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MANUFACTURI NG THE SAME BACKGROUND OF THE | NVENTION 1. Fi ﬂmmmmmmmm"m"'

I nvention The present invention relates to a light emtti th a

light emtting el ement conposed of an anode. a cathode, and as§ikkm t hat

contains an organi c conpound capable of emtting |ight upon application of

electric field l\g(t he film.is hereinafter reégrr d to as ,or%ani c._canmpound

layer), LSeHT EMITRINGD BY T ehmiNRE G D QL Mgg‘{h%%ri' HRING: délk ea ML

Specifically, the present invention relates to a light emtting device

using a light emtting 1o elenent that is lower in drive voltage and | onger

in element lifetinme than BRAOOKGROWND OB MeE INVVENGIONem tting device in this

specification refers to an i mage di splay device that uses a light emtting

el ement .1 AFsdd of the Ip¥AMi6RA ng modul es are z11 included in the definition of

the light emitti vice: a. ' . at i tqQ. & lLight

em ttfng el emen':ﬁg pggsr?hggr{vgﬁllégﬁgﬁjitg%?ggq%?gg@¥lggid%%%gr@%cfﬁ{ﬁgl fehglr%fFPC:

f1 exi bl eldidrtefpeded@ifidn)anclb, acdiiGilel hapa il vant@tibontdbnghid apeovat a TOP

(tape carrier ac‘kage?‘; a nodule in which a E_ri nted wiring board is

- provi dedapablant enitieg lightrumntappEcyionpfrdystrigHeld{ theoldm & hercippfiteHetrred C
(integrated circuit) is directly nmou 1] . emitting. el eqent. by the

G0 (o CONEE bbb o THRAGE L R Blthe RO AR BLETRN

em tti nGpetigRAL shepesdhi aveRdoR k4Bt kR liast thRtAeYEvigengnati lemt khadinpanel

di splay elenments for their characteristics including being thin and

| i ghtiveietgment flzagtis desgromsdriveanel tagierandt loggarr iaralemew Nielimagbard epnpengondl so,

bei -1 up, d havi i de vi.ew. le give the |ight. emitti
o emant Ot ol 20t niieg (o od et SredteERO rERe S af i For MBr ek b isE B | MO
consi dergds asig: f §idiee eRlnfNENt AlshOthdifsIRvivig SEHARES aRf aB! BEfutEE i8Sthe

appl i ances and are being actively developed. It is said that light emtting
el enent sleBnitibn lof gt liglrirapuigtimgt deyideola| roedulg obteoled hiysattaclang vd kdgbt esritappl i ed
bet ween Fl ectrodes that sandw ch an.organic C?G‘EM ﬂa%tﬁr, el gct_rons

i nj ect e BT CABICH HEE “H Ay WP EYLS RTTREERY ¥ tthe ARYE R 818 Y& b nbi ned
at t (e o 0k O 8¢): nphiegul ar
30 enei o R o Mo TP (e e PR e A NP

rel easi ngréanat gyriigbcadde prdveddd ghin emd df hNAR tapreorta T6Peand al inghidle in

Mol ecul ar _excitons generated. in arganic onpounds take ejther singlet
exci t at iNdiciopn 46 (ntegraed cGircatty éﬁfi’rquysmé’b’étégfqnc%hj‘lg neEUNg et dyehent s
that em i gh r i t excitation and elenents that emt |ight from
triplet deoxdél((%gé P%ﬁ%gggt%h&g lese light emtting elenents are classified by
dri vi ng 2netthedptiontod tipaRahrce Aat matri x (sinple matrix) type and active
matrix type. The ones that are attractjng attenti gn nost are active matrix
type 22l enents, féght CHBYIngc&pebapedrayingidEnuERR g hf AaeensruAN ;FH" 8&15 ni ti on
with t h%is@‘é . ellefﬂr\%ﬁls. RTRRS: Q algkt)éﬁét&.sorncqu%e b AR b V& dMRLR A dHe I st
emtting device having a light emtting el ement has an el efrent Structure as
t he one rahonde, hid Birget GurreAt ToWT vaDiel driviing.medlsonb@ng sdéturaineu? ¢nd hatiogand an
interlayer insulating film203 is formed on the TFT 202._On the interlayer

i nsul at ide Fiermamle givedhedighy pnitdng gleaenisdgdsr visibility 1 Sherplere grepight
electrical.ly connected t .he TF .t hr e fine ?2()4 -

mat er i alemslt&lx%a ?néerﬁ%rar? ﬁgn%iﬁ%r JG-%O%QCI%SLQ e?e;hg%g%zg&e?]ﬂtsagbn%g%f] f\(/(%af ﬁ%@g?i al
havi ng apl:,la{ng@; aMardfe heinghi@rely developd (i ndiumtin oxide) film a tin oxide
(SnOG~) film an alloy filmof indiumoxide and 15 zinc oxide (Zn0), a

seni - t ranspar enft dolsdidf itham lightpemiitipg | gleraems |Gt Jighl QFQSHr BosAtPVies
those, the, ITO film.is used.. i A band . Of .75 eV
and 1 5 AR Tr b FPHEY ReoREREHRGpkls GG BaRATLIIRRs ERiithnd?
compoundhyJ-ay elkect®fs iisedied N6 Otet Behadod@d28Bles liRjetRis dpechd imate one al |
the layers that are provi ded between an anode and a cathode together 20
nmeke an rorempingd @opsolymtingsagrcenSpeitiq erganiy coppeupyd Gaist ¢ EBPHE Ay er
206 includes a |jight em tting.|ayer hple dnjiection |ayer, an electron

i nj ecti SHC’fOé’?’e?“.dl 'g‘e H‘&(ﬁgc%l?ra%\g%?‘ ER ?ré%/gzrls,e Séar%é éﬂﬁ et pg‘r‘f“t? 8%%%30%% ?‘ﬁ%& ayer,
etc. A l?lﬂ,Sil@hﬁte'frHﬁltn'ér Ble®fend b1 @htt ﬁgﬂl.t t im@ellgMmeREitdns @rleaiiidnak o@finian
anode, a light emtting |ayer, and a cathode layered in this order. The
basic structure can be nodified into a | am nate of an anode, a hole

injection layer, a light 25 emtting layer, and a cathode | \ it S
order, or a lam nate of an anode. a hole Tmmmmmml""m"ﬁllmu
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injection layer, and a light emtting |ayer, an electron transporting

| ayer, and a cathode |ayered in this order. After the organic conpound

| ayer 206 is formed, a cathode 207 is fornmed to conplete a light emtting
el ement 209). The cathode is often fornmed of a netal having a 30 small work
function (typically. a netal belonging to Group | or 2 in the periodic

table). In this specification, such netal (including alkaline netals and
al kal i necogtouRdinitks) @iher singlel ceycitalipmAr AIEY P HRR al Thia SBEHRCBEE 1<% or med

froman Of@arGer €D eHﬁF ﬁ[zhta oxtnomﬁ%ﬁéxélﬂﬁoﬁ%@su&ﬁentt@?h @%%1? lanp“p,hevent

short circuit be t ween e ano e and”the cathode at the site. |g. shows
one pi xeripendxditaeioh bgitt em tting el errent forrred therein. The s act uaI pi xel
portion is provided with a tPl urality of ght emtting el enents each

1

struct ur ed as shoic ilighFeg Qgte!f%%s@retﬂwf% RYCHTVBE FREPPS ITIQIRESEYAR tti ng
devi ce. I u r ting
Goviod MR SeRIP UG TTEL RS SRRV SR  FRCUSLALS, [l oA
conduct i Mest ¢ aetival thafrid (B e%néd@g fonties| ay etpdbns uf atspngidoi llnmcbav)e high
different thernmal expansion coefficients. Wen heat 10 treat ment is

per f or nedtfioHion with thetQY A lsveltivatbenat RiXplalos M9a%i ng di fferent ther nal
expansi on coeff1ch 05, Ay Nuf ARGk diId RG) PHBE @R b iR, hos 0
conventional light emtting VI ce structure Usés atcrack in the

i nt er f acgerpehttshac@iales ol dﬁ&%hlaswtneml Eg. 2han TEE 20hes sormlet @n 4 bedstrate 201
expansi on coefficient (the anode, in this cas )5 The anode is an el ectrode
for imj eddiangnigghyes msnhmngérlm?cmpaf@meﬁ ORjtehi T r%ﬂ%m on into the organic

compound | ayer. LIf 15 there . s a.crack the af.f ect
generation of hdPRye ‘P@Hﬁ?ﬁf'ésm?‘ﬂ%“ ?b:gfa“t%lp 'é%tc 886)2‘%# ’8\;%?1“6(]3
degr ades ih@dctflly %gﬁﬁetcle@go ehETENDOD HiBhdh a Widnd lrr{eeﬂl-l-l ard hag$iaPluit.be
surface of the anode also affect generation and injection of hol es.

Fur t her rfor éhe drlode G0Yani craoeuapou cdndwayiee maseriay havngrgange adirk funeignadéd by
oxygen and noi.stu jte this facf, ani c resi terials such as
ol 91 i da0 BRURE Yo e dbr grite CoQTHEnaelsy Tuod o Form

I nterlaygt. bﬂéé‘k?ﬁ@ﬁg sk Ma A hrQx KORNEIRH, aoﬁdif‘vinxlgx?estnrrx?'e@@sﬁéipfd pesed hicst
i nterl ayer insulating fil mdegrades the light emtting el enment. Moreover,

t he cat hbdke, tfe Tefiln ghmseénmbst ibacpued @rmpt hagd fgep nEdbmift 3a1d @V kad inkeghbt al
material, such as Al or whi ch can seriously inpair TFT characteristics.
An 25 aItF@é‘Pﬁ’aﬁ%ﬂtr‘r’éEt&lraﬁgex d”?“HleaH'ghéctl ve |layer of a TFT causes a change in

el ectric char act unq? %H&J&ﬁnér ﬁlver% NG fotmbdRRssibLfodo 285 Ve 1t hgisTFT a

Longtermrellab |t‘§/ n order to avoid inmpairing TFT characteristics. it
i s pref epadifieation, praieniyead kKail iane pretiddd cowtammabodn aof amtlmlbltweethayer of
a TFT by separating a TFT manufacture ste procesmpgg room (clg legérr)

from¥A IMYfrancdmetis sgmpewthiaysanoPscfictly fedpsanc i i RGB!
room) . 'dﬂg@f%ma AE a R R dAﬁmo%nb?&Snm@aramméagomﬁep%tﬁo@é ﬁdr%bvm@n

roons (c S ad to the nmanufacture process in order m3
prevent lhve, zalld{edudnermp@hncdmte&mmam basic sthe:taE Ot 8 light crattengrelymiset is a

contam nated by dusts or other contaminants in the air, .and the TFT el ement
may be dmgdofw anpde tar light gmltémgll%y@hépéé cathode layered in this order. The basic

structure can be modified into a laminate of an anode, a hole injection laver, 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 layer, 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 a metal having a

30 small work function (typically. a metal belonging to Group | or 2 in the periodic table).

In this specification, such metal (including alkaline metals and alkaline carth metals) is

(3]



s SUWARY OF THE | NVENTI ON An object of the present invention is therefore
to provide a high-quality light emtting device having a long-lasting |ight
emtting elenent that is free fromthe probl ens descri bed above because of
a structure that allows | ess degradation than conventional ones. and to
provide a method of manufacturing the Iight emtting device. to The present
invention is characterized in that: an interlayer insulating filmis forned
on a TFFabl¢rhn alkalingrmeddl-on an insulator; an insulating filmis formed on
the interlayer in n 3 ctr Y
connected to thé W%@g ffohrljga {/{ngllr?]la?? &rrg'?nrtgqulpfng%?]ﬁF ?’ngsbﬁ e?lhl%nctgjj %’ ?}nﬁls
formed hﬁo@@mrprbtfteltamdelrcantcbdt\heenvmaé higleldndehe ddiedeasim simsul ating filmis
etched to forma bank; the anode is w ped/cleaned after is heat treatnent;
and an insul ati Age-f2 I‘Sh@\t‘soﬂ‘brpﬁt@éi apg “@oséftt %‘ﬁ’@‘%b‘ﬁ@e&h@‘t‘“ﬁé Bakie. ThHe

i nsul atin me bet i i anode
e S Bl b PRI e PABD oEBas B bR  Sp e

adj oi ni Rg AR L1 BleS2 th@inshaveatidifve heitix tlﬁtardm{tmemamel on coefficients. The
light emtting elenent thus can have a | ong lifetime. This insulating film

is al so capable Imfthqaambermﬂagbftgla@nacntmrdbttmceurzdolt ellighs eqpiting rdey ise. the
interlayer insulatin mfromreac ht. emttin The

i nsul at i"Mg" ’I‘Wdﬁ’r‘é@t ‘%etflfé‘?t af‘ﬂ(ﬁl?egé?ﬁda dqrﬁggtaéetnl ﬁan Pivg Pl 8f%81ea cnutrhé'd film
obt ai nedybya gl Haas NP dik Gatd QfrdbRoughmil aspisionealdmatndr aviIChElil m By
wi pi ng the anode. the irregularities of the surface of the anode can be

| evelied tanchahusisspaforitivd sar § ateicwie tihewhithdaateailshdayiegodidigrent 2ee pyal

formng the insulating filmthat cover anode. and t n an ef fect
0F " Dal S S TATT Hoheonaral Gt R FanaghetGaek Bt e gan ¢

Corrpoun%el'f%xg{ru&ﬂﬂt l?teca%)s(&ez?&ﬁgk 11‘16‘ﬂ’%t iNRrtalS Br?(fltte QHC bR PRI tde‘W?ﬂn!:h' on is
characteri ze - aresininsulating filmfor formngaban
f or med,; shﬁﬁeﬁtﬂbﬁﬁdl&kpanssoﬂmﬁﬁblém (mephodﬂemthmcasebmm anhée & znmit:camdnat i on

by an al kal i ne metal or others can be avoided: and the resin insul at ng
filmis fet wirsgng Sofes thatnatigipgik in Light emissipn dpachs BERBIS OTRRWEE K E
condyet gflstg ratcpqn "k o%lre,' g ek B&Iaﬁ&r% ?PgolEberem ?t‘R:nﬁltHﬁBé?rotf' I'm
of the rmed. ATl rs pr ocessi n room (first clan room) for formng
a TFT SthEisrlﬁ}eEtedSarﬁE@&fnai@dadeﬁﬂm hgis enanthgprienessisal. r dbmitsmdondscifean
roon) for formng a light emtting el enent. Thus, the risk of an al kaline
netal nitkd Mfaﬁﬁogthﬁh’éo tpe alfech gereryion e iniestign ¢ ioi%ie al kal i ne net al
material formn hode tLi [& | or
My is | owered. %smgm?o?%’l ﬁ,‘é OF%I"“% Ir]: |%(r:rl p((:) g(?é E‘er% sb? ?re‘gu%m%q%ﬂe\ ?téarﬂgﬁ& bt\ghe

| ong- terorfy%@t aAdi thbisiré. heDegfitecans bt opaoicetksinT renaitd sedteat rpdyiatile film
is formed froma material which does not affect the resin insulating film
for for mphgnvdre angnkerytip era fgecntiindsednie {@rm Hy Hielaysh W degolEy 499 oy
wat er vvashln I|ke ther . e Ll o

ot or | ARG RS aTr U SR o Bsul AT 4T SR omiline

anti - el ecetrﬁémtatl c treatnent is suitable (for exanple, 10-s[S/m or nore) .
An conductive organic material is Eenerall used. for exanple, th

anti - el ect r ost atM@rebvdrmf@dwﬁtqulﬁg} @:é‘ﬁb‘u@t‘i“@'@ plsmpReis § fosmeS o %V'%’ﬁl n
coating, d the tatlc m conpri.sin 1 w

nol ecul é‘?e mf“(fif F‘rél %qe(tfaper gﬂcgncan Shcret el dlgt}gﬁng?qy%tgﬁqlcg An

di oxyf h'aﬂ&hﬁ@%e@ﬁﬁ%@l in RRLY@ & rGPAAT Lauses M%ﬁtﬁdd& ihatldoriaeh daasteic.

pol yoxyet hyl ene al kyl ether, pol yoxvet hyl ene al kyl phenyl ether.

| V, N Bi 9t 2aeh/id, cnmyemgmhr)tab%wl«am giee [hel Tyl a kﬁtneﬂtrahtfﬁ)lamhh‘e] )

N-2-Hydroxyethy| N-?-h ydra yalk la' hyd al kyl. m)no 0 ]

pol yoxyet hvl ene %I%Q‘F H%/ﬂ‘ém E@ %’ﬁ%‘ elnﬁgi amyne %1@2{2)' él%%’?

al kyl di,gt.napoledl ARtanfthdtidn owll fa‘éﬂ% Riyer2ét ﬁTkY'bP&BI&QmﬁsdJlt fmnramwrahkw
phosphate, tetraal kyl ammoni umsalt. trial kyl benzyl am noni um salt, al kyl

bet ai ne,stepl kydcessinglagahi (aeabetainne froor at hghll t:rnétleg elmeﬂ rrlhelsfeue&n Sp@
easily renpoved bly water or an _organic solv E' diti on,; .2 n mgg,nl c

i nsul®8t inereRtPerieam (€lG¢h 8ol %ﬁ)ﬁ‘ied%r 40t Irl%m lfj yanrtde, “pol Vi ‘Mdeam de,
or BCB (QQGHFJ‘P&)S&'W%@HHS&'%} gam Bsvgad aaged @th@ﬂﬁhmﬁlm@@&ﬂﬂ%t@;ﬁltﬁ drii¢rmo The
anti-electrostatic I'mf or med fromthe material 25 nentioned above can be
applied to all errbodl ments. Anot her aspect of the present invention is
characterized by conprising a step of $orm ng a bank and perform ng plasm
treatnment on the surface of the bank after heat treatnment is perfornmed on
the anode for crystallization. A cured filmis forned on the surface of the
hank through the surface 30 nodification thereof by plasma treatnent. This
prevents the bank fromreleasing its noisture and degrading the |ight

em tt| ng eI errent S BR EF DESCRI PTI O\I CF THE DRAW NGS I n the accorrpanyl ng

o A A a2 -




device; Figs. 3A to 3D are diagrams showing a process of manufacturing a
light emtting device; Figs. 4A to 4C are diagrans show ng a process of
manufacturing a light to emtting device; Figs. 5A to 5C are diagrans
showi ng a process of manufacturing a light emtting device; Figs. 6A and 6B
are di agrans showi ng a process of nmanufacturing a light emtting device; is
Fig. 7 is a diagram show ng an exanple of carrying out a light emtting
devi ce ﬁﬁﬁﬁﬂéﬂﬁuﬂbﬂ@ﬁ6@é§§m“FW§“M8“$§“6T%T&&ﬁ&ﬁW§H6MP%@“ﬁﬁ“gwgﬂﬁPéhéﬁ
carrying oy m.ttin v r 0 R d 9B
are diagy(ﬁ@ﬂ§ﬁ8 ’ndn s%gﬁﬁ%” dc#ﬁ%fﬂﬁggkﬁ}%p ﬁugﬂtggﬂﬁ%i]$gslbgﬁﬁgpbe
Figs. 1QAscaBfhe10B are dlagrans showi ng the structure of a plxel portion of
a light emtting device; Figs. 11A to 11H are diagrams show ng exanpl es of
an electric appliance; Fig. 12 is a diagram show ng an exanple of carrying

out a light emtting devic ; Fig. 13 is a diagram
showi Ag an exanpl e of carrmwﬁ%;ﬂﬁm@g devi ce nmanuf act u?e

process; Fig. 14y gpRcdb@EPisSHOMBRLIERUhEsiRE (AbMVIRAS Wi @Bty ol 15
is a diagramshowi ng results of AFM neasurenent; 30 Fig. 1 <is a dr agram

showi ng amgulgdevak IAFMgrreL@sgﬂ@magtllgth—lgStmgﬁ’lAmteot thaFisdres fdomghapobiitw ng a

process of acturin ht h i ng,devj ce in accordance with an
enbodi néjr?ﬁcr@aﬁéovel@eﬁa Tg‘?ooaf Sfuee Hiaééﬁga le%%%%‘ H%‘“%“ ap QB ¥erpyonal ones,
manuf aCta‘ﬁH't@grcﬂndé Qﬁ%th%motfHaHgfag@Yﬂng@he i eml@ink Sedceoncept ual  di agram
showi ng a production process of the present s i nvention; Figs. 20A to 20D
are dioagrams shoiiengesent éxanpore isofharanterizedgn dbat: an Ilmtglhzu\'eenmtrﬂcltmg fdevisce
manuf act ure rocess

Ul aclune, Proceta KL% a0 21G i, A0t ate SN0 ah. chaple O
a0, 225 5 AR B 19 ARSIl SELLHGOWon Rl S v
exanpl e tafougRarvyiring 1tiet aaedin gsnlaging tfilinnig foevddce canufhactnode apd deesging
line; the resin insulating film is etched to form a bank; the anode is wiped/cleaned after
15 heat treatment; and an insulating film is formed to cover the anode and the bank.

