 80% or higher
20 transmissivity in the visible light range. The transparency of this film is proved to be
high especially by the fact that the film has a transmissivity of 80% or above al a
wavelength of 400 nm. Furthermore, this method is capable of forming a dense film
without seriously damaging the surface. |
As described above, a silicon nitride film can be used for the insulating film

25 936. The subsequent steps are identical with those in Embodiment 1 or 2.

Embodiment 6
This embodiment describes a case of employing other insulating films than a
DLC film to form as the first insulating film 936 on the second interlaver insulating film
30 (933, 39206).

Following the dec;cnpuon of Embodiment 1 or 2, the manufacture procec;% up
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~~to-insulating filmis used as the interlayer insulating film it is.

preferred to formthe silicon nitride filmwthout heating the substrate.
In order to renove the adsorbed or occluded noisture well, dehydrogenating
treatment is preferably conducted by heating the substrate in vacuum at 50
to 100C for several minutes to several hours. To give an exanple of the
filmformation conditions, a |l to 2 Qsq. silicon target doped with boron
is used, ! PP%@’@ﬁtefsofgfagﬂmgdh%S?C@ﬂgeﬂﬁﬁqiwéa,msalaﬁrlgwlﬁlr(gémeha 23dnépisial. 56
MHz) of b Sa@invensat - 0.4 A t A f.th et js set to
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vi si ble ki a T t r this filmis proyved.to be high
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a dense film wthout seriously danaging the surface. As described above, a
si licon Wetgotd@ctilmfaamitipe nigseeret eic.)taperdpaistelat i Aterfidtively. 280 686. mahbke

subseque S .are i denti wth those in Enbodinent | .or 2. Enbogdi nent
o Thi o ol Bee MLl 8 e L R R Pt P s as st | THe ¢ han
a DLC ffilninndag beabimanhby epbiatish ot &Wl RidwittebhdifA365: QM dhgus@apnd
interlayer insulating film 30 (9351 3926). Follow ng the description of
Enbodi%rent | or ©ther Heannidiautlably dHe pris @esubla o ugga tiNaOgHiltththas iseforméd
formng the second interla insulating fjlm (935 or 3926) .i.s finished.
Then: | SrSRa RS AP mR SRR XEIVL 2R e S b iobesd AR BB ETinder
an  at MGRBEE el ahd1kvBYn MNHaXl NTHAT AL IIE ARk Thi ORRRALIASH oFNRitrogen
acceptabl e range for the  concentration of inpurities, oxygen, in =

parti culeontaiowhinghe &dNkOvtfha \axXMy afdrhim% sr hess réfanbs D3to 416 Aadmit %. %
The oxyggn cotncentrati on can be controllcﬁg) by adjusting sputtering
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evapor at i on. or her kno t echni ques i nstead of sputtering.
P aluminum &h) target urmcl.r an atmos?) ere conta}n?ng nitrogcx? gas and oxgygen gas. The

film may be formed by evaporation or other known techniques instead of sputtering.
The above AlxNy film and AINxOvy film are both highlv light-transmissive
20 (having a transmissivity of 80 to 91.3 % in the visible light range) and do not block light
emitted from the light emitting element.
As described in the above, a AlxNy film or AINxOy film can be used for the

insulating film 936. The subsequent steps are identical with those in Embodiment 1.

Embodiment 7

T
w

Following the description of Embodiment | or 2. the manufacture process up
through the step of forming the second interlayer insulating film (933 or 3926) is tinished.
Then, as shown in Fig. 13, the surface of the second interlaver insulating tilm is modified
by plasma treatment .to form a cured film 935B on the surface. A DLC film 9368 is

30 formed on the cured film 935B. Sputtering, ECR plasma CVD, high frequency plasma

CVID. ion beam evaporation. elc. can be used to form the DLC film 936B to have a

30



=10t her than the Al'xNy film it is possible to use-a -AlNxOy film-that is .

formed wusing an alumnumnitride (AIN) target under an atnosphere obtained
by m xi ng argon gas, nitrogen gas, and oxygen gas. The acceptabl e range
for concentration of nitrogen contained in the AINKOy filmis a few atomc
% or nore, preferably 2.5 to 47.5 atomc % The nitrogen concentration can
be contraqlled by adjusting sputtering conditions (the 15 substrate

t enper at W@f“eﬁé%’fﬁé) 'YF- raw material gas used, the flow rate thereof, the
film formation pressure, etc.) appropriately. Alternatively, the film may
be formed using an alum num (Al) target under an atnosphere contai ning

ni t r ogenEgaedamtht 8xygen gas. The filmmay be forned by evaporation or

ot her known techpjques |nstead of sputtering. The apove Al xNy film and
AlNxOy filmare BBER2H GHI TSP dP SiPEprshinestudanceoy th Hig P AP SR AFSS vi ty
of 80 t0;9 in t i sishle || t. bl.ock |i emtted
from the'l %6]%'? %’éﬁng‘ﬂ t[ tlihdr?‘gj{eIsltahlsr@ﬁtf’rﬂt)1.‘1l gﬁg&ﬁé%%?%segé}?oﬁ%t% Hggégg\?g&d% (}Alfg[gkh?d@ixl m or
Al NxOy f{d4mn 680988 s amdifer tht heirface il @k i bagk f (O &38038Jhe Thidbaggueint bst eps
are identical with those in Enbodi nent 1. 25 Enbodi nent 7 Follow ng the
descri ptflesaribed wHboHEPEAT L01Fi8r8.2, the manufacture process up through the

step of form ng the second .interlayver. insulating.film (93 3926).4\S
fini shed. Then,}kgsorts"g%&mre?lﬁ llgi“bl?m{% fltl egs‘iljsre fi atgefoé {R?egdsnec ﬁ'lg ?rng )é‘r?)ayer

i nsul at i ggddsidably] the@ehnid RFin iBYulPERSHR Is' @8Y PR Alcab® mioiife dr G4 86k fd hax 935B
on the surface. ADLC film936B is 30 fornmed on the cured film 935B.

Sput t ¥r i grperateRvpiladwaistvanithigdevieciq e psraimsnma CVD, i on beam
tion. et b to f th Cfilm936B to h 0
Chi ckness of 5 ¢AoGb0maD: Bt ent AF e <Fhe bt B or SueR F pPRea i n

accor danggdiichtiod HhFBAK AChUGE iRFRE @SS The plAmETRAGHIR Y calril 0d-in HREBs
pl asma treatnent is perfornmed on the surface of the bank (947 or 3938) to

nmodi fy tihereskinfinob gof seldvecedofrnin the 47our c8888hg of hiydrogas.enipidn, helogdased | bed
W th referenc% éo Fig. Sd An orfga"ni c resininsulating filmis used to form
the bankd ¥y hydrogynigyoride pRb@ITEst v the organic resin insulating filmis

easy [o rel ease ADLSEUNE Y s@BRe Wl BadleBlcont? QBRASIALRM Wile8 tifeibal 9Nt
emtting device is in operati on.
contains one or more kinds of gas elements selected from the group consisting of hydrogen,

nitrogen, halogenated carbon, hydrogen fluoride, and rare gas. The cured film can
prevent release of moisture and gas (oxygen) from the inside, thereby preventing
degradation of the light emitting element.

