; GHI JKLe3e. 6T. E-WWI GHT EM TTI NG DEVI CE AND METHOD OF MANUFACTURI NG THE

SAVE BA mmﬂm E | NVENTION 5 FI ELD OF THE | NVENTI ON
i nvention a light emtting device using a |ight ﬁ@ﬂwmﬂﬂaﬂm\m‘mnt
whi ch has a |'&ye?* cont ai ni ng an organi ¢ conpound between a R

el ectrodes and which can give fluorescgnce or |um nescence by r 86¥%i ng an
electric field. The light 11t I e 0 in the present
specification 10 is an i mwmﬁpb%&éléﬂb emtting device or a
i ght source. Additionally, the followi ng are included in exanples of the
light enitting devi MEHIGMQEWAC%‘I&REN&EHE SAMEexanpl e, a
flexible printed circuit (FPC) or a tape automated bonding (TAB) tape, or a

tape carrier package (TCP)) is set up onto a light emtting elenent; a
nodul e wherein a printed wiring board is set to the tip of 15 a TAB tape or

a TCP; and a nodul e wher eigp FRicER Rt directly nounted
on a light emtting el ememt ORIeD OF HEINY lcé)néli\’;}ner. RELATED ART A
| i ght . em.t.t] I i enent which emts light by receiving an 20
el ect?i gﬁﬂeﬁ%ﬁﬁﬁﬁ&%ﬁﬁﬂg t he | um nescence nechani smthereof is based
on the foll ow ng: by applying a voltage to.a | ayer, conpr.ising at | east one
organi ¢ conpoufBie SRRt cHvenBen islates taca rligid semifing: devige jusing taedight om t he
cathode and holes injected fromthe anode are reconbined in the |ayer

conpri si emitsing| eleskenbmehich dani x lgyermontaining 4w organit eommpsindnbetweenca t i ng
state (hereinafter referred to as 25 "nol ecul ar exciton"); and energy is

radi at edpyieF dlé@rdties fidl @hichX€drl BiveMYSRscermcé MakifniheyRhee byeregemiel state
t hereof . The ki nd of the nol ecular exciton which is nade fromthe organic

conpound i n -eXCl t (o) i bl e i . . I'n the
pr esent %‘gggﬁcp |%§F ll%c')n?hﬁjh neésrg:lfe%ﬁ’é d?%ﬁcaetrrelfeg,réq' *"31% ﬁgﬁgieﬁgﬁgéﬁg%%%ﬂ based
on t 5.contribution of any one of .the two. In such a ligh mtting

o entlht iSAnRaggalisRiaen Gon g T PRUAINEARY o5 GhA TEAL SHIGtAAIGUARAIDTy made
of athin filmhaving a thickness below 1 umThe light emtting elenent is
a spont atheofpdlawigpt areyipsluslednisnexamplesedh the dight eamiftingndeviseng modudssst one
organi c conpound itself emts light. Therefore, backlight, 10 which is used
i n convewhemila ldoguectogr fat akampkplaykexible printdesiauiy. (FRC)aor esuhpe t he
light emtting elenent has a great advantage that it can be produced into a

thin andyipahted BBﬁHiny(g“AtBh)gﬁPE! 8 lthe ichirfs! 'a@ﬁagée (Fep) | RN st tug 416 a

reconbi nation thereof"in t ayer conprising at t One organi c conpound

havi ng a;.thi ckness of ahout 1 tq 15 200 .nm. s. about several tens
nanosecolbt SiiRg s Fmetciimdile Wheteindf PriffEa iR Bhard 3N St hE U of e
one organic conmpound._ A ti up to | um nescence, which includes the step

£ omt hea A e at AGFCB antha Wgdpleephersin URicAEREd Gireuits Q) B irseiivor der
of m croseconds or |less. Therefore, the light emtting el enent also has an
advant ageouhted arhe light pwittiog tehemenfiniaschipop glags (COG) nTanmer.i ght emitting
el ement draw attention as next generation flat panel display elenment due to
the characteristics of thin and |ight weight, high responsibility, and
direct low voltage driving. Visibility of the light emtting elenment is
conmpar at REgIATEIQdRPecause the light enmtting elenent is a self-em ssion
type and wde view ng angle. Thus, the light emtting elenent is 25

consi dered as .effective el enent for usi a dis reen of. a portable
apparatus. 3 st g eEeR de onclehinl Sufeth s i el G etiing B
emtting elenents in a matrix form  driving nmethods call ed passive matrix
dri vithg lestaigi ficldat 1t i sajdthat ghey llaem%ems&tmpsthWith@reeg& der@& thex type)
can be used. However, in the 5 case in which the density of pixels
i ncr easefo]lomting:s byoagplyerged vhltage e ackayer comtprising \qbeleabte oaenorgania t ch i s
fitted to each pixel (or each dot) is nore profitable since

compound sandwiched between electrodes, electrons injected from the cathode and

holes injected from the anode are recombined in the layer comprising at least one
organic compound to form molecules in an exciting state (hereinafter referred to as

25 “molecular exciton”); and energy is radiated when the molecular exciton moves



| ower voltage driving can be attained. Moreover, as an active-matrix type
light emtting device shown in Fig. 17, it has the light emtting el enent
1707 in which TFT 1705 on a substrate 1701 and 10 the anode 1702 are

el ectrically connected, a |layer conprising at |east one organic conpound
1703 is forned on an anode 1702, and a%cat hode 1704 is fornmed on the | ayer
conpri si ar le one. oy gani.¢ _coppoufid 1703. I n addition, as anode

mat eri al Bg(f%h%gﬁf'%ﬁpmg?{ér@e@lo ment 1707, in order to make hol e

i njection snooth, conductive terials of a |arge work function is used,
and conduct i vell% lﬁﬂfieff’féhg melgculare exeitrs pxhicht 1 gnadse frqmypthe grgames | 7o
(indiumtin oxide) and |ZO (indium zinc oxide), are used as a materi al

whi ch f utémpbend maypbaatsinglet excitoscstatei aita triplehexd¢itaghstatgendnahe present he
organic light emtting |ayer 1703 of the light emtting elenment 1707

radi at essgeiéadiont elubihedcedeet (that'dl, tightaeadssidn0dnay Be fiBasedednstngict ure
(hereinafter referred to as a bottomem ssion) of the light em ssion. 20
However, .11, . 1 S5 tructure, even if resolution is tried to
be ral§se%b,ﬂ}?bqﬁgﬁgtf\t?mﬁy]ioﬁlg@oﬁbg@ggi nterfered due to their arrangenent. Thus,
a probl em of restriction Qf.an aperture ratio is. occurred. In recent
Jenrs, the st ctificd Jght CpHSng YAMenhdiSIA0ET GRIRTISNG BhicaHoME PR si de
(hereinafter referred to as a top emi ssion) is devised. Concerning to 25
the top esmpeunshiy nsiallyemadei efga deip Gl kaving @l bigkness beleak dnfitmed ent
-4publication No. 2001-43980. In the case of the top em ssion type, the
aper t ur elightt emittiag blnemit sisge dspohtamebbsitlight type demientn whessn athetlpyer so
that the light emtting el ement which can obtain higher resolution can be

formed. é‘&ﬂgﬁﬁhg dtmeéshﬁnsﬁgaxﬁé chholuf@ i@@]'fse?ﬁi@é“li%hightTlfé?i:fotré,rlﬂlcﬁﬁghf;e1 i f
anode 5 materialfs that Is transparent to the light is used as

convegpntionally, light is emt t. . t Si al so
he Bhodlhlin s used & cahPerfiinal el R NHas 05 EniGePRtF o ua b Y he
filmhaving.light blocking effect agajnst the |jght emtted fromthe anode
side i WEigh I elcmcns has Acreat agiagg thasit ¢ge b&daeéuceﬁol%@ttﬂm, i f
the anode is fornmed by using netal materials having a |ight blocking

ef f ect, amblightdioam. manuf acturing steps are unnecessary. However, these
material s have smaller work function and spend higher material cost than

| TO whi ch is uBgdtigenitet thenajdctionlof @adersab thsire¢prmibinationaha@ebhiis tifeor t he
anode, an adhesion of the anode and the organic conpound filmis

Lt B R B o PO N R

pr esent vent e manufacturin Ight emtting el emrent

of t t em ssi,on, is t rovi de neans qf i ovi.ng a,light emtting 20
ot ertdD B BB shYerah e RS R tn gt P RRR S, BE b

characteristics of anode materials that is used conventionally. Tne pr esent
i nvent i ofPMRIHAZ 3k deasti otedorganic, SOmpPorBdduéy time Bp| o Wavnessengs.gwhigh k
function and a light-shielding ability is used as the material of an anode
of a |i ginclueles thé sigpciremethe. reedmbinationsofstheaiafrietato iminasdencen isaa/timg a
light-shielding ability neans that the -5filmallows visible light to

t ransni tinagrder bf amigrosetaidLoPlesses Thefedore] Qfte 1ighit BRiinGgaeleinght alsohha di ng
conductive filmas an anode material, an anode of a light emtting el ement

can be for ni’aigrcttﬂﬁt ﬁltzér}:gsé(%{{gg tﬁe"ﬁ@’f@%‘t‘?g{@iﬂ?t rically connecting the anode

to a thin fil'mtiansistor erelrn rred to as TFT) for driving the
lig 5 emtti I nt. is formed in mapufacturing. an active.matrix |ight
er 20 ng” devi e ReBEBRiie, crR uCARe o s ik ool HAF bl by

omtting the process of formng a Li&g,t-,shi elding filmand the |i whi ch

i s necesdisplpywalement: dupspurthst chamelesistics of | thin sands dight weiglhs g!%ih A

conductive filmin this specification refers to a filmhaving a resistivity
of 1 x IesporSilsitityyrardesdirect low voltage driving. Visibility of the light emitting

element is comparatively good because the light emitting element is a
self-emission type and wide viewing angle. Thus, the light emitting element is

25 considered as an effective element for using a display screen of a portable



10 The anode material used in the present invention has a work function
equal to or larger than the work function of 1TO or 1ZO, which are used as
an anode material in prior art. By using this material for an anode,
injection of holes fromthe anode can be inproved ever nore. Also, with
regard to conductivity, this anode material is smaller in resistivity than
I TO It %@ﬁé{g{&re can fulfil the 15 fuACtion as the wire described -above
and can r the drive voltage in the lightenitting el enent conpared to

prior art. Furiherppre, the anode material used in.t resent invention is
superior in adhkﬁgﬂgmmﬁ qeéﬂﬁeﬁif’ﬂﬂe(fbyé‘qaélﬁé?gé ﬁgl%tlp‘ﬂﬂ‘tﬁl‘glcledg?méne
organi ¢ conpound to an anode fornmed froma |ight-shielding conductive netal
film Thita matix doppodeying pethadsecalind passiee matexi dnivisg ¢siapler sasrix
invention is a conmpound such as nitride or carbide containing a netal

( her ei natype) andfaetive dndtrixadrivirg factdenpatrixdypahdamibersgén blowsvelhon the
contained in the netal conpound locally fornms coval ent bonds wi th carbon,

oxyges), By@riaGfRichQhe dehsi SPPB&TE itchaded, Nt IS OMRIGIED thef Ok mhiig | eads
to a conclusion that, in nutacture of a light 25 emtting el enent,

formng-ga | ONpLIL-SiN ast .0 ani oun n -.6anode
that 1 By BesRORRY RS, Med BE S PEC M, SRRRT ks Bl Mble REF vec 1 on
to formpg a (%gg conprising at, | east one organi c conpound on an anode
that is ¢Fatplfags drymg cam bEjaftained. st ruct ure of the present invention

di sclosed herein is a light emtting 5 device having an anode, a cat hode,
and a | ayer coMeréeveigasnan hethwt-matex dypmhight enittiogdgyicershoasiat oy Fized 7, n t hat
the | ayer conprising at |east one organic conpound is interposed between

t he anodi aBdhé hight ainemg cletenh 707 hewdiellTRTS1708 6Bd Sbsaaeli 701 gadpound.
Anot her structure of the present inventionis a light emtting device

havi 1 b Y 151 gani c
Compind e aaReot oz Ak RCRly CORne U lay e TOcRIsA: Bt |caSEohe BRERETT
conpound _i s _int ed.bet ween the an and, t he.cat .anpd t hat e anode
contaf necarEpbiiE1 265 B rigtatiman AfedEnr0n dttl g ol 1205 i Mmatlop RS 1
the periodic table. Another structure of the present_invention is a |ight
em t t i nglayey, cermprsing ey one QRgandc cempaunsdd703ndlm addition, casnpreds ng at

| east one organi c conpound, characterized in that the |layer conprising at

| east ommatergdmiin theniighindmisingnelenpns el (Yot neerderhi® arakdehaledirtjbetiarnt hode
and that the anode contains as a netal conpound nitride or carbide of an

el ement Qﬁb@tﬁ?icﬂﬁdﬁ@ti@ Attitertals Df 2'afzel WotkFuRelidPd$ Gsbdbhfd coadhe@idrer
structure of the present invention is a light emtting device having a TFT

pr OVisdedm%r%ﬁ‘s {H2p Hg{llr%ﬁg)a?éﬁtftSQﬁc. t,asulch%tﬂg?i(%ltdm}g tfil GRH

) and 1Z
characterized 1nt rght emt™i’ng el enme as an ano e? a cathode,

and a | ayer. conpri Si. at | egst one, argani. ound, that, the TFT is

ol ectri Qi SeERaREd f 45a dacaacRabamich RIRS i pmeliy difirdtruic

metal conpound. 25 Another structure of the present invention is a, light
em t t i ngllaelight grnerateg at thetorganier Bghtormittng dayem (0dhof dhe dight getting a
light emtting elenent, characterized in that the light emtting el enent
has an alemient 470Atrhdidtes tondrdi thea €T TH0Dthreugly the ahedstl760Rds arfasora
conpound, that the TFT is electrically connected to the anode, and that the

anode Cofffitire (ﬁéxe%dfﬁir%fe‘ifé@lﬂ_@%ch E&fﬂiﬁkﬁii%oﬁ‘)’bﬁﬂﬁﬂﬂt chafik§ipAi ng 5 to
Goup 4, 5 or 6 in the periodic table. Another” structure of the present

i nv ionis [ i L P ' . [ insul ating
sur ?gf:e and aqﬁ‘gg{)&éﬁnﬂ}{q '%dg}ﬂ’éﬁ g#ehgﬁ%ggﬁg?%é ’eérqé;;elglhlg)s\réhﬂﬁ%l &Ptﬁ%al t|bg t
emtting el has an.anode, .a cathode, ,and a_ |l ayer conpri si at | east
one. or gdAIREac o, WHGE Tosk DR PHoRedRs e el BUARBIDER o e Banode,
10 and that the anode contains as a netal conpound nitride or carbide of an
el enent preblemyhg restriction pf an agertare Wtipris peursed.i odi c table. In the above
structures, the present invention is characterized in that an

In recent years, the structure that the light radiates upward from the

cathode side (hereinafter referred to as a top emission) is devised. Concerning to

25 the top emission light emitting device is disclosed in unexamined patent



anode is fornmed of a material having a resistivity of 1 x 10-2 S2cm or

| ess. In the above structures, the present invention is characterized in
that an 15 anode is forned-of a naterial having a work function of 4.7 eV
or nore. In the above structures, the present invention is characterized in
that an anode is fornmed of one selectegd fromthe group consisting of

titaniu LELlde \gi T i I tn I i,um carbi r.copi um carbi de,
tant al unPAPHEAEE: NE. AT HSE T dfe, cobb B HEOR b n ke s haBice
carbide. 20 In additi onwieo t he, above structures, the present invention is
char act eF#tix&an pbg galarget thap dhath iy the \Boltom emisgian P& &4 thaktke light| ess
than 10% when the anode fornmed of a netal conpound has a |ight-shielding
abi | i ty, esmidingredemenhewbithheameobitainf lnighedresobmion dandret formedsmi ssi ve
conductive filmand has a visible light transmttance of 40% or nore in

this case. | n Hotvet,OnSheUsse Dft theNspl drhRBioR REhEZEmAtNe ddevi®y, df fagbdé he
cat hode, a conductive filmhighly transm ssive of |ight is used ~g_ and

t he cond ' | f ' IS 1 him t : . t hat
enabl s Hsertl thatds iBinspfell ROUTRERRISING, dsbcdfRRRubiiy, 18 I BRIAR
emtting.el ement.. The present. invention is alsa.characterized . in that the
conduct i 9™ PPﬁPPlyrn'F’o‘%"rﬁ?fge flﬂg%&'itaﬁl%)dg’ei %ﬂf}d&r%& T yn@teéfg%ilelﬂ‘é%%g a
resistivity of 1 x 10-Z 52cm 5 or less. In the present invention, an anode
of a |i ghfficienaytisdeveredhent is fornmed of nitride or carbide of an el ement
that belongs to Goup 4, 5, or 6 in the periodic table. These netal
conpounds havelfahedilin havingi hghtdflodkingedffent agaimst thdhghoemitted dtonothef

t hese netal conpounds can be inproved even nore by ultraviolet 10 ray

i rradiat hﬁ’dtiet§i§@i§‘ﬁi?h1eh[‘oﬁé‘M@ﬂ%@?&@ﬁﬂﬁg%&_dﬂﬁﬁﬂ&é‘@dde@ﬁ referred to as W
ozone treatnment). For exanple, titaniumnrtride (Ti N has a work function

of eV, whi n. i v .070 r t .0y, or
mrédTant al unl? l#it@j}i é@ﬂlérgﬂ&&)%gsﬁ f@ﬁﬁ%¢§ly }%lﬁérplﬂgt\;ﬁe Iﬁ@éﬁg\/\gr&&‘gﬂgc ihgil{t by the
WV treat nIS, CO@/enti(%nal Ili_nght-shi el di ng anode materials are netal s
bel ongi ngFOP ingselgecty additigpalsmapufachirng 5GBS arg YBnecessarys hEOWeHertheseach
have a work function of less than 4.7 eV The anode material of theTpresent
i nvent i omategial$havel sofallernword fartioou and spand higherematerial ocashgham ATOer s of
injection of holes. Therefore the anode of the present invention can
i mprove whivieistusedasoastatiomdllycs Infcase lof gisingemietdli matesiabnfrtthe 280dé, an
manufacturing a light emtting device in accordance with the present
i nventio S o] i an e;anode
s ace. e R e e I g
at least _one_ or anitgI ound on the anode. Another structure of the
pr esent FHURHE ST et hod of manufacturing a 25 light emtting device,
i ncluding: form ng an anode on an insul ating surface; _g_ subjecting the
anode surface to UV ozone treatnment; formng a | ayer conprising at | east
one organi c conpound on the anode; and formng a cathode on the | ayer
conprising at | east one orgaxwiivied A THIR ENVENEHOMhar act eri zed in that
a light-shielding nmetal conpound is used for the anode. The |ight-shielding
metal 5 conpoulit ppesent iineddtion, shetle hanufidtiudag ate atbidelight @mittinpment
that belongs to Goup 4, 5, or 6 in the periodic table. The metal conpound
used in sl ki b ShbMd : 4 ; re
dl eﬁf %?f(m&i 6b@ %@g%ﬁﬁhﬁkﬁéﬁnﬁréﬁab%éﬂs of %Pilon\g{lé% @gﬁﬁ}%@ﬂfngﬁo

and | ess tha rast to a nornm

20 efficiency of the light emitting element without deterioration of characteristics of
anode materials that is used conventionally.
The present invention is characterized in that a conductive film having
large work function and a light-shielding ability is used as the material of an anode
of a light emitting element.

25 In this specification, a film having a light-shielding ability means that the



si ngl e conmponent which has a resistivity of less than 1 x 10-4 S2cm
However, the 10 netal conpound has a conductivity sufficient to form an
anode of a light emtting elenment since ITOthat is a conventional anode
material has a resistivity of 1 x 10-Z S2cmor nore. A light emtting
device of the present invention can be.both an active matrix light emtting

2 TeT antn Al VEla T | Rin R RurdRliuoeco PR AR ST SPRIRE fea' ©

froma light emi.tting device qf the present invention js eifher |]ght
eni 551 on A éﬂlﬁ'gm coaducfise T axa awee BRI o nadde alr3 ighkeratting at i on,
or both. 20 BRI EF DESCRI PTION OF THE DRAW NGS I n the acconpanyi ng draw ngs:
Fi gs. 1AckementRasr be dosmedrat the| same timeng wike Eireeleatricatly ucanneeting thel i ght
emtting device of the present invention; Figs. 2A to 2D are diagrans

i Il ustraandde o Ptegefilin efansBvrf(Betcindfig rafdricghto ASTET) fér dgviagvthe ¢igh
accordance with the present invention; -10Figs. 3A to 3C are di agrans

i 11 uskratj 2 g: g ' [ 1ebt i e LI

accor danc g, AERERES BrmPRR WELCILE ob' ilve SR INERAIGR o, 1 1 he
el-ement struciure a lownolecul ar. type light emtti devi ce of the

or esent ouinel The resens TRuSitor by chBfaciariied, 87 ot ‘e bDefoss bF ot ur o
of a high-nol ecular type. |l itght em tting device of the present invention;

Fi gs. e6Afarmisg alightgshaeldinastilm anek thgtlikeg wehiph ¢ Beeessaryrighen adranspaignh | i ght
emtting device in accordance with the present invention; Figs. 7Ato 7C
are di agcamdudtivefdnr istused ia pricocess Afcomdnotiee filmiinghss dpegificationeefers i ng
device in accordance with the present invention; Figs. 8A and 8B are

di agr ansg 4 FilatHa¥indd résifivaness1 f10%0Qehast ksé.ng a light enitting device in
accordance wth the present ‘i nvention; Figs. 9A and 9B are di agrans

illugtrating i l: ] . ] Lt i.ce |
accoltiance i t M ABOGs malorCE R e eche ihyioh ok kit eyl
illustrating el ement structures in a.light 1tting device of the present
nvent | ofp OPRTET tham Siscwouk Manetian Bt yEer J205 YR g ared Gt 41 aa04¢ gh
emtting device, 20 Figs. 12A and 12B are diagrans illustrating the el enent
st r uct ur materiad in ipgior astyi tBy ngingcthiscmatsrial fer pn @pede, injectioniafrholey from 13A
and 13B are diagrans illustrating the structure of a reverse stagger TFT,;
Fig. 14 ihe anclleagaaibei inprotediteveg ndoreas Alve, wathr tegakd gotconiduttivivg whéyvi ce;
25 Fig. 15 is a graph showing results of neasuring the work function val ue
through adode material is smaller in resistivity than ITO. It therefore can fulfil the
15 function as the wire described-above and can lower the drive voltage in the light
emitting element compared to prior art.
Furthermore, the anode material used in the present invention is superior in
adherence when laminated to a layer comprising at least one organic compound to
an anode formed from a light-shielding conductive metal film. This is
20 supposedly because the anode material of the present invention is a compound
such as nitride or carbide containing a metal (hereinafter referred to as metal
compound) and nitrogen or carbon contained in the metal compound locally forms
covalent bonds with carbon, oxygen, hydrogen, or nitrogen contained in the

organic compound. This leads to a conclusion that, in manufacture of a light

25 emitting element, forming a layer comprising at least one organic compound on an



UV ozone treatnent; Figs. 16A to 16H are di agrans show ng exanpl es of
electric appliances; Fig. 17 is a diagram show ng an exanple of prior art;
5 Figs. 18A and 18B are graphs showi ng results of nmeasuring el enent
characteristics of a light emtting elenment of the present invention; and
Figs. 19A and 19B are graphs show ng r sults of neasuring el ement
characteristigs,of a li m t nt of the resen nvention.

