;e3e’ ", N6JT% SEM CONDUCTOR DEVI CE AND METHOD OF MANUFACTURI NG THE SAME

BACKGROUND ON5 1 Field of the Inve sent

i nvention rglmm\m\l m conduct or devi ce using MMH’WW'M

sem conductor fi l#@efsftat contains silicon and to a net hqgoogj* manuf act uri ng
the sem conductor device. Specifically, the present invention relates to a
sem conduct ! i - | AN q r i StQ ei_nafter
eterred 10 FMEORRITOR ARICEXNB MET ok CEmENEaer NG ha
contains silicon and to a nmethod ofrpghgAagiuri ng the sem conductor device.
2. Description of the Related Art In recent years, the techni que of making
a sem conductor circuit from TFTs 15 formed on an insulating substrate such
as a glass substrate has rapid progressed and is utilized to manufacture
active matrix liquid crySACKARQUANDIETIEE 1A N el ectroopti cal

devi ces. actiyv trix liquid crystal display device is a nonolithic

| i qui d5cr¢ggtla\%9ﬁi‘ﬁﬁgye'&é‘?ﬂ ce in which a pixel matrix circuit and a driver
circuit are pl r.at ] j i :

i1 ized to 2 o Heparen BvEREn IRk @ ErenltBndRAuP AL AELUSHC ehvdifle cucn
as a y coendebhdutt6t fittn that acor@ams silkidre ant, toandnethot ook ngenéi@tiing the
circuit. Driver circuits and logic circuits- as above need to operafte at

hi gh speeg¢miTordustior edevicei s i yppspliiestly atlee t praseut amvantiophoekates | fcoa film
for the senm.conductor layer fhat serves as.an active |ayer of .a TET of
these ci redliEanduRiaEdevigd g ap Riaannel DIt LURJransiyer (\rainp e e Tmedon
films,gare,t ] [ : LS ¢ : :

subst 10t a°5s EFEEEAP olf o TRy ARhENBm RN Ecrb? (ARt el 86T and

i nexpensityen@sthodasimant RMiriPeledetiComhntesdevagn! i cable to a gl ass
substrate is actively being devel oped. One of the | ow tenperature process
techni ques that have been developed is 30 a technique for formng a
crystalli siljicon fi on a, gl ass substrate, which is di sclosed in
Japanese gi?‘éﬁqflpﬂﬁﬁquéég}l{?ﬂatﬁ‘é%ﬂiopen No. Hei 7-13052. According to the

t echni que descnj | e |.{ 1.OM, Llicon -fi i
provided wth éh(?g?ﬁt&e%%’ é?éé%ézgﬁﬁkhﬁg)? %@Qgg% eg&?}@% Haﬁ?@z‘éﬁh@n*rgga t he
anmor phgu okl @Nar iindhlating Bevstaty Stel b acdadysiiRatatd h@akdRdly. propréssed
crystallization 5 technique nmakes it possible to | ower the ténperature at
whi ch an aawtds pitibized $0 Imamadtuteradtevecmptrixalifindect yshatl d sspbayt deviceseand other
crystallization tine. The technique allows a glass substrate wwth g -1aw
heat resi®edraptical rRVACEs. | affe 26HER WS IqTide cristal cisPiay Heyics 11§ a

surface, 0 I .he. gat . | . u r.at. i ne
silicon ng‘ﬁ?qi“ﬁ%ré%%‘.dg%ygtajrﬁ.‘i’@e@%ﬁ?ﬁ&%%ﬁ alp?ﬁ’_feglrﬁi&%lixnég&éﬁ{ %‘ﬁ#;‘{@ﬁé

si l'i con fdifdmitis@splased B thatsahit! substhaRTeNthd\abévd fdeBhiqueGe di§pbalitzéd tor the
| i ke. Therefore, when used in a TFT, a crystalline silicon film obtained by
t hi s 2oysteaklapzasysemterparied uecarporatinfdogicedirnititsisack hangotardcsivnosd ranil
reliability of the TFT. In fact, it has been confirned that the catalytic
el enent PEREMPTHSITCRIL: #d @ ClagkAanerling ¢FQWh fil m segregates 15 irregul arly
in a grain bou 1h .a] A _bqu y ion. i i

catal ytic el eng[t% %s/re ?éé;hglgst géd tsl(51 lsgé?dé@t saa%l fgegg(ﬂfep%%%gt% Bgélrv%teéé\l,g{ gl }{rgﬁ?edﬁo
cause an E{diefor¥e it N eRapiopridd: @Urisentan Nirh&hdhd - silfkeA, fant efdinitfeie of
Bettering a catalytic elenent by a halogen el enent has been devel oped (See
Japanese sPatieontdudp liayeart ihahseraicslappeactioe laser ofi 9-TIVBopBlese ThicsitBet T&MH ng
technique requires 2 o high te erag’i{ie heIat treat ment %8 0C or hi ﬁher
and i 3°ndYhespRFEYS| BYEE Ayl RRISCTSHEHRG: QLRI W R ABwHeaberuBINg dfite.

terper ot dpapaFalo: AR b LARALE ARlar QB AR A F BN B A TETs are

resi st anggrhedpetaise of ief inexfemivereSSindad Bw tdiRpératine padedse aﬁpﬁbﬁtﬂe to
Bettering of catalytic elenment by the technique is no ower than 800C to

make it 2 glagy sudistrasd isyactivplyshiing develogp@l y the | ow t enperature process
using a catalytic elenent to a glass substrate. Against this backgraound, a
hi ghl'y effici eftncat Q]eyltoi“éteé’i‘%fifg“‘tre BEQGESS | “t%ﬁgﬁﬂﬂbwﬁgeﬂé’%ﬂeﬁg}?@l‘éped
and dipsclo t N, Japa iGatlon,lajd-o | 5 60.
AccordPng 15 ke ERRTREGE SE R SO P ThE BB s R, bR
elenents in a Bettering subject region (a region that is not 2 doped with
a Goup 13 elenent and a G oup 15 eleneht) are thernmally diffused and noved
to a Bettering region, and the catalytic elenents are than Bettered in the
Bettering region by a Goup 13 elenent (typically boron (B)) and a G oup 15
el enent (typically, phosphorus (P)). This technique consists of the
following 5 three steps. The first step is to obtain a crystalline silicon
filmby crystallizing an anorphous silicon-filmusing a catalytic el enent.
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I n appl yi ng the above Bettering technique to a process of manufacturing a
TFT, there are three major application nodes given bel ow. According to
Application Mode 1, a Bettering subject region is a region 15 including a
sem conductor |ayer fornmed froma crystalline silicon filmand conposed of
a source region, drain region, and channel region of a TFT. A region in the

i ph f, the Bett j l.ect d d th
& oup 15 URolT FE) ARRUTRs * B AFiEes”  FECE g e bondliet 1 11 80530d o
Group 15 glegramg (d Wi t%@iull&jug)degé}%ed M@gﬁjbthla?n&h tﬁpﬁnwlgtﬁl\fééryfll?ed

t hereby form ng a 20 Bettering region heat ’treat condu

for Betteisi pgpvided owithng tmtaApm ief@heon thMxdacsletass enydtaldizaggh omdf the
crystalline silicon filmexcept a channel region is a Bettering region. In
ot her mraﬁorp&wé@tl&@nr%'ncbwha@rmacrasmlbaed b)ébeairfreaémnr egTthsCFMfﬁtﬁBrzatlﬁan a

sem copductor. | aye et eterln |on Speci.fica

appl i c t:{ ﬁh%agﬁas}(eéd{;%?ﬁstbgﬁ Qravey té]gé f:ralnbrrerfﬁﬁ@ h@g al’%@?bf’”%’é‘l?%n a
region thaln SETcreiatfidel MECHRIRE! ey SRRl eh FT AltleClechRfuEARKA bl ne
silicon filmis Tormed using a catal y IC e ement (before t em conduct or
| ayer is dlassmeuistrage Gaphi agtost dpatusdsistarvet to have auprgt3aeh esrgstall{dey pilicahl y B)
that inparts the p-type conductivity and. a Group 15 el ement (typically P)

t hat i npdilisontts siwrfacgeoporagdhe ghieyio emplogment of glhsy swlstiate of ssystallingsk;
and a 30 tte“gnq i'f@% for Bettering the catalytic element fromthe region
serving as'¢ nel region through heat treatnent. Since the
Bettefpng regi o i @ ~andedraj .. egi

Appl i Cg.tl on l\/bgnug g\e/:otg% %Srtéglgl? ngetatﬁ e%ﬁ;h% }?Og%l glrlllcgg I::Igﬁnpg%bes =y t%

Appl i cat l@mlyﬁdel&nepﬁcm(mcngl)t@o%(ppbalc)abmme Mikde Theeefohgrwigdn necgi nﬂal n a
sem conductor 5 layer that is fornmed froma crystalline silicon filmis a
Bet t er i nglBLib} é@tstalbgﬁ oiliasmefilra obsaisedi byethisegrystallazadion mr:bmquﬁec@mwfw t he
sem conduct or. | ayer al.one nma el emegts iin the

sour e+ oA G et FeI BB S RLFTar Thaeciott bas bedpEErhass |y
thi's anpl6athonFRdGCi AcRRAPTLSEHAE iR (R By Sl T1RSn! FfmSBbsOREC! o

| ayer after the cr |ne siTréon Fil'mis u3|n

el emeps; lﬁegm@lyofn faogﬂilrﬂ%oﬁn gayeartd @H%itrtﬁéegraﬁl pbeRdat :@gmmm tWiech the
sem conductor |layer with a Goup 13 elenent (typically B) that inparts the
p-type conathlgtc \qlctr;aeramsbgegartwpems glseardenk pathpoicalwegakPrutrhat td wpeset ant he

Sour 66 ?%ﬁ%@éﬁ%&%ﬁ%‘"h{ DiF bfephin Sﬁ%eﬁte”sﬁ%ﬁe@ RerRuYS OhcHeoRREny
i ml t amSaUaTo BavhEy’ BF <TRUbES BRpbaR B0 A, G PRANERese Paten:

t hrough %@héa"u%@t Maff-opéi N6 Hee 153125’-92699 rl@ﬁﬂ(y&ttleﬁngot@f:hquetﬁbqhh%s
sem conductor layer and is smaller in surface area as conpared to

Appl i zat ihogh mﬁpemun&ﬂpﬂat mairmntm@@OQCm lugh@r anels mwwpérk:ﬁbl@ttpv@glaﬁs
Bettering hhec ytic elege in }g i on. t he oth{ ?nd,
Appl i cat iSYRSHHEe %leﬁt%glPﬁ’t ater?‘%tﬁ'écest é'gln ughmt e()d%l]"d@“ea 1BHPEPIN G

source f%we% gihid c&;@ﬁh&ﬁ’{é&x{'?@gﬁ&&h&%‘fbﬁ&tﬁ 3n$ gétBDI dagps; rﬁH nhR'

form ng a sour rain region an erefore a ageous in
| mpr ovi ngh¢ hhewgbditanAPREmpaiatie WPde @asdpiubyeste! hﬁedmwamfrel augggation
of TFT as well as throughput and is therefore convenient and useful.

However , getteringpfl ¢zria11ytlorelem5nﬂ\,bﬂéh@ t¢chngms! isyred lowe mihaof SH°Gr o ofakanit

n- channel TFT nd.a E nnel r C\E’ ca%t al t| c_elenment Betteri ngl
ef fi cfendractirallyc HERRss! e&? PP e oW FMPREECCREGHES USRS (hATAIRNE he
p- channel ﬁgm he BEQPﬁl%r?]?a?J Appl i cation I\/bde 3 regarding the | ow

Bettering I Ci en n-channel TFT will be described in detail

bel ow. Sem cond&@élﬁgt by e sckefoddde o-Hdgelynelficient aadlypickigmnent peitedng
doped 30 with an n-type inpurity el enent that arts the n-type
conduct i wechniqiné | kasudieay develgpade a@lﬁedﬁdﬂﬁ@é as%gk@e Patangafipplicatior

Crpur sy Taigien Mo Hend e the @n%éﬁ&ﬁ@%?@%ﬁ&ﬁ‘ﬂﬁ“a%ﬁ“c it R ge
enougfot &ubRAEsY, LAY BemRafO R dCkdering WHiEQ 1RAg0 (4 REa B fe Gl 0de

are source re |ons an regl Bhs o

n- channel TFT and p-channel TFT. The source region and drain region of the
p-channel TFT therefore contain an elenent that inparts the n-type
conductivity-and an el enent that inparts the p-type conductivity wish the
anount of p-type inpurity exceeding the anpbunt of n-type inpurity. ~On the
ot her hand, the source region and drain region of the n-channel TFT contain
only an element 10 that inparts the n-type conductivity. During the
getterlng treatnent that doubles as |npur|ty |on actlvatlon treatnent t he
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" margin problemof Bettering treatment. SUMMARY OF THE | NVENTI ON The present
i nvention has been nade in view of the above, and an object of 5 the
present invention is therefore to solve the above problens in prior art.
More specifically, an object of the present invention is to solve the
problemof inferior efficiency in Bettering of catalytic elenent in a
channel region of an-n-channel TET to the Betterin fficiency. in.

p- channel 8‘%5"[] WA&b?&W”@bfgc??e'B‘?mt Wﬁﬁr@&‘m tl% rﬁ}@HEF‘SrﬁrF éh%n@ﬂ &ét%ésed
process i l : i t : [ ] [=1F

Bettor i ng ST aRUNS P B AL EoeRil P e TERMic L SrapRIR R IR,
sol ve thegptariigensgioh Ipy iaoGraup M klenpentd@ggicalledbdroaniB)yearris peGrows 1tShe
structure of n-channel TFT. It has been disclosed in Japanese Patent

Appl i cat i eemeat dtpen! wophesphons (B))osaftds teelriquaecamsissent ethef faldawmingn

el ement_ that inparts the n-type conductivity and an elenment that inparts

t he p-%&p g%ﬂgﬁ%tivity and contained in a concentration |larger than the
concentration <fVPE: | bty t efji egi i fif ive in
ot ovi ng the Bot arPhs BPR, ST REMNY G GyRalitle SHIC0R AR AL TR A g
ef fi ci encymofphdusrsidcietiler usigg regatalytivaslehaind amhelseosmd stdpats ivp@mi @ 2 0
the n-type conductivity (n-type inpurity) and an elenent that inparts the
p-type cogeitesing/ragjor pytsglpstivepudopipg, tha waysipbineokldeore bkl wihenSravpdd a

Sy e e S TR
or 1 180! ReC AN RIATRIYy B AE G 2L ke Ul ANDE g

(typi cal | gheRhabdidfusioraindatedrepthehhabatinionefosgdthing. t ype conductivity
(typically B) both to 1 x 105 ions/cn2 or higher in a doping device when

t he concent r at i lonapgflyiogt the yaboy e gdetteaing teclmpiualtd v poresssoflmantfkouring 2 x
econd, conc|.usion is, that al?gref erable catalytic

A9 ato m-. The
el ement Etfé'& thsrg S’/rel\‘I?’)eeBB?loéraPﬁ cafiprumodes ghts P<O¥ht ai ned by setting the

dose of an ele ' : - L. Ve : YLy (typl 1y B)
equal to or |a;%§§°rtﬁﬂf§tnt4 mgégggwgﬂée]I’eangﬁ%telﬁﬁggﬁﬁ%grr%%oﬁh% An?%lgé
condugbi Vinthadifgy Pd C¥initofluctéNdaydratfodmé® Roil MELryALIGAE €idikeni FilmUiahabl e
considering the productivity. Fromthe first conclusion and the second

concl usi ctgmpesedpfropriret eegiamghiah giahandabenoél regemeof a Thdl iApegivs t he
n-type conductivity (typically P) is .1 x 10 14 to 1 x 101 ions/. , ..and an
appr opr i afletheapRiéPRary t othgoetlesirize pihiaet: raign 15 ﬁﬁ'&FWéelﬁ’h&Qpﬁd—q wﬁgﬁoth a

AN

ety ) . , onel er b )
o ommnt  tttort B BIFR Bl 50 hatiuBel:d it A 1o S BRI E e APRET5
the n-typgemeRfyefpivally P thadsksbdrts e mbpée coadeatigl Hesdyansiniing a

conditions in the second’to conclusion are nmet, the Bettering efficiency
can beoi rgatevieg. reghom. abbhen, dicadiyeahent is ¢erdugtednfos iggttashg TFT, whose source

[ d drai ' tain, t that i t h -1
Conduct 1 vi Ly, - HhCFirEntookPRCish Madige.ahf ahsh S 1P of AesrAnAUG SREDR 1 o
t he Bett egq i.Cl f . - i : [
rogi on caraerca CrERRK feidh R ERRKIR, Kelo " PRPoRRYLARIL SN ERGEh T, "

el enent t4irf a HrRATESIoh N Prdgithes GRBf kil &/ sdricontfictbheayee neaetthatdeadria t he
p-type inmpurity higher than the concentration of the n-type inpurity. One

measur e tregountSpecifieally oliseappbicaiion enode iBeomprised) off fiist¢e ot forminghe
n-channel TFT is to provide in a part of the source, regjo dr.ai n,region
a hi gRPy 16t anask: opet F%‘PHg‘hﬁbﬁF‘g’ﬁs cnthg ﬁhweirfe%w@ngﬁﬁﬂ? ﬁfﬁif iatjsarthg

crystalline silicon film is formed using a catalytic element (before the
semiconductor layer is formed); a doping step using both a Group 13 element
(typically B) that imparts the p-type conductivity and a Group 15 element (typically
P) that imparts the n-type conductivity; a step of removing the resist mask; and a