20 This embodiment may be combined withrany of Embodiments 1 through 7.

Embodiment 9
Following the description of Embodiment 1, the manufacture process up
through the step of forming the second interlayer insulating film (935 or 3926) is finished
25 (Fig. 18A). Then, a first insulating film 936 is formed on the second interlayer insulating
film (935 or 3920). The first insulating film 936 may be the DLC film, silicon nitride
film, aluminum nitride film, or aluminum nitride oxide film described in Embodiment 2 or
3. On the first insulating film 936, an ITO film is formed and patterned into a desired
shape to form an anode 1937.
30 A resist mask having 4 given pattern is then formed to ftorm contacfholes

reaching the impurity regions that are formed in the semiconductor lavers to serve as

31



‘Accordi ngly, after-the heat -treatnent, -plasma- treatnent is conducted- for.. ..
surface nodification of the bank as shown in Fig. 8. The plasma treatnent
is carried out in one or nore kinds of gas selected fromthe group

consi sting of hydrogen, nitrogen, hal ogenated carbon, hydrogen fl uori de,
and rare gas. 15 As a result, the surface of the bank becones dense to form
a cured filmthat tains one or nore kinds of gas el enents selected from

the gr ouﬁ("%%éei%?qsﬁﬁ HNHGHPBY et Ne MPECHHYAS a?‘?afPH@%‘hEt ey elaBe s tydrogen

fluori depand dbad & R8Sdaden eV ERBofildm §an  prevent rel ease of noisture and
gas (oxygen) fromthe inside, thereby preventing degradation of the Iight

emtting el enent A 20tiTkbsdenbedilmentiomgyd be spambingee wicubmanypofation and
Enbodi mantEJ Erou gh 7.  Enbodinment 9 Follow ng the description. of
Enbodi meREhed 1@ fmhintiradings d95 4t 844 upSimiky é%%rwl?%mﬁ@teb b Wisioailigst he

seconda ?93%‘{ L RY&Lq {1@%}&@4' | mzbgagmgé%foawﬁﬁﬁ@m B2 mlefq?gsgf 85H(dn an 18A) -

Then, Irst 1 nsulating I's formed ont e secon

i nsul at i algpyf il A 9Bl {393 6Yith aliheckhédsif sS00at. ating fil m 936 rray be the DLC
film silicon nitride film alumnumnitride film or alum numnitride
oxi de film descrlbBg §a5¢ th?&‘dfhﬁeﬁfﬂm? 18137 ig forpyedt hpdorei fosmingnida | vairing diner | m

936, an gg@ffgidwaé if Igr%gl e%?g ngsh Lnka, %rpieéﬁz$9{eﬁﬁlno owﬁgedfgfr{g?} an

anode 19 resi avi a gi ver]i) ernis en=fo

cont act &nkes evérﬁ&&ﬂﬂhl’tge talﬁedé rmﬁfmiem fr&gl @matérmtofa;scﬁ)rf@rvmgelﬂacm@ the
sem conductor | ayers to serve as 31 source regions or drain regions. The
cont att Prokeswaine Hngr Hidd ibyituntsd @t@hlan@iﬂolr%tghe like. This is done in
accordance with |vef|Imisfor

db
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1944. Sighhc Sk OfIeeQH ARBEdahkee WS BMHddREedtiines 5 1938 to 1944 are forned
froma lamnate of a Ti filmwth a thickness of 50 nmand an alloy film

(A -Ti alloy filhiswnbhdiananhitekbessmbine80tmsmbodintehts chiseughtier e t he anode
1937 is forned before formng the wiring lines 1938 to 1944 as in this
enbodi rent (Fig. 18B), a problem such as breaking of wire is not caused
even whepmbo@inRAPde is formed froma material of poor coverage because the
to broken wiring line 1943 is situated on the anode 1938.

This embodiment describes a method in which a semic¢onductor film to serve as

an active layer of a TFT is crystallized using a catalytic element and then the concentration
of the catalytic element in the obtained crystalline semiconductor film is reduced.
In Fig. 17A, a substrate 1100 is preferably formed from barium borosilicate
20 glass, alumino borosilicate glass, or quartz. On the surface of the substrate 1100, an
inorganic insulating film with a thickness of 10 to 200 nm is formed as a base insulating
film 1101. An example of a suitable base insulating film is a silicon oxynitride film
formed by plasma CVD. A first silicon oxynitride film is formed to have a thickness of
50 nm from SiH4, NHai, and N-Q, and a second silicon oxynitride film is formed next to
25 have a thickness of 100 nm from SiHs and N>O to obtain the base insulating film. The
base insulating film 1101 is provided to prevent an alkaline metal contained in the glass
substrate from diffusing into the semiconductor {ilm to be formed in the upper laver, and
therefore may be omitted if a quartz substrate is used.
A silicon nitride film 1102 is formed on the base insulating film 1101, The
30 silicon nitride film 1102 is provided to prevent the catalyvtic element (tvpically, nickel) to

be used later in a step of crystallizing the semiconductor film from clinging (o the base
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After-the wring |ines are forned, a bank, an .organic conpound |aver, and a.... .

‘cathode are forned in accordance with Enbodi nent 1. This enbodi nent may be
conbi ned with Enbodi nents | through 7. 1s Enbodi ment 10 Thi s enbodi nment
describes a nethod in which a sem conductor filmto serve as an active

| ayer of a TFT is crystallized using a catalytic element and then the
concentration of the catalytic element in the obtained crystalline

seni condd@utiog; film 140} edndcivdavqin g g‘dvelfweffﬁms%gﬂ%fﬂeﬂoﬂwq S" ﬁ]felﬁtéﬁabl y
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wth a thhekoess&neés df0 e 200 nm | s forrred as a base insulating film 1101.
An exanple of a suitable base insulating filmis a silicon oxynitride film
formed by pl asma/QVROROPIY 's@tfnl§®ﬂduét§)tﬁ fdmthQ3rlﬁcféfrfl¢d oy ithe fibeoredittide fibwe a
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obtain t B&ni&@ﬁ&c&d}%hﬁll(ﬂg Wh%%no%us@@&ﬁ:dnﬂ%!bﬁﬁ!nﬁ‘g; ﬁgkmﬁ&%m&w&w ded
to prevent an al kaline netal contained in the gl ass strate from
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nickel) to be uséd later in a step of crystallizing the semconductor film
from ol i gthegamerphives basieon®Rtdrfdal al6hg fadbeadl k03, x 4Ad ctt@navml drtlbeer.