DETAI LED? TﬁE@cﬁ%ﬁ E&’—“’%lﬁﬁe %ﬁﬁiﬂ%ﬁ% dﬁ)FR%‘?\ﬂ‘g f‘ Ph&h’f‘ REga O‘An
enbodi nent _node of the present invention will be described with reference
to Fi gs. to foranag pelayar ppwlswﬁ 2t leagt e pezanit CompopRd SBnMn ARMMthasHs has a
light emtting elenent wth an el enent structure shown in Fig. 1A 15 As
shown i nfdfned fidm ametaldiden.102 is forned on a substrate 101 A | ayer
conprising at |east one organic conpound 103 is in contact with the anode

102, and a catjosteucdkfe bf thé pissehfGhvartidn Hiveldsay Hersingr a Jigh eilﬁltﬂn@g?lSt one
organi ¢ conpound 103. Holes are injected fromthe anode 102 to the layer

conprg si H&n?% }J&gﬂ%ﬂﬁgaglo%g rEa? &d%”%ﬂ“%&féi %&Hg?ﬁbgc&trl%é @ﬂeeogéyn%:t ed

fromtihe ca a eér co Sl ast one or

- conpound 103. The hol es an the e n are re-conbi ned in the | aye
compr 1 1 SRMBPUICAChaBR TGt AHabrgEUR ST 0SMBES Radt (e S6r OB G ¢
light. The layer conprising at |east one organic conpound 103 has, in
addi t i oncargpeund ghintesposed %gtweapethe wewmgth@reathcbdwen@ that|the paade iHm
| ayers that have 25 different functions for carriers, such as a hole
i nj ect i oforhedarf,a metublconipomndporting - 121 ayer, a bIocking | ayer, an
el ectron transporting |layer, and an electron injection |layer. These |ayers

are laid on tORn@FhePQﬁu@tﬂ?é B?fh yﬁreﬁ&ﬁ%b&ﬁhdrﬁiﬁ% llgﬂr@ﬁitﬁhg‘ﬂe@fceﬁﬁ%ﬁﬁ)one
organi ¢ conpound 103 I'n er conprising the organi ¢ conpound

I norgani u i I 1,0 oI e

tr anibor 'nﬁ%ﬁéy SacipE Qﬂiﬁi - SorbBR & 1bEReCReRiE coplein
injectio Qr t he i norganic terials can be a di nDnd i ke
car bon ( ergpecr ﬁ@Fn;g lagsr gomprising cal E%ﬁbmédowaw tOREROUI e et s.

El enent s such as P, B N, and the like may be appropriately doped with the
i nor gani interposad hetweeRutheharqdet fued itho cgthode anst that ahe anOde aonteinas des,
nitrides, and fluorides that is conmbined with the alkaline netal or the

al kal i nemesil compoual ,anculemeﬁﬂmladgmgrtoadﬂdmpm,m@t 6dhehe periodiedable. t hese

metal s conbi ned at | east with Zn, V, Ru, Sm and In. Above ment i oned
materi al s areg?le(r t Qg el y
| am nating the tﬁgﬁm%e uﬁ%\?ﬁ I(t)ﬂntji g‘ge‘Pg@M“ﬁ? 'Iho‘{ ’5 Injecti on &

transportin t he etran ortln er,.. the e ectron| ion
tr anShorivAge payBpde.a EaBPaE i BOEF CoPrine Higasy Snf pBEAiE RomBaiGin g
| ayer, the electronic_block J]ayer, and.the hi)l e bl ock | ayer thauﬁﬁre forned
by the iSlSFadenizedin cthphthe layen samnriing #Heledst oae| axgapicy compo
junction that are a conbination of these |ayers may be forned. 20 The anode
102 i s fiotarposedf betwedeghthe sariogdedand thre cathode anduthat th@anode lvodtainD4s ias
formed froma |ight-transm ssive conductive filmand has a transmttance of
40% or negl cdhpoahadtridd @héarbide 6fsh tlepmerit1dmifg to Group 4, 5, or 6 in

the periodic table.

20 Another structure of the present invention is a light emitting device having

a TFT provided on an insulating surface and a light emitting element, characterized

in that the light emitting element has an anode, a cathode, and a layer comprising

at least one organic compound, that the TFT is electrically connected to the anode,

and that the anode is formed of a metal compound.

25 Another structure of the present invention is a light emitting device having



conprising at |east one organic conpound 103 is transnmitted through the
cat hode 104 and exits to the outside. 25 In this enbodi nent node, a netal
conmpound refers to nitride or carbide of -13a netal elenent that bel ongs
to Goup 4, 5 or 6 in the periodic table. Preferably, the netal conpound
is selected fromthe group consisting %;; titaniumnitride, zirconium

nitride, , ti i I I L C | . L tr] | um
Car bi do, * iy BAREF o il A e Ukl HEne R Sl LifaphoBOLE T,
has a work functi.opn of .4.7 eV or re. For exanple, the rk functi,on of

T ani unimihal i lght Ritfiog Flsmety RRaanede.dheathere-cind # s commisipbund
can be inproved even nore by ultraviolet ray irradiation treatnent in an
ozone at atdepstems @rgeniszeomepounsiathatiths 1371 isyelpttsicaldly conaeatedito the agnodeS shows
results of nmeasuring changes in work function in 10 relation to UV ozone

treat menind thwe theliodecdntdiab @b hanietabtémpsun® asipeidinghar bienint baJonging
phot oel ectron spectroscopy using "Photoel ectron Spectroscope AC 2", a

produrt of GRIEEN K iflfie: e(llj'i-l;?icﬁbge. 15 shows that the work function of

titaniumnitride 1’s increase rom4.7 eVito 5.05 eV by 6 minutes of W

ozone treatnenf. simlar ipgrease i.n work funct.ion is,.observed in

oot al um o ¢ 1 anofel sThé e bf fleriESeript e HAChER bfite Fli G hdyng, g
conmponent, shows, al nost .no_change_ in work functjon even through WV ozone
tr eat merd TFEHIovidad emsan jnsulating susfacegpdrlight emidingelemantschsagierized of

i ncreasing work function of a netal of single conmponent but increases the
wor k f uniot thah thef lighteemsting edomeptures of andde, pregkode, iandenlayen calnpnising20 Fi g.
1B shows an active matrix light emtting device in which a TFT 105 forned

on a subgtieadt®néLkganid conpaind, et ithe THFTeIsN@dficdlBP caifecte B tHeCalod¥,
connected to each ot her. en manufacturing the active matrix |ight

o7 AR Ay EFLLY I LSS Tl ©

drain of, the .TFT 105 an 0_qut put the, si | fromthe other. -14 In this
enbodi OWHg,tot]c%@“Qn‘gééoi angﬁp%ﬁ%ﬂcé%@'a wire. Sinilar to the one
shown in Fig. 1A a layer conprising at |east one organi c conmpound 103 and
a cathode 104 dndheapevestwgturps thequesand ipversios is ehasacteyned mithatiang

el ement 5 106. Now, a description will be given with reference to Figs. 2A
to 3C oranadets foxdnef ofemaiteridldnving anesistiviteofbkrliod Qghor less.t ti ng devi ce
in accordance with the present invention. In Fig. 2A, a TFT 202 is forned

on a substrat qn2@d. abvR fHRSbrea! the?Presdft fidentibANE chhsR¥HAS M thatol and a
gl ass substrate is enployed for 201. A quartz substrate nay be enpl oyed

i nstyead. .TET 202 i : 0 TET 202 has at
Ieasl'gga a aé{z!a;tIa g l;e-F%rc r%%ieé E{fgé,ﬁmqlawn 2 W&Wuﬂa%@f %'%}%?)Eg}oelgi on 206, and a
channel form egion 207. A gate insulating.fil.m?204 is.intergosed
et veen t he galdng Ve IBIcHSSalte PRECHGIIVERUOR d5 hagstcrized HoRal 78 The
channel form ng region 207 is fornmed between the source region 205 and the
drai n r agiodp is0ermad efhene seleckdy froms the rgrpnp eqonsising i ofs titaiumgnitriden 208
with a thickness of

zirconium nitride, titanium carbide, zirconium carbide, tantalum nitride, tantalum

f
a sourte region

carbide, molybdenum nitride, and molybdenum carbide.

20 In addition to the above structures, the present invention is characterized in
that the anode has a visible light transmittance of less than 10% when the anode
formed of a metal compound has a light-shielding ability, and that the cathode is
formed from a light-transmissive conductive film and has a visible light
transmittance of 40% or more in this case. In order to secure a transmittance of

25  40% or more for the cathode, a conductive film highly transmissive of light is used



1to 2 ,umcovers the TFT 202. (penings are formed in the interlayer
insulating film208 and then a filmof a light-shielding nmetal conpound
(hereinafter referred 20 to as netal compound film209) is forned on the
interlayer insulating film208 by sputtering (Fig. 2C). The material of the
interlayer insulating filmis an i ns_ul_%t_i ng filmcontaining silicon, such
as a silipanmaxiagifchibeVrigh $hi r6aRind Hd €gnbhb M Midd i I Qrgprudih sl de

1
g fi [

film The interlayer insulatin nay be an organic resin m such as a

polyimde film.a _polyande fil an acryvljc fil i ncludin 25. .

Phot osenenables e i 15'Phiafy = eauBedlS(thwopel b v fhd flefy Smitingro

the formation of the nmetal conpound film 209, there can be used nitride or
car bi de 6fcraentet dihceprsserttinyertiondy alsgschasaatezgs in thmt the confuctiveefipar i odi ¢
table. Preferably, the nmetal conpound filmis formed using titanium

ni tride, fai foraingthercdthodieis formadiofm matebiati avingracesistivitg aftli @0 *tQehal um
nitride, tantalum5 carbi de, nolybdenumnitride, or nol ybdenum carbi de.
Next, sasopfféygn in Fig. 2D, the metal conpound film 209 is patterned to form
awre 211 that is electrically connected to the TFT 202. At the sane tine,

an anode 210 t d S. ire s f | o]¢ -i nkign. The
wre and the a?rggl%e 3%315&832%%@01}’,“'0@ n%%o §i ‘%ﬁgﬂ{eg‘&i‘@ g eé%‘?'ﬁﬁ%astf%@eé of

manuf acture step 10 for_form ng an anode. Either of dry etching and wet

et chi ng 8§ﬁ‘dﬁé)re%p6{$‘e‘€lf 3 elqmentothat @Pﬁmg@.to fqQup ﬂngupatﬁi Hytheaperiadio 12 are
formed to cover gaps between the anodes as shown in Fig. 3A. The materi al
used to fablen t Hbesenmetalagampourslsl baviengy wortknfrggooaof $& eVMpdoywdef oChe he
insulating |ayers. Preferably, the insulating |ayers are 15 each 1 to 2,um
i n thi ckeesk functidgxédf thesd aeed] compungls kgn de ihretvedeecomead bg utwagolend 213
is formed on the anode 210 (Fig. 3B). The material of the |ayer conprising

at | ggst rzg?grré’di?ﬁﬂﬁ GréaPmeRt i af lozdiRNathfo hgﬁomréﬁ‘ﬂﬁer ?&%i’fed @ as UV

i nt er nedi -nol ecul ar based organi ¢ conpou An | nt er nedi at e- based

organi c materjal, can be.defined 20 that an. . te of an.organi nmpound
whi'oh do8eomotrenatidll pareXagile otianiiin sittieclt iRy Bag asveffo PPl st Al abr y,
an aggregate which has nol ecul ari tg of 10 or less), or an or%ani c conpound
whi ch ha8&Va Wch ceanabe chaproved ey fhetUY gzanertrgatment te 3.8y a¥| 9r 500%¢m or

| ess). A cathode 214 is fornmed on the layer conprising at |east one organic
25 conpolactahi nivridonfIladt)ecan |sigpilarlgmimprovg étsewenk fihstiohnby hthe UV
enbodi nent -16node, light generated in the |ayer conprising at |east one

organi ¢ geatwmd ThaveatiGial tlig-shicddinghahoirt Mateialdl dresirdealdbldmgngior e the
cat hode 214 preferably has a visible [ight transmttance of 40% or nore

(Figy5 3%roﬁ1 B & 6'ih Gl PREiGHIcAabRS aﬁd‘&é&@?ﬂgﬁt’s Gath ﬂa%fsoé‘%r&rﬁghggtt?@ogf smal |

work 5 function for inpfoving Injection o ectrons fromt e 214.
For exanpl e,, an,al kal ietal or alkaline earth.netal is used,al.one or is
Conbs nedss Mot eV iR e gl f B Sfbesl ¥ btob R GFRPd R ARG n°c op
gate TFT is used as an exanple in the descriptiogon here. However, there is
no part i eunaeund gnd 45 isyperiorta themp indesms phiwigetion of hiodesso Bhtefaraihe to a

10 bottom gate TFT, a forward stagger TFT, or other TFT structures.
anode of the present invention can improve element characteristics of a light

emitting element.

20 In manufacturing a light emitting device in accordance with the present
invention, an anode is formed of a metal compound film and then the anode
surface may be subjected to UV ozone treatment to form a layer comprising at
least one organic compound on the anode.

Another structure of the present invention is a method of manufacturing a

25 light emitting device, including: forming an anode on an insulating surface;



Wth this structure, light emtted by reconbination of carriers in the

| ayer conprising at | east one organic conpound 213 can exit fromthe

cat hode 214 side efficiently without allowing the light to escape fromthe
anode 210 side. More detalied descriptions are given on the present

i nvention structured as 15 above usinggthe fol | owi ng enbodi nents.

Enbodi ne ' ' | eseri: %?p j ment

1] This %\#ﬁg@in&ﬂ&% %{o@é?ﬂgfagé;}’%ﬁ\}ég% est:r%?tg’feing’nﬁ)g#"?gg lgféernerﬁ?é S r%g‘ ure of
a 20 light emtting.element in a light emtti devi ce of the present

i nvent i offagli PRE QEEHHE RANRQING; gn the agode; fanéatfﬁ?v,m& pecathedrenn BerRuetre i n
whi ch a | ow nol ecul ar based conpound is used for a layer conprising at

| east oneomprsingcaic tgasbond avghhicheompeund,bthe. mathatk shaiagtetized @nthadiarent
Mbde, an anode 401 is fornmed froma 25 light-shielding netal conpound film
The anodigkOshiéldind ntetginduaaho@ia isi gsednfor thd dabéet r Ohe ligheshicldiag Inyetal
connected to a TFT 202 as in Fig. 3C, and is formed of TiN by sputtering to
a t hiLknGstipind 1Pelilbalfp YR IAIRRLMEABIRAD! IR dbMEA! MM IHctEidiOro 1 ON

beam sputtering, opposite target sputtering, or I ke. Alayer

conpri si at .l gast,. one aqrgankc npound 402 is formed on the 5 anode 401.
First, aaﬂ%‘ma‘li ﬁ'j(gcq e R 185104@%?'?!1avi ng a function of inproving injection
of holes fromthe anode is forned., The hole injection |ayer 403 in this
enbodi nent i s Hhe Bt rcoprpaimndovsedninnthe presend inyentipnfasn sesistivikinelsk Xof 30
nm Evaporation is used here to formthe film Next, a hole transporting

| ayer 40Hf Qciwomatbrt mathlessntharrli xll 0F&Remgnidnérasetol norrall metal fibmpaft t i ng
ability. Here, the layer 404 is fornmed of 4,

4" - bi s Njqdrenapipdiénl WG RAYA réxidthiaty & RSethan 1 Ra0e! Qait erHowEe B to as
a-NPD) by evaporation to a thickness of 40 nm A light emtting |ayer 405

is f .S eqhodi . . I - e i,;ned in
the 10 grieBl EbmecBoftfias LYRRRCIVRY syliibh A RS aFE HishFeERIICY O
is formed by ca-ev ration of 4, .4'-dicarbazol.e-bi phenyl. (herej naf.ter

ot err ectlpwtatSoanf PALRA Ry dnvienrienancl MESHS B fiffeiyiig 01 R0
tris(2-phenylpyridine) iridium (herinafter referred as Ir(ppy)3) that is a
| uni nousS2emgemmeraonpound. The thickness of 405 is 30 nm Then a bl ocki ng

| ayer 406 is formed. The bl ocking |layer 406 is also 20 called as a hole

bl ocki ng | ayerA dightpemitting sdesticd of ethe (presonit inkedticloean s bpdr tancagptee i n
reconbi nation to fl ow when holes injected to the light emtting |ayer 405

acci dentghirik Bghs chilftRipObe(ice Bivieg raon%fur 2nsAR! ERthen®MRAt ANElcCRRGNy! he
cathode. In thi's enbodinent, bathocuproine (hefeinafter referred to” as BCP)

IS pos| I b Y. 4 ] s of 10 nmas the

bl o?%i ngdoltnglg%tlre Higgénggaﬁggtqaé,gﬁggﬁ%&%cggﬁé%nﬁi %é(;‘};i?ié'ng | ayer 407 is forned
to conplete the |ayer, . -18conpr,i si ng at..|l east .one qrgani c,.conpound 402
havi ng. a1 anm AaEBr $FHistion GOGHRS BIOR:4 diEs S ARELCE o tRaOREREIt of rred
of a material capable of accepting electrons and transporting electrons. In
thi s entBu¢ntion is eitberelight cmmssmra%@msmgigt exgitationogr light epnesionffrom
tris(8-quinolinolate) alum num (hereinafter

triplet excitation, or both.

20 BRIEF DESCRIPTION OF THE DRAWINGS

In the accompanying drawings:

Figs. 1A and 1B are diagrams illustrating the element structure of a light
emitting device of the present invention;

Figs. 2A to 2D are diagrams illustrating a process of manufacturing a light

25 emitting device in accordance with the present invention;



5 referred to as Alq3) by evaporation to a thickness of 40 nm Next, a
cathode 408 is forned. In the present invention, the cathode 408 is an
el ectrode that allows light emtted fromthe | ayer conprising at |east one
organi ¢ conpound 402 to transmt and therefore is formed of a materi al
transm ssive of light. The cathode 408 js also an electrode for injecting

Cheref ore has Tibet BYRCSTE MRS rafil) pRRESTORRRRGFERIIAL g™ 0

t herefore has a materia n order
to make the work function of the cathode snmall . .this enbodi nent enpl oys a 2
m ¢ ok RIS 1 atPrfng vtk ROBECSeRRVERdT o o of "an al kal | e
earth netal. On this film a 20 nmthick filmof alum num ﬁélﬁ) t hat has

hi gh conducti vFig 4 4s padiagramn iiMusirating the alsmenp stysture ©f b ieidaelgrular of t he
cat hode 408. The cathode 408 thus has a lamnate structure. In this

enbodi nmengpe lightaineittind déwiee of tlenpldelsemankentiogt i on and a hi ghly conducti ve
material are |layered to enhance the function of a cathode and at the sane

time ghe |am NR{e 3% H&E‘ﬁ‘grﬁﬁl ilms&aﬁ%g%ﬂet&elﬁgntnmﬁ&uéeﬁﬂh%iéﬂ%@lécﬁ'lﬁf e of
20 transmttance for the cathode. However, the cathode is not necessarily

made t hi g,ﬁ%sﬁ }R@ﬁiﬁné&%&%éf{ﬂﬁgéregglﬁqugﬂi&{.ovi de sufficient function as a

cat hode n secur € ransm’ttance. Figs. 18A and 18B show
results of neasuri el nt .characteristics of a light emitting el enent
that uses a | oﬁ#&?oggc‘tﬁ’l é(ggﬁag’é&f%§é‘i‘fséraé'é‘&ri’oﬁ'f?&e%?p’é@!%gc&%}gg e@s@h si ng
at | east one o;'%ar_li c_conpound. The light emtting el ement has -19an anode
i n whi chemittingadevien inTiccofdange svith thefpresendfingmtionhat is a |i ght-shi el di ng
nmetal compound are | ayered, a |layer conprising at |east one organic

conmpound i n WhFigs. AAQa-"RC afd dixgrafis ﬂmﬂ?ﬁtihifwlanproaa@ @mahafchirinp alight
| ayered, and a cathode in which a bariumfluoride (BaF2) filmand an Al

i1 ma@r echiifbetbyict dbcbicifibe MMitPlHY pidseifderigibound i1 m here is a TiN

filmsubjecte ozone treatment. Fig. 18A shows a |uninance
characteristi cpof is higght em.ttin enent in relatien toovagltage. Fig.
188 ohows a coFRsnBAL fad SH ar SemfR FyERhe plote® PhndRudhiing
relation to voltage. The results in Figs. 18A and 18B show that the |ight
em t t i nglightesfBHHNg davicean ageqrdaneswith the presesh Va8t ri er i nj ection type
el enent is one in which the drive voltage is as lowas 5 V or less at the
start of |ightFigsi 94 emd 9B att djgramssillufirstimgta procasst ob imanmfagnting |aows
upon application of voltage, and TiNis used for its anode. A |ight

em ttinglighenent having the sane el enent structure as the one in Figs. 18A
and 18B is prepared. This light emtting el enent uses TiN for a 15-

| i ghis shj i i [ | asma treatnent i-s

perf%% m%'ﬁttﬂ?‘ggic%zhé‘%g%ﬂ&g%w drh e@ u?%ésmgﬂkrlrlgiggﬂri ng el enent
characteristics. of .thi ght emgitting.gl nt. Fig. 19A shows a |.wm nance
har act ori ot | Figh: thAsty 10 heerfaerarnd afusiiite plonting SHETHES Jork gl "Erg
19B shows a current characteristic of this light emtting elenment in

rel at i onemBtipgdexige ofthe prasept By#BLPRLat nent here enpl oys | CP (i nductively
coupl ed plasnma). Specifically, in a processing chanber, an antenna coil

pl aced on a quéigsz1pAaaml fhBt aiestapnviewsupper pixal podtion lod « highbemifting
connected to an I CP RF power supply through a matchi ng box, and an

el ect r odgeit@wer el ectrode) opposite to the antenna is also connected to a
Bi as RF power supply through another nmatching box. A TiNfilm25 that is a
lig shi el di ] IS rate,
-202\% t he sulr)lggggitzg&flgagp ?é%g %%émssllngl\%gr Ee}{cét??)@gﬁf %ﬁtﬁﬁg;ap@o%g Si ng
chanber for .plasma treatnent. .The plasma treatment can enpl oy one kind of
gas or aeIEHHEE SHCSr?fdﬁe BTGPy ‘“WFHEQ“’of gas such as N2, 02, Ar, BCl, and
Cl2. For the elenent shown in 5 Figs. 19A and 19B, the flow rate of BA is
set to 60 sccriigadl3Aecand dGH are diagrans ilbisyating gheostartmie of BOBVISSE RF
power is given fromthe Bias RF power supply to the |ower electrode and a
450 W ofstigrgepOVET; i s given to the antennal coil at a pressure of 1.9 Pa to
generate plasma and perform plasnma treatnment on the surface of the TiN

film The |engp o4 isanf ﬁnﬁ!lﬁﬁ%iﬁ%@?hm mafriPligheémhting dehRe0 10
seconds. In the“case of the Iight emtting el ement "shown in Figs. 19A and

chariotori oot OB 171164 Pkl SRFRE Yp o AtAS AL TG wiatR ARG value

19B shows a current characteristic of the light emtting elenent in
relation to voltage. 15 In this case, simlar to the el enent subjected to
W ozone treatnent, the




drive voltage is as lowas 5 V or less at the start of light emssion (1
cd/ n2) and a sufficient anount of current flows upon application of
voltage. In addition, the |um nance reaches 3000 cd/n2 or nore at a drive
vol tage of 15 V Accordingly, it is concluded that the el enent
characteristics can be inproved even npje by plasma 20 treatnent.
(Enbodinﬁﬁéuéﬁ In this enbodi nent, one of the el enent structures of |ight
emtting vPCes of the present invention is described in detail with
referenchho Fig. 5. Especially, 25 the elenent structure formed by using
hi gh- mol EcUPZPNCBAYBIEREs to the |ayer  -2lconprising at | east one organic
conpound i s described. As nentioned in Enbodi nent Mbde, an anode 501 is
fornmed by the Rigsal6Adapdobharef dingnamssheyving giamiplesced elgcteicfappliancas; t hi s
enbodi ment, the anode 501 is connected electrically to the TFT 202 5 as

shown in Fig. Big. 13ndaidadram@dwirg baNxamplave peiot hitckness of 110 nm usi ng
a sputtering nethod. As sputtering nethods used in this enbodi nent, two

pol arg ty Sputtﬁfér‘ggta&ﬁtggad1813\“%}30@{@@”%%;6%52&5rﬁt hdsuffle REhE ©

target sputteri or t s enbodi nent, a Tayer

conpri si at_ |.east on rganj.c c oyn 02 10 formed on the anode 501 has
1o narasAcieristi of £ hef SRtlite ESFEHEN 4R¢ ProsepbRv oL 503 and o
light emtting | ayer 504. Further, the |layer conprising at | east one

organi ¢ conpouhigssd94 andolHBdarsy graphsgshowingntaselis ofr Meaguing demedlnds.
The hol e transporting |ayer 503 can be fornmed using both of poly (3,

