2 7 JUL 2005 LIGHT EM TTI NG DEVI CE AND METHOD OF MANUFACTURI NG THE SAME
BACKGROUND OF THE INVENTION 1. Field of the Invention 5 The present
invention relates to a light enitting device with a light emttiag JRiledBift
conposed of an anode, a cathode, and a filmthat contains an organic
conpound capable of emtting |light upon application of electric field (the
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present invention relates to a light emtting device using a light emtting
to elenent that is lower in drive voltage and |onger in element lifetime

than conventional ones. BAGKIRROBEMND OFHEEVVEXNTIONt hi s speci fi cation
refers to ap. | i.spl.ay device that wuses a light emtting el enent.
Al so, the fglle*‘%g[ﬂﬁ%ﬂ’r‘fﬁg‘b‘? s are all included in the definition of the

light emitting dend pRsert iARGHOR BRERAI BN RAtitBShdtet QitR ol gtenfifit | Ng
el ement a connector such as an ani sotropi ¢ conductive film (FPC. flexXible
print ed eement ¢ompobsd af TABn¢deapeathwtiormadedfioo tuit wg)tainape orgmiacd@poyndape

carrier pac ); .a.module in ich a.printed Wri board. i rovi ded at
an end of AT AR i fiatens Spemapiciion Ao BrEC T Ukt Bl dnhreine Rt eGitod
circul t)tda%cﬁ%e[n‘?&&éxﬁpdﬂhﬁ%fc@), Qhd Jlhﬂh{od%aﬁlhﬁgtuﬁhg@f?ﬂﬁglﬁ%nﬁﬁﬂﬁg ez (chip
on glass) nethod. 2. Description of the Related Art 20 Light emtting

el enent sSpacelicitigwiha @reset emyedonas]ddseonehght ganemgtdepive fusag phgelemidingpl ay
elements for their characteristics including being thin and |Iightweight,
fast % e&BiRlethal Hyloyicr di tdriyarodAge powIMsET gfgéleawgwfl%mwh%,COB&?W@H%

sel f -1 unynaus sapgh havkig qoMAs S WL 095 Y aok G i d
el enent s better ! |§?I§|{ {hl%t ye. Thg\rﬁg?o getg?ﬁagﬂ ?E %S t%ea%hﬁdi“’!ﬁg Ilagﬁér\{{lds?qg?te
consi der estsas |@hf eafiiting dbmpornt Alkar thdi Splbayngs arcgers 0¢ 2l éoldwded in25he

appliances_and are being actively developed. It is said that light emtting
el enent sd&ition pyHe it sTKngKEvicsl ¢ BWAHG obktpihby atdching o4 Hg smaittElgpl i ed
bet ween ¢gj i CF r i C. . Ver ., - ; S
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re- copdi aduhBttagehditdiikd @s6dng) wpdtoen 1EP (e @hganiackaenpomnodulkay ehidho form
nol ecul ar 30 excitons, and the nol ecular excitons return the base state

whi | e r ek easfedgvEner fprd & pryided atiie qndgtta St EPh§T el Erdnind » readute in ght .

Mol ecul a{;vh%ﬁcént %‘%mgeeé?ﬁlég tc%guiit)nisoéige%ﬂgrCinc}ml%ed701‘P ﬁqié’ht%%éing element by the
COG (chip on glass) method.
2. Description of the Related Art

20 Light emitting elements are drawing attention as the next-generation flat panel
display elements for their characteristics including being thin and lightweight, fast
résponse, and direct current low voltage driving. Also, being self-ituminous and having
wide viewing angle give the light emitting elements better visibility. Therefore the light
emitting elements are considered as effective elements for display screens of electric

25 appliances and are being actively developed.

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

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

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




conpounds take either singlet excitation or triplet excitation. qs 2005
specification deals wth elenents that emt |ight from singlet Hgtl
and elenments that emt light from triplet excitation both. These Ilght
emtting elenents are classified by driving nmethods into passive 5 matrix
(sinple matrix) type and active matrix type The ones that are attracting
attention__nost. a

trix type el eme nts, for are. ca I
di spl ayi fgTPHREES {ag? eht‘ifh““% fleﬁ?‘ﬁ%ﬁ Wi Wt) LHECHIER: | te[gg’l gﬁ?ﬁﬁt&éﬁ‘&bg %I Fxel s
or nore. it arhich® MRL EhX 1idt0 Mok MHiddidi NGk cHBYIL Snd 8¢ kRBisAhhi &Rl 1 i ttdidg
el ement has an elenent structure as the one shown in Fig. 2. FT 202 is

f or med oririplesedssipien kotk01 to and an |nterlayer |nsulat|ng f|In1203 IS

formed on the TFT.202.. On the interlayer film 203, .an anode
(pi el el ect r ode) Ma5SliE v sy leisn B erteiSE L b1 9o RS 166 HRVTET
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t ranspar ent conduct|ve mat'eri al having a arge wor k function
(i ndi um tmost erd daélvefmbtmx tg@pe¢ elemexisddor( Ba@R)e tidabie Endigpthpyg filnhgasodf highli um

oxi de and, 15. zi nc. oxi O em_-tr ns arent gold film a polyaniline
film etém%EPEmﬁ¥‘ @Egﬁwééﬂea¥ﬁ8§®er?Hﬁxq PPI®m i s used nost because it
has a band gap ofapRQHE BatfiR | "%‘(1){& %gﬁ#lnhg d @Yy ink g?%egﬁlgtﬁ:ltng | e hd}e é‘la@gge of

visible light. An organic co 206 1s he anode 205. In
this spetdrhémtatruanie & ﬂhetdme shayeris ngtaz %Emtmﬁ gefdribet veensuasrand@de and

a cat hode together 20 make an organi c conpound | ayer. Specifically, the
or gani’¢ é@ﬁﬁBﬁWﬁﬂﬁﬁyéﬁu@@Bcﬁﬁ@ﬁ@éé%ﬁ%mFﬁaﬁth%Wﬁ??@ g layer, a hole

i njection |ayer, 'ﬁt‘éh ik théﬁhaef@g'fﬁﬁt %t%y fh anfl E@Ex%l Ele@t?écpe%bb n‘:?fortn%%f ti hg

an el ectron transpor i ng aye asic s ure o Ilgh

el ement its ba eldcaaatenmticano arorEr 260 Ihrghph ewirtniling Joay en, mawdalaugatibode
| ayered in this order. The basic structure can be nodified into a |am nate
of an andeetheznpds 03 i @t,f@mﬁreinhy@r}ducavq m@tetlatzga‘@mﬁ tﬂara@ wogly &nctignd 4n

cat hode Igyered in.this or a a hol e ..injection
| ayer , Z’b { P&jtu tifl ox%de?%lii I, "cé tlélromde ?%11 itﬁl’ rgh aﬁ% ggtlntclifnmdllugly 8¥1d alng
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formed, a cathode 207 is forned to conplete light emtting el enent 209.

The cat hdbesci BiedflPelil ryred nofst heqrusait baneibagd aap gDabomh PI75w0f knd isrighlsn

(typi cal bel o oup 1 or 2 in the periodic table). In
this speé%??%%ﬁQ6ﬂlw§@%§ ‘?%Pk?gﬁgluding al kaline netals and al kal i ne

earth netals) is An ZrdandMleodPBand layer 206 is formed on the anode 205. In this

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

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

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

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

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

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

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

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

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

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

30 smalil Work function (typically, a metal belonging to Group 1 or 2 in the periodic table).

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




called an al kaline netal. A bank 208 is forned from an organic resi; n
material to cover the edges of the anode and prevent short ci rcSi?tfnB’(le"tLV\@glr:3
t he anode and the cathode at the site. Fig. 2 shows one pixel and the |ight
emtting elenent formed therein. The 5 actual pixel portion is provided
with a plurality of light emtting elenents each structured as shown in
Fig. 2t ggﬁt' active matrix light emtting device. In the
above-deggfril edél%:%%ln\%en fﬂ()nal structure for a light emtting device, the

interlayer insul & bag 108 mfamekd fhemanagganid feaimspak el o Coneuat cvesmates i al )
formed on the interlayer insulating filmhave different thermal expansion
coef f i ci SAPLE andypapyang sorngrquitdstweentthe anode pnd thedthede al e silet ure in which

et ori al s having i o GG oREIRL BUPRNS AN GRS Ehel SRLgFe L ogptact

. e
wi th each ot her I's"Cco onadl I'hg €S ure,

it caugesicaaCpidekpdriios eplonided f@ea pRirding ostigde @hitddieeldMERS eadh dthaturb@s the
smal | er thermal expansion coefficient (the anode, in this case). The anode

is an el egshowein Figr2 jongaastijurprtvstiss malri lighiemiginpdeece.n | i ght em ssion
into the organic.c und |ayer. If 15 there |s crack in.the anode, the
crack affects gerlllé?]g;toﬁb 664‘35%@16 soony ’l%‘glss‘;f”ﬁ I%E?Fbae?lgﬁtf cmiitipg deYI, dBf eq,

and even jgleasadessldiBgl filghin@Md iddag (BheFRRLL béRRLfive AR @GHLEAGLIhes of
the surface of the anode al so affect generation and injecti'on of holes.

Fur t her nonterlayeneineulgiamg dilwo hpoudiffdrentetheingalbgxmaasion ecoeffairty dégreadedt by
oxygen and noisture, Despite this fact, organic resin materials such as
pol yi P adieai5sY S| GITEEY SRt AURSTIS MarENEP oBAHARy Heed ISRl Mt e

i nterlayehpd Rt @etitGerdid L0 iANAnAXYRRR & Qhdtels 1938 rcsﬁ@e%ﬁsgalfq%m&]miﬁo
interlayer insulating filmdegrades the |ight enitting elenmefit. Moredver,
t he cat hadeicofstridterd itghiis@nd ttackhin dleementicd sn fler sddobfheanatatikahiniens thet al

material, such as Al or My, which can seriously igpair TFT characteristics.
An 25 al KE{IFEhREERS eXRInsiaR Gosttigient £PF BOqeajibihingase). THTC aaodeis 28 c&458RER in

el ectric :act enl.sli g : 1 [ i:hl i he¢ TFI'
2 Pone. ¢ SAHGFHERLRSEu RhudPge TR MG, holdPaashl orh bl ot 13 1T
it 1s 1prehatabh erdch iptievanide, tk kedckrndfeomtcaheraiont ahhaled, ireduced ttemuadier wé

| ayer of a TFT by separating a TFT nanufacture step processing room (clean
room) frdWles ipieghe @i ety eadendn ligh spkive Flengt diclso bhoaeediamies 85m

(ct ean Q00BN Lo ANALGH: RLARL AT ARNTATAG 1IRYI NG & substrat e

bet ween roons ean roons) IS a e ‘manufacture process in order to
3 2 7 JUL 2005 Furthermore, the organic compound layer is by nature readily degraded by

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

20 polyamide, and acrylic are frequently used to form the interlayer insulating film and

oxygen or other gas released from this interlayer insulating film degrades the light emitting

element.

Moreover, the cathode of the light emitting element is formed of an alkaline

metal material, such as Al or Mg, which can seriously impair TFT characteristics. An

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

In order to avoid impairing TFT characteristics, it is preferable to prevent

alkaline metal contamination of an active layer of a TFT by separating a TFT manufacture

step processing room (clean room) from a light emitting element manufacture step

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

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




prevent the al kaline netal contam nation; the TFT substrate may be

contami nated by dusts or other contaminants in the air, and the 2TETJUL 2005
el enent may be damaged by el ectrostatic discharge. 5 SUMWARY OF THE

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

hi gh-quality light emtting device having a long-lasting light emtting

el ement t s free fromthe proble cribed above because, pf a
truct ur e teealad PRI AR PR R IR ShaRTE AT HharnBREES Bhafhs
provi de ar ropidd Qdn@nifaN frateUdit, N@dt e TRTOBEmERR fhi BY EAMILEE by clbgahE esent
invention is characterized in that: an interlayer insulating filmis
fornmed omlisghaET. that is formed on an insulator; an insulating filmis
formed on the interlayer insulating film an anode is fornmed to be
electrically connected to the TFT through a wiring line; a resin
insulating filmis fornmed tQuepMaRY he GnedevandbRe wiring line; the
resin insulating filmis etched to forma bank; the anode is w ped/cl eaned
after 15 heat t reathreritql thogresenti insedtmni inghdréforn fosprbeiderdhigh-qoahterlighhe
anode and the bank. The insulating fjlmforned between_the interlayer

[ nsul at | REIFEAAIE EYaE 41100 ESHAR SR U UHRSR SHEr Al roBT e PsaRT g
caused byjelieflkq bb&RLIR M el of a%ﬁh@thﬂe' g ATRMRNER! R oralifn MAY Cofllehli&l Bhes

t hermal expansion coefficients. The |1 ght emtt?ng el ement thus can have a
| ong | i f enil ieeprovhies metbod af magufhetunmg shedighoenapablieiaf preventing gas or
nmoi sture 20 relegsed fromthe interlayer insulating filmfromreaching the
light Bmitting e?filﬁéwf-‘%enfrﬁ@%% 15t shagicsrizad M ihabertaintsr Ry PR IR ® &M | ng
folm of Bed8nd el I MR ANE il Sl hane, MR Hifiak! BinlIbAUGD
pl'asma treatment or a DLCfilm By w ping the anode, the irregularities of
t he surf asterlofer tiheilaimedilcann beodd é&véregdandadeistisicaiy thensuklf @ceeofFT he |
anode can be renmpved. 25 By forming the insulating filmthat covers the
anode andPPHED BAWKNE diRee? fait inghlatipg Mmdp AmeadarPyeighe Hapdssanghidie sYIEBE r ons
to be inject t: i C . del ay. - t,
aspoct ofifnatdran PRIty F ARAL RO Eb it e BREIFSRSIco' Rk

i nsul asi mgatf trdatmérny addomnihfigatén oflakKisi feroh @ tiebyerttheasidashd @tecbdnk. Nnoved to a
processi ng room 30 where contam nation by an al kaline nmetal or others can
be avoi ded; and tlie ipsadgtingifgfoamehetwesn teiigleden dyutagng Gilmapg shaioke 4 2
7J (1L nii el [ a j after.:
sl ati 58 prPon Port s araldh 3 <FeekRELIR oh BeFORAHAb Aol el
formed. Andtitast dpf@e@SHenghlrexpmsidd Eodificie@an THOMEht emitting element thus can

have a long lifetime. This insulating film is also capable of preventing gas or moisture

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

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

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

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

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

film is etched to form the bank.




for formng a TFT substrate is separated froma second processi ngzgﬁonb i,
(second clean .roon) for formng a light emtting el enment. Thus, es Vi SRS
of an alkaline nmetal mxing in 5 the active |layer of the TFT fromthe

al kaline metal material formng the cathode of the |light emtting el enent,
such as Al or Mgy is lowered. As a result, electric characteristics of the

TFT and the | ong-Agr- shaAfithd i . ing i :
PR theor MG Bbo e Rt TRAHFRSLT M ROSFInE ¢ e

anti-electrostatic filmis forme roma nateri a does no

resin i ndod samungnductomtiloroff e iFdgs ftrvencdank, fitshproaesde, roamd( firhelssinrrbag) and
can be r&rm ed. to,lng}_\Nager' washi n% or_like other sinple methods. As such
the mat erPafo™ & @t ¥ri aFOHa HeRyAEd dEe0ia Seoprdt EsaINNg Home bvvaerd Fisan t he
anti-el eg teh G ' I ._Qr .nore).
A Gonduct o Aol ST Bhhing SHELRE, ey e ot OFR) Salile Al Byl 7 )
ant i - ebedky estivatlagerf ofl the COFP friosi thy atlonihe ahétvlempeliynBrmiise fleraeithdeyofspe n
coati ng, rhagﬂd t he anfi -electrostatic filmconprising conductive | ow

nol ecul ar'&s“PEHRgAlHFnESueh aH oY &F Mn s lepstadet é15y? eyt duy¢ shpsacteristics

di oxyt hi Nevrr 2 ki i jn fatty acid ester,
pol yoxye?)rgI;E/}I%gﬂriler16 gl Ky 1%1%%2%#6}%%%%}% %ﬁdyﬁ%%ge g*]irgj?%henyl et her,

N, N- Bi s(2- hydr Ghyetntyd|patdsykiartiineis| @ikyd fdinethameti@nivirh,does not affect the

N- 2- Hydr oxyet hyll -N-2-h ydroxyal kyl am ne [h%edr oxyal kyl nonoet hanol ami nej,
pol yoxyet'#iy# difalabipg ilanion ormipg (Reohapis thylaapde, anttyheanitine fnt ¢ap becictossd er
al kyl di i . fon a | benzenesul.f onat e | kyl
phosphigt Z)?ht%;?ljr \gg%h%% 8%% ?&%Pélgﬁjtish%moégkyﬂkgé%@y am' ‘S‘cﬁ% Ai RS 18{ ,ﬁ‘“ﬁ?{%yl

bet-ai ne, cahdytivitin ghirgghiumbebaivetng Qhe the-didd@s@alie HEaHent TREGEBRN (12
easily renoved b%"swat er or an organic solvent. In addition, an organic
i nsul at i §§ARACePalS/mlsecmoss. pbinytendgetiveaerginiccmalssiay amicdeerally used, for

lyimd 1.de, | obut d .t .
oty - ol cetRhE, L apr REARE K i AR Pl FERstFs PR e rpenby o
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aspect of the present invention is characterized by conprising a step’ of
form ng &viramidicaand qé@rw_fr@r:lm gl yetademe dioewhmhtnmrﬁPEﬁ@Tsumb@ta.eilinf:. tHaamibank
oo PSSO At PEL SIS R 0 B0 St 2Ll et P
T o peptensal i e e mI R AR M (R
2005 BRI BArBESERaPTNON [0 rTHEIDRAW MEBthahol atnire .4 c pa mpeyeyhi vigned r diwlagsne,
polyoxyethylene alkylamine fatty acid ester, alkyl diethanolamide, alkyl sulfonate,
20 alkylbenzenesulfonate, alkyl phosphate, tetraalkylammonium salt, trialkylbenzylam
monium salt, alkyl betaine, alkyl imidazolium betaine, or the iike are used. These can be
- easily removed by water or an organic solvent. In addition, an organic insulating material,
such as polyimide, acrylic, polyamide, polyimideamide, or BCB (benzocyclobutene) can
be used as the anti-electrostatic film. The anti-electrostatic film formed from the material
25 mentioned above can be applied to all embodiments. |
Another aspect of the present invention is characterized by comprising a step of
forming a bank and performing plasma treatment on the surface of the bank after heat
treatment is performed on the anode for crystallization.
A cured film is formed on the surface of the bank through the surface

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

moisture and degrading the light emitting element.



Figs. 1A to 1E are diagranms showi ng a nethod of manufacturing a |ight
emtting device in accordance with an enbodi ment node; 5 Fig. 2 i¢ & }Jyi 2005
di agram showi ng an exanple of a conventional |ight emtting device; Figs.
3A to 3D are diagrans showi ng a process of manufacturing a light emtting
device; Figs. 4A to 4C are diagrans showi ng a process of manufacturing a

light to emtting devigg; b%%c IQ‘TfCSN AN i I showi ng a process of
manuf acturing a |ight mm USs. are di agrans

showi ng a procesk taé ac@mphaghpdidv@ngs:| i ght enmitting device; 15 Fig. 7 is a
di agram showi ng an exanple of carrying out a light emtting device

manuf act ure procBigs; 1At 1B drs dagihmgrdnawirowni methad oxaaplfectofing ar hghing out

a tight nag .devi ce  manuf.act ur .ocess; ., Figs. 9A and 9B are di agrans
show ng gﬁgé}éé?%égeslpraﬁ%qrﬂ?%efwE}‘%{”ﬂl g%y 20 devi ce; Figs. 10A and

10B are di agr anspighowisng difi@amt SéGHiNE QnOfxatnpl %€la POch@PnOfighe driigt
emtting device;, Figs. 11A to 11H are di agrans show ng exanples of a
el ectricdafgshi ance; Fig. 12 is a di agram showi ng an exanpl e of carrying out

a light emtting.device manuf act ur rocess; Fig.. 13 is a .diagr,

showi ng an exarrpgflgs‘o?gctgr gél g éollﬁgraglslﬁ E’tm?eﬁi PPFHG PR aCtHﬁﬁ%faa[fgﬁ]re
process; efhitfng d&iées a di agram showi ng results of AFM neasurenent; Fig. 15
is a diagramshowi ng results of AFM neasurenent; 30 Fig. 16 is a diagram
showi ng resul ts Bigs.AFM iwedSurrendingramFi showing A proced Fofamendraygriags sblawi ng a

process of .manufacturing a light 6 2 JUL 2005 emtting device in accordance
Wi th Xh SHIEH MRy

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

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




Figs. 18A and 18B are diagrams showi ng a process of manufacturingsaylight
emtting device; Fig. 19 is a conceptual diagram show ng a producgi nJUL 2085
process of the present 5 invention; Figs. 20A to 20D are di agrans show ng
an exanple of carrying out a light emtting device manufacture process;
Figs. 21A to 21C are diagrans showi ng an exanple of carrying out a |ight
emtting de JE%nanuf act ud'agceo&llcg@g%glgb&?}d to Figs. 22A and 22B are di agrans

. emittin iCe I 4CC0r : : . .
showi ng an éex € of carrying Bﬁflt’ em tting device manufacture

process. Figs. 23fpsandA23R e @G5ARE sHHOWND pARSXFMRLrfuG h)idhg out
alight emtting device manufacture process. 1g DETAI LED DESCRI'PTI ON OF