The insulating film formed between the interlayer insulating film and the anode
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 etfect 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 is etched to form the bank.



i s DETAI LED DESCRI PTI ON OF THE PREFERRED EMBODI MENTS Enbodi ment Mode A TFT
1(>1 is formed on a substrate 1(10. The TFT shown here is a TFT for
controlling a current flowing into a light emtting elenent, and is called
in this specification as a current controlling TFT 101 (Fig. 1A). 20 On the
current controlling TFT 101, an interlayer insulating filn1102 is forned
for planarizati The interl ayer i.nsul t| iIm.102 is formed from an
organi c resin nﬁgg FUSUEH QBT AP gd??f he Ny ignd g for protecting
p0|yl”1QEéﬂbﬁ%omﬁﬁu§Hﬂﬁ¥oFﬁé“ﬂ?rRﬁoﬁ§§i(QQ”%QQM8u99HL$&ﬁ%(ERrU@Vﬁl&ﬂn)
average thickness of about 1.0 to 2.(l ~tm The substrate can be properly

| evel ed tby féroring ngT Fheubsitier [<ayrratas rbat @ mgednid| prodes¢ing . roMor @owex. cltdre 75
interlayer atjng filmcan reduce parasiti ¢ capacitance since organic
resin rrefpewb 5<Prs"103wo| ol TR oSy &iﬁ”‘iknoig@rféijc Rk Mg 1y st

I nsul gtipg a{:t'n}emaggr?‘of thef m%n(?@l[]é BRaligY B Ia@WIteﬂlJTj‘Slellﬁxtnmgef hihBYd of hfe SO
that gas release fronlt e interlayer 1 nsulating éoes not af f ect
the li ghtgh@ﬂmﬁt’tlhggl@ﬂlmh afhrd drivgtis laveutdt | Aga fréduin LIQBtrIcScharnctmx@ngam c
insulating film tY pically. a 30 _silicon oxide f|In1 a silicon oxynitride
film orofah&sTTT aahilsilppg aeémfrel ﬁlalharth%re@fawﬁstlepﬁa«ﬂng the above films in

nmbi nat i whi ch
corbl natton. ThE hE-SholOgHl ol R foof R BY AP IR QR il e W01 ©
i's set tresis@fsulatindF0E formermhing the Ganid tecaredeyar(dliBe SarivEHz)d povvBE releasddty s
vet to O1tol.() Wcm for electric discharge. Alternatively, a cured
film léomawwiehgaﬁﬁeg 6F likpothekisivere grelepds. ePsmept Sesaréeted Mibiltingr oup
consi st Ic%gd thtwd c%gs&r)brf'o; cgggurl:tl{lgallh?ger{?aélggrc?s?’c{tgogeal%epﬁq{ Qget\g\)lgl 8;“ de,

and rare gas I'S surface of the
interl a)é%rnFR:SLl'Oa?[S/BQ b h{Bre)Th%ﬁ@Mcﬁlrctlae loREdnSd nim@&kl hiavidigradlydestr sk
pattern is formed. A 'contact hole reaching a drain region of the current
controlWWW@PEFThQGmekmﬁeﬁ%Bdfﬂmlﬁ@nDMSH&MDDwng¢ﬂEﬁ$0¢'NThEHWﬂrbhgpmlne is
formed froma A [ é m as a_.condu tlvelneta ' %Qv

al | oy fiPR 2Af t%‘Eht’;““rF ecﬁ‘%‘éat}?a g PpPEIng & HEG'BY “L?;Bif%‘ “éh 5t Yacuum
evapas atel, fhrh@ord, OF @erie M poieh 11k emx@tm@ﬁeﬁé Imellﬁmatﬁ(ﬁ{m%a b Rnid
desired shape. A transparent conductive film 105 is forned next to serve as
an anodelwgfkerinHetty iagldtesem palyogyellpymane. aliH ectharapgpax ity lowndhelpherey! fetHem 105

is typi formed Fro um.ti O r i ndi um oxi wth
2%t o” Dodhor Bin At el Rl Grninaghind’ NoaR BTN 57

et chi ng 4 ent,. iV, Ther a S

For med- A e et TRy Ty PR o St Mk
speciflmabmawﬁhﬂnntnak}mnnm@ mmynmmmnﬁbrhaﬁq&ndwﬁmnoMgn@bome»kheuamnde and

whi ch covers t he ed es of the ano is called as a. bank 1B agnd 10)
The Stir Phodberzensss Xnee: 262! pROII tEEP'Hé gﬁnﬁw\“ (oI Vi wgﬁalbeaﬁﬁt“r

-based 2, %Q?g Ak gieenﬁce dﬂlmqld%&ﬂ, ﬁJ&' 89[th&1@'.9{ bQdl evslsthg ur face
of the anode 1()O and renove "dusts t ere In this specification, w ping
an anodeaslyrfeaneedby lvager PVAN (Opginyo/soydnt.al Imonkidit)on &uaegdmpon‘@mmrgub&tance to

| evel the surface and renove dusts erefromis e essed as W ping. After
wi pi ng SHE duPelyERIdss 2grrlc.pdynide, e&ﬂwﬁee%nﬁéa Ut éﬁ& Bfrtpeld W R G med.

25 An Orb%@z?ocd&m%gh*!}%c BY&lic ki afpfle LREDL r&estm% M%eartm MeRdeon the
second insulating M1 10, The second i nsu ating f11m110 is a polyim de.
pol yasi desntiagéd/dbove cofi boupgiedad glrRMbod@sdnts. i nsul at i ng filmfornmed by spin

coating to a thickness of 1 to 5 nm_The organic conpound layer 11 is a
| ani nate t hat hdsothas aspfgt ot ba Presed lnYeglﬁpnémmficﬁglzr:a%ruﬂﬂg“ﬁ@ge' $49 Yct i on

aver. Solighe o LANREL bLG BY St BOLGSR! G KN GuPXer: A0 IO shephian,

transpor?lnﬁglayer I'nj ection Iayer

conbi natlﬂe@dﬂnenTEQaeTrﬁirﬁ]K@@ﬁ$h&jnoﬂbﬁ)r0frgm‘lll£«n©ﬁﬁpound | ayer 111 is preferably
about | O to 400 nm The cathode 112 is forned by evaporation after the
organi c conpound\Kaye#1mnlhl§Nﬁ@ﬁn@mthqﬁe“ﬁﬁtéfﬂﬁk Rkt Heowsdy Hsdeufie i s

I , th
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Co-evap oration o
Group 1n%lsturd£hdtd%6rﬁﬂfd vaelmehﬁemm @lmahum num s The thi ckness of the
cathode L 12 is preferébly about 80 to 200 nm The state of the surface of
the transparent conductive filmafter wiping treatnent is observed by using
an atom c force mcroscope (AFM. and $he results y shown in Figs. 14 to
16. The surface observation in this enbodi nent uses as a measur enent
surface an to ITOfilmthat is fornmed to a thickness of 110 nmon a gl ass
substrate and crystallized by heat treatnment at 250C. Figs. 14 and 15 show
the irregularities of the substrate surface observed by



AFM Shown in Fig. 14 are results of observing a neasurenent surface before
W pi ng treatnent whereas Fig. 15 shows results of observing the neasurenent
surface after wiping 15 treatnment. Fig. 16 shows the average surface
roughness (Ra) before and after wi ping treatment using Bellclean (a product
of Ozu Corporation) as a PVA-based porous material for w ping. The average
surface roughness here i s expanded three-dinensionally so that the center

li ne average hei ght deBRiel DESCRIETEINAIF JEE BRAMWMING2d with respect to the
20 surface to b = o) results, the average surface roughness
on the neasurengh@Q§§%¥gég}F§(?%&@§%d and the |l evelness is increased after
the w ping trearigent A Brhedimeatghmkhisvarpedimrenid gi vesuaucdemer i Atdhon
about a light emitting elenent that is 25 manufactured using the present

i nvent i eRitimedeicbiadcheidaneg with prompedisnt §oft:gs. 3A to 6B is an exanpl e of
a met hod of manuyfacturing TFTs for. a pixel rtd on and TFTs,.(an_n-channel
TFT aJ]nd a p-chaﬁlr%élczt JISF‘IL)(%fl%rr‘lmaSfc’iorv}”\l/]gngr1 8?2}%@%0{& C’f)ﬂé-tnsué)rr%%[ Plg%eergﬁﬁfl%e sane
subst r aigsicefhe pixel portion has the light emtting el ement of the present
invention. The driving circuit is provided in the periphery of the pixel
portion. 30 FirEigs. 3AgicasP subdicgwimes S80ving appregaised manufagiuingnddiihirent . —-
barium boraosil.icate glass. typical exanple of which is Corning #7059 gl ass
or # | 79 GMEY % (product of Corning Incorporated), or al unino
borosilicate glpgs uUA HSab! grediahResSiPRinatepRbss dNeasuhsiurAkes 906 can
be any light-transm ssive substrate, and a quartz substrate nmay al so be
usedlo Acipittsg devigubstrate may be enployed if it has a heat resistance

agai nst the Progess %eqfe ature. of this enbodi nent. ? hbx%, asoshgqp in
Fig. 3A a base Bhsofal ﬁg #i| HegEms POFGPREIPETTNY SHBEHHFUY 2900'%f om an
i nsul at ingiifd baistich as a silicon oxide film a silicon nitride film or a
silicon oxvnitride film In this enbodi nent, the base insulating film 90l
has a two=l ayerFigb.r 6&t ande6BHoweliggrama sbowiglgea Ipayess of nmmuéactirang & Wight ayer s
of the insulating filns |listed above may be used as the base insul ating
film THBIHRG 4¢Vifcayer of the base insulating filmto 901 is a silicon
oxynitride film9O0L . .a faor thi f ot r.ably 50
Co 160 nm by pl Ber EUHERES shtyBe B RRER R he R S IR TR R, ¥

si | i conmaxyfaétiurd gtecdssy m 901 a (conposition ratio: Si = 32% O = 27% N =
24, % H = 17,9 fornmed in this enbodi nent has a thickness of 50 nm_ The
second | ayer of Fighd ihad@gras shayinggnickpRPSet FEYREAQUL pdigh! RYHNE AFHES fi | m
901b for a i.ckness of 50 to 200 nmis (preferably 100 to 150 nn) by
pl asma E%Eﬂﬁéﬁﬁg“é%kgeaction gas SiHa and N=O. The silicon oxynitride film
901b (conpositipigs/®4 afd 98 are BdHamOskovbidFoaNealinstrididre 289 a lighnaditiime t hi s
enbodi nent has a thickness of 100 nm On the base insulating film 901,

sem &ondydtcor | ayers 902 to 905 are formed. The semi conductor |ayers 902 to
90S are forned terni in es| -G L.l e ¢,

sem conduct or fﬁé?ﬁpﬁ%’%ﬁnﬁpslagb r%?%ggar%syﬁ#og‘ﬁﬂ% ﬁlg%aggl%gglrrngggg u%{l %PM%%W th an
annrphomgu%hﬁwm Weick:hrough a known nethod (sputtering, LPCVD. plasma CVD
or the Iike) and then subjecting the filmto known crystallization

treat nent (e.g.Figh.adértocklykarg|didesams dowintheramlescyparciicticannlignce or t her mal

crystallization.usi ni.ckel or other cat S1.S) il l)€ . 1 r. layers
902 to 905 are BEche Bd $iaegy Modne oo Z‘%@?&“ gﬁé‘ﬁg‘%} §‘9§3“§ gé’%bé nm .
The pat ghhathctdfe grbgessyr ystal | ine sem conductor filmis not limted, but
silicon or a silicon germanium (SixGe, _r (X=(1.0)0)() 1to ().02))
alloy is preferkEigl & isladingriam dwbiors sreerampinoberrypieods adight edHtpg Hexigi t h a
thickness of 55 nmis formed by plasma CVD and then a sol ution contai ning
ni ckel TPEMHAFHGRIOtRE top face of the amorphous silicon film The amorphous
silicon filmisrexs issidlh@akedholindRENErAgeMtn@Rudehat 500C for an hour).
then to thermal crystallization (at 550C. for four hours). and then to

| aser anneal i ngFigr Eatsmedingrhor shomprresuttstt M argustrgmiennity to obtain a
crystalline siljcon . film Patterning tre nt using photolithography is
conddfct ed on thF@'@?V§iQPg@Hﬁg@VTW%ﬁﬂgﬁfﬂﬁ@%@gﬁ%?WfF%gLseniconductor | ayers
902 to 905. Theggem £QNGUCAFOL el &YEL s ARGy G0ty oben.fRPREGWL h 1&hM Nut e
amount of inpurity el ement (boron or phosphorus) in order to control the
threshold of the TFTs utter s the formati on of the sem conductor |ayers 902
to 905. If laser crystallization is uged to formthe crystalline

sem conductor film a pulse oscillating type or continuous wave exci nmer

| aser, YAG |l aser. or YVO ~ | aser can be enployed. Laser light emtted by
one chosen out of these laser is preferably collected into a |linear beam by
an optical systembefore irradiating the sem conductor film to Though
conditions of crystallization can be set suitably by an operator, there are
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irradiation, the overlap ratio of the linear laser light is set to 50 to
90% Next, a gate insulating film906 is forned to cover the sem conductor

| ayers 20 902 to 905. The gate insulating film90Cis fornmed from an
insulating filmcontaining silicon by plasma CVD or sputtering to a

t hi ckness of 40 to 150 nm This enbodi nent uses a silicon oxynitride film
(conposition ratio: Si = 32% O=59%. N=7% H= 2%fornmed by plasm CVD
to a thiegkitiogslcwice ingeoprdanTheithan embagieat:i ng filmis not linited to the
silicon oxynitride Film of,course, but nmay be a single |ayer or a.lamnate
of other 2s ins F%IﬂhﬁpqwﬁL§§éﬁh?ﬁgﬁpﬁ§mQWV¥%6H?XVHéﬁlQMQ?Vf%HﬁcdkPﬁg film
i s used fptinbhevgate insulating film the filmis forned by plasma CVD in
whi ch TECS (tetraethyl orthosilicate) and O= are m xed. the reaction
pressure is set Figp UDisRacoitdeptugluhisgraat shavenper prodw@ionspraetss b Y peyerto
4()()C, .and .the high frequency ( 13.56 MHz) power density is set to 0.5 to
0.8 Wch¥8H°%l ectric discharge. 30 The silicon oxide filmthus fornmed can
provi de excel | enf Chanagct 8ih St @fhghind BHRovaak Qni Barpat bngadjihmovhen;ghe:
filmrecei ves subsequent thernmal annealing at 400 to 500C. " i11 A

heat - r eshsttiaptdecionduntifaceiré pyoeess907 for formng a gate el ectrode is forped
on the gate insuLatingafi#BEQOG to a thickness of 2?0 éQ'7400 nm pref erably
250 to 350 nm). Figfe 2h8al AESi% 4HE AN TS &7 SUBIP 987 HEY B UL AsiHYI e

| ayer O%nﬁu%gQ%OEEﬁuﬂﬁﬁ&ﬂﬁ thrge,nor nore layers if necessary. The
heat - resi st ant conducti ve Tgyer may be a filmcontaining 5 an el ement

sel eabed From t lregsgR@Aparcio?XB atd diggraims Thpwiig, arapshrivilc At toarrmanei aglaylighthe
heat -resi stant conductive |ayer may be an alloy filmcontaining one of the
el enent §Mitige dgvigp HABUEKHTOPREFSSel enents, or an alloy fil m containing a
conbi nation of tk t I, st v, | : loSo M SEGH 0 form
t he heat-resisttzg111 -?gﬁgﬁ@k?ﬁ%dﬁg§g$apﬁﬁﬁgrﬁgﬁ&%gLP§%8§£<§ﬁg”f§§?53§%ﬂe of

t he | ayemittinp@ctiep a@nufaturoproeéssi mpurities contained in the |ayer to should
be | owered and the oxygen concentration in particular is preferably reduced
to 3() ppmor less. In this enbodinent, a Wfilmis fornmed to a thickness

f 3 T W.fi i A the t t,
of b&%g%eml BB EDD IR R REIOR GBS1RY pRRHERRENEVIG ARG Sl e target,

filmbhagpdmdiave ModOw resistivity in order to use the Wfilmas a gate
el ectrode. A desirable resistivity of the Wfilmis 2() uS2cmor_lower. is
The resi stivityATFThd Vs ffpinmadcema pebstraguld®d  dyiei el sy mbere he e dhiylsioal

in si t. if th e t Yo ity el ts,suck i
01 2 hy o o LT PR L TR LR Sl romen

IFai’'se thHe resistivity.
Accor di @?éc){ﬁica\f\{eﬁasU&GrrWtfdoh{fbmgfrmnm (P Spyttering, a Wtarget with a
purity of 99.9 to 99.9999%is used and a great care is taken not to allow
i mpurbties in g&n phasgentconralling Tiel0A £ iniedlayat insglagag figmfloenefprmeds a
result. the W{ilm?20_can hgve a resisti.yvity,of 0,2() €ei S : tering
can aI550%8m8§%ﬁnp8'fgﬁﬁfgwaﬁ“¥ﬂpﬂiygk bﬁ% %@asjggéggggﬁ?‘@oﬁ%%gfﬁggklayer
907. Thenal&idlishn b pI)lQl'irﬂﬁig, By kS 1 po0y afiid @ opabhideRii g wgapoxy fresan c@ppCBpri at e
amount of Xe or Kr is added to the sputtering gas, the internal stress of
t he obt ghenzdcyTiothitdne) its hees ad ataager enaknesst ¢feabPat 0] th 39 ovm-pebld HEPSERE. The
resistivity of a Ta filmjn a. 25 phase is about.20.uS2em and is usahle as
gate ciedervaae Ol BY B REARE retFear el T TR R S
Phasesi snehiou ifdfhuhedam anRdcbiceitasiidl LpiantOling: Gabficatal hiadel ATa
filmin a phase can readily be obtained by formng. as a base of a Ta film
a TaN f ildbwnih Htechrsscamsanystgghemt.r uct ure approxi mate to that of the cx
phase. Though nut shown in the awngs, it is effective.to f.orma silicon
fil m doped mﬁthbﬁﬁ6§bﬁﬁfU§”Wpﬂggg“§bggsPﬁ?@ﬂﬁ@é © gyer. 8UF“5ML8gg%“HE?under
the heat;rgsi g | %€ thaYiglerORdulhhs tHIRPIOY B adhenaaee Heolithe
conduct%egﬂﬁéF%??%cﬁgagg%ﬁeﬁgfhgyggﬁ gﬁglgﬁévents oxi di zation. | 12~ At
t he sanmentiitiie,clddientsi The Girst finduhtipg évmnit0s inaminongaaiaimsuntingfilral ixaicilhe et al
el ement contained_ in the heat-resistant conductivq l.ayer 9,7.anql908ufrom
di ff ¢8i AYieRCFiden@in. 4 shicyhapwitgas Llnneud STCRY ' ‘3%6”% YRVEF ateri al
is used., a fer e resistiviya f1or.d eabmi&she hakh.congugt i ve
| ayer Jd?3f§‘%dﬁ?%pkbuﬁs%békkLSWWﬁq?ﬁﬁgmg%%%a?ﬁgEs?&£h$aﬁ ilmis used for
the first conductive film9U7 and a Wfilmis used for the second
conductive film908 (Fig. 3A). Next, resist masks 9()9 are fornmed using the
phot ol.i t hogr aphy technique. Then first etching treatnent is carried out.
The first etching treatnent is conducted under first etching conditions and
second etching conditions. o In this enbodi nent, an |ICP etching apparatus
is used. Cl-.CF.~, and O= are used as etching gas, the ratio of gas fl ow
rate thereof is set to 25/25/10. and RF ( 13.56 MHz) power of 3.2 Wcm~- is

o Y a ~ a2 . A PN O~ L\ o




first taper shape conductive layers 910 and 913 as nasks, whereby first n
type inpurity regions 914 to 917 are fornmed in a self-aligning manner. Used
as the inpurity clenent for inparting the n type conductivity is a Goup 15
element in the periodic table typically phosphorus (P) or arsenic (As). The
dopi ng here uses phosphorus and ion doping. The concentration of the
inpurity elenment for inparting the n,;ﬁpe onductivity is 1 x 1 (Q to 1 x
10§ at OWBICB e FEACH PP ER 1SiCt W Prdllfidy Scf‘er*ébitb%“s“@ PErlgeg et gy 13y |
Second e} Ghj-n : i.s.Lher < i Lhout, £ ing theyresi

et g e B R S T R R R G e
condi ti ofisctaddifaburdeh etlchhngebondidredndm konthinenseoond etochikinglst sleatyrent ,
simlar to the first etching treatnent. to the | CP apparatus is enployed,
CFA and pmenfp sclgsed HYMShe BIoHP eRISISUPRHA! Myfagebf NP8 il 2P HEr £819Ns set
to 30/3 . RF ) Il I ta . to
genr a oV SR PR i Be Ryl R ADe AneoBP BT RMIR. e B
subst r at@e $itei@aylcs anxplaging fige) so that a substantially negative sel f-bias
voltage is applied thereto. Forned under the third etching conditions are
conductive fil nslloirenftes agzsiswmesle hevieg WAesired priapds (HecTaN/f FIHiAr®let ched
to the sane.degree (Fi.Q. Wil e | egvi hg, resi in.thejr,

pl aces, rte[f@mé% Hf‘iﬁ&(r%%ﬁ‘af’ﬁ fc%ncsu rrglr]tecoélﬁrgnﬁléglgﬁ)l{?hles (1)%%? EOHg (%h‘f [rllglgmhc fie

condi ti ofis. Ynderirinpeink Q¥ Fdrimetriimh AAIGOACILd DNBLm as McXhidiicEvO et AlmChr-, and
O- is used as etching gas, and RF ( 13.56 MHz) power is given at a pressure
of 1 Pa dnmallperfdmaeieAbiraishin. TRF n{aigiab 6 depeyited AWePUBEIIIRDONVYHCEUE | PQPRYEN t 0

the 20 substrate sid ) I tage)..so that substantially negative

sel f - bi a8 %’i‘?éﬁ‘@’ i’%"e‘:i‘gp“é’l%ﬁgfbf%ttﬂ&‘gtpé?m ‘}e"\%??i’sﬁﬁeudssﬂ‘é‘%%hed under the fourth
et ching condi ti ORSrdn9pdr@iiTBoneeANe rARANTS BADAHES h¥@ thiski® 824 £od928 i g.
3D). Then second doping step is carried out (in which the sem conductor

| ayers dightdoyiidg\hasten abhatrangparentngondidtived] eyt is tymollyHotrhed Semondiughape
first conductive filnms 'S 922a to 92a). ,a result, nd n. type inpurity
regi ons 0pe¥ifle (1959, arrlEom daguiqen itk ér‘?ré@/o@rﬁ Zf’}‘ré’xé‘ikd@e”@ ”t“ﬁ_%d H%E%%'el
formafion regiongyd habqarg FRme@NbRACLchhE Nkt NEafdpaiing NedVRBIVSTRER TY)S.

regions 914 to 917. The concentration of 'the inpurity in each second n type
i npur it yTheegifen a anket07tio fdrmed bOd-heatttatneat 10gonadtiors AcPI() tol 330 Ge Fedond

dopi ng step,. the sem conductor |ayers are doped with the n e .inmpurit
el ement BEGHTHit AGATTPRINE @}&3%31%&&%8%%0%81%zi"rog? af‘%*ﬁvchsg@&hsd ’

shape CoRdugL\e uld JsBe B22Ack 9 98B (Hid. LiuAg segei fi cation, portions of the
second n type inpurity regions that overlap the first |ayer 14 second

shape conduct i veTfd Junfac®BR ehetamo8R d0@isevipad hadg b ARVA (it visylanddhof))otbased
"overlap') regions whereas portions of the se ond_n:tgpe 'npur'hé)re i ons
that ¥o REeUOMPSIaage eloagryitsp waphme Lpid iy larhpE Hahet &l ithe 1F99enE 0098, t o
92a are cal | ed |of cof £ stan : SEL ik €U NSodeFL G tactAlith Si Pashown
in Fig. r%%,"v?r%‘llﬁfrgi {hﬁgerticez’é‘ii‘on@ gﬂ%@gﬁ;ﬂéﬁu g%‘fz‘f)) Tang 633 (6535 And 933b)
are fornpdlyvinyl hcsipm comddcp@bud ayestsncBOR &ndl 9BS suespechil vemovewhisth ar e
to serve as active layers of p-channel TFTs. The conductivity type of the

i mpur i t ythetgfpBNis e8pEssed i VOBBEi s reverse to the one conductivity type. The
i npurity regions 2 ¢ el ShePing@hfindkil AN G FRHET by
dopi ng the sem C%ﬁ%ﬁ‘&'f%‘?g %g%égtg?%o%@gﬁ%%uﬁ ty 1tno él”é“rrelnt thaS[ gi \7es t he
P typs cARnduginiyidoynpslthd daysi 0y bhe tsacanchtoaldutl isve fomyer snAB2 @och®25 as
masks. Prior to this doping, resist nmasks 930 and 931 are formed to cover
the entiineulating leed1Qf Theescsend wowaing Bim LHY BrasP@uigh P oduN fhaCridice®t o
serve as_active.layers qof .n-channel ,TFTs. t.yRe. L ppurdty zregi ons 932
and 933 %{ﬁeer ‘}f%?fﬂ%bﬁ%Hv“F@ﬁ“%@%%g‘”%f’ %&I%W§§gz%£to(%@&?]§gqqﬁéx8orﬁlgént ration
of the inpurity fif odoRRIdohip@uhd@yRr 1yPe 4 Ransiandutdi ist h iddiset «d o lidhx 107
to 2 x 10°i atoms/cm” in each of the P type inpurity regions 932 and 933.
At a cl ogeittingbiyer. whelp injggion lapr kthpla syisepdingd2yend 98 Blogkire ditr 't He
impurity el e”eg-‘}é]stggr 1tn§ﬂ%}yeg§;§1t %ectpont sy lﬁ‘;ﬂ%ﬁ.ta' ¥ d‘e\é-lu\tl(?.“ﬁx.eﬂvcoﬁrgﬁnﬁmw pe

i mpur 1t VP REo Ve no' proble€m’in functioning as a source
regi on apgk @ickhadshitedb@inieloMpeianagdr 111 is preferably about 10) to 400 nm.