30 gettering step for gettering the catalytic element from the region serving as the
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2 0 the n-type conductivity and an el enent that inparts the p-type
conductivity with the concentration of the p-type inpurity higher than the
concentration of the n-type inpurity. In this counterneasure, the Bettering
efficiency in the channel region of the n-channel TFT basically depends on
the area of the highly efficient Bettering region. 25 Accordingly, a |arger
area is better, for the highl fficient Bettering region.in principal. It
i's necesscj\"\'?nf:{)refgé?'?nrt]lgguggp&ét eﬂ%’%‘?‘fﬁy Iﬁ?ecﬁ?ng‘g%t‘\%eﬁgﬂ@’ Mcdidgs ypart
possi bl e f i BohRe RQAGA N Gfaih NRaRAIT DY er, Lhatyjs gogposed of
t he channel reg?on, t (la source drlegi gn, ’angBtﬁ%Og{ é\ihﬁ&r ézgitcgﬁ.hdf%egﬁllquﬂ’l y
ef fi ci entgdBetingricpi o &gtampardttbe\pplidaciohadotibg. p-t ype 3o conductivity
since the concentration of p-type inpurity that inparts the p-type
conductivity i SAerjRBE thdpplivatiennMederit 2 ohaonelntagype in rpsemigondhgtor
inmparts the n-type condyctivity in the region. Wen the highly efficient
Bet ter Pgby @gith 5 SORGY Rl iFriBRE HTCPReiSbs deeriigtish SuiaCtregAn
regi on of 5 TET, AN i i i e
60100 Ol hditad SANASke TR TundiTURRE SC0iB0 1AL ARk SuLE A DEUSRRL D
and dr ai rpetegingreBiart Nenpgurity Rgeenduat theisodred fegidie amd draifGel i dSuble
positioned to obstruct a current that flows between the source --region and
t he drai rasrgagicomg souecstsr i Spehdrcatlyethis applscationt mede ico@npabedT&ff acstap lod
affected., For that reason, the pn puncgtion, nanely, t hj ghly efficient
Bet tor | ndoPByIEieesTicondictpp EaBoal et e Gobilin sison Almis awed aisiron
and dfai i l,C o] -af fe .0 r ,
Speci ??cga@%??@ l%gn%ﬂmésgtgﬂysfoﬁg{%l aplcé(f(t:% %e%th@d’%ﬂ gghﬁ[tgﬁeﬁ“lid(’(:)ﬁe}]irﬁ the
Bet t er i ngehf@RIudidr RyELGiGNa CROUE D élefeit AGpidAARIBPhat habaits teOpngpted to
the source region and a contact portion that 'Is connected to the drain
regi on beocadsetivitie ang raerfiraupatl 5t letamsernse(tppécaltyhd)s that cempags dheandypbe
drain regi og fl.ows through the con} act portions. 15 Fromthe reason above,
Y

the regi 6REILCHYIEpMAIICH SIS e gade klgphofe a5 Paghto B dici soyrecetpgsm and end
from an . the. sem I re. in. fron f the

cont act g@?%’ ?%Hsreglgﬁhgb:?ggsqgégf ?]léer@égl&cagcr?&ggp r%l%g%gﬁ)f Re ng% 51“ &éegig‘oolﬂ.cé The
hi ghl ¥s efrégiohestd Bedih qebideh A1R0sRAuRBIEORSIYY BétYerflPaR: ERaRtROSEARNt RRTthéon to
give the highly efficient Bettering region as |arge surface area as

possi bl e.chhnn¢lhiegich threughiderbheatnhente Ssnee pesgéthiring egidrats toefihedyid y
efficient Bettering regi on overlaps, the contact portion due to al.ignnment

error intRecmionductondayeptid sapaligr npurkch et 8% CP AP aRIb e APPlITHRORT or e,
it is ne LY A . [ u -hat - N ahl .

et 1 oi ont I8¢ 2o/ bRAtigh B P A ARRREIERS ErRkADe b HerkhBe et teic  on
at wor st cléiéhttia tﬂ.@tcﬂahﬂhélereghﬁl. degh dhe Giidraame, PYpIRsiod MEIY 3GhtedPatB9r ti on
and the highly efficient Beftering region. In view of the above poOints, the
presem ithe stepi ohirgrasinicdes a gretteriogasouete TeTaming taugeiterasy fagidowsitlanbe a

sem conduct or, device (conprised of an n-channel TFT and _ a p-channel TFT) to
sol ve t hdMprHLY dagingrsteh fosrfoaming 2 sowge dpglog admsdraimeegion aad 1§ Bierefioss mi ng
an n-cha one 1 s djf t fromthe format for 30 claimng a

sem condggte%)rtl&gg%@clg lﬁ&?’rﬁn&r@ﬁ%@u& rcuit) that has an n-channel 8  TFT
and a p- channelpphtitaigh Modé8 mYolveRthObesRBAT iﬁfe\%i}@t%r?@ﬂw Q¢ vilgvhee can
vary depending on the claimformat. For instance, en an n-channel TFT

al one i s tidomghput, andes apgefaratdomvenmengandf useénl. c dhawevay wdewni Applingtienles an

NMOS semi conductor device in ich TETs used t nstruct circuits are all
n- chatmeMedergys egypoyedonomanptastiire ofjag Rashamn -aﬂ%ﬁrfépharmplfafrfgﬁéhe

p- channel . t Qe: G E UGt i Et, - ThiS. i s, e

G1 a1 m doSAURHEERrR, pettefifle chriGaRS) ik ctoBh! fiidn "Bty i RERSRG NS

ot her hamT WeNirP e PLEARACMCTET. deHeCsrobdath e ApplicA&bmMdARNBakgdidingnd a
p-channel TFT is clainmed, the application range of sem conductor device

i ncl udes tize @VDGetteng efficdemciuct e mekamee] AIFNwill Phelestmbad int detait-belannel
TFT and t he seni conductor devi ce are separat descrjbed in. the foll ow ng.
A structure of SERECHIBIERF layRtpedl fhsro-cba Qeﬁf@ﬁew Anngb T are doped

R R e R R g L Bl T e

froma crystalline silicon film 15 obtained through providing of a
catalytic elenent that accelerates crystallization, the gate el ectrode
bei ng pl aced above the sem conductor |ayer with the gate insulating film

i nter posed therebetween, the sem conductor |ayer having a source region and
a drain region to the left and right of the gate el ectrode, the source
region and the drain region (first concentration regions) being doped with
an 20 elenment that inparts the n-type conductivity, and the device is

T g, " o o - N o,



30 therebetween, the sem conductor |ayer having a source region and a drain
region to 9 the left and right of the gate el ectrode, the source region
and the drain region (first concentration regions) being doped with an
n-type inmpurity that inparts the n-type conductivity, the interlayer
insulating filmcovering the gate el ectrode and having a pair of contact

hol es t hat, s; th e j the .drain.reqi on, .and the 5 device
is chara detér %iéezﬁgleqdﬁgt%aﬁq%g %ée: sgﬁ‘?g"c‘?gﬂ‘?‘gg%nSQEH‘dO‘E‘HCéOYdP h Orfgt&ieo‘?fcﬁﬁv%ea
regi on dopefl WohB AN dehemeRitht Rap-typPakifuritheelRmchPEnGP KViHey pafghewi th
an el enment that inpartg t he S-ty%ey@gndﬁggigi%y (seggﬁdqggﬁbgnpﬁszgﬁe

regi on), domeuseciondn canzmouneatirge enegglono enngrtphsilhyaredosduar ityowaviei d
bei ng sandw ched between the pair of contact holes. 1 o Another structure
of the prussehithe gakhelesHods as adppdondlittoforgssd ae peyeeieEivas| gnd drain

conpl epentary ciggcuit havi n- channel T nd.a p-channel TFT, bot.h)
conprig?ﬂ8g5¥¥§#;gﬁd“?@éBWﬂggéﬂ%%HﬁBUQPBPeHi@gﬁsqgﬁdgva%fe%ﬂa @5£gﬁﬂngate
el ectrod ah h t I hingid 9 By ; [y

i1 con TP B T e e B TR A BRI, ¥, ar6e
accel er atceadiibtivity-ahdl dn elahienn thithiengartssthegndypecanthcgaite elieahe agesurhei ng
respectively placed above the first and second sem conductor |ayers with a

gate i nsifaRiyRy Mpwiiiynexseseedthehainepiet oeBriypan@ptHgy. déVndbe jogher hand,
characterjzed in that: the first.sen.conductor | r is for form an
n- channel € RPHICE; Tesfart apd idstigy egigh A0S nzdupel TES) cmtaincnly dime eaitin
(firsgnc i egl ‘ e s 3 i e
- ypol candimpidls B A TBELEAAHIRRC Dihg (R pEh SR trep By (FREHE LS
p- channelastikipurfty lioh taceingtici ocagnehthase eatalticademegi anthanchadhal regiégiodn
(second concentration regions) doped with an el enent that inparts the
n-type cdhelpcehannel Taddisngetieras byl heeslementthat ipapetts thea-fypeygeaductivity
conductivity:; 2.5 the, source region and drai.n.regi,an of the first

sen conddBrde RIRFIBARIM G I oMY ARG S SONETRRIT, AT AT
concentrat, : i M - me t i t: -1
conductiS%Fgagﬁggafghugﬁﬁg?éﬁ@&%lt éﬁh?hpg?fég?ﬂéhg?gﬁ%é“égﬁgEé%?5??@9
Anot hes SFTcd e 6fher Hendl és gotteriet veiéliyasy tlse alesesiit abmdiinpats ey hagpd80
(specifically a conplenentary circuit having an n-channel TFT and a

p- channelconductivit bot h) conprising first and second seni conductor |ayers

and first and secon ate el.ectrodes, the sem conductor .|l ayers being fornmed
froma crystal ﬁﬁ r%és gt??%“c&ﬂ“#‘fmﬁﬁi otgfi%lith%cget"l’ﬁ‘&ﬁgﬁ{%’&%ydF%g“g?erawglﬁf'aflglt ic

el ement r i ks f |

ol et roacihefinel BRALEPHE I COdRlclBly ol AbFenitl SRPRE 18D ye

senm condughauctivilehadWwst doraaigat éinl aoehatntigidn kxededigy plos edntdarghet veen,

and the device is characterized in that: the first sem conductor |ayer ~~
for f20 mmmtypgrimpuctipbod) pamicipdte inrgettenizg Htaorwhentheage g rioguuosece eQflsows and

dr ai [ first ti ' d ith t that
mpar t & SAETH-Xy58 EGREALENH (partD (8- BE oAU LB ASRE  BPaRafo A  or
mpart s AL e E9party . !
rogi o ( ILRATAR Rl NI Ee RS R0 FReR RS e R R

the n-tymﬁtmqméugéﬂwﬂiﬁ% syudcaV ddnstufingl eferhe tleaterit Ak t Enpdres RhéYyRcype
conductivity; contact holes respectively reaching the source regions and
drai n r egoodsctofitylglonhds fnfiesior &nd pselanmg] & motedns wdetliciprey imgett¢agred in
an interla i ulatigﬂéghlnlthat.covers the first and second gate

r.
eIept?%dé@%ﬁﬂHéQEH@“§8 P@@ﬂdﬁgﬁﬁh drain region of the first _
sem conduct or hayel tﬁ'@gﬁeﬂeéiﬁgé[t%@in(gs&f{ Vi CINGER intd bﬂﬂ}hr{ezgé@% id9ped, Wi th

R
an elenment that Inparts t ype —conductivity and wt ' enent t hat

i mparts tifanpr-tiyamet ARAUHanVintayp-chhenel EOF Drpetefingdn nge paiahholN€BTswudd t o
avoi d bei ng sandw ched between the contact holes. A second concentration
regi on ddgaasufificierdrand| ie mat be pegessagyator ¢hange gelieripg tohmort ¢onditiorhsO wi t h

| t that i the p-ty. duct i vi: .  ohi
aft 1 or onts gt auokh iRt et BEnc aREDI o Bt sy b PRTlbler o
tt i i i i : . : : .
L [‘gg%g%g&gggr%efﬁ&&%wopgn%emmu T RURBIAARd Wik £ bicdess
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In the above four structures of the present invention, different formats
describe different sem conductor devices and include different

sem conduct or device application ranges. However, the n-channel TFT and the
n-channel TFT in the CMOS sem conductor device have substantially the sanme
structure. 30 ['Met hod of manufacturing an n-channel TFT] 11 Next, means
to sol ve r f Qi rt is described fromthe aspect of

n- channel E@Eﬁn@%ﬁ%ﬁtoglgeﬁsnﬁétt%(%hpe’xgai n, the format for clainmng an
n-channel TFT alone is different fromthe format for claimng a

sem conductor device (conplenentary circuit) that has an n-channel TFT and
a p-channel TFT 5 both, andUWMMARY CIATHH IN®EMNTEINsen conduct or devi ce
can vary depending on the claimformat. Therefore, descriptions on

manuf act ure of THE DRCYRAHKENtIPRhasRecrmadsanseey cBribiaebeye.davl aeokjest of
separ at el iven in the followpng. Crystallization chni ques that ytilize
oryat ald i Dt pisSarc o 5 4R go st sty dlob Bkt hERap nevler f con
filnms are i egh ¢ i ' t n rad

ar ont h ot Roaact ey ieet bR P Relmanhth 1o TR R PO A inbefior o
| ateral geffidibnayeinhgdteringt dfecdtalytiowlagettaacs ¢ipinnengegiin 0f chaRGRInnEFTFT
manuf acturing nethod. Definitions of | ongii t udi nal growth method and | ateral
growt h netthdéie gedteingr ¢fficiancietie a- prabenaglt TH nalAnptbenr Rbiest lddthes peesent/ st al
grow h met hod..in wh ich115 the entire surf%@rﬁof%‘?n grmr hous si | i con film
i s uni for YPEPBVISGEY S Y5 %2 PEXRP yPEE R | RICSHI™ 1 & e‘t‘ﬂgr%ﬁtmem which
crystaldi j r ] : L i tudi nal direction

(per pgr(ljdi %ﬁdgﬁ)&%@&?ﬁ% %ﬁ%gltn%ac?geig ggé’?"élr@gﬁm t he surface of the anorphous
silicon f{Stmdlnm/d)ﬁﬂ;@huhméi TIE] catal ytic element. Therefore, this type is
called a longitudinal growmh nethod in this specification. A method called
as a |lateral 2 birgts aogamsrtetsadee the problempeadipriaraart ovilli e desaripedafrogy 8wt h
met hod in which part of apor ph silicon filmis provided with a
catal yti caﬂe&r@f‘nf}letsm%ﬁrﬁ Oj:nrf"fig%ﬁi%ﬁmgi on in a mask insulating film
before thermal gryst i i an I L as. | r al
direction (para Ipé ?{:)éd[ ﬁgstcgu gtI?\a‘?aﬁ%%{ieﬁ]g)h{em?&oéfg&aﬁﬂéfﬂn%? %‘%éf?} gqsdl,?gé rom
the openi Np-05egs0thdtahepeesthee 611b6hudItElBmche fad diparth Beeh-@yge coidifctiRBryt ype
is called a lateral growth nmethod in this specification. A structure of the
present i &vknai oplemend Hathoatparfts niheufRrésner i qegdackeity camdlucoiringgyiive a

(1 ongi t udi nal ?rr awt flgmet hgd fBr manuf act uri ﬂ an n-channel TFT al one?,
conpri si ngPNENfapen lafgss thant ?rﬁoﬁﬁe‘&Fﬁt%PB B &-WipFi R iRy 8 rsedigring

i nsul atin : 30 : o L of
provi di ngErd SheRr eyt if MR ing o B8Rty BHAGLAey. "l RuBRERN ShARs

el ement tﬂ@t%e@téfﬁiﬂg%fﬁb%ﬁlcy‘ rof sk iedrl & Zaftérdmg réidmhas bethein efensdmbjipatintitartshe
anor phous silicon filmto heat treatnent to forma crystalline silicon
film 25 atheountype sorguasivipatn-éype mpuhty) angsamleldmentsihit cmpafts Ithe tpetypsr m a
sem conductrg{u |l ayer; a fifth st.e)g of fornsirﬁ:?g a %ate i nsul aﬁai ng filmon the
seni condueQMSPUcixitgr :(PAXPSi FMRUENDp 8Rd f FISHINGS 2 CHAEIUSIONECAPBHE AbHVRPThe
sem condu ' i | At fiek:m. L RL er e en;
o a sovertenhatB ithEE cbr imlRiving 1R LRl el o PHE ROk IRt RS
sem condu§iimatiay@fas folldwan n-type inpurity that is an el enent inparting
the n-type conductivity while using the gate el ectrodes as a mask; an

ei ghth step of The niirsy eoncusion patthel i@ tpvaferghlaceatabricopdernent rgagicomei n
the n-type..opurity region apart froma channel, K regiop;. and 15 an njnth
stop 8P USiiraes aliatied By (e ine. e, dRsC T (4 alspiety fEat, Mnwas i s hivy
regi on w < i ifyy. i j in h

conduct | vy e REybITRY, B 7arkd"8) apeiBReRt B Ingh RN 1 e ety
manuf act utipigally sByibotndact ar 10Evione/ciabehéghegrians optdaidvicr when the
manuf acturing an n-channel TFT 2 o al Qnei, conprising: a first step of
form ng agenuestptionofgiardlyoe ctamentdiypieallh i) & 1 wgl Gute 2ratl sgiomsdema

gl ass SUbﬂuE, %éceo;nd conclusion is that a preferable catalytic element (typically Ni) gettering