THE PREFERREDEERBOBI MENTS Enbodi nent Mbode A TFT 101 is formed on a
substrate 100. Tih.-‘la TngT shown ere is a %T.for controlli ng af urrent
flowing into a Iight elfid fTIEPEr N oW % @ PEPTUHOT RT9957% OF B5deFTEat i on
as a currhgphieentrolling TFT 101 (Fig. 1A). 20 On the current controlling
TFT 101, an interlayer insulating film1102 is formed for planarization.
The interl ayer i fggsl 80idng 20ID rmrel O giagnst showenle fin ere@pleoofyanidng esi a light
material such as polyinide, acrylic, polyam de, polyim deam de, an epoxy
resin, oﬁnﬁ%ﬁg%fﬂgﬁﬁ%@%?%ﬁ”@ﬁéﬁ to have an average thickness of about 1.0
to 2.0 pm The Sufstpaher, S0 REAREORR dkvliy Shosta leforEﬂrgg?J B hiaer ! ayer
insulating film 102. Mreover, the“25 interlayer inSulating 71 mcarf reduce
par asi t i cnuidipgdetianomnsfacmes progenj andr esin materials are lowin dielectric
constant in general. Bﬁx{t, %i rst. insulating film2103 is forned on. the
i nterl'8yer insul &i8ngfid AresGAFAHE Sg%‘é’mtgeal”e%‘?é‘ﬁji? PERFTHBE oMt i er
i nsul at i Q&i@th%%%@gnﬁ%ﬁac&% %I%Egsgpt the light emtting elenment. The first
103

insulating fifm Is an tnorganic insulating film typically, a 30
silicon oxide fi lFhgs. 8341 dndc28B avcydibgraimd ehbwing aroexanme lof camying toit deaight | m

or a lamnate having the above filns in conbination. The first insulating
filmis FCBRYEE dBYiCHIMEERERCOVEPIORES?- 2 7 JUL 2005 whi ch the reaction pressure
is set to 20 to 200 Pa, the substrate tenperature is set to 300 to 400C,
and the high frequency (13.56 MHz) power density is set to 0.1 to 1.0 WcnR
for 15 DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS ’

Embodiment Mode

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

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

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

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

30 silicon oxide film, a silicon oxynitride film, or a silicon nitride film, or a laminate having

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



electric discharge. Alternatively, a cured filmcontaining one or @orejij 2005
kinds of gas elenents selected fromthe group consisting of hydrogen,

ni trogen, hal ogenated carbon, 5 hydrogen fluoride, and rare gas is forned

by plasma treatnment performed on the surface of the interlayer insulating
film Thereafter a resist mask having a desired pattern is fornmed. A

cont act haley iSRRG 2.3l 0,109 A0l pLIE, SHLLSOLROOLLEL LG, TER 011 =

ure
formed t orma wWri r'i ng s formed fro

or a Ti f400hCamdahe onghufitqueacyretzado MHANposer tensa iakday (f i tan of wAlmapd Ti .
The material .is. deposited by _sputteri%g or vacuum evaporation to forma
film andlqHE Sbchitged AEmAtEcipat tarsedimnemtarigesoncear shapekings of gas

t ranspar i i i . to serve as an anode of the

[ an - emema! (EhL S WE e Sor SIS BEdfoed pRRla(S B0 BB )

f or medsf rydrdgedifluotidé,iand exedas (3l fbéhed BY pls@iticigicup&tdraRd\Wntthe 2urtRe 0% of

zinc oxide (ZnO m xed therein. 15 The anode is fornmed by etching the

t r anspar éht In¢skyeciopyeating §il-105. Thereafter, a bank 107 is forned and heat
treatnent is con ted at 230 to,350C In thi,s specification, an

sl ating {11 mEER Had TSN GBeK TS ifobge e uRBHE GRESn A RORGVEYE ¢ ne

edges of rth@iRnodRid feofdl bade aséhtRaoI(iRE IFT 1B @Neknk@o Then sWifiacgnef the
anode 106 is w ped using a PVA (polyvinyl al cohol) -based 20 porous

subst ancd V4l oAbe wiltimg Engwvessliermer frogui 4l fibn loewdli fihes surohdeaivefméthidilanode 106

n thi.s, specification, Ww an anode surface

and renove,dusts therefrom..ln t W pin

W th o POk BEBSArAT R R i me B ES BB B liea Br P, BReReSH
surface ap@orkLABMS, gﬂ&h@wﬁﬁ@a%ﬂrﬁqmt§n%>a9ﬁt_%%s&@ir@§s%9.i ng. After w ping
the surface of the anode,. a second insulating film2110 is fornmed. 25 An

or gani ¢ conpound A &yespatehl camtiictihe il 10atih ddtenct IR xatesdror aeeh emodehs thecond

i nsul ati i1m.110. The, second insulating film110 is a_pol yimde, .

pol yam dg,%hgﬁrpg{_l?%%ya ef&FH@PSWﬁ’éﬁP%‘?WC%?ﬁ{W rjl_g%ull‘ ety fqrmefi@foﬁ%@dwnspi n
coating i &iddVresnN&:$ro inkid® oRidB Wi RFBNLiGe AP PHAE) &%‘éﬁr&%. IS a

| am nate that has, in addition to a light emtting Iayer, a hole injection
| ayer,15a hol e trdiispenddengs |fayeed iy hodhéndltbe kirangpdrayte cpndurtiv3 Ofikeh et on

L enspor Lyt otk Een T rton Laver e BT Lavsr. stegin
Shout 30 bR ey 20R e ShLBE b 5 T B gt o
cat hode Hiedgss Myhg anodaisAhHdd asad haay (Fizk) I/ aaf 1C)
The surface of the anode 106 is wiped using a PVA (polyvinyl alcohol) —based
20 porous substance along with a washing liquid to level the surface of the anode 106 and
remove dusts therefrom. In this specification, wiping an anode surface with a PVA
(polyvinyl alcohol) —based porous substance to level the surface and remove dusts
therefrom is expressed as wiping.
After wiping the surface of the anode, a second insulating film 110 is formed.
25 An organic compound layer 111 and then a cathode 112 are formed on the second
insulating film 110. The second insulating film 110 is a polyimide, polyamide, acrylic, or
other organic resin insulating film formed by spin coating to a thickness of 1 to 5 nm.
The organic compound layer 111 is a laminate that has, in addition to a light
emitting layer, a hole injection layer, a hole transporting layer, a hole blocking layer, an
30 electron transporting layer, an electron injection layer, a buffer layer, etc. in combination.

The thickness of the organic compound layer 111 is preferably about 10 to 400 nm.




aluminumand lithium. Aternatively, the cathode may be a film fdrimedlbv005
co-evaporation of an elenent belonging to Goup 1 or 2 in the periodic
table and alum num 5 The thickness of the cathode 112 is preferably about
80 to 200 nm The state of the surface of the transparent conductive film
after wiping treatnent is observed by using an atom c force m croscope

(AFM, and the regulch@odt 812 SOEWMhel by B oratidn blelfic JB&S Y,

observation in this enbodi nent uses ds a neasurenent stir acerngﬁgm% %)dyFEI'O
filmthatlll ds fomeedd Theansthiidkofeds cithddb011PmisoR g ggbassABUbstlsat(glandr
crystallized b heat, treatment at 2500C. Figs. 14 and 15 show t he

i rregul af BN ofNg hEhdypst raﬁiﬁr%%’@%ethéw@g%@d Y EM fSRovierned Ay, 14
are resu i : > WL phN t reat ment
Aher eas B g BraRRRRi o Mo fo TERRHERRE Ll | B iE% BhTo B LSRMIRT .,
W pi ngs The thicateseni the Eitgodel Bl 2shprsertbie :w@rsage 20unfrace roughness (Ra)
before and after _w ping treatnent using Bellclean (a product of Ozu

Cor poration) as AnP\WatpaRfethepsidiss platlhy itmpsparest apnpieiye filie aftesrwipong

f [ nand h - di ' l,J
R e L R g e e

20 surf agfovoindEgohgesved. Fromthe results, the average surface roughness
on the neasurenent surface is reduced and the | evelness is increased after
t he wi pi ng treat Abpsurfebdenvetan in this gnkadboditmset asg nesswcrdes cuifptd on

bout Lght emit1] t that js 25 tured using t t
ventfoft O legTh,SBRuFL T Mictrafeph M e 7ot Bet iP5 Pl Bl o

of a met hod iRhmienpuf &pedri ng TFTs for a pixel portion and TM (an
n-channel TFT and a p-channel TFT) for a driving circuit at the sane tine

on the sane subfigsat€.andhe gioxetheporegivonitibmsf theesubsgitt serfutd drgreldement  of
the pres invention.. T driving_.circuit is provided in th eriphery of
the i xel by T F0Fia aert sl A e Sbiting &t eBuETET shtfien ot Fiks s
enbodi nMeftatnRal WHERaPBIEOS LAl iBsi s DbsdrViRk SR mexanRl &t frraiablr b fHifPr Ni ng
#7059 gl ass or #1737 glgass (product of Corning I|ncorporated), or al'um no

borosii i trettmegt.ass i s usable as the substrate 900. The substrate 900 can
be any Iight-traEsm' sive substrate,

| and a quartz substrate y also be
used. A plastic Stbsfr ¥l B&rasmpieyed f?t?gl"iiﬂfSShQ%alfabqﬁ%ratmde Lty
agai nst ybhgcRl QGRS BelIQPREIALHEG ¥ dA @orgaéaagﬁ)%naﬁ PVR-J¥8 porBis RARMAL I N
Fig. 3A, a base insulating film901 is forned on the substr%te
for wiping. The average surface roughness here is expanded three-dimensionally so that
the center line average height defined by JIS B0601 can be applied with respect to the
20 surface to be observed. From the results, the average surface roughness on the

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

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

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



900 froman insulating filmsuch as a silicon oxide film a siliZdn it ejde
film or a silicon oxynitride film In this enbodi nent, the base
insulating film90l1 has a two-layer structure. However, a single |ayer or
nore than two layers of the insulating filns |listed above nay be used as
the base insulating film The first layer of the base insulating filmto

901 is a,slli.Go itride film901a forned.to a thickness of 10,to 200 nm
(prefer atgﬁfﬁ)dgg &t(ga%% %ﬁ?mgglatep ’a%rn%u% l?.?é?sr\]éjcaéesglfl_%salét‘ﬁsﬁ ?G%@eﬁuﬁﬁt}' ARH3,

and NO. 6. siThé eabstra@x 900 tchh B dniy! IIBH2OhAsh AP QSR ahdtd QiarSi subsPagd 0 =
27% N = 24% H = 17% forned in this enbodi nent has a thickness of 50 nm

The secority dsebe vfedt heé\ plasc subnisut adyriy dmplayQ0 it lsisa sl iesRNOXyRiidst i de
film901t:g é‘orged to atthi@gess of.. 50 to 200 nm 15 (preferably 100 to 150
nm by pl'AsHRCCVS TRTAY S PELACHn s Si H4 and N20. The silicon

oxyni tgi de film 9QLkb &GRIPOS FigOBAT AbdsR insdlaiing 32U iErR R ot sﬁ%%trh%: 24
formed in this embodi nent has a thi ckness of %00 nm On the base i1nsulating
fi | m 901,908drfine on duredading| filyesush 992 silirod @Fider fénf, arsitédn nifflle fdebeesilicon or

| ayers 902 t0.905 are formed patterning into a desired shape a 20
crystal |l ioﬁgmgré‘?%i E%rﬁduéf‘o?llsf FF‘%@%EW% e Jpysg igsdatie £EpnYhly bas semieotHict or
1] mwt BuanuRIDIRAAS SLGHAL A R: bR RRHOMA KRNI O aRHLL BIhOGstcl POVD,

plasma CVD, or the I|ike) anhd then jecting t filmto
cryst al | iakatd may be eatdrenthe (basginsulb@sefilm.crYisd éitsk iazai ol bhbeins@hbting film

crystallization,. or thernmpl_crystallization using nickel or other _
cat al Y&t gi) 157 ﬁéﬂl§8?ri°§8HH%félfn PENGHY § hidpsssaifel lgacd¥0zmn {rycigobhnr§ n

thi ckness, %@P(ﬁf%ﬁrﬁgrﬂa TWH s % d&"%e’act qe Igg'gig%h' %prdnltdhﬁ Gf é’%ﬁéalthcgﬁ\

sem conduct o isnot limt ut si Picon or a’silicon germani um

(Si xGe, -oxynirile=film0@0L t{(0oMpORYIn adtloo)Sii=s 32, eb er able.N [n 2044, H enbodi ment
an anorphous sjlicon filmwith a thickness of 55 nmis forned by plasm
CVD and t#@Hdal0s B EMORdERHE diakian Buidineséept PY ml dTho segeedtlayerefcliedrase he
anmor phousg, §idd fadm, ,TE ? op fi = ubj dto
dehydr oge%%Htfg%qgrOn 9(daltrrlls SaOSrg%O%;Eg{& Hgﬁ&li%%# bﬁ)t én%(l[lgg lflﬁléggrrélgs ?:{%ystt%%q%inz%ti on

(at 558C(pefaraflp WO0hourss) nmpnd pisen CVD hdsehs asrdsah ighg Simeatdsne. f The
i mprovenment of crystallinity to obtain a crystalline silicon 10 2 7

20pj 5 fi SHcoOP&yRittingLD r9@é%/ REHEPQsHidRgrappobioF idfod? aphYfei B Eaﬁddét%a;%gln’
L YT O L hgLerT g e conauctor Tavers S02 Lo 005
inpurity el enent (b asO nspRGSPHOHUB) | sdhiesERE I Qa@eNdiDlo ddmeak Fheshol d of
the TFTs after 5 the formation of the sem conductor |ayers 902 to 905.
The semiconductor layers 902 to 905 are formed by patterning into a desired shape a
20 crystalline semiconductor film that is obtained by forming a semiconductor film with an
amorphous structure through a known method (sputtering, LPCVD, plasma CVD, or the
like) and then subjecting the film to known crystallization treatment (e.g., laser
crystallization, thermal crystallization, or thermal crystallization using nickel or other
catalysts). The semiconductor layers 902 to 905 are each 25 to 80 nm in thickness
25 (preferably 30 to 60 nm). The material of the crystalline semiconductor film is not
limited, but silicon or a silicon germanium (SixGe; - x (X = 0.0001 to 0.02)) alloy is
preferable. In this embodiment, an amorphous silicon film with a thickness of 55 nm is
formed by plasma CVD and then a solution containing nickel is held to the top face of the
amorphous silicon film. The amorphous silicon film is next subjected to dehydrogenation

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

to laser annealing treatment for improvement of crystallinity to obtain a crystalline silicon
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|'f laser crystallization is used to formthe crystalline sem condfct oy 7005
film a pulse oscillating type or continuous wave exci mer |aser, YAG " !
| aser, OF YV04 | aser can be enployed. Laser light emtted by one chosen
out of these lasers is preferably collected into a |inear beam by an
optical systembefore irradiating the sem conductor film to Though

condi ti ongmOf paf¥SidY ddAALLQR; R Iy hpgre are
some pref rélrred con |téiaons. ngrifﬁgn %ﬁ%&?@? 1% g@;‘gﬁc{%}sﬁ 0322@%%?%?%? EEF@
condi t i orf8mi tnddmd thesetnidongductdineygpub@2iod305i | | ati on frequency to 300 Hz, and

the | aser energy density to 100 to 400 n'%/cm 2 (typically, 200 to 300
M/ CVR). When a YAESFRESNANGO @RS 99¢ & SPammay copriicdivwHsa minee gawuasphg t he

second h; JTNRD ing: t I Ll i cy..to 30
15 To 300 REL el e atondR duSahblRRir (8P BRBEHE Bkl gl bR Wetal Ty,
350 t 0550k foMnatid@Pyf the Ihmichadetor llayght 9023000F] ected into a |inear beam
having a wwdth of 100 to 1000 ~un, 400 Itm for exanple, to irradiate the

entire surface ofif {a5&r siyp@atlizatien Wi v¥edt ivefop@aihe arystaliee semicapduptorohlm.the
overlap ratdl : i i ] ) 10 90%- Next, a gate
Tnsul at 3318? ?’lﬂ%‘ﬁ)@f@%ﬁ?%@?g ‘383‘%?’%‘#@ BEL té’%r?gg‘?: Tof! %@éé%‘ief 547802 1o

905. The egmpl@yetns Wasdkilipgt EimitBdB6ones ciiBEBE: b BRRARsEASHpREIMEY fdol1Bied
containing silicon by plasnma CVD or sputtering to a thickness of 40 to 150

nm Thi s i@Rbddineentbealisey 4 opligad ofysry efar deadipling (teormposdonilesior diline:  Si
= 32%,,0 7,599 = 1% :.H = 29 .. formed b CVD to.a thickness of 110
The° ToRe kalifpfSbe FoFfthood i phispl R Br g ok Py, MR ARE e

nm at e~ nsu 1'ng

film of pesrufré®coddition¥Ry WiRnanekoigdce [dsavielus @, pa:féabl 3k @ HOhs RERNGE scthBy
insulating films containing silicon. Wien a silicon oxide filmis used for

t he gat e thhgulsataseifation deqedney fto| 300 Hz, pet thedlabyr pleagnmdeGUp thnlOfhicc HOTEOS

tetraeth hosi | i d .0 i xed, i i t
Lo a0 paige GG EE Battutone Ty siE Yablher FaRRborePhReHEonh g
f requencynddd 6o MHZ seRRWEHRNS ifkyedf,_sana%]gzt_ﬁhg IR PuidcosBiRB LMK Sy entPlo

30
el ectric discharge. 30 The silicon oxide filmthus formed can provide
excel llento Gefridts end shé dasemsndrhe dgadiey to B k@ttddgni/cthm(wheally, & O id A0

i bst t . thermal I, I 400 to 5000C. .11 UL20 A
neat - 1 oo MRVGIRY: o HEISE: B FaPC 88 7P A et HeRg g i@l G5 (b 8 HFbr e
on the gaheul %yéﬁﬂgaﬁ%ﬂrmiggge}]&u@e Lk ResR s%stgﬂé’v&tﬂ tﬁ’{)gea%n In_the

(preferably 250 to 3 eat-resi stant conductive |ayer 907 may be
a si ngl e iurali@rony theapvednp raioeniolic finvar lasdrlexh; is sot toribrte H&yers i f necessary.

The lealreel stagl conducti ve b avar, TR PR 8. meonLaining, 5 an el erent
20 902 to 905. The gate insulating film 906 is formed from an insulating film containing
silicon by plasma CVD or sputtering to a thickness of 40 to 150 nm. This embodiment
uses a silicon oxynitride film (composition ratio: Si = 32%, O = 59%, N = 7%, H = 2%)
formed by plasma CVD to a thickness of 110 nm. The gate insulating film is not limited
to the silicon oxynitride film, of course, but may be a single layer or a laminate of other
25 insulating films containing silicon.

When a silicon oxide film is used for the gate insulating film, the film is
formed by plasma CVD in which TEOS (tetraethyl orthosilicate) and O- are mixed, the
reaction pressure is set to 40 Pa, the substrate temperature is set 10 300 to 400°C, and the
high frequency (13.56 MHz) power density is set to 0.5 to 0.8 W/cm” for electric discharge.

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

insulating film when the film receives subsequent thermal annealing at 400 to 500°C.
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heat -resi stant conductive |ayer may be an alloy fil mcontaining ong -of Ug{hef 5
elements listed above and other elenents, or an alloy film contai*i gl 200
conbi natiron of the elenments listed above. Sputtering or CVDis used to
formthe heat-resistant conductive layer. In order to reduce the

resistance of the layer, the concentration of inpurities contained in t he

| ayer 1o shoul d e‘ﬁ gﬁvigglgtgn%qdﬁaﬁeegé%g?g-](f(ﬁr}ggﬂﬁ]r %d%;d?@e f:&moda\}é cuI |s

preferably reduc to 30 ppmor

formed t aha ghieiioknass; fj)]fm 800 wnnthiTke:sWot R00 1> Hey nhe(praenmn, B30 ﬁapwd @fh) ng
W th Was the target, ‘h?’%/ t hermal _CVD using tungsten hexafluoride (WF6).
In either kel rftshgéa”\?\/:f’m Hasyeo YRavEy P oingle da8r iov iatlymingteopidero, thsewise

T A S %V)(g;talhmo 20
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i ncreasi g thaear yeitatd gi@h rth5|greu[bw‘onsmting bheme Tar end 00, MARYmMLARYY,| thy
el ements such as oxygen in the Wfilm crystallization is inhibited to
rai se t heSREEFESAN Fejfuciiye byen mgy e aprdioyiiHe snfdiniagiose pbithredeipyats listed

tt t t 999 d
ngat e(r:;p% Dlvgaltl&/\éttggf %g{n WO é}l “ﬁﬁoww}}l f%lu(lg(:; a|m(5,{lsng|anC%g asmag]ﬁ)gs f t es‘ﬂ“llFJﬁ%)%ntiS ﬁlgFHe W

fil mthatabose.besmgictias BedViAss dsei@dUbim thdRealdsidiant c@Rette MB¥E an order
resistivity of 9 to 20 tQcm Sputtering can also be used to forma Ta film

for the Hededucedbaicaitancontithetlpye, theapeeengotion Thimmaitics comtained dn ﬂ'@daba}

usi ng Ar tterl 9, an_ a dded
o T 0L SRR I i e e FRRE PRI T Bar RIRE Y aftey Teofier 15
eased t 0 fpneyerbs.t M@ (AR dridodichém Meelhngrafded (JAehiRSsS bE YO8 ¥mOf T@eTg film
ina 25 phase is about 20 tQm and is usable as a gate el ectrode. On the

ot her harfédm mag be fersiesithwdpnyients &ithavasitng fangef, &rmyahem@ Catidusing 801gs@m and

is not s g el ectrod afilmin c (phase can readily be

obt ai nedl%;?ar? H{ ?{Svﬁésa‘ﬁi‘ PRERCSE: tg f'ﬁpl 1o havea \pY PRt IE dn At 19 l&‘f‘F}yst al
structur Loat.g¢at o

dr aw ngs%?ltv\p Flgﬁél?? eggttel é\%&{&ggf o%\rﬁe gﬁ?}s@? &E%ﬁeﬂ gm&gg?ggp ls 2? r&@#ﬂjs p‘ﬂlé’?{%g (P

to a 30 tThecﬂcaIeletsobf dizoWt fint@n2@ rrucsddey itclrasingahe mgstaﬁtga:nh stenduciti ve
| ayer 907, This roves adherence to the conduct j Lve filmto be forned

t her eon a{h%rep%r%m IEHMAUPAY felmenisuehyas) pfyesp B hacV L saallizaon she
silicon fijdim):pN RVSRESherdd] nuﬁf mmgagogh k38 5{{@5@%@ gr@%mt&% gl ned

in the heat-resistant con uctl ve yer rom srng o the
first shéperggawethi nguritataf §.5 iol 99.986% Wmteé\aeﬁ an@aterdasd isitskdasied ,to allow
preferable resistivity range .for the heat-resistant conductive | gﬁ/ 907

is 10 to BEUFEEHE &SP a‘?teHPémér%’leﬁ Yrelim that BARing PGS seyreBl. hadY fimst
conduchi gy kbl %@an@ﬂ?o@ to 20 uQcm.