20 TFTs if they are doped with the inpurity elenent for inparting the p
type conductivity in a concentration 1.5 to 3 tinmes higher than the
concentration of the inpurity elenment that gives the n type conductivity.
Thereafter, a first interlayer insulating film934 is forned on the second
shape conductive |layers 922 to 925 and the gate insulating film9()O as
shown in Fig. 4C The 25 fjrst interlayer insulating film934 is a silicon
oxide f11m “a siTPE CBMOBR P 1 foraet eGP raOg 11eE JH R P N Tov a

| am nat §; haviehghddne 18Roy & efill OB HNcARSRI DAL ORI AD (BRI AGaS &1L NG T3t
interlayer insulating film934 is forned from an i norganic 1nsulating

mat er i ablumihemt hind k gssmpf tAlerhdtively, | theerchithyer magubata nglnfii lamm@34bis set
to 100 to 200 nm If a silicon oxide filmis used for the first interlayer

i nsul at FAGYARAAHBRA antshem et PRIPEINESP fMERUDY OpF Saths PSBOBYB R AWhi LR TEDS and
O= are m i r b -4 Pa. the substrate

terrpejr a%égq%&egi?hﬁg%%g% glzigé%,rf&gh at% ﬁ%t éI’h({)[g(g)-hz%g)rntl-‘-j‘q?uency ( 13.56 MHz)
power density i Fhtldate sfethet ouillace 6O the Sradmamntf amdelteat film ditschagige. | f a
silicon oxynitride filmis used t-or the first interlayer insulating film
034, t h&catimest fagbssey Wobynwdingnprtgaim fevp micwiteeHAI i andaha 'Rislls &8 from
Si H, and N-O 1;I}he fil rn(‘f ormation conditions in this cane inclucde setting

the read (%nnmpr Ss‘sl&rtg 0 2() to 200 Pa, the substrate tenperature to 3()()

to -1()()C s amde khi@addi Reh@SHRNGY drdbdMrEN: ROVRY a GRAsSIrENechOsuPtade 1O t. ()
W cm. The first interlayer insulating filmJ34 may be a silicon

oxynila r i@ fHydthat is foithed foor teekesoad SitHam q=OglaghbibsHate gmdsgrysteleechby ri de
filmas, the first interlayer insulating filmcan be formed simlarly by

pl asma &?ﬂﬁ“ﬁ?%’ﬂﬁ“é?‘kg,o énd NH, . Then an activation step is conducted to
activate the inmpykity .ahersegiow ihakrealRrilies ysegt tdstopeutfae: sesEreaneuct or

|l ayers in different concentrations and give themthe n type or p type
conduct AFM.y. Siitven &c Figy dt avm reulsp of obsarhingvetepipreinat malfagmhefard wgitgi ng an

anneal i ng furnace. Laser_.anneali r.rapid thermal annealing . (RTA). rnay be
ol oy elCHFETbRAS e et TaRasT g P B e AR e B i Rebher e
W th thg.ax%gen concentration being 1 ppmor less, preferably 0.1 ppm or

| ess. at a tenperature of 40() to 15 700C, typically 500 to 600C, and heat
treatment in thFz dtbsidiwsetie avsrage ndute doeghn§SOR4)ovetprouandnafiers wipifig a

pl astic substrate ﬁ?hﬁt haE | ow he t-reéi stance is Eg{sﬂgasdthe subsﬁt_r'?te
900, | a¥EdmeAhising Rgllrlsahiapafv @l Q7 THPLHRM A+ B4 rilitd B8R ™

cat al yt jg &} ﬁ‘[ﬁl'?ntTh@nJvEK@le sﬁrf&b%%u%ﬁhe&@ﬁex@ti@@x&cﬂcndé:d wstakinkdgaliNneo that

sem con uctgr ayers is noved (gettered) to the first n type inpurity 20

r egi onsthHeeaenidrlidopedhgei hdigha defioeg by 518 IRIOOhtcan rbet drwlipd rvitidirespecibbehe¢ hat

has a gettering effect (phosphorus is useg in thi s‘e{.ybgdi rrgﬁé% As &he
resuPt  o41as8t i Mengbser e cofOEh Rt EYHSor NG HYCESE afYHACE EUSHETE 9% Poduced
in the j ; ' ] i k. QSN o] 0 Wa) )y a step
of hydr g‘ggﬂgﬁﬂg%{l e éslg?ﬁ@g%ﬁ@ftg?]- ailnggstslsy rr%°§8%§ﬁ§§{’ ¢ ? rlrgelgf L@%{ﬁ@g? 300 to
450C for 1 to 12 hours while changing the 2s atnosphere gas to an

at nosphere containing 3 to 100% hydrogen. This step is for term nating
10r ' tBmbodingné 4 of the seniconductor layers by thernally excited

hydr ogen. O her abl [0 i 0 L nclude. Rl asma tion
(usi ng hydr ogenTgl%c? g@%‘gmpg‘gg%)&ﬁgoﬁe%r& %eltlslrﬁrllgdenithsI Lfselg’?})éﬂ F]grglggi?ect
densii y mahutabRr&eidi e adusient iryetion. 9escabQ0bere svide siterabéeytor Bigeced (@ 0

10c™'/cm or lower. To achieve this, the 30 _sem conductor |ayers are doped
with 0.0B it anexampleopi @ methydpbgunuiastusidg olfdlsi 1of &r Ra5erortitk dhdtlitdg #81 m 935
is formed,to erage thic ) . . 1.0, _ r.gani c

| msul at Tgo sl G e Prectni D BE i pinaliP ot sl e P S
fornmed efbs@htcOr gABiptkel P&itidnHAL fcl 1adht Statingsleprhvointhd@resamriyivdéntionpolfyiani de
pol yi m deam de, or BCB (benzocycl obutene). For instance, when polyim de of
t he typdrivingtcirceit issmspwided {n the pymelicry edthaPixel Papeli ed to a substrate is
used, the fiilm.ls fornmed by. s haking..i .Clhiean over I GLC il 5, L he
second interlaSEF“fﬁ%dﬂgsiﬁ%”ﬁf%nﬁpg Fo?ﬁ%ﬁ&gf a@r¥®?cs%Pﬁﬁﬁ%gEkb+3gi i's
enpl oy edorofiliRat@BiBsyTal piciiakxdnsp B otedhwht 5 Cheisur47ngy agent or #he3rigktssre is
applied to the entire surface of the substrate using a spinner, the
substrate is pre-heated on a holt plate at 80C for 60 seconds, and then the
substrate is baked in a clean oven at 250C for 60 m nutes to formthe film
10 Being forned of an organic insulating nmaterial. the second interlayer
insulating film935 is capable . of |eveling the surface properly. Moreover.
the interlaver insulating filmcan reduce parasitic capacitance since
organic resin materials are lowin dielectric constant in general. However.
organic resin materials are hygroscopic and are not suitable as a
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15 insulating filmis used in conbination with the first interlayer
insulating film9 34 that is formed froma silicon oxide film a silicon
oxynitride film or a silicon nitride film The second interlayer
insulating film935 fornmed froman organic insulating material may rel ease
noi sture and gas. Light emtting elenents are known to be easily degraded
by noisture or Pas (oxg_%en). In fact, in a |ight emttin? devi ce that uses
an 20 or(gesivet oleSpmingngpeporaigd)f P1 Adng BIRiARALE s ash IayePly #slf A8RHgIof i | m
it isc ei vabl e that 1.ts. Li.ght enitting € nt..is. easily degraded by
moi st ur Xing By Ge e P Tl r i TRb GPEuRoFEL kT ol AR Y 1o
heat gengy@akigs bdutddIg A Reislié 9idsi @I hiy POeMBMive®ill s hid aperatian. thatefore,
a first insulating film936 is forned on the second interlayer insulating
fil m 935h¢ haicessgehpernede bf n ambaghimenti ¢ i nsul ating material. 25 A silicon
oxide film a silicon oxynitride, fi a silican nitride fil or, the Iike
is uséd for the Y5t Sﬁﬂ%ﬂl‘% 180 g4 F:b%egg‘%ﬁat%ﬂm Jﬁ}gltlsit?l'ﬂﬁdaqninsﬁ@ S¢hiCe36 i s
formed henard af REW AT nPEudhl RSB ENMDxiddBIh | 4 SticdDsihi@t fimg Jrid M6 may
be formed after contact holes are forned. A resist mask having a given

pat t er n dxgnithiém filor ndd thes feorbodoomt.atte haleems@otingddhi PGt s i njp@relay g

regions that are formed in tge sem conduct or L'agersf.déo.se['v,e as_squrce
" ogi ons SBHCHFaT TR brisSINH A B RY ABTL A GRS By ey BFGAIIG. 1 n
this ab éemaz b@ﬁf&’ﬁ@t%fba}g:ir}suﬁ_ﬁlﬂge@fm! STH@%?’SI%@?B@mer}glsg?t%u]:agn@tfﬂ:ﬂ the

first insulating film936 first. etching gas is then changed to a
m xt une 90fl iCkAilicOr oxaumididdefiino 9etcfortbe ts e clooicheknoe () ay&i) nmgpleddraig S0i | m
935 that is formed froman organice rein materjal Then the etchi ngl,gas is
swi t ched® P4Pknmb byrlagmy (YDt ¥ing ah reacion igas iklnt BHrayst N>PnsdPatSHE i | m
934 S THGyEHEN BAnORR.! S(chibbREn SHANOGC- LpoEHE I yepr der 4o, ephange,  he
selective'ratio wth the sem conductor |ayers, and the gate insulating film
90h i s ebehedin THie cathodatént alses tldcimeshvg SObdai n€de sécamelt Rlyecconducbasee fil m
is formed by sputtering or vacuum evaggrati on and patterned using a mask.

The fil iisuitingdimet@hise técomorssniiids Hyn PPHe&Tgis? to 8 toigknest of ThEUGH mdt
shown.i IANAS, < 0 ' L0 this e [ t, Jer from
R R e e L A
al I oy fistifgon Wxiyhitadd Hir lones g cohp&iommtioASt eaitspabentyzonductd vl £i2bm i s
formed thereon to a thickness of 80 to 120 nm The filmis then etched to
f or m an famodein9iia crtodim@nhas THecknesiafpdPevit: conductive film 15 used in

this enbodi ment 4s.an indium.tin. oxide (IT i £i oht ai n by
mixing 2 to 200t o5ihae Set e G O pem b s Tk e S0 Tp lieloBige Y
formed tigeCRMRcddiuERPti@Rs 300 ©VEIsl @ap fokhéd bhepaaeaiife WibiN@editedeshAFS u
whereby the anode is electrically connected to the drain region of the
current cexstrlkingd sanmigomitTtqrHilgy theps obthiacdhyderming wienipprlugir dilmpaith rigcei ve

heat treatnent at 180 20 tg 350C. Ne third i rhayer. | all film
545 i s POVRRUs e RL e foathoa I anEahod ekl its g PV pFEbph Db ¢
subst r atige B dPendOBBctih @ tRE OGRS SN UnbRANTAyShBRALSO OMarhef {05 RGra
light emtting element. In order to avoid contami nation or breakage of the

TFT substysatdlizabipndtstrmal grishélizition, ar veerpat lerystafliizanog 46 irgawiakg! @n other
anti-el ectyos atjgc 2s effect (herei g@et er referred f.0 as anti - etlheit rostatic
film i S9PEPRed DR SHEICATTGOT HYER AVef© P92 TSty Pi [9 g 48m TR Ickness

anti -¢l @GLrRIAt A (§ Isbnhl%?lﬁ e hokdreg Jir @ @yaRtige isahiddaaticicamilkeisr gsroved
by water washing (Fig. 5C). Instead of formng an anti-electrostatic film

t he subsimigtde bunyilisen stror edicom garmamitin- Sielt r-as( ¥t + ¢ G rip Q2. alBef 6re
changi n rocessing roons,. the TFT substrat.e that has fi.nished the steps
above ng’ﬁﬁr@g?ubjl%gqléﬁmc%d%w’aﬂ YROB, O'fse§‘£1 %H%Wéﬁ] { Hgaﬁrﬁq SubstFale is
br ought fb['?ﬁéa”@qgaﬁﬁﬁ’%'aﬂ@tﬂ&%(ﬁ@thcﬁ%n{ﬂﬂﬂ! nfREl h&held foQhBd}Orage bi Ot
emtting elenment, the anti-electrostatic film9-tl is renoved by water

was hi ng.ambghous kdicbhifila. | Ahe nhaymous nsigbafiimgs fidNt mig4a8ed B éthgHedendiohor m a
bank 947-t_:' having an opening at a Ep@j tion t I:la(ﬁ0 ai nci dﬁs V\g t hlthh\e pi xel
(i ghf &Y Agfagaament)) then 1o theamat crydlalhizapn G P - { e SBAAR OU 70F H'Phi s
enbodi nﬁ@ﬁase;rﬁﬁlet?ﬁxfg(trgzﬁ%chnl’otrhh]%r&'@pﬁgﬂ SEMst8llih v abObhid o BikiaNidehiigdoness,
and a region of the bank 947 that covers the portion where the anode is in
contact with the wiring line is tapered (Fig. h.A). The TFT substrate may
he subjected to the operation testing @gain after it is brought into the
processing roomfor ~ formng alight emtting elenent. Al though a resist
filmis used for the bank 947 in this enbodinent. a polyimde to film a
polyam de film an acrylic film a BCB (benzocycl obutene) film a silicon
oxide film or the like may be used in sone cases. The bank 947 may be
inorganic or organic as long as it is capable of insulating. If
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Next. wping treatnment is perfornmed on the surface of the anode. In this
enbodi nent, the surface of the anode 944 is w ped using Bellclean (a
product of Ozu Corporation) to | evel the surface of the anode 944 and
remove dusts therefrom In wiping, pure water is used as a washing |iquid,
t he nunber of rotation of the axis around which 20 Bellclean is wound is
set to 10(l to 300 rPn1 and t he deprgssion,vajug i s set,tql(@ | to.l.() nmm
(Fig. 6ANM NEeHCrngretmer iung pPRUOTEOZARRY IS GNAUSh o IS FrSEHEgrsilicen

rel ease (o StunE AN AR AEAMANE Gesh Dodnsul ating il mfor forning the
bank. the vacuum exhaust is conducted at a constant degree of vacuum for
exanpl e 0.01 TorFhexerli@sslucitbhevbakd(Rgiol 91)Sam2e by @opatmvitay: henuconaucitest aft er
renmoving the anti-electrostatic film after wiping treatnment. or before

f or mi ng 'MPYHEY Eanert (REras| YrdREPhoaisy de OF T fhs =Y igthfasheiadghs $Fored to
cover 1 he. PARKSHr AR LNS A0088, 9480 Teypecond [ nsul ating film 948 is an
organic Tesin %ITH] such as a poPylnl e f1I'm a polyamde film or a

pol vi m deani de fIf l48er tOYstEIGzabYn SPIBed eR oty theevapalaki Rmicsautioertilmg .30 or
the like to a thickness of 1 to 5 nm By forming this insulating film
cracki n@uise aspidlagng fypeeor FPNLMOUS NS CTAET E45AT, Bg\%wp@@d Yaffe: Begraddici on of
the light emtti el.enent .can. | ~) . form Lght emtting e t, the
anti-eléEFﬁ §Pat?%“?“f §?P§“f2y98%69%5”6£ﬁ@g%§?gkggﬁiﬁd¥“ ‘@ﬂ*fﬁggﬁﬁird
interlaygb hnsidapticas biyl M WpdicalSsgtahestiée fraimiagbasKsdidotiri¢ion grimm
opening at a position that coincides with the pixel (light enitting

cl ement JThongh eenditions olisegtallization reen e WARKILGAY byt ppasalerbelicnsAtsONThe
bank 947 in this enbodigent s is.abqut | pmin thickpe and, a, regi on of
Che. banrgareq FT g 0er S EaoEERe eh b B e kAR T ron B ARl v e
Wi ring |tl'16n?u!s§_ds@m%fi§1§j tklglibhey6d) 3007, TR (BUbSEF ah@eimayndlg srb@abemot o the
operation testing again after it _is brought into the processing room for

f or m ng nal/¢mhgypieativt 200 Hembham’). Al WloanghYAGr lesir ¢ userd] prefesahis eendivenst he
bank 947 in this enbodinent. a polyimde 10 film a yam de fil | n
noryl | o AINR e e ToE e nut e erine e B e RR S he
i ke gay, beouged hi BOTRCF 3R63y dERGHPAS0948 dVBYmPRNF NAHAHNLC 360 (TGN C as
long as it I's capable of 1 nsufating.” IT photosensitive acrylfic is used to

f or m t henbank. 94Fe ldstr lightps eflereblistotadirebcheam phot0s edth toif V60 ae Y @nf i | m
and then performheat treatnent at 180 to 350C. When a .non-photosensitive
acryl i c 4PV mifer gxasppletp ifradiptedhesde é“&f%feﬁgﬁ]?%?%gﬂgétw‘th’? B@‘é‘?rreﬁl thgt 180
to 350C.{j st ) ; han Mopi Ng treatnent is
perfornééﬁ%%&?ﬂ@ﬂgﬁ&fggg&g$b$ﬁ%ngﬁghgeﬁvéﬁ?i?%hgﬁ%gh¥kgnt, t he surface of

t he anode 944 i Neat,pedatdShnudatBel filed 866 i{ forpreddachbvof thOsem@onportat fages t o

| evel the surface of the anode 944 and renov dusts,therefr9n1 | n W ping,
pur e 2082 P P0WsedhaLale washing HmqHods PHREh HRBEN GIFUREPGLT BnCY AIENE axi s
ar ound jch 20 [ i,S 100, .t r sl 4t
depress%@ﬁﬁggﬁdggﬁégggﬁgpéS?T&?Mggoﬁ}bﬁﬁhﬁ%?gfg{MGgSFHﬁbx?H%the ?Eﬁgn

subst r atuges $ silbidke dx i iitradevialey (WBmpogitioh detio:tS ¥ 8k%ade= 5O tNIEe7%nH §as%)f r om
the resin insulating filmfor form ng the bank. the vacuum exhaust is
conduct dermad by plesrse &MD degrltieknsss 952%#}1- f dhe grigrptugdtgedilmrigrmot dimijeds s
The. bakltongheI %r} ig' nzgx ang%%rﬂlm%fggurgg%q%a dbeazltﬁﬁ{gler Sp%rvéxnzglzﬁ Bate.of other

ant i - el &&FHRHEYT X ¥IISE TR &F W pI'ng treatnent.” or "before form ng |1 ght

em t tk NngnslL1M8 Hims BosRaRMNdsiligsl ating film 948 is formed to cover the bank
947 and the anode 944. The second insulating film948 is an organjc resin

film such as aV¥btryiniildeon pride fHmpe yaedi 96 the 1gHe BrulatipemmitBediinde il m
f or med spin coat i evapor at [ 30.. 0K | li a

thi oknedtrig G PRRiaV L) BRI A0S (REHEE AR R hI% Ainbatine, | o
sur f ace (@fciibheraBedas Wdocrnpenaydsaad @hgerdrer Rdat icosdfo 400eCl bghthe
emtting el enent can 19 zi nc conpl ex having an azonet hi ne conpound as its
li gand. high @equenehnl . 3@MHz)dophedgisity i3t jo &P pa ey (OPYBE )ecHsEEF bR SCh .
peryl engrhfe(c)x?ﬂg(&] ng fi n_1tlzl(1.lﬂ ?}!_;El_sl%%g\éfxglfgﬁ?\gag elfggeqpc'nl %ﬂau%lceﬁlgtﬁ&ga;[ Zl?@%ggrt I'ng

| ayeri errvati ves. tF azol e
deri vat iile‘%%n(n‘I%-tgm whéhe (0 O8vdsiskiBscgadht bigermseshukAind hewelesboan
transporting lNayer. In this enbodinent, al, 2, 4-triazole derivative (TAZ)
is formed by evaporation to a thickness of 30 to 60 nm Through the above
steps. the organic conpound | ayer having a |am nate structure i s conpleted.
In this enbodi nent, the organic conpound (aver 949 is 10 to -1()() 10 nm
(typically 60 to 150 nn) in thickness. and the cathode 950 is 80 to 200 nm
(typically 100 to 150 nm in thickness. After the organic conpound |ayer is
formed, the cathode 951) of the light emtting elenent is forned by
evaporation. In this enbodinent, MJAg is used for a conductive filmthat
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shown in Fig. 3A are finished. Subsequently, a process where the conductive
films 907 and 908 are etched s using masks 909a to 909d to form conductive
| ayers 3901 to 3904 having a first taper shape is described in Fig. 20A

| CP (inductively coupled plasma) etching is used for this etching. Though
etching gas is not limted, CF.~, C= and O are used to etch a Wfilm and
a tantalumnitride film The gas flowrgte of CFA, = and O=is
respectively set/Athgabrgsistag5condyglivelyerid/(19RIGSmINHY §a1p SlReHOGE SOBNW 7%
given to ' , st 1 Q t, &; rf)t Pa .ol L h ' RF
(13 56 MEFBCIEMERETLH G, @ MBREST R0 RL (B GLE S8 P,