adver se fect of .o ontained in e base i nsul ati film 110 Not e
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t he SI|Ian nitride film 5 1102 A sem conductor material mainl

cont ai ni regsasi, lif Godesirablastedust or htglhéy pumr phes! gaemd onduc hath f/mdumnlﬂ:m) The
anor phous sem conductor filmis pically an aporphous silicon fj | mor an

anor phoudPRFANT B RRAGEHDN dninien %nfswff?éaowhwa%r resgpyedr ygfieldpolishiel ur e
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sati stact ory crysta rat1on I mpuriti eS such as oxygdgen an nd
ni t r ogennicédet fiinndd02,candntht henapbrpheuscadotoo fiuct o dré lcomdddaslysforeediced
L0 S X i X pasing the subsiate to the air.
The surface of the amorphous silicon film 1103 is doped with a metal element
having a catalytic function that accelerates crystallization (Fig. 17B). Examples of the
20 metal element having a catalytic function that accelerates crystallization of a
semiconductor film include iron (Fe), nickel (Ne), cobalt (Co), ruthenium (Ru), rhodium
(Rh), palladium (Pd), osmium (Os), iridium (Ir), platinum (Pt), copper {(Cu), and gold (Au).
One or more kinds of metal elements selected from the above can be used. Typically,
nickel is chosen and a nickel acetate solution containing 1 to 100 ppm of nickel by weight
25 is applied by a spinner to form a catalyst-containing laver 1104. To make sure the
solution is applied smoothly, surface treatment is performed on the amorphous silicon film
1103. The surface treatment includes forming a very thin oxide film from an
ozone-containing aqueous solution, etching the oxide film with a mixture of fluoric acid
and a hydrogen peroxide aqueous solution to form a clean surface. und again forming a

30 very thin oxide film from the ozone-containing solution. Since a surface of a

semiconductor film such as a silicon film is inherently hvdrophobic. the nickel ucetate
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These i npurities--can-hi nder crystallization of the-.anorphous. sem conductor
filmand, after <crystallization, increase the density of trap center and
reconbi nati on center. For that reason, it is desirable to use a highly
pure material gas and a ultra high vacuum CVD apparatus equi pped with a
mrror finish reaction chanber (processed by field polishing) 1s and with
an oil-free vacuum exhaust system The base insulating film 1101, the

si licon solutipn den bé iifmlﬂ:dl(aﬂenlabd farhen@amoplieismsemicenduct or film 1103 are
continuously for rred paosing the substrate to the air. The surface
of the amor phous! & ’i“l%’&ﬁ“?@ﬁi%%@ qag*13696‘6@@?‘%‘1%5113&6%’519&“ erdiveitnd thefsli.ng a
catal yti i ac | es of
the 20 st er ol E e S by et Bkl Pl ol fR R
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cobalt (Co). ruthenjum (Ru), rhodium (Rh), palladium(Pd), osmum (QOs),
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1104. To make sure the solution is applied snoothly, surface treatnent is
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sputtering, evaporation, plasma treatnent, or the ke may be used instead.
Wi | e keleﬁiﬂn'gnftmlélyahmtqshblusths iskibstrate 1 100mis 10 defcmmcd)mm atstlf.wi The sherphous

catal yst-containing.,later 1104, heat treatnment for | i Ilon IS
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| anp, a ca rbcn arc lanp, a high pressure sodiumlanp, a high pressure

mer cury lpgarps petvisledi s enpl oyed for the heat treatment. If RTA is chosen, a
l amp | i ght source Jrggcehaen%%zllﬂlng I shl it f(t)r dlht? 60 secondﬂs0 o ducted £
2 is chosen instead, heat treatment at 3 is conducted for
an hour to release hydrogen contained in the amorphous silicon tilm 1103 prior to the heat
20 treatment for crystallization. Then, the substrate receives heat treatment in an electric
furnace in a nitrogen atmosphere at 550 to 600°C, preferably at 380°C, for four hours to
crystallize the amorphous silicon film 1103. The crystalline silicon film 1105 shown in
Fig. 17C is thus formed.
It 1s effective to irradiate the crystalline silicon film 1105 with laser light in
25 order to raise the crystallization ratio (the ratio of crystal components to the entire volume
of the film) and repair defects remaining in crystal grains.
The thus obtained crystalline silicon film 1105 has a remaining catalvtic
element (nickel, here) in a concentration higher than 1 x 10" atoms/cm” in average. The
remaining catalytic element can affect TFT characteristics, and therefore the concentration

30 of the catalytic element in the semiconductor film has to be reduced. How to reduce the

concentration of the catalytic element in the semiconductor film subsequent to the



to-preferably 30 to 60 seconds,- which--is repeated 1 to 10 times, preferably
2 to 6 times. The intensity of light emtted fromthe |anp |Iight source
can be set arbitrarily, as long as the sem conductor filmis heated to
reach 600 to 1000C. preferably 650 to 750C. in an instant. \Wen the
tenperature thereof reaches this high. the sem conductor filmalone is

i nst ant aneously heated but the substrate 1100 is not deforned in itself.

The amr%ﬁ@ﬂiﬁago%@m’ wﬁd@r@hedr filmis thus crystallized to obtain a

crystalline sili m,1105 17C. stal | i zation by such
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crystallization step Is Irst thin laver ornmed on

the surfaaeitihg tdyggar. y sAladrhithelsial thiobxide [fitm folObd a5 Isdadng ih 2 &egh odefD. I n
this specification, the thin layer 1106 forned on the crystalline silicon
| ayer 1mmiljitsreaciies @80 0 BaYTG mayibsyused 23 6, barwer leyrs. |éyem Gsflbﬁl &rigddbst o 5
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a chem cal oxide by treating the surface with ozone water.
catalytic element to move into a gettering site in the gettering step, while being capable of
preventing etchant from seeping into the crystalline silicon film 1105 (protecting the film
1105 against the etchant) in the step of removing the gettering site. Examples of such
20 film include a chemical oxide film formed through ozone water treatment, a silicon oxide
(SiOx) film, and a porous film.
On the barrier laver 1106, a second semiconductor film (tvpically, an
amorphous silicon film) is formed as a gettering site 1107 to have a thickness of 20 to 250
nm. The second semiconductor film contains a rare gas element in a concentration of 1 x
25 107 atoms/ecm® or higher. The gettering site 1107, which is to be removed later, is
preferably a low density film in order to increase the selective ratio to the crvstalline
stlicon film 1105 in etching.
A rare gas element itself is inert in a semiconductor film. Therefore the rare
gas element does not affect the crystalline silicon film 1105, One or more kinds of
30 elements selected from the group consisting of helium (He). neon (Ne). argon (Ar),

krypton (Kr), and xenon {Xe) are used as the rare gas element.  The present invention is
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‘A-chem cal oxi-de can be forned al so when treating with an aqueous soluti.on
in which to hydrogen peroxide water is mxed with sulfuric acid,
hydrochloric acid, or nitric acid. Oher usable nethods include plasma
treatnment in an oxidization atnosphere, and oxidization treatnent by ozone
generated through W irradiation in an atnosphere containing oxygen.
Al'ternatiyvel a thi ide filmformed b¥ heating in a c¢clean oven unti
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1to5 nmnmay also be used as e barrier layer. In any case, e film
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a gettering site tering step, while being capable of preventing
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i ncrease the selective ratio to the crystalline silicon film 1105 in
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treatment is achieved by furnace annealing or ﬁT furnace annealing is

chosen, daksdytiq ﬁk@atqmennoveg dmu@@twmgnlsanmeno@emamamspherthncaneqéaﬁf tle 600C
}CIO,E ]9 0r5 til'cl)'ltl%()l’lgﬁctglr %ﬂm and tﬁ\CI'CPOI’g r;]g(t::)tstg'rpr1g %1 !th%ngre r}%vesh%%acg cfocr)nrphatg}(fl tirll rzlig s
relatively short period of time (Fig. 17E).
This heat treatment does not crystallize the semiconductor film 1107 that
20 contains a rare gas element in a concentration of 1 x 10" to 1 x 10°! atoms/cm”, preferably
1 x 10° 10 1 x 10°! atoms/cm’, more desirably 5 x 10" atoms/cm”™.  This is supposedly
because the rare gas element is not re-discharged in the above range of the process
temperature and the remaining elements hinder crystallization of the semiconductor film.
Alfter the gettering step is ended, the gettering site 1107 is removed by selective
25 etching. The etching method employed may be dry etching by CIF: without using plasma,
or wet etching using hydrazine or an alkaline solution such as an aqueous solution that
contains tetraethyl ammonium hydroxide (chemical formula: (CH:);NOH). The barrier
layer 1106 functions as an etching stopper at this point. Thereafter, the barrier laver 1106
is removed using fluoric acid.