30 efficiency is obtained by setting the dose of an element that imparts the p-type
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a second step of form ng a mask insulating filmand form ng an opening
region in a part of the mask insulating film 25 a third step of providing
the top face of the mask insulating filmwith a catalytic el enent that
accelerates crystallization and selectively providing the catalytic el enent
to a part of tHe anorphous silicon fiImthrough t he opening region; a

fourth st K pho i tag h at t eatnent to
30 form acardie it SERLCY B TRITOCH 1dlgel fRffh bt &0 OF BhobleRB Y itk
i nsul ati nan)hﬂtﬁntﬁ@@tttvbésco‘iﬂh&ﬁdtt?%t)@)lémP‘ykujUt[rid‘@ha't Nt fPAUGhEO Thre®f dbBe is
catalytic elenent; a’'sixth step of 'pattérning the crystalline Silicon film

to form asmeablcondsndbnngItbtqprth@ttaltgeventh step of formng a gate

i nsul ati ng filmgon t he sem conduct or % an ei glhth step of formng a
gate el ectrode HBYRhEHESSePRCBHATANG ! Féﬁ%?“%t) tlﬁ@ngatlelpprf&mcae.rﬁ@g@f. i ni

|t e pased Hen SReLpaRcof (M THBRG S8 81 ORISR N REN S ¥ o'

regi on dopi hg™ t he sem con l"ayer is an

el ement Iftp%t 08 foRs/chr’t ¥RE ah%;ﬁﬁagﬁ%lrﬁhge/omhé Bots b @ldméht dBh€imparts
el ectrodes as a mask; a tenth step of form ng a reS|st pattern that pl aces

an openi ntherpgiypa condud:twuy (typecailypB) is ¥ x égi oo Apadt"f romsican'chawheh an
region; and an el eventh step of using the resist pattern as a mask to dope

the n-t ypéleiﬂtﬁét&rth%ﬂm%isdhe\ﬂ 't)’lﬁ’eéoﬁdtl%‘élty Mametemwatthpglwréﬂ theairtype

inmpartin th e 15 V|t Anog r str ture [esent

| vent | onco P RS RRTHT Hbtts Fang®R 2 2ie Shi Gt ShRaRirtdf (RE ST na
gr owt h greghedutioh a'?@%gtaﬁt‘élge'tt@ﬁnge‘fﬂﬂi@héi@m BéYm%tdeédi't that has an
n-channel TFT and a p-channel both),” conprising: 20 a first step of

form ng an anorphewbose!stwdy showsntbat amnmtﬁlmlnat T, swifosser sdveces uegioasarml

gl ass substrate; a second step of providing the entirety of the anmorphous
silicon ffra JEgienaCciiai) gﬂt wcarbpl@mt tbﬁtatm%é%th@r Att¥Re @P?@'t%tl‘tll}zétaﬁ(ﬂﬁl a
third step .of. subiectln reatnen

icon fi heat
5 forma CHEPLECHHEDE; 18t?HC¥i‘P a%%r fee1Qn 4y t h? %egtet%’ugnFﬁbC‘?‘h%Y 0
crystalli Be‘ch%hhéICQ‘FTf I skothHEé“xéngnCQH@'Ltﬁhf?{ ré%%ﬁréorftﬁ’irn Hré‘[hﬂﬁnﬁrthat

n-channel " TFT and a p-channel TFT; a fifth step formng a gate

i nsul ats ngnpartmhenm-tge samdueoritycindran dyeient grat $inphhs slicep-tppe éomamcmgnay gate

el ectrode above the sem conductor layers 30 with the gate insulating film

i nt er pos erthhféneeqsmom@ntlormf they pstervenmpugtttééugherftbﬁmt cancentiafioa ¢ ity
sem,conduc~or urit hat IS

b th
el omon TR ATITHAY: haoRE | PHETE LSOOIty i Preoioey R PHE gy doterile
ef ect r odesirRSerfty RP e ALLHShARE T RPGOEFAITIAG, Barf &31 Ok RILCERANG

pl aces an opening region in 5t e inpurity region for f

n- channel drbfi regianta highty affitianngétteragy mgiomrdntétingtdneelentent ehattetgnmmsof
t he sem conductor layer for formng the p-channel TFT as air upening
regi oR0 ath¢ aniyps ﬁ@hd%@tébt}’oﬂmdtélﬂr@em@@t ﬁteaéugtpawtfthérmtw SORRLGIVEY Wiibe t he

The” Pe e dontehalion oF e o Ruds intPoutyighes iRt cofedlulioh Thihe R | 0%a
nmet hod of rHﬁtﬂ‘x‘tfy?‘Cturi ng a

In this countermeasure, the gettering efficiency in the channel region of the

n-channel TFT basically depends on the area of the highly efficient gettering region.

25 Accordingly, a larger area is better for the highly efficient gettering region in

principal. It is necessary to form as large a highly efficient gettering region as

possible within the confines of the semiconductor layer that is composed of the
channel region, the source region, and the drain region.

The highly efficient gettering region on the whole has the p-type

30 conductivity since the concentration of p-type impurity that imparts the p-type
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sem conductor device (lateral growmh nethod for manufacturing a
conplenentary circuit that has an n-channel TFT and a p-channel TFT both),
conprising: a first step of form ng an anorphous silicon filmon an

i nsul ating substrate 15 such as a gl ass substrate; a second step of form ng
a mask insulati'ng filmand form ng an opening region in a part of the mask

insulatin i | .a thi. ) i di t t f. of . k

sl at i ng 4B, WeRT I Mle BpRRaRetBneatncrdls dREEel) dhdgediats. s on
and sel echi i t itR. @k ; o Of :
amor phots o] B Eo R B e D panr o, BRI RS sRRelipg bt
subj ect i npraviiéechimrappamsofsitei sammct irkgionoameakrainr eqfioent the f-ohanel TFT,

crystalline silicon film a fifth stet) of renoving the mask insulating film

that has 4@vge@daBnajuRgdRn 25 Humesly bptosandithy haghlyheffecaeni geitering apginn  a

sixth step of tterni the crystalline silicon filmto form sem conductor

ayer's ¥ opeehing el oh- phaRKee Pt 4o akgiondiastbe byl igtyy o

form ng alfgt%gad ﬁﬁl‘é'ti@h'ig' obitioMe@Mo tdhRtraith CARLHE HRM flAYEhetv@Rnah8Rbr&t ep

of form ng a date el ectrode above the sem conductor |ayers 30 wth tﬂe gate

i nsul at +region mmdntherdrafe cdegiber elbetriveemgradtdristies oi nhé nsetemnof THIF khndean

n-type inpuri tg regi on by doping the sem conductor layers with an n-type

i mpurity affiegted.s HAr dhatnigason, dhamn Hyctiea, Ramehy theduaklyi efficjentgatering ng

the gate el ectrodis as a rracgl,(i a tenth ste Bf forming.are igt. attern

that pl acE81dh hgpdRi by 19545 bAt AnBtRB Blage t‘@pt 3P89 {5PPR AN P8 ng

the ny@hagfedh déek Iﬁﬂa{ffeci HRIM18w STARB RurrleRll 08 &ﬂ@alﬁ%titsistr{b%efs%}gr tFaybidl ON

of the sem conductor layer for formng the p-%%anne TFT as an openi ng

regi un; apldcing tleelvighlyneficintofetiesinggregiom ireairsionabdterenn ascenta@skorttiondope

the n-type inpurity region with a p-type inpurity that is an el enent

i npart i ngthahes genngsted © deraurde iggtgn and atopatash peEiomihat At cernestedrist Hisds,

di fferentdf or mat.s gescri bE diffe n? selmi C(%nduct or devices and i HCl ude

di f 1 or ent RBhTSEiRmBERBe Ry Chmeabiin SOMSHPIPERR AL sOWGereion aRd thE didiine

TFT and the:n: Tl em conduct or devi ce are manufactured
f 1(%} ﬁg%qmouﬁethhg{)h%gt S’M.&)n%

by subst anti the s
15 From the reason above, the regions suitable to hold the highly efficient

gettering region extend from an end of the semiconductor layer and are ended in
front of the contact portions connected to the source region and the drain region.
The highly efficient gettering region may be very close to a contact portion to give
the highly efficient gettering region as large surface area as possible. In this
20 situation, there is a possibility that the highly efficient gettering region overlaps the
contact portion due to alignment error in the photolithography step of the
manufacturing process. Therefore, it is necessary to set the alignment accuracy
such that the highly efficient gettering region overlaps no more than half the
contact portion at worst, and to determine the design distance between a contact

25 portion and the highly efficient gettering region.
In view of the above points, the present invention provides an n-channel
TFT structured as follows and a semiconductor device (comprised of an n-channel
TFT and a p-channel TFT) to solve the problems of prior art. In patent claims, the
format for claiming an n-channel TFT alone is different from the format for

30 claiming a semiconductor device (complementary circuit) that has an n-channel
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15 [ Suppl enment] Suppl ementation is nmade on unclear points in the above
descriptions of the structure and manufacturing nethod of n-channel TFT.
(1) Definition of crystalline silicon filmln this specification, a silicon
filmhaving a crystallinity which is obtained 20 by utilizing a
crystallization accel erating catalytic elenent is called a crystalline

silicon him aly el 194 SPRL TTRMBoteHRIn ARlYCIY SARbhASSH U §RR

film The crysta I ne SI tinguis roma usua

pol ycryst@ln vavg dégoncldn bl tichggiaugermit. | Forhasaater whed dnnnicdhahnédt SFYT ai ns
are oriented in substantially one direction and it has higher field effect
mobi | i ty alhas lsaclas'u@ﬂl thelappligatical range ofisemiernduceorfddvige (nz)urtemaau NMOS

I h | I ff Cat al
hat - accorBHagRiod Bk BB iiad £ 15GeR Do U SaE AL b lr-chanmel
Applicati I‘ﬁ g OWOEIO?IF{LﬁIS 1I11w@1$4{§9 (§IIZI?1 e fher BﬁgseBIChIJI?P{(QHI‘I:? are

i ncl udes e use o el enmen an ex anatl on i's"given anew

catal yti aai l@ﬂe@”ﬁﬁfcﬁnstﬂjcﬁaﬁ adipuli € eTIﬂﬁEl@tbéc%u%l tR¢ B d6R€ChdpRf @uiydi ng
for crystallizing an 16 anor phous silicon film Typical catal I)

el ement s tackniFa (limgadion Con( cob@ichynndli TH.ckely, tird ()ﬁalrl ;hdndl,n)whan a

| at Cu | d) dt I Usual | I t
61 oot o0 FPUEPRIEBDGrkiceabaY i O Bnercbornsl (EEE BRY 3 - ¢r§a?x§s§sf£f§st o

I I 1 f d
R Tt P Tl N NS P T e ek S I e Ve

el emenps. se(rﬁio@ctt@x“ deeice OU16fe.CONSTRdreffFe O tiRN RLAWIRASI U ITRIT ' HRA' tfet he
n-type conductivity Using a gate el ectrode as a nask, a sem conductor |ayer

(i ncl udi rrgmacaEhictandrvitoared wperatélgrdesanbadwgl the ntlomxmg\eI TFT and a
sem conductor |ayer for 1 o form ng p- channel ' TFT) is doped with an

el enent that i lﬁ)akrtlgt%@f he Wé@%ﬁﬂ%&l%i& @S@@W@PFW@ d§éﬂtﬁ€c(é§>601flﬁ?§y

consr ot i ) BETBTSIDE D6 RBH SRS SR oragb oA B T R Bl €t
(N i's excludedch6888)the sbmiidshdifit lﬁgé‘r%;?g&%jed fein LchystdiNfe SARNSIN abl e

gettering source considering the effect as a gettering 'source 15 (Japanese
Pat en1 5 Ambltaiaed ithroughi prowpding Nef. a Idataliltic @letrd)tha( d¢cebiatatesr cnygtadidnation,

consi sti ng of an elenment that inparts the p-type conduct|V|ty An el enent
that inpd @sgftt%eﬁlﬁdf‘?ﬁife b@aram-&aqe@. ghoygdhe eiqnﬁgog@wgre) ayey wath dke £ﬁt® type
inpurity . an | ect ed fr m t hﬁ?tw QuUp ,eonsl Sti

o un oyl B FfposTR e et dRESSRpPAGr BT A R Rke Bamre 2

acknow eqgg@nt it aBdiatn trBEioAORE t&uléfﬁlﬁhﬁ 198t & tﬂw SRUEICBrAISindesduree t he
effect as a gettering source (Japanese Patent Appl |cat| on Lai'd-open No. Hei

11- 054760%gioBRakF tDESﬁRIrPTbgmncﬁlr'EHE:OIDWNG& Iragrohe) heogndapgd n\gltﬂralw ngs:
25 FIGS. | A and 1B are a sectional view and plan view of an n-channel TFT

that #as cleperfhot Brpares dern-gate @n@h@ II"E%  the degicols gharanteriged 1 Wt vi ews
show ng | e ar range n rin pon in an
Shout o SHEDILER iRl BRIEA, PlaBhILY, ) BB BNh SR ol
(I'ongi tu%ﬁéﬁ WHItR an élEI}le%Q that Iﬂﬁ&&rtsofhe”ﬁf!y'ﬁ@%%ﬁﬂgnﬂr sRdivEaNdHcdiemetleVi ce
t hat has an n-channel TFT and a
that imparts the p-type conduct1v1ty (second concentration region).
Another structure of the present invention is a semiconductor device
25 (specifically an n-channel TFT) comprising a semiconductor layer, a gate insulating
film, a gate electrode, and an interlayer insulating film, the semiconductor layer
being formed from a crystalline silicon film obtained through providing of a
catalytic element that accelerates crystallization, the gate electrode being placed

above the semiconductor layer with the gate insulating film interposed

30 therebetween, the semiconductor layer having a source region and a drain region to
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p- channel TFT both; FIGS. 4A to 4C are; sectional views show ng subsequent
steps to the process of FIGS. 3A to 3F for manufacturing a sem conductor
devi ce that has an n-channel TFT and a p-channel TFT both; 5 FIGS. SA to SF
are sectional views showing a process (lateral growth nethod) of

manuf acturi ng a sem conduct or device that has an n-channel TFT and a

-charm-~ TFT.both:. FlGs. 6A to 6F tional .vi hqwi.