st age) sOThd hait-rsdihisitanht@tilvyg Ineganiy veaysied & shigkslaval dragandanc be tapphied.
Under these first etching conditions, mainly the Wfilmis etched to have a
gi ven sheipeoreTREie Hfnesessathe 1ot ARRINGSitaat GdurkRday o Yar o liRgompMIng he
rati o of ga I reof is.s ; [ +.30y RE (<4326 MEZ),,pover
o 500 T Srpi<rSrielded LOR BE eolprihabMme e ma n, 388 W GrtpRRytigh

gener at endat-asiarft @bndtise ¢onrd nelycdhy agalldHilin tnbbindHI)e gonerkleafen®Oliddd S

al so given to the substrate side (sanple stage) so that substantially

negat i veaboap RnpOFEr glsmeatie Ot ahakey HispFPRHNING t FoTP Higa e luhe ek lidgl Cl =,
the tantglum nitride fijl nd N - . qut  the s _rate.
Thus for%&e'ar RPYFE g S dut il‘\glélg ag(/)\elgogjnég%?gaﬁégéﬁgﬁqﬁgé?ﬁgggg}eﬁrs{n ggler
shape. Thgecl@Rakhe t&iARE Ak RN @noéntdbioh f TRpR@idsitoariesd ihahet.ahr t he
filnms wthout |eaving any residue on the second insulating film the

et chi g shiomtsl be lqyrestdargb thebyx ygbio gencengatan @cxo/w@ﬁalowewrefétugm rrgucluiof tes of
| -regions of the gate.insul ating fjl.m 906 that are.not c ed w.th e
iret comem osise Bofindrrvneayact tor s Dued Bibfte i " hrahoa by
about 2099 HaNbfdé by $AMNerin SYREEAUANHE Yarg@ €60 ekl DL Isaat BRed S
conducted as Shown in Fig. 20B 25 without renoving the masks 909a to 909d.
In the stexefldoredec(tWhq). t frecitheentse, BEAY tibnhas imithve+ laracesisixved iaoréaréhiisy gas,

the rati f gas flowrate thereof ig set to 20 ! 2() /. 2(). and an RF
(1556 eV e sttt e g Geietle F bty 8l i Bt pbsd Mo r B8itr e o
1 Pa 1,0 BRNRLALGHPlasHBw T Si fe@h@eosbgen&&@r@ e S R98) ohRCELY BS. 3N RF (
13. 56 power of 20 Wto apply a self-bias voltage 1ower than that in
t he fir stheetohiing mamaimentty dumdears 30cht hesrygencini thg Wofitht cryrsllizatien Wil m
that is the second conductive filmis etched Th&s.for nmed a({)e conductive
| ayers 3obbited [@uiw havssiy vaYsedeiidinglyerhehdise” di PdeRRCGPY SPUlCEREGhs of
the gatey) N9 pldidy B2 10hseRAHANLE U LR SNEKSERONG RRET
shaped g\gln@?%ltt %!eh EPBglle“lryrstB%Htﬂlgé'%g%%%Eér)telgegtd\élhedbandut‘hi\nneﬁﬁgy about 20 to
50 nm Abdparitiee myistatde masinshc Walilos that isrlsingiopinad t Aeatremirt theswddnduct ed
to dope the sem conductor layers with an inpurity elenent that gives the n
type Vorfdadere i rspitnits of Ype 2P HAsMty el enent). The first doping treatnent
uses ion doping iRk @54 LG bk RSy W fohAYE TIBES (SeRRNRLLRsthNedlRicdapi ng,
t he second taperéég{%ggkggélalggtbi%\%géq }gy%)rs 3905 to 3908 alre latsfledcas ?rasks and
phosphi neydrP807.) DasTdiflint édfdinetyr osiep Ar apbpsphiingeggas iah utppdopniata ar e
gas is used to formn type inpurity regions 3909 to 3912 that con@if an n
type i npuReuny ofendhnke ithagded; todhe sBHERErEt: OR PIFahEreE Midanaii Hayer s
902. to V\ﬁS | 1(9as-erh?o nrcatv%Htethler%ufifrlg ¥rorme?ée(?f?1? c'})fgogﬂ;eore%%?igil,\t ¥ qBFia HH’, ci)llflg'p this
dopi ng Eh €S8Rt &Y ™A n type inpurity efement in a first concentration,
cont aisn fHaes pHABYS M EERNGRNET @&labRNaDh dat elddtrode.t 0L the ldDier lamdmsiic
(Fig. 20C). Forned next are first masks 3913 and 3915 that conpletely cover
t he seniresindvitt of 4l 3y dile 90B pinge 903boytekbbeficveryd amy! svisdond el 39141
t hat covers the second taper. shape., >t I [, 399, 1

O%%ct%%) € Oé‘g}h él)nz jn4on£ﬁdsc caf reﬁﬁé%gggtﬁ?%efi\%% fofh o, ;?s Pgis%rbt u Ta film.

sem con nd covers t'he sem conductor layer 904.
Then, secopd faPiHAG hhd eakyRNtsthusuEORsHickiatte fonthhel sRcopladopiTgutli @at nent .
the sem conductor |ayer 903 is doped through the second taper shape

conduct i shewinapghe @@OBaest b iheliestian i fargpesiliggrutiin gopasigy b Phwh?l'%ﬁgi toa
contains,an n type inpyrity element in a second concentration ype
inpur?&ymFﬁﬁﬁénépégTé gﬁa §6I§§f§BF%§F 38%#8?ﬂd%n“ﬁ“@§%8“ﬂ%%ﬁrﬁpg gmﬁﬁent
in a thijgd, GORCARLEALd RNhEAERJUCTDE filn ty BE Fbikdr ihtior agi rv3Rk Dxfdizared.

t hrough this doping, which contains an n type inpurity elenent in a second
concentration. contain phosphorus in a concentration of 1 x 10~ to 1 X

| &~ atonms/cm~-. The n type inpurity regions 3916 and 3918 forned through
this doping, which contain an n type inpurity elenment in a third
concentration each- contain phosphorus 25 in a concentration of 1 x 10~ to
1 x 10t atons/cm~ (Fig. 20D). As described above, the n type inpurity
region that contains an n type inpurity elenent in a second concentration
and the n type inpurity regions that contain an n type inpurity elenent in

.



are formed as shown in Fig. 21A to conduct third doping treatnment. In the
dopi ng. di borane (B-~H~,) gas diluted by hydrogen or diborane ";as diluted
by rare gas is used to form in the sem conductor layers 9t)? and 9()3, p
type inpurity regions -3921and 3923 that contain a p type inpurity el enent
inafirst concentration and p type inpurity regions 3922 5 and 3924 that
contain a p type inpurity elenent in a second concentration. The p type

i mpur it yAf ¢lefi o3se 891 Lmeiligep Bl mvwmt%@nmpw ANty ﬁellk\q‘rwmmtflyl gleewsnt in
a first concentration anb tio to 3 x 1
(0" at ofiErant BEbk P BB Sat el 1 SEGPERES 55 QB g o i b
contain &qpe toxeqnwmw fidm @h@fTEWhalé%lam%%@iQﬂﬂ &\QUCEBR al I'wl@r}chRnE\%Hobor on
in a concentration of 1 x 10r~ to 1 x |0~ atoms/cm 10 each he p type

i mpur i t yfor ¢yl lons 382t andlu89PA aydrat) 7doht & M) anmt ype inpuri ty eI enent in a
second_ concentragion are fornmed gi ons verlap the second taper
shape onduct i valt“I gife‘?’%b%@@%%{ 4 dp’ég)‘ g84. ugﬁgtt 53 ISUFORS L&‘W?i%‘ 1Y) g

i nterl aygs riifaulsal kgiand &écahc?@@nhulﬁvéf?rm@s frigm silicon nitride filmor a
silicon oxynitride filmformed by plasma CVD'to have a thickness 15 of 50
nm In order to Yewe resiti wasksof09 reeatfmemdd weinghéci pipuolithyereplaneethsiqunat are
used to_g e.the @em conductor | ayers atnment is .conducted at -11

()C usin HiE HERIBE FPRTIETh ST G %‘t‘neﬁg g‘l“é&“ it GGERSR S Cppicied under
sem cond ks asgetidgom the silicon nitride filmor
silicon g’)%%/%lhtnlrn%gﬁ(ﬂl %ﬁ@%eg&ﬁehé{kﬁﬁgeat mleJnn{g may be achi eved by ot her
met hods t han t helnneiskatbodhaint 2m I(Fesclant upmaaes isAishéat!- OFeatnntHD}t araethbd by

RTA may be used instead (including an RTA net hod _q§1_,n8 gas_or 8ht as the
heat sou¥Sc@yhing as, HBe g oft gasqye te jtaeregfr ip iSeldtoot > U P dak M’na MHah

i nsul ati [ overd, I 0 d it g I

Fim s Rl pr e S RaR o Brtfbe o9 EraRe Al p b MEu R A SR 1
set to apdvaduced2pr eSBLRE R 'Ell’sﬁgglﬂelattm)&iahQl’lﬁtratlenmdé dgfimpe Pragyend that
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third interlayer insulating film393f. The



anti-electrostatic film3937 is formed froma material that can be renoved
by water washing or |ike other sinple nethods (Fig. 22A). Instead of
formng an anti-electrostatic film the substrate may be stored in a case
capabl e of preventing el ectrostatic di scharge damage during noving. Before
changi ng processing roons, the TFT substrate that has 3o finished the steps
above may be subjected to operation testing. The steps, up through this
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interlayer insulating film (935 or 392G is finished. Then, instead of
forming the first insulating film 936 9f enbodi ment 1, plasma treatnent 2o
is perfornmed on the second interlayer insulating filmto nodify the surface
of the second interlayer insulating film (935 or 392G . This nethod wll be
described with reference to Fig. 7. The second interlayer insulating film
(935 or 3920) receives plasna treatnment in, for exanple, one or nore kinds
of gas selected fromthe group consisting of hydrogen. 25 nitrogen,
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27 resin film In this enbodinent. an anode (1 TO is fornmed after the
surface nodification. thereby avoiding a situation in which materials
having di fferent thermal expansion coefficients receive heat treatnent
while being in direct contact with each other. 5 Therefore, cracking in the
| TO el ectrode is prevent ed and degradation of the light emtting el enment
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Fol |l owi ng the description of Enmbodi nent or t he manuf acture process up
t hrough98hends®¥p of forming the second i nt erl ayer insulating film (935~ or
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enpl oyi ng other insulating filnms than n a C filmto formas the first
insulating film936 on the second interlayer insulating film30 (935 3926).
Fol l owi ng the description of Enbodinenm$ 1 or 2, tha manutacture process up
29



t hrough the step of formng the second interlayer insulating film 935 or
3926 is finished Then, an AI~NY filmis formed using an alum numnitride
(AI'N) target under an atnosphere obtained by m xi ng argon gas and nitrogen
gas. The acceptable range for the concentration of inpurities, oxygen, in
particular, contained in the Al.~NY filmis less than 5 0 to 10 atomc %
The oxygen concentrafion.can be controlled by. adjusting sputterin: .
condi 1) SRoro(Enes DabBeear o Fisris RTHER  HE - &Y MR ARL Beg8s s ea,
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of nitrogeiatignilal oetman HehesiAbd Xy rfdridmnhiydrage filw@toxnt feooSoH., o1&, and
preferably 2.5 to -47.5 atom c % The nitrogen concentration can _bq .
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Al NXOY filmcan be used for the insulating film936. The subsequent steps
are identstesl Wihermalhowealing Bhisodduniest i 2 piroRed oHMAERETS7 WIS fhewPRE he

description of Enbodiment 1 or 2, th facture pro oggh,t h
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accordance with the manufacture process s in Enbodinment 1 or 2. Then,
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eni t t i ngodeitadon sf tha capbtiatelapment Acedwatid g the, chafined formfagion eggtionsy eat ment ,

pl asma treatnment i s conduct ed.ftor sur face npodi Ei ation of the ban s. shown
in Fig. 8. The pPiM&sYFHVALHQIAT AR HY qllgwégrbﬁ'iaeﬂe%ﬁ% YHOSHEBE RHPEPRUESf gas
sel ected _fro r.ou I St f r Nto Nbt envhihka it ad

car bon, q%eésr (%%Hg? I%S%r ?ce}ag?{gglng{ ?ggégg%@élggils’t%qr elg(glgfn Tﬁeagﬂ?f ace of the
bank hecareshdengss t® shosimoapleue ednfaiding that 100t vdrogone Diris mtare ikieids  of
gas elenents selected fromithe group consisting of hydrogen. nitrogen,
hal ogena@r@an@maﬁ twe[”éfgénoffqhaéw&é?{lg%ﬂf ey b@’a‘é?y‘ﬁ‘ﬁgg‘cwtéﬁ O B
pr event | ea f i g S; gemhmnhr i1 (d8ne t herehn

pr event iém‘g‘%é‘gft’éga*%%@h? &ﬁgﬁ]ﬁ]%t 1r{ecﬁl"m%ét F%)émél @?é%%"‘z‘?%ﬁ?sg elkrf\g{)d? ment
my be cRoBédpd pwisind).anyhithearhoethod it ssed, therdstigh dgnsiEndiatie menicogdumyil owi ng
t he description of Enbodinment |, the rraﬂtéf(,?cture lgr,opesg u@).t hrgugh ht)he
step of NG th803esotrdinbly ereddsrer 1 nSul i A 'PYFim (19 d5Mor G>0§" s
finished 25 (Fi - fd h R ienQvdbhdn. 936 is formed on the
secon%? RS 39%9 gagg%ldée“ gdf“ﬁhn%"?g%o50‘ér%§’3%6€.g)(Errhé first insulating film
936 may be the DA Gedonlimesier nlaning tilde3biid formall unumavarggctthiceesk iof i) or
alumnumnitride oxide filmdescribed in Enbodinent 2 or 3. On the first
insulating Film936, an ITOfilmis formed and patterned into a desired
shape to forman anode 1937. 30 A resist nmask having a given pattern is
then fornmed to formcontact hales reaching the inpurity regions that are
formed in the sem conductor |ayer s to serve as 31 source regions or
drain regions. The contact holes are fornmed by dry etching or the Ilike.
This is done in accordance with Enbodinent 1. A netal conductive film1S
formed by sputtering or vacuum evaporation and



etched to formwiring lines 1938 to 1944. Simlar to Enbodinent 1. the
wiring lines 51938 to 1944 are fornmed froma lamnate of a Ti filmwth a
t hi ckness of 50 nmand an alloy film (A -Ti alloy film with a thickness of
Q@O0 nm In the case where the anode 1937 is fornmed More formng the wiring
lines 1938 to 1944 as in this enbodinment (Fig. 18B), a problem such as
breaking of wire is not caused even when the anode is fornmed froma
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15 Enbodi nent 10 This enbodi nent describes a nmethod in which a
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aki a Clean ovén at the Secon aver nsuldating 1 S far "
el ement 11 tne o6t Red" ys e S8R conductor Fitm s fBduced 9% Fig.

17A, a sipatd ake-padiodypesis Riffi@feabl YhErd® hdie@mibatikumirarasicliiig@tgerd0
gl ass, alumino borosilicate glass, or quartz. On the surface of the
subst r attée muRiuYe isappliedigdnicotifermiafagt phipefsubsitaig vringa tshinokmdwssubftra@it o 200

is f d i ' il 101. I f itable b
PR A R e R R R
silicon @xyai psdederot bb mihstef & BBM thorifkave a thickness of 50 nm from Si H4,

hlH, and N~O and a second silicon oxynitride filmis formed next to 25
have @ t hi cknesBaifg fdmedwf fin orgagicHaswWattheNoOetiol. gistsatond inerlbagensugiieat i ng

film The b .insul ati film21101 is provid to prevent an al kaline
retal conERIl PRt uoedb st PRah arpSr Ry v EHs e i
sem condyet efn Fdduf? HAralficf AIBANLD st HPRES rdsBY RlaterANdakNghefon 81 FRY: be
omtted If a quartz substrate is used. A sil fil 10

icon nitride film 1102 is
fornmed awonsthe bagendéraksul HoweprS olgmic]l Gbinl meat@hlsidré dygrascopic dendf hlermdil() 2
is provided to prevent the catalytic elenment (typjcally, nickel) to be used
| ater i rFUHaRIE &9 DPIUSSREAIIN 2i HFTHiRE saérchtSHd‘HE%’/‘gq““FP‘k 04 FBIANGI NHGHRNE t o

t he bas Cdasutaring film1.A10) 1 1.0: avald the,.ady eg-ef of
oxygen QA ey ol A B Rl e I con

ni tride formédfirdrh(a)s?idosn dxodantiich,dysilpdoasixani@GuR filon.haveilaoh hitckaéiss. of 1 to 5
nm An anor phous_sem conductor film11U3 is fornmed on the silicon nitride
films 1102. A sldisi ceprsliatienavsninse|ating fimnP3p Eymedi Fomgiseierisnnidatifiged for
the amorPAOHA REMAORIGiR:d bldMbkl U sontiiaiHyr BORUS, SR EGRAGUELOL, St M 1 o
typically an a rpehous silicon m or~an anorphous silicon germaniumfilm
formed hgpldas ity Kdislire LERUE @6k RELS S Uh EadlVi adighs Ruiifi@ki digideothhavesan

t hi ckness of 1() to 100) nm In order to obtain satisfactory crystals, the
conceft roagdnghrest inpyarng fibg @ farm o indstlayeninamdting filBgens evreyrplsdhdidtsi n t he
anor phoys .gonduct or. fil.m 113 1 r d =3 oafl
over TS ST AEEOEEBLs Sl debbieb By AR Bt e BAE BBl

sem condeih ddsufatingfamctdueabtRht nyaial durgdt themighi aisleasectieisdenpetaponf trap
center and reconbination center. For that reason, it is desirable to use a
hi ghl y pieeforst @firslinsgiaingddmad3@ is fermsidgh thastront Ve ajsp arataias dui Ppoed
with a rﬂ"gtrisog fini.sh reacti.on cpagvng%atérpaq_ﬁcessed by field polishing) is and

wth an oll- Or"équ\gré)guﬂnn?rg?”ﬁlgdréstu tem e base insulating film211Ul, the

silicen nitride A iljodd $0ide AR a bhRoABRYMNNLSI ISR A sG@RAUtHE (flid, o #kQikear e
continuously Formed w thout exposing the substrate to the air.
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 tormed after contact
holes are formed.
A resist mask having a given pattern is then formed to form contact holes
30 reaching the impurity regions that arc formed in the semiconductor layers 1o serve us

source regions or drain regions. The contact holes are formed by dry etching.  In this

17



The surface of the anorphous silicon film11U3 is doped with a netal

el emrent having a catalytic function that accelerates crystallization (Fig.
17B). Exanples of the 20 netal elenment having a catalytic function that
accelerates crystallization of a sem conductor filminclude iron (Fe),

ni ckel (Ne), cobalt (Co), ruthenium (Ru), rhodium (Rh), palladium(Pd),
osmum (Os), iridium(lr), platinum (Pt), copper (Cu), and gold (Au). One
or o e CRInAsT BV 41 ol it U 1K S o d56ve Banbes (¥ad 0

Typi cal Iy, ni iS, & i,C cet ol Whirpn contai.ning,l to
100 pom' Gt ni S Eferk {EAE R I M Rl AR 1 O 8Ll PR L 2L

cat al ystintcomieaiindudgideagign IBE0AaTR fvaked Swne ah heg:sd wstioma&iapplihedihe
snoothly, surface treatnent is performed on the anorphous silicon film
1103. THiEh&g gasde syitelchiuck P (d+udd OF Orafgnge dirgdpigrit irinslderet ilnhy £-om an
0zones cqit. 'i%gﬂqg?QWer%ﬂ£ﬁgehqgﬁ ﬁplop&rtt(pgn %S{:edf%efsl llcggjw Loy ghure of
fluoric acid and~a hyd}ogen peroxi de "aqueous sol uti on £S5 forma clean

sur f ace samnttoa@edtor faQEmR] MEH the3@nty aisMlatifg Mil@xdmeisfdidhan f r ORe tbRact holes are
ozone-contai ning solution. Since a surface of a sem conductor filmsuch as
a silicémstattangd i nherently hydrophobic the nickel acetate sol ution can
be applied evenly by form ng an oxide filmin this way. The nethod of
Formng & he.cat &) Jora <Bhtutie AGePE Bimbt b Lo lebet By SaPRiipR Bl o
course, pafiénsPuisingr h NYaskeVaner girh 0B, thoh asdhed tiberkMERirinNinth®3bi dsevamy be
used instead. Wile keeping the anorphous silicon filml1()3 in contact

wi t h 10 hdheughanetl shewndonhad faivieest Hieeviring (ings inbgtembosdanem nre faamed from a

crystallization is carried out. Furnace annealjng.usi an. el ectric,
Fur nace) rBRaie g Bt R o ARarT G DRTA T A A e SEaht S s e a
hal i de kigREhes@of@itPimarc | anp. a carbon arc-lanp. a high pressure sodi um

| anp, a high pressure nercury |lanp. etc. is enployed for the heat
treatnent. |f RPArarspeftosemduetiteaiitm isifgimedsbencor idf othidkaatsi af@lits IROnnf.or 1

to 60 secongds.. to preferably 30 to 60 seconds, ichis repeated 1 .to 10
oS,  BPETUmABIT i agonpiadn aneHe THRERETEY: of 't (HP e PORMCTYORIT he
lanp b1 gty mH{sfe%h&ﬁ@anﬁ i$&h iﬁJiE?ﬁ]ttfrﬁ?)lihé/ (1785 fIANG 28int BafRAGARdsGt or film
is heated to reach 600 to | 000C, preferably 650 to 700C. in an I nstant.