30 [n this wav, a crystalline silicon film 1108 in which the concentration of the

catalytic element is reduced to 1 x 10" atoms/em” or less is obtained as shown in g, 17F
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-seconds,; preferably 30-to 60 seconds, which is.repeated | .to 10 tines, .-

preferably 2 to 6 times. The intensity of light emtted fromthe | anmp

| i ght source can be set arbitrarily. as to long as the sem conductor film
is heated to reach 600 to 1000C, preferably 700 to 750C, in an instant.
During Bettering, the catalytic elenent in a to-be-gettered region (trap
site) is..re eagﬁd Qy th%[i_mal.,ener y and is noved to the Bettering site

t hrough difffi%5 BHmed ge¥stlinngiligon diine BiOBHg 4 wasfeqietiene - emyatalsr ot elys

t enper at uf.geadrJReiLE BRI PEATT L HRESErLRN JrSih@ cﬁaﬁ\wceé!erpl@rqtl. o QfoLh iR, R a
hi gher tenperature. In’the present Invention, the distance the catalytic
el enent mwehed theiciyaglsgaove mithg dpscifibotitnthtien.same as the thi ckness of the
sem conductor fi h_g\ and therefore getter]j ngtj in the present invention is
conpleted in a IS RASE P figiv berdmtire oy 1th Embodmmagits I #Eyuehthi s heat
treatngnt does not crystallize the sem conductor film 1107 that 20
contains a rare gas elenent in a concentration of 1 x 1019 to 1 x 10 1

at ons/ cnBmbodefierndbly 1 x 1020 to 1 x 1021 atons/cnB, nore desirably 5 X
1020 atoms/cnB. This i s supposed! because the rare gas elenment is not
re-di scharged ¥ tbhemfipsiacHatgdodpwingewil sresically slrpsibatupwcensdntvigich
remai ni n : i r | Lizati-on of the sem conductor,. fil Af ter
the. Bet ot o Epamd SRR paREEE B o ERLUR A8y 3 PR OF ERbEm iy 1

sel ect i ve0 a2Blustrabil NOFigTbB ietAalt@ tddagileednt PYiest dmviddededick, REGHhBG% by
C F3 without using plasm, or wet etching using hydrazine or an alKkaline
sol ut fonFigacH aad gﬁ- aqueous solution that contains tetraethyl ammonium -

hydr oxi de (chegi_cal, far,mul a; ),4 ....xhe barrier. layer 1106 functions
as an etching Eg?lgbgﬁelggatf’p t %“éggﬁ&{gﬁ%&%‘%ﬁ% Whetdn g Fiemieny sibstrals 19 o6

i s renovaeighSiyRealbd, U0l Re &F da s3&idmal VidlSaN@Von BuCAYSTRIF L PR SiRdiERRAcLi | m
1108 in which the concentration of -the catalytic elenent”™is reduced to | x
1017 at okl 8y rapeessnissa obiraé¢ Weidings sigh @meuitnwhidy. is1iNBstr86d Byeddthliresf or ned
crystal Iri {geeesiclrg can fo ém 110ﬁ is. a r@ss of thin brqd;l i ke ,ﬁrys.t als, or thin
{1 2t t ened T BHEITU0D0E )t APE TP THE oRfer o e g saik s fiting <

Macr osc oRfcgaice YnumtRRCH40Ta {NfnE LY | et LC kL L0Eak! on.
Thi s enbodi mrent may be conbi ﬁré% gﬁﬁtiﬁﬂg%ﬁéwﬁ?ﬁ%ﬁghaQ%lelflsge%ﬁ%-gﬁi ment

11 The inside surround by the seal agent 805 is a space 807.

Through wirings (not illustrated) for transmitting signals inputted to the source
side driving circuit 801 and the gate side driving circuit 803, video signals or clock signals
are received from a flexible print circuit (FPC) 809, which is an external input terminal.

20 The state that the FPC is connected to the light emitting panel is shown herein. In the
present specification, any module on which integrated circuits (ICs) are directly mounted is
referred to as a light emitting device.

Referring to Fig. 9B, the following will describe the sectional structure of the light
emitting panel illustrated in Fig. 9A.  The pixel section 802 and the driving circuit portion

25 are formed above a substrate 810. The pixel section 802 is composed of pixels, each of
which includes a current-controlling TFT 811 and an anode 812 connected electrically to
its drain. The driving circuit portion is composed of a CMOS circuit wherein an
n-channel type TFT 813 and a p-channet tvpe TFT 814 are combined with each other.

Banks 815 s formed at both sides of each of the anodes 812, Thereafter. un

30 organic compound laver 8§16 and cathodes 817 are formed on the anodes 812 to produce

light emitting elements 818.

1
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As -t hi-s-enbodi ment--the-foll.omwng will specifically describe a process.in.
which the light emtting panel produced by a conbi ned manufacturing step
of Enmbodinments | to 10 as illustrated in Fig. 6B is caused to be conpl eted
as a light emtting device, referring to to Figs. 9A and 9B. Fig. 9Ais a
top view of the light emtting panel wherein the el ement substrate is
airtightly sealed, and Fig. 9B is a sectional view taken on line A-A of
Fig. 9A ReferBireathagesh8t donctivaprses eviriog acosouerc & atli of Hy sixds. end cw t

whi ch i |IIu r at ed reference nmber 802, a pixel section;
refer enceeccnﬂﬁ%grcoga?te(};mdtﬁ?glpgﬂ’g% o vﬁ’ﬁ@j“%?%é@l 15 reference number 804,
a seating subsrﬁeagemnarh@b{@eft@%@m%dm@%g@@%u& &Lk 'Jags@ﬂ@%tm \m@ thd1si de
surround by the seal agent 805 is a space 807. Through wirings (not

i |1 ustracelds pgmt BPanshs thd smglisg ggailt $O5 npueltrediola sttheg sour oethesndettrd vi ng
CII‘CUIt 801 andth sj.de driving circuit 803, video si Is or cl|ock
si gnal’s 3PS PEdes 6‘53" Eorr{fé‘e?‘?“é%iybzf gpaﬁ}a CRATPESSI] 4 repirpEm 1@8 e\wiipercd s an
ext er naljpi sHabt td Q’('E:Qﬂ Ral mte%@al-rtt@w%nath% §£ﬁﬁ% es'i]@stf;dp TCsh$ &9%@%@2’1 é[’l?lttt[lh?e

light emtting panel is shown herein. present specifitatlon,
nmodul e ciemritg 81BNt dgr meedesi suchi dssni(rb Gs) oarreredgd@astfhijedrmﬂmtl&d sp&e 8037f er red
to asallaht emtting device. Referring to Fig. the following wll