Sputtering can also be used to form a Ta film for the heat-resistant conductive
layer 907. The Ta film is formed by using Ar as sputtering gas. If an appropriate
amount of Xe or Kr is added to the sputtering gas, the internal stress of the obtained Ta
film is eased to prevent the Ta film from peeling off. The resistivity of a Ta film in «

25 phase is about 20 pQcm and is usable as a gate electrode. On the other hand, the
resistivity of a Ta film in 3 phase is about 180 pQcm and is not suitable for a gate
electrode. A Ta film in o phase can readily be obtained by forming, as a base of a Ta film,
a TaN film that has a crystal structure approximate to that of the « phase. Though not
shown in the drawings, it is effective to form a silicon film doped with phosphorus (P) to a

30 thickness of about 2 to 20 nm under the heat-resistant conductive layer 907. This

improves adherence to the conductive film to be formed thereon and prevents oxidization.
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Wfilmis used for the second conductive film908 (Fig. 3A). Next,? fegiit 7G5
masks 909 are fornmed using the photolithography technique. Then first
etching treatnment is carried out. The first etching treatnment is conducted
under first etching conditions and second etching conditions. 10 In this
enbodi ment, an I CP etching apparatus is used, C _.CF4, and 02 are used as
et ching gas,. .the ratio, of S ow rate thereof is se 0.25/25/1 and RF
(15" 56 nes) the it Tr g5 §PR gt SRS nude mggwédiﬁsﬁh% PR G Ier at e
pl asma. RonfaiedSQ thkikat-RON@AL élfndggﬁqve”}é\?@ﬂ 507a8d B8 Qrth ‘ﬂ‘?f@ustn% Ihe tltceuﬁ?;ttr ate
side (sanple stage) so that substantially negative self-bias voltage is
appl i ed tshepeegase IPhktig flilim9Y0s Vbdiedrundenialtih esells afprefstablt whikiigty range
conditio The first etc onditions ar en switched to the second
et ching gﬁﬁ@lethie%tr@“&?\ﬁa%% U‘ftg’ﬁg‘%ﬁieﬁabjf ﬁelor@é%shé]%sks ‘Under the second

etching conditi qRshis %o@ﬁ%n@ azTcﬁ'f %hﬁ%@QSégrS]foﬂkf\cmlr@Qccgﬂﬁanerﬁn{ aht uPh 9as

flowrate thereof is set to power is given
at a presWuim isfused ﬂ@atltf:@egmfematiectlvplfﬁmrﬁﬂ&i (Rg. BA3B. 56 MHz) power of 20 Wis
also given to th [ 20 so that substantially

bst r at t
negative sel f-bi ﬁs"\?ﬁo?ets;?gég%sg?‘ld@«g( g\’%p qr@&S %g[i‘egjﬁ%et iPPRMOFoREPeY et lyigues
having a fich$trsit AREHg fsf@ﬁ&%n@i@%airgagsgg tfﬁe%@hetmﬁ nfe thih Fstcg)%we& LERE TN

The angl e of the tapered portions t he conduct I'v ayers
set to 151r5toet¢Sﬁngtwndancdﬁmnﬂeec@hdhtchhgdonHanthout | eavi ng any resi due,

the etching tine is prolonged by about 10 to 20% for over-etching. The
sel ectPve ratio of thipemepilinigh apdCEe{Ghing saparatys| imnuiadn &lefak e sph SapEt 156g fil m

906) to th eeteﬁfﬁg g;m i &tg%ffﬂglag ¥Rl Gl Lh%aaog)ls s Outzsggﬂg)e g!g%uﬁgia%ﬁeﬁl rface

of. the siTicon OXyni tri mis etc rough the

over - et chjomgr bf 82t Weah? {shiigen 3B) preJhenof i Patto dopirig plaseal MRH (1I3$56DIGIIHZQF med
to dope the sem conductor layers with an inpurity el enment of one
conduct i VAOWFT t§fpé24 Aﬁw/ﬁﬁurlﬁt%‘[%l%ﬁ’@nﬁoﬂm glgwiﬁﬁ sidfe (‘ffrmml@e';ta@@ so that

conducti V'ufaéfaﬂtﬁlllg%% ativ% steﬂl ﬁasd%%g? ggthepqu t & nﬁfv‘[‘ﬂgg Shell teu%HSt g rasks

909. The sem con |"ayers are partra

i mpur iy febteafemhgttsomagmhbe T Zirst oldfling? QORdifibmsS hret tﬁ@ﬁil’swﬁﬂéﬁé@ t&(ﬂﬂ:-d%aohbie
| ayers 910 and 913 as nmasks, whereby first n type inpurity regions 914 to

917 are feswrgl condisionse|withaut gismeyinga e resitts mdslss t Biedair nbgr swnél @tﬁ@ng for
tabi e, yaragefy RsERar el e slhubei BB el 8 SR o bl Rele b8
phosphor s @odscgm deri RY.(1758 MHEPPRERBE [Abiven ana ﬁreﬁut&gpnlm&@h@ﬁ@m for
' mpartl ngplzssgli i Rthafei J%Ohgglgggéxértcyf ZIOSW]is )élso glv?an to the substrate side (sample stage)
20 so that substantially negative self-bias voltage can be applied.
Conductive films 910 to 913 having a first taper shape are formed through the
first etching treatment. The angle of the tapered portions of the conductive layers 910 to
913 is set to 15 to 30°.  In order to etch the films without leaving any residue, the etching
- time is prolonged by about 10 to 20% for over-etching. The selective ratio of the silicon
25 oxynitride film (the gate insulating film 906) to the W film is 2 to 4 (typically, 3), and
hence the exposed surface of the silicon oxynitride film is etched by about 20 to 50 nm
through the over-etching treatment (Fig. 3B).
Then first doping treatment is performed to dope the semiconductor layers with
an impurity element of one conductivity type. An impurity element for giving the n type

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

semiconductor layers 902 to 905 are partially doped with the impurity element using the
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x 1021 atons/cnB in the first n type inpurity regions 914 to 9172(Fi9”L%E%"
Second etching treatnent is then conducted without renoving the resist U
masks. The second etching treatnent is carried out under third etching
conditions and fourth etching conditions. In the second etching treatnent,
simlar to the first etching treatnent, in the |ICP apparatus is enpl oyed,

CF4 and .chin t atio of flowrate thereof.is set
o 30/ 30 ‘SO EFREAMEHES TR d 1L T ek atre Bty BiCuntorrii o
gener at e rpdiasnBl4 RFEO(A3rcS0rivEE In PRVRLIIBAINZGnMES abs3@ a9iMeinfRitt RRment
substrate side (sanple stage) so that a substantially negative self-bias

vol t age ifer @ppringthe helvpe sonduFbyitiels afinep tShdemitrig thet mhiody teldadivpicoits ar e

conductiv il s 8 to 92 ere the.W,_15 filmand the TaN film ar
crched t &TorrolR T Re bR tart the ik 1 pesliiptoms esPaeorEke | i
their pl aepsnthiién 6f GRIAGUEQNUHIRTS RiRriEapgadyd &nfdnai»fi@tlg 151 b ng@m ch

condi tions. JUnder the fourth etching conditions, a mxture
and 02 i & Wsedoms/cat dhitrefinglrs typaidp®Rity (d8os60 INHe O 1P oFier 3B% gi ven at a

re re of 1 Pato r.at | asma. . RF 3.56 MHz ower of 20.Wis also
G ven 1o the 20 SUEULFaTETS FoRrEabmsier SRBHTS s OHE TSt an o Py
negat i ve 3@l fecOiPStcufle BORmeR: APRIHiEH out tﬁﬁﬁﬁt gﬂrdm@m}{\é fdgla&"ti'oﬁs %%1& i‘fgﬁlmgnder

the fourth etching conditions to form secon ape conductive fil'ns 922 to
925 (Fi g.ctchibg condgivns.echnidic deind gtchirepiréasmentr siiveldr authe (firs evdhightrédn@ent,

sem cond ct]géPIa ers are dyc%e%lwith nn téfe impurity elenent through the
second? s HEpE-T PRREFAES FRRIPYEL FFp AR Omargpsed pocighiggzas, Abe Bt flaw rdecond
n type i it i t h i for 1 Sl of
The Ehanmal ot e o P e o hRF (5 3o MRELRIAT b LT Rt PP TS

i mpur ity geegihensadia tRF 917.56 MHzE powendf 801 Wnisoflsd bigeh nPUuhd sybstmteedad
second n,ty impurity region is set to 1 x 101G to 1 x 1019 atons/cnB.
In the séiagﬁ’ge O%Tﬂexgsoslt%,atSrH‘ESta%té‘rllliYcB?ﬂﬂk‘:’Fofidﬁ'%l?/*‘er"@“a%ee iy sipetedn theretone n
type i npu, | ; - 30-0Qrd4ig0 f e figst

| aver seggﬁgyiﬁg%gqg%ﬁ t%%c{illgé% ﬁﬁ%&k@%ig%ﬁ%ﬁﬁ%gﬁoﬁlﬁﬁ %H?I tgsgzgp\gﬁc%}? it%eaWon,
por ti ans fibd antlehes OO fitinard stpiesdi tophy dabe degfe@hl. BOAt overlap the first |aver
14 2 7 JUL 2005 second shape conductive filnms 922a to 925a are called Lov
(' ov' stands for Wiielqape) they ggisharaskhdn dbair praehoflis @thinkecondisions are t ype

i rit i t i ayer. seco shape
conduct ) a2 uidBhrf Gl QHBIIAE, | Dfadeih? RourlyEing SRG0RG B 2B8pce
regi ons QOFiQF,, 48), .an8 @s ishe@nad fcking. ga4Band RPULI3t36 MEGH)ORSVD32 9328 and

932b) and 933 (933a and
, pressure of 1 Pa to generate plasma. RF (13.56 MHz) power of 20 W is also given to the

20 substrate side (sample stage) so that substantially negative self-bias voltage is applied
thereto. The W film is etched under the fourth etching conditions to form second shape
conductive films 922 to 925 (Fig. 3D).

Then second doping step is carried out (in which the semiconductor layers are
doped with an n type impurity element through the second shape first conductive films

25 922a to 925a). As a result, second n type impurity regions 926 to 929 are respectively
formed on the side of the channel formation regions that are in contact with the first n type
impurity regions 914 to 917. The concentration of the impurity in each second n type
impurity region is set to 1 x 10'® to 1 x 10" atoms/em®. In the second doping step, the
semiconductor layers arc doped with the n type impurity element also through the tapered

30 portions of the first layer second shape conductive films 922a to 925a. In this

specification, portions of the second n type impurity regions that overlap the first layer

14




933b) are formed in the sem conductor |ayers 902 and 905, respec i{ggy, -
which are to serve as active |ayers of p-channel TFTs. The conddécti 'kﬁmﬁﬂ
type of the inpurity regions 932 and 933 is reverse to the one
conductivity type. The inpurity regions 932 and 933 too are fornmed in a
self-aligning manner by doping the sem conductor layers with an inpurity to

el enent j 4 Wit i l.e usi.ng the second . |
conduct i égt%%g%ggges5%%%(:12%%%%%@229%?%& a%r fv'\g(})fredﬁf)ovt Pg BTG P8R masks
930 and @lfomnehdransmpedidm of twedechiten tRRtinpariSUEERESHaPlo hbEn3aHp BRNGWCT Or

| ayers 903 and 904 that are to serve as active lavers of n-channel TFTs.

The p typeeT sasand sRape cgndirsivo didma A2omP25e ard enllne d.ofy( ‘96 nstatslsifag ofissi ng

di bor ane i@&[-sl : concentration of the inpurity for inparting the p type
15 condué{ Vi tq?%'gﬂz‘et to 2 x 1020 to 2 x 1021 atons/cnB in each of the p

type ismpurity regikenswn 9BRieans, Aghritftefors989¢937:00K.930Bar $38RG38 MR T LY
regi ons 932 and 933 contain the inpurity elenent that gives the n type
conduct | VP38 arewmedin thesemirongyrsor lapers POV ankgionspo3Rebndhi®38e haseevano

robl em | nctioni S a.s ce. region and a dra regi on of _p-channel
0 s, 1 By iRe e dioRrt B ihe TR e REg ey dnen bt fsr TBAY Yo he b
type congdpebiVistryveret @ th§%@ﬂﬁﬁ&idi@ﬂy;§ehgt'ﬁkfe iélpﬁfi{y‘%ﬁ%it}hgbﬁ atd 843 HBGre

concentration of the inpurity el ement gi ves 't n type conductivity.
Ther eaf t &rmed ifia s¢lf-pligring ayeanci by wopinignige fseinmodd4-torslaf es neith an itfparisecond

shape conductive |l ayers 922 to 925 and fhe gate insulating film 906 as
shown ' _nenﬂil“&lt h’éﬁglfﬁé?h%% YR %qndPﬂtf‘@Pﬂ ‘éﬂ}’é‘? “?1%% Lﬁl]lea%qcﬁ’@‘.i FPPHCY39 1336598 | i con
oxi de fibhf 925 & mhgQN XY ictthisdRplide MsisP nalks3d o £AM3RI 4L fo%eﬁ'téﬁ %ve?.rthea

| am nate having the above fil ns ’n'eonbi nat i on, 1n any case, the irst

i nt er | ayentite nsufhes iof thefseniedBdctbslafyens 1993 ahd 604 eiat imdas gant as hdiBul iatdrngr

mat eri al . o‘é[he }nlri:i‘lpkniﬁs of the first inter] ayer i nsul ati ng film934 is set
to 100 t B BerehnlIes Abgip (e impERivareeiqns MRsinds ¥t fisr lormed foivrion daping | ayer

nsul ati e IdiBaRd (BING, T irhe dodcdAFMBH dYirR! AR Qo Crlol g, THES and

02 are m xed, the reactron pressure IS set e“subStrat

t enperat oomlucsvisets stoo300 100 14Q0CI 0 AaRtridien hinghcl 6EGYeNGYe (ApuS® bigls power
density é3$ 15 é? JUL. 2005 set to 0.5 to 0.8 Wcm 2 for electric
di schar gé>2 14 %% i con oxynitride filmis used for the first interlayer

insulating film , I . I romSi H4.. N20,
and NH3, or f romggl ﬁlh&glﬁﬁgkld%ﬁép%ﬁéﬁ Fg?‘%%odr%)zg%%?’gi\é §H£a1r|1 nmetlmpghgase
i ncl ude elsmiehi thar gihes theaatpotorpiedatl € Hove26r, tHe 208 Rapulifecsidhsbiatal

tenperature to 300 to 400C, 5 and the high frequency (60 M—Iz? power density
to 0.1 td33bavame problemdnippgioning & # ggwee region and a’drain region of p-channel

20 TFTs if they are doped with the impurity element for imparting the p tvpe conductivity in a
concentration 1.5 to 3 times higher than the concentration of the impurity element that
gives the n type conductivity.

Thereafter, a first interlayer insulating film 934 is formed on the second shape
conductive layers 922 to 925 and the gate insulating film 906 as shown in Fig. 4C. The

25 first interlayer insulating film 934 is a silicon oxide film, a silicon oxynitride film, or a
silicon nitride film, or a laminate having the above films in combination. In any case, the
first interlayer insulating film 934 is formed from an inorganic insuiating material. The
thickness of the first interlayer insulating film 934 is set to 100 to 200 nm. If a silicon
oxide film is used for the first interlayer insulating film 934, the film is formed by plasma

30 CVD in which TEOS and Os are mixed, the reaction pressure is set to 40 Pa, the substrate

temperature is set to 300 to 400°C, and the high frequency (13.56 MHz) power density is
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insulating film934 may be a silicon oxynitride hydrate filmformed from

SiH4, NO and H2. A silicon nitride filmas the first interlayef 7 JUL 2405

insulating filmcan be formed simlarly by plasma CVD from Si H4 and NHS.

Then an activation step is conducted to activate the inpurity el enents that

are 1lo used to dope the sem conductor layers in different concentrations

and. 91 ve et Reos WaE (@lduldBeGaNIuGE Kb, oA ACINAL B0 BhAR 1 S

achi eved errra] annealing usin annea 4 aser anneal i

or rapid fﬁktamtmllayerrnm&ﬂhm@ﬁ(ﬁ%)i rmyfﬂlne nﬁlmlieOIioe@led bR Sl &ach CV"JEEr@BJ SiHa,

anneal i n% conducted in a nitrogen atnosphere wth the oxg
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-t enmper at f. 400 15 700 500.t0 nt in
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~subst r at end hiad higRSreloich €60 MIEs) foivan dendisy td9ediaB) them subsd fiak &&@0er | aser

annealing is preferred. I'n this heat treatnent step, the catalytic el enent

(ni ckel) mfslé?dmeﬁﬂﬂh%ﬂ‘lstnep bgfa Slhcrcylsfve/lnltrlﬂit hydretecfiloe Farmo dien 57H4 A46x ¢nd s

noved (g irst.n.t ur|t re vily

W th e oHiup et ORliiE T Ehe® s PEan iRy iR dvhian B RS Py TR ec

(phosphor[)yaesniascugqﬁ)mglfqmlﬁipnpodl ment). As the result of gettering, the

concentration of the catalytic elenent is reduced in the channel formation

regi ons. The act ihrar apracgyasionistepfislchuivestedoy agtisate pheofmpwyidy olgewatsithy arhe

sem conduct | ayers thro heat treatment at 300 to 450C for 1 to 12

mour & ni e B R S B IR P B R B o Rt BeBLiEa fiphg 3

t o 100% kydy 8gebondidefvigt e’@hé %ctﬁertloﬁesrtép ﬁaédhweé%ﬁmel%al%ﬁéa%% Qfind B8

sem conductor | ayers by 'thermally excited hydrogen O her |l e

hydr ogenanhedingdtineds |Im§bmdmepﬂngmaralp;ﬁﬂﬂmgeadaanmmmdﬁmg rhapydeogenloyeskci t ed
ever met hod i.s us t he defect densi

b | th
o P ol RCHRY Sosoie: 65soRE Rt I aprUroptyduaeehtre b BRe ST oner
To Boh evend st Bing 30 5810 SQUCHIELOIb1} Y% e B8 BlORLU ML D, OF bl (0. 1

atom'c % hydrogen. A second interlayer Tnsulating f Is formed to an
aver age tMDWKngerabf SV0Qo1BHRCY aﬂdJIheéiOl@eSatmenthOthhd_ambajd)meam1so¢cgﬁlncted at

i nsul ati terial. The second interlayer insulating filmnm be forned
of an or§§ﬂ' o oM Fer Taf R SYEStRSE (A aﬁnhaetfovaé&egﬂ legistapen iﬁa‘ﬁsieée‘"‘“’ the
pol yi m deamiife: of, IfQBan(nP Fe'fél?é&t ene). For instance, when polyim de of
the type that 1s’'thernal ymerlzed after applied to a substrate is

used, the fil mi dnftokrhedt byatﬁnebtakbpnghb raalcicedemavenickt]) 306 G thd stthef
) second interlayer insulating filmis formed o
crystallizing the semicondudctor layers is moved (gettered) to the first n type impurity
20 regions heavily doped with a Group 15 ¢lement in the periodic table that has a gettering
effect (phosphorus is used in this embodiment). As the result of gettering, the
concentration of the catalytic element is reduced in the channel formation regions.
The activation step is followed by a step of hydrogenating the semiconductor
layers through heat treatment at 300 to 450°C for 1 to 12 hours while changing the
25 atmosphere gas to an atmosphere containing 3 to 100% hydrogen. This step is for
terminating 10 to 10"%/em’” of the semiconductor layers by thermally excited hydrogen.
Other usable hydrogenating methods include plasma hydrogenation (using hydrogen
excited by plasma). Whichever method is used, the defect density of the semiconductor
layers 902 to 905 is desirably reduced to 10'%cm’ or lower. To achieve this, the

30 semiconductor layers are doped with 0.01 to 0.1 atomic % hydrogen.