4- et hyl ecleardctoriytidsi afphbBgh) emitBhg etergert of dbe PESET inventiomf t er, and

pol ystyrene 15 sulfonic acid, (referred to as PSS hereinafter), which is an
acceptor material, or both of polyaniline, referred to as PANl hereinafter,
and a canphor sulfonic acid, referred to as CSA hereinafter. The materi al
|s npge into anpaaequsHIokSERIPTIORCOFTEEBREFERRED MABIDAREPTS, and
then the aqueous sotuttomr s appired Dy any coatrng netnod so as to forma
film In@rg'bs .errbo%?rr(ifgt, a filmmade of PEDOT 20 and PSS is fornmed to have
a thickn pimgat the hole transporting |ayer S03. The light emtting
| ayer 504 can be nade of a material of poly p-phenylene vinylene, poly
p- phenyl ene, pAnyemboginent, mode mfl thel prasenk inveasionAwill e deseribsdpwathy| ene
vinyl ene type material, the follow ng can be used: polyp-phenyl ene

vi nyl enegefereateto Bigst bDAamdPI, har kghtahtitting devipe by kit pi2serdGnvention has

et hyl hexoxy) - 5- net hoxy-1, 4-phenyl ene vinylene], referred to as MEH PPV

- 22her ei z[‘ﬁghﬁémitﬁﬁ% RicthettRi R afi RMerHEMSLRACARE ShbWH IR FIS ETAE;
pol y[ 2- (di al koxyphényl)-1, 4-phenylene vinylene], referred to as ROPh- PPV,

whi can give l. uird. enc r I ra ene
t ypgﬁmat eri al ,Ag ﬁlg&?% I"iijcifl\}g' ﬁlgsj&’cighng%oe&ulsde%g ‘JBE‘F‘;S/? Qﬁ‘saé@%glg (%l {@;y_%f!ﬁ{%ﬂj

4- phenyl ene),. referred to as RO PPP hereinpaf.ter, poly(2, 5-di hexoxy-1,

4 Dhenyl GHEpiSIBRR 168t \aecarzants ropond07 e soBlisl dith, i puSde ¥ as ¢ ne
pol yt hi ophene type material, the followi ng can be used: .

pol y( 3- adnd/ At ¢at 484 isriof eontaet withatheHayehepmiprisinggt least one organic

pol y( 3- hexyl t hi ophene), referred to as PHT hereinafter,

pol y( 3- cyerhphianly103i oHbkREIre infetrdrfesmtthe ano@EHD2 16 thelsjenabinprising at

pol y(3-cycl ohexyl - 4- net hyl t hi ophene), referred to as PCHMI hereinafter,

poly(3, idadti dnkCh ﬁi@%&rﬂh&\ﬁﬁﬁ"ﬂ@?  af BERCEBAs bRt AfedtePforh $he choHE1.04
pol y[ 3- (4-octyl pfrenyl ) -t hi ophene], referred to as POPT hereinafter, or

Py

20 to the layer comprising at least one organic compound 103. The holes and the
electrons are re-combined in the layer comprising at least one organic compound
103, so that the layer 103 emits light.
The layer comprising at least one organic compound 103 has, in addition
to a light emitting layer, one or plural layers selected from layers that have

25 different functions for carriers, such as a hole injection layer, a hole transporting



pol y[ 3- (4-octyl phenyl )-2, 2-bithiophene], referred to as PTOPT hereinafter,
each of which can give red | um nescence, or the like. 15 As the

pol yfl uorene type naterial, the foll owi ng can be used: poly(9,

9-di al kyl fluorene), referred to as PDAF hereinafter, or poly(9,

9-di octyl fluorene), referred to as PDCEgherei nafter, each of which can give

bl ue | um C e n form
alight OMGL ?%kaﬂérﬁt’@r é‘bKﬁF%‘s B R
solution. is ap thod l.es ani ¢ soI vent
oed hor di¥ers G IAEr kS EEn S BT OB EBPTSEAS bdn thg @'WFBF H§gtgea
chloroform tetralin, xylene, dichl ororret hane, cycl ohexane

( N- et hyllegst ppe mgardonempodnddﬂﬁyl sul f oxi de, cycl ohexanone, di oxane, and
THF (tetrahydrofuran). 25 In this embodinent, the filmmade of PPV as a

|ight em ttingIhajerlap§idcomprising3ttesr Cfgimi@ cbﬂtp@uﬁdtﬂB; kineggandd nddterifls
Consequently, the |ayer corrprl Si ng at | east one organic conpound S02 that

has ag |a?ld;ﬁhbt cﬁtlﬁ kW dle § qa?ér %llﬂaehﬁiee E rﬁﬁéqaﬁérawgfe%%hon

| ayer SO elig t emtt ayer 04 can ned. S Next, the

cat hode is.fo sent t| on, skngce ener at ed
ot the. | X8 Fp%raw&f?%gar@[h A 2508 ough
t he cat hode SQS, the naterlals that is a transparent to the light |s used
to form ntdedalshere beas dipmordylike carbpme (DIL n)saslhcﬁﬁa SOOXiGfSe OF Qtkjdest r on
to the layer conprising at |east one organi c conpound S02, small work

f unct i on combenéchwidDtliese redadentst o HlementshseichatshBdB, 30SindT ﬂmnlikd: mayhbe

enbodi ment, the cathode SOS is forned to be a |lamnation structure in which

the cesi Hﬁbﬁo@?%tél?%phé vt el lﬂermﬁé hateridabs FertBeDeasd %drﬁc eEridls
a

thickness of 2 nmin order to |low the work function, and umnumw th the
hi ghygon Y u i i of 20
i A or G tegbtife iR ha RIERRIRACE cditERR SH LRSI, EE

enbodi ne n..order. to inprove the function a cat hode

Functi onMiaalsRliRp €8 asipblor commASRds BF AP 1 afe. FEMPRiE of Bss 8“},‘\%? man
ultrathin filmhaving a thickness of 10 to 30 nmto secure 40% or nore

t r anspar 6ampingdaidoast with Zoh8nn¥t Buj 8m, #8d Inor i ng t he cat hode has an
adequate function as a cathode, and 40% or nore transparency, the film

t hi ckness i s ngiboxe-mettésredr matetialsberer @tec edampleybihei idbuxhirdint | majobei ng a
el ement substrate, a method of simultaneously formng, on the sane

substrat gyrpgedd! %O@%gh'a&'l'y aafhiddtine (he I0AGREIg Tﬁﬂ_cti’dtﬁngrlﬁp@i@n%e THole 2S of

a driver circui d 1n" the periphery of the pixel tion"and formng a

l'igh{s 4 t I opnec 0 T at

pi xelIl por'ﬁl %nrg&arttghggglgﬁ%?@&m@tﬂgﬁ %aq}%h{)hﬁ%e léélnge?l?ee e&&qrén éltlftg &lgﬁz'

t hi s enbodi ment, S errbodl emitLi n eI e

havi ng. ¢ HanSHtibe Ao e ¢lgetion (anmBBaEL Ao e Tehy g Javers RE |

this enbodi nent, a substrate 600 is used, whi ch is made from gI ass such as

bari um belestrpnicchloskdryers asd the thale bleakolayer thaizare formpd éyeﬂteemtgamch as

Corni ng #7059 gl ass and #1737. Note that, as the substrate 600, there is
materials. In addition, the mixed layer or the mixed junction that are a

gani ¢ sol ven

combination of these layers may be formed.

20 The anode 102 is formed of a light-shielding metal compound. The
cathode 104 is formed from a light-transmissive conductive film and has a
transmittance of 40% or more. Therefore, light emitted from the layer
comprising at least one organic compound 103 is transmitted through the cathode
104 and exits to the outside.

25 In this embodiment mode, a metal compound refers to nitride or carbide of



not particular limtation if the substrate is transparent to the |ight,
even a quartz substrate can be used. A plastic substrate havi ng heat
resistance to a process 10 tenperature of this enbodi nent may al so be used.
Then, a base film601 formed froman insulating filmsuch as a silicon
oxide film a silicon nitride filmor_a silicon oxynitride filmis forned

on the suybstrate 600. this [ RNE twg- | ayer .. ctupe ds,used as
t he base%f'?‘F{#g%f?erﬂﬁ%t\%erl?n%ﬁ @nﬁgﬂﬁ a e?ra? fme é’rgoqlghz\{bﬂgt i gﬁefgxiap ture
consisting of t or 15 npre layers of the insulating filmmy be used. As
a first |t'§%?eta¥ocpﬂﬁ>oya§ewf salste@dTomthg BIQUPh CORS) g i etifanium gyiride, s
formed into a thickness of 10 to 200 nm (preferably 50 to 100 nm using

Si H4, NH3jrcantinNditrisle, titedumocarhutee girbgnipimasarhidy/Dantatummitrideysaatahent , t he
silicon oxynitride film#60la (conposition ratio Si = 32% O = 27% N = 24%
and H = t4fhid&avblyBdendml diiridy, alid @9slybliefin RA16ide.20 fornmed. Then, as a
second | ayer of the base film®601, a silicon oxynitride film®601lb is forned

20 2551 0 b2 Nahe. HIRRCHnbAURR RS WoRkNARRIN G041 AP Qe BT ehRE D! Y

100 t© 150 nm using as reaction gases b I .I'n this

enmbodi rent, the sSilico xynitride. film 601b, ( ositjgn r,Latip Si = 32% O
= 25 59%CXN“PPC7% n&’%F:fO“?%mﬂa@fj ﬁ@a%um e SRS 7798 ke swosk med.
-25Materials the base film601, single |ayer or |am nation |ayer of Al ON,
ALN, Alofungiion pk the meetalapompound sanPm smpravied) gvens arare didyldolehyay s 602
to 605 are formed on the base film601. The sem conductor |ayers 602 to 605
ar e for midadiation dreaememtoimdarc baond afmésphess/ (Y aromntegtmms) ot byqtlasmea by a
known nmethod (a sputtering nethod, an LPCVD net hod, or a plasma CVD

met hod) , RREnéte ﬂg] 96t gtbw® rRsROWR ﬁé%s’i}rﬁig icﬁé‘ﬁéé%”ixpr\%ﬁcs%r{éidna%?r
crystallization nethod, a thermal crystallization nethod, or a thernal

crystal || . i.n C |y i 1) . r i ne
Sem BnatRo?de Y SRnt BblnRucth: |3y YA ARGOAIEL 1o ARERERIIA T 10
obtain the sem conductor |ayers. The.senjcondyctor |ayers 602 05 are
formed i ﬁ{rogl’ @Q“Pﬁqﬁﬁtﬂéﬁpﬁ tr9sCORY 2‘5‘1%%50 SR §P55qr95°993t%&6€9rﬁ1) The
material of the crystalline sem conductor filmis not particularly limted,
but it i prosust @ffdblyI@NoKEthG(ﬂe ETDm Fig.ntp showsdhat theswiorke dungjiemneahi um
(Sil_xGeX (x = 0.0001 to 0.02)) alloy, or the like. 15 In this enbodi nent,

55 nm t hticdni@moiiplidel$s fidréased fromnd.7seV aomkds €Wwhypd asimates\el Udhdzomen,
ni ckel -containing solution is held on the anorphous silicon film A

dehydr ogﬁgﬁaﬁ. PIAOG Par‘?x}cr%ﬁ'& ﬁ@éﬂbﬁ*ﬁ%ﬁéh'ié Gpﬁrm M tahtAGhd Girigd (500C

for one and thereafter a thermal crystallization process is

perfofmed (550C far, fqu our t her . Further 0.l nprove the

crys gaI linity ﬁlngpggﬁq {oa@b'?’ %g{gﬂe emt raeg}chéln?f isingd%%&%np,osl}o&% t he
crystalline silicon film Then, this crystallin ilicon filmis subjected
to a pat 2ERestnge rf&@&é%smu‘ﬁoﬁ'@ fynghon oqwepheg%%‘i}?fepﬁw tretmeRtai nlihe
sem conductor |ayers 602 to 605. Further, before or after the formation of
t he seni msnlisdndicatedhat §Veozoneotrément has natedfeghofimcrodsingrork tiynetiament
(boron or phosphorus) may be doped to 25 control a threshold val ue of the
TFT. - 8fBesietdSof isihdlod&oe@sshent e inBeeasey sliclworkefifipimonostluhé anethl | m i s
manuf actured by the | aser crystal nethod, a excinmer |aser, YAG | aser, and

YV04 | asgsmBbuid BFUVE\}{’?I%&it'ih%ﬂt@SﬁlﬁH@. or continuous-wave type gas state

laser. In the case ere those ers are used, it is appropriate to use a
methgg i n whi CPigl.aﬁfghows an active matrix light emitting device in which a TFT 105

formed on a substrate 101 and a light emitting element 106 are electrically
connected to each other.

When manufacturing the active matrix light emitting device having a light
emitting element illustrated in Fig. 1A, a wire 107 is formed to input an electric

25 signal to one of source and drain of the TFT 105 and to output the signal from the



5 light radiated froma |laser oscillator is condensed by an optical system
into a linear beam and is irradiated to the sem conductor film Al though
the conditions of the .. crystallization should be properly selected by an
operator, in the case where the exciter laser is used, a pulse oscillation
frequency is set as 300 Hz, and a Iasei energy density is as 100 to 400
mi/cn2 (typically 200 to 300 ml/cnR) .~ fi-the case 10 where the YAG | aser is
used, it Is appropriate that the second harnonic is used to set a pul se
oscillation fr ncy .as,.30 to 300.kHz, and.a | aser enerqgy. dengity is set
25 300t 0 800 D AEREm TRl fpaeot FioBoR ke aRBIbIE B e aoSimifangh
condensed into a linear shape with a width of 100 to 1000 p, m for exanple,
400 p. m ithe one shpwned Fig. ke aliyee comprisiie af leasleong pEgania eompaendd03

overl apping ratio (overlap 15 ratio) of the linear laser light at this tine
may be seandasc@iodo 100%e hygatdon tlsehmddanty ¢ahple€Othe Bglitheamitfiog slethdnor
covering the sem conductor |layers 602 to 605. The gate insulating film 607
is fosmedggroman insulating filmcontaining silicon by plasma CVD or
sputtering into a filmthickness of from40 to 150 nm In the enbodi nent,

the -gate insul i fi LS f f j tg ilm
nto a thi cknesiobre HepTiih, Wi B AE RuSiehbr 38 Fily XS 80 o
59% N = 7% and H = 2% . O course, the qate .insulating film607 is not
Vimted mcthad Ogimwlé%rﬁ%sep& iaflﬁcagefrmtﬂfﬁsg%tieﬁgtnrzﬁ fdegcs i aArosdnge il ot her
silicon may be forned into a single layer of a |amnation structure.

Besi de, wWheprespet isventien oxide filmis used, it can be forned by plasnma 25
CVD in which TECS (tetraethyl orthosilicate) and 02 are m xed, with a
reaction  -27phi &gu2A, afTHD 202, isefosmbd tonah gubstigre r2iur €Tt sibisoate3201 t o
400C, and discharged at a high frequency (13.56 MHiz) power density of 0.5

to 01§ %ﬁgﬁit%lgqu?lfﬁﬂs%ﬁﬂgtx %Fiaﬁhif%l:fsﬁ SuBSrRt 8 érﬂu@ksga%ifag 201! MACERadk

obtained In I con ide fi us nmanuf act ure y subsequent ther nal

anneal i n t 0 to 500C, 5 Then, as~sh WA~ Fi g.. 6 on,t he gat

neurat | SuBFG DS Emploxtd BERadCT THE T Al 6k formd b2 A Kot OBkthode  ve
film®609 are fornmed into lamnation to have a filmthickness of 20 to 100
nm and 160dtthe A0l 292 hassyeleast aigpte electmde 203 3asqmiee regine 305 g drain
conductive filme608 nade froma TaN filmwth a filmthickness of 30 nm and
t he secomegionn{if;tandeafdhamméldformmdg fegoom 20W f A igatd insudating fillin2@hiigkness
of 370 nmare forned into lamnation. The TaN filmis fornmed by sputtering

with a Teintegyoged bBetdeén Ahe atd ehttiodeC20B andi the rigico0s, Bes) aes 207he W
filmis formed by the sputtering nethod with a Wtarget. The Wfilmmay be

for ey DonkhdtaRb VRIS kagoh 0955 TBrehEX BLR e SolFE)rc W SBOUEA P! hod
is used, it 1s necessary to nake the material have | ow f§ resistance for
use as the.gate elgctrode, and it is preferred that the resistivity of the
WEilmi raggtreglgnl s than or equal to 20 p.S2cm By naking the crystal
grains large, it is possible to nmake the Wf{i|mhave |ower resistivity.
However, in t hAsshownymehig. %ynilmﬁmywlrtﬂu@%m@ﬁga&s with athacknesy e%
contained within the Wfilm crystallization is inhibited and the

r esi st andgobizgomesvdrs ghe TFTTRO2.ef Openinigs a26 formed ax dhepinderldyer finsulatimg t he W
filmhaving high purity by sputtering using a target having a purity of

99. 9999%ilmMIDS dncrfldntd £filln dDa light-SHcRlitg hidtAdonssiiid@icadinMier Rfdk&y ent
inmpurities within the gas phase fromm xing therein during the film

91780 O 8 St OIS B PUZRASR AR e 2 (e
the Secoggut?e?{]ndgu&tiig.fo)f.i l'ﬂe6l%%térlsal rg%(ilﬁe PJternge?LfﬁleQt?ngn%rllgriis all ilkssulz%)ﬁg

film containing silicon, such as a silicon oxide film, a silicon nitride film, or a

silicon oxynitride film. The interlayer insulating film may be an organic resin

film such as a polyimide film, a polyamide film, an acrylic film (including a

25 photosensitive acrylic film), or a BCB (benzocyclobutene) film.



-28particularly imted thereto, and either filmmay be fornmed of an

el ement selected fromTa, W Ti, My, A, Cu, & and Nd or an alloy nateri al
or a conmpound naterial containing the above elenent as its main ingredient.
Besi des, a sem conductor filmtypified by a polycrystalline silicon film
doped W|th an 5 inpurity elenent such phosphor us may be used. Al so, an

;LL%%ES:Z?CE' Br A6, thlinatioh SRMHRCmY g.ﬁ’?h i Gl m;%fn‘%rﬁ‘é’@ Paf B iRy ifbi
Lot it of cathind it ¢ fectal AEmeBE AR BERDES 6 GiPupd: Suoi it hanamogic O

titaniumnitride (Ti N) and the second conductive film609 is fornmed of W a
conbi nat tadde.i nPiierahly, Hbef metal enpownd \fdnt jis Fooed j using titeriuof nitgideal um
nitride (TaN) and the second conductive film®609 is formed of Al, or a
conbi nat znoconinmiitrilet tiranfum darlsidedeietonianf tdrtﬂicﬁi)&amtalln‘rﬁ)rnrimﬁiepiarﬂ@llnhﬁ| um
nitride (TaN) and the second conductive film®609 is formed of Cu, or a

conbi fat gaidd) rﬂézwﬁ%xﬁbnhh‘ﬁd@ 6Snot ﬁymm ygbldd.m 608 is formed of W M,

or the conbinationh of Wand M and e second conductive film®609 is forned

conductive 111 i%#%@?@ﬁ%ﬁ P ot wblak confind %@“@&%ﬁe“ﬁ Bhor

and Ti N. _Next, 610 to 613 de of resi sing a,20
phot ol i t FRIgGF aHige e el is sleetiically connacted %%ﬁrﬁ%ﬁs@ £ SAMELIME or der
to formelectrodes and wirings as shown in Fig. 6B. ThIS first etching

process #mapedd BIMt\dqublqsmamwsjndnsémﬂw presbitnigvemtiefi.t | Bhe witen t hi s
enbodi ment, as the first etching conditions, an ICP (inductively coupled

pl asme) gid Hidgndtt thad dag beskEmed Jarultahsdusly &fmiﬁﬁﬁn%ﬁhﬁaﬁﬁlﬁcﬁﬁelsﬁeWSEd as
an etching gas, the gas flowrate 25 is set to 25/25/10 sccm and plasma is

genej@t e 500 WRF (13.56 -29MHz) power to a coil shape
el ect(?odgbr%ﬁ?@ly$%(% dry etching device with I CP (Mdel E645-DI CP)

produced by ctric trlal . 1s.used A 150 W
R (1356 W) ERBRIH cﬁ%gaas TG e B sBilayes” (B pRdting ece
stage) to effectively_ ap a negative self-bias voltage. 5 The Wfilmis
et ched with thdext mﬁul%tmgqi/ @r%aﬁa.am dornedy iy covr 23RS l?ﬁsww@;rth@)ﬂn@qiﬂ;s first
conductive layer is fornmed into a tapered shape. In the first etching

condi t i oassshoavreireFigh3dg r’Bhe nfaderiaMissd 20 Go139 thenimenhayer himsudatatg figmr208e f or
TaN is 80.32 nnimn, and the selectivity of Wto TaN is about 2.5. Further,

the t apeéarﬁB@'e%p]ByéN if8r ﬂmmsu?&mghlalyewe Preferhbl§! oY RsufAing layersSarel0
Thereafter, as shown in Fig e'first etching conditions are changed

i nt o4 heg a%ﬁCP{bdzgﬁqufhgclﬁfé'gg' tions w thout renoving the masks 610 to 613

made of resis m xed gas of CF4 and Cl2 is used as an etching gas, the
gas flow rate sset to 30/30.s ma i s_gener d. | ying a
200 WRE ( 13, SRS lalsS RIS IRE b5 3L A S EAE CPBROUT o it THERE] Ofher ey
performetching for about 15 15 seconds. A 20 WRF (13.56 iqpower i's

al so appheetnads 2h@ (igssBit e Thegmatariadt ofythe: dayarag@Mprisings pledeasy @ng a
negative self-bias voltage. The Wfilmand the TaN filmare both etched on
t he saneorgadier campounch@13ecandees dmomm bomdi highnsoi mteimedia€Fhobovalatl?2 are
m xed. In the second etching conditions, the etching rate for Wis 58.97

nni m n, b%e@%‘i’géﬂi@c@ﬁlﬁhhﬁﬂl r?\rﬁnfté}ine-ﬂi’d\’eib‘hs@@o@anm&lal 'vah Heldefinedt he

etching tine nmay be
20  that an aggregate of an organic compound which does not have subliming property

or dissolving property (preferably, an aggregate which has molecularity of 10 or
less), or an organic compound which has a molecular chain length of 5 um of less
(preferably 50 nm or less).