When t heo 2@ zaicurxédd (Ta0y of ithr edoinesxititi s hi gh, the sem conductor film

alone is instantaneously heated but the substrate 1100 Lﬁ not defarnmed in
itsel f. The anorphaBedg g‘”s@nﬁp%?fh@c‘i%‘?e N Qomacsard e riap yethalr idg WigNgbt ai n
a cryst i AN i 10 i i . o {0 such
Froat menrt P25, HriebETne hate ke S ke 1 e Rt P U Bl e,

| f furnasgra@hfne@FTFid. SAJhoThaahsuet®@dd; tHiepdint meataeive hatt HOO@entsit d8hduct ed
for an hour to release hydrogen contained in the anorphous silicon 111111
1103 2pr to#3°6-t he heat 20 treatnent for crystallization. Then. the

substrate recei heat. {¢ , - i:C ace (. n. i Hrogen
Stmospher e at S50t o BUSCaGRE s B, FESHs F SICEER AT o Vieae
cryst al khaven trheigasBr pAouss gbint.aba sdtistrateld)3ve hheccoysprakdssimg redmi(cean i | m
1105 shown in Fig. 17Cis thus fornmed. It is effective to irradiate the
cryst al FeoH®) 197 forenng filight emabngietenangsdp qrilgre aypidenEnyBstianPr ipd@et he
crystal || zat4 rati t rati,0 of ¢ tal «© s to . the Lre.vol unme
of "tho Pl fily TER aUBhE: b AGGTh ok B FURR Ml RTDAPENIR LA L0Sy e

obt ai,nedrfedt (htRdaftee rékire® @ af lahMelebBbsthas figmy BNRIrMEN@noat ahiyd iineedyerent
(nickel, here) in a concentration higher than 1 x 10~"' atons/cm in

aver age insThgng éitmi Hidng Thatealiyelsctropipberiiiin 9dans Efrmee frovFT mstielrad chad cpa PF cs.
and therefore the concentration 30 of the | yvtic 1 : .

sem con%‘&?vtg(ra B &%ﬁa\)‘éas glgg@llgr'eb CeEI?Stqﬂ(EIV\(/) fft:%%r%e u‘ge‘lrﬁhglg%g&nsé‘!el%t [ﬁlgltii ‘B of
the cat alpstrhe @hgmeNioked ih ha Seindleandudt @arrl idap. sulsequanhgihg fréessing
crystallization step is described. First, a thin |ayer 11(20 is formed on

t he sur fees, dfic THE sebsistatia has SnishebhestepnapPeobmay bsHeisCied LEiogeragiom, | n
this specjfication, the thin layer 1106 forned on the crystalline silicon

| ayer” 1508%%'s called a barrier |ayer 1106, for the layer is provided to 5
prevent the crysydn ihBerrst Lisk@mefit broukAOintd 0 hetRgnetehedcdheroomn gkt eri ng
site is renoved later.
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The thickness of the barrier layer 7.106 is set to 1 to |0 nm A sinple way
to obtain the barrier layer is to forma chem cal oxide by treating the
surface with ozone water. A chem cal oxide can be fornmed al so when treating
wi th an aqueous solution in which 10 hydrogen peroxide water is mxed with
sul furic acid, hydrochloric acid. or nitric acid. O her usable nethods
include plasma treatnment in an oxidization atnosphere, . and oxidi zation

tr eat meft"BYS djziiﬁ}é‘ ﬁ@HHP%t%‘d”‘f‘Hr gﬁ“tweflf?“gﬁ‘alcaﬁﬁ&nj “L?’n"\aﬁnéﬁ‘r‘fﬂs here"

cont ai NiyngLiA%Y 98Ren Mhd BLRREIVEl Y¥r il?suuﬂi'ng @i desfii lonfored Ry, haating in a
clean oven until it reaches 200 to 350C nay be used as the barrier |ayer.
An oxi déafinkrnfopeniad doy pobitpinasarecoties syitlt therming (ligr wvidpgrdeinon).t olhave a
thickness of 1 to 5 nmmay al so. be used as the_ barrier layer. In any case.
e 11T AR tied ' PRI ek OF Bei B TS ol HU A Al R F o
move i nto, b h S b€ ahfl ol HRMianf 98 eR kL nDFh gL GaRabine of
preve?]t ?Sn‘é%éltggﬁ}éﬁfﬁ W%ﬁeégé%?ﬁéggﬂgg%t e acryst al i i.cneusi Iti g(%)rn ?i Im11()i

(pr ot ectahéodt ik he chithen vtiliD theagiaing $ine tihepeted hghitg 6ian. t Tise SEEpubftratemayibag t he
Bettering site. Exanples of such 20 filminclude a chemcal oxide film
formed thiecieh @mersation estBrguAtaties IS ProBatoRIE S -OEKSINE A HHd-—a
porous f.j/ . i ayer 11()6, a second sem conductor film

(typi calf?ryl,rpn%\%)ﬁéhge?nﬁﬁ@ﬁtéélgﬁﬁtéon film is formed as a Bettering site 11U7
to have a thi ckpag®uglf atésist fidmAs-(9edrion thEbenis €40t hsemeoident @ polfyithite
contains a rare gas element in a concentration of 1 x 25 10-" atons/cm- or
hi ghe . fiitheagelxasidndile; a8 acnii, filghiac RCBs(bepzasaclpBis i d! it ilicpr oxide

preferably a |ow density filmi rder ' gl e, Lati.o to
Phe. or ydtth &5 NP S ale'srd Wty FREEE iR Re R PP aR i SR ECLE R E? | 2
inert i a%amsQﬁPﬁlM@to@ﬁnsfuidtmg. Trregefesidheaddiceisgasd &) RMmthe does V4t
affect the crystalline silicon fil'm1105. One or nore kinds of 30 el enents
sel ect edt if poafetable tgretapn pomsiessitingaoflit&lm and (a)peripon heNeyeatmegon (EVar) ,
krypton (Kr),.and xenon (Xe) arc. used as..the rare .gas el nt The present
vent éhordCag WnghagebrPsat v erAe TRes ¢ RSB ruRERt sl BEEG"as
| 0N SOULELS, &0, f QiNoA588t 8l R RhletnaBdodkade tAngem conductor film
containing these elenents are formed to serve as the gettering site To
make sure the g®lekéerwipgng sregoratics @drfommdoaglihy sutieest of teapmedst il (hiseded
at 5 this int. The heat treatnent, js.achieved by fyrnace anneal or
RTA. | § CRUPAEES oG RG OF Soehbtan st ief R were 4 STEGRaBER O By

nitr OQE@O%JW?% vl A30rth@ GARe hide D4 ah@ rdBoRQitiss. thékiiBHA 16 wGpiagen, a
|l anp 1ight source for heating is |Iit for 1 to 60 seconds, preferably 30 to
60 secopds, watei (hused 1sepeasladg liquil, 1@ tumes, of ppetien ablthe 2xisor@und wbh The

intensity of light emtted fromthe |a | i ght source can be set

ar bi £¢ aﬁ%ll leany & WRUDG Higheh &0 11 l%é{)h %ﬁgﬁétlhg Fﬁ’rle?ﬁ“?'bvﬂé‘ét“céﬁﬂt[‘%%rle%ﬁ’ch()GOO to
1000C, prganﬁr aphy 70U to 750C. man instant. During gettering, the

catal ytic é Ement in a to-be-gettered region (trap site) is rel eased by
thermal energy &edt,ithe M3Teshbswatt e beletdt i@rd megcusint. e Inmrdegie @lehsagiogwure

Accordingly, gettering js. dependent on the.prqcess tenperature and ..
get t eri ABd FROJFUESEE ‘ieﬁmlg‘sﬁlag%ﬁﬂ@r ?Odeiolr%‘ﬂpgoﬁ]et E‘r‘%‘ atHP a “ﬁi”ﬂﬂe‘?ﬁldus{ "
tenmper at Ut & tda LN nRL SRR e el JTNEBIUNR Yor £08n S BIANGEr §M18s:Catidl Wakihggh @ment
noves during gettering is about the sane as the thickness of the

sem eonduaiuai nialy becoadettitheiefranevige theemiingedunstalie fipnestentwipmegrtaloenti s
conpleted in a relatively short period of tinme (Fig. 17E). This heat

t r eat ment befoesfopminglighs eaitting §lepkdt-senmi conduct or fil m 1107 that 20 contains

a rare gas elengnt_in,a co - Ko of ~ ' . 110 QRiEem-,
preferably 1 Xmﬁ)%ectogdin%?%%@?ﬁl&f%ﬁhﬁ){t}l%%? Iég\aeéslpér gﬁlﬂ@é%ignélréﬁei~ 4

at ons/ cghyq, Tithé sdcHns WRpOsRd! imberaidae drfmic ase ffjas setlenenpoivémiottilm, a
re-discharged in the above range of the process tenperature and the

remai ni mglyamedrefitne. ariarpdyimidustias fijmdermrf BY SRIREOLEE LGRS SR IS Af t er
the gettering, step.i.s en , et teri.ng; . Si ddifdie Fifn &NaNgd .

sol ot 76 5 Lo e e i e PR iR B e o o B oy
ClF, w thaude dish@gnddeasmecantic MWetdeataabidagradsiongothyrdtialzi ereitidre @nmahkalni ne
sol ution such as an aqueous solution that contains tetraethyl amonium
hydr oxi de (chem cal forrmula: (CH;)~NCH). The barrier |layer 1106 functions
as an etching stopper at this point. Thereafter. the harrier liver 1106 is
renoved using fluoric acid. 30 In this way. a crystalline silicon film
11()1 in which the concentration of the catalytic elenent is reduced to 1 x
10~~ atons/cm or less is obtained as shown in Fig | 7F. 36



The thus fornmed crystalline silicon film11()8 is a mass of- thin rod--1like
crvstals. or thin flattened rod-1i ke crystals due to the effect of the
catal ytic el ement Macroscopicallv. each of the crystals grows with a
specific orientation. This enbodi nrent nmay be conbined with Enbodi nents 1
through 9 5 Enbodi ment 11 As this enbodinent. the followng wll
specifically describe a process in which the light emtting panel produced
by a coRbpreENtE&nuf acturing step of Enbodinents 1 to 10 as illustrated in
Fig. 6B is caus b ) i gh 1 tt4 NG i, erring to
fo Fi gs. oA and gereerg SERBLE! B8R Tald FShofR o0 R, OB B shELENN

wher ei nidshRriak @MaIUsShstipatgon.s AIMIAgbktyokaaled, foand Filgule 9Blicslign
sectional view taken on line A-A° of Fig. 9A Reference nunmber 801

r epr esefmiting stamens idrthisi pgbedisentibut gifer KRRFERMPS TS| 18y P4t edd gstersh

| i nes; ference nunber, . 802.,.,&..Rixel section;.ref <8()..,3, a
gat o b1 G0 A0 g aui e ¢4 B AR R E S, B SIS R Bk
and r ef gMBNCH;dUER edye80bhde $SRAJIoMENARSHT an Tleetrbm Slalosind Ruad ahyidchien seal
agent 805 is a space 807. Through mﬁr[ngséﬁgot illustrated) for

t ransmi ijéatigndaypnad suffenpaper.ete. imcarnlingiden: c € hsisgacidrd ofi thy oedapteiomm@ond and

the gate side driving circuit.803, video signals or clock signals are

recei ve§“5'F?‘b??‘fjé“ fql%ii‘gB?‘%mﬁPi Wflp?:‘? ?eéﬁ'i‘l?ed(llﬁlgég‘ﬂgﬁgf“'Mi ch is an external

i nput termnal. _Ir?%ié”@@lb%Hﬁﬁﬁl_l,t&ﬁfoelt {)lﬂhﬁgg_,fzﬂnﬁqeciﬁrlﬂ@@_tf@rdzl thelet M clib8Myer
emtting panel 1s shown herein. In the present specification, any nodul e on
whi cho | nhegaateNPDi isased $or( 4 Gele tamepattingdayey. Mdothtddhé aveef ecrfetntdbbas a

| i ght enittin% device. Referring to Fig. 9B, the following will describe
the secfY®REA'C8tructure of the light enitting panel illustrated in Fig. 9A.
The pixel secti anm; 8 )egiaRd 1508 idfdMbDge st I GHithis BARSAiRRNZ i rentfR4:BB4ls above
a substrate 810. The pi xel section 802 is conposed of pixels, each of which
i ncl udesreausedrfoediffaremt light |dmiginEHay&4 1o abthimmramadeoBicindolnpes tied cmit
electrically to its drain._The driving cir?uit Portion fs conposed of a
CVOS ci Hehti of GiEraat Koks n- tiraniganic (GppwoyRe [aygrsatogmgd 4n phis ﬁﬁ%ﬂgfmw;fﬁe TFT
814 e.comhined with each ) 5 d [, i f each
of t o URREE i aRRyY oP! NEhr gFRCIRRL R bl BERE Sy SR SRSt nodes
817 ar elifix medl gped beogpnidesmPdiand biyprsackfremled Glteveporttiomg Bleeetert § i818. 37
The cathodes 817 function as a wiring commpn to al | of the pixels. anti
arc el ep?HiRale ypse GnmeEH dopsKdlot ioem Pt sy ttng, BNgH HOTi 4 MRET '?)‘ AL VRIS
seal i ng, sy I de of glass is stuck to the substrate 810 with

t he seaPﬁﬁégéggﬁﬁﬂg%%éﬁgathe seal ing agent 805, an ultraviolet setting
resin or thernogetighingnBtifiesiver itisat phefseredblight us gdimddf frnec dsgadopedavBipace
conposed of a resin filmmy be disposed in order to an intgfva

K |
betm@énDKHé-séﬁﬁ?ﬁg?@dﬁs@ﬁdﬂé“éU@fhdﬁh@ﬁEe¢P§HY‘@n??qKﬁgeéﬂéﬁﬁﬁp oB¥8. An
et el S DR o 1 (AT st T

surroun ing agen sired that the sealing agent

805 is (e BN);PHER))ahhEk AMES@MAEEfray Ot ugd JeDthpekeabivlicrilsi maasissmal |
as possible. to By putting the light emtting elenents airtightly into the
space 8bFusad.t he above-nentioned structure. the light enmitting el ements can

be conpletely St&lrjfl%@;%rpft 119%?(})'I‘éﬁetﬁ)zllf|te;rrlhlge rr%éﬁtl}%rf])[ %§llf”bte’ foi‘r%e%%ro?xp%s[&[bluﬁdt 0

prevent the detée on t g el enents by water content

or 0%y 9e{hdy) PRy toeapsthiibsle. [ ACEef@igltor@ d HidhbloeRink tidveg fidey BC® ihavik ng
high reliability can be yielded. is The structure of this enbodi rent may be
conbi nedasai t Kt bunsinpuc quinelibte complex (Algs) and a benzoquinolinolate beryllium

complex (BeBq) may be used instead. The layer may be tormed from a quinolilate
aluminum complex (Alqs) using as dopant Coumarin 6, quinacridon. or the like.  Other

known materials may also be used.

30 A light emitting layer that emits blue light can be formed from DPVBI that is a

distylyl derivative, N, N'-disalicyliden-1, 6-hexanediaminate) zine (1) (Zn(salhn)) that is a

20



Enbodinent 1 to 10 at will. Enbodinent 12 Fig. 10A nore specifically
illustrates the top face structure of the pixel section of 20 the Light
emtting device produced using the present invention and described as Fig.
1 ()A and Fig. 10B illustrates a circuit diagramthereof. Referring to
Figs. TUAto 1()I3, a switching TFT 704 is conposed of the sw tching
(n-channel) TFT 1()()2 as illustrated in Fig. 6. Accordingly, about the
Struct urdng HRAMVEY - BHENEH et r479ICERNG nCATHRO ISR t“éhi‘hg“%ﬁldcha‘nnlel F-reT (1002
shoul d g ri chjn 5 gate
ol cct r ot PSSt B e e b AL Rbo EMGEHTR &2

ot her. degyﬁm@nbodlnent a doubl e gate structure, wherein two channa
form ng regions are forned is adopted. However. a single gate structure,
wherei n one chanﬁebhﬁwmmﬂﬁ@mpégwdﬂVm39ﬁUﬂWﬁdWXbr h‘tﬁﬂph@mgéﬁécsvﬁuabure

wherei_n three.channel Ee f or,med Y OUThe
sourcé d Bt r1 ? gffﬁvhlg ghal G &g t{e usbd g%dp%éle\% rrphanqp?_ mg

the draijpydrhereafs érﬁb&@rﬂ&ﬂ%@@ t@tr@zélreaienvm\rel mzz%forfﬁla@ bSlreahpﬁbrMde ng 705
is electrically 38 connected to a gate electrode 7()7 of the
cur r ent -agbieknesslof ag tareTn( ) h. The current-controlling TFT 7()0 i s-~eonposed

of the current n (IIn chann pe)) 1 -FET 1003 | Theref or.
about the structclﬂ’i’ a?‘h g?é‘pet ﬁtépﬁe‘i‘gr‘?%f?% Coé’ilpfoufl?{ ldé% Pﬂg‘ ?‘ﬂm@ Ynnel)
TFT 10035801 d Bepi&er nidnik mebﬂlrﬁéﬁ't Sheahedi@ntipoufd $J\‘89b$9 gateosipuct ure
5 is adopted. However, a double gate structure or a triple gate structure

may hbe ammpwpdauﬂbétsduﬁmenohthhbms&nmdnhecambd©95®ngNTﬁﬁﬂlbﬁnwngmH\
electricallé ngg to a current-supplying line 716. The drain thereof
is el ectlPP¢ I?@ @%ﬁ“&o adrain wiring 717. The drain wiring 717 is

el ectrically conjggt&d &r ) BRPEEnd Rhvep!is €bRELJ, qq@)&l%aeldahw Hﬁt gehby dot

lines. 10 In this case, st orage capacitor (condenser) formed in a
regi on Eﬁﬁnn@hecmemdsnﬁﬁnwaﬂgzb&qmmmpmsédtbﬁ an&ahmcmndﬂeAgnqhay@ﬂoﬁzu
connected electrjcally to the current- sugphg line 71<, agglnsulatlng
film( n&P“‘ilqu“tY%tﬁrl@ttB%f)C%‘l“BF?g tbs,e %l?crfi@d) itht lé‘a}%eel?fa%r WK gt

i nsul atin d.th t (Wdd An ag t.orgronpessd ¢f the
gate eIec?T &ky7839 G&agggg(ﬁ% ugﬂﬁgfeég ﬁﬁﬂ ornégpinto t he sane

(layer as-dvlipordfod bﬁ'ﬁtlmllmmnrh(ﬁa/r%leldlbﬁd tetdrgig toe(led)up h&)l CQunnienpersxdpphiylieng
line 71C may be used as a storage capacitor. The structure of this

enbodi memty HegPbesedonbi ned with that of Embodinents 1 to 10 20 Enbodi ment
13 Anot her exa oc i td: g

devi ce t hat isngﬁﬁ?ereﬁpﬁ?F%ﬁfgg &fﬁﬂ%;&?ﬁgpggﬂ &gg$? Kﬁhgahﬂﬁﬂh§éﬁénce to
Figs. 23@A /—‘@QﬁbrtﬁorB)?SlT\hl‘iﬂerertﬁé?&ﬁ&détgﬂp,stkar érgaficanggsbuadclare o, t:mdExanpl e ?
until the state of Fig. 22(A). Thereafter, the TFT substrate is transported
i nt o0 20 heahedo A0 prasteessitagpondpin the Hehtanitng demettel ectrostatic filmis
removed by water hin 393 t h Eig
23(A). The bank ‘3 8 2stt) éi rﬁr gg@g?%‘g \g\n”{ﬁ‘anﬁelu ?ggllg?? ﬁggﬁ??%%sﬁ“*ﬂdég‘“a

si licon cithifl HR1 éddqmut@a eMmessurs agackinermaaf 168 shdrul @frehocdmogig"®AT 2 or
in alternative. may be subjected to surface nodification by carrying out

pl asna tlP8Aare Rt Taef diernixdmortiprEntddi Heltofghe dgvingaifcpignd dhegdhiT ot Bpound

| ayer 390 forned mn% é%_C%(y mer or onpound is initially formed on the

i
anode 3@§§1BO“§”‘3P Het Ho ?ﬂﬁwgﬁraylng net hod or the |ike. The

layer,si s formed Mifdcae @phy@a( eI GRNHS I EORROLN G gl iRl clbavhigs aripogi tive
bol t:
circuit can be operated by a power supply having a voltage of about 5 to 6V, 10V, at most.

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

Embodiment 2
30 This embodiment describes another example ol process ol manutacturing a

light emitting device with reference to Figs. 19 to 22B.
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transporting property or a polynmer organic conpound material having a high
positive hole s nobility. As the polyner organic conpound nmaterial,

pol yet hyl ene di oxyt hi ophenc (PEDOT) may be used. A second organi c conpound
| ayer 391, such as a light emtting |layer and an el ectron transporting

| ayer, and a cathode 392, which are to be fornmed thereon, may be fornmed in
the simlar manner as in Enbodinent 1. to As shown in Fig. 23(B) in detail,
t he thi ckness ofbﬂﬁeﬂﬂﬁW§ﬂkdwgehmdﬂdﬁﬁbﬁhﬁ@nqév@F*B@S@Pd hH@elh&\kP<ﬂ
differentiate gt ween t he thi c anode 3

hi oknesd "TrEaT I RE O hReledhe SRS bl A0 e RaRe I O iy 11
ot her warélsn it Pg. 8RiekAgssedt 1) on the anode 392 can be Iarger owng to

t he concave portlon formed fromthe anode 392 and the bank 39 3i3. 15 The
thi ckness {t3) aubssquentte uprrtesgoBierathapdrshictieitmode’ 39¢ %Ahdire kechbdnk 393

are in contact w t her, becones the t he | ver can be
P A R e e e A T T N S T
“proper t kgseqf d@scﬁ%@@ﬂ{jF%r 98RI C 1P FRALAL ol YR 39NN ARGl 1Q9dsto$91’l%<f or med
as upper l'ayers thereof “can be i nproved. "Furthernore, cradklng

stress cmhmgntﬂabugneahmgeheoﬁmochﬁmwﬁdCBQCﬁenmenbfatnsﬂlaracsuphkessed to

prevent the Ilqht emtting elenment fromf gure due to deterloratlon and
td {ﬂﬁ

short cPREaIANEERGREIGEHE: 14 DA 85 gAY rafsiat gGEVWEb U@lh@”é@Vﬁbh%‘%ﬁ?ttlng
el ement /b§/§@' did REVYRYS Nﬁ‘i‘% ﬁd&%@%‘%%@v@% Jn%er?l-bog[élgf 1&n‘6'd§ hh: &’mé n

bri ght surroundlngs conpar e quid crystal display devices
mndenovnemHMQMaMgiacﬁmeorﬂFﬁQBpﬁIwam)puweebbtﬂr@hhcﬂﬁeywema)d&muberuL