A second interlayer insulating film 935 is formed to an average thickness of 1.0

i6




acrylic, two-pack type is enployed. The main material is m xed V\z']th IUI‘ileﬁ
curing agent, the mxture is applied to the entire surface of t J JUL 2005
substrate using a spinner, the substrate is pre-heated on a holt plate at
80" C for 60 seconds, and then the substrate is baked in a clean oven at
250' C for 60 mnutes to formthe film 10 Being forned of an organic

i nsul ati rdal, the second.interl.ayer.insulating film935 is capable
of | evel 10 hE it an DB RSPy gleuB o R B wrcp N GR F FEP r 1m
can redude paidsi tofC as apa@hicanéen SihAGHalorgamni & RS} imidmt @&%@é,s paly&mli@w i n
dielectric constant in general. However, organic resin materials are

hygr oscoplotyigideagride, wotBCR (hanaptyelabyteachr dlosdndtansef when pdlheriéé of &ic @sei n

t hi s enbaqgdj.ne t he second i.nterlayer, 15 insul atin ilmis used i
corrbi"natﬁ i 1\‘?\&% ?{mtaﬂg Wfﬁ?“ﬁeﬁt%ﬁﬁf 39%1}6(% tﬁsfbls"ghsfrﬁﬁ LFi”%Fflégﬁ flm i tP"sme‘pB}"msd
from assigaki@nin0xt@en bivkia 30id. 1 GPMOXBAA ibiB8a el ifBuiRhodis s £ORMILT i de
film The second interlayer insulating film 935 fornmed froman organic

i nsul at i rgrylivatver-patk iyay is emplyed.noTlst tren emattrighs. mbieghtitte et during wlesrent s
are known, to.be easi| degraded by noisture or gas (oxygen), In fact, in a
M ant o e g Sl roeed e EREC st Rsbnrstrs SR e e St RS for m
an 'nte”pﬁé/-ﬁéatéd@#h?iblt@gat@ hi 80°C tbr 56 s&BRGE LY @RS hd@lbsirds i ¢ak9@§n ﬁmetdﬁ' ng

elenent is easily degraded by noisture and oxygen rel ease romthe organic

resin i nswkmti 2ig)° Citbne@menittes thefatm gerfdrmat ed during the light enmitting

device is in ope{%ti on. Jhgrefore., .a ii rst i nsnﬁl ting film936 . is fornmed
on the®second i ntEMRVENCT A5 AEPHG BIHANGIFCH NN SEONDIMBREOLE Bl RS
(1T 5 o FRp AL ) Bleting mncuplil FRSpeR, Rl P R ERE R L o
fi | m 936.filiheanf fedste passitiatdapgrifndensi8ds organfcorepdmhteriels bye 1®pUh tddteagcor

pl asma CVD. The first inzl-iljl ating film936 may be forned after contact
hol es ar E°PSiHetl spngelsi JHOWRSK NEORIAgreaing M aFa e PRETPECPHeANY GHeEtP!t o

for m co ”%ﬁﬁ&bl@ %'s &S Pro%tcbtirv@ a{ﬁm ”grhteQ%JeFBé‘ riIil ttPﬁs re%%o%ﬂﬁ%é’th%e @ercSné ?ﬁt@ﬁ%ﬁg n the

sem conductor |ayefs to serve as source regions or ai n regions.

cont act hodudsingréinf orued ibyogibinadbe Mittgthe lfirst ftedladdr RAsuladid fikHOBA thase, a
m xture of CF4 and Q, is used as etching gas to etch the first insulating
fi 1 m 936 foymedsrompidicop ridegilgng siligop ﬁéhﬂlgﬁﬁﬁéwowwcm pitigeetilsr. cr4, o0,
and He to etch t . - 1 sl @i Iy | 35 that i orned
froman organic ?Z‘g?ﬁgﬁf%g}%fgﬁg’g lfjﬁélﬁﬁ?%Zﬁﬁieﬁsh%fe%é@n?ﬁso\fﬁaﬁ%%éncsfu%lglgﬁ to
CF4 and Q2attriul eh@hrldi8e fidisttird diidegdsay Bighk Retak ielgndntd Me93bwndtoTheeRlighi ng

gas is further changed to CHF~3 in order to enhance the selective ratio
Wi t h t he degraded by moisture or gas (oxygen). In fact, in a light emitting device that uses an

20 organic resin insulating film to form an interlayer insulating film, it is conceivable that its
light emitting element is easily degraded by moisture and oxygen released from the organic
resin insulating film due to heat generated during the light emitting device is in operation.
Therefore, a first insulating film 936 is formed on the second interlayer insulating film 933
that is formed from an organic insulating material.

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

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

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

source regions or drain regions. The contact holes are formed by dry etching. In this
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contact holes are thus obtained. A netal conductive filmis fornme

sputtering or vacuum evaporation and patterned using a nmask. The filmi
then etched to formwring lines 937 to 941. to Though not shown in the
drawi ngs, the wiring lines in this enbodi nent are forned froma | am nat e of

a T fil i and, an allo m
A g R R R T R S R R
thereon figsta Thé 6ichRSSa0fs BOn tcRanke i@ BmixthiREofl CFN0.Satd @l ietiched deboddor m an
anode 944 (Fig. 5A). The trans arent conductive film 15 used in this

enbodi medtteilayen ansupdingriilin A3oxhalas ((pm@d frpinnamopreaniti terin obataiined Thyn mhﬁxl ng 2

to 20% of, zi nc_0xi Wi t h.ndi 0X de 944 i.s f

Lot - ishliloer ks SEROEN Dt Pl B VXA Tne AOP I RNRAE: Sidalife BERTRY, 1
anode i s Takeghid sllyf&m@ﬂe&t@@d tOCHRE s @k Nol £ELRR 1RE sdIOQIvE YAHEPRTth the
controlling TFT (Fig. 5A). Thé anode 944 at this point may receive heat

treat nentsefaicotlmtorzeyftr@ BRothe, ngemtSulafang film @0b ns erchaderThHengutaat hings fard m 945
is forne danode 944 as shown in Fig. 5B. At this point, the

subst r at Uf?t%'? ab'é hoved to a processing room (clean roon) for fornming a
light emtting elepRal cohdu®@iveeimt R @Mﬁé@bf@&@%?%'v%u&ﬁ HusAKAGLan P the
TFT substrate by dusts in the air, a very thin fiI'm 946 having an

anti - el e@ﬂﬁtﬁs@@mmg% IB&SkectTh(%hhlrneumahttreatchai ¢ rfedn twiramg Amdsi 98] ectHd8st ati c

film the third interla i nsu t|n film945, Th

anti - éf eéﬁ%@f 54 SBOW R [ R4 e o TIR Bﬂ%ﬂﬁ@éém QAR AT AT b TPy ed
by wat er mm@ﬂewa(flfgm with agﬂﬁ&ﬁé‘é’ P50 Wi S & afﬂtrt AR ShAY 'vxﬁthfa{ I'm
the substrate may be stored In an anti-electro atIC carry tase: fore

changi ngtlpcloesssi 5§ nmoons, the TFT substrate that has fi ni shed the st eps
above may be subjected to operation 30 testing. Wien the TET substrate is

brought into theApﬁr%é%@mr@“ﬁb@ﬁﬁe(féme‘éﬁorﬂ’t?értlj‘er?%tOPSthQ?k?CSE of 88t 524 @Pm ng a
i ght emﬁhh'ﬂ”l% 'tl?e'ﬁEéPEhgdttQ%ﬁrFEﬁ ax%a%cdémct% tSA‘} Tﬂ%%gaﬂeﬁt %h'ﬁgtét i wat er

washi ng en t e third int ayer 1nsula Is e orm a

bank 947 usduaini thg eatlibcﬂﬂﬁmtﬁg afindupafi cﬁﬁ1dm(111"@§11f111ﬁ01r Ach lgesbitintd bl heix@igxae!
(l'ight emttl % el enent resist is used to formthe bank 947 in this
embodi metft 20%é zHgrKRiG: nprl“tl hiigdispbedfigrent 5 is about 1 tmin thickness,

and a region of the aH@d%kM%Z f&qf?éd Hhle 1ntcgﬁta9 z[nd' O%rlyt\ggﬂt% d’tp Qrain wiring

line 943, whereby the anode is electrically connected to the drain region of the current

sem conductor |ayers, and the gate insulating film906 is etchedz hq, L2005
d byt 200
s

controlling TFT (Fig. 5A). The anode 944 at this point may receive heat treatment at 180
20 to 350°C.

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

25 effect (hereinafter referred to as anti-electrostatic film) is formed on the third interfayer
insulating film 945. The anti-electrostatic film 946 is formed from a material that can be
removed by water washing (Fig. 5C). Instead of forming an anti-electrostatic film, the
substrate may be stored in an anti-electrostatic carry case. Before changing processing
rooms, the TET substrate that has finished the steps above may be subjected to operation

30 testing.

When the TFT substrate is brought into the processing room (clean room) for
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anode is in contact wwth the wiring line is tapered (Fig. 6A). Tlﬁe JFT,
substrate nmay be subjected to the operation testing again aftgr i ¢k 52008
brought into the processing roomfor formng alight emtting el enent.

Al though a resist filmis used for the bank 947 in this enbodi nent, a
polyimde 1o film a polyamde film an acrylic film a BCB

(benzocy n fi A LSl comn 00 I | din
Some. casgeity 3" Fdnn bl RmenEPR M ERccr ol 1y Q18 L QTR BV B
capabl e efashingul Bidmnche tHirdphoirbsengistlaigg ditmyP4x id sicise o tformi ar bankhedbank
947, it is preferable to etch a photosensitive acrylic filmand then

per f or m R&4PE AR OREPBAE! AtPoTigon thab caimoides WAB{he Piveh (EH6 eB4ERS EtenF@acFy i ¢
filmis SRy rfor t r et . 350C
firat antRhbrogd KhPEHERE fuf R hiaves] ienti QR TE Mis ProdlthetP 20

on t hes sty a0l @fn thaicnede and A rédibsof @Btdadi PeNthat thers tefrretorokhébehanode
944 is w ped using Bellclean (a product of Ozu Corporation) to |level the
surface @8ROdeHs impIdect o BadviFiagrive isdarared ¢ KEigefAdbm Thenl R pilisgrate pij e wat er
is used : [ liguid the number of. rofation of th LS

whi oh 2o BaftET B e GG oo PR n ] s B PR b eSeeRih g E Y o1

val ue i s f&aling 91ifhtlerhi®ink dememn (Fig. 6A). Next, the TFT substrate is baked
in a vacuum In order to release noisture and gas fromthe resin

i nsul ating film Adthorgr areset filie iveask for the bertctinindRis gdrediment.coprdyigiieedl at a
const ant .degree; of .vacuu f or ..exanpl Ol Torr .or |ess., The.baking,in a
25 vadbufieg PBe A Ea o apouf R in R tGhe four 83 me dov RO i

after W pilfAGordthe 8kEBAY be REd REJoRTcCaEQT MTRE bhhilgdd7 ARV bE ﬁmﬁﬁﬂi@@m@améaés econd
insulating film948 iS formed to cover the bank 947 and the anode 944. The

second i hmgl @tif isgapablmodagulagingn Bphatvsensitesi agrflicl imussluiohors the paolkyd49mi de

film a .polyamde film or a palyimdeapde film fornmed by spin c i ng,
evapor at IR PLPaREaP Eifg o Sty GPTHIE Farces Bl and HieElorelem brecteadRet af B,
form ng thigyens ' d [ ik uffis 4 can
be avoi d‘é‘ﬂi‘i‘f’n? d%%ﬂdgg?%ﬁh%S%@F iag‘ﬁ'%‘b glrlrlirnpt?iu ?1631’ 0 i‘%ﬁ?f‘%‘%ﬁ%ﬁ%@h%
2005 be preavent &dl80An 3660Yafire acdipoetnd tb &yrer th®dbBnland a cat hode 950 are

formed on the second jnsulating film 948 by evaporation, A g el ectrode
is used for the CAEhoHWPIRF UEHECR} dhperienmed %/Ihéheels'érﬁaé?’?t Olﬁ'nH‘et W?%éenﬁbg?lﬁent,

but ot heg kD@ nIBhE dufthse BRYhPEnJEafhal RSEERE -ushie TBEI QLSRN SroBREPaUAg, | aver
949 is a Pam nate that has, in addition to a Ilgﬁt emtting |ayer,
Corporation) to level the surface of the anode 944 and remove dusts therefrom. In wiping,
pure water is used as a washing liquid, the number of rotaticn of the axis around which
20 Bellclean is wound is set to 100 to 300 rpm, and the depression value 1s set to 0.1 to 1.0
mm (Fig. 6A).
Next, the TFT substrate is baked in a vacuum. In order to release moisture
and gas from the resin insulating film for forming the bank, the vacuum exhaust is
conducted at a constant degree of vacuum, for example 0.01 Torr or less. The baking in a
25 vacuum may be conducted after removing the anti-electrostatic film, after wiping treatment,
or before forming light emitting element.
A second insulating film 948 is formed to cover the bank 947 and the anode
944, The second insulating film 948 is an organic resin film, such as a polyimide film, a
polyamnide film, or a polyimideamide film, formed by spin coating, evaporation, sputtering,
30 or the like to a thickness of 1 to 5 nm. By forming this insulating film, cracking in the

surface of the anode 944 can be avoided and degradation of the light emitting element can
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a hole injection layer, a hole transporting |layer, an el ectron %%n p@rt)b{%g
| ayer, an electron injection |ayer, a buffer laver, etc. in co mg -oh

The structure of the organic conmpound |ayer used in this enbodi ment wll
be described in detail below In this enbodi nent, copper phthal ocyanine is
used for a hole injection layer to whereas (x-NPD is used for a hole
transporlgf%gg vdR%er.- Both of the layers are formed by evaporation. A light
emtting yer 1s fornmed next. In this enbodinent, different naterials are

used for differefh ordght c@npdunidngydr e randtaccatidaiono org anired canpewsghndayer s
that emt Ilight of different colors. The organic conpound | ayers formed in
this enb&eilad il 848 By ernesatioppe &k Medese] M@ge smised fadhe Fyhede Gribalighat

emtgr h nes b ht. All types of organic
crmormd e U0, MES Rl O bkl Ol BSE: SLechopple, |

use a setid oﬂgaﬁls cb@p Bmmake@m i@ ArhinB@ tha¥kes,Sn ﬁdzdmanazonzahﬂﬁleahuﬁlhaayevarI es
bet ween different pi er s. Alight emtting Iayer that emits red Ii ght is

fornmed f# bpheAngetiomigyerd awiolthrasgomor] layatsaned ectray, trN%p@rtlgallﬁl)@yl ANCRAPIELON,

20- phonaRTen ey 2 REy [h e R bpop aRes e o ey spesingm

(111)  (Byé&TBR 3 Bhrambodifat Jis b%rHeEéhHéQVEPH&Qﬁl pRYywbe used. Qther known
materials may also be used. Alight emtting |ayer that emts green |ight

can be forned frT@mh@BﬁnmﬁﬂmEQS Cbpmq@p?h)lﬁllwamoewp@daﬁor @nhol¢ injegtioprlefer abl e
to forma, hol e n ver fromBCP.in this ¢ um n

qui nolt | SPSCOHAYER Tt Aea ot g s BErEaGRA HF ndlot 61 By i FEBgIex
(BeBa) naypheiised i nstead The layer may be formed froma quinolilate

al um num corrpl ex (Al g3) using as dopant Cournarin 6, quinacridon, or the

l'i ke. O her knoMIginatrmtnag sayemis fatisal ﬂn‘ectusbldhm&@]b@d[mght diglarent mag:riaéwer
that emts blm!lj? t cnbeformidfrom VBi that is a i sty

der i vat | W8, 3¢ 170 diicacal bt FH’é‘H“& AErhE AN HHHAQPPOERL 1P th(dkﬁ@étal hn))

that is I A, its
o SRR SRR RO 016 OO o8 |

peryl esnethrfﬁ types: lomewrthamher ra!l thmynesahstmm gozadighAmrel ectsrtba ¢miamspor t i ng
| ayer |sforrre next . , .3, 4-oxadi azol e der[%%gtlves 51, .2, 4-triazole

deri vat i Y& ( lgtywmfzf)rga%? CPIREOYNAIAYES ArETTEE BY FYAPOFAtONG| dEpTedie. it 1S

tr anSporf;(')s@ﬁnle to use a metal mask to form light emitting layers from a material that varies
between different pixels.
A light emitting layer that emits red light is formed from Algs doped with
20 DCM. Instead, N, N'-disalicylidene-1, 6-hexanediaminate) zinc (II) (Zn(salhn)) doped
with (1, 10-phenanthroline)-tris(1, 3-diphenyl-propane-1, 3-dionato) europium (III}
(Eu(DBM)3(Phen)) that is an Eu complex may be used. Other known materials may also
be used.
A light emitting layer that emits green light can be formed from CBP and
25 Tr(ppy)s by coevaporation. It is preferable to form a hole blocking layer from BCP in this
case. An aluminum quinolilate complex (Algs) and a benzoquinolinolate berytlium
complex (BeBq) may be used instead. The layer may be formed from a quinolilate
aluminum complex (Algs) using as dopant Coumarin 6, quinacridon, or the like. Other
known materials may also be used.
30 A light emitting layer that emits blue light can be formed from DPVBI that is a

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

20




layer. In this enbodiment, a 1, 2, 4-triazole derivative (TAZ) isZfbrigd dygs
evaporation to a thickness of 30 to 60 nm Through the above steps, the
organi ¢ conpound | ayer having a lam nate structure is conpleted. In this
enbodi nent, the organic conpound |layer 949 is 10 to 400 1o nm (typically
60 to 150 nm) in thickness, and the cathode 950 is 80 to 200 nn1(typica||y

100 to 1 i ckness. After. .the or anlc co und .l a er f.or

t he cat h%Qe %B{ t avu?% gahnt dzome{ rlengC gfpg) nt Tsj?ol §8G eVa%obrl?ﬂt on. In
thi s enboddipkatyl- vhg»mblpﬁemezmpfs/%) 8op<LoRH ek Mend. | |MhéNRlova0 Ratdrfalét @ay t he
cathode of the light emtting el enent. However, a Al 15 - Li alloy flfn1(an

al | oy filafodfe wkéini num and lithium or a fil m obt ai ned by co evapor ati on

of al um num and Ienent bel iing to C}o 1 or in t erlodlc tabl e
may al so be usedaﬁ*ﬁﬁ%r%bﬁﬁnggﬁ lgﬂﬁlTPﬁﬂ? Eﬁf&tlng &Y %Z SUFRG Y e

struct yr g, Showda ol fdrBrativ@Be. oA ROFY bPhe9nd éﬁ@%‘é%sédqﬁ)rwggct%‘ltrdn%f}&tsg gani ¢
conpound Iayer 949, and the 20 cafhode 950 overlap corresponds to th

| i ght emilaei. ngIndhesrmttodlmﬁrp ¢ hahdetriaZéld dEO0@ivandAZN infochahbebvapeTatibdQd ar e
TFTs of thE grlvi?g Ci@CUIt and constitute a CMOS. A switching TFT 1002
and a culrBisESRf PRI PABTFT 1003 are TFTs of the pixel portion. The TFTs

of the driving Ci”["h%ﬂ;%l FH@:d l%&% Ik ssotﬁfaa&rg %Fdoﬁﬁou{?@rlg{f N0 Bef.anaed on

t he sane substrate. e cas tting eV|cé’u5|ng a |light
enittingsﬁheueﬁﬁcommkﬂdfiMnm@sembbmmkmtahmonﬁnmpmnqbemjbyeﬁ&@bmﬂﬂtsupply

havi ng a voltgﬁe of abouB 5 to 6V, 10 V, at npst Therefore de%radatlon of
TFTs dfie % (HREARLY 82¢¢ dnU ingn)Bthigkasss.i aad<he, FiBPem? S Eispitiontéivt i (5iceHy s

enbodlneq_o $&6 | her exanple of process of manufacturing a Iight
emtting egﬁce Wﬁ r{i‘%jrence to Figs. 19 to 22B. 21 2 7 J UL 2005

Fol | owi ng the desbmﬂpmeangmncEnb@dumﬁmnmiisﬁhﬂn@i&@ﬁcwmoﬂmﬁbugh thheligitep of
formng two | ayers of conductive filns 907 and 908 on the‘géte i nsul ati ng
film 906 eagttmgh@meiﬂnmﬁ(gmé/abyaP‘éappr%mhéla this, graleqiimart YVeAs ff seesdonher e

the conduehiye im0 8ad 08 86 R EUEIRT R J5liNG JBSk. 988a.g, 9930 to

form conductive layers aV|ng a aper shape
descriibed Li dHog. fi2A(anl GRof | flducdfl vRIingauph@ditpluagme) Ltnmi Iaagtalufeduﬁ?d for
this co-evaporation of aluminum and an element belonging to Group 1 or 2 in the periodic table
may also be used.
Thus completed is a light emitting device having the structure shown in Fig.
6B. A portion 951 where the anode 944, the organic compound layer 949, and the
20 cathode 950 overlap corresponds to the light emitting element.
A p-channel TFT 1000 and an n-channel TFT 1001 are TFTs of the driving
circuit, and constitute a CMOS. A switching TFT 1002 and a current controlling TFT
1003 are TFTs of the pixel portion. Thé TFTs of the driving circuit and the TFTs of the
pixel portion can be formed on the same substrate.
25 In the case of a light emitting device using a light emitting element, its driving

circuit can be operated by a power supply having a voltage of about 5 to 6V, 10V, at most.