A cathode 214 is formed on the layer comprising at least one organic

25 compound 213 to complete a light emitting element 215. In this embodiment



i ncreased by approximately 10 to 20%in order to performetching w thout
any residue on the gate insulating film In the first etching process, the
end portions of the first and second conductive |layers are forned to have a
tapered shape due to the effect of the bias 25 voltage applied to the
substrate side by adopting nmasks of re: i6st with a suitable - 30shape. The

angl e of Fat:l t . | gt pe
conduct i Vi BAEEEcRR B8 | cBeaind & 15 tpariBdmeduio 38T
second condycti.ve | ayer 15h ta ,618K),constituted o fi.rst. conductive
avers agiind i ot Celedi i S0F 2pdeeRer b wathly AEprarrabieREhing
process. 5 Reference nuneral 620 denotes a gate insulating film and

regi ons dﬂSleél&lﬁtt@nﬁmﬁalmqQ@Q%I%mﬂ’ﬁe&ﬁl&?@hot covered by the first
shape conductive layers 615 to 618 are made thinner by approximately 20 to
S50 nm by et chi ig prdfeered mafdriadtofdthel ngthpdecksis is onpethhphaech smadlddozk
inpurity elenment for inparting an n-type conductivity to the sem conductor

| ayersw %M@nrmmgg&gggﬁr%&%aﬁ% gl%ﬁ%n@ffrdrﬁ‘?ﬁé&atﬁgh@ 21@.Bg Eg???%:ﬂgléiﬁy be

carried out by an I g nethod or an 1on 1 njecting ne

condi tion_of,, the ion dopi met hod _i.s, t hat gsage.is 1.,x 1013 .to.,5 x 1015
ot oms. cnan Ut ane Al ob PRkAPCRAE erfi s Do) aftRTG0 5 Bompineth . R ont
the dosage is 1.5 x 1015 atons/c and the acceleration voltage is 80 keV
15 As th@lqt?ﬁmlﬁit(?@réméi@rmnaﬁ%mrqr%amrh@{f%e n=type conductivity, an

el ement whi ch bel ongs tgﬁgroup 15 of the periodic table, typically
phosphor us ( P) Actopagate il {sAsied &s as exampledinpthesjsisoripion ders edHoweeer, | n
this case, the conductive |ayers 615 to 618 becone masks to the inpurity

el enent  {iyre liSM@" partigulap difithtie and e Giresdnt nvéitibrhisghlse Gppivablet foox
inmpurity regions 621 to 624 are fornmed in a 20 self-aligning manner. The

I Npufhty I i rr{iﬁ? i | s added to the high
conciedr)ltrg !tgﬁe n%m?rfpg‘g%ﬂodrﬁa%% W’é’ﬁ‘?‘% etskzr\g%%%%%'rati on range of 1 x
10Z to 1 x 10zl.atqns/cnB. Thereafter, .the second.etching. process. is

por for e wi ¢ VI HERSURRYrer el o rosPrEags ian 66 cailishh o Feclayer oc
The second etching process is 25 perfornmed by third or fourth etching

condi t i oROMPEISEE 3 Igastamegapic compound,213scan exit fruy the cathode 2driddgas,

the gas flowrate is set to 30/30 sccm and plasma is generated by applying
a S00 W effididi]ySeithbia) albowirg the lizht ¢o Escapa feomithe anadie? Lihdiee. 1 Pa to

t hereby perform etching for about 60 seconds. A 20 WRF (13.S6 MHz) power

is also applieffdr® d%fh@ie_ﬁ%%&ﬁ?ﬁ&@ix@%%&éxﬁéh_tﬁé BERchf myentibR sRlt@edd ¥l y S
apply a negative sel f-bias voltage. e Wfilmand the TaN filmare both

et ch o] Mt tyd etching conditions in which CF4 and
dz 1zisrje %é@?aﬁgﬁ%ﬁ@q@&lgﬁﬁéﬁﬁﬁg%rocess, the etching rate for Wis
S8.97 nnirnin, _the etchin ate for. TaN.is 66.43, Not e at, the etching

T my be | HEmBadEheR O shEhiesR inkealion volle dssbrbed BB t o per for m
etching wi thout any residue on the gate insulating film Thereafter, as
shown in Fig. 6C, the third etching conditions are changed into the fourth
etching conditions. Wthout renoving the masks 610 to 613 nade of resist, a
m xed gafEmbodirkntd@]2 and OZ is used as an etching gas, the gas flow rate
1S is set to 20/20/20 sccm and plasma i s generated-by applying- a SO0 WRF

( t13-h,86 Iv:jz) POYREs éntbailifitht ghRaRCIhisd dRFipHBHN theBlethent SiRIceR¢ ¢Fel for m
etcning 1or

20 light emitting element in a light emitting device of the present invention with
reference to Fig. 4. Specifically, the element structure in which a low-molecular
based compound is used for a layer comprising at least one organic compound will
be described.

As described in Embodiment Mode, an anode 401 is formed from a

25 light-shielding metal compound film. The anode 401 in this embodiment is an



about 20 seconds. A 20 WRF (13.S6 MHz) power is also applied to the
substrate side (test piece stage) to effectively apply a negative sel f-bias
voltage. In the fourth etching conditions, etching rate for TaN is 14. 83
nmmn. 20 Therefore, the Wfilmetched selectively. According to the
fourth etching process, the second congzﬁlztlve Iayers 626 to 629 (first

conducti d 29b)
are for ggcirﬁéggfecgﬁcgaglé{)ﬁcal [?)eidﬁ@ process %gs)“ger (g’e%‘ﬁg é‘“g\%ﬁ ftﬁefg TA.
Fi rst COEIdUCtI Ve, Ia%/ers 626a to t?ﬁi& and cond conduc ive Iayers 626b to
629b ar eDY SPHEHNgs ohas fucknesgrof hitramy Sniierng s fi egni ke ghiedeor med
such that the -32inpurity elenent is added to the sem conductor | ayer

bel ow t heputtasinge ibrpbearn sputterfing,epposite targeirspudtering, dutherlke. | n t hi s

enbodi ment, phosphorus (P) is used as the inpurity elenent, and plasma

doping is perfArm@Ir BbinPrising stoRageows ofgahix cdibauad a0 BB rmedr 6re i
density of 0.5 p, A and the acceleration voltage of 90 keV 5 Thus, |ow

Conc@tréﬁdq%gmimuﬁ Y 4 9ONA e@ﬁ&ﬂ 8e15|§6ngulr1zl¥¥tt19§%g}ﬁgﬁé&gggﬁﬁb%?@ﬁ; rst

conductive layers an ’Iom1conc ntrat

whi ch do. not. ove he f.irst con ers.ar r

ol £-al i Eatig et s e the e Rufordieds tf&ﬁﬁgodﬁimgtl?@iaw {fRein i’
concentration inpurity reglons 631 to 634 is 1 x 1018

at oms/ cn@nbedinend is 2 eppemmiithalgcyaming é@’ewﬂ«:)ufslnwaﬂu attblqkﬁésﬂwfgﬁo nm.
concentration inpurity regions 621 to 624 and the high concentration

i npur i t yEvagpraetien &3Gsedche88 foren flerfikal. New masks are formed from resi st
(639 and 640), and a third doping process is perforned. Inpurity regions

641a, 641b, 64Rext, A HoRA HAnsperting ﬁ@cﬁmmﬁﬁuféﬁf{ecﬂfﬁfﬁi“ﬁ mﬁeﬁdﬂ%ﬁvfdgat
inparts the opp05|te conductivity type (p-type) 15 - fromthe single

CONEL] o liond Y3, <ﬂa¢§b%?élﬁgnnemg$q{érgy _SHECR04UR GorkBy P 4 NI Ch

becoire 've |l ayers S dopl ng process.’ ( See

1% 20T D U PR BRI AR S

inparting p-type conductivity is added and the inpurity regions are forned
in a seltﬁ-l\éPDgEymgamahanrterathme$sr1~?fL|40 n.regi ons 64l1a, 641b, 642a, and
642b are formed in this enbodi nent by ion doping using di borane (BZH6).
Phosphor ous i sA dgtieéntininighlayernp0s id formedimexs. 6Hilthis 6rhibadément, hplesiand

regi ons 642b, 642b in differing concentrations, respectively, by the first

dopi ng piIe&fsTs ABGeRYnibifed gk i HPérﬂﬁuﬁ IR ECATS 1o ERVENSKt. AR Rght S

performed such that the concentration hee  -33inpurity el enment” which
|rrp Its ond I Vi C he regiens he 1] 10Z to
alfOZfDné{tt%ﬁ%/@ HQF%] ker of d % 28 evaé atlﬁé f ‘F geg/gng%zéxﬁ)?{pﬁ ﬁ%ylr egi ons
functl onj as sou i ons dral n r |ons of channel TETs. The
rosi st rISIEIngHas Seariodo 1oy rﬁﬂgmﬁ ool & fransponting host natesial and
insulating film643 is fornmed as shown in Fig. 7C. In this enbodi nent, as
the fir gris(Zaphenylpyrdinchindiam (herinaftorgefrrachas le(pplih) ithat fsi 4 humindusr med
fromthe first insulating film643a containing silicon and nitride and the

second iorganietdontpdundm GHxhickness of 405 & 30 amn and oxygen. 10 An insulting
filmcontaining silicon is formed havi ng a thickness of 100 to 200 nm

6a3a. A o111 ooy ietE TaoPr 408 b et THE: PocR @ o8 K f1sbop
by 20 called as a hole blocking layer and prevents an idle current that does not participate
in recombination to flow when holes injected to the light emitting layer 405
accidentally pass through the electron transporting layer and reach the cathode.
In this embodiment, bathocuproine (hereinafter referred to as BCP) is deposited

into a film by evaporation to a thickness of 10 nm as the blocking layer 406.

25 Lastly, an electron transporting layer 407 is formed to complete the layer



pl asma CVD in Enbodi ment 3. The first interlayer insulating film643a is of
course not limted to the silicon oxynitride film and other insulating
films 15 containing silicon nmay be used in a single |ayer or a | am nation
structure. Next, a process for activating the inpurity elenents added to
each of the sem conductor layers is pejgorned. Thermal annealing using an

anneal | ngoég;i@@geati lé?ﬁ%ﬂce%{ﬁ%ﬂicf %Té&ﬁdaﬁﬁ% ‘ﬁ%i@f‘ea gﬁrﬁﬁﬁ?é strdatd™®! The

anneal i ng pertormed 1™n a nitYogen atnospirer avi ng an oxygen
concentrajtion of 1 or, 20 l ess, preferahly 0.1 ppmor,]ess, at 400 to
7000, 1y Bleckpn, raiREGRE JaBeraf sisoBormeie Alcd Materl3h GaPablscst iacBheiiie e
in Enbodi nent 3 by heat treatnent at 5SOC for four hours. Note that, in
addi ti onclestroner pad  Araneporting, dlegieansanndal ithis agmbediment; hdenegleetrereal i ng
(RTA) can also be applied. Note also that, in Enbodiment 3, nickel used as
a cat al ygansporting 12%erc 493tisl formati oh tiis(8gguihelisclate)t dluhticumnthereingfteegi ons
635, 637, and 638 containing - 34phosphorous at a high concentration at

the samerdfbffed & as MqﬁﬁgV&aﬁlﬁ}dtMﬁttb%hﬁ’él&fé%M 49 pyer f or med. The ni ckel
concentration wthinthé sem conductor |ayers that mainly becone channel

form ng regiong.is.t e % . LCUT [ Sq.f ced
for TFTs havi n@e%ﬁsﬁgn‘tr%’ﬁoc[eo?‘?ﬁcESS‘OF-EF'S?On?ﬂ"’ﬁ%@"@%ﬁﬁ%‘g{ehgﬁﬁ’ fg@%taﬁllio;q? @fgject ric
field effect pobility is _obtajined because of the good crystallinity. Thus,
good pr offef® ickstiods Bat alApe Mgt emptiede frony fae S@qu\/%&m%glﬁg R Eastnele al so
be perforned before formng the first interlayer insulating film However,
when usi ergaaionicomppundt eéli2alto witaesmits ang athergfore rigs peraned wfh@atmaterial s
preferable to performthe activation process after 10 formng the

i nt er | aygandmissivatofrighiti | Théicateodat408gisialdorae eléctriode Hgr fijedtin@nelastronss Mai n
constituent, silicon nitride film for exanple) in order to protect the

W ri{1gs t | d : i i Hthtn | r

perf%t?ma , gnlg&trhde rrlgtﬁg iaﬁtlée%rgFggéer né‘gf"%ﬁ}ﬁgﬂ??‘P%glr?gytﬂgfeeﬁ%:%(}ggﬁ er
per form t he.activation prpcess. 15 1n addition, heat treatnent |

Per f or metpimsA - SO0k % Bl Ob ST Wok sBsRIPR. o fF g i ePERE RS g
hydr ogen_of 3 to 100% perform ng, hydrogenati on of the sem conduct or

| ayers. Magtionrafatheegtthpde saralb thisgembodynent empleys adam thick Himoebher e
cont ai ni ng approxi mately 3% hydrogen in Enbodi nent 3. This process is one
f or ter nealaimudedgl(Cal) bt ds flobrith ef sandlkalmk caolh medgler Omoyhiddilimydr ogen
contained in the interlayer insulating film Plasma hydrogenation (using

hydr ogem@xfi theck fil/mRiféhffﬁfﬁ)ndmx_ADethﬁﬁhi@ﬁi@ﬁ‘toﬁﬂu@ﬁ@f&f‘i%flaZEﬁéﬂSanrder to
hydr ogenati on. Further, when using a | aser annealing nethod as the

act iyt i IBEIQC&]%ScoMthi%itW §Eqagb+ﬁh6@e I4sadiphe dafRfe hbﬁhfhu%“ﬁ& gs that
froman ‘excinmer laser or a’yY aser after performng the above
hydrogegl%t i.on pi ocess. -35A second interlayer insulating film®643b is
formed n@MYRSHHEYN S st interlayer insulating film643a frominsulating

filmcontaining silicon with a thickness of 1 to 2 p.mby plasm CVD or
sputtering. Adnogkymembodiment, @ materiad having smalli werketuncgioniangd g highly f or ned

i n Enbodi nent 3. O course, the second 5 insulating film643b is not
linted ¢condubtvelnateriakatei ayertd td ephancei theufuactioy dfid wathode and at the

same time the laminate is made as thin as 10 to 30 nm to secure 40% or more of

20 transmittance for the cathode. However, the cathode is not necessarily made thin

as long as the material used can provide sufficient function as a cathode and can
secure 40% or more of transmittance.

Figs. 18A and 18B show results of measuring element characteristics of a

light emitting element that uses a low-molecular based organic compound for a

25 layer comprising at least one organic compound. The light emitting element has



containing other silicon may be fornmed into a single layer or a | am nation
structure. Then the first interlayer insulating film 643 nmade fromfirst
insulating filme643a and second insulating film643b can be fornmed. 10
Next, patterning is perfornmed in order to formcontact holes for reaching
the inpurity regions 635, 636, 637, q_rlq_638. In addition, the first

nsu

i nsul ating film643a. and.the se -1 atd..n Irghs 43b ane,lnsukating
film contagi Pege W@g ?6‘&qpéﬁmp¢§2ﬁﬂm@&5! asfbln?ﬂgtﬂﬁr@lagfscﬁil@t'ﬁgieh(giagor wet
etching nethod can be used for form ng a_contagt hole. However, 15 in this
enbodi nedietalgempownd At layeredy ajlayerseamprsingat A¢ash onp O183Mg compynddni ng
film and the dry etching nethod is used for etching the second insul ating
film Fi rveliichtal@u-Pedind annsdNBDifillgn, fankdrancARp film eteclageediHend a cathuidedd
solution (Stella chemfa Inc., brand nane T .Al. 500) contained 7.13% of
hydr ogen vaifeRNh UBhfilmOrlitRideNBAF?) fimel did 484 OAI afitiniatim laberedi deThdHAF)
is used 20 as an etchant to conduct a wet etching at 20C xt, the first

i nsul ati i i i d i as
1ow Pat Gt shiOfE k&L Soltimg HE s U SCTRY, By SHERCRA PDY RRENOTS
pressure of 7.3 Pa,. and dry etchi is perforned. Wrings 645 to 651 and an
P ode. 6e3teaiBeRtyr g Tt ShoRisod: MiniaanPs charifteristly oF Wi fieboraltrss | on
inmpurity regions 635, 636, 637, and 638 respectively. In -36this

enbodi neslemens imatedatien do fvpltager nFigy 1H1 ishgssea suggns Thaaeteristie elhéie 652,
conductive materials having |light blocking effect are used. Specifically, a

conduct i \ighnemittitg,elememxindelatisndanolidge. a boride, and a silicide that are
conposed of elenments of fourth, fifth, or sixth group of the periodic

system can be %@Qesﬁts"iﬂ"ﬁé@flSMiahhrl% S tRatGhe 1pME ehliRindn€lemeRbthatr €
patterned to be formed having a thickness of 500 nm by using titanium

nitrigde } I -G I L t hi I , a

m xegﬂgaé{[gwiéfg g?%ﬁ@’ﬁ ﬁcaﬁﬂgh?‘hg%ﬁgéﬁ#lﬁéﬁ%@s Q{nﬁeﬂgg{g ?‘ﬁ)g% gﬁ?ée is
set to 40/40 sccm_  and pl.as i s generated by applying a 500 WRE (13.56
MHz) powdPliRge i #olow ah ;)\Zogﬁ%%taighvestfet Qfgld t qbssiog @&W%},M%Esw%r m
etching for about 30 seconds. A 100 WRF (13.56 MHz) power is also applied
to the sabwunavfcwirert flows uppn epplisatingedf veltage end ik iy usedhEqrats anode.
self-bias voltage. In this enbodi ment, the anode 652 is forned

si mul t aneous| y AMiglt evnitting dl@nsht having ahel shmesslemenastiudtatd antirsose m ri ng
of high concentration inpurity 15 region 638. The insulating filmis fornmed
inlp, mghic i or i 101; i i i¢l aTin|

cont ai nlmrll:{lggE éiﬁjﬁgﬁntdoﬁgg?% ?Eéﬁtﬁé'i nﬂlﬁi lslggtrrﬁagglt{%te@%%ﬂgt ﬂgeerS ﬁrﬁrr@r such as

i nsul ati il.mgontaining silicop nifride. . or, silicon oxjde nitride, the -
or gahtc NEelhFldiRe Bl Mo inGoRyR o e Kpsiae FRBRSEL IS Rt AEE:
acrylic is incl uded?1 BCB (besgllﬁocycl obut ene), or the |ike, may I,sg_ Be used.
An openi FigspdPA and 19Br shove sesulls i easysing ¢lemenkcharasististionsof Hris {ight
insulating film and the insulating layer 653 is formed (Fig. 8B)..

Speci f i camityingt ktemerdul digngl9A | sho¥ss a Jufdnansd bhamapigristieieof ribisl dighhg film
is formed in 1 ~, mthick using a photosensitive acrylic, and after that it

i s patt eenglingZelérdemdinpiehition tbhadfagphy Figt198Isleows a supenf chigractedstihong

treatment.
this light emitting element in relation to voltage.

20 The plasma treatment here employs ICP (inductively coupled plasma).
Specifically, in a processing chamber, an antenna coil placed on a quartz plate that
is in an upper part of the chamber is connected to an ICP RF power supply through
a matching box, and an electrode (lower electrode) opposite to the antenna is also

connected to a Bias RF power supply through another matching box. A TiN film

25 that is a light-shielding metal compound film is formed on a surface of a substrate,



-370n the exposed anode 652 at the opening portion in the insulating |ayer
653, a | ayer conprising at | east one organic conpound 654 is forned by
evaporation nethod (Fig. 9A). In this enbodinment, the state of form ng one
kind of |ayers conprising organic conpounds that are constituted organic
conmpounds 5 emtting three kinds of |ugpnescence, red, green, and blue is

illustra T Is I I ] far r ki nds
of  or ganf il the SERRIPE IR G e fophackfole Bt piocepShy, ey ASF 1 0
Alight emtting.elepent showmn in Fig. 10A is constituted an anode 1001, a
| ayer coﬁgsp’éit M -east one organic conpound 1002, and a cathode 1003.
The 10 | ayer conprising at |east one organic conmpound 1002 has a | am nation
structure consThe plesana treatact 63t goployipneakind abh@as oa 4 cgmbiratian phg

| ayer 1005, and an el ectron transporting |ayer 1006. As for the material

t hat conphiradlukiads ed gasrsuchsaselNs, Oh,0fAt, BE1,tdandnGlel diverthe @amedteshiowic kiness

are illustrated in Fig. 10B, as for the material that constitute green

| umi nesceps, 19AhinE@ 9B iRKIGH FIRNGE BOY id b& 10 Licek ARS Shefiew Fait @) ed in

Fig. 10C, ‘and as for the material that constitute blue |um nescent 11 ght

emtting;e t he i I r I,k Ei

respecti We%cg.ﬂ?zl? Isé‘{]rﬂ a% &9@ rwéiﬁﬁ P@&%& lgaéﬂll%ézﬁérﬁgﬂé %%%gﬁi @%&%88 %
emtting red light is forned. ifically, a 4, )

4' - bi s[ N élenlﬁb’ﬁ'( sdacirodenghg r@ﬁﬁﬂﬁ ﬁgi&ﬂ’fﬁé‘ﬁ)ﬂﬁ given Hethe amernal codkadra ed to
as the a-NPD) as a hole transporting organic conpound is forned into a hole
t r anspor piessjire & dr9 Paga generrtel plasmarf anidhperfiornk plasma tbeftmedt o thgsurface 13,

17, 18-octaethyl-21H, 23H porphyrin-platinum (hereinafter referred to as
the Pt OB ties TEN | film.neTheritnghoeh serfaceplisnth treatheend dp gaefeeably s tor6o t he
light emtting |ayer 1005 with organi c conpounds (hereinafter referred to
as t h i ) Tictht ek ] Vi ilder ed eferred
fo o naclly TR e sBlorg light iR Bl SO, s, A LoB,
basocupr Qi er el naf referred to as the BCP) as a bl ocking organic
corrpoundt?'legrfigi ﬁ%talagﬁtlg’rsffcmlg%ki ng layer 1006 in a 10 nmfilmthickness. A
tris(8-quinolinolatoA) alumnum (hereinafter referred to _as the Alg3) as an
el ectron trandfigr 1 PAShemsahlumingnee characterste pfdhe hight emiltipglementin
transporting layer 1007 in a 40 nmfilmthickness. Thereby, a red

| umi nes ceefdtidnatpevoltageor i Kign§ 9Bt shosass comenbchaacieristod uhe lighh ebmtting ned.

Al t hough the case of formng a red | um nescent |ayer conprising at |east

one orgaabﬁleﬁpﬁmmﬂ)WMt@eki nds of organic conmpounds with different
functions is explained here,” the present invention is not limted thereto,

and genown 10 rptgEd gl Qﬂﬂilget&ﬁﬁd?léﬁlehpﬁuﬂ ORA © BXTB?WtéMrﬁgtﬁeh? red

| um nescence. green Ium nescent Tlayer comprising east one of ganic
conmpound,is farmed. Specifigcally, an a: NPD as ol e.transportiz r gani c
conpoundiie YEli4RE s Rg% pi5 ook lePa dho sEraf RefErmissts (ncdimipanthar | m

t hi ckness. The light emtting |ayer 1005 js formed by that a CBP used as a
hol e t r ayWfiFient agioyas f pyrren § wpon @pphicaigibef veliagg-t ningadditienptheheny|
pyridine) iridium(lr(ppy)3) iin a 30 nmfilmthickness. A BCP as a bl ocki ng

or gani ¢ looripancecreachds@006dcd/nt ortrharetit acdivigyo lager of LTV, | Mezotdinghy, it | m
t hi ckness. An Al g3 as an el ectron transporting organic conpound is forned

i nto thejsebfeluted thdt e BRMdnt ¢hhR¥Riristies an Be am?&)m dviehTthbfe BKpRSa
Thereby, a green |um nescent |ayer conprising at |east

20 treatment.