Iete% ?g u 40 the light emttin geV|ce of the present |nvent|on.
Exarrpl eSCH1SA i‘:tS 8 © 'Qbfp‘i”ibéﬁ%‘éa kvn&ﬂgaw%% bia§ yRfass P n’@P’dFébl dEf the
prsent ynventd efinfloe: n%ﬂ%h%@ﬁl@'{ﬁé & Al i LRl (GRS Roivéy gﬂgg.' e type

di spl ay (head nounte spl’ay) a navi gation system an audi 0 reproduci ng
devi ce (car audirﬁereaﬁnerawﬂie&:m@@@ﬁehangadflldo Cheasd Cl-kenk:ra@do bﬁgtsqmvcﬂn@ut er;

a gane nmachine; ortable information terntnaléga nobi | e conput er.
cel I ul afhemeérlfe—%t Y Sw $Gsnd Rdas- SeeMAizheow e telB Y ivgiven BbbRO'leéteéCC)“)dand an

| oo Er%%’ ré‘gf F'%X't& en(e?( H‘lr‘nﬁ% {9 f&@ﬂnnﬁncﬁfg?‘?%@@%\%ﬁ Loﬁgss' ng

dat a scor di as a versat |

havi ng aodwsml aYo Ci‘f!\)ﬂnCQ) tmaiub@ﬁﬂe@i&pkﬁmﬂ&@tahﬂﬁg@ toft dubeadatl@) nechtiee | i ght
emitting device having a light enitting elenent is desirable 10
partlch%FPVSW@HdﬁfQ@TP%BP@Kﬂnf6YWhﬂWdﬁ”ﬂ@ﬁﬁ¥d55leﬁhgé theslagigfugeAitiige of t en
vi ewed IS reduir ha e a depVi n ecific
exanpleﬂd? gﬁ %V@@gpdfzec V|§3%m Ha mer%% eERNQ$hT% MQQLifﬂ]L 4y ; 11A
shows aj.dks@onY t6ley0LRavivhh Gibkt taﬁ)epgﬁp@sedh@ifapar [ﬁa@bh@n&mﬂqglea)r&w@ostI ng
base 2002, a display unit 2()U3. speaker units 2U04, a video input term nal
20052kt I ofrilqetqstchnghtﬁlemmthonglq&emlgc@yoﬁemtdhe Oprtb%éfm(mﬂ nvetittingriilns tppl i ed
can be used for the displa un| 0 nlttln devi c aV|ng a
Toht  ehebre b drpe R0 R e o sl d oot Heed 12 BT gl

that it gandmkmgeaihhonnela disRbedbveRdt wih @k Fiksduipdr GF: M)@tc@hd@hl@@nmldew ces
can. The tern1d|splay devi ce includes every display device for displaying
|nfornaBWUn0§ﬁ@hdasﬂdn@«W@ﬁhmnpbbﬁdnwkZQGNme@NFKOﬁ@Afor receiving TV

br oadcasti ng, one for adverti L gi § still
canmera, which i g%S%%’éledg%cfm eﬁﬁ\ Ihg rS?ﬁ’f'efgdcl Lgnd”&f”éjpfsaglmﬁh'] ¢ %11%)2‘ ?éan

| meges I @agbt fReho et thé! ks WROS a6 1909d K emsthd kedondadicians @fcmhent, 0ORLRLI-ON port
2105, a shutter 21(06, etc. The digital canmera is forned by usi ng t he l'i ght
emtti nglctj@vamenotﬁdtdhetcpmegmthc rvemfigen flow mivethdicebisayt onitt/ 20/08). afl g, 11C

h | apt _ t d aof b
5 22050 BRTE 35 Y Pihpovest00ah s FEaRa 2508 el Brrile Coneblt 6 por
22() i ' e fa@ﬂa m)?ﬁ&,eq@o?ﬁp&’e s?(}ec(sar;[&@ st@P} RPiCAMRUR LY 1156 MHIBRWRY olISi Ng

the light emtting device of the present “invention to the display unit
22() 3. Emgvtdl@pehmmmtaunvhHMee@pruhemtmmhmem.hsﬂc@hp@sednmmne fidar body

23U1, a display unit. 2302 ration. keys 2304, nfrared
ny pdt t hes0sicRing copfisiogy %BNNQ‘%@% srehAgom by 28 hg e |ﬂja

emtti | "for ﬁé@é{lﬁ@ Bhaldi® e RLESERLOS MY ABHE MvER § REAUSBpAYshUP t Qb oftl
Fig. shows a portable i mage reproduci'ng device eqlupped wth a
recordi ng medi um (a DVD player, to be specific. The device is conposed of a
mai n body 2401. a casing 2402 a display unit A 2403 a display unit B 2404.
a recording nedium (DVD) reading unit 2405 operation keys 2406, speaker
units 2407. etc. The display unit A 2=I() a mainly displays inage

i nformati on whereas the display unit B 2404 mai nly displays text
information. The portabl e i nage reproduci ng device is formed by using the
Ilght enlttlng deV|ce of the present |nvention to the display units A 2403
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The goggle type display is formed by using the light emtting device of the
present invention to the display unit 2502 Fig. 11 G shows a video canera,
whi ch is conposed of a main body 2601 1. a display unit 2602, a casing
2603, an external connection port 2604, a renote control receiving unit
2605, an image receiving unit 2606, a battery 2607, an audio input unit
2608 operation keys is 2609, etc. The video canera is Fornmed by using the
|i ght eregipnhgl dovede iflamg Hredehthst mye Aty getd ik Ul syspay Wi shaso2.
Fig. 11H shows .a cellyl-ar -phone, i,ch i o] - Jrai.n body 2701, a
casi ng é?B%%“%°§#§§1%gbﬁﬁrﬁngﬁﬁé?&gﬁdaﬂ‘NB&gﬂﬁaﬁgﬁhﬁi“g%di?-an audi o out put
unit 2705 oper atAm@dt keYSind/(8,reaft @XIES Adh dopimBacdiBfhPOrhn@l@) wall@nt enna
270B, etc. The cellular phone is formed 20 by using the light emtting

devi ce dhe serpicppéustorn layerg enith on imputityecleman| Byt giFet e 7y )yps. conflugthetvdinspl ay
unit 27Q3 displ ays whit aracters.on bl ack background. power .
consusptl B op e EBie PR AEh elopil s Pt g 61 oBHE ru NS e o 11 g
eni tted Jifm AfagasparaiBher idhs doBingNeeeassd thier fkbipdr@ndthrellh @t 3@ ot i ng
devi ce having an organic el ement can be used also in a front or rear

pr oj ect 3Y0B mrBsaghascmaslisgind plesphing (BUt)pgast @tédray é yilivkor waphesphin: gas

magni fied by a lens or the |ike to be projected sgreen. The.el ectronic
devi ce VB Bnferheaslsavel bt L8R MU IEEPRa Shoai Ler P B Y HP Gugh

el ectron s GRNMAYI G&hiANinl 4 78S ek idRioh ThehB&EmAdAEAIV14/ERDI® o 905,
television). espécially, animation information with increasing frequency.
The |1bghtheaniypt imgumtgviegion809Gtaw 3y 2dotmehthraghtthisnigpalze mbnth domtsuib abl e
for displa %ﬁ% ani mat i on ipfornatiun.since.orﬂan%c material s haveﬁI?st
res ponséy%%' rigpelement el Iist GRtCCRRALATY RYTHBPIRRIOBEE i SRECTWALOR M £ X i ght
consune 1powgry T 7 afpkgcrht (pis desi rable to display information such that as
smal| portions as possible emts’light. Accordingly, if the light emtting
device is used fformed diexplay firsi tmidhat 3N nhy Hilsplhay scommteteliyntoramtheon
such as a portable information termnal . in particular. a cellular phone.
and nn 5%1?(9’%“‘?%%%6‘6&%9”@&?3@é?SPF"E“"leEV’ dBd prigpng T’BSkaégli'“tg 4 YIS ERitti ng
portion . spl t ' r mati il ] ne 40 o emt i ght
R o L A S S R N R L S A
the |i gk teTkdrhicBadudesti lagert WanhiThbn deeomt dsging tienwemt ii0toiducaapl i dtHes very
wi de and el ectronic appliance of every field can enploy the device. The

el ect r offeondpisiringeeatmgnt e sapiseriusititlayes Y08 s éePﬁgF SfSEPe 385MY HRETt he

Li ght enjtti | CE., g i npl: i ng: yet hod, shewn, in
Embodi et PAARE Ry IS RE ot R B R R PR "
anode i sygcefmagily anndranef gcendeghradahiion and natybé ghpuev febiong ellenedt can
be prevented. The present invention 15 also includes |eveling the surface
of the BAbBchatichsiaEbyn inriepe B P YtdHhemenirip anhirderasanyation stchor gldisi © \PSnpound

| ayer. As a.result, drive vol t age n._he i the lifetime of
t he IigﬁWp5H9EF$H51g%@ﬁé%ﬁ“%%ﬂ“%%ﬁbg% gﬁ%@gi“b%%g%%g?ﬁpﬁﬁeﬁﬁhé%ﬁ F%ﬂgis
capabl e ¢QindiPW N8ednd ebsdchthfo @bMEBNRSPHAGERS AGhcERRIMoh @ iformi pgia TFT
substrate and a processing roomfor for a light emtting 20 el enent

m n _
that ar d0paeme/aint’y §b®aﬁfonthﬁwn%ﬂnﬂﬁ38ﬂgéﬁdﬁ9fh6wm€@dU§P thifederdeiat i on
of TFT char,acter.istics or electrostatic,di,scharge.danage. The [ ure of
Che pr eSdith THGARAD SV REIPEEITY Sl ot e e g aRircrlalg PR W O
an alkalh Reon@hahisssd 2308 paterd*ahioafs/dtfeFld. ghb)y.emi tting el ement and of
degrading the light emtting elenent with noisture or gas, and therefore

can provi de an ésodsstritrad dboghitthepitypd impugsiicg®n that contains an n type impurity
element in a second concentration and the n type impurity regions that contain an n type
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 fayer with the impurity element.

Next, masks 3919 and 3920 for covering the semiconductor layers 903 and 904
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43 VWHAT |S CLAMED IS: 1. Alight emtting device conprising a thin fil
transistor on an insulator; an interlayer insulating filmon the thin Fil
transistor: a first insulating filmon the interlayer insulating film an
anode on the first insulating film a wiring line for electrically
connecting the thin filmtransistor to the anode; a bank over the first

insulating fil e portions of the anode a d
i nsul at ?rﬁngFWF%"énq‘gWé‘ dhétfe dnd 4 ﬁ%“%ﬁﬁh‘r%ﬁlofiwga‘ﬁ%%‘]’t’(’)trrpg'&ﬁﬁg?@gg‘r over

the anogig it sl “3 RCANAed B§‘1‘1I\éntdg@x9 of B it &1PRRRY, tuber[%b(ekvve% eq @nd a
cat hode on the organic conpound | ayer, wherein the first insulating filmis

a cur edfdrinl, | fhersemitobyuqbalaras tm@ammmnl p tise mndirconpidise® oned 6p2Tore Ki nds
of gas elenents selected fromthe group consisting of hydrogen, nitrogen.

hal 0gen@AbHn @t HOR IMAYE SHERET 1Re EirH SONGERNANG &GRS P IMDAY [§AONEAYEE | ng
devi ¢ v suyr ug ) of
R Y L e S A i E L L
accor di ingpdriy akgioms Bo2whexiepy3t hehiblarkniaas aon ties uﬁpmrﬁtaceememurred fidst m
formed by plasma treatnent and conprising_one or, nore ki.nds of gas el enents

sel gct eEPICERFA e CORBMINDUBM AR StGOREEHINAY O Sged 0™ niot+ Sgkh. A%W%natc‘sd
car bon. +fiyd tg&fﬁngurwféﬁ@franms 8382838hick R0 lnﬁabt\q@mﬁm&t%@&egm £e

COI’TpI’I SI Nng. on an I nsu ato

i nsul at ég3@nd tbmBeatidif chRiam Iﬁdrbﬁnlﬂi ranségit@tion af iy 0" itosul aod ngmﬁcl_ bl on the
interlayer insulating, film3o an anode on the first insulating film a

wi ri g ¢dche ffbfs pelypTtmpurEl |r9e1@r@n}ﬂ8@t4nﬁg39€ﬁéhctt PRt 2 mtyreailusitoelement he
anode 44 ‘f«,mk over..the first ,insul atl ions of the

anode. dnd SPOTh GO LRI Tron T TRl B prlapefdcsRRnd aR? Rhed "o

or gani Cedranpendy &y 800Vv.81d Johgs.anode with the second insulating film
i nt er posed there%et ween; and s a cathode on the organi c conpound | ayer,

wherein the firds ﬂhmmlnaﬁgnélBl i rﬁantsntarlﬁJLdEltli‘iullaﬂngEfllHN‘P?nglhth'é‘ﬂﬁC‘t frpmge devi ce
according to cl 4 wwherein t a , f;\%edr Qn
sur f ace®! g‘FO”c Wé”‘ieh B0 & SHicen iy lngu%’r %Pgt Y 8K (l%ll% Oi ﬁﬁé‘%&w ce
accordi fosd AnC! ah Brdbr RREICAVARS RaRKehtas tRNimp ity elements that are used to
dope the semiconductor layers, heat treatment is conducted at 410°C using a furnace.
This heat treatment also hyvdrogenates the semiconductor lavers by hydrogen released trom
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 dope the semiconductor layers. and
an operator can choose from them one that suits him.
On the first interlaver insulating film 3925. a second interlayer insulating {ilm
30 3926 is formed from acrylic. A silicon nitride film is formed on the second interlayer

insulating tilm 3926 by sputtering as a first insulating tilm 3927 lor protecting the TFTs
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surface a cured filmfornmed by plasnma treatnent and conprising one or nore
ki nds of gas el enents selected fromthe group consisting of hydrogen.

ni trogen. hal ogenated carbon. hydrogen fluoride. and rare gas. 15 7. A
light emtting device conprising: a thin filmtransistor on an insul ator;
an interlayer insulating filmon the thin filmtransistor: a first

i nsul at i filmon the interlayer. insulating film 20 ar de the first
| nul at [ AGRETPHCS GPEIHGE! R T dr 2B 683 LAy BoNRGEETHY (Lol n 111 m
translator to thg, apodericanb@nk. Ok 30D fi-tsputaswhatding fikl Miogdder
portions of the anode. and wring; a second insulating filmon the anode

and fhe.MmagnrahnGKQQNﬂbmcbmpnumddhay@habVEkahmz&wddé9ﬁ$(ﬁgthéASeéde
insulating film25 interposed therebetweep; and a c 0 on the organic
compound MSAET: taiont o IRt BeS Al 2y TP 4T S o o e

film i3 é\létivgffilmeaﬂt§i%§9yég¢§hg%d@&ﬁ%&mew@t&t@;mfanc\mgreq'zaot).he aver age

5%
surface 30 roughness urface of the anode is ().9 nmor |ower.

~45 9. AflighhAeﬁM§uhmg<dthgeng@emmﬂhﬂg tsotheh dommed. toMremecontahehdd@ank has
on its surface a cured filmformed by_plas treat ne nd conpri si one
or_mor e RAGHRE BEPGAYCR| EFERDE S IPBRbE) I o Fht B Eﬁhgﬁgaf%l‘%@n i

ydr oge § d . N: Jluor i des rar as. s
1o A 1 gh el B R EE EARAE ro WY 898 R T BIee o
i nsul at afre famet wy ity ayrihgi nsul ating filmon the thin filmtransistor; a

first insulating filmon the interlayer insulating film 10 an anode on the
firstioinsul ati ng® mgtah canduptivenin iHETmee byl BEETREPT Y4 HhBEPORYIONNE Y hi n
filmtransistor to the anode; b v the first.i LBe, Tl 1k edge
port i onBF Y eusénrgoﬁerfla%hdq\%\nbrt?lﬂlg%gﬁs?gc%#%fq ﬁ)sL rfjft %\Hjélnéfs:ﬁb% 82“% ﬁée jg!l}l%'de and

the ban!«’rho@?h AbOHYwWE HOAPALRENEAYIRS wilVeeh e oy enbadiflnt fre fs@santom a
insulating Tilm1l5 interposed therebetween; and a cathode on the organic

]E:orrpoundadniiyi@r of aviiefilmn wvithhaethi¢kngss ofi¥unratanagn failpyiibm ipd 16 adoxafibal wéhfi | m
ormed hy. pl as eatnent and a DLC film 20 11. A light emtting device
accordiﬁémgﬁﬂéggﬁﬁﬁi@; wherein the average surface roughness (Ra) of a

surfage of the anade; irgrdGnRrARARsUIAMRY filml 293 AsIfb i@ BNl Ed RE 286 DR
according to claim10, wherein the bank has on its surface a cured film

flor med bydphasvneingriess o @nthIoomiavsithg memetagiurampreccks niscods Yas s
el enents selected from.the gro consi sting of hydrogen. ni e
haIogendY@ﬁeég?58H$”ﬁ?d?d§@%ﬂfH§6¥Fd@PC§ﬁﬂgr(Fg]égs%gfgmgﬂ ﬁ{ hfﬂgnu

( Cal anting
device GRER[HafbN%ereed b MsflidsMclaRANObSY A6 L Br@BssindS Wbk abi forming a light
emitting element (hereinafter 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 by 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 reterred to us
25 anti-electrostatic film) is formed on the third interlayer insulating film 3936. The
anti-electrostatic film 3937 is 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 mav be stored in a case capable of preventing clectrostatic discharge
damage during moving. Betore changing processing rooms. the TFT substrate that has
30 finished the steps above may be subjected to operation testing.  The steps up through this

point are for processing in the {irst processing room (clean room) which is shown in the
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30 an interlayer insulating filmon the thin filmtransistor; a first
insulating filmon the interlayer insulating film -46 an anode on the
insulating film a wiring line for electrically connecting the thin film
transistor to the anode: a bank over the first insulating film edge
portions of the anode and wiring a second insulating filmon the anode and
t he bank; s an organi ¢ conpound | ayer over the anode with the second
insulatiﬂ@wﬁ$Pﬂpfgﬁéﬂﬁosed t her ebet ween; and a cathode on the organic
compound | ayer, yhelgi f,tg,d k&r’ﬁkidaﬂ%“lr@ Uhd HmrEs apcineddih! m.f g red by
pl asma treatnment and a Silicon nitride film 100 14. Alllght emtting

devi ce agootdinggobm tolthd macbidd pwhetseigrobhe &verageplsunht add souwghness. (Ra) of
a surface of the anode is 0.9 nmor lower. 15. Alight emtting device
accor di ngores! betyeen difergiidudrings N8 thaPAmHBETH: Of SeWE 8 h#qtafds RIWEHEE fil m
formed by, Hlsaé.g'?‘ck%ﬁ%d}‘n’sgtlo&% i AL et s’i‘tgs B e dRN fie ‘&hﬂ@'ﬁuc I ogﬂﬁm?laxe”em S
sel ected from the group consisting of hydrogen. nitrogen. ha Jbenate
carbon, tudeagetores Ofroe®singRGohareds., e rodfhs) dwhiht derdidnt i RGrteMi G,
conprising: 20 a thin filmtransistor on an insulator; an interlayer

i nsul at i Wy icesh. B1PVTels Cairsdop] while EkEigst ere net tpidpmpgq the JiFdt sUREr# - m on t he
interlayer insulating film. an _anode 0 | Lat i n il WM i ng. Line
for electricall yftrclz%’l’]%rylneecrpimnué‘“ﬁl 'S ptr%clegs P%F%%%Srt%ﬁiq%g S(l)r{rc 11% OJKE Flegb 3(%8}(11}%;6 "B a
bank ovepot@idah reém) Watthat kh@vd i ATloRdaer ROFd. a0 The e @BQERe bRAGhIM I'i Ng
a second insulating filmon the bank; an organic conpound | ayer on the
anodeloanidta tee Isegund prodessingatdeoddcloan trhemprigamisbed onpourider] sy egmowhéhei n

t he second. i.nsul ati ng fi is.a silicon nitride FEil 0 17. A light

o t &1 iU PPt g ro thaT i bR Tiebaing Fe Tk gboedor 488 417 7
r oughness, RJ380f The HAhk 326 2R o e dSodiSorD At BBIOIded QMY the Yt xelAlilch@ht
entting device according to claln1%6 wherein the bank has on its surface a
cured fidmitting ¢tedelry, apHas rmpcted éatcoment paritbnobimgue Heiwigingiee P3Horie ckitads  of

gas s elenents sel h d fromthe grou onsi sting . of Q rogen. ..nitrogen.
hal ogenat B CEBEh, SRy AR ROYY bt A oL vids 028, Hemisactiaiigient. T
COMPY/sS! fighic BB RorkdelTrdih ANRLSL QMO 2AMickRAUI ALBbir L0 TAT 8k potheAaYer
insulating filmover the thin filmtransistor; an el ectrode over the first
i nt er | aygrerdtivaukstiignmaf ibemeri@rmed iaggnlannde T elsotic walight iconthecktoy t he
thin filmtransistor to the electrode, over the first interlayer insulating
film processing room.
In 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 sccond 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.  Accordingly. 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 may
be conducted after removing the anti-electrostatic film, or before forming light emitting
element.
Next, an organic compound layer 3940 is formed by evaporation on the second
30 insulating film 3939 such that the organic compound layer comes into contact with the

anode 3928. On the organic compound layer 3940), a cathode 3941 is formed by
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a second interlayer insulating filmover the first interlayer insulating
film the is electrode, and the wiring line; and an anti-electrostatic film
over the second interlayer insulating film 2(). Alight emtting device
according to claimlc), wherein the electrode is an anode or a cathode. 20
21. A nethod of manufacturing a device according to claim 19. wherein the

filman organic conductive. material rises selected fromthe group

consi st THYPO5T Yol %ﬁf@ﬁgm&‘?%%{f?%i%%,e %BPé“aHi”l i[tl"lce,“"[é‘fjﬁy‘cé?itﬁgtléﬁjt[y aci d
ester. Bﬁﬁ:iﬁ’i‘ﬂg¥%m\ﬁt,%?oﬁ’1lekb($ox@{ RGlerial¥ dafdr vty - Mn2ohydraxydldd am ne
[ hydr oxval kvf nonoet hanol am ne). 25 N, N-Bi s(2- hydroxvet hyl) al kyl ami ne

[al kyl diyet Badibisartimélate dbiklyls. ohi tihamabartigheempohy bxyet hylenecabkdvani ne.
pol yoxyet hyl ene al kvl anmine fatty acid ester, alkyl sulfonate. .

al ky| beH2eHeEISPRRHAL d2Ycal Ayl GBS HEREING SYFR AP K "F%Wﬁb%?tﬁlﬁf@a&l%,a butfer

trial kvl hen i al l, v K Yhic . indazol i § l,pe, and
pol vo%vé%%?l%\ééh@] %@H“gﬁ%ﬁwﬁéﬁ (ﬁégr%é §€r%§§uryb§dl\?rd m{lln?ammtbg ?ﬁg nggﬂogrggtgkgor di ng

to cl ai mRvinpher®sarigths arganidmdd 1. conductive material is formed by spin
coating or evaporation. 23. .A light emtting device according to claim 19
wherei n the ant Thes eempisiadai clight] s igH1EpAsAEsh i HINGaive U h st ihg!e:

mat eri a el ected fr, u bSt.i S [Weafol AR
pol yam géﬁ po 81?%0%82%? ﬁ%r%gh%b@ﬁggg?/% othgtgfrégi%éc %%%hgé%%éggggc%ﬁgﬁhaevi ce

accor di aghb@ 394aidvctia) conbipbedsnotthelighe ehrgingetdnher. conpri ses an organic
conpound | ayer over the second interlayer insulating filmand a cathode on
the d®gani c compsudrscribgierbovey b5 soRapaiingod REPCCREAGFERDUNGTBING ghiT T
emtting devjce conprising the steps aof: form i Nt ¢ Lpsul.ating
£ 1 m on SubSHIe Crey s oSSR %?‘Bread PBOr?C%SH{' ol z@ofro?&‘ '{‘f’lr rgn'){‘fﬁ\*”élt g‘%ﬁbgt

i nsul at iepeheht (413,08 debéhd AEST k@YY ahneul@tdyegof bITAT ksn boprdBYed fivint kmg |1 ne
on the first insulating film form ng an anode electrically connected to

t he t hi nlkhlihenmerad nsietadsuchrasodght Maesed for agathpaeof whghivaniftingsdemend @ndt i ng
film Formng a resin.insulating.fi.lmthat covers the anode and the wring
line; efRAKFRlCRHE Sgﬁ‘tﬁ‘“gﬁgﬂf“%is?(%m?ﬁ‘m to forma bank; 20 conducting heat
treatpent to the resin insulating film w ping the anode; form ng a second
insulating filmto cover the anode and the bank: form ng an organic
conpoundmbtedenemdd t he second insulating film and formng a cathode on the
or gani ¢ conpoun

devi ce accordi ngohg gllrgalpf%n%g§2r$\m€ro [ O%élg]%%n?fggfé’?ﬁtﬁﬁﬁlﬁgac %H ocpctr%sg{ln%;t ![ Rg
Ef‘gik-m g robuHRERAY & ro FRRETAC L ibh A thidridyed MsuBRhE kil Agusieyt s @ceanrdhal to
Then, instead of forming the first insulating film 936 of Embodiment I, plasma treatment
20 is performed on the second interlayer insulating film to modity 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 3920) 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 interlayer insulating film (933
or 3926) is thus achieved. As shown in Fig. 7, a dense film 9338 is formed on the surtace