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

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

light emitting device with reference to Figs. 19 to 22B.
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etching. Though etching gas is not limted, CF4, O _, and OZ are g'sé?ethoqggp
etch a Wfilm and a tantalumnitride film The gas flow rate of 4,[{%,’: 4
and O, is respectively set to 25 / 25/ 10, and RF (13.56 MHz) power of
500 Wis given to a coiled electrode at a pressure to of | Pa for the
etching. RF (13.56 MHz) power of 150 Wis also given to the substrate side

I t t bst anti.al | { f-b | t b
ool eq. Under  FRLORne SRSt P o¥ CRARTENSl. e APy Se KEOVET feris bt ched
to h ¥ e sl

0 have go@iiMehwehapes o'f“@sﬁa@m@rflmg g 7ehaRY AR &3 fhgggﬁa rfﬂg’Ri@c(?i‘ "

C?, the ratio of gas flow rate hereof is set to 30

MHz) powshowh 11*6@1@ Yhiase Gmivien. t o a coi l ed el ectrode |s at a pressure of 1
Pa to generate p ma for 30 second etching. RF (13. ower of 20 W
is also given to> ?qgﬁHLYt PRSP d@e(%QT%?C@dg?‘aﬁei;‘l“%‘;ogQ%a@ QB’bsﬂf‘f‘aﬁ&CP%ﬂ I y

negat | yeusagl&lash&m%t@% 8 SRR E oyl ST RE SRR Ee AT B0 e

ad,, the tantalumnitride | man m are et =abou

rate. Thubafeds dedriaedit fig. Q@ﬂd Uik viadudti@yBr@ugR bldstmaP 9R4inkay bigl far fHig St
t aper Sha?cﬁ The_taper thereof has an angle of 45 to 75. 20 In orde[ to
etch t he S itPHBUEIChB&EM S aaYIimasd.du’. 6 tRe Ceespnaed ieseihe Wil | m

the etchj gtgdtmm'rﬁtr,;are%ng o s ABOUE D 0. 08405, QYELESIEN D90 o5

Surfaces of regions o i nsul'a |ng are

Wi th the/Rbrd40, 4RPRF (s:ha@emgrmm oy 600 W@ﬁve@@ﬂﬂ-udlﬁd%&@ﬂ od¢ & £heheee and
t hi nned b¥ about 20 to 50 nm 20A) Subs]zj%uently, second et ching

treat Ai@&neli sPac@ﬁ(EIEF‘c?téHm&s REd 8ﬁV1Hz1;p0~2@B>f Wi bhidwt sivenivibsgubtisiamasks
909a to gﬁ% sanll}ﬂc )Zs?)ct‘ﬂgtd?uﬁgt%m ﬁegga%n&: -Biag V(?ltaoe can be tagp()jlﬁﬁiz / g m xed

as ‘etchin gas ow r ereo Set 20,

and an IREsé ﬁﬁstEﬁ:hMgZC)on@tDMﬁﬁ n@finl9 Gk W fibn & s(@Rdti® havcCoéil @dsiRbect rode at a
pressure of Pa to tgenerate pl asma. The substrate side (sanple stage)
8

recei ves an RF (Thers Mﬁl)‘«‘ %mgﬁfls changwd toChppid/ Ch, delritidplhgasvbiv mife

conai t1 oqere PRy PR TS5 e R Te g P Vet i S B Bl M

f or meds abea gREGLEEBE V@2 |t@-%@fe$at§9@15mﬁ Qo3fPRchavibng SREQNISE ANSS) RORPSF
Surfaces of 22 2 7 jUL 2005 regions of the gate i nsul ating film906 that

are not &Bver sdakip thvenhi ﬂ@cmbdtr@tarfeﬁie §haapée S@e*rﬂdﬁﬁcttlncavewbaymrcélﬁmﬂt/@ 3908
mcke, 1 REDAOSIAG ErAt ABRE o Wbl o doffo CHE. e nreaRaL ot
AT otk o0 et TR gk e, e e SOl e, ©
i njecti ngﬂyﬁnsrfz@O\l\nttD A8l havessa Sep tapat slope. | Tihd iperdobpicofhastdnengleadrd b afer
shape Co?r(lj Or elr ‘S e%c%yt%e %111?1%0w1th0ut leaving any residue on the second insulating film, the
etching time is prolonged by about 10 to 20% for over-etching. Surfaces of regions of the
gate Insulating film 906 that are not covered with the first taper shape conductive layers
3901 to 3904 are ctched and thinned by about 20 to 50 nm (Fig. 20A).
Subsequently, second etching treatment is conducted as shown in Fig. 20B
25 without removing the masks 909a to 909d. In the second etching treatment, CFy, CL.:,
and O; are mixed as etching gas, the ratio of gas flow rate thereof is set to 20 / 20 / 20, and
an RF (13.56 MHz) power of 500 W is given to a coiled electrode at a pressure of 1 Pa to
generate plasma. The substrate side (sample stage) receives an RF (13.56 MHz) power of
20 W to apply a self-bias voltage lower than that in the first etching treatment. Under

30 these etching conditions, the W film that is the second conductive film is etched. Thus

formed are conductive layers 3905 to 3908 having a second taper shape. Surfaces of
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3908 are used as masks and phosphine (PH3) gas diluted by hydrogenyor,, -a..
phosphine gas diluted by rare gas is used to formn type inpurity rgdﬁoﬁém
3909 to 3912 that contain an n type inpurity elenent in a first
concentration in the sem conductor layers 902 to 905. to The n type
inmpurity regions 3909 to 3912 fornmed through this doping. which contain an

n type i i I in adfir oncentration, contain osphorus in a
concentra %Jr%s %t?‘/thF g?? [EBJ%BT@H?% fl{lm )Otﬁ b AF S FENEEY l‘—’"iltgl. 515@ O.[’)jgl'—t{’)geﬁeg&dﬂeext
are firstonhgkise 8948 3908 (ST drbaichediml @idky bg av&s 20Re50 88 conduct or

| ayers 902 and 905, respectively, and a second mask 1914 that covers the

j5 second taper d$HiEpacraovidgchs vsist ayeks Joe7daping Healgeni toradettod ¢ dypr 904

and cover, t,he sem, conductor | aver 904. Then, second dopin
tr 'eatms'ntﬂ?e! %H@%ﬁ ﬁlg{oéé?yefsn e g%%udﬁﬁ ekgﬁqnhéha?'gévgts pr@%{],tw%gonsdé'ﬁ{l@b‘hg‘hct or

| ayer 903ypesinginipid cldmiaugh ﬁh@eﬁiﬁﬁﬁ@[ﬂﬁ%ttﬁeﬁﬁﬁentSﬂ@sp?orpQMHgtfbﬁ/ﬁ)jécﬁ%grio§’5906a
to have an n type inpurity region 39t7 that contains an n type inpurity
el enent withqus@essrrgparetieent lnah¢ depiagdhanseoppe tapapshupt yondegiionsy89B60and 20
3918 tha ntain.an n type.inpuri.t ment,.in.a third concentration each.
The n typdls PACD Pt B S0P AU o Gk Tt © sinid PHRRPICHE @Bt ai ns
an n typeil:@Buwyi b g8lie Rt ol il n%??@ﬁﬁp&ﬁ??@g?&{s@ 09Ny 36PNHAL BoREASRNPT Us
in a concentration of 1 x 10, 7 to x 10°9 atoMs/CMB . The n type
i mpur ity tyregimmsit8 $ldnandn 3086t fconematratitn dugle tdmisotpiondayersBD2 ho )t ai n
an n type,inmpurity elenment i third concentration each. contain,
phospilbr 4g¢ B3P S ey AP i forpegg ugh this Qonipe “{high GRAFENS T Fi g.
20D) . As ({RSEHuARCIAROMSN a6 Bk ARBULARALLY pERGhGHs trﬂgéor&eﬁkfrﬁioﬁ%ﬂ% n
type inpurity elqgent in_a second concentration and the n type Inpurity
regi ons tlAatto donttai aoss/om t(¥ig, 20€). i npurity elenment in a third
concentration each are forned in one dg@ing st&g in this enbodi nent,

LAt 1% ol

However, the dopifREPEt &5Xindye HEslImAsHe 3tl8ps COBPEHPE over By

sem cond (PR iR UL : TR SK 20
o COnUGHRLURNE et D08 NG ARUEL Y SLETENL 2 DKl R4S 30 3,80 30
f or meds aseindwper shape gondikbfive tayeoB@odn thbisédicdafiong liyee abaand coves 4 pat

dopi ng, diborane (1321-16) %as di l uted by hydrogen or_di borane gas dil uted
by rare §hdhg seryeufluclor lasy H04 nThere sseqndcdnivne freptmeny/ srepndeedingd lodhe p

198 | Sk R ARy PS5 g PR BB Y oo
cont ai n ahgpetoppaudtieubidry3o0ben®@hbvd fin @ L€ ansuraeneant Bal 7 e cdhQing Jdnype
type impurity clement in a second concentration and n type impurity regions 3916 and
20 3918 that contain an n type impurity element in a third concentration each. The n type
impurity region 3917 formed through this doping, which contains an n tvpe impurity
element in a second concentration, contain phosphorus in a concentration of 1 x 10" to 1 x
10" atoms/cm®.  The n type impurity regions 3916 and 3918 formed through this doping,
which contain an n type impurity element in a third concentration each. contain phosphorus
25 in a concentration of 1 x 10° to 1 x 10?! atoms/cm® (Fig. 20D).

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

30 semiconductor layer with the impurity element.

Next, masks 3919 and 3920 for covering the semiconductor layers 903 and Y04
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inmpurity regions 3921 and 3923, which contain a p type inpurity sl mngt in
a first concentration, contain boron in a concentration of 2 x %0 o'l 3%
10" atoMs/ CMB each. The p type inpurity regions 3922 and 3924, which
contain a p type inpurity elenment in a second concentration, contain boron
in a concentration of I x 101's to 1 x t020 atons/cnB io0 each. The p type

i mpurity i 2 t ajisa g o rig.y, lﬁﬁﬂpl in a
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interlayer insulating film3925 is forned froma silicon nitride filmor a
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run. In ' ' Lon t# t, [ ity rent hat
e used To bR ShAEt LRhOR 4 ARPLIROh R E TR i R 228 0 e
410' Csusindg39@4fthatnamerin aThiype hmatrityr dahemnh ateondyciegeniines ThBe type

sem conductor | ayers_by hydrogen rel eased from the silicon nitride filmor
si | i con 'BWWAPE FEEIRASt ??% alT%é9ﬁéatvhtqhe@R%ﬂta Baly P TRERDe ¢EMeBy bt &Fst

met hod, .; the : hat a r e. fi met hod
by RTA rﬁactj)rllE e Hég’dcqﬁﬁag?ggr (i?ln%:lcé%ieﬁgﬁzoﬁl ﬁirg\xn?rr(gt ﬁ%§ %gﬁingatﬂég‘g&g?%%‘?hght as
t he heatTizoptype)implfityt fgichedp22 ERAEIERINEvHich Gakdih @¢h @pPE iphmMg cemdnihace, an
insulating filmfor covering the gate el ectrode. and the gate insulating
filmis SCEheancpitiadiont epth@atborgnelt greprcenigationhed hedl) 't oelak dnt atemsspher e

is set t redu : SUre. ni en phere.. in order to prevent

oxXi diltgate%(%% o?ﬂ‘t ﬁgﬁceoln E@ |{?§1 igblr%?? g %&8?%&‘%5 RyAPs TEPULY Shdacht

Al t er natjhvelsycontiheorgenttiondast RFmbRYE rEgibRY the dveradiiad ot Apers gepad
harmonic (532 nm light of a YAG |aser. As can be seen in the above, there
are sevepgdrctivgjayero’Weeapdbqhe i npurity el ements used to dope the

sem conductor |ayers, and. . perat or can choose f.ro em.one . that suits
im On Uhe fi 9t et Roer 1 REUTRl Piertor fragsee M cues ot ety ar
i nsul at isfigeohi difAdeINm3R26silicor§ HyAREE HAMISeEA HyCpladn® CMIE @Rk talth@@ndkI m i s
formed on the second interlayer insulating fi'lm 3926 by sputtering as a
firstisi mffllaniingIf pidar B89@i7e fioivapicotieatmant td He iFETsty d4m2nt¥ tiat [ar2 Q@8 thr om

inmpurities (hereinafter the filmis also called a barri insulagting film
(Fig. 21€p° tgﬁ SP’ﬁ‘éCOBQ‘F‘%t?’é?aYFﬁsGF%Pt eRyeRY %%@‘E“?‘?‘%%HAH&; ér%“é‘t%ta%BWé} tive

filmis 108 iBA tle@mdRYRo RyaRLEkRaSRe MmiBOndiRict 2R B @R b SerEtEN&G f&nform
an anode 3928 (Fig. 22A). Thé transparent electrode in this enbodiment is

an i ndi uhe silinoopitude {ilnT Q) sifi¢dmyxyoitride filmnsparent 5 conductive fil m obt ai ned
by m xing indi un}hoexklie%te trvewattnrber1t2 n;[a?z bzeotzzgh?gveélbnycot )é} gleeth(o%g]%zin the method that
20 uses a furnace. A heat treatment method by RTA may be used instead (including an RTA
method using gas or light as the heat source). If the heat treatment is carried out using a
furnace, an insulating film for covering the gate electrode and the gate insulating film is
formed prior to heat treatment, or the heat treatment atmosphere is set to a reduced
pressure nitrogen atmosphere, in order to prevent oxidization of the conductive film that
25 forms the gate electrode. Alternatively, the semiconductor layers may be irradiated with
second harmonic (532 nm) light of a YAG laser. As can be seen in the above, there are
several ways to activate the impurity elements used to dope the semiconductor layers, and
an operator can choose from them one that suits him.
On the first interlayer insulating film 3925, a second interiayer insulating film

30 3926 is formed from acrylic. A silicon nitride film is formed on the second interiayer

insulating film 3926 by sputtering as a first insulating film 3927 for protecting the TFTs
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A resist mask having a given pattern is then formed to form cont?ct gl €805
reaching respectively the inpurity regions 3916, 3918, 3921, and 3923 that
are formed in the sem conductor |layers to serve as source regions or drain
regions. The contact holes are formed by dry etching. 10 A netal
conductive filmis formed by sputtering or vacuum evaporation and

pat t er nedrd#s irighraicdRsdteindi@ the fih iSalid@Me@b G ﬁr@ulfagﬁ@h%ﬂmg dines 3929
to 3935. Though not shown in the drawings, the wiring lines in this

enbodi ment are f &g bﬁrréﬂmiesulat@mfﬂm@%]f a gramgpafdnt geaduchvatitrhiic fonms g t@f 50
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3928  andrahfiRiriMt kicdGodd MORisIFAVdlRend I3 inbR ik B%d%ﬂ‘(‘j)%ﬁﬁy bPa RRRGRR
proceeds to a step where the substrate is noved froma processing room for

form ng aonﬂuptlwlﬁémwétaened(bvenalmmﬂemn veflemitbd b@04soffdinsoxidt 6&rO) oom) to a
processi ng room f,or tgrm n emttin ? el e Iﬁle%éshe einafter referred

to as second cl eah'¥5: rﬁ'aslkghaé?%g §1Y°T BT 1 ARy O Prr?n%?f‘ﬁﬁt palgs
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TFTs. To tlm/mrmccmﬂmmmlauaﬂm onswic b eoufEel repidnstaratrain bygidust STHernconhet avles and
el ectrost at H e damage of the TFT substrate by static electricity
during tﬁ‘ee éy ryae%{;‘%" thin film 3937 having an anti-electrostatic

ef fect,(herei naft f [.QS [ d on
the t HIO rd interl éﬁggnrelia?ncgg?‘gtﬁ‘/%gﬂ?ﬁ gzéﬁ@%%%y%%éraﬁtér?\; Cg%{nré‘ﬂ%%ﬂtd?%g g E{JTE
3937 is fpanereed fusiom & nwaker Tat filhats Gan doghed aooivad vbijln\élalﬁlﬁ:l’s 39m@sfdl BER0r

| i ke ot her sinple nmethods éFI g. 22A).. Instead of form ng
ant i - el ediPB&h 8¢ Sélowpumﬁl?e Iﬁ‘@“‘éﬁﬁb@@r“&f‘égﬁlﬁ?sﬁé etea?beélmwtamc%@eeéér@abﬂe of

preventin ity f, |ng
br ocessi naniair s @kl i SERNAR or SRHRYMEHL YRR, TR Q8 BV ENNEES
may be smﬂnple&tqedfjammper ation testing. The steps up through this point are

for processing in the first processing room (clean room which is shown in
the 2857 1 1 Ju Nexpesihird|igerleyraimsubtingitgm 396 is/irmetso eaes heapnode 3928

concel vable b0 BN Mt 9o0RL SHBSt kake ¢ AMLASL 3t PEREESR HA (oo™ Lo

t he seconhgpr ocess r oom %—[or exanp stra Ray - be “ Hoved
bet ween dmefeertwtsumatsduswg@ovea trb@ 53TBcREIOF 56m @ heihwaen ’ratt@rbme&e

(processing

(hereinafter referred to as first clean room) to a processing room for forming a light
emitting element (hereinafter referred to as second clean room) in order to reduce the risk
20 of mixing the alkaline metal from the alkaline metal material, such as Al or Mg, used for

the cathode of the light emitting element into the active layers of the TFTs.
To avoid contamination of the TFT substrate by dusts in the air and
electrostatic discharge damage of the TFT substrate by static electricity during the moving,
a very thin film 3937 having an anti-electrostatic effect (hereinafter referred to as
25 anti-electrostatic film) is formed on the third interlayer insulating film 3936. The
anti-electrostatic film 3937 is formed from a material that can be removed by water
washing or like other simple methods (Fig. 22A). Instead of forming an anti-electrostatic
film, the substrate may be stored in a case capable of preventing electrostatic discharge
damage during moving. Before changing processing rooms, the TFT substrate that has

30 finished the steps above may be subjected to operation testing. The steps up through this

point are for processing in the first processing room (clean room) which is shown in the
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5 roons, e.g., clean roons) located in different sites but owned b¥ t he .
sanme incorporation, or between factories (processing roons, e.g. {cligan?0i’
roonms) owned by different incorporations. |In any case, noving is carried
out while taking a care not to damage the TFT substrate. Then, the

manuf act ure process proceeds to processing in the second processing room
(clean roghk cwhtt 6hFigS1shown in a flow chart of Fig. 19. The TFT substrate
brought to into the second processing room (clean room is washed with
water to renove tVeiantdasel ect costatble i movB@3ihe THT rsdbstrte floay eie first
insulating film3936 is etchg{? to forma bank 3938. The bank has an

openi ng atTOSEHEEITPPBCtHAECER ROCERSHISACOM- t AET pramie.(the it subsiHal may be

el enent), i : i 0 er | EING: L is
T cont aeTo s P ER ELR Sk DyBHEL of dRONmORCHAR, B bIGeM Bt (RBaeReg o
In thi s emoodi epnticat henld ldxardd i3 Bd8res sttog bEbhwnedmyahd esicSihcdpodue, @

t hi ckness, of abtout I =Crn. At this point, the operation testing may be

per f or med?RYSFhiAGIPTEh P TPECFSIEE BRI FIGRETP hewnadty & EesAbincpineEtioss-ng

ot stur o Pang aee"RrEas e FPLR PR Rte b ke B b BPp R TR, k103

is covered wth allsecardnaradins predebgrotiddinBPRedshtin ittfe Rcsid probeksitict ri de
filmor the Iike. The second insulating film 3939 is an insulating filmfor
“prot ect i N§OEhE19an gaempbwhichiip ghateimenflowchmt b uPe A THASubst hughiuse

degradat i |4i ittin |.ement .. . Accordingl.y, the second

i nsul afml nlgl&% ?$em%§®§8 ?ljs&%ﬁ%g}g f:oé)fr?ége%n L8YBh P %‘]I’qg?dgr%lﬁhgvdpeét PnEPem$930.
Next, theantFdlcattRedicatiien 393Pakelrd MtdrlMRE WikiMatind @HA8H34 & ERh&RSS rHmi st ure
and 25 gas fromthe resin insulating filmfor torm ng the bank, the vacuum

exhaust i &angoithdet dbie drank hag gnswaningdegr pesittn that guingidésowitbxthepixel @ligt Torr
or less. The.baking . n a.vacuum ma be conducted after . re i ng the

anti <ot ectPOUET PES R b PO A ENeo PR R Mo Ok H® DRl bRaREoT R
an or gani itk ehPMsd Joagehd 3948vdr Shd SIIBEGr e SIAPGHALT oM @R ddsgeanthe 30
insulating film3939 such that the organic conpound |ayer cones into

cont acts whank 3938 iahoded3DR8.a 1@pist lechave gathicknesmpabod 1 ayer ABIUB, paintc dtchode

ol oct 1 ode NG Pr{E Btk RaG %O EHET PEHE SPelie (1 ey Bl BRaME = UboPRSF Wour
mat eri al spiyBksiAe re§gd 1 nstead. The organic conpound layer 3940 is a
| am nate that has, in addition to a light emtting |ayer, a hole injection
| ayer, a hol e trlansger to prgvérdylegradamonedied rigght tmansg cldmany dhaye moigure
el ectron ;;nrgli gea%tr(ialgepseld %?nr fhe%ar?llcjggl%r, the surface of the bank 3938 is covered with a second
20 insulating film 3939 that is a silicon nitride film or the like. The second insulating film
3939 is an insulating film for protecting the light emitting element from moisture and gas,
which cause degradation of the light emitting element. Accordingly, the second
insulating film 3939 is also called a second barrier insulating film 3939,
Next, the TFT substrate is baked in a vacuum. In order to release moisture and
25 gas from the resin insulating film for forming the bank, the vacuum exhaust is conducted at
a constant degree of vacuum, for example 0.01 Torr or Iess. The béking in a vacuum may
be conducted after removing the anti-electrostatic film, or before forming light emitting
element.
| Next, an organic compound layer 3940 is formed by evaporation on the second

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

anode 3928. On the organic compound layer 3940, a cathode 3941 is formed by
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5 layer, etc. in conbination. The organic conmpound layer in this gqbqginE@E
is formed by follow ng the description of Enbodi nent 1. Thus conpl et 5 ’

a light emtting device having the structure shown in Fig. 22B. A portion
3942 where the anode 3928, the organic conpound |ayer 3940, and the

cat hode 3941 overlap corresponds to the light emtting elenent. 10 As

descri bedvalempn. byrhsepababinma aishy ACREN NGO FQT Ok hatd 8 Tl light
substrate (e.g., a first clean room) froma processing roomfor formng a

| i ght emniemaiting clegicainbit other kpowmmgetielsdnay warsed dotgpd. abhactzknie chapewndf a

TFT ted f | kal.i terial . Al d
for o catisieodSs il LA, g iR BT WP Rer f B THegin BTt | ng
devi ce i g 1ot @RBSking PayERDA O®Bh tAnfRIrli MG Mae&ﬁﬁﬁiﬂ&ﬁbﬁ)ﬁ%@i 2 lERedi ment

1 or 2, the manufactlré process up through the step of formng the second
i nt er | ayédayel, peulimedmiinhiidmm (B@Sorgani@e@6poirsl hyeriis Hedembddiernt isrfstreaibof
form ng first [nsulati film 936 of Enbodi nent 1, plasma treatnent 20
is perfo %@HWB%ﬁF S?@ﬁﬁWdE&%T%¥Wﬁ?Eﬂ“insulating filmto nodify the surface

of the second i e LaYEleidansy ﬁ%%t;%igﬂdgpe(v%%ﬁqaqrn € GhructllY Shd¥EL HOghow | |

be described with reference to he second interlayer insulating
film (9322Br 39@@)ion 8642 wésrgpihasmads 828, mee brganie, compousX &typt 894mnad ahe nor e
ki nds of S sg#ecteg fromthe %roup_conslein of hydrogen, 25 nitrogen,
hydr ocar B8RO Jg&iratR OEeSPEyH, oMy smiting sr¥at: and rare gas (such as

Al g@i’ nor Ne) . AR0ddsBabhod ab QAL qyrsnsé(bggﬁé%g‘;%gg%@xg% tr{u‘(grgsf&"rff%ﬁﬁingf' tRer

secon terlayer insulating fi exi st ng functi onal
group onshirerasufefmce firs dtangech)t Bom dpfdeessany) roofruifwet foonalg Qlighpemithieg
surface nodification of the second interlayer insulating film (935 or
3926) i s StEHIFE! Se @vseendagleah ey A0 EeYve yenoheddd £4n Ry 998eted FpBy ted on
t he surf : i ot ern i Enge £ Thi s
imis aahigrai, pafeyRe iR s S VRN GPICAbIOS bl el Relonittla 1
rel ease ah cgasicarlighnistiting déviomstdigainggganic 27 2 7 . JUL 2005 resin film In
this enbodi nent, an anode (1 TO is fornmed after the surface nodification,
thereBy avoiding a situation in which materials having different thernal
expansio% %%%Lgkgients receive heat treatnent while being in direct

cont act mf?% each "ot her.