[Embodiment 2]
In this embodiment, one of the element structures of light emitting devices
of the present invention is described in detail with reference to Fig. 5. Especially,

25 the element structure formed by using high-molecular compounds to the layer



20 one organi c conpound can be forned. Although the case of form ng a green
| um nescent | ayer conprising at | east one organic conpound using 4 kinds of
organi ¢ conpounds with different functions is explained here, the present
invention is not limted thereto, and known materials can be used as the
organi ¢ conpound showi ng the green |um,pescence. 25 A bl ue |um nescent

| ayer co | .S}k QEHE J - 39f or ned.

Speci fi ca@@ﬁ%ﬂg g{ ﬁg%figﬁse a%%aﬁ{ nes %f&gf%ggﬁgé%onpound and a hol e
transporting organi c .conpoupnd .is,.for jnto the light emt{jng |ayer 100S
in a 40 nm fil M}t MCARABES In rré@ﬂhragn% e:RPri'&Og? éQﬁil&f%a%bﬁghfi gietyr med
into the blocking layer 1006 in a 10 nmfilmthickness. An Alg3 as an

el ect r on compaamsipipim hagingrlightibdodongetfiedt.i s formed into the el ectron
transporting layer 1007 in a 40 nmfilmthickness. Thereby, a bl ue

| umi nescent | aygithis @Mmtiddimedt,ahe heddd SONE cunmebicd etetioalngtstie TET2opmed.
Al t hough the case of formng a blue |um nescent |ayer conprising at | east

one Osga@g%hswgp@%%égﬁhams {fﬁﬂn‘i’éd BY TAONIA h&vE QTR afiﬂﬂb Hlinf%gf{;ggt 10

functions is explai ere, e present I nvention IS not rmte ereto,

and known terials, can he used.as t rgani ¢ conpound. i.ng the. bl ue
ant - envoftiie Btedfn: A3 PibedRE sidfiol FRLE GROERPEY oA Pl
anode, a layer conprising. at |east one, organi c conpound emtting the red

| um nescSRBteripg anethadnan dop heamespuiteaing methad, A0 PPPAIEsOESRL SPUAISTIBE
formed in the pixel portion. 15 As shown in Fig. 9B, the cathode 655 is

f or red t anethodyortthe likeyer conpri sing at | east one organic conpound 654 and
the insulating layer 653. In this enbodi nent, the cathode 655 is nade from

conductive fil i tHigtenibodimehBRAIRFEEEmpAsihp At Ida8hbne 5@% t6@pbind 521 S
preferable that the cathode 655 1s forned y small work function materials

11 AT AT e ahs, SOESAS Ao PAAER] Sl ARG SO ST ECT
el SRS 605 e AaNBS 50 FLRLL 16 SAE hBh et NeBget e
Al

al kal i ne-earth netal (for exanple, . My alloy, My: In alloy, or the

li ke). | @neergadesoaipeand 502nhs fermebby usmg highimoeleeular ergaaiecempawidmat i on
structure in which calciumfluoride 25 (CaF) that is a nitride of

al kal i ne- ear t hThet ladleamanspouting) daydrn®03 van be goaned usiiic bocuofi yolyy(30r
silver is deposited thereon. In this enbodi nent, since the |ight generated

at the | uodthyRik tdibRgthedHERRY, Fetehiréd 98 5shPEmIi7rtﬁ@eﬁlalf:t@g?@nﬁélysm%neat hode

needs to be a transparent to"the light. Therefore, Ca s fTorned to

contagt W the.la LSl A t\ ONe: rgani 0 654
havi %g a lftﬁl r(l:ll%na:cslé’ gr‘% fcf%r?]ir;gpg ggﬁnﬂ%ﬁeﬁﬁﬁfﬁﬁ% ‘Pﬁicgﬁ %r&aaglﬁp\%@r #‘?r?ﬁli grf or nmed
t hereon hayin t hi.ckness of, 20 us,. the cathode is forped by.

't racni ROt PhpobyaaHisy refeed) s ] sgaingfien @ﬁ% 3 Gamliot SHOIE afidye
formed. The cathode 655 can be fornmed by another known material only in
cases i nrefarred tonas fdehicrginaféera Jhgl matgsial is unade o Jan pqueusasolationi s a
conductive filmthat is transparent to the light. As shown in Fig. 9B, an
el ement  sinbs thatmatdrialiin gvaterd-sadbblepand thenathelagquesis sHittidm & appliclobpasyd of

t he anode 652 connected electrically to the current control

coating method so as to form a film. In this embodiment, a film made of PEDOT
20 and PSS is formed to have a thickness of 30 nm as the hole transporting layer 503.
The light emitting layer 504 can be made of a material of poly p-phenylene
vinylene, poly p-phenylene, polythiophene, or polyfluorene type.
As the poly p-phenylene vinylene type material, the following can be used:

poly(p-phenylene vinylene), referred to as PPV hereinafter, or poly[2-(2’-

25 ethylhexoxy)-5-methoxy-1, 4-phenylene vinylene], referred to as MEH-PPV



TFT 704, the insulating | ayer 653 fornmed between the cathode 6S2 and the
anode that is adjacent to the anode 6S2 (not illustrated), the |ayer
conprising at |east one 15 organi c conpound 654 formed on the anode 652,

t he cathode 655 forned on the | ayer conprising at | east one organic
conpound 6S4 and the insulating | ayer _? 3 can be formed. Note that, in the
process ctuglhg t | - em {1.1ng jce | i's i o

al t hough eﬁgﬁgﬁél?ce éﬁi(’glnal ?i negmg?}g foralrlrled %y%yénat edrr?%éé; vvhllﬁ[(.;Fﬁﬁggt)crg%8 0 the
gate el ectrodes,. .and al t hoaugh 1 h te si.gnal |ines are for i.ring
mat eri al U éﬁi‘?lgpﬂpa]fq{’é' ‘gur‘%gﬁgﬁa‘e‘lﬁ a‘f‘ﬂy@PQLt f%ﬁg@? i t%nﬁg(l)gg‘lﬁggnv’t o the
circuit structure and process, other materials may al so be used. Further, a
driver ciwkightcag@ivegieenduamngsceneen9etheriie.701 and a p-channel TFT 702, and
a pixel portion 706 having a switching TFT 703 and a current 25 control TFT
704 can be f or Fedtherpdlyyraraplenyierestypeneaterial; dicTio¢lowiapeandk uked: pdly(Rf t he
driver circuit 705 has the channel form ng region 501, the | ow

concest r@thfamdxgw,ri agpﬂeﬁgie%)ﬁ%ﬂef&%Dté egisOMROMPPN 1EMhARS V}%lg(ihe
first conductivé |layer 626a formng a portion of the gate el ectrode, "and

t he high t ,on, J rit i whi ncH-ens as 5 source
rogi on"or Sinarark, ddfhsRtc), shch B AR o BNt G EnRR P e PR g
region 502, and the inmpurity.regions 641 and 642 that function as source
regi ons or dra%ﬁs rtisi Flythigpbensi {4 n@afpmimbemfol(lwrw xean pbg t vesd: 706
has the channel form ng region 503, the | ow concentration inpurity region
633a ( LDpoly(gralkylthiophenc)p rofesredapo st BAThherfeinafterc pati(3dhiexglthinphenéR 8a
formng the gate electrode, the | ow concentration inpurity region 633b (LDD
region) bfegleddoes PHT kateinadier, Wlh(3-beclbhd:silthicptibae), rétertadly &) a6 PEHT and
the high concentration inpurity region 637 which functions as a source
regi 90 Ohefeifidffdr! P%Wé@-rb cfdlﬁxwﬁfrﬁeﬂlyﬁﬂ{Hﬁh%hg)TFPeféi‘fedof td NGs PIPEMPPr 1 on
e chanhel I fgfnlng regi on t I

706 has t S04, ow concentration I npurity
regi on 634a. regiQon) i gh, overl.ap with the first gﬂ_g)ﬁivel er

6205, "t nECTei g PR Gatr R R Eheed,riiSiied (o s FRERER effinef¥ioes
not overlap with the first conductive |ayer 628a, and the high

concent r&@&fa'(ﬂrﬁﬁjy]ipﬂl?ﬂ)’]édhmh%@a wHickgiradindei o#s adQ@RLr ckeretgifishs 6F drain
regions. 20 In this enbodiment, the driving voltage of a TF Tis 1.2 to 10

V, pref epabl[$-(2-dctylphen$l) 2, \Babithiophenk|s ptfayredf tot i PRIORT hposinhafier, ieaclact i ve
(case of the noving picture display), a background is displayed by pixels

i n whi chof hhith gii gﬁmﬁgaim@i@s@m%rﬁ{gﬁké,i ght and a character is _
di spl ayed by pixels in which the light emtting elements 25 do not emt

I ghys However gl fhet E;&‘llyﬁﬁ:%?%ﬁr’@‘gﬁe ‘rx‘ih‘?er’fBVitHQOfgng&Hfé]% AnSpL aYseq! g‘o{l’;ﬁ(%s .

-42pi xel portion 1's certaln peri re (referre

st andby t,i in.the presgnt speciifi Lon or the rpose .of.. savi ng

el ectri cbbﬁa&ymwmp » IBAT S Oaffse{) p%&% hg“’%ﬁ"’#ﬂrag)r %lyﬁgdgidiogﬂmﬁna’

(inverted). Specifically, a character is displayed by pixels in which |ight

eni t t i ngreread e as HROF hegeinaften, sack af wddch cam givechlue lumigssagnce, orifgl a

background is displayed by pixels in which light emtting el ements do not

emt |ighke(also called a background display). A detailed top surface

structure of a pixel portion is shown in Fig. 11A and a circuit diagram

thereof is shoYhe igbokednentidhedNingferial MhikRdcahl Boréi€AOLigkt Biittingaler is

20 dissolved in an organic solvent, and then the solution is applied by any coating

method. Examples of the organic solvent used herein include toluene, benzene,
chlorobenzene, dichlorobenzene, chloroform, tetralin, xylene, dichloromethane,
cyclohexane, NMP (N-methyl-2-pyrrolidone), dimethylsulfoxide, cyclohexanone,
dioxane, and THF (tetrahydrofuran).

25 In this embodiment, the film made of PPV as a light emitting layer 504 is



reference nunerals. 10 In Figs. 11A and 11B, a switching TFT 1100 provi ded
on a substrate is fornmed by using the switching TFT (n-channel type) TFT
703 of Fig. 9B. Therefore, an explanation of the switching (n-channel type)
TFT 703 may be referred for an explanation of the structure. Further, a
wiring indicated by reference nuneral _3402 is a gate wiring for

electric ,Nel: M ec, . ) of
The swi t cireaTRETh sgicisbss FEATnR. D ChRATRARR eI 2ofiihns SERES
structure is adopted, in i wo channel for.m ng regions are formed, but
! S ol o gt onghG ceamedund, S R oS an GwioRtipn, StristieogrwRosed bt e, or
a triplquiate structure, in which three channel formng regions are forned,
may al so dectzaiopodel transpeutiaiedayes YBuand G ligkt swittingi lyers041¢a0 bies
connected to a source wiring 1103, and a drain thereof is connected to a
drai n w robiginéd04. The drain wiring 1104 is electrically connected with a
gate electrode 1106 of a current control TFT 1105. Note that the current

contrgl TFT 1108etStHbARULI0SE fRenlede THthE PleseRNMinvehtibn- Ghad R %mpe)
TFT 704 of Fig. 9B. Therefore, an explanation of the current 25 control

(n-channe|  t ET 704 may be. referned for an ex nati o th

St et ur eenetRed o ithe e Smpfisli 1 6L iy BbsBIE RbbBd, 7 it o 1 1
this enbogi nment, the doubl ate structure or the triple gate structure nmay
al so be dbepeddthemathore $0§ g unaterials WAk i trAgSpIEBhIG Hic Hght B ussdite
electrically connected with a current supply line 1107, and a drain thereof
i s el ect rforml thy cathodec 585, WM dreaves, dimmienthei cathodel 508 .injsets dlestronte thieai n
wiring 1108 is electrically connected with a cathode 1109 indicated by a

dotted hngyerAompridifg iaﬂlﬁaﬁﬁéﬁio?ani@é&hﬁﬂﬁ@d 50PEsrAll #okR fufictiordafaterydll i Ng
connected with the gate electrode 1112 of the erasing TFT 1111. Further, a

sour of; f @l?ﬁdje {55 el is YeriSoH1 r-ent
supplq? I ilﬁgg%egf?@grggl tyé-l%l raisrl(ﬁ'he'lreg%ﬁ’ lfiesﬁliglﬁect r g%bﬁﬁh%gﬂﬁl}ggf ceﬂngtlg t he
drain wirdn 04. The .erasi TFT 1111.is,.forned |jike. a, curtent

cont rol | REMSEHR B RmReoN §ifstukolr Whick e SRum (G Ewdt & Akfag grhar i on
of the structure is referred to that of the current controlling TFT

( n- channénetalggs deposited 9 havesa Brplorsswit2 ng i orglee tglave the wesk duection,

descri bed though, a double gate structure or a triple gate structure can be
1S used. aftl dlinn$nurm veith sheshighagmdaatieity (@uminomd éndepgsiied thereordoihava
region indicated by reference nuneral 1113. The capacitor 1113 is forned by

a senm condHidkdksd bf 20 Afhlih GldeFid tasd the oRANEEI®FoMHe L ativiecsng.ent supply
line 1107, an insulating film (not shown) of the sane |ayer as a gate

for ma by the ShtEearaORUARRE Lt R SmbhOR, ue itibR s EafORE Ak

interlayer insulating fi.l .the current su |ine .1107 may be used as
2"t or agdverkefion Matptel il Righ Sordiis S ndisPials ' Biriartef fociorsLrd
diagramin Fig. *11B i s _conposed of the cathode 1109, a |ayer conprising at
| east onalsathmifilm digydegce thickness iaf| 48t toat3bhnm ofonsecwa” ¢0% «at mede 1109,
and an anode (not illustrated) forned on -44t he | ayer conprising at |east
one or gamransparepoyndHoweveh éf theesatdrial foe didiming thbecattaddeohias 4l @ledsate
connected with a source region and a drain region of the current

control | iffectionTad h08athddd Ot 8070 6F Mdreddranspaséiiy! HRAflM HickRRO4S et the

light emtting elenment 5°1115. In addition, the power source potential is
supphhed r y line V A potential difference betweeri the
coun?gr 8%@3%@?gﬁ82ﬁﬁeﬁﬁéagomer source potential is always naintained at
such a level that causes the light emtting elenent to emt |ight when the
power source potential is applied to the pixel electrode. The power source
potential and the counter potential are supplied to the light emtting
devi ce ofEmbedimemrdHsent invention by means of a power source provided by
an externally-attached IC chip or the like. In the present specification,

t he power sour hef@mﬁm?ﬁi Bitngert Jubkeatepal mothodl of siniditsicoasiyt forating,hen
counter power source 1116.

the same substrate, a pixel portion and TFTs (n-channel TFT and p-channel TFT)

25  of a driver circuit formed in the periphery of the pixel portion and forming a light



[ Enbodi nent 4] 15 - Referring to Figs. 12, the external appearance of an
active matrix type light emtting device of the present invention wll be
described in this enbodinment. Fig. 12A is a top view of the |um nescent
device, and Fig. 12B is a sectional view taken on line A-A" of Fig. 12A

Ref erence nunber 1201 represents a source side driving circuit, which is
shown by _a. t Lhe.. , ' _%g_ i.on: ' riving
cireui 1 e Qomehf S 16 el AULR) cofiden@to WO IFT aP B phes Bré
surrounded by the seal ant 1205. Reference nunber 1208.represents, an,

"t er confEtingH TR GR T Mib Fe ey 01 as Sia g s aTDOimEhs o ele Eilgit | i ne
driving circuit 1201 and the gate signal line driving circuit 1203. The

i nt er contlast ¢emhodmadnty diglity emittinge eleingntil kavang 2thec Istruktusé gdescsibed om a
flexible print circuit (FPC) 1209, which will be an external - 451 nput

t er m nal EnfBodymeheMdde ik $oirhddistrat ed, but a printed wiring board (PWB) nmay
be attached to this FPC. The light emtting device referred to in the

; TRy bad Y el ,
present Speci Thire! '1Hr1h{§3¥m98gfn%t, 9 éﬁllﬁirafehSOb'lg%cgg%hﬁélggsrﬁlgéﬂfegﬁpnpr a

product wherein an FPC or a PWB IS attached to the oW ng

i v cui toEa R AR nebGHEMK Shasd L Bl Batslicald denstininY e

gate side driving .circuit 1203 as one of the driving circuits and the pixel
sect i on SuahvasCarpg #{0pH ghasy. antbBl737% (Natethab asithe substiate §00; thegs is | 203,
a CMOXS circuit wherein an n-channel 10 type TFT 1213 and a p-channel type

TFT 1214netr partioularr leditatsord of thedsubBiteatel IKTranspesentt tot theglighte eden \ai quartz r cui t
may be conposed of known CMOS circuits, PMOS circuits or NMOS circuits. In

this enbaiisfafyd ca B& L¥QT. - | At Fastad 8AbdtvIe havivey Bl FdidstilideVt@ plocesy t s
formed on the substrate, is illustrated, but the driver-integrated type nmay

not Ce‘%ﬁﬁﬁfé‘%{)@ﬁﬁﬂ?g{“@?ﬁie’fm?h‘ﬂ{‘%x‘% HEBleep.e fitted 15 not to the

substrate e ou I Xel 'section 1202 is conposed of plural

pi xel s incl udi a current-c r.ol |i TFT 1211 d anode 1212.

Bl oct i cal |y chfbiba B B0 tnSmmed from anripuiing Al SRl asof iisces of
the anode 1212, insulating film 1213 are fornmed, and 20 a | ayer conprising
at | eastoxide fiyanisilicompdudg film o1 8 silicore @xynittide fdpvde formed on the
Furthernore, a cathode 1216 is fornmed on the |layer conprising at |east one
or gani ¢ subspratenGD0.2 1k thishembodiment, adwo-lger stradturensy wedrmnthe badd filmnposed
of the anode 1212, the | ayer conprising at |east one organic conpound 1214

and the g@t hodewddde al sinél‘é[lﬁ&ﬁiﬁﬁ otNe1ARinaAes sﬁ%éﬁnr(éj"c_%ﬁsi&ﬁﬁ@b.f%% @S an

i nt erconnection conmon to a -46the pixels, and is electrically

con t ' . ' to . : to
con £ natipt S U of 1R ShRLAGMGE S pd ukRy, CaS e BEint Bafh By
seal i ng bstrate 1204.i s, adher Wi th the seal apt, ,1205. acer nmade 5 of
et n Giora nliropeoaitris BTt "l Hrined g o PisKisas iadoH 620D g
substrate 1204 and the light emtting element 1218. _ An inert gas such as
ni t r oger(preferably 88 tontQ) nmg using SiHaoVH;,randi.Oras rsaetiemgasesdsy plasmahe

seal ant 1205, an epoxy resin is preferably used. The sealant 1205 is

desi r abl @Viladelnothisembbdimet, thersilighn vkywitridefitnh 603t (€ompositvny@ean Sis
transmtted as slightly as possible. Furthernmore, 10 it is allowable to

i ncor poratoog OBt &gl Nhavigeg Jwal H Hrg%)P aaving! £ fil@f thicknes§ o JohgmSrace
1207. In this enbodinent, as the nmaterial naking the sealing substrate

1204%0 H}%rﬁe y be used a gl ass substrate, a quartz substrate, or a plastic
substrate nmade of fiber glass-reinforced plastic (FRP), polyvinyl fluoride

(PVF), nylar, polyester 15- or po crylic resin., After the aghesi of the
seal i ng 2 ubsi PR s 3cspcpnd pwer clieg PRk A9 lanrHicor okt l%@aga
sealant is applied so as to cover the side faces (exposure faces).

is formed so as to laminate thereon to have a thickness of 50 to 200 nm (preferably

100 to 150 nm) using SiH, and N,O as reaction gases by plasma CVD. In this
embodiment, the silicon oxynitride film 601b (composition ratio Si = 32%, O =

25 59%, N = 7% and H = 2%) having a film thickness of 100 nm is formed.



As described above, the light emtting elenent is airtightly put into the
space 1207, so that the light emtting el ement can be conpletely shut out
fromthe 20 outside and materials pronoting deterioration of the |ayer
conprising at |east one organi c conpound, such as water content and oxygen,
can be prevented frominvading this Ia)égr fromthe outside. Consequently,

the |ight em t{jng.devi rahl | i.ablk e str ug &, of
thi's enpodi men ey Pal B SO RaIC Yk o Bl et o TN e s
1to 3. nbodi t 5] -47 Enbodinents 1 to 4 describe an active matrix
type Ilg%kgrﬁ“@t'h‘ggﬂ‘&&?}“@ ing a top gate TFT. However, the TFT
structure of the present inventionis not 5 limted thereto and bottom gate
TFTs (typi cal | Yubseguentlys sempiconduethy) layess 602 do b#)Sugred formarhionythegbaset t he
present invention as shown in Fig. 13. The reverse stagger TFTs nay be

formed byilang0net Thd sefmicndldtdrilayets 60R 9168 @ farmédfYont Riskinlidthddeidrece
that uses bottomgate TFTs. Note that the sealing in not conducted yet by

seal i gy ¢ ) i k(. ChabOUH i
ari vi g anREREGg: grfnRBHSidhs SIEhHE W b KabfyChiofidd (eilitorfedlhot 4R 1o
shows in on region a,1304 he pi rtion.1303., The sectional
.viewis &3’5‘3’ ed" Oﬁutolri%d’lf‘%alégr‘é @ﬁ&?ﬁﬁ@@&?c%‘bﬁgﬁ% ©na f‘??}‘é‘“x-x'

in Fig. 13A. Fig. 13B illustrates onll\{, a . current controlling TFT out of
TFTs t hatrystallizaden tprogessd(d fassr girydpllization onethod3 a thermadrazstalliggtipn 1311
denotes a substrate and 1312 denotes an insulating filmto serve as a base
( her ei nafmethod,edrea thextmad casstallibatsen frietlndd uding raacwggstenichsashsickel).e Theused
for the substrate 1311, typically, a glass substrate, a quartz substrate, a
gl ass cecamtslliagehiisbfducdr &lGr thukadbthmed 9! pferddtd Hithad&iredOYIRIPES tot he
one that can withstand the hi ghest process tenperature 20 during the

! c | during t1
cepotfal PR AeC SRl Ro? AaRpRS T MEnBIRA IS 8 26, B S

substrate is used.  If_a quartz sub te is used, the se filmmy, be

or tt ed. Togisch &P iR of A P 80 FRo e oriNE AU Bt O hacthe | m
1312. The terminsulating film containi ngi silicon herein refers to an 25

i nsul at i mptesialel the: enysiallineosgraisanductor dlagisnnotrpastigiulady limited, but itHe
content of -48silicon, specifically, a silicon oxide film a silicon
nitride prdforabde tcafaind theofilnoxyinigtsilictm, fai dilicdiSgéxidnium (@id,Ge,dxe @ODOLrary
integers). Reference synbol 1313 denotes a current controlling TFT that is

a p- changeb,obhyalldRio? thd'Bke. i N this embodi ment, anode 1323 of |ight
emtting 5 el @rent” 1329 is connected the current control TFT 1313.