{1 ongi o igRiieht & fckieb i linte auRivegy reidh R b Bt Todgheding om
tal grgwe - ? NSt 0o t

7 are oot ualoh JepRUAFhLER Rine i ef o DRHAMARL (RS Faeule

(l ongit udd:dlﬁiuc@ilvil\ho& thenatdrkgpr afsufdtag: fibA cooehig thd &fe Bf&tanié £ Riveing a
sectional views showi ng a process of manufacturing an active matrix Fi qui d

crystal dpaplodycoméadt dwies harirgg:heg AhgsauoR weeos end ithaalraivi wgsors o g a
process chj manuf cturing (i'm ﬁgﬂ}ive mat ri x Jiquriéjd crystal dis I@/ devi ce;

FI Gs.  PoAdeiite Foeharpeleized iHA ths SQRICEHBRIMATY [ SHRLSTSIOHAAYE ACFEIAING an
active mjgioy bl Bt AnatiBBhAY HEH-Ge Erftcritif AadwlhBufefoment
sectional Views showi nhg a process o 0 ufacturing an active matri x
—Hquid crghat dmparspiiry pd@?é ceindukfBrity Y@3éc@nd cobAEerardioneeddionn! thei 8ébnd
showi ng a process of manufacturing an active matrix liquid crystal display
devi ce; RtapcenBatign gegibnbeugpostionsd so ehimaediditreing batdwighbed baitvgtdnythe
efficient Betteri ng e]gi on; 25 FIGS. 14A to 14F are schematic diagranms of
devi ces S0P ﬁ‘_”étﬁ \T{S‘P § of electronic equipment with a liquid crystal

di spl gy device ApGRILPOLALGHret B?rt%isngre'gkzrﬁs'in‘}%ﬁioho it 3P sBhc uecf'EFr[ dBvice .
di agranms of devices show ng exanpl eS of electronic equlpnent wth a Iiquid

crystal dispptiivalg\d esmpléiRémarnacaduit teivehd anan@hihsd - TESAudd alpChankel
schemati c di agrans of devices show ng exanples of 3o el ectronic equi pnent
with a |iBETdahysompriginepfiest andviecond seoripardatcsat tayersednd fit8 andDETANDED

DESCRI PTI ON OF THE PREFERRED ENBODI VENTS ( Enbadi Mode 1 ] This. .
enbodi merfaIFSeFERASSy MifeSCmicoOBLATAF _z{aExﬂfs ?%m&&fba"ﬂ bplmé%rezéf]allmaé Sidicegn
solve t heyt oleiThob ?ﬁlfoﬁéhoéﬁ{rifd‘ixfé $E1€Tyta:)’1;tagag9ﬁ8r 'ef@néhgtcg;l?ﬂl yééc%le%f‘enfgﬁgt

in a channel region of an®n-channe getterin ci ency

p- changel cry§thilizhfi@ny gfcfitstah@Retdnd e e1¥dtidilck Peierspedtty oy PhacedAblore2D.
FIG 1A is a sectional view of an n-channel TFT. Silicon oxynitri de is

deposi t edherfimst gindssecsndstermtendi@ton tryeay avith ahgatk neswavhg f00 mmetposedr m a
base 1o film 102. An B-chann,el TET is forned on the base film 102. The
n- channeltherepebeshand4ie deyickig ebaragterigad 3 8ftof a seni conductor |ayer, a

gate insulating,fikm.1 . a | ec 9 i ¢h e ith

the sem conduc?tg? bérgﬁegégg%ﬁﬂg&got [aglr%Fl§ytgépgﬁgﬁ?%qgﬁat%écé@§!?%} e glslwt he

top | ayertrankidtos @RH CleRANGolFcd P8¢86n Iandad iy Tt 'bhilgastsbbﬁ@@iﬂraiibhn}egiéﬂrs)a
m

t hi ckness of 50 nm The gate insulating 15 fi L08 is a silicon oxide film
wi t h 2ot hagledeshan cdadennthalimparsst theal-typerasadutivity;s f ormed from a hi gh

mel ting point tal film(typigally a Wf,il ith a thicknes f. 4 nm
The seni conducgg? segpaf F@nWSPSP?tﬁf tlayer dsatr(%r&{“éilgi%d"‘:ﬁan“e thin “flim

transistor and has a source region and drain region (second concentration regions)
doped with an element that imparts the n-type conductivity and with an element
that imparts the p-type conductivity;

25 the source region and drain region of the first semiconductor layer have,
apart from a channel region, a region (second concentration region) doped with an
element that imparts the n-type conductivity and with an element that imparts the
p-type conductivity.

Another structure of the present invention is a semiconductor device

30 (specifically a complementary circuit having an n-channel TFT and a p-channel

10



silicon filmand may be forned of other materials as |ong as the obtained
sem conductor | ayer has a crystallinity. 20 The sem conductor |ayer forned
froma crystalline silicon filmhas a channel region 103 that is a
substantially intrinsic region, a source region (n+ region) 104 and drain
region (n+ regi‘on) 105 that have the n-type conductivity, and highly

hanaer s 14 BB WA S OR FiriO0 P AU i HAYLRGLBE Ly A FRRENRY GiLdug T

channel region t one rng w ect rode

source 25ghRgeledtrddés, and sthecsHdickor ﬂ?hl@,nbe]iﬁé fefifed Cfrérhed kpfstal@ne s'il'l&m Of
t he channel region 103. The highly efficient gettering regi'ons 106 and 107
are on t hélout@rtagiedeshofughhepsoidiog add ar citalytiegi demen( Semt FlaGeelbAtesThe

source region 104.and tge dr n regl on 105 are dqoped with P that is an
n-type i mpUfstal 6@%9% the &igstgin 156#053 E@‘Oeieétr’i%‘/l"énkiemg'ﬁ%smib@ﬁ?ly réﬁseqchflléwe

gettering, 30 g th P that ap,.n-

Prpur ¢ 1Y FOAR" SpekpRt S RAu R IRARE et el R e il ik BBanst ce
regi on 10heaeskrhen Ui the' REIQNs BarRiQiAaigdhy th P. Thereafter, the

hi ghly efficient gettering regions are doped with B that is a p- type

i mpurity in a dise firar geneoaubictdro layereid foheforomggican vi-ichansgechihi ¢ahl vy,
2.5 x 10~ iaons/cn2. (See FIG |A) 5 For reference, secondary_ ion mass
spect roscaaysletgrmﬁ has @ sQures degiopwandhiaing Keiqne (Frst cﬁ@nséweteqn {pgioBE)

dose in a,do dev] h entr urities in the
crystall | A58 RS SRl fht Wi ik bifod ShlervBh o doped with P
and B.j oA sanpl ethfeOkeddifl SEREEIHRIBERRY 1dyer PisCRA eSknbivgf Qrﬁldhgnﬁelc'ihﬁﬁt il ne
silicon filmw th a thickness of 50 nm (the sane thickness as the

crystal | i mendstor @ad Hasa $oune aégibhi adediaddregion (sade) @mceniyitass regibasy at e
and dopi ng the filmw.th P and B each in a dose of 3 x 10'5 |ons/cn12 at an
accel er at foped, 9iithage cdement that ymipagsdhedpig eridustvitsand with s slgnenfar ed
receive S it,has en confirmed by SIMS that the

es be
crystall |h’g‘{§§qu?ré%ﬂlefﬁ)'l¥¥ﬁ# %OIE%EZW“\XAM about 1 x 10" ions/cn2 of P in terns
of dose and thagodih& m%&ge&%w%m 4 thd mreé y@élahi LAE dkRinSfe lcﬁﬁrbff' I'm
is about 2 x 102 atons/cnB. SIMS Simulta eous y perforned on B réveal
al nosu st hthestingt ek sddonidaseniconduatby layers has fbared dordn mreﬂaydramstlmmg
crystalline silicon filmis doped with about 1 x 10"S ions/cn2 of B in
terms of Hbsdhatmeverathetfist %Rﬂc@@ﬁcﬁ‘rﬁ% @E@tr@ﬁes @nflhe crystalline silicon
filmis about 2 ,x 10Z ato

L yat a1 ool ik oo Hagh B asaly tedids"pf o5 BRY s TRheaBiGor, Er have Acnp
and wi th % 1(5h HB8§ ceflc&ttxl_%tféné@§§r1291§§éﬁ@@th S RRM A Bad iRfHARAYE 3}}4%

results, ncentration by e peak concentration in t

crystal I lmchlchlvctgr‘axfd vinhaare etemnexitribdt hyipatofer pitppe cbhdustivity, éhe eelgiohom

t he calculatlon that about 0.6 _x 10'5 ions/cn2 of Pin terms of dose is 2 5
cont ai2Redb %mg PORHIONERSORSHR avgitbeineaendwidrdmetyeenin COlet:aLcwojw

t / f df th t hat b t
?Ogg}s c(r:rizwof B |/§ %e&oﬁ@rgqnc&hgnhpgerggamrgﬁ %‘Hgn‘ahtaﬁaf’ N tgléﬁ IE’(B’ﬁEtén'threatl on

of Bis | ayer
erves ac AP cyidi i as HOTRALR dem ROl A R PR %ﬁ?&%@?ﬁﬁ%ﬁ?& (s

obt ai ned &ya haghtlgrefficignegenterfigidgioe %hscbnmmaftuohmftdmlytls eleneretch fbor
dopi ng an anor phous_silicon film havi n? a thickness 20 of 50 nmwith a
crystal | i Seitaroye icbiaher dpianseoadasgngentralierdpgioandannana SUsy eergongaiine
anor p?gus silicon filmto heat treatment. Accordingly, a large anmount of
cat al & %hent s used duri ng crystallization is contained in the

Z gmeog(rjug)or N: RY @e abBfe FBLAIsHuCAIrBS @TEiMe SFBERY Bfchiod, WRff&lent!fBfmAls Such
describe different semiconductor devices and include different semiconductor
device application ranges. However, the n-channel TFT and the n-channel TFT in
the CMOS semiconductor device have substantially the same structure.

30 [Method of manufacturing an n-channel TFT]
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5 1is enployed in this enbodi rent node. A netal elenent as a catal ytic

el enment forns a deep level in a silicon filmto trap carriers. \Wen a
crystalline silicon filmobtained by using a netal elenent as a catal ytic
el ement fornms a sem conductor |ayer of a TFT; the netal elenent can affect
el ectric characteristics and reliability of the TFT. Therefore, it is
necessary to reppve the catalytic 1 o elenment, quickly after crystallization
or reduce the cEbyRsasdPeivdvr theoprahlemsahprionatt 1§6é§crﬂlﬁd fram thenspeche

TFT el ectrjcal ]y, FI A) Based on .the abov ints, .a region

cont ai ni n8¥ brg-{:hgrgleﬁ EEFTI EI%QH{F%%LEW& ‘Pﬁ‘ﬁﬁ?’i t ¢ & %“{)&%m?ts for ﬁF“gV‘b%g an
impurity, s0a@hyYr TENE a8 MsYd gfekhd i I N0¢ed-egi 1 7 e
pl aced apgrt fb%lm chaﬁlryglg lrS e%l?%&érifogrﬂfrlnaﬁ]g&g%% fc%n%ﬂ@?@ﬁ %%eﬁgg%lgﬁlﬁt%r

ot her wor dsyiceytsimpéeraéntutie couitlc ehdteigisomm hOdhamndl dFal and egpahahfbl TPAT i ng

heat treatnent for inpurity activation as well as for gettering, the

cat al yt3 cbethe gadthappplicatioa @R ek semigsinsiyctoy3leavicenganehry ftepan@inger thel
diffusion to the hig ef.ficient.gettering regions 6 and 107

getteri ngc%\ﬁ“n%r{ng%‘t Etxgrle%(?r& gﬁfcrﬁjg‘tot“érqrhﬂ%ﬁbl‘fg%‘ﬁreo?tlawe“ g@?ﬂ”ﬁ} tﬁ fi%%nt
gettering I ; | ods ; i,ON I uced
to an amg%?ﬂa}[ﬁmég&égg?é\g?%gﬂ ?%{aélnlhsgi %ﬁaggﬁg@t ltladv‘?'%\g' by gl%?df'tﬁ)gll ent
getteri ngteehhiques (Haeeufdife drpgtalizhiiost acclantiayecatahsid @lémentki ton fbi t hat

is asilicon oxynitride filmwth a thickness of 1SO nmis formed on the
surface ofrystidlipe shigandilmsmare dassilderhintplesgitedian! grosithaneihgds ianeh lateralt hat
is an acrylic.,resin filmwth a thickness of 1.6 um25 is |laid on.top of
e 1 ot Hiastiby s n ANCKEORG 3 PRERGTRaL Bro oL 1 FHEARLERS D 21 s
the gate j atl fi el t bEst 4 er.4 nst i i 110
are pier cléigéﬂé%/ ggé\‘?glct%lfogg.g%@\gl ﬂ\%nﬁp F"r%%% id'r?gésrﬁitg an0 1?;8 @bgggoiﬁeh? SO
as to burmanbéactoni@etetied.es. The metal wiring line 112 is electrically
connected to the source region 104 whereas the netal wiring line 113 is

el ectrical ly cobRaboitedstef Rogitidingt grewilegieshod @ad lpgesdl grogth| mpthpd areas
has been descrihed, the concentration of B that is -type inmpurity.is
 gher t HGATEIH Regthc o ioBRIGITer S manettodi arery Lo PelroRrintiich: ghi y
ef fi ci.ent 4ge i i@n : e . i Px.t:
conduds vitly eh iR A RETcRam SRiyRdes iddh B i kB Pk NES,
provi ded ¢dtaBtieadlémeht béRrd tikaHial eryealliontid® anandydiiidronedi #loddudihalt he
n- channel TFT, unwanted pn junction is forned between the highly efficient
get t er i ngdiregianéeapehditidar &x theofutistrates plane froey itha senfacedofithe amgrphousavi ng

the n-type, .conductivity. If the pn junction is sitioned to obstryct a
Curr ont ” PRHECR THias piet W‘%B’esg%fﬁb’élcr%lﬁf”c‘}ﬁt-loﬁﬁ%lrﬁ ©hEI PG 13 §§ﬁ‘€f’13105,

electric i Sk NAG : ca cacl t hat
Feacon, t DACHAGKE EbAT Anblan air RGN 08 R SahEdas' € 1kl

| ocat @ agroavthafittho@nin thiglspecieisation iLbsetystl igréwehiniegtiid fl @Wohta patt\wEen t he
source region 104 and the drain region 105, nanely, a position that does

not bl ockamormhousrsili¢érofilmgist prayviddd mrith aecadlyiicrélegeni through aropperingd t o
t he source region 104 and through the netal wiring.line 113 connected to
Lhe i ai gl ihapask fagkme R elerheimaterstaliian, idwonag eton

n- channel ol - (e i o i 1B
are basi c%ﬁ&c%ﬁéﬂga}r%eézecﬂh%ggqi ﬂﬁt&ﬁ}a&lg@c'gﬁgﬁatﬁg\ﬁq %@t ﬂ’z&r@é ﬁg%lﬁtlla TFT
(FI G 1A)difAsighfrem ihe dpeginglrdgion fevdrdght yuablindingnegeist eMhegfoagithizs 106
and 107 where both the n-type inpurity and p-type inpurity 20 are present
are p@s$i tiypadsicaliedhs laterahgewithomsthodenithyy weelfraagian. f | owi ng t hrough a
contact portion,l1ll2a that .i§ connected to.the sourctFl éeg on 104 and through
a contact portiOnST4eLrs 14 thes PLSREJRRUY! dhied dPeAd, é)irB?P ASIUIEd y,

on the o . S : i thRes, ; | B)
FI Gs. zA”‘%egﬁ‘fﬁhg?i“’EP%ﬁ@gi(Fé’&E“g?f“ﬁlP B R ettt ] %Wﬁ%“é‘i’gﬁ‘% {ickanre] 2

ar r angeneTFTaflof )gbbinpeikirigci ent gettering regi ons apart from channel
regions in semconductor |ayers. In the exanple shown in FIG_ 2A highly

ef ficient gette¥fing stempbiynHoganamaomdheys wHwoa flin antappiasplapogisuPsEng a
p-type inpurity e bath present are rectangles with their |onger sides set
par al P8 n%)%haasgaaglés%ﬁ‘gﬁrﬂgede 205a. The 30 rectangles are apart froma
channel region in the sem conductor |ayer and the outer 22 corners of the
rectangl es coincide with the outer cormers of the sem conductor |ayer. This
arrangenment exanple is identical with the exanple of the n-channel TFT
shown in FIG 1B. In the exanple showmn in FIG 2B, highly efficient
gettering regions 203b and 204b are rectangles with their |onger sides set
perpendicular to a 5 gate el ectrode 205b. The rectangles are apart from <<
channel region in the sem conductor |ayer and one corner of each of the

ey o M . o



FI G 2D shows an arrangenent exanple that is basically the same as the 3 o
exanple in FIG 2C In the exanple of FIG 2D, highly efficient gettering
regi ons 23 203d and 204d are even larger than the highly efficient
Bettering regions in FIG 2C in order to enhance the Bettering efficiency,
and the highly-efficient Bettering region 203d partially overl aps contact

ortions 206d. Basically, no problemis .caused when the hi.ghly efficjent
Eet tering regi &%"«0963&‘%}18?26’?‘(&&6&# F&PP;F%\?S#W%ﬁ@@@%ﬁ@%{f!ﬁw ithdns
2000 and Gl BRIRUR hat J LR ARCERRAIIHAR RS sure that the bl ghly

efficient tering reglions over no nore’than half the contact portions
206d and 207d af thied step dheitgeatigy thdhamdepsh@y SilisbRTIas tdakiegBatnitgi qagnt act
portions 206d and 207d and the highly efficient Bettering regions 203d and
204d has foomecrystalléng sitieby filaki ng i nto consideration the alignment
accuracy of an |10. exposure device that js used jn phrtoli%hography st eps
for foPmng thé rOyrGnsterrnel Rdierniggs the AYgHIYNGs fiiePRntilBettp eformy 2

regi ons %kgn??ﬁdd&ﬂ?ﬁ@grto those in this enbodi nent node. The highly

ef ficient Bettering regi’ons can be provided in any place as long as a
current flow ng Hifhwegyof fignfifdbGRte RBURRIng RN BA thE 8éMidoaduefdrilgydrot
affected (as long as the current 1s not blocked). The highly efficient 15
Bettering regi amssixtly stept ob forminghe galackdtigde tahovendls ssmicordisstar tayeduct or
| ayer. The.é nme eff.ect can §% obtaiq§€ Mh%%’ for instance, highly efficient
Bet t er i ngVitB io gatedasulating Sdm igicrppsed-tbarebistvedions adj acent to contact

i d h ' ] . . . i
Do 52 i ogh chvub " SHephE JoTRRRE A Sty ROPRBALES felich IS ERIENET o
a gate el@aliEaticté a9 iih #0n-khe IEHOG RN Mademaht HbstiaBRdhIgpE Mode

describes a nethod of “manufacturing a sem conductor device that can”sol ve
t he problecomdottivity erhilerusedgd ihe gate gléotrobes aerimmapk? 5 a catal ytic el enent in
a channel region of an n-channel TFT to the Bettering efficiency i.n a
p-channel TFT. aphighdsetep mlifopming gireaist RAkern BALPECER ap PPENISS TegaA0R dn 4C.