Following the description of Embodiment 1 or 2, the manufacture process up
through the step of forming the second interlayer insulating film (935 or 3926) is finished.
Then, instead of forming the first insulating film 936 of Embodiment [, plasma treatment

20 1s performed on the second interlayer insulating film to modify the surface of the second
interlayer insulating film (935 or 3926). This method will be described with reference to
Fig. 7.
The second interlayer insulating film (935 or 3926) receives plasma treatment
in, for example, one or more kinds of gas selected from the group consisting of hydrogen,
25 npitrogen, hydrocarbon, halogenated carbon, hydrogen fluoride, and rare gas (such as Ar,
He, or Ne), so that a coat is newly formed on the surface of the second interlayer insulating
film (935 or 3926) or the existing functional group on the surface is changed to a different
functional group. The surface modification of the second interlayer insulating film (933
or 3926) is thus achieved. As shown in Fig. 7, a dense film 935B is formed on the surface
30 of the second interlayer insulating film (935 or 3926). This film is called a cured film

935B in this specification. The film prevents release of gas or moisture from the organic
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5 Therefore, cracking in the 1TO electrode is prevented and degradati on of
the light emtting elenment can be prevented. The plasna treatnent? fio(jiji h€dih
second interlayer insulating film (935 or 3926) nay be given before or
after form ng contact holes. The cured film935B is forned by performng

pl asma treatment on the surface of the second interlayer insulating film
(935 or 2Q2Ppint hat is forned of an organic to insulating nmaterial in one
or nore kinds of gas selected fromthe group consisting of hydrogen,

ni trogen, hydr ochr ongmbediogenanedoda(lion,is fiyrdredgdnr theuorfade maalificatiane gas
(such as_At, He, o Ne) .. Accor.di ngl , the lc§u¥]ed fifhg 935B contai ns one of
the gas "Ef@reAtddGst 20T AR dgelMchi MREFAN, MBS JUaF BN HERD FEREP

car bon, : [ 8, Qag.:LsuUgh Ar :
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manuf act Therefirgeessingin thhiDOglectrhée stpepvenfedfadniepgditen sfateo idht anbigtingayer
insulating film (935 or 3926) is finished. Then, as shown in Fig 12, a DLC
film 936BTHENt 8 b8 Rreventers u  Thwi i s wsaoee fPsihe seerad ipsrlayy nyiatag dBny

interl aygﬁgd%?%@%ﬁ@% LB 638 R &rafép%@ni?é%&l(%[ agteristic of the DLC film

is havin spect fum di stribution t as an asymmetric peak around
1550 cm -1 and aThhowdedEilmar3oBnd fdrnRADb cparformitfreslasneasiaimedt dytha surface
m crohardness tester, the DLC filmexhibits a hardness of 15 to 25 GPa.

The DLC Pf Ik Secorfisivteslaapradtsalitingdilyy (P1% cBxPEl) dhtt s elorged i ean rganic

chem cal L 12 e ik m.C e t Ure range
R g e S e R e
to form hhgoRdC ditrbgen, nsdtderbeputbiepénigsd EBon, phasogenCibridy, gadfragquency
pl asma CVD, and ion beam evaporation. The thickness of the DLCfilmis set

to I5 to §0Chis Ab HeberdNebnt ASoTdinglye Hisoetae itlmg 838 icpeiging ‘él}fs:éf e g?s
The + msurPienS g PR il il hIAcRutt hidactitsy Eanto hfsrodan i gigkor ™ 20

3926) . Foehd £\ 58 (bivth MesCHepdriNg), of Enbodi nment 1 or 2, the manufacture
process up through the step of formng the second interlayer insulating
film{®35 or 3926) is finished. 5 Then, as the first insulating film936, a

silicon pit E)'dfjn?elfct'étlmg% is formed by sputtering

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

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

A characteristic of the DLC film is having a Raman spectrum distribution that
has an asymmetric peak around 1550 cm™ and a shoulder around 1300 cm™'. When
measured by a microhardness tester, the DLC film exhibits a hardness of 15 to 25 GPa.
The DLC film is also characterized by its excellent resistance to chemicals. Moreover,

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

the DLC film is set to 5 to 50 nm.

30 Embodiment 5

This embodiment describes a case of employing other insuiating films than a
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using silicon as a target. The filmformation conditions can be s?
suitably, but it is particularly preferable to use nitrogen (N odUL 2005
m xture of nitrogen and argon as sputtering gas and apply a high frequency
power for sputtering. The substrate tenperature is set to roomtenperature
and it is not always necessary to use heating neans. If an organic 1lo

i nsul at i pR.Cf {ilind Sorasedha@sstieing Bl@rd3a%erthe BedéhatinBgasfer iifulakihg ifsmppes er r ed
to formthe silicon nitride film without heati ng t he substrafe. |In order
to removédhe adsorbed or occluded noi sture vveII dehydr ogenat i ng
treatnment is pre‘tF. abl conductted ]?/ % u]QFstrate i n_vacuum at 50
to 100C for seve % Giedesepaan, gf 5moR lll}}e 3 iR M4 ALHIFP RS Phe
Film for pméighnne or '01flf(9ﬂ§ng|; %:elseﬁ&ldzmgrﬁger 1%&11&&9%1&?{9@@%1‘@9@@)@5‘@4115@16@” on
is used, nitrogen 15 gas one is supplied, a high frequency ‘power (13.56
MHz) of 8o, Wsitse §irsrensuwating, AlnP&36, anﬂiicollnentsdzéﬂmf%()hs foangkeby isputsetng o

152. 4 mmi.n dlarreter The filmforpatiaon rate . obtain unde ese
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of 1 atomc % or | ess, and has 80% or’ higher 20 transmssivity int

vi si bl e gaSg;ﬁud apabgehlgﬁrfeequﬁampam@rfoysmﬁtetmgs Tlhd mbssatprovedatice be;ehtogh
especi al | the fac%mjt hat the filmhas a transp ssivity of 80% or above
at a wa é)I“'é U Ut Hnd® 0 A WRSRTCESSath % Uife P75 gl@e‘@épagl & BFEHET i ng

a den%a frishin lirﬁcll;"'u SEhd g¥shiy 19?&’% {1s ove, a
silicon nISt r |HcliE¥VIfl ' m (g:and be use{:l rgétunh%mtgﬁu g.tl ﬁﬁg%efﬁtgg%ﬁgg%eg%
subsequenitrict Bims vatheut tdemingoat substdatet hds erden tcErrrémduenttadaorbed 2r oErtbadi nent

6 Thi s enbodi ment. describes a case of enploglng ot her |nsulat|ng films than
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Enbodi ment € manutf acture process up roug es ep of

form ng file f@masnnd condieibhayer td DU tsilign fdrken doPed woth 1B9E0)s used fhinbgdied.
Then, an AlxNy filmijs formed using an alumnumnitride (A N) target under
an aﬂ%m%%h“ﬁ?@ BtaPEY 20y ei s AvECK Yt Q%S%W%thrw&ew lgésvenm 4 Pa,
accept ab u

part | car 40t BESRE of Bl IR RANSTRR Abln Hh Plond B2 o SR o RS T iines o,
The oxygeitiee ereetbndations can4hey/eant rol I ed by adj usting Sputterl ng

conditions (the substrate tenperature, the type of raw material gas used,
the flow rate  The thus obtained silicon nitride film contains impurity elements such as
oxygen and hydrogen in a concentration of 1 atomic % or less, and has 80% or higher
20 transmissivity in the visible light range. The transparency of this film is proved to be
high especially by the fact that the film has a transmissivity of 80% or above at a
wavelength of 400 nm. Furthermore, this method is capable of forming a dense film
without seriously damaging the surface.

As described above, a silicon nitride film can be used for the insulating film

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

Embodiment 6
This embodiment describes a case of employing other insulating films than a
DLC film to form as the first insulating film 936 on the second interlayer insulating film
30 (935, 39206).

Following the description of Embodiment 1 or 2, the manufacture process up
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thereof, the filmformation pressure, etc.) appropriately. Ater nﬁéi m, S
the filmmy be forned using an alum num (Al ) target under an at % fg £UND
containing nitrogen gas. The filmmy be forned by evaporation or other
known t echni ques instead of sputtering. 10 O her than the AIxNy film it is
possible to use a ALINXOy filmthat is formed wusing an alum numnitride
(AIN) target ,under an .atnopsphere obt ai m. X1 nltr gen
Gas. and TERybe giee -An B Uor AR L TG P gh LT o 20k S

cont ai nedpef hMCARNNX @¥mf isl BrintdAudifyV Al OMiEndh OFi RN BANDF €lr8siabldkr ari5 to
47.5 atonic % The nitrogen concentfation can be control’l ed”by adj usting
sput t er i agn@phetke obomsd(thmixie sighs wpatmel tiegnper gsur &he hbreptappperaoe foavhe
material gas used, the flowrate thereof, the film formation pressure,
etc.) apﬁg PITAQN QF IMRUPIEEH ARV SR §1 PRFEUIRT, contamgd Hhtheoh by 18 itdessdhan

al um nslmo(tél 1)0 £t@ﬁ19@% U“ﬂ%‘ef %ﬁ%@?&ﬂﬂ%& EQPB@'c&'nﬁQ 1Bty & G{h %aﬁuﬁ&% Xygen
gas. The filmmy be fornmed by evaporation or er kno i que
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Iight-trahsms ve 20 (having a transmssivity of 80 to 91.3 %in the
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i dent i calfilmirhdy bchfoseed by Empoditlﬂﬁ ot other Riovinacighiqes tinsfeddaltlspitdiget he
description of Enbodinent 1. or 2, the manufacture process u t hrough the

step &f forning DE¥TeELIG f?slm{\ferfrlayétrﬁumg%lplatt? HEE Mlhhx@@éénb aengesm%
fini Shedusmggﬁ glun%ﬁuﬁgﬁwa éﬁll&b&%e%ﬁndetr Qﬁ\ ?r#&%gﬁ%r% o% aﬁﬁe@%ﬁ%ﬁé} géﬂopl F 4 ayer

i nsul ati ng mis no orm-a cur "035B

on the sufifoaee. gah, BhE &:ivlgah 9368 fT$1e3zQ:cf31§tﬁlﬁ1IEdraﬁQe tfbe cohe@ekafibh F9%aBgen
Sputtering, ECR plasm CVD i gh frequency plasma CVD, ion beam

evapor at Comaingd & th@afHNb@ufsJ@wStdoﬂ?Woﬂ{WtCh% ODE@T% refieDBER2 540 HavellemBO%2? JUL

or dandn mitabd S6ndiidPadh Mo deol0E AR Rt hpdBuder ARE 11

pl asmas t keRtERMenpSrapat f mren@ge @B rMQna%ﬁ g@e uddd, tthe flddniate (F4HfOMe3RAB) to
nodi fy the surface of the bank (947 or 39 This case will be described

Wi t h ref &rangien thoessing. ©8.) aRprenrigéaly-c Aﬂé@natmebs theafiloagndy benforenedsesina e f or m

the bank 1(11947 ATT’) r8£et under an atmosphere containing nitrogen gas and oxygen gas. The

film may be formed by evaporation or other known techniques instead of sputtering.
The above AlxNy film and AINxOy film are both highly light-transmissive
20 (having a transmissivity of 80 to 91.3 % in the visible light range) and do not block light
emitted frorn the light emitting element.
As described 1n the above, a AlxNy film or AINxOy hlm can be used for the

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

25 Embodiment 7
Following the description of Embodiment 1 or 2, the manufacture process up
through the step of forming the second interlayer insulating film (935 or 3926) is finished.
Then, as shown in Fig. 13, the surface of the second interlayer insuiating film is modified
by plasma treatment to form a cured film 935B on the surface. A DLC film 936B is
30 formed on the cured film 935B. Sputtering, ECR plasma CVD, high frequency plasma

CVD, 10n beam evaporation, etc. can be used to form the DLC film 936B to have a
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‘Undesirably, the organic resin insulating filmis easy to releas%:qni§§u5§ﬁ
or gas due to heat to generated while the light emtting deviceqds ﬁ“- R
operation. Accordingly, after the heat treatnment, plasm treatnent is
conducted for surface nodification of the bank as shown in Fig. S. The
plasma treatnment is carried out in one or nore kinds of gas selected from
t he group c SIS f hydrogen, nitrogen, halogenated carbon, hydrogen
fluoride,d 5P 8 5‘8§§“m15 As a result, the surface of the bank becones
dense to forn1a cured filmthat contains one or nore kinds of gas el enents
selected fromthe group consisting of hydrogen, nitrogen, hal ogenated
car bon, ﬁyMMﬁ@amMElxwide and rare gas. The cured filmcan prevent
rel ease of noisture and s (0Xx %ﬁ fromthe jnside, thereby preventing
MEieg

degradat i on of t HESItRgR(C OBREH N SIS WEHIRITHRHEC IR PTBEESS
o NS it G’ BB LRshal LA if pelrdhAM AP AEQ tﬁWerfﬁnRhe

descrlptlo ment e manufacture process up t he

of form ng41 he 388pnd modiéy ey eirficasell étei bankf (947 603530 m&6¢asb3wﬂ] heshed
25 (Fig. 18A). Then, a first insulating film936 is forned on the second
|nterlayékﬂﬁﬁ§dﬁﬁﬂﬂﬁgxﬂﬁﬁﬁ9F§B§ or 3926). The first |nsulat|ng film 936 may

be the DLC film I| 1 num
nitride oxide fi I[—?ﬁl e%a%?ci gésé{ lgﬁﬁn%gdéﬂn%?é "!‘g%zd]%nf&]ﬁa d&ﬁcﬁj%f“% (m7 8 g@ngﬂ

i nsul at i Ngndekira®193fe omBnicTedih idsdlatiag FOREdagnd rpidideasidiedrd (El{gim @ud@@hécﬁd
shape to forman anode 1937. 30 A resist mask having a given pattern is

t hen f@rﬁ@d@@@dﬂﬂﬂWﬁb@hg@émﬂﬁﬁbébVwﬁéh@hﬂﬁgﬂwhe inmpurity regions that are
formed in the senjcon s, to.ser

Fogions or drat n AGATEHE Y sk BTt PefehBeShe Bhuthal by My AR RR R O F

orned b e

the |ike.modifitfidnSofdRBankhs386WHE HaRges W The Fiahad iroRMendis cérriras&ba{ 1nC<ﬁfad>tﬂct ive
filmis fornmed by sputtering or vacuum evaporation and etched to form

Wi ring | imes kigdgof gasighgtedSiren Ithe stoyp Rebodingnt hidrogdre nwiagenghdlegragted5

1938 to 1944 are fonﬁﬁd &{on%@ lamnate of a Ti filmwith a thickness of 50
nm and arF® &% A PEFF M TAICTIEM R fi In) with a thickness of 500 nm In the

case wgere the anodg 1%/ tHeSsufrﬁE@%fj tﬂ?:elf)é?;'keoefc%ﬁl B6nskN8 M laNGirdd NBS thak938

to 1944 as in this embodiment (Fig. 18B), a probl em such as breaki ng of

W re i s rontains one or more kinds of gas elements selected from the group consisting of hydrogen,
nitrogen, halogenated carbon, hydrogen fluoride, and rare gas. The cured film can
prevent release of moisture and gas (oxygen) from the inside, thereby preventing

degradation of the light emitting element.

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

Embodiment 9

Following the description of Embodiment 1, the manufacture process up
through the step of forming the second interlayer insulating film (935 or 39206) is finished
25 (Fig. 18A). Then, a first insulating film 936 is formed on the second interlayer insulating
film (935 or 3926). The first insulating film 936 may be the DLC film, silicon nitride
film, aluminum nitride film, or aluminum nitride oxide film described in Embodiment 2 or
: .3. On the first insulating film 936, an ITO film is formed and patterned into a desired

shape to form an anode 1937.
30 A resist mask having a given pattern is then formed to form contact holes

reaching the impurity regions that are formed in the semiconductor layers to serve as
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caused even when the anode is formed froma material of poor covepagej: 20j4
because the to broken wiring line 1943 is situated on the anode 1938.
After the wiring lines are forned, a bank, an organic conpound | ayer, and a
cathode are fornmed in accordance with Enbodi ment 1. This enbodi nent may be
conbi ned with Enbodi nents 1 through 7. 15 Enbodi nent 10 This enbodi nent
describes a nethod in, which a sem conductar filmto serve as an active
ayer of SURFEGN A TRIRY oo g ACLBAES FeilEreitbRorR HAnE AR HE
concent r gti08 doRf id Reocat@ Wikh Enb&ieat 11 n the obtained crystalline

sem conductor filmis reduced. In Fig. 17A, a substrate 1100 is preferably
fornmed from bari dnetdl esndluctiat €ilm208 fgtass by aputmiring dorwesihicapeagbass] or
quartz. On the surface of. the bstrate 11Q0, an. inorganjc insulating film
With a tRIKORDISIOBE ViGnE dinshdOFn's 4 OFbr nSig it (@ Hphesh medu- by AGTnE AT 1101,
An exanpl [ N7 [ i ki (e film
formd by ol sdna EUE AT Pl 1ok A o M g3l PHEST oP Rl Mds e
t hi cknessillo§ filibQART licynfilsi)ith NH3cknasshfNDOnmand a second silicon
oxynitride filmis formed next to 25 have a thickness of 100 nmfrom Si H4
and N20 to obt ai A® theCi55sEnsrhdhn arqdsgl %8y | imfornrd beleisformigl Be ivwgng ilings 1101
is provi nt ' ' N I, . S rate
from di f oo g P e A BRI P T ) AL AReh B bR SR} ey
and t herefised eevenywha 0@ drdodd ik ffoAn@uatinZ a shdstialadfepds aesethge AeBidstk abd
nitride film1102 is formed on the base insulating film1101. The 30
silicoh Mrekengaring ligg 196Disisguyedon thechinpde pyByent the catal ytic el ement
(typically, nickelp t be used |ater | step of crystallizing the

Som conduttor 11 Ui Bre e Bt B bime sl S8 Slaply E o onclft i ng
film 110%athandateGoana id stbpdafverigerabddaionof. oxygen contained in the base
insulating film1101. Note that the silicon nitride film 1102 is forned by
pl asma CVD to hdwe anhasimkitesay b combipedwiEmhedanmiphsusugeni conduct or
film21103 is formed on the silicon nitride film 5 1102. A sem conduct or
material mainly containing silicon is used for the anmorphous sem conductor
film 4310Fmbbaenatomnphous sem conductor filmis typically an anorphous
silicon filmor an anorphous silicon germaniumfilmformed by plasma CVD,
reduced pressur &h\anbalimgpuicsaiticng mashdibinevibch hokigesducgdr flm HeeveOs nm

L0 order b 9e80t LD oeaHEPLAC oLy, of YSLAL Bl e LINSPIN ALL AL heldTRUGA LT oo

of the catalytic element in the obtained crystalline semiconductor film is reduced.

In Fig. 17A, a substrate 1100 is preferably formed from barium borosilicate

20 glass, alumino borosilicate glass, or quartz. On the surface of the substrate 1100, an

- inorganic insulating film with a thickness of 10 to 200 nm 1s formed as a base insulating

film 1101. An example of a suitable base insulating film is a silicon oxynitride film

formed by plasma CVD. A first silicon oxynitride film is formed to have a thickness of

50 nm from SiH4, NH3, and N,O, and a second silicon oxynitride film is formed next to

25 have a thickness of 100 nm from SiH; and N,O to obtain the base insulating film. The

base insulating film 1101 is provided to prevent an alkaline metal contained in the glass

substrate from diffusing into the semiconductor film to be formed in the upper layer, and

therefore may be omitted if a quartz substrate is used.
A silicon nitride film 1102 is formed on the base insulating film 1101. The
30 silicon nitride film 1102 is provided to prevent the catalytic element (typically, nickel) to

be used later in a step of crystallizing the semiconductor film from clinging to the base
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to in the anorphous sem conductor film 1103 is reduced to 5 x IO'Z L P005
atons/cnf? or lower. These inpurities can hinder crystallization of t#&“
anor phous sem conductor filmand, after <crystallization, increase the
density of trap center and reconbi nation center. For that reason, it is
desirable to use a highly pure material gas and a ultra high vacuum CVD

apparatus. e rror. finish rea |on chanber rocessed b
Frera” por Sy fla ki Gdle afoigi b aReent HeitmreandircosyBiant e thse
i nsul at i nigsmathrg il @01, t heois tHat gﬁr@md&]tzﬁﬂr% ! Ht)ijrso%’rm@@gy LAY pheus
sem conductor film 1103 are continuously formed w thout ekposing the

subst r at ehave atthigkrgisy of TheS guw f ace of the anorphous si I icon film1103 is
doped with a neta] elenent havin a taI (H Offunc tht ac.ceqlie,tes
crystal lization (% GTOWARPS SERIAR my 1103 BforRthPn dreRBR REVIGE

cat al ytsi cipgnchi %&Mucﬁtﬁgtﬁl\%et@ﬁﬁt ﬁ%ln‘l:yr 36§1t1t§fnllﬂg2§’ﬂ1b5l{] l%othe‘;t‘l ﬁ)‘?rfhg%ﬂg)‘r'[aﬁo%g film

include iron (Fe), nickel Co), Tuthenium (Ru (Rh),
pal | adi ume(rmﬁn,duasnﬁhml(mx) Ther ardmnpmn(sl sre)mcqnidatuonum ﬁﬂyﬁ;caﬁoppamdr@oﬁs and

gold (Au) § or nore kinds of nmetal elenents selected fromthe above can
be used. W‘fﬂnc g a“rﬁ“&%@boqqs“k%’s%?{“’éﬁ&mafWPCfIQEFPG%EétTJé‘P@Z’sQIV Sitggpced

cont ai ni ajjs tOoci9 &Péﬁ‘uﬁ@n ?d‘ﬁ!wle? A I?QQEE A0 & i’tﬂphfned IP%r@erstB'Jb@ﬁﬁ to

forma c yst-conta yer make sure t solution

appl i ed swmisfabibyy, crsstelkahe coneatragst of imppeiritosurkds omygelnemamnrqﬁ&ﬁusmmrﬂeﬂcon
film 1103. The surface treatnment includes formng a very thin.oxide film
from alf 1BzBRHEMOGRHOYS FERCORGHERUELE ol 108 1o Aedused fip ng* tiHe PRINGETF i Iriolicth a

m xt ure Oihefsl: Hﬁgﬁr 1e§%bﬁ' hm?i@xdc stQH‘ZEtgcgue{S/‘fe@gE%%@%gi%@?#ﬂuﬁn@ lfth]nQa[Iﬁﬁt&t dorma

cl ean surface agai n ng a

0zone- condrgdtalipgionolintdre8. thSi deasinaos uhpacicdfand reé@nbiaansueter f iFomusach as
a silicon filmis inherently hydrophobic, the nickel acetate 33 2 7 J UL
2005 sol UCHSn, dals dssirapp|te age évléalply mye frwwq@aanm@m diéraf hiphnviepiuhitsV May .