Theretiore, th d e r.aply from.n- el JET hut also
rradeﬁrom n-cﬁ%ﬁﬁ% g'fé%ﬁ?ﬁ%t’ céug; ﬁéﬁttﬁggnfl g@?‘ﬁ}or#g’gs %ﬁgﬁt‘gﬂl% %5‘#5@5%% of an
active | ayer ' C ri si.ng ,source.regi.on 1314, drain regi on 1315 and
Channel  PIAsAG VL g Rers eicke| G e Gorhis 1eld Qe AmcIpBavsS BPeer | ode
1318, a interlayer insulating 10 film 1319, a source wiring |ine 1320, and

a drai n filmi ng\ [dehydiagenating eproggsscof e pmopheus siliconn filmgisopexformedt ed t o
the gate el ectrode 1318 of the current controlling TFT 1313. The gate

el ect r od&S0BI8f@f oridRowr)y arehtheeeafter @l thengalldrystABizatios pebeskis patfbymed

connected to the drain region (not shown) of
(550°C for four hours) thereto. Further, to improve the crystallinity thereof, laser
20 anneal treatment is performed to form the crystalline silicon film. Then, this
crystalline silicon film is subjected to a patterning process using a
photolithography method, to obtain the semiconductor layers 602 to 605.
Further, before or after the formation of the semiconductor layers 602 to

605, a minute amount of impurity element (boron or phosphorus) may be doped to

25 control a threshold value of the TFT.



the switching TFT through a drain wiring |ine (not shown), to be exact. The
gate 15 electrode 1318 has a single gate structure but may take a

mul ti-gate structure. The source wiring |line 1320 of the current
controlling TFT 1313 is connected to a current supplying line (not shown).
The current controlling TFT 1313 is ameglenent for controlling the anount
of current supPesRids! Oint hRe! baddt WhHEde! ithY eHRMRNhe SOHicdnuBERY! Yy ikarge

anount of 20 current” flows through this TFT.” Therefore, it 1s preferable to

t
the. ohanfumfhd iR, 5 PE st Plefe] Inboly xRl R, YAG Hadrebnd N80 gn e

current contrqlling TFT. to have a rather |ong channel length (L) _.in_ order
to avoi dgESES DuISe AscHlation YReiqy ¢MEinUQps-AYRVECYRErEAS| §1AK Msar. 13n dhe
Desirably, the length is set such that the current is 25 0.5 to 2 ~u, A
(pr ef er abhse where those fastys per ugsdg el is apprapiidtettheusaca mathodyre whicih daseel
formng region, in particular) of the current controlling TFT 1313 is
formesl t highkrddiged fadvh ¥ 12€eria8cilRomniBicondémsedasi arnbpticAGystenBfhtd@)linear
degradation of the TFT can be slowed. After the current controlling TFT

1313 i's hesiesnd i Rrddiied k&t séﬂﬁah&ﬁétaﬂﬁﬁi.loﬁatlmdﬁlggﬁkg d'oﬁdftﬁfnlg‘?ﬁ tRed
t he current controll

anode 1323 that is electrically connected to ing TFT
1313 is for . bnothi nbodi ment , .ano 1323 and the wiring l.ine 1320 are
for mee abSeizatiah SRR BERED ar BPaby A8 SpRBtof AR (e [caSSmiehE 485 15,5
t he conductive filmhaving small working function is preferably used. In
this enbe¥fitesniaser eusedodepulse pseidlatien frequenay is et as 30eHanond alperi s
formed, an insulating film 1324 is formed. The insulating film 1324 serves

as a so- catrggdehsitkis 2 100/&r40bmifdns] (gpianlly 286tto 306 mJ/gnﬁ).c bhothp@asel 1325
is forned next, 15 20 and the cathode 1326 is formed thereon. Materials fox

t he 1@yewhefd" e YAWD IRkr iseased, @S dppediitidie (RIMAYREcImP hamiéhis 19Wed o
Enbodi ments 1 or 2. The-cat hode 13 is formed on the |ayer conprising at

| east on r i %%é, P I t .
transpargerﬁ21 @%ﬁ%@ﬁ@@g‘?j?ﬂ%ﬁ]& a Iﬁ%@@ﬁ%?@mﬁapﬂ%&ﬁ%ﬂ a?@ éé‘lgsgt_y llsr?e% hi s
enmbodi nent he t hode; 1326 i,s am.nat.i.n havj n t hi ckness
of 90 a0 tirofl iiR: el LB o0 b Th o faser Rkl Sorfiensed T 5 ng
devi ce having the reverse stagger type TFT can be forned. In addition, in

t he |i ghinterd {ineag shiape zg\ethaacwtdihngty 160 ttai 10 hivoai Farmnexample, [40ghpm &
emtted in the direction shown by arrow of Fig. 13B (upward). Since the

st ruct ur eraafiattgo rthy evisde stefgoe of Thel sulsstmasiand 40 ovedaysying hratio (@%erlap
manuf acturing step than top gate TFT, the structure have an advant age of

r eduy NYratio) 5@&1':@111%@&%@@1@.% AOtHEOfimeRh e Belsét 4450 Ry 9b&em t o be .sol ved in
the present "invention. Further, the structure of this enbodi nent can be

it gp'élegggteg? Pﬁlgféaﬁ%!i%sug@ﬁﬁ gL@gﬂ‘féfﬁﬁhw‘?oﬁhéd‘%n“é&re?&%"‘ﬁlei RofeboslicEt s 1
layers 602 to 605. The gate insulating film 607 is formed from an insulating film
containing silicon by plasma CVD or sputtering into a film thickness of from 40 to
150 nm. In the embodiment, the gate insulating film 607 is formed from a silicon

20  oxynitride film into a thickness of 110 nm by plasma CVD (composition ratio Si =
32%, O = 59%, N = 7%, and H = 2%). Of course, the gate insulating film 607 is
not limited to the silicon oxynitride film, an insulating film containing other silicon
may be formed into a single layer of a lamination structure.

Beside, when the silicon oxide film is used, it can be formed by plasma

25 CVD in which TEOS (tetracthyl orthosilicate) and O, are mixed, with a reaction



5 Enbodinent 6] In this enbodinent, a case in which a passive type (sinple
matrix type) light emtting device having an el enent structure of the
present invention is manufactured is described with reference to Fig. 14.
In Fig. 14, reference 10 nunbers 1401 and 1402 represent a gl ass substrate
and an anode nade of a netal conpound_$4l respectively. In this

gL m
nmbodi Ti N i d tieri ds. No h i
Flo. 14, Bpispts of 30 53 TSHst BtbbeFalite R IR R4S RREEY R e e a1 e
o h [ i x 1 ight ittt devj i h
ot or | al % bigLGiRSHOR QeI AHRNCRIR lelah oo Dr 4O nllés /oy ght CBAR i ng
15 device, it- is effective that hi %her conductive netal conpounds than ITO

that is Ghawctuistienas dheaphte insulating fflor carbe ahtadeed in thedsibicom okfde film vi ng
vol tage of the light emtting el ement. Banks 1403 made of an insulating
mat eri al tisembaifREirt® bysabSedueft fRPMal &ﬁ%liﬂgr@aogdolsrmom.e stripe form
The banks 1403 are fornméd perpendicularly to 20 the paper face to contact

the agodes 140%h2\sﬁleiéﬁislﬁm'zrﬁ>iﬁr I %n“ghé‘t%a'}téélﬁéul%ﬁ%gf%gﬁ‘.“éﬁri%g?&r“d

1404 1s forned. e materia i ch nakes ayer rising east
' d 04, K t er.i al., whi i 1 ,
vel | e EBoFaEr R SOy R Famu ety S s ool Jale B80T 25 o

exanpl e, bK form. ng a | ayer conprising at | east one organi¢ -51caonpound
gi vi ng r &ahave Adackueknesyof 20 de 108mm jagd 19040 400-mm, mspeetivalni cItBipound
gi ving green |l um nescence, and a |layer conprising at |east one organic
conpoundegibodimeit, the | first cosdwotive, fitm| 6@fhtmadd fonmg dTali figmgivithng fillr ee
types of |um nescence rays can be forned. Since the |ayer conprising at

| east onehiek&aBiof 30 HRERAYRE sdM CRAREE P fifth 60%mEd¢ Bxvah & WilnPWilhta al ong
grooves made in the banks 1403, the |layer 1404 is arranged in the stripe

for er i . at I on the
| ayer9co i thfcknRls b 310 fink 8 Torn@aintolahlinador ' PR Tyt i corliefi, 7'
formed by vapor deposition usi 10.a netal mask.. Since the lower

ol ect rodtRufdiie WHBGEL: ween et af asoRsiln cORGHHPE MEORSR T hBEEF AN rent

i ght generated at the | ayer conprising at |east one organi c_conpound 1404
i s radi aMédilumisdioamed hyobesputicring maihed withea Waanget.NeThe W fifnsmyshest rat e
is prepared as a sealing substrate 1407. Since the 15 sealing substrate

1407 nayfdrmesl by dresmal EVIY usingttoagsitn hekafleordde (WiEKg).enbodi nent, a substrate
made of plastic or quartz may be used as well as glass substrate. The

seal i ng subst spignd} ‘mbhoBdiarsed, itOistMResd Egg@&éﬁ@mﬁérml%%%@m 1408

made of an ultraviol et hardening resin. The si de 1406 t he seal ant 1408

S s 2 AP35 (ROBRE ol lnd A5 et hhCthe Vel LIS , 92

such as rogen of arg i's effecti 0 Sof bent,
atypic anple of which is bariumqgxide, in_the airtightly cl osed space
La0t" AW S0 5ot toxlost &napy o egualciar ¢l Hﬁtsmpc:)énmﬁﬂng the rorteial g
anodes to conplete a passive type |light emtting device. This enbodi nent
may be chige.dd ivposuihlectondinke the MWitfdm hrve dxwepresisivitys dlewevar, #t thect ur e
(active matrix type) shown in Enbodinents 1 to 5. -52 [ Enbodi nment 7]
Bei ng setdsel whereomany dnlpugity ebsrhérits sychensi @eygeni a1 conltaigbd veithint thegw
film, crystallization is inhibited and the resistance becomes higher. Therefore, in
20  this example, by forming the W film having high purity by sputtering using a
target having a purity of 99.9999%, and in addition, by taking sufficient
consideration to prevent impurities within the gas phase from mixing therein
during the film formation, a resistivity of from 9 to 20 uQcm can be realized.

Note that, in this embodiment, the first conductive film 608 is made of

25 TaN, and the second conductive film 609 is made of W, but the material is not



el ement has better visibility in bright places and w der view ng angle than
liquid 5 crystal display devices. Therefore, various electric appliances
can be conpleted by using the light emtting device of the present
invention. Gven as exanples of an electric appliance that enploys a |ight
emtting device manufactured in accorg§E§e with the present invention are

vi deo ca g a Sy i sgl ea

di spl ays;@’rﬁgl\lll?ggtg it{&ﬁé%g@g{?é ,%ng%?g%gi?% r@%yﬂ&}%r%ﬁo{g} ncglseﬂfeg' Etégl%gtsedcar
audi o and. audj o onent s ot epook uters anme npchi nes, portable

i nf or mat i &%t i?’mgﬁgﬁlb %uc’%r’ a‘g“’ng’gi qnd %taé‘r §!1°ge‘F‘P{§’I"éf Phd ke ,p%'éi‘at abl e
gane machines, and el ectronic books), and inmage reproducing devices

equi pped mitenial eeomtaining rtheli abquepedementalasy jts dmain eingrgdipnta dBspiday, devi ce
that can reproduce data in a recording nediumsuch as a 15 digital video
di sk ( DVenticoturpdrayilamn typitige bg ahpolgeﬁ}@)alliw dglicoreviilag dopgdewiith an

i nportant particularly for portable information term nals because their
SCreens T. okl

o of orabiapgly Sl RUER af BROSIRRYS M DORKEE, HlsorMEaRoREpldahe AL 11 ng
devi ce usj the light, emtting-elenment. Specific exanples of these

el ectri cséafgg‘?q gﬁ{béﬁ gf‘eéi'shown in Figs. 16A to 20 16H Fig. 16A shows a

di spl ay device, which is conposed of a case 2001, a support base 2002, a
di spl ay unit less py Rembiftion may be emplpyed suchnag a cambinationdgowhichy ¢
The light emtting device manufactured in accordance with the present

i nvent i orthe fimstlvondpplivetilmd08his fdimpd af tantalun (4. andi thesecdred Conshictigai tti ng
device 25 having the light emtting element is self-lum nous, the device

does not fiIgpd0Pas formedaf M3 cambimaidnmkwhitht fhie MRt coh@idtiy il 60BHaN
liquid crystal display devices. The display device refers to all display

deviggs f ! I i nf O, hic i : - ters,
for 10" bromaed SFRHiRe AL (TN b WS Sh RoR R OB TonfiomRY
digital i1l caner whi ch. | s.conposed .of .a pain dy .5 2101, a djsplay
antt - 510 aporitgaion B Rk R ERS Fd0te: Hinds0Ray Sreh of inElvh: na
connection port 2105, a sTiutter 2106, etc. The |light emtting device

manuf act widgei fTallk ndaribe sgcondt Benguativen ilin v iivnformedpef appl vedato t he
di splay unit 2102. Fig. 16C shows a not ebook personal conputer, which is
conposed cofmbandtibnmii whitcdthe2fitkt ,condaatiee 2ik260& idfapiealy ofi turitald#DBitride
keyboard 2204, an external connection port 2205, a pointing nouse 2206,

etc. The (ThNHan8 Thé isb&ehd 8YAGRIFR IR P09 RKoredFHOCH2BE] Mrhbinhfién B esent
invention can be applied to the display unit 2203. Fig. 16D shows a nobile

: . . > , . . 02,

cui T o5 2304En T by OTBASR BlmoRis oY oML g BRIt b SP0C. @
itti devi fact d,jn. d ith,t t o] i

be appl | ada o and 1By sffony Gindude Sl S fgmen st Gt St o Lindrigr ©*"

reproduci ng devi ce equi 1Q}ed with a recor dirpﬁgI medi um %DVD pl ayer, to be

speci fi Al angeSe oviAleands Ndp fwyshersd ths third conductive il pmatishowvryds dormed, a

display unit A 2403, a display unit B 2404, a recording nedium (DVD or the

l'i ke) refnbm i,UNN o2dRconttiaatidn ofi Tk agyd TIM06, speaker units 2407, etc. The
di splay unit A 2403 mainly displays image information whereas the display

uni t B 2404 maieky GhalsaVS10 eXd 6MBOTHRAd OB Thst! 4Bt feRhbd | RGingeVd ce
manuf actured in accordance with the present invention 25 can be applied to

the g SpbﬂXtoﬁ'ﬁﬂ&gﬁa&x?ﬁ%%h&ﬂ%nﬁ LA 'etczmgg ipg&%@s 'isel%r?gﬂﬁ(j:dqgl order to form

electrodes and wirings as shown in Fig. 6B. This first etching process is
performed with the first and second etching conditions. In this embodiment, as
the first etching conditions, an ICP (inductively coupled plasma) etching method is
used, a gas mixture of CF,, Cl; and O, is used as an etching gas, the gas flow rate

25 is set to 25/25/10 sccm, and plasma is generated by applying a 500 W RF (13.56



-54devi ce equi pped with a recordi ng nedi um al so i ncl udes hone-vi deo gane
machi nes. Fig. 16F shows a goggle type display (head nounted display),
whi ch is conposed of a main body 2501, display units 2502, and armunits
2503. The 5 light emtting device manufactured in accordance with the

present invention can be applied to t@a_gdi splay units 250 Fig. 16G shows a

vi deo ca i I dy A2 - (] . 4RI 602, a
case 260§?ﬁg%pég%§¢h%?oggﬁﬁ§€ |8ﬁ5%§PHH 6%??’af§§ﬁ%?gﬂg%h?ré ?@@%ﬁyfng
uni t 2605, i ei vin nit, 2606, .a hattery 2607 n di.o 10, i nput
ani t 26081085k FERSTAGES brosaBed b Makushisd Ffet G ingbagiaL o, Bl it napd

em tting device manufactured in accordance with the present invention can
be appl i Beret o A H80NWVsRF 36 ME2gopowe ig. alseppplicshveo thecsibstrater sigtigtest  whi ch
i s conmposed of a main body 2701, a case 2702, a display unit 2703, an audio
i nput  unpiec2¥Me) aneficcivel papplyta dégative tseEHias volpggeat i on keys 2706, an
external connection port 2707, an antenna 2708, etc. The light emtting

devi manuf a il i Ehoct g s : IRV i pplied
fo tho di pl ay "oy 9 SEEEREIHIER e Kbt iRl eOBBionS B W oRF PORRIEPE, ¢

on bl ack ckgroun h ellul ar _phone copsunes | ess power...20 |f.the
i nance B ArS Rt efe, St S RonBfRio i REAES hare’  IRIBG TRCrichine” e
light emttjng device can be used in_front or rear projectors by enlarging
out put t e€PTl lkjwss,ttﬁﬁtet@aag aawsfarr?gfw 2(59-69 rRER/OEA, e Sleging rate for FeN'ire 1i ke
and projecting the light. These electric appliances now display with

i ncr easi 3§32 man/ineing and 3he rsetactirityoof $eno TalN cughow! 2.6t r dhirtheg,otutaperat i on
| i nes such as the Internet and -55CATV (cabl e tel evision), especially,

ani mat i oahdlebeWad alssut 2§°Reith B finit etdMagebdisiongve very fast response
speed, the light emtting device is suitable for animtion display. In the

lig emttin iece Li 1 £ ; : r

t helrlgeof ore it ?I‘Sﬁjeg?éel?ir? g%lsgﬁ\%vge@ Efﬁ ?yB ,ﬁﬂ?ﬁrﬁﬁ?ﬁc@ﬁ{gg@lﬁgﬁﬁg@? ﬁ%%erd equires
| ess |igh mttin Ltions,..\Wen.usi the light emttin vVice i

di oo ay i B8 srond efine SR PRpritiRuf oo Vine o6 el 10 37 695 sbide
phones and, audi o reproduci ng devices that mainly display text information,
it is priesishapmexadogasofels ard Fdyiscused g ntatching gas thgrgasdlaw ratads peir t i ons
forma background and |ight emtting portions 10 formtext information. As

descri betd 3080 esccihyeanapplasmat iis ggenesatged bof appiging glf00eW RF (y3 J6vMitz)
manuf act ured by using the deposition device of the present invention is so

wi de t hggowdr toSa @IPShARNEISCHQdLhRSdr T Pa 8 Bk @V SrfOfm 3fthihg EdCabolii a5

el ectric appliances of this enbodi nent can be "conpl eted by using the |ight

om s nactgiaee AoKTS0 O (45 STRpBEIOLRD iR G ksl WO
e whdlest RieGiateendp oieen bRamega i AP IR aecandde PORTRARAIE | m 20
2|r Zﬂ;'ms t'}Qarg\I irllr?lrae}ienbaoft}tl eeichre?lfoenr {h%ds;n?e grsdeIfNTilt tgeogec%gdveitgl%ntghc%nldiit?or;nts i?lm tting
which CF,4 and Cl, are mixed.
In the second etching conditions, the etching rate for W is 58.97 nm/min,
20  and the etching rate for TaN is 66.43 nm/min. Note that, the etching time may be
increased by approximately 10 to 20% in order to perform etching without any
residue on the gate insulating film.
In the first etching process, the end portions of the first and second

conductive layers are formed to have a tapered shape due to the effect of the bias

25 voltage applied to the substrate side by adopting masks of resist with a suitable



formed in manufacturing the active matrix light emtting device.
Accordingly, the present invention is characterized by omtting the process
of formng the light-shielding filmand the like, which is necessary when
the transparent conductive filmis used in prior art. 25 The netal conpound
used in the present invention has a wo function -56equal to or |arger

o ol R A AR LS
RN N MR G TR E R e T

fulfill the 5 function as a wire and can lower the drive voltage in the
| i ght enmse¢antgcaiduotine layerpdrldd toobBh)osonatituted oftinT firs GinduckiDe llgyers. A
light emtting device having an anode, a cathode, and a |ayer conprising at

| east on@n@r gnissceMmomddctivhielagel ahe foayied BPndic $irdl ebthihgagiocese _
organi ¢ conpound is 5 interposed between the anode and the cathode, wherein

t he amod | i -shbgl 6i IR . i t

bel ongs gl?%%relg%fd “@%612336 %n%gensg%édlt% l{lﬂgg%lggir}gm’ﬁgg?é?ﬁan t\;\lhgg&etlcn t he
cat hode conprises.a |jght-transm ssiv onductive fil 10 2. A ice

e cor di gt ik v e ot s i b TR R aBe ondlheie fiset, BT 16
resistivity of 1 x 10-Z S2cmor |less. 3. A device according to claim1,
wher ei n 6&5 ag; oude dbinper by sparaxamataly 20davOmmbydelingunct i on of 4.7 eV or
nore. 15 4. A device according to claim1, wherein the anode conprises one
sel ect ed from Thenga dirst deping iroogssds perfoamied nordddr anlemparity eleimentrfot r i de,
titani um carbide, zirconiumcarbide, tantalumnitride, tantal um carbide,

mol ybdens&%mﬁfgi &L n-19p8 cORVARSVUD ha sBhfi€on R LT lafe R theat AGROVIH] MBe t O

claim1l, erein the’light emttfing device is one Selected fromthe group
consjsti f i Sp i C a di.qi tll r t.epogk -per sonal
Compi or MasR i SRS ABYE. B,  DbfirkaRche eafifTEbH 1F ARG S
recordi ng nmedium a, goggl e-type display, a vi.deo _canera,,and a 2 el lul ar
bhone.  abhod; O an; o iikegey Mt ooy L AGRATHEN A rdee, doptes eraied Bnd o
| ayer conprising at |east,one or&gni c conpound, wherein the |ayer
conpri si tptatddsageis baelbr tahixclE o apnsiam sas! ameaeggleretian tyoltage is 6théo anode
and the cathode, wherein the anode has a |light-shielding ability and
conpri seg00nkcVAf M tthisdembodimentbitte ddsage Bl efent 10hattdms/omdsartd theae of
Goup 4, 5 and 6 in the
acceleration voltage is 80 keV.
15 As the impurity element for imparting the n-type conductivity, an element
which belongs to group 15 of the periodic table, typically phosphorus (P) or
arsenic (As) is used, and phosphorus is used here. In this case, the conductive
layers 615 to 618 become masks to the impurity element for imparting the n-type
conductivity, and high concentration impurity regions 621 to 624 are formed in a
20 self-aligning manner. The impurity element for imparting the n-type conductivity
is added to the high concentration impurity regions 621 to 624 in the concentration
range of 1 x 10°° to 1 x 10! atoms/cm’.
Thereafter, the second etching process is performed without removing the

masks made of resist as shown in Fig. 6C. The second etching process is

25 performed by third or fourth etching condition. Here, a mixed gas of CF,, Cl; is



" periodic table, and wherein the cathode conprises a |ight-transm ssive
conductive film 10 7. A device according to claim®6, wherein the anode
conprises a material having a resistivity of 1 x 10-2 S2cmor less. 8 A
devi ce according to claim®6, wherein the anode conprises a material 15
having a work function of 4.7 eV or rmg