descri b FTREAENRY BRAFI@ PR oflt tsnjésﬂf?cb‘rli‘la‘ ﬁF‘%It"iﬁr@ebtafﬁ@I isimadgstiraat ed
in Fi g eridiRehddb $GkeSEC %Qnﬁ%@n&ﬂﬂu# ﬂ%s@Hal’i'a@%B:gt' ifigui t portion 25 are

fornmed above a substrate I Xel sectlon I'S conmposed of pixels,
each 1of whi ch Bngluudtes te tight enﬁﬁmgnélembhtis ngrifghily8ikio ane sphccaBovein8ii
connected electrically to its drain. The driving circuit portion is

conpos edPaYe-BenipEs destugte. thmbgléuemlﬁwg eIEIAHEN FR D spsplatply seyBofd dpmy the
p- chann llJtSIic)/epe Tf% [%%Lﬁt airteisﬁ[ﬁ) e g%zﬁ#hnteﬁi%h eQEIhoerdilonBégng %10 { emlltlonr med at

bot h SI es of eac the a ereaf gé&ni ¢ conpound

| aver 8tfentumts batwhadesoldd ar 6xfgenkemothe tdifsidd) 0dRsoldinell0a F!fghdl&ﬂmrlol ght
emtti n% el enments 818. 37 The cat hodes 817 function as a wiring comon to
al | of tREcphaepg highigliahility capbetialdsdl |y connected to the FPC 809 thr ough a

substrat e 810 Wt Roiha? Shafh Shudfencsss R Akl Rl G ahiches o
ul t ravi Gneiodsatidd g eswAilor thernosetting 5 resin is preferably used | f
necessary, a space conposed of a resin filmnmay be di sposed
Embodiment 12
Fig. 10A more specifically illustrates the top face structure of the pixel section of
20 the light emitting device produced using the present invention and described as Fig. 10A,
and Fig. 10B illustrates a circuit diagram thereof. Referring to Figs. 10A to 10B, a
switching TFT 704 is composed of the switching (n-channel) TFT 1002 as illustrated in
Fig. 6. Accordingly, about the structure thereof, the description on the switching
(n-channel) TFT 1002 should be referred to. A wiring 703 is a gate wiring for connecting
25 gate electrodes 704a and 704b of the swifching TEFT 704 electrically with each other. |
In this embodiment, a double gate structure, wherein two channel forming regions
are formed is adopted. However, a single gate structure, wherein one channel forming
region is formed, or a triple gate structure, wherein three channel forming regions are
formed, may be adopted.
30 The source of the switching TFT 704 is connected to a source wiring 713, and the

drain thereof is counected to a drain wiring 705. The drain wiring 7035 is electrically



~-in order to keep-an interval between the sealing substrate 804 and the... .

light emtting elenents 818. An inert (s such as nitrogen or rare gas is
filled into the space 807 surrounded by the sealing agent 805. It is
desired that. the sealing agent 805 is made of a material whose water- or
oxygen-perneability is as small as possible. 10 By putting the |ight
emtting elenents airtightly into the space 807 in the above-nentioned
struct ur EOMEREd jGhtt §Hq t51eRgrodE efBAL of cln Iseroumphaoling STRE &4, fridm t he

out si de. P o S ossi bl e t revent the. .deterjoration of the
i ght emiErr R TP [T 0o IEPEhPEA R S ERsoRfPe e ehaautgrad F1

Accor di nglg3 i Hig.ght Eedtbiedgbodlavt GRuban Merebi ahe teld - aRihid m%asﬁmﬁm
yi el ded. 15 The structure of this enbodi ment nmay be conbined with the~

st r uct ur éPshanmehpbidi A8RY sliowld bd Oefatredid. | . InEhiediboeitert2a Fingle $0AsnDi:ere
specifically il{ u;}oraetvgrs‘tdhe [tcc)’p face structure of the pixel section of 20
the |ight” 8MPTTT ng 0avTed dSPRIE SIS RO P LG HEUGHHG &y Bsrndentsd-

descri bed as Fiige sbfe ofRtk FiQentJOBiblikWstEat LG ' er eof .
Referring to Figs. 10A to 10B, an Jéﬂi\ﬂ;ﬂtﬂéﬂgng@@%7%4ﬁkét9[g%l%%§g%cg%§ Eﬂél

Swi t chi n§UeRichaplyelg) I RFT1610 0theadrainl thasdf &t @ettiicullyRiapneGed Ac aafrginngiring
about thg1 tr tgre theregf,? t h? description on the swtchin (n-channel)
TFT 1002 ‘sfou B SpEpe dd 71 clegthgally ronnesteq ©0 an gapde W‘FFln%eﬁ&?de) 718
connect i ﬂmsg@cg@g%pji@&trodes 704a and 704b of the switching TFT 704
electrically with each other. In this enbodi mrent, a double gate structure,
wher eith two chaénilet ches m sigrage gizpadtor rendeascrpts Famrdopt £decibavEager Tha
single gate str ure, vvhercgi n one channel fornmng regionis formed, or a

triple gedHeRyer (dPus CompResEPh 2t 1HeondNgion daver PR guedsd shestrugedly ohaed,
may be agdopined: he,eSe 8 Afuhie St GRhi 7Q4. 1, s: connect.ed to a
source W ring ul%gngnd et he gr‘ai ]ﬁ%%&ofﬁpfsng‘g{gﬁgﬂgﬁlctholsao rggiﬁm\%it an
705. Thesatrcalapenvisrtha gaté Gbsulgingl filat, mnd alid yate S8cestEt e tahRitgAtEnSIsegt r ode
707 of thfe t-controlling TFT_706. The current-ccntrolling T 706 is

conposed® oq‘gt%%%e%?ﬁﬁogﬁthoﬂ%’g’l froh dluspratedtaels foyprd imethe soo3layer #ite 6.
Ther efs0r @ns¢ 80 vel REe1S tfiH,C%ﬂrb‘[)ﬂxet g‘.ﬁ{eql?-fstéppilgisg ﬂﬁx%fﬁf@%a%%% Ird tAqn?f, %‘é‘%’;ttg;i%gérg

(p-channel’) TFT 1003 shoul e referre I's e
gat e straaptcirce s i s adopted. However, a double gate structure or a triple

gate structure_may be adopt.ed. .
The Structure of this embodiment may be combined with that of Embodiments 1

to 10.