The met ho%g?lf thOrquB dtvp”?h %at Sf}mﬁnoﬁztagt mb%¥?%r0%gsged h fﬂ:?& n,g!)ltls%r%ﬁd t he

t hereto cou erl ng, evapora on

li ke may £ wﬁlednlmsﬁr@aadacuumhwﬁué@%@ﬂbmg tThe basomafiausg silhigon, fhelsimicba03 in
contact with the 5 catalyst-containing later 1104, heat treatnent for
cryst al | i Biltdeotim 41Q2rand diie gmorphys remicondymieraliion ¢1 Uk Risgeaniinspusy foraed

f ur nace, i d therm nneal i ng (RTA) using a halogen | anp, a netal
hal i de Iarrphgu(?% hot et%eéukfg%a%% e ag?bon arc | anp, a high pressure sodi um

lamp, a high pr eﬁﬁ:wuefae@bﬁu{eml@mus%monlfﬁmermbqyagpequm hendigadlement
treatnment. If RTA is chosen, a lanp light source for heating is lit for 1

to 60 secwmvihg a catalytic function that accelerates crystallization (Fig. 17B). Examples of the

20 metal element having a catalytic function that accelerates crystallization of a

semiconductor film include iron (Fe), nickel (Ne), cobalt (Co), ruthenium (Ru), rhodium

(Rh), palladium (Pd), osmiumn (Os), iridium (Ir), platinum (Pt), copper (Cu), and gold (Au).

One or more kinds of metal elements selected from the above can be used. Typically,

nickel is chosen and a nickel acetate solution containing 1 to 100 ppm of nickel by weight

25 is applied by a spinner to form a catalyst-containing layer 1104. To make sure the

solution is applied smoothly, surface treatment is performed on the amorphous silicon film

1103. The surface treatment includes forming a very thin oxide film from an

ozone-containing aqueous solution, etching the oxide film with a mixture of fluoric acid

and a hydrogen peroxide aqueous solution to form a clean surface, and again forming a

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

semiconductor film such as a silicon film is inherently hydrophobic, the nickel acetate
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10 preferably 30 to 60 seconds, which is repeated 1 to 10 tines, preferably
2to 6 tines. The intensity of light emtted fromthe lanp Iight squrge 2005
can be set arbitrarily, as long as the sem conductor filmis heated to
reach 600 to 1000C, preferably 650 to 750C, in an instant. \Wen the
tenperature thereof reaches this high, the sem conductor filmalone is

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

The anor SRGHE" $3 RepRRtisH Ut PY farmimg &b e¥idefibp st Vezed to obtain a
crystalline sili il : i Fig.. 17 . | | i zatj gn such
treatnment is ac h?gggglhgﬁ}oé}%ﬁnéﬁé@h\éga%&% &;’/Ig?l-n f:n E\E? %ﬁ%@\%ﬁg Toéé%‘r‘{e?sth%%{té’i/i ded.

| f furnacécansgahd Bgutiesing oS pdralits theatha th@ther: f @ahdBIY mat b&OLRE ihgegionduct ed
for an hour to rel ease hydrogen contained in the anorphous silicon film

1103 prior to théVhigatkeepipgt fheatamaiphausr sdicgst Blmi 2HI3 dn. caeq, Withe the

substr at 2] r ment .Ln_an. electric_furnace in ni {.r ogen

2t mos phey R PR TR IESH sk 17 Rkl Fugge b i Gl  FLRSEL
crystal | iaggealing usifiprapRPEEicSiutiae@r ragidnthkt@dt anhbaifer RIMFubinB e 18ideks @nd,i | M
1105 shown in Fig. 17Cis thus fornmed. It is effective to |rr_a§| ate the
cryst al | jargetal halids damp.| sxnposreantp, kagdon| grglump, p hi@bpsthes sadbumdimp, 4 he

crystallization ratio (the rati.o of crystal conponents to the entire vol une
of the fihf%prgsﬁarér%%%}”?y Ialgpe%?'_sls F@Hﬁyﬁ‘%/ﬁod t#%ﬁeﬁn&fg’!@nbrai ns. The thus

obt ai ned cryst al Iif REASH|dhesm, fai hip UiP sB@%e For BERINBI 9Tit ¢8L @luytdoCsechBMENt
(ni ckel , hereé in a concentration higher than 1 x 101 atons/cni in average.
The ren@rHdeEgycHt gl Gpseeomsisewbich ivwpeaitd &ce 1TAEMeshargobér 2 &1 6 timesandhe

therefore the cqoncentrati 30.0f the catalytic elenent. in the

sem cond PRI e agvs! Bem g e Tehbidts Fdthoe crue lanteliPE i Bh of
the cat alyhicen@h@HeNim 11§ Hehed S8 TELRANGWE tPR0HIIIN 3LLRSANERE & Fshhe 3fad 7 ]
UL 2005 crystallization step is described. First, a thin |ayer 1106 is
formed omstdne. sWhieadke winpehmure rtystal deaahes shib highn tHei emicahioSondlng hm i$ n

Fig. 17D. In this specification, the in layer. 1106 forned_on the
o1 Vst al | etk Pedsa pun sdupataett AR g o iy BT 156 ahgiohope

layer i s spb R¥hERTo BinP iPIHGY SRkt d G6 %ﬁ Uc‘?ﬁsteﬁii# ﬁﬂg?ﬁ 'Ehﬂﬂ 1189 3ndy M bei ng

etched when a gettering site’is renove ater. The thickness of the
barri er [Fagd7Cl1@8ystslliggiontteyy shich aedithenms adh®iverpddy weyen ttice capdlysiicontabheng
barrier layer is to forma chem cal oxide by treating the surface with
ozone wat®F! 1S PGt cal oxide can be formed al so when treating with an

aqueous sol utiongf g pwai %nnealing is chosen instead, heat treatment at 500°C is conducted for
an hour to release hydrogen contained in the amorphous silicon film 1103 prior to the heat
20 treatment for crystallization. Then, the substrate receives heat treatment in an electric
furnace in a nitrogen atmosphere at 550 to 600°C, preferably at 380°C, for four hours to
crystallize the amorphous silicon film 1103. The crystalline silicon film 1105 shown in
Fig. 17C is thus formed.
' It is effective to irradiate the crystalline silicon film 1105 with laser light in
25 order to raise the crystallization ratio (the ratio of crystal components to the entire volume
of the film) and repair defects remaining in crystal grains.
| The thus obtained crystalline silicon film 1105 has a remaining catalytic
element (nickel, here) in a concentration higher than 1 x 10'* atoms/cm” in average. The
remaining catalytic element can affect TFT characteristics, and therefore the concentration
30 of the catalytic element in the semiconductor film has to be reduced. How to reduce the

concentration of the catalytic element in the semiconductor film subsequent to the
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to hydrogen peroxide water is mxed with sulfuric acid, hydrochl orziﬁ afqi[d“"i}f
or nitric acid. Cher usable nmethods include plasna treatnent in“h ~* i
oxi di zati on atnosphere, and oxidization treatnment by ozone generated
through UV irradiation in an atnosphere containing oxygen. Alternatively,

a thin oxide filmformed by heating in a clean oven wuntil it reaches 200
to 350C ma}é ﬂe Psed as the.barrier layer. An oxide filmfornmed by 15 plasma
owD, sputbBRFHGIOBICRIFSSFH0n to have a thickness of 1 to 5 nm may al so

be used as the bakri8RinlI&YEM1106 % AMheBdRChe bhiBackidrMUSEA PR NR-ORETIH ©r
| ayer has to allowthe <catalytic elenent to nove into a Bettering site in

t he gettétiings shepn intiipel el nip dapaptefiofionpreviant taygr et @hdntiner omtiseepi ng
into the cr ?tal I.jane ilicon film1105 (protectjng the film_ 1105 agai nst

t he ‘et ch&RERIE tiHernsagpr oF0S Brslieh g prECBYEeliing fa (8. laystdipreddst tsuch
20 filmipckyde,.a j 10X fi th h ne reat ment,
a sili COE oxl dgle ?@?%( n%?%1}1%8‘d gﬁﬂ zﬁaidp?ofrﬁgﬁg%glln%n’%ta%% Yﬁér?bdafgg}@éerrﬁ{gl %I;E/eer%t 1106,
a secondrseoveddaductor film (typically, an anorphous silicon filn) is

formed as a gettering site 1107 to have a thickness of 20 to 250 nm The
second semi condudf®Fleinesy el AT daxeald 0gseetoehiontl . a AcBmeENYERtd on of

1 x 251 : . Nj - e | ; a1 ' be
removed Farar eyt ByBt ity RIRLa A bk s iee Mb BOeh el e
sel ecti ve\ cianhioalt axiflhearc by Sbahdd fieo waiehitearing iith 4l OGudons gblatibngn vhichr e
gas element itself is inert in a semconductor film Therefore the rare

gas el'emBitrogeegersidearpigeds Hecd Wit ailfuriseacs]. |hvdsshiaricnacid. 1@snitchacidr  nor e
ki nds of I t r consi st, o] i ),
neon (e Td ST MAAR BEAGE bR el B SR0RN R el

gas el emeridizalibe tp¢a@@emt bl Ny@At | @hetaded3Shrdugh WRORA NN aet ef | #e@spHard hat
the rare gas elenments are used as ion sources to forma Bettering site and
that a sépRteBHBUREXEEDS | AHcEeHYdNM Hyn toxédselilap dopapdsbiaheatingriedclean geeve as

the gettering site,..l0 ke sure th teri.ng, i s conducted,thoroughly,
noat tredtiehrerbos @ € B R b be SamEP euds “APETHERIm MR Ve
by f uwa?ﬁa,sﬁq@@ab; é}ﬁltt@ﬁpg%evéiﬂoritwn%%ve anmeRlekN8r | 5 SResBAy aRBAe used
treatment is conducted in a nitrogen atnosphere at 450 to 60%)0 for 0.5 to

12 hour s as [the Rawicr daysihoskenanya chssmphd ifigrht uss@uasclbe frarridigardmigesi ® hilaw ftoe | to
g? of Z?;g Egtixju%‘?e%ﬁén?% Xxoég i&tg a%%ttggggo Is’l1gesi’n t}q@ Iggtperlln‘sg slt‘e%i,)?v%tﬂg%eflﬁgtc%p%b% to% Tes,
preventing etchant from seeping into the crystalline silicon film 1105 (protecting the film
1105 against the etchant} in the step of removing the gettering site. Examples of such
20 film include a chemical oxide film formed through ozone water treatment, a silicon oxide
(§i0x) film, and a porous film.
On the barrier layer 1106, a second semiconductor film (tvpically, an
amorphous silicon film) is formed as a gettering site 1107 to have a thickness of 20 to 250
nm. The second semiconductor film contains a rare gas element in a concentration of 1 x
25 10°° atoms/cm’ or higher. The gettering site 1107, which is to be removed later, is
preferably a low density film in order to increase the selective ratio to the crvstalline
silicon film 1105 in etching.
A rare gas element itself is inert in a semiconductor film. Therefore the rare
gas element does not affect the crystalline silicon film 1105. One or more kinds of
30 elements selected from the group consisting of helium (He), neon (Ne). argon (Ar),

krypton (Kr), and xenon (Xe) are used as the rare gas element. The present invention IS

35




times. The intensity of [ight emtted fromthe lanp |ight source gap be sehn
arbitrarily, as 10 long as the sem conductor filmis heated to reach 600 T0
1000C, preferably 700 to 750C, in an instant. During gettering, the
catalytic elenment in a to-be-gettered region (trap site) is released by
thermal energy and is noved to the gettering site through diffusion.

Accordin I i ependent on the process tenperature and .
Betteri ngh%r%tgg%e%dglgstﬂfgn&l%gg C’éi?lgfrae eF "pet 1ot adgflo?isﬁ%m%?tn%a{oﬁi‘g‘h@e}termo site

t enper at une . thhtina tRei@maseant filnvenitkighg thas dictleanceret Rfme@abadeydd Gs ehement
noves during gettering is about the sanme as the thickness of the
sen cond@tY¥MgSitm and therefore gettering in the present invention is

conpleted in a | at,ively short.period of .time (Fig. 17FE). This heat
Crentnent doee ndp ERsak PE EorB T s ha bty Hspitshmesids Rechgd
cont ai RS tfis (AR, 9T8e Alc@MBBitnicht & SARGRABAKhAROinnbaknd 01 R 10 Tif ¥udf’s
atonms/cnB, preferably 1 x 1020 to 1 x 1021 atons/cm, nore desirably 5 x

1020 at onsheshigg isTelicsen, hegtuppoment! iy colpictedse atigogearaemgsherd @meftto KOOt
re-di schar in. the ab ange of the process t erature .and t he

renai ni ngorgtﬁ'gr?%:}‘tzsh%r%dg}l%gr@’sst%ﬂc’ﬁnzé‘t ‘5‘5 ! RRLCRE g?fn?l_&eé‘ﬂﬂ%ést BF 7Y 19 0% ¢ er
the gett @edonds,SireRrdbly 80460 &%c@?%ﬁ%ﬁ'iggelﬁa‘a&ﬁ 11(9100?0 kith & EPRYLELIPY, 10 6

selective 25 etching. The etching nmethod enpl oyed nay be dry etthi ng by

Cl F3 wi t hiowes. uShadntprsaigred, lighoemited fedre Whangmysiigiy shyde azi he serarbiragdlkat i ne

sol ution. such as an. agueous. sol yti on that nt al tetraeth anmoni_um
Pyl oxb ASTEAaRE POt i T ety A gt oy AT BalhEE PG THOB TREt | ons
as an et ghingsshepper at this point. Thereafter, the barrier |ayer 1106 is
renoved using fluoric acid. 30 In this way, a crystalline silicon film 1108
i n which the condemingagetteningfthe hatalydate&nydnt ¢n elteveryttesd regoc ¢dayt citel ix 1017
atons/cnB or | ess :hsn%zt ained as showmn in Fig. 17F., 36.2 7 JUL 2005 The
thus for REERSERyRY NP STTEXGHIf 1S MOTEBa!ol e Srisnsomite hilioyeddditfugion.

crystal s aq rdﬁﬁél{ﬂ. geft!aﬁﬁ%?s% el i’ (lglﬂ 8 é)g{i:%ﬁ% %Eﬁ%g&ﬁ?retagdtcjaﬁerggf O@géﬁg{eﬁﬁge

catal ytic el enen Macroscopl ca e crystals

speci fis c aghoentmiiodns tifl 8 sdfiffedismpdratory  be tlegirbicnethvehtidn, Brbdhmenhs 1
through 9. 5 Enbodi nent 11 As this enbodinent, the following will

speci i c&rRiyligedemene mpvEs cERE gSiteiAg R ahoHk the game et thei Huckasfer! ghoduced

by a comLned, fRan ﬁﬁ'ﬁ,ugﬂdq%e§éf81‘% ggtteﬁggqgitﬁgrbgéseﬁt tRention is completed in a
relatively short period of time (Fig. 17E).
This heat treatment does not crystallize the semiconductor film 1107 that
20 contains a rare gas clement in a concentration of 1 x 10" to 1 x 10" atoms/cm’, preferably
1 x 10° to 1 x 10°! atoms/cm’, more desirably 5 x 10 atoms/cm®.  This s supposedly
because the rare gas element is not re-discharged in the above range of the process
temperature and the remaining elements hinder crystallization of the semiconductor film.
After the gettering step is ended, the gettering site 1107 is removed by selective
25 etching. The etching method employed may be dry etching by CIFs: without using plasma,
or wet etching using hydrazine or an alkaline solution such as an aqueous solution that
contains tetraethyl ammonium hydroxide (chemical formula: (CHz)sNOH). The barrier
layer 1106 functions as an etching stopper at this point.  Thereafter, the barrier layer 1106
is removed using fluoric acid.
30 In this way. a crystalline silicon film 1108 in which the concentration of the

catalytic element is reduced to 1 x 10" atoms/cm” or less is obtained as shown in Fig. 17F.
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10 as illustrated in Fig. 6B is caused to be conpleted as a light emtting
device, referring to 10 Figs. 9A and 9B. Fig. 9A is a top view & 7thg! 2605
light emitting panel wherein the el enment substrate is airtightly sealed;
and Fig. 9B is a sectional viewtaken on |line A-A" of Fig. 9A Reference
nunber 801 represents a source driving side circuit, whi-ch is illustrated

by dot |ines; ef er,enc umber 8 ixel section, reference number 803,
a gate silglg elai \lé?rﬁlgedcﬁwsgﬁlﬂ{l? Sﬁgo? 2&‘& g® ﬁu%@r?%%?ﬂ 19 ?lél%a?riyﬁtélssag@l‘? ate;
and r ef erfpieRedNtiERKe 88BIalAdSCR) 1D AGRNE. the TRRIJtRSLSHUT MRS BYicline seal
agent 805 is a space 807. Through wirings (not illustrated) for

t ransmi t tseeyokihy fesels gipws ved & weeilie osisntetien. side driving circuit 801 and
the gate side driying circuit 80 vi.deo, si l.s .or clock signhals are
recei ved froma fflﬁé&‘%ﬁﬁ)oedlﬁwtﬁ?aycgér R ,dlr{?\?ﬂt%ﬁﬁlrgu%hg&ext er nal
input termnal. 20 The state that the FPC is connected to the |ight

emtting panel is shown herein. In the present specification, any nodule
on whi ch Empasldmented circuits (1Cs) are directly nounted is referred to as

alight emttin evi ce. ..Referri to Fi 9B..the following will describe
the sectional é‘f%r &Wgoqﬁ“ef"l’léhel F‘:glr?f"_m%ﬁg@tgf?f@flﬁgﬁé{es?r}qedéi’ Sdini Whiel g.
9A. The Rhéﬁght%@min%gja%gﬁpﬁagceh% Hednfbingd ﬁiah&fétmﬁ%g%gg)@ ézfn%%idgh  grged

above a subsirate 8 The pi xel “section 802 1I's co el s, each of
whi ch i ndilud éBusaratedrin éid. -6¢ointcrodct itmbe TElpBEl sandighneandded 81, edanmmetted
electrically to its drain. The driving circuit portion is conposed of a
CcMOS dpr?dg¥9MF |tBn an n-channel type TFT 813 and a p-channel type TFT

814 are conbi nfwgzw LAViBLNR he B%Ke?ni%% géa%emﬁ&@ﬁl dt‘ﬂ[a eﬁ%éaﬁ%ﬂgﬁg% each

of the anodes 812." Thereafter, an orga conpound [ aver

cat hodes a8lightay scatealr aetFien9Bliea anoded w82 tdken pn didueeA’ bl it 9£m Reiehgice

el ements 818. 37 27il' L2005 The cathodes 817 function as a wiring comon to
al | of tREESEXSPS reBrsery @ sodrScliying side eiseiiectluah o lysearEpddot {iRgBugh a
wring 8 [ upstr 18 o

cubst r at SOETL o P ROph o SLER BLAoR e BEE intf) 30F ol fuf LHE ki Blouit

ul t r avs olreferesiet tmnfigper 864 Na GeallmpesumRset] hig retbrehes nOmbsr PR ekabing aged. | f
necessar a space conposed of a resin filmmay be disposed in order to
keep an iednydd SWHELRAEN hhwakemni $P s aeeect¥- 804 and the light enitting

o erents S15. ARADALLL 905, GHE Dy Ah ERSRRBEIFL BB TR AL ARG T
seal i ng agendriviibcit@rit®deandfth@gate side driving circuit 803, video signals or clock signals
are received from a flexible print circuit (FPC) 809, which is an external input terminal.
20 The state that the FPC is connected to the light emitting panel is shown herein. In the
present specification, any module on which integrated circuits (ICs) are directly mounted is
referred to as a light emitting device.
Referring to Fig. 9B, the following will describe the sectional structure of the light
emitting panel illustrated in Fig. 9A. The pixel section 802 and the driving circuit portion
25 are formed above a substrate 810. The pixel section 802 is composed of pixels, each of
which includes a current-controlling TFT 811 and an anode 812 connected e¢lectrically to
its drain. The driving circuit portion is composed of a CMOS circuit wherein an
n-channel type TFT 813 and a p-channel type TFT 814 are combined with each other.
Banks 815 is formed at both sides of each of the anodes 812. Thereafter, an

30 organic compound laver 816 and cathodes 817 are formed on the anodes 812 to produce

light emitting elements 818.
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mat eri al whose water- or oxygen-perneability is as small as possible. 10 By
putting the light emtting elenents airtightly into the space 8072i h Jihie 2005
above-nentioned structure, the light emtting el enents can be conpletely
shut off fromthe outside. As a result, it is possible to prevent the
deterioration of the light emtting elenents by water content or oxygen

fromthe outsi . cor dingl a light emttin devj.ce havi.ng hi gh
reliability caﬁﬁ%g%f)gffsdggg f{@“?ﬂeass? rUetareTeren M §he(ﬁb@8i%%f’ 2rf’_g‘y‘”t‘ie

combi nedepitibalty @ndbéseiothe FOE s0BTRRULINE Miridg 868,10 at will. Enbodi ment 12

Fig. 10A nore specifically illustrates the top face structure of the pixel

section of 20Thhecdlinghubsirdtt 8DAgnalevefcglapr bdineddtousie rgbstieee Bi@ satit the

i nvention and descr.ibe Fig. |O0A, nd Fig.. 10B illustrates a circuit
i g am THEPEBFSA0Per A AGe 01 gEER R TbUliBHolSd Sk P Al TRTOTEG
conposedrfn i heeeMbl e {Miehany éllpaJSEEofﬂgg%gam&LM%&%@%& 'aisggéeﬂ- 6.

e
Accordingly, about the structure thereof, escription on the swtching
(n- channal prdEFTo 1@6R aphmtdrdalblectwedrethicesealiog sbbwitatd 884 708 ihs lgghgamettivgr i ng
for connglcti n&n(ﬁ% g;{ﬁe},el ectrodes 704a and 704b of the switching TET 704
el ect ri cEFIYIRI 215 edth TH&RS, SUH $hPETO8HD G8iTRENEaS 1§ Hibshingo ¢ 8Pase it ur e,

wher ei n §beu%ﬁ§dq9flthefs%ﬁl'§a%r I NSy ri_lsatff:%ir{i&);mﬁleisﬁaiﬂ%g%eQQSOm}éﬁﬁld%ro‘aa

single gate structure, I'n one channe or m ng oni's forned, or a
tripl e gabheriat whedewaer- ohex gich-gehhedilih anaedmd lofsporgbleegi ons are  f or med,
may be adopted, 30 The source of the switching TFT 704 is connected to a
sourc® wi ri ng PYsPuttng thydighyrepiing, gleawnts) iregilye site dhe ospaced BAY ninwilici ng
705. The i j ] i | i cal 7 onn ed.to a
gare ol iR yletiehbEiniclie, e ReRCLOMAR Sl Sale YhuAPiR SR BA G e

current - casideol Akng rkbl, 06 pSssibdposeeycaf thddcetbrant -«Tome rigdhk i agitting
(p-channel type) TFT 1003 in Fig. 6. Therefore, about the structure
t her eof , CEMENE e MABE | GRLeHh OF WEYEW (IOR1 Hiy oyipidehafpearyingiyr a1ldgg wmsingd be

refer redd%&%?oltag’lhg\lg% gg}épﬁ{tjﬂ?ﬂbe ﬁeﬁé&‘w e gate structure 5 is adopted.