First, a.silicon.oxynitride fj i hi,ckness 100 nmis forned as a
base fil r%ﬁ?’ﬂ?&ﬁﬁ “ilpéf@égegéﬁ%glf)ér[zt;tﬂé&’%gf%gbn%llljaé 1no§1, . Then, an anor phous 30
silicpg film3G3 hinth ioFt @didg f1BE"RYist DaMBME 28 4 hhadkes ok the hayp® nm
24 preferably 30 to 60 nm Plasma CVD i's used in this enbodi nent hode to
f orm t he imporphaegiosi kiitoa p-type 3@Putioy hbateisaan relakests ampdrting i phype | ow
pressure CVD may, be used instead. During formation of the anorphous silicon
fil m303,coadHglivital oxide film304 is formed on the surface by the effect

of oxygen in the ajr. 5 (See G 3A) _.The anpr phou iLicon fi 303 is
crystartzed neSIOtheLs g oLl pitbbe BRATRLRS st f e niiefhandok e
film 304 semitdiRid @GBcO(latdifl grodRIRONLE for mdt@fadthtifg 3dSh-tRadRIOMEd by
treating the substrate on which the anorphous silicon film303 is forned
wi t h 20| wlexk)f Ceroprisingci d. Then, the 1 o anorphous silicon film303 is
irradiated with W light in an oxygen atnosphere to forma very thin
silicon oxide fifirsf 868 offormens an REMAIPhURE cowﬁéw gnpsylating sebiralsi de
film 305 fupnction of inmproving the perneability of a Ni aqueous
soIupionspﬁg?g?§H§m€§$8V&ch el enent solution to be applied |ater by spin
coating. (See Kl &coaB)stdP ofMFoAHROMNMAN HsuRfing! filth ahaaﬂorhﬁng_aﬁaé@mﬁg c
elenment is applied to the entire surface of the anorphous siTicon film 303
(t he sur fragiendh a pret of tHecmaslokisdéating fiin30~, to be exact) by spin coating.

The Ni _concentration in the N, aqueous solution is Q.1 to 50 ppm by weight,
prefedbly 1 t@, th gsmfypwy.l@ﬁg.t%wpg sﬁ&éﬁhﬁdp?fgwsgﬁad@g Ehgewithng ned

to set t I,:CO L.on . il f.1: 3 Tep X
105 o G FIERERE Abi dcbdlelalds RENRNAT 4 RBIcklil B RiodiGick ke
silicon fatdRyiie ed@hehOtd aX paRt 8f tRe GrtorpHods LRI €iltn 1RE8LIS Ght topehing
difficult to obtain the catalytic action of Ni when the concentration

t her eof iregloaper than 1 x 10'' atons/cnB. The above Ni concentration is
determ ned by the maxi mum nmeasurenment value b ,?INB.. See, FIG 3B) 25 In
this embodi men? ioydd stap Gf saglﬁsaag the amarghors i lapﬂifHél DY ArAITIRNT 1Q

appli i | NGy 40Q spin coating, the glass substrate 301 is
rotatgg ?%”ﬁﬁh ggggéggghﬁgyggﬂéous solution off to forma very thin

Ni -contai ning |layer 306 on the entire surface of the anorphous silicon film
303 (the surface of the silicon oxide fiBl m 305, to be exact). (See FIG 3B)
30 Next, the anorphous silicon film303 is subjected to heat treatnment in
2~ nitrogen atnosphere at 550C for four hours to crystallize the film 303
and forma crystalline silicon film307. In a crystal gromh nethod Iike
this, where the anorphous silicon film303 is subjected to heat treatnent
after applying a N aqueous solution to the entire surface of the film 303,

oy o o o rr N Y Y M o T e ) o



15 this enbodi nent node uses an electric furnace for the heat treatnent,

| aser annealing, |anp annealing, or |ike other heat treatnent nmeans nmay be

enpl oyed. (See FIG 3C) The obtained crystalline silicon film307 is

irradiated with a |laser to inprove the crystallinity. Heat treatnent in an

el ectric furnace onlv achieves 20 insufficient crystallization of the

crystalline sili g(% film307, and anorphous corrpp_nents are scatteredly left
ith & n

inthe film Hef tenfafiremoing esmask insuapngsimphahvas syved aadimeskng

the crystgll:i b i | ul se oscillation type KrF excimer
| aser (waglé'}llégg?'ﬁéél&cﬁgﬂ]n%tl.hwégazg\){(\%:lg%en?enl?’aser is oscillated ultraviolet
light and theref ogith nstepntoingRusrditgi Mg afgsedlindi §ilieah i eitml Sof gBRAt @d i n
2 5 a laser irradiation subject region. This brings a kind of

non- equi | $damicondsctar dayen; t he | aser irradiation subject region and nakes it
very easy for N to ve. The laser irradiation step may be omtted but it
i s preferabl e t%s‘?‘ﬁ’é’lqﬁétﬁpt ifgr@f%agpwclgsthgngggg}om FhethmicPBALGPE YSEs an

01 ¢ & . IS . ! bt
Cmproving the oy St RKE bt PERRE A el LRLROAPEOO M WP ERR e R lat TS
pat t er nedwh theeaR indflatinBnetdtéRgedmirebdt®RabAENt and dry etching

treatnent into a sem conductor |ayer 308n for form ng an n-channel TFT and

a seni conduct ora | my¢h $6ppof oforngi ay a-tgpe hampualityTEEgionhdys Wdpdegsthef t he
sem conductor |ayers, 308n and 308p have .unwanted natural oxide filnms, which
are renov¥ISYNEUEIQF Eyef Wbt #& NA¥Pe INPREDH T 1S a0 qlggient ampartingghediiyps il m

is forned. as, a..gate j.nasul.ati fil 09, by plasma CVD or | ow pressure CVD
to ha\}geacqrhqugggggswl&?e Eﬁagﬁﬁ?gf@eegééf@es%)a% >, a conductive filmas a
gate el ectrode gL gRI i i } ;

douttering or C/BRERACHHRIAEY hR PR DL RCRT ot teplth Mihe
phot ol i t hogyppimypurityatgiont apantfrdnya ehahiehgediorpdment into a 10 gate

el ectrode 310n for the n-channel TFT and a gate el ectrode 310p for the

p- channel TFT. arheleysnth sepcafr wdBg e dpsisl PULIH aver anask sy dope db¢ y-wpkeat
resi stant. mat etri al .that.ﬁ:an v¥ithst and.t%\gﬁ tte ergture \g.’rggo to 0% of
later headf"RYE BT MO JePi'dPt AGPALINET s 4R o CRERt VRPROHSMT MpWPLt y
el enepgs. cJptmdRLas, of the heat resistant material include high nelting
point nmetals such®as Ta 15 (tantalum, M (nolybdenum, Ti (titanium, W
(tungsten), andAfwtheeBtraotunerpf thepedsesi inventles i$ hahethod sformpoufudsuridg hi gh

mel ting point nmetals and silicon, and polycrystalline silicon having the
n-type orsepueopduonddeviogi tfongrdindnb@iowibntmebed efgsl onenufagiurilg f ol m

(W with a thickness of 40Q,n See Fl G e gate el ect 3 and
S10p ar o GrblefER el dufichen, aion ChneloRE caed 4 BySransl dih SED o
an n-typeyqd ] i'hgy. Dopi ng conditions include setting the accel eration
voltage to to 100 kV and the dose to 1.7 x 101' ions/cn2. Through the
dopi n@Ot r eat merd firstis¢dp cbforenhg ahiammorphpus silicon €gnoos afnnsulaghgrapstddten and
313n that have the n-type conductivity and function as a source region and
a drai n réghas a glass %‘@E‘B&%anti ally intrinsic region 311n that functions as
a 2 5 channel regiaon.,are fornmed.in.the sem cpnductor .l ayer..308n for. . form ng
the n-channel TrFCOf GHR-hRiding b enitisty pF i anpiphett sllicoadiimayitio,
and 313p &hﬂ?ti@@}é@ngmqhﬁ-g&ggrﬁwg tdIN2dipn@and a substantially intrinsic
region 311lp that functions as a channel region are forned through the

dopi ng treat ment third sfep sfesalgectihg thor anaygiroudC8licdofilotothey tréemene hannel
TFT. (See FIG 3E2 30 Fornmed next is a resist pattern 314 that places an
openi A8 rfegmoncrystaflinesilicon filmypart from the channel region 311n in the

sem conduct or | ayger 308n _for faormng the n-cha | TET, . and.sets t ntire
region of the saenfoc%ﬁﬂur%}f:gr qfafgweggg% ?]6? Fgrspﬂqﬁﬁetﬁgkﬁpc&élﬁlﬁel?o T%“gs an
openi Ng rReiefaduldiSNlaybREfok ESintingRaA A-hinrtl N gnd B%-Ql?érﬁl_eﬁlr‘iﬁqt;mde 310p
for the p-channel TFT are used as nmasks to dope the 5 sem conductor |ayers
with B that is afifthtsygpeof fgyming y.gaBopisnhtiagridint ontise semicodduster tayey; t he

acceleration voltage to 60 to 100 kV and the dose to 2.~ x 105 ions/cnZ.
Through t he dopimngiXtl sepPneinforming acangudestigdeyabgve e serpigpadueipnlaysys

regi ons-i 2 nd 313p for. fenm.ng th -channel TFT is inverted to form high
concegﬁrdYﬁ%gh?%% Hﬁﬁvgb%%?8%?“?HE°§%QP§ﬁ%§R§Tﬁb and 320p having the p-type
conductivity. At 1 o the sane tine the p-type inpurity regions 319p and
320p are forned, the opening region of ldhe resist pattern 314 that is

pl aced apart fromthe channel region 311n in the sem conductor |ayer 308n
of the n-channel TFT is used as a nmask to form high concentration inpurity
regions (p+ regions) 317n and 318n having the p-type conductivity. (See
FIG 3F) 15 The high concentration inpurity regions (p+ regions) 319p and
320p fornmed here to have the p-type conductivity are regions functioning as

o o Y b1 ——— — ~ .



317n and 318n fornmed apart fromthe channel region 311 n in the

sem conduct or | ayer 308n of the n-channel TFT to have the p-type
conductivity also function as highly efficient gettering regions for
gettering Ni in the substantially intrinsic region 311n that is the channel
region. (See FFG 3F) 25 After the resist pattern 314 is renoved, an
inorganic filmw th a thickn sa)ot |00 to 300 nmis forned as a first

interlayer insuf a1GVABY iSISR $2) [OrAHBS T AR SR-tYPR dMPIHY Togden a7 répmingnilg21 in

this enbodi i AN g fri ilmformed b | asnm Dto
have a th?éc@%(@éggg? nggergn?hl}hzgﬁfh'%\étfnﬁélgig n&lr?tt lﬁsa"cgﬁa(%%ﬁe%“?%“gﬁ%e

el ectric huypaeendlct@PYwhidd udidghRebatelde@fddeéals hhgr;mel Iy the 3o inpurity
el enents (n-type inpurity and p-type inpurity) inplanted in the 28

seni conduct or |ayeightB@8mp ahtbr8isg.a hiss patetn thaeaiaestanf opertihg region in
activation of the inpurity elenments doubles as Bettering treatnent for

Bet t er PngtherihiiRte dmeHiisy yégien dog ferningnthe agireanpled Hinapare fumsa shenagl) y

intrinsic_regio 311ln.an 1p. t.hat t] s,.the channgl feqgi.ons. The
unwant ed ?ﬁ%?’y%’?% Séﬂseﬁ@ng nﬁk‘ﬁ ?eéﬁ&ﬁoﬂ{ gF%egggﬂﬁg?%ueCt%rug@feénf rafqr&lpﬁtmcnsi c
regi ons Rafel Bt ap ali Rpent bidil apd the channel regions are thus noved
through thermal diffusion to tthe highly efficient Bettering regions 317n,
318n, 319p, andarB2@uthf step Beft isingntie resist~pittelnn sasca yimbsit 1to ndopsi the mAtyipel m
formed by this nethod has high field effect nobility and shows excell ent

el ectric EHMTHYt ELIGR Vedh ianpfiyps Agpartedbekets errclement fnpedinge the ¢-type
Thereafter r@}h ﬁen‘i conductor |ayers 308n and 308p are subjected to
hydroggna(fq “tYE&tment in a nitrogen atnosphere containing 3% of hydrogen
at 410C for an 1 i L s&n;g,

| ayers. (See FI%R&ZIX% gtl{ltcégﬂtmé gﬁ&aﬁgéggéﬂegﬁegﬁgg?ﬁ %%Hﬂr%dl S g?%%a@%a

second i ndepicayductondeviat i(hgeral growa?methdd forf inagtfachir@rd ayemplosighairyng
film321 to have a thickness of 1 to 3 um 15 The second interlayer
i nsul at i nYrauil faghas amnrdiagnelrbbHiandrik prebaenelsiah baty)ycewprisigigh filmwith a

t hi ckness of 1.6.p. Th contact holes 323 are formed by norna

phot ol ¢ hogr apiy i QLEFEnOTRE By eetBRP Ry L RCBhn P oHyadBEGHgstrate

i nterhagyefchngyl %Eggﬁglgshla_{g;SZZ_ and the first interlayer insulating film 321
as well as a gate insulating film309 belowthe first interlayer insulating

film321. (See &FbégondOstéBlof Aocmimatmusk imstuibdtinf filmiandf frméng rexopéminpave a
t hi ckness of 200 to 800nm In this enbodi nent node, a lamnate of a Ti film
with a tHiegiaiesisa part b thennask ingylatingriilial | oy filmwith a thickness of 500

nor mal  phot ol | thOBssip O peaviae (R Sohrd) wecing M5 baiTE kI FHE ot o
wiring | idﬁ?ﬁgﬁ@%l@ﬁﬁ:n'ﬁ %Q?%&Eé’l@fa\fesc%??ﬁ&ltlﬁgtifaﬁrﬂi&ﬁ%e%&%ﬁv&ﬁ/gbﬁ?dﬂ% &R 323

to the sourcé region 315n and drain region 3/Cn for form n-thannel
TFT apd taatdlhdc selement ntegi eart3dP phanmneiphoos rségionn f320thrbagh fthe nbpeninge
p-channel TFT. (See FIG 4C) 30 [ Enbodi nent Mdde 3] 29 Enbodi ment Mode 2
descri bed€dloet hod of manufacturing a sem conductor device which uses a

| ongi tudi nal growt h,nethod to.crystallize an anorphqus silicon film  As has
beon mont | oned.® (HEIERER 3 b Biret Bt antdraRRuf TRREE Wik, be Bt 6
crystalligg UicSh kigon, a lateral growth nmethod. 5 This

enbodi nent %ﬁgﬁd%@g}eail?&?beg a lmef hod of manufacturing a sem conductor device
whi ch uses a | at fifthlstqy ofvdmomahpable ngrskriysilatihg femathaaies phrovd asid inask

film Specific descriptions on the nmethod are given below with reference
t e- S| 28. dwmingpmviding of the catalytic element;

a sixth step of patterning the crystalline silicon film to form semiconductor
layers for forming an n-channel TFT and a p-channel TFT;

a seventh step of forming a gate insulating film on the semiconductor layer;

an eighth step of forming a gate electrode above the semiconductor layers

30 with the gate insulating film interposed therebetween;
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First, a silicon oxynitride filmwth a thickness of 100 nmis forned as a
10 base film4D2 on a gl ass substrate 401 by plasma CVD. Then, an anorphous
silicon film403 is imediately formed to have a thickness of 15 to 70 nm

preferably 30 to 60 nm Plasma CVD is used in this enbodi mrent node to form
t he anorphous silicon film403 to have a thickness of 50 nm but |ow

pressure CVD may be used instgad.. A silicon oxide.filmis forned.as mask
insul ating 15 £ 1 M4H4SIER Pﬁegoa{%?%h%sn'stﬂj?cHHp‘l”i'ﬁymrﬁé@nmbypIE@Wég or

| ow pr essyiicENREBr NaY&s Awlthi £KRefDe fmg ity Mhal | ) ; i

regi on 405 ilsC ror rre{]l ?X 3 part of tts}%g lrrr%élg"iynsuﬁ gtgiear%geﬁwén%gﬁﬁ%@ﬂgo{rﬁl
phot ol i t hegyppbynductiattyenhil@nsingehe ghtehilegrédesaisnmtsk;The openi ng region
405 formed here is for selectively providing a catalytic element (N is
used 20 in thisa &batapedh faradee ageyist pattera thaobplgheusn openmgregidmimie. The

h il f.jI m403. i dat th f. th [ .egi
305, " Rorn T T8Raly, Belo O Se e % Sentpiiet AN E P Rirrdm s AR il 111 m
0.~to S j j e ' f h
ci 1 con i dnd G REea Ot RO R oy e LR o Ofe BB e PRI

oxi di zat i gyart opatiApityion; and del i vered through ozone water treatnent by the
spin processing nethod (single wafer nmethod) continued for a given period
of time. Batch 3w eleassinstepzafnesingithe resistapattern assi ngask wmdhpadhe ankypeay be
enpl oyed for the oxidi z.a}gi on treatnent. ﬁd ternativel .single fer method
or bat ch PHIEEYSIESOHYHID JeR-1HRF dMPYEIthANRL 1§ ABIRHS tr‘r‘ﬁ‘?a Blga\r,\\% @S or

t he sggsté&}cﬁlcﬁr@%ybe o~ci di zed by 30 ozone generated by ultraviolet (UWV)
irradiation I n an‘oxygen atnosphere. The 30 very thin silicon oxide film
(not shown) i n nhgeofienmanheicarrif® mdthods)rdigfdrdn® formarvaedchibe ndifferadyi [ ity
of a catalytic elenment solution (typically, a N aqueous solution) to the
anor phoussesiicpeductor devags. aidaackide. diERreme semiconductgudevise sappltdationas
the catal ytic el nt solution is ed by 5 spjn c phg.to th ire
surface dANERS nhORavEBUIE inn&amﬁﬂ]% %ﬁiﬂh@ It-ﬁéarwifﬁh@ F%éh%néwg@gto
sel ectively i ' kil G ' he bottom of
t he openigr‘%rl 1?@%@18%812@%“%? %Pet %’?gug"%g?@&ﬁ%“ E!rsr%ihggg},/ ftléelhé(;ﬁné}cgﬁ é:l%?qc el enent

sol utipgn Pﬁlﬁgldrﬁe[ﬁ] ni ckel acetate aqueous sol ution containing 10 ppm (by
weight) of Ni. A very thin Ni-containing |ayer 406 is formed through the
spin to coati ndduppbemematon $Bmadexin undlearapmnshinube sibbive dasdriptmns0y the
subjected to heat treatpent.in a._nitrogep at ere at 600C for eight
hours to SRuryrgiandganfacturing mediogdof I%SB%‘%F ystal line silicon film 407.