20 Embodiment 13
Another example of the process steps for producing a light emitting device that is
different from Example 2 will be described with reference to Figs. 23(A) and (B).
The process steps are advanced according to Example 2 until the state of Fig.
22(A). Thereafter, the TFT substrate is transported into the second processing room, and
25 the anti-electrostatic film is removed by water washing. A bank 3938 {s then formed as
shown in Fig. 23(A). The bank 3938 may be covered with an insulating tilm, such as a
silicon nitride film, on the surface thereof as similar to Embodiment 2. or in alternative.
may be subjected to surface modification by carrying out plasma treatment as similar o

Embodiment 8.
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The source of ‘the ecurrent-controlling TET 706 is electrically connected to..
a current-supplying line 716. The drain thereof is electrically connected
to a drain wiring 717. The drain wiring 717 is electrically connected to
an anode (pixel electrode) 718 illustrated by dot lines. 10 In this case,

a storage capacitor (condenser) is forned in a region 719. The condenser
719 is conposed of a sem conductor |ayer 720 connected electrically to the

L e R L R A A S IV S S R

formed into the ayer ‘as the ga

el ectrodg,: i f o) ed of the gate electrode 707, a |ayer
(not 111 a2k Py (rRRRRTh: BokREBFh o ora alB Pl pr bk meres ! o e
interlay el ectric, . and the current-supplying |ine 716 may be used as a
st or age q%?&é%%t%#ﬁ”%%%“% rﬁ@?ﬁpg"éygﬁﬂ?§BEW§WHPHEWF“ﬁ§VVﬁ§ T BABtHedOW t h
t hat of ients. 1 to 10 20 Enbodi nent 13 Anot her  exanpl e of the
process g@%&@ E)rp())lp SHU AGoH ”ﬁré’Fﬁa“écrﬁ({”t‘ﬁ’W&%d’éﬁ‘}F%‘é haNie 3 ieh gpsitive 8pke from
Exarrplg: %noVMiIlitl bfisdﬁlscrilbed with .reference to Figs. ZSFlA) and (B%j_., The
procesd steps?ar & adVaRtedAcUstUT iPHRYUER ampicaab RpYFhYiEne deatieopienr g.
22(A) . ngﬁﬁé %ﬁli}h% TFT substrate is transported into the second
processi ng foo n5”~§% the anti-electrostatic filmis renoved by water

washi ng. A bank 39 3Sis then for as own in Fig. 23(A). The bank 3938
may be cover edg\/\fficﬂmir?%aﬁé% F%TP?]‘@‘E&P’F?H 3Qferugl a5 a gg*l'ti Foling tavrdend ahm  on

t he surfaeetgh?rqpfta%1$ini[a to E 3§L$en 'E“ or in alternative, may be
subj ect ed T QO UPFRCE NS0V 824 £ SADSGe Sdr £ WhIGE st 'hPadermedribarcaprmanbe
simlar go .Eggodiqent S. 39_%Ef£rst organic conmpound | aver 3950 forned
with a pol et BFGHRY ByHsbimy Febodimeni bl |y forned on the anode 3928 by a
spin coating thod, a spraying nethod or the like. The layer is forned
with & pol ymepRB Fgﬂa‘?ﬁ @ '&n%d@r)iéﬁ figttibripa hiekngssef the Hisdiorgapic ¢pappound layer
transportl property or a polymer organic conpound material having a high
oot ve hOl ERer i iged SEHER doiNeBssi e e conpodn st e itlaickness
b | yet h di t hi oph ( PEDOT b d
olye £ene (0] I.opnene ma e used.
poly y&tf} on t e)%m[g 39%8 by appropriate)ly ch?i/nging the viscositv. In other words, the
thickness (t1) on the anode 3928 can be larger, owing to the concave portion formed from
the anode 3928 and the bank 3938.
15 The thickness (t3) at an edge part 3958, at which the anode 3928 and the bank
3938 are in contact with each other, becomes the maximum, and the layer can be formed to
have a certain curvature. According to the form, the covering properties of a second
organic compound layer 3951 and a cathode 3952 formed as upper lavers thereof can be
improved.  Furthermore, cracking due to stress concentration and electric field

20 concentration are suppressed to prevent the light emitting element from failure due to

deterioration and short circuit,

Embodiment 14

A light emitting device using a light emitting element is self-luminous and therefore

[ )
(o)

is superior in visibility in bright surroundings. compared to liquid crystal display devices and

has _wi'der viewing angle. Accordingly, various electronic devices can be completed by using
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- ‘A second organi ¢ conpound |-ayer 3951, such as a. light emtting |ayer and an
el ectron transporting |ayer, and a cathode 3952, which are to be forned
thereon, may be formed in the simlar nmanner as in Enbodinment 1 10 As
shown in Fig. 23(B) in detail, the thickness of the first organi c conpound
| ayer 3950 can be differentiated between the thickness (tl) on the anode
3928 and tqe t hi ckness (t_Z% on the bank 3938 by appropriately changing the
vi scosi t {1 '{ght §PRERE deriro! tharesephingkifensis (t1) on the anode 3928 can be

| arger, .owi ng 0. ve -partion forped from the anpde 3928 and the
pank sbao. 18 FeePRs SRRERESP IR, hRalGhest PP suaf B in i Pvethode
3928 andivhatidmdik a 3EBcadfeta; il GONEAREra W dFoRAGH: QLNISY (heREGBIRS BRBILL):

maxi rum and the |ayer can be fornmed to ‘have a certain curvature.® -7
Accor di n§ EHSEHE fster; anradioteerdduging rdspiee (¢aesiudin, an sediondmpong@aning the

conmpounds:i. 8y 51 and a cat hode.3952 fqrned as .upper.|layers thereof can
e 1 ripr i lapB ARG SR ARG e TiF Sl Beust Beisnl Y campoie
el ectri cafdetlidr 3hoRONE ERIH=Blel @AMAT BadHHRD' £S SRBrd A RiB¥eRl: t hd! L9 aee
emtting elenment fromfailure due to deterioration and short circult.

Enbodi meffProfycing |deyise (picifidaHy dewpelianosicageble bf ghiceesing tiingned es@rting s

sel f-1lumn nd.therefore 251 rior in visibility in bright

sur roundi ﬁ(gg%c%ﬁ%éi? é E%d? IvFraﬂfilzlEI dgml{ﬁf) ﬂid_slﬁl"W 3q‘é'§ﬁ’lé)é§‘3‘éﬁ;ﬁjthah%1 Herdley

Vi ewi Ng @aghsge (A‘Qﬁ@ﬂﬁib)’.lg)m\éQ{ghpé%ﬁitﬂge&évﬁ&rﬁagmg%m#??&nﬁm &&n&?g&%ﬁﬁe by
h se anpl es of

using 40 the light emtting device of the pr i nverition:
el ect Morhaeticiaslyi fanea @ouatt oyfomgptian|terghinal sivict its Rgedhels iotien ofewted @bfi@se Mid

invention _are: ideo canera;. a digital canera; a goggle type display
(head rro‘ﬁrﬁ‘f“e“&feﬁ?%éa&?/)a;w‘%s "ﬁ%"\“/li“ééf’g%n g%‘fgﬁﬁxa&wl%giﬂaﬁ PLEGFBEHUBTIRSS BV ce
(car audhewndFRYMIA GOTpEnent, and the s like); a |aptop conmputer; a gane
machi ne; a portable information term nal (a nobile conputer, a cellular

phone, a port dh¢.eligastewsmodisplay daviceg hdihriobbrapddeo kst a eliting 20ENE s@phortivrge
r epr oduci neg (ﬂ@vi %ﬁ (%Eﬁcj figal ly, an _apEI i ance capable of processing data
in a redddihy- iSRS IR RIS SPEKET gnitarOdfe poadeor @peli srmipp\A¥)Sasld hBwi ng a

di splay 1@3&Vvisiit : ' : iage. qf t The, | i ght itting
devi c]e havi ng é i gh{éade?rtng% i %egly'ewvéﬁgorﬁlg?gﬁ l gscfi 'ﬁ gglugeje%t%? %]5rdt‘ﬁp5-)l tI%pﬁg']or a
por t abl &henigbr emittirgnddvietianial adighcemittiss deha s des-10fieus WhEwed Rbhiue! v

ng ct :, 2&%@8{%{7 Iesg é]tgacz d{] ge}/nemgke\:M a ?t(lainr\l/e!,redvi\gp?z?y Snr}tg llih?lr.l liﬁgi%(:(!‘r;;tzﬁ cﬁé(pallg/p (l:leevic%]; ctarrl].e
The term display device includes every display device for displaying information such as one
for a personal computer, one for receiving TV broadcasting, and one for adveﬁisefnent.