However , ure or a‘triple gate structure nmay be adopt ed.

The spurce of The stuefuentof COMNY fe@lbotimgenl Mhay O ic6melneat witkalhkystaeintecsted to
a current-supplying line 716. The drain thereof is electrically connected
to a draFmbaflimangltgifatwHe drain wiring 717 is electrically connected to
an anode (pixel electrode) 718 illustrated by dot I|ines.

Embodiment 12
Fig. 10A more specifically illustrates the top face structure of the pixel section of
20 the light emitting device produced using the present invention and described as Fig. 10A,
and Fig. 10B illustrates a circuit diagram thereof. Referring to Figs. 10A to 10B, a
switching TFT 704 is composed of the switching (n-channel) TFT 1002 as illustrated in
Fig. 6. Accordingly, about the structure thereof, the description on the switching
(n-channel) TFT 1002 should be referred to. A wiring 703 is a gate wiring for connecting
25 gate electrodes 704a and 704b of the swifching TFT 704 electrically with each other.

In this embodiment, a double gate structure, wherein two channel forming regions
are formed is adopted. However, a single gate structure, wherein one channel forming
region is formed, or a triple gate structure, wherein three channel forming regions are
formed, may be adopted.

30 The source of the switching TFT 704 is connected to a source wiring 715, and the

drain thereof is connected to a drain wiring 705. The drain wiring 705 is electrically
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10 In this case, a storage capacitor (condenser) is forned in a Zﬁ?i83*7%ﬁ
The condenser 719 is conposed of a sem conductor |ayer 720 conn edvh <« 5
electrically to the current-supplying line 716, an insulating film (not
illustrated) which is forned into the sane |layer as the gate insulating
film and the gate electrode 707. A capacitor conposed of the gate

el ectrod a . ayer il lus ted) .t hat for Iayer
as the 1% %%?gﬁ f%térlayerﬁ%mgﬂgc%é?' st 2hd f%ﬁ”@ﬁPWé 1“0 ﬁ%ﬁyﬁﬂg €716
may be usgfe@scoatSREATET 70QRAGIHMsed Theneséuriiat b'(ﬁrﬁrdplfmot HJ éha%H&Q%éBBﬂfT nay
be conbined with that of Enbodinents 1 to 10. 20 Embodi hent 13 Andt her

exanpl e dﬂoﬁwePpidbeéﬁwsﬂemsahmﬁtb¢©ﬂmﬁmnghaﬁbighidennp@mmgndEWBWECMhat is
different f be described with reference to Figs. 23(A)
and (B). B awml@%&o i 89 Sl by Bé@ﬁ&ﬂ%’agwn%ﬂﬁge°2teuﬂltwcrur§he
state of iFidbp tedzzmwevzp%rd%ﬁﬁlte%te sftﬂaetuIeF& ast‘rﬁtﬂﬁstéa@é éfn}cﬁné &ﬁ%@%&ﬁ@a' nto the

second proceSS|ng room and 25 the anti-electrostatic filmis removed by
wat er washi ng. Theb@mkwlgﬂ8m1sunhﬂﬂthOMEg BIST st6wis ¢mﬁﬁcgh12®ﬁﬁymdﬂbedbank

3938 may be covered ulatin ln1 suych as a silicaon nitride
film on PHEUEUPPIEE ?@‘gf ﬂ?if ﬁhgﬁﬂo 5 €0 q%@?ﬁln%t%w ? 4R EHAGL i ve,

may be suhyectgd at-Qn %E&?Cﬂ7n@délédtﬁ@atﬁyo nRYct GRES Y RGo@H iRl A8 B8y ik e}rlgrent

as simlar to Enbodi nen UL 2005 A first organic conpound
| ayer 39$mmhemﬁe¢cmmhhma pol yner organic conpound is initially formed on
t he anode 3928 a spin coating nethod, a spraying nethod or the |ike.

The | dfer is f@?ﬁ@a‘WF?Haé“bﬁﬁyﬁﬁ?méﬁd§ﬁwgméﬁhﬁ%@Wﬁwﬁdﬁe#ﬂﬁPO%éUP g The
positive Eﬂﬁ smlfﬁﬁ§ﬁ8&ﬁ%¥£d§ﬁqpﬁg %o&ﬁwﬁnﬂﬁ d“ﬁﬁ)&ﬁﬂ@&%&eﬁ%ﬂﬂ%ﬂgq qggerlal

havi ng a p05|t|ve mobi e pol ynmer organi ¢ conpound

naterialcunahymphwhemEndﬁ@&yhhmmpheﬁgfﬂﬁfﬁiﬁﬂhwﬂ@mdpemu&eﬁ-&ﬁmsedmﬂdhe

organi ¢ conpound | ayer 3951, such as a light emtting |layer and an

el ect r on SEPSAEHAY Fh%ggafwévlaﬂ%ahe %}tth%aee @%Eod%@’gh A CePACHOHORRASHEd

Shown 1 TR B8R RO e T e RAORH PRy B0 FIDEEY BRI Iber Hb0ouna

| ayer 15 3%0& mmﬂlape diefei:&tcerahtiahe@uheﬁt Ep}yﬁﬂgehwmme@staé tukdd @ at sreragnode
3928 and the thickness (t2) on the bank 3938 by appropriately changing the
vi scosi t ¥2PacHObt her words, the

The structure of this embodiment may be combined with that of Embodiments 1

to 10.

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

Embodiment 8.
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t hi ckness (tl) on the anode 3928 can be |arger, owing to the concave JUL 2005
portion formed from the anode 3928 and t he bank 3938. 15 The thickness™ *°
(t3) at an edge part 3958, at which the anode 3928 and the bank 3938 are
in contact wwth each other, becones the nmaxi rum and the |ayer can be
formed to have a certain curvature. According to the form the covering
properties of a second organic conpound |ayer 3951 and a cat hode 3952
formed as uppera tiay efganichergeing Ry D50 ARHQYRth ARG TIPS cdhAiing due
to stress concentration and electric field 20 concentration are suppressed
to preveniitibig fdringion e 4dodBGIEY BYERbin oMM Abihbl & P&id PmclBh BF HRNAL ON

and short circuit. Enbodinent 14 A light emtting device using a |ight

em tting TkaaRditisiferns@l fvithUhPQHS: %@n‘i&@&ﬁ{;&fn@_ mARrihB hSHRE 'éi]%[@itf.vg hole
visicbility in bright surroundings conpared to |liquid crystal ‘display

devi ces andspod@sy WoP€rty ¥t £PbRtheRBHatic ARGRIHH Rhdial YA HhOYS '
devi ces canI%e co%%?et%d b?bgsfngg%OKb ? JLEHg%%%R¥ﬁ§%FTgE¥§L ‘??%Rgﬁ%evice

of thespmesgiiy. | DCMel BhlynfeX MIPARS BinRLesthARLS ap%wegt%{g]&geg%gg%dﬁgng

light emtting device of "'the present ‘invention are:

digital ¢aRPOT) nthydRIGEE type display (head mounted display); a navigation
system an audio reproducing device (car audio, an audio conponent, and the
5 like): a | apboneceRamhkafic AmPalR RENSOR, APt LaBle il ALMALLO. g m nal
(a nobile conputer, a cellulal phone, a portable g mac ﬁne, an

el ect r oniefecRORKran§loftide 12989 aRN 2| ABYRe 39SPI QLG todt?ev%o(f@e& %lpe?g(gr{"inga? !:éé/ ,an

appl i ance capabl e of proCessing data in a recording nedi um suc

di gital ygheatihhe Sihsk I(.IQ#Q} de havd: di spl ay device that can display
t he i mage of fhe data)f The F?ght g%??%?ﬁ% device having a light emtting

el emenf is desigsablgy ??g?g?@g}éaé%m tglgélpgkr{%%r sARL &4 nf %Eu'eggctoi{@%u}lg Iiar?gln al

since its screen 1s o 0 and™ 1's requir have w de

view ng 3pgh @anl @%ﬁe&n@li%ﬁ%&nqge H?cg%]l%gs;\&i ;@?%gaq\%%e% %%%\ AHdGhe PO D

Figs. ITAto IlH Fi ws a I ST conpose of a

casi ng 2@(?%’01131}1%“9&&" E’;Qﬂg bgP?@Sﬂ%&?&{/c aﬁi.;#ligglt?% v}i'%?:i(;)%]i%yz.oq%’ (%tﬁgre%k?c{s\ LEHé ts

2004, a eo I nput termn e emtting device of
the presgnt Qv &@ﬁlg§_3@gbﬂ§%ic ofr,..the displa nit ﬁOOS. The
light em tting ﬁgilceehaelng a fﬂﬁ?mgﬁﬁgﬁﬁﬁéﬁ%pgﬁ%ﬁf“?éﬁggﬁ¥EVﬂﬁg SUs and
does not ypeed 2sg thg&ﬂﬁﬁggthat it can make a thinner display unit than
liquid cryspap élsp ay devices can. The termdisplay device includes every
di splay device-f,onych 3Rl 2% 09,1 U 9L TRE 1588 SHGH:BS 4ONS) e 3928 and the bank

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

have a certain curvature. According to the form, the covering properties of a second
organic compound layer 3951 and a cathode 3952 formed as upper layers thereof can be
improved. ~ Furthermore, cracking due to stress concentration and electric field

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

deterioration and short circuit.

Embodiment 14
A light emitting device using a light emitting element is self-luminous and therefore
25 1is supertor in visibility in bright surroundings compared to liquid erystal display devices and

has wider viewing angle. Accordingly, various electronic devices can be completed by using
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for a personal conputer, one for receiving TV broadcasting, and 2nﬁ ﬂgr?rv
advertisement. 20 Fig. 11B shows a digital still camera, which i§ 'c §é$’
of a main body 2101, a display unit 2102, an inage receiving unit 2103,
operation keys 2104. an external connection port 2105, a shutter 2106,

etc. The digital canmera is fornmed by using the light emtting device of
the present,.l,nvent.ion to the displa nit 2102. Fig. 11C shows a |l aptop
conputer?lga l%g§@én%Q?%%Egéﬁ%@egghg¥ﬁﬂggdy 2201, a casing 25 2202, a

di splay unit 2283mpRs kexheastc agﬁﬁnc@em%wlrgnﬁﬂigmnﬁ@ﬁgId@aic@@f the2@@%nt &
pointing nouse 2206, etc. The |aptop conputer is fornmed by using the |ight
emi tti ng lekepiiearefa Yideo capraaz artigifahvameriongagslettive dspdpl Ayadumpent@pdispla i g.
11D shows a nogile onput er.. mhi%p is(gong sed gf a maj.n bodv 2301,d E

di splay gt S50% Syt Y 5036816 ACE YLioo % 414 SOTRPIRE I ES por t
- 2305. sefifke); AptopP@nii] £ aRMRULSEe; b Doft@8 OBHoRYtYS Rt hight et NG
devi ce of t%emﬁ}éggat i nventi on Uﬁﬁfh§° %?splé?MUﬁ?fﬂg§b2®Ig% Efﬁ?ﬁg%E
shows a portlhlbirephomge pegabdd geinngmdehing eareglecpped wiokh ex.y ewdr g Nngrageredi um
(a DVD pl ayer .todbe sEecLﬁiqe. The device i.s conposed of a main bqgg 2401,
a casi nd Bavising dekied [RGCfiFglty. An 2pBHcy payy ) ROHEE 94841 & SEOPE! ng
medi um ( RMalum s6@0AND 440kt vedblR, di;él@?ﬁ‘@bb Y KRYS 28QBy IPERK alar BAH &:8p12407,
etc. The display unit A 2403 5 nainly displays image information whereas

t he di spltlyimage of Bie2i@d. mBhalight dimstphaysvitektving alight maitiimnelefite ipdestrabt e

i mge reproducing device is_forned by using.the light emtting . device of

t he prlésé?ﬁftlci‘ﬁ\f}é%?ﬁ HRACFAGLS RN ‘év%’ﬁﬁli%l AlS 2358 %n‘&‘eé V?A’b‘aﬁl.ogbi*ﬁlé‘si’ é‘P‘ﬁm

i mge r j Vi i i t e j edi inel i deo
b e Tt St BRI A e S il T
whi ch i s shbonposEds.dflA tdd1H. mai n body 2501, display units 2502, and arm
units 2503. The_,goggle type . display is . fornmed by using the light emitting
device of the Eﬂ%ég%tShPW%ﬁjﬂ%P&ﬂ deyicenuhigh égﬁloéﬁpoﬁﬁﬂ]i qf axzing Zﬁﬂb.a TPEPERAdWs a
vi deo ca - [ i, [ ody;: I < [ 602,
a casingqg%gayﬁgﬁqgsgé}%grgggﬁg%%%ﬁgwﬁgégpg2%%ﬁ@gg&¥%%%?%ﬁ%gﬁ%?5#prg@%iving
unit 1260fght anitiinPdpeideet eieviragniink ¢ntidQ Qbapplied adr ey Wse@ 60 the digplawdiio 200Fout
unit 2608, operatjon keys 15 2609, etc, The video camera is forned by using

the | i ghtTherieht smpigfingedsiice haying ndizhy eaibing clamapbiftsPibiimigopnunddiosppelyeami
2701, a QRT3 Pefifiell TInBRR YAl GRTRARES (R, E3leds ARG
audi o outThetterstNilibpldy Q8viccoipeluads evbrykiyfiay &A4Q8, foadisf@Xlief MEdrntaBMeCdhi Rrnpor t
2707, an antenna 2708, etc. The cellul ar phone is forned

for a personal computer, one for receiving TV broadcasting, and one for advertisement.

20 Fig. 11B shows a digital still camera, which is composed of a main body 2101, a
display unit 2102, an image receiving unit 2103, operation keys 2104, an external connection
port 2105, a shutter 2106, etc. The digital camera is formed by using the light emitting
device of the present invention to the display unit 2102.

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

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

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

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

display unit 2302.
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20 by using the light emtting device of the present invention to7the 2005
display unit 2703. If the display unit 2703 displays white characters on a
bl ack background, power consunption of the «cellular phone can be reduced.
If the lum nance of light emtted fromorganic materials is increased in
future, the Ilight emtting device having an organic el enent can be used

also in a front_.or a rojector .in 25 ich |Light beari,ng, outputt.ed
"mage i nformati b 155 MR FIRRG s oee AR e TR B TBE MHT bt EaEon a
screen. THeliehgs NIt deMb 68 sPEN8H. | Tht REeyied Q@ nifds&nodi sRlAYSy MQr gat i on

di stributed through el’ectronic conmmunication |ines such as Intérnet and
CATV ( callaging e148%i sidop)ay ures pe4(8l hydis@ay oot iBA404 faorematlignmaiium {€beasi ng

Ui tabl o FHnG PR AT AP o PTG RHERTUN AT h e’ orga M B HEV A AT have
(3ol LasPRAES SRR g dntrdbhofABAD IR ST R8Py B ons
i nf or mat iioformagdn.t hate mstablrainagp oprodumsmgakvipe ssidoined emutiag ltheglight emitting
i 1y, 1 SKIeaE st G IR R ARy aBDR Tty nkbs AT R nal
ost T abl o g B B S e e G L AR et on

whi | e porti ons Rigdtl Fdbowot gegdlt tybe givplas €hasd nasintddelidphoh gridans.coposkdsdcr i bed

above, the application range of the light emtting device to which the
presen ihTeH Pty PPlasHPladqunis A0y Al gBn ARHS ePEtt r gisi EepphParfi®ias sever y
field ca - i - The . [ I ' IS di ment
can b oaop At e e ifuinf afy L BN B ARRLIANGT et SriCoRt 0

i mpl enent i ng t Rg.nEChddwshomied danferd) odiidieis tcmpdded bB a nByn apPl ¥dNga dhelay
present invention, cracking of an anode is reduced and therefore ]

degr adat iWWH ¥102qa Crg 2€F ep ieng el eprsetiaapPrbe0sh aveRpEdEonTplereptsias ypit
inventio l.so includes |. i he face.of the , [ e

| nor east g tond Bker RRENGERtCy R T 230 B S R P 2088 oobd RAs

the drisveen9) éagerkandee chovergdosnd by@sihf fild lipR @hittideh@ videOdit themrdséding
el ement can be prolonged. Mreover, the invention is capable of noving a
subst r at ényatige énthy dpplyessi2ag2. room for forming a TFT substrate and a

P oceSSi 19 COmA B! oSl e TR e PR A B ot
2702, a display unit 2703, an audio input unit 2704, an audio output unit 2703, operation keys
2706, an external connection port 2707, an antenna 2708, etc.  The cellular phone is formed

20 by using the light emitting device of the present invention to the display unit 2703. If the
display unit 2703 displays white characters on a black background, power consumption of the
cellular phone can be reduced.

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

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

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

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

materials have fast response speed.
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£

characteristics or electrostatic discharge damage. The structure of g@ﬁ
an

present invention can solve the problens of contam nating the TFT

al kaline nmetal used as a naterial of the light emtting el enment and of
degrading the light emtting elenent with noisture or gas, and therefore
can provide an excellent light emtting device. 25 43 JUL 2005 WHAT IS
CLAIMED | S: 1. A |Ih%|ﬂt em.tting device conprising: a thin filmtransistor

on an insul at of® T ¢TR{ERG dRydre POTEOPSADAt Fnit }‘$%°81hguffﬁé’0t”ﬁf n Tpreffee it s
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By applying the present invention, cracking of an anode is reduced and
therefore degradation of a light emitting element can be prevented. The present invention
15 also includes leveling the surface of the anode, thereby increasing the current density in an
organic Compound layer. As a result, the drive voltage can be lowered and the lifetime of
the light emitting element can be prolonged.
Moreover, the invention is capable of moving a substrate between a processing
room for forming a TFT substrate and a processing room for forming a light emitting
20 element that are physically separated from each other without causing degradation of TFT
characteristics or electrostatic discharge damage. The structure of the present invention
can solve the problems of contaminating the TFT with an alkaline metal used as a material
of the light emitting element and of degrading the light emitting element with moisture or
gas, and therefore can provide an excellent light emitting device.
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WHAT IS CLAIMED IS:

1. A light emitting device comprising;

a thin film transistor on an insulator;

an interlayer insulating film on the thin film transistor;

a first insulating film on the interlayer insulating film;

an anode on the first insulating film;

a wiring line for electrically connecting the thin film transistor to the anode;

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

a second insulating film on the anode and the bank;

an organic compound layer over the anode with the second insulating fiim
interposed therebetween; and

a cathode on the organic compound layer,

wherein the first insulating film is a cured film formed by a plasma treatment,
and comprises one or more kinds of gas elements selected from the group consisting

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

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

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

3. A light emitting device according to claim 1, wherein the bank has on
its surface a cured film formed by plasma treatment and comprising one or more kinds
of gas elements selected from the group consisting of hydrogen, nitrogen, halogenated

carbon, hydrogen fluoride, and rare gas.
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