During cr j.ZAat I:5€l [ i ntroduced through the opening
regi on 4_6@%f&1§%823r¥5ﬁ8%ﬁ§ﬁg&ég\gﬁ!wng region 405 toward the 15

surroundi ng reqnaRfs §eificarivndhlsiliadn flin Havidie a PtRNRIS WwhidhCi@robthingd 403
progresses with the advance of di ffusion. The crystallization proceeds in
t he | adertsyt utilizang aonyg§telization eccelonatpng ahtabitia olenrent ssbesiledtacrystaitinehi s

method is therefore called a lateral growth nethod ip.this spegjficagion.
(See FI GSikggn fil@ ang 45 ﬁeﬁlwﬁtﬂg froroacysuat gelyarystelline BUicpR iaR-at Shevi i h

a laser t i th y - 0 .ty I r. | i.atlop: .

mpr oves SHETUITERTERR 1 To AR et o B b 4RF il ferd RO S Rb Rl
enbodi merdecaste i€1P! Mufacte2Hds ¢n ARGl lilsafias tayPeoridrte®Xibl sistdARey one
(wavel ength: 248 nm. The excimer |aser not only inproves the crystallinity

of the crdistcsioniansl 8ilasdoghdri figtd 4ffech motidlitothaake gsual podysrystadlyne siticpi t o
nove. Thgtlriefore, the | aser irradiation also has an effect of 2 5 inproving
the efPi 'lghcy in gettering by a gettering source. The substrate is then

treated w i r I . V ] Lasul ating film 404

t hat hasvrgzg:ﬁg%g{efé%gesrﬂ %qu%g@gfa}?)?&ss{eﬁqlel%%q%e yC% i&?g@?%?%%&ﬁh After the mask

insul ating fil rof@lticselementethat hbeelemiesedjstalligatin aeodestiibed 40 Japsnese
Patent Application Laid-open No. Hei 11-054760. Since the present invention
includes the use of catalytic element, an explanation is given anew on catalytic

30 elements. A catalytic element is an element used in providing for crystallizing an
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patterned by normal photolithography treatnment and dry etching treatnent
into a 30 sem conductor |ayer 408n for form ng an n-channel TFT and a

sem conductor |ayer 31 408p for formng a p-channel TFT. A silicon oxide
filmwi th a thickness of 100 nmis formed as a gate insulating film 409 by
pl asma CVD or |‘'ow pressure CVD. Before formng the gate insulating film

409, the substratel ﬁhed hr.o clIut d fluori idtreatnent. to
remove coRtRHRHHS Y lf(?')r{lv? 'Wdi n pécaﬂ%talﬂé{ %ntﬁlalr‘?r)%e ron)s ke (§abalsh Niof
th bst f [ t

o e EEe) PeegR el PESBLARAL R chfed ORI SR Rhe

to 4Cin Bsﬁhﬂ’y Qﬂterremndmcjsele%tedT hehe s @bod THRI Y ZE eIt X ubdtebaefit {sS
given. Afilmof Wthat is a conductive high nelting point netal is forned

by 10 spup@wblngommmvwatoomémt@nmf Mmessnm‘ﬁ ca00ymnerelcTimentyV f Itl lmsi lseen
patterned b phot ol i t hogr.aph atrrent and dry chi ng treat nent
into a gaf%y“éll g@tﬁﬂﬂ Szél%)r{n?ﬁr H’g’% e clempent Ayt Qt gtg?eabé’l"écﬁ“éb’@%lOp
for the pdlg lfgﬁ TFT. Then, the gate el ectrodes 410n and 410p are used as
masks to dope the sem conductor layers with P that is an n-type inpurity.
Thus for ngy) @éteertlitoukde consistiig af he@ldnigtthdtiniR@isans nitfpe coBHRMviAL2N,
413n, 412p, and 413p having the n-type conductivity and substantiall’y
intrinsic regi nglnglm gatan@leatquq) as(sgvash, @ ssE)iceudunter hayer (iscladimgsiast
pattern 414 1 hat eni ng regi t end apart fromthe channel
regi on 415GMiCANEY 05 BieE B o Pgwa{y@rch@aa% TET 3t s Gigongustas layehiHnel
TFT, d r 0 r 8 rm ng
1 ﬁﬁferﬁ gyrg ;?Qﬁér{r{%l fﬁtgﬁs g;& vﬁ@ﬂ'a% @&h&’x‘fén? thlaf 1ﬁ{daatf'@ b jlltJ 2

t he p-chann an openi resi st ern P3nd
the gate edmRfictioue (@é@@m&grsom@zp Thanaemehbls ailfedzed- qgﬁ u QndoRe t he
sem conductor layers with B that is a p-type inpurit rough the dopi ng

t r eat nent selédtedh foondkagratp consistng of § (pb.gsrtmsus()pAsre/egqeur@; S4 {(sptizody%20p

d08p. Tor 415 B BiakGny (En et heig.  fCReeheeh fEnoREBPGihELRcerba | on
Tpuri LY RS9 RSO ARy 1200,Rce chorBs e aBeRl 8 re%&%rlgé {fgygkest st

pattern 4 Whi'CA I'dcetl apar FPom regi on

seni c%dugh?sinésem&erﬂoﬁépmaubhiﬂdrdp@ﬂrr% HExTu-@swwg,. as a mask to form
hi gh concentration inpurity regions (p+ 30 regions) 417n and 418n havi ng
the p-typ@)dasttuiiy sdurye c@uidirtg oihan tlemans phatgmphrt3zhe pithpe condipriviitypur i ty
and p-type inpurity are the sane as the doping conditions in Enbodi nent

Mode 2. (See, FPhGElegpynt th@tewwé%therpsm@tw@uﬂwﬁ (eettingcsouseslels, cabld

tal wirj t II t ed FI GS.
i to ac 4D BemB 8 ys ML it SERREA B0t BuE RS R o BN ana - 5
p- channel (aRimhiRQhY). G @@ﬂﬁrmpednam\d%myl gidy Hf f(m?dm@[tn)get ftend mR@hons
where an h-type inpurity (P) and a p-type inmpu~iiy (B) are both present,

nanel g0 tduknbwdedgaahihenBr mtthemostsurtable getgringssoipee camidaraig t41b7erfftzaundls418n
havi ng the p-type . condictlwtig can be J‘or,rrei@ké)art fromthe cha

regi on 4138HtGINg sRuIge c {dxpmaesa PatepApphicatian daid-eperi N &lei|ldy@y4 7 n al so
when the anorphous silicon filmis crystallized by a |ateral growth nethod.
When a lateral gromh nethod is used to crystallize the anorphous silicon
film the sem conduct oBRIEFINESEFEPTAON AISPHIODRAWIRGRat al ytic el enent in

a lower concentration than when a Tongitudinal growth nethod is used.
Accordingly, tHa theaccdmpanygngidrgvimgsh net hod in 15 cryst allizing the

anor phous silicon filmpraovides an effect of o r|n e Bet
treat fEnt tenpeilhisurldd agq’\&ﬁ@mww é{ﬂ%arlﬁgo B i tantl?ﬁé %fﬂgTEFe

like, whigh {0C] RASES HIQERSS TG Rgion;

FIGs. 2A to 2D are plan views showing examples of arrangement of highly

efficient gettering region in an n-channel TFT;
FIGs. 3A to 3F are sectional views showing a process (longitudinal growth

30 method) of manufacturing a semiconductor device that has an n-channel TFT and a
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Specific enbodi ments of the present invention will be described in detail
below with reference to FIGS. 6A to 15D. 20 [Enbodi nent 1 In Enbodi nent
Modes 2 and 3, a region where an n-type inmpurity and a p-type inpurity are
both present is fornmed in at |east a part of source region and drain region
of a TFT and a‘catalytic element in a channel region alone is renoved 2 5
by the hi th)énﬁglffpirqmt Bettering action of this region. These nethods of
manuf actuting a sem conla’uctor device are characterized by shortened process

achi eved by int EfGat 4Ag t@ $Cepreokedtiinabduews SstdvBagt Qiiseguafus®eps f@r the

formng a Betteriﬁ regi on and an inpurity doping step for formng a source

regi on angracesy af lfosgBénta gtofos mamefhetusingpa semicdneluotaredevinem that thas san

nmet hods can form y 30 Betterj region of limted area and have room
fPr <1t vl

for i nprolehennel 3 Brehdan 'ng efficiency. This enbodi nent

descri hes a net o] I 1. CO 1 or i i
elim Inl;f’f e this gﬁg%/oga’ékwgﬁgwlségt?‘f’%l s‘g%r%‘hgoa &ﬁélc‘rgr%%t ﬁ}g{(f?%f gl
enbodi nMeninetitod)adi MBnufacluiigd sémfidacid det e thayiels dhatchhendlonpPagd of a

channel region, a source 5 region, and a drain region of a TFT is the
get t eri ngpshpeck TFEdot, and highly efficient gettering regions containing

-t i ' d a p-t L ity both. f in th i
e get L or 1 RIS O0h 4O RERHaTA gty wAhe b pyies: PBRRIEITaR S
getteri ”Qm%!rlﬁéoﬁ‘:tofr el 3a<;stgﬂlhggghsw§c&1%h&ﬁ{ri ’dgvfcge%gﬁi”%ryas GA\}G ﬁg%ﬁ{ryfd ¢

el enment in the’getterin region can be reduce arrce. The 1 o

nmet hod gof fdrhia‘@ioﬂfﬂloclﬂ;%éfﬁé}lnéﬂédﬂjeéﬁegmgri bed in detail below with reference
to FIGS. 6Ato 7C. GS. 6At0 6F are sectional views show ng the

manuf act uri ng pFi@esJAartd FCGSHre 7plano vicvarshowing thicewsmocorfdue®r ePviae 6F.
First, a silicon oxynitride filmwth a thickpess of 100 nmis forned as a
base fil n?‘QDEfa&H”& RjPesss (gﬂkgéﬁutdé‘iq\y%@i’?}bweﬁl‘ rﬁﬁ'&@ﬁ G%Wf%?an anor phous 15
silicon filmb 1S d i &t el s t hi S, ¢Qf 70 nm
oref orabl y 30 (oD e 2 e bl PR sl RSt el L oSS R tbed Beb i ne

anor phousg$ htiwOmatrix ngﬁgﬁcrty@tamgwlg,@guigégness of 50 nm but |ow pressure
CVD may be used instead. During forration of the anorphous silicon film

503, asnatural BMGdOA iahch E4ré sedtomabaiews sievsigr 4 acecdsy of meamaftheiniringf
oxygen in the air. 20 (See FIG 'GA?I The .anmor phous silicon filmb503 is
cryst al | i deactiesxmatiBetigpid enygiat displaya#6Vaee; t he contani nated natural oxi de

film504 on th rf of th rphous..silidcon filmb03 is remved hy
treating the sﬁ%@%aﬁ@%nami ?‘IQ% h@%ar’%%ﬂ%ﬂs VleYvichﬁ]Om"?gn éoé)rpcs‘e or(?%ed
wi th di | ugdufdciBidEarabtve HaERx IR &fm%tg@uar)a&@vi&@cel ves ozone water
treatnment by the spin processing nethod (singlé wafer nethod) for a given

period of tine FiGd orlhAa wedy 11 Bi narsi |secoonaxivdewsi Ishowitg on tprecesdr fafce of

t he anor phous _silicon fil m503. me_ci/ery E in.silicon oxide film 505 has a
f unct 28n BRNEFRSHEISAN eV Bt bauid gryskl disglaydiidetis sol ution that is a

catalytic ele sol,utjd on Lo appli . er, . SRILA. Coat i ng, regfter,
a nickel 30 acetal® 2&032353?%@ csggPéﬁ%nli an1 %’6 %B%W?rg@ \%\eg}éﬂg%lﬁof&iNi
that is amGabflcinicy 3 acti®é B lighidé _E!a‘?@is?}’ayscﬂ%ﬁc&oat' ng. Thus formed on
the entire surface of the anorphous silicon fil'm 503 (the surface of the
silicon oxide fFIGn B95s & pldneveewact)arn a-chaneely THII thati ledsed -ighlyaefiiaentl ayer
506. (See FIG 6B) ,Next, the anorphous silicon film503 is subjected to
heat trea@3HSAING ¥EON;

25 FIGs. 14A to 14F are schematic diagrams of devices showing examples of
electronic equipment with a liquid crystal display device incorporated therein;
FIGs. 15A to 15D are schematic diagrams of devices showing examples of
electronic equipment with a liquid crystal display device incorporated therein; and
FIGs. 16A to 16C are schematic diagrams of devices showing examples of

30 electronic equipment with a liquid crystal display device incorporated therein.
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5 nitrogen atnosphere at 550C for four hours to crystallize the film SO03
and forma crystalline silicon film507. The obtained crystalline silicon
filmS07 is irradiated with a |aser to inprove the crystallinity. The
crystallinity of the crystalline silicon f:Im507 is greatly inproved by
the laser irradiation. This enbodi ment enploys a pulse oscillation type KrF
exci mer | aser (wavel ength: 248 nnm). The exciner laser 1 o not only inproves
the crystallinity of the crystalline silicon film507 but also nakes it
very easy for pNeTAQr pPVBESTIEIFATIONe OF TRE PREFERRAH BAIBOAMENARS an
effect of inproving the efficiency in gettering by a getterrng source.
FIG 6C) ApPEmbodithent kkele lijrradi ati on step, the substrate is washed with
diluted fluoric_acid to renove the very thin silicon oxide film505 and
very thin ni ckeillheopmbpdingt 180dagescrivs agexerwle of semicoptiuctos deviast thit i ne
sili cor}hfi | m Sﬁée. hA mask | nsﬁuh%t i.n][g hl l.m 508 wi E h.a thi ck%ss lof 30 .to 200
nmis thef®? SPREdNeTREMEIKOS HEET'AE CHE PS8 P IINg 1 SAlaRiGaf \GRIfNEi1E &
silicon oxj ik g I SP@T A S,S . C Af t er
a resist S’é%f“eé;l rﬁég%%qi{f??%%g{léa pa%@(l)éf B?ﬁﬁ%i‘ﬁ?ﬂ%ﬁ?ﬁﬁ?@ ?P?nﬂggg t hat
i s not coVdceswdiption kegivesivsith pdeteace td&0PGE.sl AtelBI away by 2 o dry
etching treatnment. (18ee FIGS., 6D and 7A) Next, the crystalline silicon film
507 is doped wi FEOPlénés B scatenalrdcyeof animghamnel clsT.whiliconsoxynitride isesi st
pattern 5Q9 as mask.. Phosphoru P) .dopi ng, .condi ti include setting the
accel er at BI?PWa%@ 81355 SUS e i@/ﬁ a{hopa[vﬁea g}b‘ggnetsé ﬁfo{;&(}( “fbi%?PHHsal A%

Bor on +(B) seapt candjti i e i : er aty.on_ eto
5 to 30 KM EnaPE AR hARAg! TGO 88 hEsee HAFEHe) Hi R cHinhep
enmbodi TenTFTt &g thé bazd 8ilrhi 102 isdaesbsetitdt Ps@nttohtigsonliyerBa p@pre frisulgirgopi ng
conditions in this enbodi nent includes setting the accel eration voltage to
10 kV andfilthel G sadtagate ®lgctigle 1GDwdhicngref layeedduph e semicomduictny lajer

accel eration voltage to 10 kY and the dose tq 2,5 10' ' _jons/cn2 for B
Gopi g, - Sodne PeliONE bz andeeSta elchENie: o o st 4i8pi nGhE SEBRHBMICURS ng

t he Bettefjng: 030 egi [ e W) t he
resi st pa{zf e?ﬁégb%§?t§llflﬁrﬁg Ol?)rg{l%] gllti}'nli %HF‘?E%%? i(%:fihszénp hEe'?? féer %ﬁga {“gg}“‘\gir? 10
cont aiyy nfilMi KB &0AGAMIMbkiesfileh wAtlhadhRknéfeoBabbaithng Theg 08 ’drdde made
anor phous by the ion bonmbardnment during doping. On the other hand, the

regi on thd®9iis founed dtbmia highheeltesg poipganetd {1150 Gt yipscadl y5a Bt fibn) itls @b ect
region 511 .to whi Cth hge Bet t.eri ng sources 3re not intlro,du ed. (See F|GS. 6E
and 7B) THUCkREss ot AUd M. sddie; sSTRiSRBIREOnSPHY & Aebiltaited 1p et A¥STAYINSgent .