30 of the second interlayer insulating film (9335 or 3926). This film is called a cured film

935B in this specification. The film prevents release ol gas or moisture Irom the organic
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30 wherein plasma treatnment is carried out in one or nore kinds of gas
sel ected fromthe group consisting of hydrogen. nitrogen. hal ogenated
carbon. hydrogen fllouride, and rare 49 gas. 28. A nethod of
manufacturing a light emtting device according to claim25 wherein the
step of wi ping the anode uses a PVA-based porous material. s 29. A nethod
of manufacturing a light emtting device according to claim25 wherein the
step of "SUMlilAY the anode is a step for leveling the surface of the anode.
30. A nethod of Imriw&ﬁs#fcﬂﬁfcng_ua dob @O IR it trh R daW GR. GRTREISédIdcthg, St eps
of: 10 formng an interlayer insulating filmon a thin filmtransistor
fornmed owrrédy bnsdingt orsitkoom ingwaichi neiteriafrs bhathi ng [ ichm tbermtahecxipnteol ayer
i nsul ati(g%_f_ilm formng a wiring line on the first insulating film
f or mi ngoeaifiginpdercsri¥et Pt alityfmepnidiiceeng the!iich| FORRFm e { P hr ough
the 15 wiri | ing; O i ' j Sl . Cor iR of i ‘heat
et e A e e e L A T S L
anode ap@dmichecan b pevdnitdte. TRGIgnehiragmefeor 88i wcondsintealyargndiilatimg Binf or m a
bank; conducting second heat treatnment to the resin insulating film 2o
wi pi ng (93¢ Cnﬁ‘aag);mﬁbbmlﬁgn Befoecorriditer FEMing $ES PPlRSt o cover- the anode and
t he bank; form an _or.garni& rConpo SEec, i g, film
and formng a cgg%%éfgg(gnm{ur%%l? gr@rrf!ljje@q)ajo g)lrﬂrr?g‘{g @eﬁﬁﬁg‘g[}%f &zmﬁea# tggﬁ of
manuf achuithdgecdnti BRr1a98F tisuRGindeNine €93 @or3iny tha ol AirAed(Jf, amhegeiin
plasma treatnent is performed on the bank. 32. A nethod of manufacturing a
| i ghto efnistlating nerserial eina@isopidimege ténds| ofi gasagalecisthEPE HcpLQepreotvigtheht i s
carried, out in one or re kinds of . as t - 3q,.gr o
P¥F§O% n, HVG?%ed’eﬂ‘.y fﬂc?xlr%(s)aeﬁ?lo%%r}a?ed 2Sh&IT ﬁ‘\&lr{g)%eg]ml&g@ <%nd 1?4?’@0 gas

consi st ogenated car rogen uaori de.

and rargugRss RO He,3o3NeA NREQRAngl, MRNbiREtUn PGSR dohghts emd bt ithg edevi ce
according to claim30 wherein the step of w ping the anode uses a PVA-based

por ous emtenisalut 06 h§drogen, metrbgah. by dnvaarbpmcialpdengied chibght hyhipgan fhgprilyvi ce

according, to claim3(), erein the step of wiping the anode is a step for
| evel i n§4 RE %ﬁ?ﬁ%@é&dﬁ‘r’ m;ieori\h%de. 35. A nethod of manufacturing a |ight
em tting device conprising the steps of: formng an interlayer insulating
filmon a thin filmtransistor formed on an to insulator;

Embodiment 4

Following the description of Embodiment 1 or 2, the manufacture process up
through the step of forming the second interlayer insulating [ilm (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 em™ and a shoulder around 1300 cm™.  When
measured by a microhardness tester, the DLC film exhibits a hardness of 15 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 ion beam evaporation. The thickness of

the DLC film is set to 5 to 50 nm.

30 Embodiment 3

This embodiment describes a case of employing other insulating tilms than u
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formng a first insulating filmon the interlayer insulating film formng
awring fine; formng an anode electrically connected to the thin film
transi stor through the wiring line; is conducting first heat treatnent to
the anode; formng a resin insulating filmthat covers the anode and the
wiring line. which serves a bank; conducting second heat treatnent to the
resin i film etchi the S|n t f. ank; 2n
oing Bhe Bl des, A R bl BB B0 L IO Rk
bank; fa@¢pdyng an organi c conpound Iayer on the |nsulat|ng f|In1and form ng
a cathode on the organic conpound |ayer. 25 36. A nethod of manufacturing a
light enmitting Hel\kp\eeoabcdtm ingor of CndiogiBStvihair &ithe pi: @ghﬂllﬂ\r EEIREND | S
performed o thhe ba @mth d Olﬁ manuflact UH%% | ? errtlttrllrg1

devi ce HE® ﬁﬁéde) P%?Wﬁé WERPEIHETHYES PR Y dat! {”)% FEd Ui n one
or oy eTthL% e rgasins@h 1%‘4 ﬁﬂnfcfz@nhtqhecoﬁqngrd@unnpomIlsswxﬁhgd @ &p\a@lmgen
nitrogen. HKal ogenated carbon. hydroegen fluoride. and rare gas. ~5 38 A
met hod ﬁngmnubacnuanmgea_rm@hmmemmmmﬁmg<dmdu©esaaméwdanUﬂdﬂBI@Hmﬂas
wherein the step of p|n t he ang uses .a PVA-b orous materi.al

39. A nBtHEYBY PhHf FagreecriGh 5’30 oA e “d‘é%b‘ ‘“Qe%@or“di‘%a’”f%”%% ai m
35, mhe 2 aTht epbstrof beyelhig if hesurface
of the no e. ﬂ%h§5%ﬂ%eﬂﬁ%%83 gﬂgﬁﬁ?ﬁgﬁg§¥ﬁ§ a ﬁ|ght enlttPng devi ce

conpr i siovgn tdrepeshieps and (it fsonot algapnnecesery &y ese hpdingamiengs. f ilf am ongani¢ hi n
filmtransjstor fornmed on an 10 |nsulﬂtor Fgrfornlgg Blasna t eaﬁnent on a
sur f atelnsplafing filmeis used &t theng{aray e rnigsy ping HHgr i RS R AGTM ithe SFSR mi ng
an anod tﬁéeeﬁgrg vglﬁlduy hggm%?ﬁEQQbﬁﬁlté hqntomi& tB'rl:rm)@J ARSI RL@ed IRTREGR4 he
mnrlng ormng aTtesin insulating filmthat covers the anode and
the W rifdgsthric vesll, @EBVrogeraligg Krestntent msp:bmabngcdndhnmﬁ byvfentin@tHeankstrate
conducting heat treatnment to the resin insulating film w ping the anode;

f or mi ngiravacormult aPitad0RIq farsey ceveinuieR & SHYSHE Nawd tﬁ%“héﬁﬁe‘QEPFd?ﬁF%g an

07 9ant g TR BYEHioRS o NG bEPHL DA LlabeBo 2Bl TbAG dhcaBhfifen on he

or gani c corrpoun mahufa turing a light emtting
devi ¢e Abid RGsu tpﬁllé‘d ai Mg# Areabetosi powe a53AG Mgzt aresii) Wsispevdmonnted Fan t he

bank. 25 42. A nmet hod of manufacturing a light emtting device according to

cl ai m 4end the size of the target is set to 152.4 mm in diameter. The film fofmation rate obtained
under these conditions is 2 to 4 nm/min.

The thus obtained silicon nitride film contains impurity elements 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 ol 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 [ 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 interlayer insulating film
30 (935.39206).

Following the description of Embodiment | or 2. the manutacture process up



wherein plasma treatnment is carried out in one or nore kinds of gas

sel ected fromthe group consisting of hydrogen, nitrogen, hal ogenated
carbon. hydrogen fluoride, and rare gas. 30 43 A nethod of manufacturing a
light emtting device according to claim40 52 wherein the step of w ping
t he anode uses a PVA-based porous material. 44. A nethod of manufacturing a
light em devi ce.accor

tti ing tg.claimd40 wherein the st af W ping the
anode | dhivegb s R STREr g crendure R SR ELTHE DT 57 8RR Rt o
manuf actitfch NGnaal ghtiiigMmid tioABedeNing€uf AMMMInghNGidine StiePpspdei fiREMIAg an
interlayer 1nsulating filmon a thin filmtransistor, the thin film
t r ansi stagmospdieregptftanakty onxagsugst gated havigay can i Nsulcatpinlc surdedoethe
performn (ghgsna Ereatnent on a surfacF of the(ﬂntsr[ m@r"insu ating film
D0 £ or mCRECSRH 0D BREH G HES P P B A ARG (B YT SR NGE S BT i ng
line qvey 1§ aldRtierd, 8y €he oA dreh faibMcah HedRgoRed 8$140)dsNRY Bl MGl 11 M
that covers the anode. t%e ring line and the interlayer insulating ™ film
novi ng tcbadisivhs (thatsabaripwhéaperhtoes, tthe myfei dfraw ansdrstd arus i sed,othaeitow rrom a
first 15 processing roomto a second processing room etching the resin
i nsul at ithgeeh tha BN forPAteDRIRRSUC GHALERATARY 4t ©Hede vy, thﬁgklfnowﬁ' 1§
pl asnma t g o WL RI he.: o ,J OF.Ng an
el at o T B e K P P R, P
conpoundilinayiey boforinké biv Rsapaaitiongpriotharnknewd tdcbniguerginateedbhgpaleeong.t he or gani ¢

conpound layer. 4<. A nethod of manufacturing a [hgh eantlnq.dgylcﬁ
accor'ling to cl &theubanthayhbi AlngHE SpRSHR! R USE &1 AN e bt pratis orgjefi ng
i ne so t thﬁﬁ de. i @ﬂ ' % , ﬁ:tg- bept i £l .
transi stiE  ATAIEE R PURTHR ATl SORRSRHER, 2 bDEpk Mifineidlnsos, i g
to clai MithSgewhedseidhdpbReSEA Eieat TRNhcdeptabRY Fingd Ut cdnlen@ioar oNbiiieodhnds of
gas selected fromthe 30 group consisting of hydrogen, nitrogen, =
hal ogenapeidinsd i dre, AP 0HEM i 4 {fov dtgeric Enel macepi§agubl53.5> o4l patgetivGd of
manuf actyring a |ight i.tting device cording .to claim 45 wherein. the
step of Cp?%ﬁg?hégaﬁﬁﬁghﬂgé?gab$ﬁap%%§%d8bdwbugnﬁa ng%ﬁg(€H%§9m%QW§thod
of mapufasdiitd RehRrdth@Ntheetlipk tdfNgwdaykas ascoedi g tdv ¢haitirrebS thavhiahei n
the step of wiping the anode is a steE for leveling the surface of the
anode. SormatonenrpstrepfetavapRiraRIaitly.ngAtc@aN YRy thoMbni BpndetfRenad spHag ¢n:
aluminum (Al) target under an atmosphere containing nitrogen gas and oxygen 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 tight
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.

25 Embodiment 7
Following the description of Embodiment | or 2, the manufacture process up
through the step of forming the second interlayer insulating tilm (935 or 3920) is finished.
Then, as shown in Fig. 13, the surface of the second interlayer insulating film is moditied
by plasma treatment to form a cured film 935B on the surface. A DLC film 930B is
30 formed on the cured film 935B. Sputtering, ECR plasma CVD. high frequency plasma

CVD, ion beam evaporation, etc. can be used to form the DLC film 936B to have a
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formng a thin filmtransistor formed over a substrate having an insulating
10 surface; formng an interlayer insulating filmover the thin film
transistor; formng an el ectrode over the interlayer insulating film
formng a wiring line connecting the anode with the thin filmtransistor)
over the interlayer insulating film 15 formng a resin insulating film
over the el ectraode. Ehe wiring line and the intertayer insulating film
movi ng tREKEEHA PdP@dWr which the thin filmtransistor is forned froma
first processing roomto a second processing room 20 51. A nmethod of
manufacturing a light emtting device according to claim5(). wherein the
el ect r odémbsdiarrnadiode or a cat hode. 52. A nethod of nmanufacturing a device
conprising the steps of : formng . a thlng|In1tranS|st%r forned over a

substrate havi ng! BnPank<Et A0 AGD S &Qrreddr ACtBHHRCA YV IHhE AR BEAJEF PRoSSH at i ng
filmaver gh6.d; Pl'th Ik UARRsi S1QE: wEARMThNG ﬁ?ﬁoﬁ%@%ﬁqg&ﬁl’ﬁ[ otthﬁL bank

|nterlayer I'nsulating; filny formng a wri i ne connecting the anode

wi th theothisr 5938n tbrﬁhl@ﬁifyttms suffi@r of hise |bnhler(DaX/er1 3Byl arhingabd Iwnl 130
formng a resin insulating filmover the anode. the wiring line and the
i nt er | aydesciibpsluvigh rafeyened mbig®4  forming a fil mfer preventing the

subst rate over ngllcor}cdqlc r sqﬁnl ;ult]atmgdl schks&g% dbst0118r{l]f§g[§:fn[<0(rn49 Hodl 393 bf)

contam nati on and an® ros ar ge

nmanuf actwndddGaiily) the degaam0 ﬁebhﬂﬂsu@iﬂg@ﬂnﬁﬁ@@ﬁ\d!d’l@lehﬁb Gloature 52 g8 whebeient t he
el ectrode is an anode or a cathode. 54. A nethod of nanufacturlng a device
accordi rg}nt:@tftﬁl\ahlm @2 lighhemiging devécefip ImergRalsigani ¢ conductive materi al

conpri ses sel eCt,g ﬁg]lly;[ %gerglboﬁ"e%t Frear{rsn:tez'{ I{)&ng t%fgpnl\ n?‘ishconapcqed for i rl(.L

di oxvt hi ophene ycerln veth

al kyl t%@&h@étiod\bf%wg{koaﬁ\kﬁbwlm Nrg? 8hv¢h@1§mahkvﬂeamemem[dmkrdommh kd or
nonoet hanol am ne], N, N-Bi s(2- hydroxyethyl)alkylanlne [ al kyl

di et hanahami kieds obgzisyiel@teeit fhamdhargr(d@ cqneistiox pehhigiogers ralrkgdna fritlpggnated

pol yoxyet hyl epe K e f acid ester. alkyl sulfonate.
al kyl bert? BY‘B&EY@““ ek?? hat e, tetraal kyl ammoni um sal t.

trial kyl benzyl a '}Fstam %1?& Lurfa@l i&ylméﬂsma l'%?:onféL Iﬂ)éhse' M @agol Loy behaine, and
polyoxvethylene a phenyl 15 ether, 55 d of manufacturing a |ight

emtti ng:odm\mmeancrmrmkmgthod cad el mesis svxlfheueélfn@nt ﬂn@ gfrmumcmnmbn@ahhmrooen

conductive mat formed b |n coafing ,or eva ion

met hod d?”f%ﬁﬁ‘uﬁh‘é affmﬂtﬁij Ca”tF(i”gH‘% epti Mﬁl%ev'i%ée”&c@o di ﬁé t%"eé‘ ’H] %121

wher ei n J0e ot i lefBa SO | h@%@m@ndm gga@l ©xV8sY! BbnNGhdTBAGHd, alheRBl eplc@6h fiom t he
group consisting of polyimde, acrylic, polyam de, polvim deam de. or
bcnzocyakgbwh&meofﬁzl@mn@thmMgdémnnnufactur|ng a light emtting device

according to claim52 25 wherein the netho fur e steps of
removi’ng t he f|fﬂﬂ*%WéﬁﬁﬁﬁnfﬁéyP%E?mbWﬁéﬁngWh@ EPﬁWFPB ?bf ‘Spghhk Wi pi ng
t he anode, form ng an organi c conmpound | ayer over
Embodiment 9
Following the description of Embodiment I, 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 3926). 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 a given pattern is then formed to form contact holes

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

31



t he bank and the anode. 58. A nethod of manufacturing a device conprising
the steps of: 30 renoving an anti-electrostatic filmforned on a resin
insulating film the resin insulating filmformed over a thin film
transistor and anode: 55 etching the resin insulating filmto forma
bank: baking the bank in a vacuum form ng an organi c conpound Iayer over

t he hank and the anode. fornlng,ﬂHFathodg on thF or%gnnc,cquound I S
59. A meétHGY "OrOHeaH U ACH G PRY SPPEET BRIED A YT EDOEIEY R BB S iRl h‘the
f11m an @6a3nbhe FORINGLAKE IRERLANGRTPr i ses sel ected from the group
consi sting of polyethyl ene di oxythi ophene, polyaniline, glycerin fatty acid
ester. poIyoxye#hykemeoauMyMLeﬂhemtoNnaibNdpmmyethmiykmﬂﬁhydmomyahMyUanlne
[hydroxyaIK% nonoethanolanlne% 10 N, N- Bi 2-h dr oxyet h al kyl am ne
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and pol voxvet hyl ene al kvl phenyl ether, 15 60. .A nethod of manufacturing a
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20 10%& "f’lzcsc 1%83/;1%16(@)0&'1: hll\{lﬂs c(r)g/r&vlst ?llZatIOI’iL 8% f%c (a}nerh]C)%(ﬂ)/qg‘clx(lx)ccpxduc%br%lm and, after
crystallization, increase the density of trap center and recombination center. For that
reason, it is desirable to use a highly pure material gas and a ultra high vacuum CVD
apparatus equipped with a mirror finish reaction chamber (processed by field polishing)

t5 and with an oil-free vacuum exhaust system. The base insulating tilm 1101, the silicon

nitride film 1102, and the amorphous semiconductor film 1103 are continuously formed
without exposing the substrate 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 layer 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 f{ilm from an

ozone-containing aqueous solution, etching the oxide film with a mixture of tluoric 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 hydrophobic. the nickel acctate

L
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igh pressure mercury lamp, etc: is employed for the heat treatment.

using a halogen lamp.

If RTA is chosen, a lamp light source for heating is lit for I to 60 seconds.

10 preferably 30 to 60 seconds, which is repeated 1 to 10 times, preferably 2 to 6 times. The

intensity of light emitted from the lamp light source can be set arbitrarily, as long as the

semiconductor film is heated to reach 600 to 1000°C, preferably 630 to 750°C. in an

instant. When the temperature thereot reaches this high, the semiconductor film alone is

instantaneously heated but the substrate 1100 is not deformed in itself. The amorphous

15 semiconductor film is thus crystallized to obtain a crystalline silicon film {105 shown in

Fig. 17C. Crystallization by such treatment is achieved only when the catalyst-containing’
layer is provided.

If furnace annealing is chosen instead, heat treatment at 500°C is conducted for
an hour to release hydrogen contained in the amorphous silicon film 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 is effective to irradiate the crystalline silicon film 11035 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 catalytic
element (nickel, here) in a concentration higher than 1 x 10" atoms/em” in average. The
remaining catalytic element can atfect 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 clement in the semiconductor film subscquent to the
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Other usable methods include plasma treatment in an oxidization atmosphere, and
oxidization treatment by ozone generated through UV irradiation in an atmosphere
containing oxygen. Alternatively, a thin oxide film formed by heating in a clean oven
until it reaches 200 to 350°C may be used as the barrier layer.  An oxide film formed by
15 plasma CVD, sputtering, or evaporation to have a thickness of 1 to 5 nm may also be used
as the barrier layer.  In any case, the film used as the barrier laver has to allow the
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 layer 1106, a second semiconductor film (typically, 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 & concentration of 1 x
25 10™ atoms/cm” 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 crystalline
silicon 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). ncon (Ne). argon (Ar),

krypton (Kr), and xenon (Xe¢) are used as the rare gas clement.  The present invention s
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times. The intensity of light emitted from the lamp light source can be set arbmarll\ z S
10 long as the semiconductor film is heated to reach 600 to 1000°C. preferably 700 to 750°C.
in an instant.

During gettering, the catalytic element in a to-be-gettered region (trap site) is
released by thermal energy and is moved to the gettering site through diffusion.
Accordingly, gettering is dependent on the process temperature and gettering progresses in

15 a shorter period of time at a higher temperature. In the present invention, the distance the
catalytic element moves during gettering is about the same as the thickness of the
semiconductor film, and therefore gettering in the present invention is completed in a
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" 1o 1 x 107" atoms/em’, preferably
1 x 10? to 1 x 107" atoms/cm’, more desirably 5 x 10" atoms;em”. 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.

After the gettering step is ended, the gettering site 1107 is removed by selective

25 etching. The etching method employed may be dry etching by CIFzx without using plasma,
or wet etching using hydrazine or an alkaline solution such as an aqueous solution that
contains tetraethyl ammonium hyvdroxide (chemical formula: (CH:)sNOH). The barrier
layer 1106 functions as an etching stopper at this point.  Thereatter, the barrier layer 1106
is removed using fluoric acid.

30 In this way, a crystalline silicon film 1108 in whicﬁ the concentration of the

catalvtic element is reduced to 1 x 10" atoms/em™ or less is obtained as shown in Fig. [ 7F.
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As this embodiment, the following will specifically describe a process in which

JRAE7/

the light emitting panel produced by a combined manufacturing step of Embodiments 1 to
10 as illustrated in Fig. 6B is caused to be completed as a light emitting device, referring to
10 Figs. 9A and 9B.

Fig. 9A is a top view of the light emitting panel wherein the element substrate is
airtightly sealed, and Fig. 9B is a sectional view taken on line A-A’ of Fig. 9A. Reference
number 801 represents a source driving side circuit, which is illustrated by dot lines;
reference number 802, a pixel section; reference number 803, a gate side driving circuit;

15 reference number 804, a sealing substrate; and reference number 303, a sealing agent.
The inside surround by the seal agent 805 is a space 807.