20 Fig. 11B shows a digital still camera, which is composed of a main body 2101, a
display unit 2102, an image receiving unit 2103, operation kevs 210<. an external connection
port 2105, a shutter 2106, etc. The digital camera is formed by using the light emitting
device of the present invention to the display unit 2102.

Fig. 11C shows a laptop computer, which is composed of a main bodv 2201, a casing

25 2202, a display unit 2203, a keyboard 2204, an external connection port 2205, a pointing
mouse 2206, etc. The laptop computer is formed by using the light emitting device of the
present invention to the display unit 2203.

Fig. 11D shows a mobile computer, which is composed of a main body 2301, a
display unit 2302, a switch 2303, operation keys 2304, an infrared rav port 2305. etc. The

30 mobile computer is formed by using the light emitting device of the present invention to the

display unit 2302.
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~shown-in Figs. 11A to 11.H. -Fig. 11A shows a display device, which.is ... ... ..
conposed of a casing 2001, a supporting base 2002, a display unit 2003,.
speaker units 2004, a video input term nal 2005, etc. The 1is |ight
emtting device of the present invention isapplied can be used for the

di splay unit 2003. The light emtting device having a light emtting

el ement is self-lum nous and does not need a backlight, so that it can
make a thi nner Hg.shlfayhawsi 4 pohare Iilinqgfi (tpcﬂicystr@ dadieplqayppdeéwides reamdingThe

ot or mat PERTEEL G DS hﬁéér“?oﬁﬁ SPgulondhe bt Fermashe fof meaker b 1 Ty
br oadcasezaqlng%zﬂm 2Oy 1P ﬂd,a(embsssrzmgﬁav ?n% I 8404118 sp‘f@% A gilggyogh i

camera, Wwhi is corrposed of a nmain 2101, a “uni't
i mage receaiiigngiidon, @ﬁa@ﬂ;om@séﬂﬂ@mpkﬂw ugil92407anicex tiae dadplgamieatidon

port 2105, c’il shutter. 2106, etc, The digital camera is forned by using the
i ght ‘enR{iihgisp §|‘E’ég%f“fPﬁ’éat}5’r“e‘§’é?{Fd% 1y shitnldnhugip B %“d‘i“giﬁ 5&9“%&? 12402.

Fig. 11Gshowsioa 'qvgé g@ﬁzm@ﬂﬂsﬁr%eggh& 'déwgegeofgaggdo& u@n BN éﬁ?%&%gl a

casing 25 2202, a ay unit gkeybo an- ext et n

connect i mrwﬁthé@%ﬁntainpﬁitiﬁm tnghe dRpke uﬁﬂ@@g 2€13candTBe4bapt O eomptia@e i S
formed by using the light emtting device of the present invention to the
di spl ay GRTQduoBg levier §quippesl WHBRICOIHEEIMeigm il dss VidiRisameimachgigsosed of a

mai n body 2301g; allf&h%%_%&oﬁ@fe ty;?e_r(ﬁ%plax?‘@%}% B-E)Pnt%c]'g’l% la %fhl%h' ?@0@8&8%{304

an infrared rav port e co y using

the lioght nesia bbdn@sAgvdiggawiunitheseR, emendirm onien23030 tﬂhe tdaggle ctiySep ldaplabinik t
2302. 41 Fig. HE shows a portable_inmge reproduci ng device equipped with a

recor di rf@fm%%wﬁwwemw ﬁjnléwrde‘ftqsqﬁ eqsesent inggution ipthgelspbe Ungt 2988 posed of
a main body 23199; 15 5 dho%?' “%%393 therd, \gi'u%ﬁ)lmao @3%35%2%9 I;Eo%e)d)(uE)Pl aéﬁé@g%t B

2404, a recor ﬁg ne eadi ng et a eys

speaker usid 260224 Q4sin€0603, Eﬂ&ex@ﬂrﬁaﬂ'cﬁﬁné&:ﬁbﬁ 2403, £ romit byntei SRleRMSe LARYE
i nfor mati on whereas the di splay unit B 2404 mai nly di spl ays text

i nf or mat368A. aﬂmeagpdmea»bm@umtra b, pdpRodSRgrdadiciapitsimfiolopBdopsyatiosi keys t he
l'ight _e i vi-- of the.present inven n.to the ay units A 2403
and 8080 S TBY idenagmert spBRET bug ieuive dial Srifie 5Es 2% teCisiest ng
nedi um iipednkde so MedRQGamm Jppshi nes. Fig. I F shows a goggle type display
(head nounted display), which is conposed of to a main body 2501, display

units 2502, aridg-akltd showtss: @BHOBy piitne, ybehl ie comppesed ios plnzayn begdy 2701, a casing
2702, a display unit 2703, an audio input unit 2704, an audio output unit 2705, operation kevs
2706, an external connection port 2707, an antenna 2708, etc.  The cellular phone is formed
20 by using the light emitting device of the present invention to the display unit 2703. If the
display unit 2703 displays white characters on a black background, power consumption of the

cellular phone can be reduced.

If the luminance of light emitted from organic materials is increased in future, the
light emitting device having an organic element can be used also in a front or rear projector i

25 which light bearing outputted image information is magnified by a lens or the like to be
projected on a screen.

The electronic device given in the above often displays information distributed
through electronic communication lines such as Internet and CATV {(cable television).
especially, animation information with increasing frequency. The light emitting device

30 having a light emitting element is suitable for displaying animation information since organic

materials have fast response speed.



formed by using the-light emtting device of. the present invention to the.. . ...

display unit 2502. Fig. 11G shows a video canera, which is conposed of a
mai n body 2601, a display wunit 2602, a casing 2603, an external connection
port 2604, a renote control receiving unit 2605, an inage receiving unit
2606, a battery 2607, an audio input unit 2608, operation keys 15 2609,

etc. The video canera is fornmed by using the light emtting device of the
present i nventd tn light ¢rthietigh dpliy partibhs RG0St kg codditheshaws. arteedibyliek
phone, which is conposed of a main body 2701, a casing 2702, a display
uni t 270%sIraRe At idisP{ayp iRformation oSk, tha% agudndl GEEE WnippsPesmigpAieht i on
keys 27 o l,nC pQr a 8, The
keys | arﬁ@%g@ FXHERO B %ﬁbﬂmme Qtufgec?(& b il PO Fope iflSaigl&s (I
present infivenatio®Rudtoad h@odhlﬂphr@ﬁénﬁlﬂldﬂ tBHﬁBaI e plrh@;]ardb&j@liaMr Bhdre, 23@&1

di spl ays white characters on a bl ack background power consunption of the
cel | ulfaraystorepredisinge dpeeuded dwrat’lﬁetm hizh disde emttmg qiertiang ot dspley ot
organi ¢ MRSALIBh dnhid phASHERRLH: bl bt HF serb DS il ALY L1 19 devi ce having