Then, the_suhstkate, | j ect Nopet L enj 0g 4.0
electric ?lﬁlgﬁgcgﬁboa%végﬁﬁ ggeﬁgﬁn%?ngﬁﬁh%rﬁlg%éﬁ@ér{légdoggbjrlsgébgr%%t?g%%ll
to the Begdrﬁrciongu@t@gﬂay@rmg)abrygtimnay,gh thermal diffusion. In this

enbodi ment, heat treatment is conducted in a nitrogen atnosphere at S50C

for f@% hours &he Bemiepndurtor dajteretarmetihérosafa erystalhsensibikon nElmakang film
508 having t he sane shﬁge as .t he resist lpattern 509.and renai nin af{ar t he
resist patt@iy! 56819ns 18 Hhokds ids SYRAPUALLY, IHHERIC, (8N (U JEB1QR {The

silicon fjilmi er regi f ' d

nsul at i ris P b FBLHR L RO o 207 i DAVE (iShpe TBRIIBRALS nd.
usi ng di | higdly EffliQéntCpetetitg r_b@iohbi196\&@)zl,10_3€ﬁdv¢xﬁdg teE p-HgR emitductisiper Thened
on the Bettering subject region 511 that includes a sem conductor |ayer 512

of an n- ctizanmel rqEHTNAAD & pasitionmdoighiobelpwythe Sitg ebdctends- KifannEhe $HUTag0t h.
See FIGS. 6F 7 | n, the heat eat nment r Bettering, nopvenent of Ni
it he Saoleeion 107 <) werdraoregad 305 556 1 Mieolsdhatch b T Big FRRLTSY Thgion
further fagili js hat.l d¥s: d i.t feasy
for Ni to?@n%vefgézlq%}ﬂgcﬁgg {%g? %ﬁgé@ﬁ%?%&@%ﬁbﬁ%@ﬂ@een r(%w?l6 eﬂgen%?%_ﬁggdsels boyfei on
borbar dnefife. soufgeartd &ain 6¢gians 7Qee HIGUG) t he above nanufacturing steps,

the Ni concentration is reduced in the Betteri ng subj ect region 511,
nanel y, the reglbasouseuagiog Kbk and He dram giorc b0 acs depechyath B1lpat if gp

form ng the n-channel .TFT and f he senjigsondyct or r. 512p.for form.ng the
o Chanel PHERE TRANGY 8 dqd ob g8 LT FOR e mhA Faerly: Aot eguering
illustrated:i t, : 4C 1 ' to
conpl tg'toe [%%é%r{n% @)ﬁﬂ%ﬁ olar7 83{6 82&‘&;@ %hgﬁén%ngﬁgg%%Pngﬁgginng?gBB%ﬁghinél TFT
both. 30 In the exanple shown in this enbodinent, Ni in the region

i ncluding the 36 sem conductor | ayers!912n and 512p of the TFTs is
gettered before the manufacturing steps in Enbodi nent Mbde 2 for conpleting
a sem conductor device that has an n-channel TFT and a p-channel TFT bot h.

This gettering step and the source / drain gettering of Enbodi nent Mode 2
add up to two gettering

(See



5 steps in the manufacturing nethod of this enbodiment. Accordingly, this
nmet hod can reduce the Ni concentration in a channel region of a TFT even
nore. The gettering subjC~t region 511 in this enbodi nent include the
sem conductor | ayer 512n for form ng the n-channel TFT and the

sem conductor layer 512p for form ng the p-channel TFT both, but only one

of the n-ghanggl/cAFf Ly Qﬁkﬂ s?@ghﬁﬂ@%e H):Q_rctsaﬁgg?ﬁ. P61 LG ltl’l’cdaglih?ﬁ%i%% AR LRring

subj ect region. Althoug nunber o i'S I Nncrease

manuf act udopgl withhPd Thedtelttsr, ahbddgliprafficint gedetfg rEiohk agoa6pEd RatH B 1N
a channel region of a TFT even nore and therefore is capable of further

i mpr ovi ngthiehdset ettype i8tpardEt By iasdioss largeckknasgh itel dhwefrf ébe crotsiuctivityand
OFF current) .and, reliabildt | eak cur t f the 15 n-channel TFT. Wth
the nore ?9%1‘@??25" gé’fﬁ% n‘@xé#fq ci égﬁ?ﬁahip‘getteri ng treatment tenperature
is redyced and ' t ent. ti ' I : refaore, t t hod
is al s% ef fect il\%(glt%egéﬂgﬁg%n%eﬁﬁgaﬁxeloérlgg%gs%%H%S%Wgsr[%gf{ cgsru ?llr’S]gdrF Fgg?’ﬁqgm .
20 (Enboditwntth@lelEibe tet®édn thesdeWos@ih 8XxRpMELdoficaRnl thddohd&itration of

sem conduct or devi ce manufacturing process of Enmbodi ment Mbdde 2 to actual
manuf act umepwitiesninadiei argstatling slicondilth whestthe aygpllimg deedrc lmAisddid ed
description will he given helowwith reference to FIGS. 8A to 12B. 2.5 A
first | ayuihdy nd & o&ﬁmﬁﬁé@r 11 SReBSCTMT R PACRATELIRLemsRe s Tistalling

second | e ATy hl b..\w . i re

f ormed a?igé%‘zg‘é"“?‘? F%Q%%’éé%%sgsg Qs@gﬁ%ﬁa\r{){g{ @l%ég%%ggﬁ%g?ﬁ{%@%g Sq’{?g first
| ayer 1andfisg &P MHis! chivissdiffent Rodedom 4 blaky Balydradé hhedepingCOeP@ish WiBhPradi 0s.
The gl ass substrate 601 used gere is 2formad fromsilica glass, barium

bor osi | i cBteachlinssdogoofiB wril ABhions/sin’i at aneaggeksstiomvotthge lof K. k rusingmphous
silicon filmé603a.is fornmed 37 on tg&] base film 602 (602a and 602b) by

pl asma CPRIBE HiBYECea tIaTBRIsE JBus Preparegnrecervi XMy odisneAesiis ds has L8¢8 CvD

010 LRI GBS R MR UL B3R R e

nst : _ _ carbon, OXYy g “ni'troge _ air
m xi ng i Nodichi?dof Prinelck@8 Jif déé&%@d‘ﬂid@hﬂé%e@k'é_cﬁﬁgnﬂ_‘rhﬂiéﬂ %Qﬁ’@%tyﬂt&llﬂn%_ an
g

experiential know edge that such inpurity gas m xed in causes degradation
i n chapactibeors filmsisodbate? xebirf tatmhs/CET. ~ RIMSsoneltandously petogned ed Bhat
impurity bus mxed in acts as a crystal Iizafi on inhjibition factor.

Cont ani Ny &S IMashUhE t SARG SEHHE )ﬁ/lé el e hetth cwafismedi hat hed t he

accept abl e_j muri t. ntrati i | T gakl. 210'» at CId ;..Qr
over 1 orcteaBls SeSR PR R o] el aBOGE o B2l ) B ot
oxygen. (spRPetizh Ghe Gk TERRKEISH 9R the AYSrlliRALIRGh fiRh iSrabvald kzapi®on of
t he anorphous silicon film603a. When thé substrate is retrieved froma | ow

pressure aﬂvﬁsa;m?ar atus, a natural oxide film(not shown) is usually formed

on the surface of the anprphous silicon fi]lm 60Q3a t?, cont am nat e t he
subst P8t e. The IAdhif embgdingntimpde, thecresiallme stbeons filgms\dapedywithdhithg t he

cont am na rfac 15t us,:si k4 con_fi it hdi | ug 2
fluoric aé:o:%g. gh{h]éasgr? ce{bglfﬁcmggﬁor&b%ogs lgi fi J(i:(%ér? ??%5%321;% siqnﬁﬁdrﬂér
treated vEdisudde ahvRhcsve SINKS Hed@itd, NeheS Ubh&iRrafont B9 858y RIRAUShe igeakON
filmo603a and forma clean, very thin silicon oxide film (not shown) to

have a t hicckeesstiaf 0. thet orystallime Bikcorefilnt ki ahithinednbypirdporftidnm Hasisan

ef fect of, 20 ipproving the perneability of N aqgueous_solution to the
Siror phoudn&arred A {hekadoalion hatiagout 06k A0SoRnsAGT St 18 iTrRsd das i 1 m

adsor N _uni.formnl y. Fl.G . 8A) AN 0 | pit i 040 .S3a 1, :
2050 BN oA Y g5 o oafn A S8 RO L B i
enbodi nenhfertdiefeat MeyddlCulgliSmentit 268LH0I800 105 BnBicaRalf BeRtdhR @bdaLgous
sol ution containing 10 ppm (by weight) of NI and applied by spin_coating.

(See FI G.coByintd and dieat the pesktontenttationyafrB geabadrit. @ mt10°h atomes/amdr phous
silicon filmé6Q3a so that the filmcagntains 5 atomc % or Iesgrhgdrot%en,
the substrate ieHBsedtraciured samcopductopdayer; $pr4es as @8 #5tver REOE M a

nitrogen a h at : 0 Sl il.m 603a
st hae. dCRYRRREehEr oqTARRb il Hyg RO ATT! AR 4 EAR e
subst Bat &ilicor fActhal E'ﬂbr@@bitﬁﬁd(ﬂﬂnﬁQn%’tﬂéﬂpﬁbub@ﬂtooﬁlrfﬁl@i fevingad (HhbRessor
four hours to crystallize the anorphous silicon film603a and forma

crystalline silicon film603b. The obtained crystalline silicon film 603b
is irradiated with a |laser to inprove tXe crystallinity. The | aser
irradiation 5 greatly inproves the crystallinity of the crystalline silicon
filmo603b. This enbodi nent enploys a pulse oscillation type KrF exci ner

| aser (wavel ength: 248 nn): The excinmer |aser not only inproves the
crystallinity of the crystalline silicon film603b but also nakes it very
easy for NN to nove. Therefore, the laser irradiation also has an effect of

- Y Y . . . v o ~ 1 o~



Exanpl es of the heat resistant material include high nelting point netals
such as Ta (tantalum, M (nolybdenum, Ti (titanium, W(tungsten), and Cr
(chromium, netal silicides that are conmpounds of high nelting point netals
and silicon, and polycrystalline silicon having the n-type or p-type
conductivity. This enbodinent 3 o enploys a Wfilmfornmed by sputtering to
have a th”g%@ess of 400 nmfor, a gate 39 el ectrode film610. (See FIG

[

9B) Phot difi 2hEGH FPHY ATyl iogrdfcglepating satalytic elsmeshpnd dhen shjesgingat e
o L1 0998, 2, AL ARE, Ao SR Al Beily S BGTS SOGB4 T

are gate ele a storage capacl

el ectr odecA%ti® d1bmenfsunsdd Gﬂﬁingscxjrsﬁim!iﬁi%n“dsr tétalicfein Hd 8EmidyRddEdor
etching, resist patterns 611 to 614 used as masks during the dry etching
are | eft lapert h& hpat@abitiectlemdet ediployes! B20metdlodemenit sadlt es Nilvw oy &tichi ng
are a resist pattern 61~ on the storage capacitor el ectrode 621 and a

r esi st SpabtcNPIozed 1B emyedEnentemodgde A Metalnglenyeny @i b RatabyiG clempnie

wiring li T AR b |.af ] I 6 or from a,silicon
10" oyni 1918 4 TP e in el BRR e Retriord ¢ &7 B e $120p; o
insul ati gt | bBlafiredt tgse@siﬁ Ga Al L&éiend dde r@a'ihl?fiicp%lérﬁérﬂs fBimhst g 616
in their places, the dgate electrodes 617 to 620 and the storage capacitor

el ect r odeseffitomdirctas yensf @EEKE; thermotal gpeméntprani affedt @letnochntacadrisvivs
doping that is the first doping treatnment by a doping 15 device. The first
dopi ng t radgh Flibilétyppbythe PTgI- ad herelore It purGaeysagy deeFrmayR) thecagpling
condi 'oni the{eof inchude S Hﬁiqgﬁthe qgcel ratiqn.vohta e to 60 tor%OO kV
and t h8 d3&BeRtLAgickly gier erystallzaimmof gedycghe AlxliG TR for & agipitig

tr eat mentihad QY¥sGRAGEAEER BB TFT ¥RRtricHIy! | t(SeéFK'}.OI‘A%(“ regions) 629 to
633 are fornmed in the sem conductor |ayérs 604 to 608 on the outside of the
gate el ectrodeB#&el @i Thd ab62 pantdsshaegpm capamingboch dtthavde HRh-type t he
sanme tinme, subpstantially intrinsic, regions 624 to 627 functioning as

channel rByusiHY asxd BhEhatAssa - peoknpdrityy Samsdy, oiet highhneliicdpat gebedsg 617

to 620. The. seni.con r layer, 608 s not a regi.on r. forming a . TET but a
regi on 1 GPERR TORGe Bl e ¥, Gt b Sharieh EERiEE 10 i 4 SefeBlcPagi on
628 fyﬂctlafé}', i SihePRForel, GRRI 107 thieO8 St B8 r%%{bnehez_tirmi%%aihsrérg%Min the
sem conductor |ayer 608 just bel ow the storagé capacitor electrode 621.
(See FI GDudy héhtetrsathsint #oeimputityeactivasivachsuselh @s fod gditerdngdthe elaedgiiag
agent to renove the resist patterns 611 to 616 that have been used as masks

for the dlgmerichiirng. tharehapnehecgienddg| is mexed thipaghahgemaldiffusiendo the
form ng nt regions which .are to 3 er masks .during the,secend dopi ng
tr eat montigh 5Tl ReftnBk sk Bod.foq i G67 Tof 2RlRuRE M daad e FiRket R g
620 in n- | o TS HSaf! ; 72 i i 6 d \m; L xel
T 704 B g g B P T

t he T20's ch@ineli@giorah0d 7Ok daced BDan tamminintkat dbasype elegpricalty infignce the
concentration doping is conducted as the second doping treatnment. 5 P is
enpl oyed THET hii the effpdentrgaitering aghi@nt hdSewFltglddndi ti ons incl ude setting

t he accel eratign_volt to.60,t0 1 d the dose to 1..7 x.105.
ons/one. - Th odurHB eGSR i eim oA i F RS sSaRRaIEN St § pe

| mpuri ty 1hREh8aSof 15075 iRNkmEd lop #ROsudhk Bf Ch@hCHMAMBPTFT) tA&econd

sem conduct or layers 604, 606, and 607 that are on the outside of the

resi st pahteelanper msdlatimgtdion 1W thattihien horylirtresin folim WAt & ehibkgdss odric@pi at i on
n-type inpurity regions (n+ regions) 637, 639, and 640, the | ow

conced®r as ilail oaptan ©f thegfissisingerlayes gneHating Molm gg1forgna &mpingicy biig| y

formed are divided jnto.the high nc tion i LW reg ons . .( Nt
regi ons) l%‘@ﬂa\{%g 15 g’r‘fcﬁ"éﬁé“ﬁﬂﬁ%%&? oﬁgzgehapm {}lgn{q}sﬁﬁ%? ﬁf‘k}er?‘é‘g\l%ﬁ‘é Q(fﬁl-m
regi ons) 186%EdiGeéd b}%ﬁtéc%cm. ane@PWififlg 11885 913 4A8d 1972 RofrR&d 9918s
havi ng an LDD sStructufe. (See 15 FI G 10B) A p-channel TFT 702 of the
driving abrbauytthd @enesed hohes. stlireageta apanig bne 103 isfelediBcgix ebnnegédito 707,
whi ch are not the LDD structure formng regions, are doped while th ate
el ect r oddh@sguisadegivg %whe@aéélﬁameﬁfnglémclﬂ%H@ ézeﬂyctélﬁéllﬁ§@a“%§f’$ré§ks

for 7 d 705, res ively. result, a high concentration n-type 20
inpur?%yq&%aﬁgﬂrf%@“?§§$oﬁﬁeé§g€$%ﬁ9orned in the sem conductor |ayer 60~
that is on the outside of the gate el ectrode 618 and a high concentration
n-type inmpurity region (n+ region) 6412s fornmed in the sem conductor |ayer
608 that is on the outside of the storage capacitor electrode 621. (See
FI G 10B) Fornmed next by normal photolithography treatnent are resist
patterns 645 2 5 to 653 that set the sem conductor |ayer 605 for formng

t he p-channel TFT 702 and the sem conductor |ayer 608 for form ng the
storage capacitor 705 as opening regions, and place opening regions in ends