¢ ( pre. 9. A device according to claim6,
1 ani i ARGl ofRIRE saE R Ba Blo éa%{ S L POEE MBSO A4 Hinta Ty g,

| fh car ZI'Y conifum car
tantalumnitride, tantal um carhi mnitride, .and 20 nol yhdenum
Car b do. Eqberaledcby ppElv 8raith ey K (1 Eo% M EhRamst o hio Siie eieirbdng
device is one selected fromthe group consisting of a display device, a

di gi tal wunden 1 PantertherehymerfsookichorsioraboubhPucerndsa nd Q&y&?&n@&.@ﬁ, a
portabl e i mage reproducing 25 device with a recordi ng nedium a goggl e-type
di spl ay, MHy) gewee a¢ralsa, appliddato theedubdtrate giborfeest piitelstagd) doi ¢ffiéctively ti ng
device having a TF' T provided on an insulating surface and a light emtting

el eneqit, 455 ﬁ@%ﬂi%@%ﬂﬂ-bﬂ?%aﬁﬁgéﬁ | e %Eﬁiﬁi'ﬁn@?e %Naf?ﬂﬁ%r%ﬁoﬁla‘%xbﬂ&ﬁ and
a layer c rising at least one“organic conmpound, erein the TFT Is
electrically connected-tg,the anode, .and wherein .t he, ano cont ai,ns_an

ol enent _Dhethe bRn GLddr o ihether MED S5 sORditiang inn¥hRE” b B Tl rfe. 10
12. A device according to claim1l, wherein the cathode conprises a

i ght-trHH&‘?ﬁ-ssi ve conductive film 13. A device according to claim11,
wherein the anode conprises a material 15 having a resistivity of 1 x 10-2
S2cm or | ess. Il the feodadiatehing puodisagtheoetchiagmatel forvWe ised$ 9F hremAmiog ¢he
conprises a material having a work function of 4.7 eV or nore. 20 15. A

devi ce agehind Pdetfor Tad 1 &4.43Me6tei that, e BiSiAg ADBhE P DONRIEBEGByd from
the group consisting of titaniumnitride, zirconiumnitride, titanium

car bjgle, . zi j rpi . et L : - [ denum
G, BRI, 1813 2% ih TRUEL WHBIbIh Rchihg WM ) Rl PN
wherein the.l ilaht emitting device is one -60sel ected fromthe group
consi st i &YCIRSHAYREHIMy device, a digital still camera, a notebook personal
conputer, a nobile conputer, a portable image reproduci ng device with a
recor di ng medThegeaieyaggihowry pe Fg.spCathe thitd dishinggenditions@re changad ar
phone. 5 17. A light emtting device having a TFT provided on an insul ating
surface el tlee fougtit etehinigt sgomditédresrerWithout removing the masks 610 to 613 made
of resist, a mixed gas of CF,, Cl, and O, is used as an etching gas, the gas flow rate
15 is set to 20/20/20 sccm, and plasma is generated-by applying a 500 W RF (13.56
MHz) power to a coil shape electrode under 1 Pa to thereby perform etching for
about 20 seconds. A 20 W RF (13.56 MHz) power is also applied to the substrate
side (test piece stage) to effectively apply a negative self-bias voltage.
In the fourth etching conditions, etching rate for TaN is 14.83 nm/min.
20  Therefore, the W film etched selectively. According to the fourth etching process,
the second conductive layers 626 to 629 (first conductive layers 626a to 629a and
second conductive layers 626b to 629b) are formed.
Next, a second doping process is performed as shown in Fig. 7A. First

conductive layers 626a to 629a and second conductive layers 626b to 629b are

25 used as masks to an impurity element, and doping is performed such that the



wherein the light emtting el ement has an anode, a cathode, and a | ayer
conprising at |east one organic conpound, 10 wherein the TFT is

el ectrically connected to the anode, and wherein the anode conprises one of
nitride and carbide of an el enent that belongs to one of Goup 4, 5, and 6
in the periodic table. 18. A device acggrding to claim17, wherein the

cat hode I i - S S i ki . jcce
cccor di gy Sherfert's Wt o HEREIESNRIGIAPHANE the percd ppfidtRdry
resistivi f.1 x,10-7 S~cmor_|ess. 20 .20. A device accor.ding,to ¢claim
177" her dih e LafbIRE SRS, o dn AR5 pebBdmnt, G SR ds BT S B S fied. 7 ev
or nore. 21. A device according to claim17, wherein the anode con?rhses
one sel edMPYIity slameN, ané phaseehdppingnls parfommeghwith tietdosage of ik dnidm
nitride, titaniuym 25 carbide, zirconiumcarbide, tantalumnitride, tantal um
car bi de, atmhydénanrentriensitylef 0zha Anmidytheexcuebeetidui vdtageaif APkeVA devi ce
according to claim 17, wherein the light emtting device is one sel ected
from she gr ourHRNEIW chicnfatidndnfiirRY ré€vhs 6312 t6i631h avhichi dx}erﬁi?”@ftﬁ’ a S
not ebook personal conputer, a nobile conputer, a portable inage reproducing

-device w r i i 1 - d] - a W C ra, and
a cellul zgrlé]pf) %tne. %%gho%l%? %ggh ol? wﬁ%ﬁr&}eﬁn&r{aﬁ?ﬁgﬁﬁﬁ# 3%%‘02‘?11%3?‘ ﬁgta evrce
conprising:. 10 form ng an anade.on an.insulating surface; subjecting a
cur T ace ditich o dveiah b smrs cORMMERTE Byera Jomedyen CHalisiag a

| east one organi ¢ conpound on the anode; and form ng a cathode on the |ayer
conpri si mepraer.| ehbe coneendragioni of plosphapu®), in-the low gpreesination d mpusidye
contains an elenent that belongs to one of Goup 4, 5, and 6 in the

peri odi ¢ régibhe 6314to A3deishbk dOCoralifNg 10" chtomy/@R’. Whentkém theiitpanegde is

el ectrically 20 connected to a TFT that is formed over a substrate. 25. A

et heg otldmetifigcdddeing the ! Hightcoftkhdtith ﬁﬁghf;}f}rr f&gcrgﬁé $21%o 62 g}.&'%@n

Rt
anode on an insulating surfage;C subj ecti ng of the anode to WV
ozone tr ; JoEmn | aver iSLng. at l.east one organic
corrpoundﬂﬁwﬁcen%ggégh%ggt}gwgw r%ﬁg’l@i%ﬂ%’&%‘eﬁ!n the | ayer conpri sing
at | east one organi c conpound, wherein Lhe@anode isogormed of. one of
nitride and calEMa@asks e dogmed fram fesistn3§ngnd (ot lpnandra thigdgloping  and

6 in the periodic table. 26. A method according to claim?25, wherein said
anode i spedaess ks perforynadondenpusity trogwn¥ 6# laha4 16,5425 ard 642by toawhidhsar at e.

impurity element is added that imparts the opposite conductivity type (p-type)
15 - from the single conductivity.type (n-type) are formed to the semiconductor layers,

which become active layers of p-channel TFTs, by the third doping process. (See

Fig. 7B.) The first conductive layers 627a and the second conductive layer 627b

are used as masks against the impurity element, the impurity element imparting

p-type conductivity is added, and the impurity regions are formed in a self-aligning
20  manner.

The impurity regions 641a, 641b, 642a, and 642b are formed in this
embodiment by ion doping using diborane (B,Hg). Phosphorous is added to the
impurity regions 641la, 642a and impurity regions 642b, 642b in differing
concentrations, respectively, by the first doping process and by the second doping

25 process. However, doping is performed such that the concentration of the



10 27. A method of manufacturing a light emtting device conprising:
form ng an anode on an insulating surface; subjecting a surface of the
anode to UV ozone treatnent; formng a |ayer conprising at |east one
organi ¢ conpound on the anode; and 15 form ng- a cathode ~ on the |ayer
conprising at |east one organic conpoyad, wherein the anode has a

I i ght sh| E{pq%lﬁg gl@hte'nt VRl GORLAL ngb?gb edéﬁlgﬁ V\P} 2 };l?n&s tﬁ@el‘égﬁ)ngor red

|ntheper|0|ct |ntecathod

f:rrg.m maz'7'b% ST ot RS LSS Syl Bl ierelita B0 J5roBnts, i,

formed over a substrate 25 29. A nethod of manufacturing a |ight emttrng
devi ce colgyelop ngth the gegiong Rclioniigo@s NTeh regions st glraigr regiens of

subj ecting a surface o~ the anode to UV ozone treatnent; formng a | ayer
conpri si ngckdnrde¢d¥tIsone or gani ¢ conpound on the anode, and 5 formng a

cat hode on the layer conprising at |east one organi c conpound, wherein the

anodeshas a | i e fhise! g a@lantlyémctneqeﬁrdveurtgeﬂnﬁn@fa Pirbt’ mar@m
car bi de of an el errent that belongs to one of Group 4, 5, and in

peri odi c B@’rr%’&%g Mg, é%’% V‘Q?ﬁg,\%&j{ EP%hS%éhﬁdﬁlrge%é OrﬂFﬂu§ o?itlmenﬁ as thﬁ9

I i ght - tran ve t'hoéd accordin a|m

wherein said, anode is electrigall ected.to TFT, that d over a
Subst 1 at dirst iitgs [aygr ARG Filfh kb ol arigation fm lsetﬂrtlter*n%

conprising: form ng an anode on an insul atjng surface; subjecti ng a surface
of the arnsidating filasédda centaining s11rq9r1mndgnur13wed therspeons] msulatingefim one
organi ¢ conpound on the 20 anode; and formi ng a cathode on the |ayer

conpri si g 3btconedningmiica gadokyganpound, wherein the anode contains an
el enent that belongs to one of Goup 4, 5 and 6 in the periodic table. 25

-64339 A et hoMﬁﬁﬁLﬂi{g"ﬁlrﬁ Gofilafh Hg%ﬁlcdﬁ‘i% fghﬁcéﬁh@mgrhoﬂﬁckr%sﬁbg‘ig? hgal 'y

connected to a TFT formed Bver a substrate.

e 2 S o DL VIG BT B B R O,
643a. A silicon oxynitride film is formed with a film thickness of 100 nm by
plasma CVD in Embodiment 3. The first interlayer insulating film 643a is of
course not limited to the silicon oxynitride film, and other insulating films

15  containing silicon may be used in a single layer or a lamination structure.

Next, a process for activating the impurity elements added to each of the
semiconductor layers is performed. Thermal annealing using an annealing
furnace is performed for the activation process. Thermal annealing may be
performed in a nitrogen atmosphere having an oxygen concentration of 1 ppm or

20 less, preferably 0.1 ppm or less, at 400 to 700°C, typically between 500 and 550°C.
The activation process is performed in Embodiment 3 by heat treatment at 550°C
for four hours. Note that, in addition to thermal annealing, laser annealing and
rapid thermal annealing (RTA) can also be applied.

Note also that, in Embodiment 3, nickel used as a catalyst during

25 crystallization is gettered into the impurity regions 635, 637, and 638 containing



formng a | ayer conprising at | east one organi c conpound on the anode; and
formng a cathode on the | ayer conprising at |east one organic 10 conpound,
wherein the anode conprises one of nitride and carbide of an el enent that
bel ongs to one of Goup 4, 5, and 6 in the periodic table. 34. A nethod
according to claim 33, wherein said anqgge is electrically 15 connected to a
TFT that VER -2 S ) th of uy i a |ight
emtting ﬂ&é&é@(yergggd%rfslﬁl%:&?l g?‘ﬁn@%‘g"“aﬁ etllﬁég\(fgﬁ] oen?l(zélhne Pﬁ?ﬁ?ﬁbﬁ)&é édﬁpgggg;

subj ecting a surface of .the anade to plasma treatnept; 20 form ng an

or gani ¢ d’gﬂ’iﬁ:?édﬂ PFéfg’é‘Peen t%lli'é ‘Hﬁgﬂec,onéﬁﬂ“?%?’}n“ﬂ 13 tg%ltsﬁﬁ‘é‘é“@r"lch{ apgi§ani c
conpound | ayer, wherein the anode has a light-shielding ability and

cont ai ns that redighebecarhe rhinned fgrming regionsfis thusupduceds, due of theeoff
periodic table, and wherein the cathode conprises a |light-transm ssive
conduct i carrent 8 rétfuced-f65 IFTsAhameinp athadaelofatiigg tregiongi thus Tormédr idasai d
anode is electrically connected to a TFT that is formed over a substrate.
37. Asmety ePéctﬁ@’ffglécéffhrcitrlﬂ Bility QEtobffﬁh&aiH&aEs%be?h& Hiﬁi Qﬁnirgte}f or m ng
an anode on an i1 nsul ating sur?ace; subjecting a surface of t g anode 't o
plasma treatnment: form.ng a Jlayer. copprising at | east one organi c conpound
on the a;lg'&' :g%%f"f"é’reﬁ‘i“‘ﬁgca&' t&%%ﬁ’dﬁ%ccgﬁ the | ayer conprising at |east one
organic 10 congound, wherei n the anode has a_|light-shielding abili tg and
conprises one SRItAeE thejacdydiamhpricgss srayatise berpasformesk befere fopeing thpe of
Goup 4, 5 and 6 in the periodic table, and wherein the cathode conprises
a | i ght - firstnimtdrbagicy énsidating filme fHowever5waén ukime theitirec matatiahgvhichds ai m
38, wherein said anode is electrically connected to a TFT that is forned

over a swhakritR.respect to heat, it is preferable to Rerform the activation process after
.Ane, AAAAAAAACAACAA. AAAAAAAAAAA AAYZ.AAAAAAAA
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ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]

ca] ca] calig@! A b b e perfirdfin X¢ 8&Bkation process,
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T 10%@& dpplied at a pressure of 7.3 Pa, and dry etching is performed.

Wirings 645 to 651 and an anode 652 are formed that connect electrically

25  with high concentration impurity regions 635, 636, 637, and 638 respectively. In
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5 However, wirings 645 to 651 and the anode 652 are patterned to be formed having
a thickness of 500 nm by using titanium nitride (TiN) (Fig. 8A).

As the etching conditions of this embodiment, a mixed gas of CF, and Cl,
is used as an etching gas, the gas flow rate is set to 40/40 sccm, and plasma is
generated by applying a 500 W RF (13.56 MHz) power to a coil shape electrode

10  under 1.2 Pa to thereby perform etching for about 30 seconds. A 100 W RF
(13.56 MHz) power is also applied to the substrate side (test piece stage) to
effectively a negative self-bias voltage.

In this embodiment, the anode 652 is formed simultaneously with wiring
formation, and to serve a function as a wiring of high concentration impurity

15 region 638.

The insulating film is formed in 1 pwm thickness. As material forming an
insulating film, a film containing silicon oxide is used in this embodiment.
Another films such as insulating film containing silicon nitride, or silicon oxide
nitride, the organic resin film, polyimide, polyamide, acrylic (photosensitive

20 acrylic is included), BCB (benzocyclobutene), or the like may also be used.

An opening portion is formed to correspond to the cathode 652 of this
insulating film, and the insulating layer 653 is formed (Fig. 8B).

Specifically, the insulating film 653 is formed by that the insulating film is

formed in 1 wm thick using a photosensitive acrylic, and after that it is patterned

25  using photolithography method and is performed etching treatment.



+ "109g& ()-y) "109g& ()- ' 109%g& ()- 3% 10%g& ()-s"10%g& ()-

109%g& () - 312n234444V4AxmbCl f R 3"10% u& ()- 10g 10g 10g: $109%g& () -

@3"10%g& ()-10$10%g& ()--10%g& ()- V44405Z555dEMDCIfR s

"10% u& ()-f10% u& ()- 910% u& ()- "10% u& ()-3 "10% u& ()-

"10% u& ()-5A66657| 77dEMDCIFR L 4" 10% ug ()- "10% u& ()-Y "10% u& ()-

» $$10% u&' () - Y 1@6@5&@0 §nod1:06/521<%t the ??b&ﬁg%&%ﬁ%ﬂﬁﬁb&{efiﬁsﬁiatiﬂg"{%y@i‘ ()-L+

"10% u& () - % U 10% u&
% $10% u 10% ug& 999L T dE; / 1 10-u
s10% ue (157 s JE0% Lﬁenzér?sl oA 16 v eyt bagblal 450 46 bty
Oe<xy: | 10-u9y: 10068 () - | L#10%& ()L | 10%& () | "10%& () -
10%;;& ()&vaporaiwgaet(h (Fee. $14). = Inghipembodimentothe sigse of forming one Kihd
"10%g& ()-3@B10%g& ()-9! 10%&' ()- GL! 109g&' () - 10%g& ()- u>>?P??2?@IE: /
10- u9+m d%ggers)cotprisifg &rgnic cohd@tids) thavacyeRistitutéd ! drf &’ qompounds
10%g&’ () - @ @G-@ABADAEAFAJE: / 10g 10g; 10%g& ()- L810%g&' ()- 610%g& () -
LI 410%9& emittingdORHR¥EInGS -¢F Rifi%ie§dencACAANBHBBBU YK bIHESSillUstdded) - The
9#10% u& ()-S 10% u& ()- 10% u& ()- f10% u& ()-!10%}-}& ()-
combination of the organic compounds that form three kinds of organic
compounds layer is described with reference to Figs. 10A to 10D.
A light emitting element shown in Fig. 10A is constituted an anode 1001, a
layer comprising at least one organic compound 1002, and a cathode 1003. The
10 layer comprising at least one organic compound 1002 has a lamination structure
constituted a hole transporting layer 1004, a light emitting layer 1005, and an
electron transporting layer 1006. As for the material that constitute red
luminescent light emitting element and the thickness are illustrated in Fig. 10B, as
for the material that constitute green luminescent light emitting element and the
15 thickness are illustrated in Fig. 10C, and as for the material that constitute blue
luminescent light emitting element and the thickness are illustrated in Fig. 10D
respectively.
First, a layer comprising at least one organic compound emitting red light
is formed. Specifically, a 4, 4’-bis[N-(1-naphthyl)-N-phenyl-amino]-biphenyl
20  (hereinafter referred to as the a-NPD) as a hole transporting organic compound is
formed into a hole transporting layer 1004 in a 40 nm film thickness. A2,3,7,8,
12, 13, 17, 18-octacthyl-21H, 23H-porphyrin-platinum (hereinafter referred to as
the PtOEP) as a luminescent organic compound is co-deposited to form the light

emitting layer 1005 with organic compounds (hereinafter referred to as the host

25 materials) a 4, 4’-dicarbazol-biphenyl (hereinafter referred to as the CBP) to serve
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5 electron transporting layer 1007 in a 40 nm film thickness. Thereby, a red

luminescent layer comprising at least one organic compound can be formed.

Although the case of forming a red luminescent layer comprising at least
one organic compound using 5 kinds of organic compounds with different
functions is explained here, the present invention is not limited thereto, and known

10  materials can be used as the organic compound showing the red luminescence.

A green luminescent layer comprising at least one organic compound is
formed. Specifically, an a-NPD as a hole transporting organic compound is
formed into the hole transporting layer 1004 in a 40 nm film thickness. The light
emitting layer 1005 is formed by that a CBP used as a hole transmitting host

15 . material is co-deposited with a tris(2-phenyl pyridine) iridium (Ir(ppy)s;) in a 30
nm film thickness. A BCP as a blocking organic compound is formed into the
blocking layer 1006 in a 10 nm film thickness. An Alq; as an electron
transporting organic compound is formed into the electron transporting layer 1007
in a 40 nm film thickness. Thereby, a green luminescent layer comprising at least

20  one organic compound can be formed.

Although the case of forming a green luminescent layer comprising at least
one organic compound using 4 kinds of organic compounds with different
functions is explained here, the present invention is not limited thereto, and known
materials can be used as the organic compound showing the green luminescence.

25 A blue luminescent layer comprising at least one organic compound is
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5 transporting organic compound is formed into the electron transporting layer 1007
in a 40 nm film thickness. Thereby, a blue luminescent layer comprising at Ieast
one organic compound can be formed.

Although the case of forming a blue luminescent layer comprising at least

one organic compound using 3 kinds of organic compounds with different

10 functions is explained here, the present invention is not limited thereto, and known

materials can be used as the organic compound showing the blue light emission.

By forming the above-mentioned organic compounds on the anode, a layer

comprising at least one organic compound emitting the red luminescence, the
green luminescence and the blue luminescence can be formed in the pixel portion.

15 As shown in Fig. 9B, the cathode 655 is formed to cover the layer

comprising at least one organic compound 654 and the insulating layer 653. In

this embodiment, the cathode 655 is made from conductive film that is a

transparent to the light. Specifically, it is preferable that the cathode 655 is

formed by small work function materials in order to improve the electron injection

20 from the cathode 655. For example, materials can be selected from alkaline metal

or alkaline-earth metal, combinations of alkaline metal or alkaline-earth metal with

another materials, or alloys of another materials in alkaline metal or alkaline-earth

metal (for example, Al: Mg alloy, Mg: In alloy, or the like). In this embodiment,

the cathode 655 is formed to have a lamination structure in which calcium fluoride

25 (CaF) that is a nitride of alkaline-earth metal and aluminum that has higher
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Therefore, CaF film is formed to contact with the layer comprising at least one
5 organic compound 654 having a thickness of 2 nm, and an aluminum film or a
silver film is formed thereon having a thickness of 20 nm. o
Thus, the cathode is formed by ultrathin film, thereby the electrode having
light transparency can be formed. The cathode 655 can be formed by another
known material only in cases in which the material is a small work function
10  material and is a conductive film that is transparent to the light.
As shown in Fig. 9B, an element substrate having a light emitting element
656 that is composed of the anode 652 connected electrically to the current control
TFT 704, the insulating layer 653 formed between the cathode 652 and the anode
that is adjacent to the anode 652 (not illustrated), the layer comprising at least one
15 organic compound 654 formed on the anode 652, the cathode 655 formed on the
layer comprising at least one organic compound 654 and the insulating layer 653
can be formed.
Note that, in the process of manufacturing the light emitting device in this
embodiment, although the source signal lines are formed by materials which form
20 the gate electrodes, and although the gate signal lines are formed by wiring
materials which forms the source and drain electrodes, with relation to the circuit
structure and process, other materials may also be used.
Further, a driver circuit 705 having an n-channel TFT 701 and a p-channel

TFT 702, and a pixel portion 706 having a switching TFT 703 and a current

25 control TFT 704 can be formed on the same substrate.
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5 source region or a drain region. The p-channel TFT 702 has the channel forming
region 502, and the impurity regions 641 and 642 that function as source regions or
drain regions.

The switching TFT 703 of the pixel portion 706 has the channel forming
region 503, the low concentration impurity region 633a (LDD region) which
10  overlap with the first conductive layer 628a forming the gate electrode, the low
concentration impurity region 633b (LDD region) which does not overlap with the
first conductive layer 628a, and the high concentration impurity region 637 which
functions as a source region or a drain region.
The current control TFT 704 of the pixel portion 706 has the channel
15 forming region 504, the low concentration impurity region 634a (LDD region)
which overlap with the first conductive layer 629a, the low concentration impurity
region 634b (LDD region) which does not overlap with the first conductive layer
628a, and the high concentration impurity region 638 which function as source
regions or drain regions.
20 In this embodiment, the driving voltage of a TFT is 1.2 to 10 V, preferably
25t055V.
When the display of the pixel portion is active (case of the moving picture
display), a background is displayed by pixels in which the light emitting elements
emit light and a character is displayed by pixels in which the light emitting elements

25 do not emit light. However, in the case where the moving picture display of the
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pixels in which light emitting elements emit light (also called a character display),
5 and a background is displayed by pixels in which light emitting elements do not emit
light (also called a background display). o

A detailed top surface structure of a pixel portion is shown in Fig. 11A, and a
circuit diagram thereof is shown in Fig. 11B. Figs. 11A and 11B denoted by a same
reference numerals.

10 In Figs. 11A and 11B, a switching TFT 1100 provided on a substrate is
formed by using the switching TFT (n-channel type) TFT 703 of Fig. 9B.
Therefore, an explanation of the switching (n-channel type) TFT 703 may be referred
for an explanation of the structure. Further, a wiring indicated by reference numeral
1102 is a gate wiring for electrically connecting with gate electrodes 1101 (1101a and

15 1101b) of the switching TFT 1100.

Note that, in this embodiment, a double gate structure is adopted, in which
two channel forming regions are formed, but a single gate structure, in which one
channel forming region is formed, or a triple gate structure, in which three channel
forming regions are formed, may also be adopted.

20 Further, a source of the switching TFT 1100 is connected to a source wiring
1103, and a drain thereof is connected to a drain wiring 1104. The drain wiring
1104 is electrically connected with a gate electrode 1106 of a current control TFT
1105. Note that the current control TFT 1105 is formed by using the current control
(n-channel type) TFT 704 of Fig. 9B. Therefore, an explanation of the current

25  control (n-channel type) TFT 704 may be referred for an explanation of the structure.
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Further, a source of the current control TFT 1105 is electrically connected

with a current supply line 1107, and a drain thereof is electrically connected with a
5 drain wiring 1108. Besides, the drain wiring 1108 is electrically connected with a
cathode 1109 indicated by a dotted line.