Through wirings (not illustrated) for transmilting 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-channel tvpe TFT 814 are combined with each other.

Banks 813 is formed at both sides of each of the anodes 812.  Thereafter, an

30 organic compound layer 816 and cathodes 817 are formed on the anodes 812 (o produce

light emitting elements 818.
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in order to keep an interval between the sealing substrate 804 and the light emitting
elements 818. An inert gas such as nitrogen or rare gas is filled into the space 8()7
surrounded by the sealing agent 805, It is desired that the sealing agent 805 is made ot a
material whose water- or oxygen-permeability is as small as possible.

10 By putting the light emitting elements airtightly into the space 807 in the
above-mentioned structure, the light emitting elements can be completely shut off from the
outside. As a result, it is possible to prevent the deterioration of the light emitting
elements by water content or oxygen from the outside. Accordingly, a light emitting
device having high reliability can be yielded.

15 The structure of this embodiment mav be combined with the structure of

Embodiment 1 to 10 at will.

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 swi.tching TFET 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 715, and the

drain thereof is connected o a drain wiring 705. The drain wiring 703 is electrically
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The source of the current-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
iltustrated by dot lines.

10 In this case, a storage capacitor (condenser) is formed in a region 719. The
condenser 719 is composed of a semiconductor layer 720 connected electrically to the
current-supplying line 716, an insulating film (not illustrated) which is formed into the
same layer as the gate insulating film, and the gate electrode 70)7. A capacitor composed
of the gate electrode 707, a layer (not illustrated) that is formed into the same layer as the

15 first interlayer dielectric, and the current-supplying line 716 may be used as a storage
capacitor.

The structure of this embodiment may be combined with that of Embodiments |

to 10.

20 Embodiment 13
Another example of the process steps for producing a light emitting device that 1s
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 is 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 1o

Embodiment 8.
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A second organic compound layer 3951, such as a light emitting layer and an

electron transporting layer, and a cathode 3952, which are to be formed thereon, mayv be

formed in the similar manner as in Embodiment 1.

As shown in Fig. 23(B) in detail, the thickness of the first organic compound laver

3950 can be differentiated between the thickness (t1) on the anode 3928 and the thickness

(t2) on the bank 3938 by appropriately changing the viscosity. 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 und the bank

3938 are in contact with each other, becomes the maximum, and the laver can be formed to

have a certain curvature. According to the form, the covering properties of a second

organic compound laver 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 theretore

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

has wider viewing angle.  Accordingly, various electronic devices can be completed by using
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a navigation system; an audio reproducing device (car audio. an audio component, and the

like); a laptop computer; a game machine; a portable information terminal (a mobile computer,

a cellular phone, a portable game machine, an electronic book. ectc.); and an image
reproducing device (specifically, an appliance capable of processing data in a recording
medium such as a digital versatile disk (DVD) and having a display device that can display
the image of the data). The light emitting device having a light emitting element is desirable
particularly for a portable information terminal since its screen is often viewed obliquely and
is required to have a wide viewing angle. Specific example of the electronic devices are
shown in Figs. 11A to 11H.

Fig. 11A shows a display device, which is composed of a casing 2001, a supporting
base 2002, a display unit 2003, speaker units 2004, a video input terminal 2005. etc. The
light emitting device of the present invention is applied can be used for the display unit 2003.
The light emitting device having a light emitting element is self-luminous and does not need a
backlight, so that it can make a thinner display unit than liquid crystal display devices can.
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 advertisement.

Fig. 11B shows a digital still camera, which is composed of a4 main body 2101, a
display unit 2102, an image receiving unit 2103, operation kevs 2104, 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 body 2201. a casing
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 intrarcd ray port 2303, ete.  The
mobile computer is formed by using the light emitting device of the present invention (o the

display unit 2302,

+1

1 { 38$109%( x( & () -

10(

¢ Beht goaging ylevige loRrepyn IEMBIVUO0R' () - ! ! MBLOUOOS' () - r z=zX6SH=

A



#&109& ()-"~\: 101'Y $10%[& ()-!'Y $10% & ()- 10< 10< 10<;10%& ()-3
8&10Y&' () - !'2MP1OY%<<& ()-a"}[9~\: 10!!'{)"10%& ()-!h3S&I$10%s& ()-F
$&I0%& ()-! YSMBLO%XQ& () -! YSMBP1O9%AWME: () - Y $109& ()-}rg\= 10!'1109%& ()- 10
10 104; v10%&' ()-!c3LOMB1O% X&' ()-M 3LOMBLOY%Nn& ()-M3. F109&' ()- [ !'!dBg\=
100000, $109&R () - &L10%& ()-&"10%& ()- #10%&' ()- &109& ()-3
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10% & ()-&10% & () -1 #10% & ()-"10% & ()-F
10% & ()reydiogqait %)10:),)(@@5;&1@13 (ke ErE(0. squgf(@gmits 2407, etc.  The display unit A 2403
5 mainly displays image information whereas the display unit B 2404 mainly displays text
information. The portable image reproducing device is tormed by using the light emitting
device of the present invention to the display units A 2403 and B 2404. The term image
reproducing device equipped with a recording medium includes video game machines.

Fig. 11F shows a goggle type display (head mounted display), which is composed of

10 a main body 2501, display units 2502, and arm units 2503. The goggle type display is
formed by using the light emitting device of the present invention to the display unit 2502.

Fig. 11G shows a video camera, which is composed of @ main body 2601. a display
unit 2602, a casing 2603, an external connection port 2604, a remote control receiving unit
2605, an image receiving unit 26006, a battery 2607, an audio input unit 2608, operation keys

15 2609, etc. The video camera is formed by using the light emitting device of the present
invention to the display unit 2602,

Fig. 11H shows a cellular phone, which is composed ol a main body 2701, a casing
2702, a display unit 2703, an audio input unit 2704, an audio output unit 2703, operation keys
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. It the
display unit 2703 displavs white characters on a black background. power consumption of the
celtular phone can be reduced.

It 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 in

25 which light bearing outputted image information is magnilied 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 clement is suitable for displaying animation information since organic

materials have fast response speed.
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the present invention is applied is very wide and electronic appliance of every field can
employ the device. The electronic appliance in this embodiment can be completed by using
10 the light emitting device manufactured by implementing the method shown in Embodiments

1to 13.

By applying the present invention, cracking of an anode is reduced and
therefore degradation of a light emitting element can be prevented. The present invention
15 also includes leveling the surface of the anode, thereby increasing the current density in an
organic compound layer. As a result. the drive voltage can be lowered and the lifetime of

the light emitting element can be prolonged.
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 trom 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 TFT 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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[ <4/ a thin film transistor on an insulator;

W
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an anode on the first insulating film; —-
a wiring line for electrically connecting the thin tilm transistor to the anode:
a bank over the first insulating film, edge portions of the anode, and wiring:
10 a second insulating film on the anode and the bank:
an organic compound layer over the anode with the second insulating film
interposed therebetween; and
a cathode on the organic compound layer,
wherein the first insulating film is a cured film formed by plasma treatment,

15 and comprises one or more kinds of gas elements selected from the group consisting of

hydrogen, nitrogen. halogenated carbon, hydrogen fluoride. and rare gas.

2. 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.

20
3. A light emitting device according to claim [. wherein the bank has on its
surface a cured film formed by plasma treatment and comprising one or more kinds of’ gas
elements selected from the group consisting of hydrogen. nitrogen. halogenated carbon.
hydrogen fluoride. and rare gas.
25
4. A light emitting device comprising:
a thin film transistor on an insulator;
an interlaver insulating film on the thin film transistor:
a first insulating film on the interlayer insufating film:
30 an anode on the first insulating film:

a wiring line for electrically connecting the thin tilm transistor (o the anode:
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roughness (Ra) of a surface of the anode is 0.9 nm or lower.

10
6. A light emitting device accbrding to claim 4, wherein the bank has on its
surface a cured film formed by plasma treatment and comprising one or more kinds of gas
elements selected from the group consisting of hydrogen. nitrogen. halogenated carbon,
hydrogen fluoride. and rare gas.
15
7. A light emitting device comprising:
a thin film transistor on an insulator;
an interlayer insulating film on the thin film transistor:
a first insulating film on the interlayer insulating film:
20 an anode on the first insulating film;

a wiring line for electrically connecting the thin tilm transistor to the anode:

a bank over the first insulating film, edge portions of the anode. and wiring:

a second insulating film on the anode and the bank;

an organic compound laver over the anode with the second insulating film
25 interposed therebetween; and

a cathode on the organic compound layer,

wherein the first insulating film is a silicon nitride film.

8. A light emitting device according to claim 7. wherein the average surface

30 roughness (Ra) of a surface of the anode is (0.9 nm or lower.
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.. athin film transistor on an insulator;
an interlayer insulating film on the thin film transistor;
a first insulating film on the interlayer insulating film:
10 an anode on the first insulating film;
a wiring line for electrically connecting the thin film transistor to the anode:
a bank over the first insulating film, edge portions of the anode, and wiring;
a second insulating film on the anode and the bank;
an organic compound layer above the over with the second insulating film
15 interposed therebetween; and
a cathode on the organic compound layer,

~wherein the first insulating film comprises a cured film formed by plasma

treatment and a DLC film.

20 11. A light emitting device according to claim 10, wherein the average surtace

roughness (Ra) ot a surface of the anode is 0.9 nm or lower.

12. A light emitting device according to claim 10, wherein the bank has on its
surface a cured film formed by plasma treatment and comprising one or more kinds of gas
25 elements selected from the group consisting of hydrogen. nitrogen, halogenated carbon,

hydrogen fluoride. and rare gas.

13. A light emitting device comprising:
a thin film transistor on an insulator:
30 an interlaver insulating film on the thin film transistor:

a first insulating film on the interlaver insulating [ilm:

16
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a bank over the 1ust insulating film, edge portions of the anode. and wiring:
a second insulating film on the anode and the bank:

5 an organic compound layer over the anode with the sccond insulating tilm
interposed therebetween; and

a cathode on the organic compound layer, _—
wherein the first insulating film is a cured film formed by plasma treatment and

a silicon nitride film.

14. A light emitting device according to claim 13, wherein the average surface

roughness (Ra) of a surface of the anode is 0.9 nm or lower.

15. A light emitting device according to claim [3, wherein the bank has on its
15 surface a cured film formed by plasma treatment and comprising one or more kinds of gus
elements selected from the group consisting of hydrogen. nitrogen. halogenated carbon,

hydrogen fluoride, and rare gas.

16. A light emitting device comprising:
20 a thin film transistor on an insulator;
an interlayer insulating film on the thin film transistor;
a first insulating film on the interlayer insulating film:
an anode on the insulating film;
a wiring line for electrically connecting the thin film transistor to the anode;
25 a bank over the first insulating film, edge portions ot the anode. and wiring;
a second insulating film on the bank;
an organic compound layer on the anode and the bank: and
a cathode on the organic compound layer,
wherein the second insulating film is a silicon nitride film.
30

17. A light emitting device according to claim 16, wherein the average surface
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1094 & () - x KSdEiS.—@ ight emitting device according to claim 6. wherein the bank has on iis
surface a cured film formed by plasma treatment and comprising one or more kinds of gus
5 elements selected trom the group consisting of hydrogen, nitrogen. halogenated carbon,
hydrogen fluoride, and rare gas.
19. A device comprising:
a thin film transistor on an insulator;
10 a first interlaver insulating film over the thin tilm transistor:
an electrode over the first interlayer insulating tilm:
a wiring line for electrically connecting the thin film transistor to the electrode,
over the first interlayer insulating film:
a second interlaver insulating film over the first interlayer insulating film, the
15 electrode, and the wiring line; and

an anti-electrostatic film over the second interlaver insulating film.

20. A light emitting device according to claim 19, wherein the electrode is an

anode or a cathode.

21. A method of manufacturing a device according to claim 19. wherein the
film an organic conductive material comprises selected from the group consisting of
polyethylene dioxvthiophene, polyaniline, glycerin fatty acid ester. polvoxyethylene alkyl
ether, N-2-Hydroxvethyl-N-2-hydroxyalkylamine [hydroxvalkyl monoethanolamine].

N,N-Bis(2-hydroxvethyl)alkylamine [alkyl diethanolamine], alkyvl diethanolamide.

(xS
w

polyoxyethylene alkvlamine, polyoxyethylene alkylamine fatty acid ester, alkyl sulfonate.
alkylbenzenesulfonate, alkyl phosphate, tetraalkylammonium salt, trialkylbenzyla
mmonium salt, alkvl betaine. alkvl imidazolium betaine, and polyoxvethylene alkviphenyl
ether,

30

22. A light emitting device according to claim 21. wherein the organic
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23. A light emitting device according to claim 19. wherein the anti-electrostatic

film comprises an organic insulating material selected from the group consisting of

5 polyimide, acrylic, polyamide, polyimideamide, or benzocvclobutene.

24. A semiconductor device according to claim 19, wherein the device further
comprises an organic compound layer over the second interlaver insulating film and a

cathode on the organic compound layer.

25. A method of manufacturing a light emitting device comprising the steps of:
forming an interlayer insulating film on a thin film transistor formed on an
insulator;
forming a first insulating film on the interlayer insulating film;
15 forming a wiring line on the first insulating film:
forming an anode electrically connected to the thin film transistor through the
wiring line, on the first insulating film;
forming a resin insulating film that covers the anode and the wiring line;
etching the resin insulating film to form a bank;
20 conducting heat treatment to the resin insulating film:
wiping the anode;
forming a second insulating film to cover the anode and the bank:
forming an organic compound layer on the second insulating film; and

forming a cathode on the organic compound layer.

26. A method of manufacturing a light emitting device according to claim 25,

wherein plasma treatment is performed on the bank.

27. A method of manufacturing a light emitting device according to claim 25,
30 wherein plasma treatment is carried out in one or more Kinds ol gas selected from the

group consisting of hvdrogen. nitrogen, halogenated carbon. hydrogen tluoride, and rare
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10! 10 10 23. A method ol manufacturing a light emitting device according to claim 23.

wherein the step of wiping the anode uses a PVA-based porous material.

29. A method of manufacturing a light emitting device according to claim 23.

wherein the step of wiping the anode is a step for leveling the surface of the anode.

30. A method of manufacturing a light emitting device comprising the steps of’
10 forming an interlayer insulating film on a thin film transistor formed on an
insulator;
forming a first insulating film on the interlayer insulating film:
forming a wiring line on the first insulating film;
forming an anode electrically connected to the thin film transistor through the
15 wiring line, on the first insulating film;
conducting first heat treatment to the anode;
forming a resin insulating film that covers the anode and the wiring line, and
etching the resin insulating film to form a bank;
conducting second heat treatment to the resin insulating film;
20 wiping the anode;
forming a second insulating film to cover the anode and the bank:
forming an organic compound layer on the second insulating tilm: and

forming a cathode on the organic compound layer.

25 31. A method of manufacturing a light emitting device according to claim 30,

wherein plasma treatment is performed on the bank.

32. A method of manufacturing a light emitting device according to claim 30.
wherein plasma treatment is carried out in one or more kinds ol gas selected trom the
30 group consisting of hvdrogen. nitrogen, halogenated carbon. hvdrogen fluoride. and rare

gas.
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wherein the step of wiping the anode uses a PVA-based porous material.

5 34. A method of manufacturing a light emitting device according to claim 30),
wherein the step of wiping the anode is a step for leveling the surface of the anode.
35. A method of manufacturing a light emitting device comprising the steps of:
forming an interlaver insulating film on a thin film transistor formed on an
10 insulator;
forming a first insulating tilm on the interlayer insulating tilm:
forming a wiring line;
forming an anode electrically connected to the thin film transistor through the
wiring line;
(5 conducting first heat treatment to the anode;
forming a resin insulating film that covers the anode and the wiring line, which
serves a bank;
conducting second heat treatment to the resin insulating lilm;
etching the resin insulating film to form a bank;
20 wiping the anode;
forming an insulating film to cover the anode and the bunk;
forming an organic compound layer on the insulating film: and

forming a cathode on the organic compound layer.

25 36. A method of manufacturing a light emitting device according to claim 33,

wherein plasma treatment is performed on the bank.

37. A method of manufacturing a light emitting device according to claim 33,
wherein plasma treatment is carried out in one or more kinds ol gas selected from the
30 group consisting of hvdrogen. nitrogen. halogenated carbon. hyvdrogen tluoride. and rare

gas.
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wherein the step of wiping the anode uses a PVA-based porous material.

5 39. A method of manufacturing a light emitting device according to claim 33,

wherein the step of wiping the anode is a step for leveling the surtace of the anode.

40. A method of manufacturing a light emitting device comprising the steps of:
forming an interlaver insulating film on a thin tilm transistor formed on an
10 insulator;
performing plasma treatment on a surface of the interlayer insulating film;
forming a wiring line:
forming an anode electrically connected to the thin film transistor through the
wiring line;
15 forming a resin insulating film that covers the anode and the wiring line;
etching the resin insulating film to form a bank:
conducting heat treatment to the resin insulating film:
wiping the anode;
forming an insulating film to cover the anode and the bank:
20 forming an organic compound layer on the insulating film: and

forming a cathode on the organic compound layver.

41. A method of manufacturing a light emitting device according to claim 40,

wherein plasma treatment is performed on the bank.

25
42. A method of manufacturing a light emitting device according to claim 40,
wherein plasma treatment is carried out in one or more kinds ol gas selected from the
group consisting of hvdrogen, nitrogen, halogenated carbon. hvdrogen ftluoride, and rare
gas.
30

43. A method of manufacturing a light emitting device according to claim (),
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44. A method of manufacturing a light emitting device according to claim 40.

wherein the step of wiping the anode is a step for leveling the surtace of the anode.

n

45. A method of manufacturing a light emitting device comprising the steps of:
forming an interlayer insulating film on a thin film transistor, the thin film
transistor being formed on a substrate having an insulating surtace;
performing plasma treatment on a surface of the interlayer insulating film;
10 forming an anode over the interlayer insulating film;
forming a wiring line over the interlayer insulating film;
forming a resin insulating film that covers the anode. the wiring line and the
interlayer insulating film;

moving the substrate on which the thin film transistor is formed from a first

L

processing room to a second processing room;

etching the resin insulating film to form a bank;

conducting heat treatment;

performing plasma treatment on a surface of the bank;

wiping thé anode:
20 forming an insulating film to cover the anode and the bank:
forming an organic compound layer on the insulating film: and

forming a cathode on the organic compound layer.

46. A method of manufacturing a light emitting device according to claim +43.

3O
(%]

wherein the anode partially overlaps the wiring line so that the anode is electrically

connected to the thin film transistor.

47. A method of manufacturing a light emitting device according to claim 43.
wherein plasma treatment is carried out in one or more kinds of gas selected from the
30 group consisting of hydrogen. nitrogen, halogenated carbon. hydrogen fluoride. and rare

gas.
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5 49. A method of manufacturing a light emitting device according to claim 43.
wherein the step of wiping the anode is a step for leveling the surtuce ol the anode.
50. A method of manufacturing a device comprising the steps of:
forming a thin film transistor formed over a substrate having an insulating
10 surface;
forming an interlayer insulating film over the thin film transistor:
forming an electrode over the interlaver insulating tilm:
forming a wiring line connecting the anode with the thin film transistor, over
the interlayer insulating film:
15 forming a resin insulating film over the electrode, the wiring line and the
interlayer insulating film:
moving the substrate over which the thin film transistor is formed from a first

processing room to a second processing room.

20 51. A method of manufacturing a light emitting device according to claim 30.

wherein the electrode is an anode or a cathode.

52. A method of manufacturing a device comprising the steps of:

forming a thin film transistor formed over a substrate having an insulating
25 surface;

forming an interlaver insulating film over the thin tilm transistor:

forming an electrode over the interlaver insulating film;

forming a wiring line connecting the anode with the thin film transistor, over

the interlayer insulating film;

30 forming a resin insulating film over the anode. the wiring line and the

interlayer insulating film:
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1lm an organic conductive material comprises selected from the group consisting of
polyethylene dioxythiophene, polvaniline, glycerin fatty acid ester, polvoxvethviene alkvl
10 ether, N-2-Hydroxyethyl-N-2-hvdroxyalkvlamine [hydroxvalkyl monoethanofamine],
N,N-Bis(2-hydroxyethyl)aikylamine [alkyl diethanolamine], alkvl diethanolamide,
polyvoxyethylene alkvlamine, polvoxyethylene alkylamine fatty acid ester. alkyl sulfonate,
alkylbenzenesulfonate, alkyl phosphate, tetraalkylammonium salt. trialkylbenzvla
mmonium salt, alkyl betaine, alkyl imidazolium betaine, and polyoxvethylene alkviphenyl

15 ecther,

55. A method of manufacturing a light emitting device according to claim 34,

wherein the film an organic conductive material is formed by spin coating or evaporation.

20 56. A method of manufacturing a light emitting device according to claim 52.
wherein the film comprises an organic insulating material selected from the group

consisting of polyimide, acrylic, polyamide, polvimideamide. or benzocyvclobutene.

57. A method of manufacturing a light emitting device according to claim 32,
25 wherein the method further comprises the steps of removing the film. etching the resin
insulating film to form a bank. wiping the anode, forming an organic compound laver over

the bank and the anode.

38. A method of manulacturing a device comprising the steps of:
30 removing an anti-clectrostatic (ilm formed on a resin insulating film. the resin

insulating film formed over a thin {ilm transistor and anodc:

1
N



etching the resin insulating film to form a bank:
baking the bank in a vacuum;
forming an organic compound layer over the bank and the unode:

forming a cathode on the organic compound laver.

59. A method of manufacturing a device according to claim 38, wherein the
film an organic conductive material comprises selected from the group consisting of
polyethylene dioxythiophene, polyaniline, glycerin fatty acid ester, polyoxyethylene alkyvl
ether, N-2-Hydroxyethyl-N-2-hydroxyalkylamine [hvdroxvalkvl monoethanolamine].
N,N-Bis(2-hydroxyethyl)alkylamine [alkyl diethanolamine].  alkvl diethanolamide.
polyoxyethylene alkylamine, polyoxyethylene alkylamine fatty acid ester, alkyl sulfonate,

alkylbenzenesulfonate, alkyl phosphate, tetraalkylammonium salt, trialkylbenzvla

mmonium salt, alkyl betaine, alkyl imidazolium betaine, and polvoxyvethylene alkylphenyl

ether,

60. A method of manufacturing a light emitting device according to claim 39.

wherein the organic conductive material is formed by spin coating or evaporation.

61. A method of manufacturing a light emitting device according to claim 358.
wherein the anti-electrostatic film comprises an organic insulating material selected from
the group consisting of polyimide, acrylic, polvamide. polyimideamide. or

benzocyclobutene.
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