an organic elenent used arsg'i fear projector in 25
whi ch |ight bear iaRgicostiteutabedt:, iegsiicnior aRd @frthe $igheghitfinLle e @ VKBS or
the like to be projected on a screen. The el ectronic device given in the
above ofthe rpr%ﬁestplnefy@thrhfSomwﬁi oh vmySwrdEbmﬁe@(ecttqnmougﬂmeqzee@f ewverly cfield can
comuni cat i nte TV tel evisio

copeot a1 8L isn Ths SEratSAiorR P BLb G teri R oy pie

em t t;ongh@lﬁgmc@maﬁlgh&widagn@mlfdcﬂhéd ByTirhplemgnt@]gah® fletHod shbivhakFentodiments

di spl aying animation information since organic materials have fast
responsel ©pded. 42 In the light emitting device, portions that enmit |ight
consune power. Therefore it is desirable to display information such that
as smal|l portions as possible emts light. Accordingly, if the light

em tting device gg Jp58Gnd Qe BreeaPliRnHBh t chBBhe T B Yardlus B aﬁéﬁu&ﬁxlﬁmd

i nformati on such as a portable information ternlnal in particular.

cel | ul arthqa‘nﬁmedcgadbtm & adughit onmtepg@thnmnngaxdm/prceqmct |"Ehaj;assemab1venn@1

assign |i ht tLi rti ns to dis information while portions
that 'do bles } evgﬁiep g syaceot tth%a%@@kéw aidncrﬁ@ﬂwe@eﬁ%at %P(S‘é%“" the
appl i catgjom;d @&Qﬁoﬂlfd thg. | aghtregm tid ('ﬂgvedv%\['ﬂa%ncénobé’%'w%?ed LREHRIRSRRE of

invention is applied IS very wide and electronic appliance of every field
can enpholghthenideng denenllven bt podomeic appl i ance in this enbodi ment can be
conpl eted by usin
Moreover, the invention is capable of moving a substrate between a processing
room for forming a TFT substrate and a processing room for forming a light emitting
20 element that are physically separated from each other without causing degradation of TFT
characteristics or electrostatic discharge damage. The structure of the present invention
can solve the problems of contaminating the TEFT with an alkaline metal used as a material

of the light emitting element and of degrading the light emitting element with moisture or

gas, and therefore can provide an excellent light emitting device.
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tothe light emtting device manufactured by inplenenting the nmethod shown
in Enbodi ments 1tol3. By applying the present invention, cracking of an
anode is reduced and therefore degradation of a |light emtting el enent can
be prevented. The present invention is also includes |eveling the surface
of the anode, thereby increasing the current density in an organi c conpound
| aver. As a ¢, the drive voltage can be |lowered and the lifetine of
the light emTtIng el ement can be prol onged. Moreover, the invention is
capabl e of noving a substrate between a processing roomfor formng a TFT
substrate and a processing roomfor formng a light emtting 20 el enent
that are physically separated from each other w thout causing degradation
of TFT characteristics or electrostatic discharge damage. The structure of
the present inkention can sol vé Hght cpyiibipe desicofomprisiagi nating the TFT with
an al kal i ne nef glin g8eH2R3s5t8r FPLEk@hutorof the light emtting el enent and of
degrading the light emtting element with noisture or gas, and therefore
can provi de arteftespyadnsulatistitanen the tlyinddm teawsises; 43 CLAIMS @ 1. A light
em it ng devi CeRGPRRihdAim oft bbb liAfR Ahar on an insulator: an
interlayer insulating fiTmon the thin filmtransi’stor; a first insulating
filmon the i rinenpdyen thedfagt asulpléng filoy  an anode on the first insulating
film awrin i I Tl i hin. filmtyransistor to
t he anode; ag%gﬁgﬁé%g;bfﬂgﬁbF§§$&#%%%?§?ﬁ%gﬁQﬁF%F%%%§QPEU$FF%%%’of t he
anode, and wi rd bagk over the is¥tdnsulasimigilion gddei pomions afliee ameideamindiringe bank; an
or gani ¢ Comomc&ﬁiyiﬂﬁul&’t‘i’r%ﬁ gnﬁ%qglgdg%ghgg,a%nk with the second
insulating filminterpos t her ebetween; and a cat hode on the organic
conmpound | ayeran @gamc copghoushiayer oxpr dby kusleanddahditagk tvathcthaisaedhd inkestrign
the firgg, Lﬂé’é&s@ﬁit@%ﬁédvg@ﬂ-%n di amond-1i ke carbon film 3. A light

Vi C [

emtting de according téd claim1, wherein the first insulating
a cathode on the organic compound layer.

2. " Alight emitting device according to claim 1, wherein the
first insulating film is a: diamond-like carbon film.

3. A light emitting device according to claim 1, wherein the first insulating

film is a silicon nitride film.

4. A light emitting device according to claim 1, wherein the
first insulating film comprises a cured film formed by plasma treatment and a

diamond-like carbon film.

5. A light emitting device according to claim 1, wherein the first insulating

film is a cured film formed by plasma treatment and a silicon nitride film.

6. A light emitting device according to claim 1, wherein the second

insulating film is a silicon nitride film.

7. A light emitting device according to claim 1, wherein the average

surface roughness (Ra} of a surface of the anode is 0.9 nm or lower.
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filmis a silicon nitride film 4. Alight enitting device according to
claim1l1, wherein the first insulating filmconprises a cured filmforned
by plasnma treatnment and a dianond-like carbon film 5. Alight emtting
device according to claimi, wherein the first insulating filmis a cured
filmfornmed by,plasm t Ja{lrren.t.an a siliconnnitride film 6. A light,
enmitting devic® accor di)f;’lg‘g emttine ey ice acerding tp ki ds ghgrein hedrank hagon ity m
is a silse@iten édrbd€ilinl fofned by MldshihfreRMbA doi0cHei | L 1,
wherein tpe average . surface ??ughness_ ((I?&) of a s&%&a@?%%ﬁ%k@ﬁ%ggﬁg
0.9 nm oflepsiisy selegieds fropy jtha e eonsiinaedsi Bpdiggen ruitragen dabigsnated catlivas ei n
the bank hp@sganfindride, it fadCgasd cured filmfornmed by plasma treatment and
conprising one or nore kinds of gas elenents selected fromthe group

consi sting of hydrogen, nitrogen, hal ogenated carbon, hydrogen fluori de,
and rare gas. &. A li i di o.claiml,. [ei.n, a
t hi ckness of téh)'e or ‘gg%gg?g}gtrlr%g%%ggﬁgfggorla@%%x(%ﬁn&glmﬁ’l Wﬁgl%%:noﬁtj:ﬂzlil\?ié\l@e%%‘r%if :%16?1
formed fPEBMCHRONNUES layed is maxithemkin al QuncAvd pottiondioithed frgrdtei medaaadthi ng
to clai myj, Wherein a thickness of the organic conpound |ayer over the
anode is thicker than a thickness of the organic conpound |ayer over the
bank. 45

10. A light emitting device according to claim 1, wherein a thickness of the
organic compound layer over the anode is thicker than a thickness of the organic compound

layer over the bank.
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