A wiring indicated by reference numeral 1110 is a gate wiring cor.mected
with the gate electrode 1112 of the erasing TFT 1111. Further, a source of the
erasing TFT 1111 is electrically connected to the current supply line 1107, and a

10  drain thereof is electrically connected to the drain wiring 1104.

The erasing TFT 1111 is formed like a current controlling TFT (n-channel
type) 704 in Fig. 9B. Therefore, an explanation of the structure is referred to that of
the current controlling TFT (n-channel type) 704. In this embodiment, a single gate
structure is described though, a double gate structure or a triple gate structure can be

15  used.

At this time, a storage capacitor (condenser) is formed in a region indicated
by reference numeral 1113. The capacitor 1113 is formed by a semiconductor film
1014 electrically connected with the current supply line 1107, an insulating film (not
shown) of the same layer as a gate insulating film, and the gate electrode 1006.

20  Further, a capacitor formed by the gate electrode 1106, the same layer (not shown) as
a first interlayer insulating film, and the current supply line 1107 may be used as a
storage capacitor.

The light emitting element 1115 shown in circuit diagram in Fig. 11B is
composed of the cathode 1109, a layer comprising at least one organic compound

25  (not illustrated) formed on the cathode 1109, and an anode (not illustrated) formed on
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A counter potential is supplied to the anode of the light emitting element

5 1115. In addition, the power source potential is supplied to the power supply line V.

A potential difference between the counter potential and the power source potential is

always maintained at such a level that causes the light emitting element to emit light

when the power source potential is applied to the pixel electrode. The power source

potential and the counter potential are supplied to the light emitting device of the

10  present invention by means of a power source provided by an externally-attached IC

chip or the like. In the present specification, the power source supplying a counter

potential is referred to as the counter power source 1116.

[Embodiment 4]
15 - Referring to Figs. 12, the external appearance of an active matrix type light
emitting device of the present invention will be described in this embodiment.
Fig. 12A is a top view of the luminescent device, and Fig. 12B is a sectional view
taken on line A-A’ of Fig. 12A. Reference number 1201 represents a source side
driving circuit, which is shown by a dotted line; 1202, a pixel section; 1203, a gate
20 side driving circuit; 1204, a sealing substrate; and 1205, a sealant. A space is
surrounded by the sealant 1205.
Reference number 1208 represents an interconnection for transmitting
signals inputted to the source signal line driving circuit 1201 and the gate signal
line driving circuit 1203. The interconnection 1208 receives video signals or

25 clock signals from a flexible print circuit (FPC) 1209, which will be an external
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FPC or a PWB is attached to the body.

The following will describe a sectional structure, referring to Fig. 12B.
The driving circuits and the pixel section are formed on the substrate 1210, but the
gate side driving circuit 1203 as one of the driving circuits and the pixel section
1202 are shown in Fig. 12B.

In the gate side driving circuit 1203, a CMOS circuit wherein an n-channel
type TFT 1213 and a p-channel type TFT 1214 are combined is formed. The
TFTs constituting the driving circuit may be composed of known CMOS circuits,
PMOS circuits or NMOS circuits. In this embodiment, a driver-integrated type,
wherein the driving circuit is formed on the substrate, is illustrated, but the
driver-integrated type may not necessarily be adopted. The driver may be fitted
not to the substrate but to the outside.

The pixel section 1202 is composed of plural pixels including a
current-controlling TFT 1211 and an anode 1212 electrically connected to the
drain of the TFT 1211,

On the both sides of the anode 1212, insulating film 1213 are formed, and
a layer comprising at least one organic compound 1214 is formed on the anode
1212. Furthermore, a cathode 1216 is formed on the layer comprising at least one
organic compound 1214. In this way, a light emitting element 1218 composed of
the anode 1212, the layer comprising at least one organic compound 1214 and the
cathode 1216 is formed.

The cathode 1216 also functions as an interconnection common to all of

&+
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5 of aresin film may be set up to keep a given interval between the sealing substrate
1204 and the light emitting element 1218. An inert gas such as nitrogen is filled
into the space 1207 inside the sealant 1205. As the sealant 1205, an epoxy resin
is preferably used. The sealant 1205 is desirably made of a material through
which water content or oxygen is transmitted as slightly as possible. Furthermore,
10 it is allowable to incorporate a material having moisture absorption effect into the
space 1207.

In this embodiment, as the material making the sealing substrate 1204,
there may be used a glass substrate, a quartz substrate, or a plastic substrate made
of fiber glass-reinforced plastic (FRP), polyvinyl fluoride (PVF), mylar, polyester

15 or polyaerylic resin. After the adhesion of the sealing substrate 1204 to the
substrate 1210 with the sealant 1205, a sealant is applied so as to cover the side
faces (exposure faces).

As described above, the light emitting element is airtightly put into the
space 1207, so that the light emitting element can be completely shut out from the

20 outside and materials promoting deterioration of the layer comprising at least one
organic compound, such as water content and oxygen, can be prevented from
invading this layer from the outside. Consequently, the light émitting device can
be made highly reliable.

The structure of this embodiment may be freely combined with the

25 structure of Embodiments 1 to 3.
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[Embodiment 5]

Embodiments 1 to 4 describe an active matrix type light emitting device

having a top gate TFT. However, the TFT structure of the present invention is not

5 limited thereto and bottom gate TFTs (typically reverse stagger TFTs) may also be
used in carrying out the present invention as shown in Fig. 13. The reverse
stagger TFTs may be formed by any method.

Fig. 13A is a top view of a light emitting device that uses bottom gate
TFTs. Note that the sealing in not conducted yet by sealing substrate. A source

10  side driving circuit 1301, a gate side driving circuit 1302, and a pixel portion 1303
are formed therein. Fig. 13B shows in section a region a 1304 of t.he pixel
portion 1303. The sectional view is obtained by cutting the light emitting device
along the line x-x’ in Fig. 13A.

Fig. 13B illustrates only a current controlling TFT out of TFTs that

- 15 constituted in a pixel portion 1303. Reference symbol 1311 denotes a substrate
and 1312 denotes an insulating film to serve as a base (hereinafter referred to as a
base film). A transparent substrate is used for the substrate 1311, typically, a
glass substrate, a quartz substrate, a glass ceramic substrate, or a crystallized glass
substrate. However, the one that can withstand the highest process temperature

20  during the manufacture process has to be chosen.

The base film 1312 is effective especially when a substrate containing a
movable ion or a conductive substrate is used. If a quartz substrate is used, the
base film may be omitted. An insulating film containing silicon is used for the
base film 1312. The term insulating film containing silicon herein refers to an

25 insulating film containing oxygen or nitrogen in a given ratio to the content of
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p-channel TFT. Note that, in this embodiment, anode 1323 of light emitting
5 element 1329 is connected the current control TFT 1313. Therefore, the anode
1323 are preferably made from p-channel TFT but also made from n-channel TFT.
_ The current controlling TFT 1313 is composed of an active layer which
comprising source region 1314, drain region 1315 and channel forming region
1316, a gate insulating film 1317, a gate electrode 1318, a interlayer insulating

10  film 1319, a source wiring line 1320, and a drain wiring line 1321.

The switching TFT has a drain region connected to the gate electrode 1318
of the current controlling TFT 1313. The gate electrode 1318 of the current
controlling TFT 1313 is electrically connected to the drain region (not shown) of
the switching TFT through a drain wiring line (not shown), to be exact. The gate

15 electrode 1318 has a single gate structure but may take a multi-gate structure.
The source wiring line 1320 of the current controlling TFT 1313 is connected to a
current supplying line (not shown).

The current controlling TFT 1313 is an element for controlling the amount
of current supplied to the light emitting element, and a relatively large amount of

20 current flows through this TFT. Therefore, it is preferable to design the current
controlling TFT to have a channel width (W) wider than the channel width of the
switching TFT. It is also preferable to design the current controlling TFT to have
a rather long channel length (L) in order to avoid excessive current flow in the

current controlling TFT 1313. Desirably, the length is set such that the current is

25 0.5 to 2 puA (preferably 1 to 1.5 pA) per pixel.
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After the current controlling TFT 1313 is formed, the interlayer insulating
5 film 1319 is formed and anode 1323 that is electrically connected to the current
controlling TFT 1313 is formed. In this embodiment, anode 1323 and the wiring
line 1320 are formed at the same time and same material. As the materials of
anode 1323, the conductive film having small working function is preferably used.

In this embodiment, the anode 1323 formed from Al.

10 After the anode 1323 is formed, an insulating film 1324 is formed. The
insulating film 1324 serves as a so-called bank.

A layer comprising at least one organic compound 1325 is formed next,
and the cathode 1326 is formed thereon. Materials for the layer comprising at
least one organic compound 1325 are shown in Embodiments 1 or 2.

15 The-cathode 1326 is formed on the layer comprising at least one organic
compound 1325. Materials for the cathode 1326, transparent conductive film
having small work function are used. In this embodiment, the cathode 1326 is
formed by laminating Al having a thickness of 20 nm on CaF having the thickness
of 2 nm.

20 Therefore, the light emitting device having the reverse stagger type TFT
can be formed. In addition, in the light emitting device according to this
embodiment, the light is emitted in the direction shown by arrow of Fig. 13B
(upward).

Since the structure of the reverse stagger TFT is easier to reduce the

25 manufacturing step than top gate TFT, the structure have an advantage of reducing
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configuration.

"{Embodiment 6]

In this embodiment, a ;:ase in which a passive type (simple matrix type)
light emitting device having an element structure of the present invention is
manufactured is described with reference to Fig. 14. In Fig. 14, reference

10  numbers 1401 and 1402 represent a glass substrate and an anode made of a metal
compound film, respectively. In this embodiment, TiN is formed by sputtering as
metal compounds. Not shown in Fig. 14, plural anodes are arranged in the stripe
form in parallel with the paper. In the passive matrix light emitting device, since
the anode material is required higher conductivity than active matrix light emitting

15 device, it is effective that higher conductive metal compounds than ITO that is
used conventionally is used for the anode in reducing the driving voltage of the
light emitting element.

Banks 1403 made of an insulating material are formed to cross the anode
1402 arranged in the stripe form. The banks 1403 are formed perpendicularly to

20  the paper face to contact the anodes 1402.

Next, a layer comprising at least one organic compound 1404 is formed.
As the material which makes the layer comprising at least one organic compound
1404, a known material which can give luminescence, as well as the materials
described in Embodiments 1 and 2, can be used.

25 For example, by forming a layer comprising at least one organic
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luminescence rays can be formed. Since the layer comprising at least one organic
5 compound 1404 composed of these layers is formed along grooves made in the
banks 1403, the layer 1404 is arranged in the stripe form perpendicular to the paper

face. o

Next, a cathode 1405 is formed on the layer comprising at least one
organic compound 1404. The cathode 1405 is formed by vapor deposition using

10  a metal mask.

Since the lower electrodes (the anodes 1402) are transparent materials in
this embodiment, light generated at the layer comprising at least one organic
compound 1404 is radiated upward (opposed to the substrate 1401).

Next, a glass substrate is prepared as a sealing substrate 1407. Since the

15 sealing substrate 1407 may have transparency in the structure of this embodiment,
a substrate made of plastic or quartz may be used as well as glass substrate.

The sealing substrate 1407 is adhered to the substrate 1401 with a sealant
1408 made of an ultraviolet hardening resin. The inside 1406 of the sealant 1408
is an airtightly-closed space, and the inside is filled with an inert gas such as

20 nitrogen or argon. It is effective to put a moisture absorbent, a typical example of
which is barium oxide, in the airtightly closed space 1406. At last, a flexible
printed circuit (FPC) 1409 is fitted to the anodes to complete a passive type light
emitting device.

This embodiment may be carried out by combining materials except the

25  element structure (active matrix type) shown in Embodiments 1 to 5.
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[Embodiment 7]

Being self-luminous, a light emitting device using a light emitting

element has better visibility in bright places and wider viewing angle than liquid
5 crystal display devices. Therefore, various electric appliances can be completed
by using the light emitting device of the present invention.

Given as examples of an electric appliance that employs a light emitting
device manufactured in accordance with the present invention are video cameras,
digital cameras, goggle type displays (head mounted displays), navigation systems,

10  audio reproducing devices (such as car audio and audio components), notebook
computers, game machines, portable information terminals (such as mobile
computers, cellular phones, portable game machines, and electronic books), and
image reproducing devices equipped with recording media (specifically, devices
with a display device that can reproduce data in a recording medium such as a

15 digital video disk (DVD) to display an image of the data). Wide viewing angle is
important particularly for portable information terminals because their screens are
often slanted when they are looked at. Therefore it is preferable for portable
information terminals to employ the light emitting device using the light emitting
element. Specific examples of these electric appliance are shown in Figs. 16A to

20 16H.

Fig. 16A shows a display device, which is composed of a case 2001, a
support base 2002, a display unit 2003, speaker units 2004, a video input terminal
2005, etc.  The light emitting device manufactured in accordance with the present
invention can be applied to the display unit 2003. Since the light emitting device

25 having the light emitting element is self-luminous, the device does not need back
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Fig. 16B shows a digital still camera, which is composed of a main body
5 2101, a display unit 2102, an image receiving unit 2103, operation keys 2104, an
external connection port 2105, a shutter 2106, etc. The light emitting device
manufactured in accordance with the present invention can be applied to the
display unit 2102. |
Fig. 16C shows a notebook personal computer, which is composed of a
10  main body 2201, a case 2202, a display unit 2203, a keyboard 2204, an external
connection port 2205, a pointing mouse 2206, etc. The light emitting device
manufactured in accordance with the present invention can be applied to the
display unit 2203.
Fig. 16D shows a mobile computer, which is composed of a main body
15 2301, a display unit 2302, a switch 2303, operation keys 2304,-an infrared port
2305, etc. The light emitting device manufactured in accordance with the present
invention can be applied to the display unit 2302.
Fig. 16E shows a portable image reproducing device equipped with a
recording medium (a DVD player, to be specific). The device is composed of a
20 main body 2401, a case 2402, a display unit A 2403, a display unit B 2404, a
recording medium (DVD or the like) reading unit 2405, operation keys 2406,
speaker units 2407, etc. The display unit A 2403 mainly displays image
information whereas the display unit B 2404 mainly displays text information.
The light emitting device manufactured in accordance with the present invention

25 can be applied to the display units A 2403 and B 2404. The image reproducing
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16F shows a goggle type display (head mounted dlsplay) which is

composed of a main body 2501, display units 2502, and arm units 2503. The

5 light emitting device manufactured in accordance with the present invention can be
applied to the display units 2502,

Fig. 16G shows a video camera, which is composed of a main body 2601,

a display unit 2602, a case 2603, an external connection port 2604, a remote

control receiving unit 2605, an image receiving unit 2606, a battery 2607, an audio

10 input unit 2608, operation keys 2609, eye piece portion 2610 etc. The light
emitting device manufactured in accordance with the present invention can be
applied to the display unit 2602.

Fig. 16H shows a cellular phone, which is composed of a main body
2701, a case 2702, a display unit 2703, an audio input unit 2704, an audio output

15  unit 2705, operation keys 2706, an external connection port 2707, an antenna 2708,
etc. The light emitting device manufactured in accordance with the present
invention can be applied to the display unit 2703. If the display unit 2703
displays white letters on black background, the cellular phone consumes less
power‘.

20 If the luminance of light emitted from organic materials is raised in future,
the light emitting device can be used in front or rear projectors by enlarging
outputted light that contains image information through a lens or the like and
projecting the light.

These electric appliances now display with increasing frequency

25 information sent through electronic communication lines such as the Internet and
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In the light emitting device, light emitting portions consume power and
5 therefore it is preferable to display information in a manner that requires less light
emitting portions. When using the light emitting device in display units ot
portable information terminals, particularly cellular phones and audio reproducing
devices that mainly display text information, it is preferable to drive the device
such that non-light emitting portions form a background and light emitting portions

10 form text information.

As described above, the application range of the light emitting device
manufactured by using the deposition device of the present invention is so wide
that it is applicable to electric appliances of any field. The electric appliances of
this embodiment can be completed by using the light emitting device formed by

15 implementing Embodiments 1 to 5.

In the present invention, by using the light-shielding metal compound as
the anode material, the anode of the light emitting element can be formed at the
same time when the wire for electrically connecting the anode to a thin film

20  transistor (hereinafter referred to as TFT) for driving the light emitting element is
formed in manufacturing the active matrix light emitting device. Accordingly,
the present invention is characterized by omitting the process of forming the
light-shielding film and the like, which is necessary when the transparent
conductive film is used in prior art.

25 The metal compound used in the present invention has a work function
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5 interposed between the anode and the cathode,
wherein the anode has a light-shielding ability and contains an element
that belongs to one of Group 4, 5, and 6 in the periodic table, and

wherein the cathode comprises a light-transmissive conductive film.

10 2. A device according to claim 1, wherein the anode comprises a material

having a resistivity of 1 x 10 Qcm or less.

3. A device according to claim 1, wherein the anode comprises a material

having a work function of 4.7 eV or more.

15
4. A device according to claim 1, wherein the anode comprises one selected
from the group consisting of titanium nitride, zirconium nitride, titanium carbide,
zirconium carbide, tantalum nitride, tantalum carbide, molybdenum nitride, and
molybdenum carbide.
20

5. A device according to claim 1, wherein the light emitting device is one
selected from the group consisting of a display device, a digital still camera, a
notebook personal computer, a mobile computer, a portable image reproducing
device with a recording medium, a goggle-type display, a video camera, and a

25  cellular phone.
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“wherein the anode has a light-shielding ability and comprises one of
nitride and carbide of an element that belongs to one of Group 4, 5, and 6 in the
periodic table, and

wherein the cathode comprises a light-transmissive conductive film.
10
7. A device according to claim 6, wherein the anode comprises a material

having a resistivity of 1 x 10 Qcm or less.

8. A device according to claim 6, wherein the anode comprises a material

15 having a work function of 4.7 €V or more.

9. A device according to claim 6, wherein the anode comprises one selected
from the group consisting of titanium nitride, zirconium nitride, titanium carbide,
zirconium carbide, tantalum nitride, tantalum carbide, molybdenum nitride, and

20 molybdenum carbide.

10. A device according to claim 6, wherein the light emitting device is one
selected from the group consisting of a display device, a digital still camera, a
notebook personal computer, a mobile computer, a portable image reproducing

25 device with a recording medium, a goggle-type display, a video camera, and a
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11. A light emitting device having a TFT provided on an insulating surface
and a light emitting element,
5 wherein the light emitting element has an anode, a cathode, and a layer
comprising at least one organic compound,
wherein the TFT is electrically connected to the anode, and
wherein the anode contains an element that belongs to one of Group 4,
5, and 6 in the periodic table.
10

12. A device according to claim 11, wherein the cathode comprises a

light-transmissive conductive film.

13. A device according to claim 11, wherein the anode comprises a material

15 having a resistivity of 1 x 102 Qcm or less.

14. A device according to claim 11, wherein the anode comprises a material

having a work function of 4.7 eV or more.

20 15. A device according to claim 11, wherein the anode comprises one
selected from the group consisting of titanium nitride, zirconium nitride, titanium
carbide, zirconium carbide, tantalum nitride, tantalum carbide, molybdenum

nitride, and molybdenum carbide.

25 16. A device according to claim 11, wherein the light emitting device is one
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device with a recording medium, a goggle-type display, a video camera, and a

cellular phone.

5
T 17. A light emitting device having a TFT provided on an insulating surface
and a light emitting element,
wherein the light emitting element has an anode, a cathode, and a layer
comprising at least one organic compound,
10 wherein the TFT is electrically connected to the anode, and

wherein the anode comprises one of nitride and carbide of an element

that belongs to one of Group 4, 5, and 6 in the periodic table.

18. A device according to claim 17, wherein the cathode comprises a

15 light-transmissive conductive film.

19. A device according to claim 17, wherein the anode comprises a material

having a resistivity of 1 x 102 Qcm or less.

20 20. A device according to claim 17, wherein the anode comprises a material

having a work function of 4.7 eV or more.

21. A device according to claim 17, wherein the anode comprises one
selected from the group consisting of titanium nitride, zirconium nitride, titanium

25 carbide, zirconium carbide, tantalum nitride, tantalum carbide, molybdenum
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selected from the group consisting of a display device, a digital still camera, a

5 notebook personal computer, a mobile computer, a portable image reproducing
device with a recording medium, a goggle-type display, a video camera, and a

cellular phone.

23. A method of manufacturing a light emitting device comprising:

10 forming an anode on an insulating surface;

subjecting a surface of the anode to UV ozone treatment;

forming a layer comprising at least one organic compound on the

anode; and

forming a cathode on the layer comprising at least one organic
15 compound,

wherein the anode contains an element that belongs to one of Group 4,

5, and 6 in the periodic table.

24. A method according to claim 23, wherein said anode is electrically

20 connected to a TFT that is formed over a substrate.

25. A method of manufacturing a light emitting device comprising:
forming an anode on an insulating surface;
subjecting a surface of the anode to UV ozone treatment;

25 forming a layer comprising at least one organic compound on the
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wherein the anode is formed of one of nitride and carbide of an element

5  that belongs to one of Group 4, 5, and 6 in the periodic table.

26. A method according to claim 25, wherein said anode is electrically

connected to a TFT that is formed over a substrate.

10 27. A method of manufacturing a light emitting device comprising:
forming an anode on an insulating surface;
subjecting a surface of the anode to UV ozone treatment;
forming a layer comprising at least one organic compound on the
anode; and
15 forming- a cathode -on the layer comprising at least one organic
compound,
wherein the anode has a light-shielding ability and contains an element
that belongs to one of Group 4, 5, and 6 in the periodic table, and
wherein the cathode is formed from a light-transmissive conductive

20  film.

28. A method according to claim 27, wherein said anode is electrically

connected to a TFT that is formed over a substrate.

25 29. A method of manufacturing a light emitting device comprising:
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anode; and
5 forming a cathode on the layer comprising at least one organic
compound,
wherein the anode has a light-shielding ability and comprising one of
nitride and carbide of an element that belongs to one of Group 4, 5, and 6 in the
periodic table, and

10 wherein the cathode is formed from a light-transmissive conductive

film.

30. A method according to claim 29, wherein said anode is electrically
connected to a TFT that is formed over a substrate.
15
31. A method of manufacturing a light emitting device comprising:
forming an anode on an insulating surface;
subjecting a surface of the anode to plasma treatment;
forming a layer comprising at least one organic compound on the
20 anode; and
forming a cathode on the layer comprising at least one organic
compound,
wherein the anode contains an element that belongs to one of Group 4,
5, and 6 in the periodic table.

25
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33. A method of manufacturing a light emitting device comprising:
5 forming an anode on an insulating surface;
subjecting a surface of the anode to plasma treatment;
forming a layer comprising at least one organic compound on the
anode; and
forming a cathode on the layer comprising at least one organic
10  compound,
wherein the anode comprises one of nitride and carbide of an element

that belongs to one of Group 4, 5, and 6 in the periodic table.

34. A method according to claim 33, wherein said anode is electrically

15 connected to a TFT that is formed over a substrate.

35. A method of manufacturing a light emitting device comprising:
forming an anode on an insulating surface;
subjecting a surface of the anode to plasma treatment;
20 forming an organic compound layer on the anode; and
forming a cathode on the organic compound layer,
wherein the anode has a light-shielding ability and contains an element
that belongs to one of Group 4, 5, and 6 in the periodic table, and
wherein the cathode comprises a light-transmissive conductive film.
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forming a layer comprising at least one organic compound on the
anode; and

forming a cathode on the layer comprising at least one organic

10  compound,

wherein the anode has a light-shielding ability and comprises one of
nitride and carbide of an element that belongs to one of Group 4, 5, and 6 in the
periodic table, and

wherein the cathode comprises a light-transmissive conductive film.

15

38. A method according to claim 38, wherein said anode is electrically

connected to a TFT that is formed over a substrate.