Y R A ~ NS NN — - = o o o o



with Pthat is an n-type inpurity. However, the high concentration inpurity
region (p+ region) 654 is doped in the third doping treatnent with high
concentration of B, at a dose of 2.S x 10'5 ions/en2, to have the p-type
conductivity 10 and function as a source region and drain region. In the
region for forming the storage capacitor 70S, a high concentration inmpurity

region (p+ regi ) t nduct v IS sim for med
in the sem con cthgrg%]%gn?}/esgggé&eth?hg%gg tgzﬂg)@ 8# IBt H‘él){éﬁ Sr%b‘g) HBB%I

el ectr odemgﬁér t}{aﬁe@elrdoﬁceﬂ{lﬂorﬂ_ BE PhihahisCANEaPhE FhpBAty mOH{e' ﬁghrfeffwém( p+
regions) 634 and 65S contain 15 both P and B and al so functicn-as highly
ef fi ci entggtaring iepgonsehd@nadfld)/ gegiverthagedions nh¢ petypatcondsetivitegi Whe2S
that functions as the channel region of the p-channel TFT 702 and in the
i ntrinsi ctheelyigbly ediaciepagettering .r%gign&slﬂén@d)fl0t7h@recxar@a¢dqcbrn popart g the

el ectrpdes See Fl G A) At the sane tration jnpurity
][egi 03 (i?—ygﬁgeed'fe%wg)mﬁf& %d (}rﬁlr?d r%@“h&@# n% rhee anl ‘Wﬁ’ﬁm nlg;ggtﬂf”t"\?ggz tﬁ

or med, vi ng
e e i b e e R AP
and 627 isourderepon eaddiraimregiay baeing0he B0He @mdubavity.or Iff the rpminichien

n- channel, TFTs, 701 and 703 and the pixel TFT 704. The hi gh concentration
i mpuri ty 1P @gsBienedge qbégpéh%)cue%t fthét Howshesween Hicasairgp fegien éH& gl tBeand

t her ef f ff 1. t f

inthe sabelRresih f55 PRt EhdrafieBRlicash AL benhit o i P Afiias
the chgnrgd, [lf‘a@'x‘éﬁ%n %Tehh%lﬂgy fefieRht tt@lfm% mnghl@@%aniﬂ)ﬁtﬂa% {dTRUr ity
regions (p+ regions) 656 t S8, the igh c ntratlon n-type 1 nmpurity

regi ons (lo¢atedditcn ppsifion, théB8pesndt 6narwwb0ushyﬂbomm@cﬂ>eaveemme gegkcent o
t he high concentration inpurity regions (p+ 30 regions) 6S6 to 658 having
the p-tygéegisundldtand the siinhicgion dRSememely,on pospiam (Ratagoes pefgblrek en+

B9 tg, GG 1 h t h t d t 11A) .Aft
b rosi et dlineeaeo i Pl Vg B 12 tannbeist o et s gt
a thi cknegg aid drBuMiSmbp Whgin Slm% 11 &nrlebled dtb%M@'arAlH%H idhi 18, T 1 dsgL6G2

by plasma CVD. Then; heat treat is conducted in an elegtric furnace at

550C ps5f dfIG.AUK) hours to activate therrrally the inmpurity elenents (P and B)

i mplanted in the sem conductor |a tyers 604 to 608. This heat treatnment for
4

thermal acti vatlilon 183 is aplanyigwi @ thélﬂeﬂl%aﬂf@l d&ibl Syrakolgasedio dgnetedhe ment .
TS i D, AL T BT e T O

t
TS s G2y ) PR ES AL eSOt TN

regions cga:meamglmgldmtIrOGDaMQ!OBwhbré ibetis etrg m;aphmhpﬁni)aym? -t§p4 iinpubl®B. The
thermal activation treatnent may precede formation of the first interlayer
i nsul @0i rige fAresANGERe pasitioned, so #s thaveish @bsén@émgo%i@usrﬁnbﬂnéﬂngmthrmtgm ane

"t or | ay 860 ?ﬁmfpﬁéf#% s s “Gsplstolo” tR SOEEsBion 109 B v e
R e e T A
t er m nat gidansf tha@ohmmdportmﬂsrnam@mdclqﬂduct(SEe FagetB) (See FIG 11B)
FIGs. 2A to 2D are plan views of n-channel TFTs, showing examples of
25 arrangement of highly efficient gettering regions apart from channel regions in
semiconductor layers.
In the example shown in FIG. 2A, highly efficient gettering regions 203a
and 204a where an n-type impurity and a p-type impurity are both present are

rectangles with their longer sides set parallel to a gate electrode 205a. The

30 rectangles are apart from a channel region in the semiconductor [ayer and the outer
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Next, an acrylic resin filmw th a thickness of 1.6 p,mis forned as a
second 2 o interlayer insulating film®663 on the first interlayer
insulating filme662. Then, contact holes are formed by nornal
photol it hography treatnent and dry etching treatnment so as to pierce the
second interlayer insulating film®663 and the first interlayer insulating
filme662 as well_.as the te Lnsulating film®623 below the first interlayer
| nsul at | ngoRETHe B, eoraEfs SoLdie Billtohs outraBgr &l e SeHicogagtos layer.

el ect r odeT§; Wala¥ ; N i h '
concentragﬁgﬁa?ﬁggépggﬂ?ggﬁghgugggﬁﬁgag%ﬁﬁgggéé%%ngﬂg(%gg& ?é@%gﬁ?%gF}éA)
Conduct i vehowehdh MiG.i18. | imelse 60dmple Stifvarie FIG. BBl Mekly tffidienteg@edringcal |y
connected to the high concentration inpurity regions 654, 659, and 660 of
the drivi giens 30dh and@04pase sectenglemanitt theer loager bigles iset perpdndisutasrtma

ti 3 | ect 67 672 d 673 and gat i [ | i 671 of th
Xl PogBta $G500s 20h,; ThebaiongRe Siorogd HOM ALREIR) TEaR I T wi
t hi ck s T I iyl | ' f 0
2t or1 T ROPACOTIENA AR Bhe Forln e, M Rl LRSI R o™ 22

el ect r odesoméP,of6itk, sa@nitoaddctonridydéme Igathe wwamplg $hdven 6AIFIGheC; AigRKL | on
el ectrode 670 is formed such that it electrically connects 5 the el ectrode
622 funct ¢Bivien) geiteringoregienni20Bagend A84qihavet heopiplwateTsiraprogbtainedidly t he

e b e ORE S SRR 00! e e Bt on
el ect rl%dere@?a%g'tl%sr %%Eé rlqjﬁgér'Md&oﬂ%fﬁ?%gg?&igufagga'tg?%ké }élercr‘rﬁlié’@d?s@ qipet he

st or age capaci gate w I ne trically connects t he

plural gapslygOnehecipadtonddkhahnthegiii gl theFentiRdndecton tay@nantiahe ofiter
transparent conductive filmsuch as an ITO (indiumtin oxide) filmis

formed t ocoraers of thei pipgers afingdetwith #e ewtengdrmess ef thessquhispnducthopyaphy
treatment_and etching treatnent to forma pixel electrode 674. The pi xel

el ect 1 odeTBPE%ARE @haregprlgeiexﬁ%%ﬁé’ﬁlnlx ﬁfflbqjgw SHET BB TRGIAS BV ilisebioige
672 to the. i i I: e e SAk V. tah rce region 15 and
drain reg:frghqgéﬁtl{}o‘éeﬁ%ﬁ@%@kj}%Thgeﬁﬁ% 'gfé‘egotggge 674 is al so

el ectniscal |y comnggy of thBrabegb drivihgeaidne eikufiple, @b Maglel ybetBicient tdwetekifigur i ty
region 655 of the storage capacitor 705. (See FIG 12B) An active matrix
liquid criegicis dicsplrangetbsoces itgr amoiid lobatrupting angetremFTlovasg apetvobn the

structure and a p-.channel TFT has a single drain séructure can be 0.
manuf act uffcgﬁawqrﬂenaﬂwé RBREA'SRLQ P USFOEEAQN and thygORHAEhRATHON tipiris
havi th ; _ o : i QUi G .

o 02, REBRSt Gl RESIOHTE o bAMLASISI ARl

(P) and 22034 %¥p¢ 20%Auni FIG(BA Het ﬂrﬁ?d‘dofmpdsiiiﬁnﬁ tRENUE QU ULOEK al @egntapart
froma channel region of the sem conductor |ayer, which characterizes the

presedl iflowing between goniagk poationsx 2068 dongactgdcioy st slurck spgian 2@ld eed
manuf actured by this od can have i nproved .effjcjen in.gettering a
Cat al yt | CCRRThARTSRS o R HBCGE G R AFon 12 - chitn Y FEciUhtal so
in an n-channgle FElodd5aH0 and IHIbENPERS 58 ard EEAER S0 SRR big nat

1S erte ec C

inventio ive in rnproving e ric char eri'stics such as tield
ef fect otk aycuareht Elofvifip ibedéerodorftiictipottian 2060 Edndttedroch nuret rdgidn 30

4. ~ [ Enbodi ment 3] The present invention relates to a sem conductor
devi ce sudhtmend cpmtaqtipartions 207b connected to a drain region 202b. The highly
25 efficient gettering regions 203c and 204c in FIG. 2C are arranged in positions that
do not block a current flowing between contact portions 206¢ connected to a source
region 201c and contact portions 207c connected to a drain region 202c. (See
FIGs. 2A to 2C)
FIG. 2D shows an arrangement example that is basically the same as the

30 example in FIG. 2C. In the example of FIG. 2D, highly efficient gettering regions
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uses a crystalline sem conductor filmcontaining silicon, as well as a

nmet hod of manufacturing the sane, and is applicable to various active
matrix liquid crystal 5 display devices and nanufacture thereof. Therefore,
the present invention can be applied to electronic equipnment in general in
various fields which has an active matrix liquid crystal display device as
its displ Speci fi l.ectroni c equj pnent_are

di | f th
descri bediﬁéﬁwgnbmwﬁd E$ E¥¥h e‘%(%ﬂ%‘ g%: Rlﬂ’i?’ tgg‘eci%@. gerEng regtong an & 1egdlpnent

are a vid (] : [,0Q] [ : rojectar. or
ront. proj C2Rne eanfiek Bl AREEIMRc AP pRUTHS Blarky SRR QyRHSE Sl
machi ne, 20Bd\pagaallpovesspeovhact pekicie8064 pBasiesly, tOmUbIRM iR cResddabl e

information term nal (such as a nobile conputer, a portable tel ephone, and
an el ect roihice theokighleeicimpiceetang Hegiona 396ds and20ddnpatiely wmtirkip the

o0 SR Boioh® YA ok €07 PR b T S ©°
o oY S AR ORHE oA Y op P R N By KA ALy

i nput  uni 204d.Q3d DO aft i wWorssW TabRSork] Qe deshal detynceiOBetwabl @B ErRae
receiving unit 1106. The present invention is applicable to the 20 display

devi ce 11portimmd 286deand 2P diand. the| ldghlyseffhentisgeitenolg tegiasniteand \dh i s
conposed a canera uni '

f a i n bod) 201, . it 1202, ap inage receiving unit
0B neRis Forbes det SHifabIy okl iatos canSpFiiogelic: alghoen: heugeysenen

i nvention,J e . . dl i r. Gl its. 25
R R R SR b e S L e
1301, display Opné peSitibA9DI PRl yadTfididit WekterihdA3giohRardmds eititd Ve Mdsen i s
applicable to the display devicés 1302 and other circuits. FIG 14E shows a
pl ayer usinnpisembodimdemtgmodeli uhe highly eiffiaiept ggitering segionocaetie (freveledaf t er
abbrevi ated as [ecordi ng medi ur’r).eghe,pl |zé]\yer i s conposed 30 of a nmain body
1401, a dfsyrap ageasdeng 462 cwreyARwing hptveeaghe SQUFSCEsEThgnd ghe digigi um
1404, and t1qn i 405. I i S I r dicn di um
Leots canc st RARRMAPOEI0HIR T RhelEI 661 3R, i AR gy
surfing thatdriHeeledfins A ndk aBeANs bé‘éﬁl@&d% theS e AP BRethitonddt@odiaset.ay
devi ce 1402 and other circuits. 5 FI 14F shows a portabl e tel ephone,

whi ch i s Tonpesedeffectaca dyel abtapeatk whes) ifor danstapes,ahighty mdficient peReriag
connecter upit 1503, a display unit 1504, an audi o output  unit 1505
oper at i orfeBEns 805o#nd 804 ateplassd iv Fegieny adiarendigi @niash Rortinns S0%aed 88Ad an

ant enna et D) LSpl nel 0l_j onnect to . the operatio nel
1502 by (Rar BnASePERRIRCORTES s 1R H shiel 8RR L BecdRuiR ke B %n 1o
whi ch t heshdivaPlraFIGN3. 1AGRf&EnédBulcsdl S05 dafes A 28k discts®de. aNGek@! ane
on which the operation keys 1506 of the operation panel 1502 are set can be

changed atditrarily at the connector unit 1503. The present invention is
applicable to the display unit 1504. (See FIGS. 14A to 14F) FIG 15A shows
a front projector, which is conposed of a light source 15 optical system

and di spl i d a screen 1602. The present invention is
appli cabl@f}lg&%ﬁh%%é?@%#agpdevi ce 1601 and other circuits. FIG 15B shows a

rear projector, Thiki GhbddigeiPoaR™eof dexciiBed ROdiethddl ofa MbifacERiiLea
optical system and di splay device 1702, mrrors 1703 and 1704, and a screen

1705. Thesepriesrditctondexice teticanagoive tebproblan tdfanflirepledficdevy ¢e ge@édngnd 20
other circuits. FI 15C.is a, di agram showi ng an examl.e of the structure
of thadl iagwegaim%éfwf:@am s@gh@meinwgrm yaraéwwnfé"BTl?anFm ESHEBPEt he

| i ght sour i syst s playdevi 1702 . i

sour cooptS BaIRS o AN TH TaC TRECT TR Ve Vit TABIORRE (' s,

sour ceoptigahAH systeml801, mrrors 1802and 1804 to 1806, dichroicmrrors

1803, anoptical system 1807, display devices 1808, phase difference plates
1809, and a pr djiestt i csilicemt Dx:wltrggesflhm wiho thibkngss qjfeldQ om spfarowd as/8t em

1810 i I, f I li f ical . | jded with
orof ecti AROPehan 33 on <k elise bbirdiec 2] 4 BlasHRe b HP ot d MEJpan i@ hous
enpl 0X%3 tJ?fi&?n qilﬁ?'% %Yxhﬁ%%igtggﬁfoﬂlﬁ'e& *l8 lllzi‘ﬂthta Bﬂéﬁhess of 15 to 70 nm,
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30 indicated by the arrowin FIG 15C, an optical lens and a film having
pol ari zi ng 46 function, a filmfor adjusting the phase difference, or an
IR filmmay be provided at discretion. FIG 15D is a diagram show ng an
exanple of the structure of the |ight source optical system 1801 in FIG
15C. In this ermbodi nent, the light source 5 optical system 1801 is conposed

of a refl , i_ght e ens. ar.ra 1813 and 1814, a
pol ari zat ﬁgeﬁlfg}(’:ag&érbtﬁ(ﬂ%é g e‘ne?l@gﬁ@lg%ﬁ%uge cbrhgg%seéﬁmf@'?gp?ﬂ? 9 'iogf‘ﬂrm
sour ce OptlieC anosyBdRMisidemw tilm G031&Phhve FeihetRhedd vEXATRLE @nqohh?r&rsﬁﬁeent
invention is not limted thereto. For exanple, the |ight source optical

syst em ma Vi@ maypbe deed wistdudan dpting &drmasie ahiheaniérpimbaviliegn fdhaB0 % g
function, io filmfor j.usting, the phase difference, or an IR film at

di screti oﬁatue@e%xlﬁf:éém %a%l% OTEFY Of| e SYEACS RY e&ﬁf%@&gﬁﬁwg% ity R E-

pl ate t_,ypg?eeAF‘ég%&) source optical system and display device in FIG 16A is
conposed a light/source optical system 1901, a display device 1902, a

proj ection optiggk Sa){ﬁé@ﬂb&?o%ilj@hd filmhas®s 1% dickfseninpae pbate 194orelhe
projection optical system 1903 is conprised of a plurality of optical

| enses prowistidlzatidr) thepcoptentinaad | watsral Tevadei il 3HBurone tlapsifate yfstlem and—
di splay device of FIG 16A can be applied to the |ight source optical

syst em andmarahusy sifison clakn I-’(ﬂﬁll%rﬁ@nBY@@ byf trepiarg tb%ﬂ?“&ﬁﬂatﬁgﬂ whiehy thent
tical t ho i,n,Fl G. 15D be. dfor. the li
oot cal ohmERud HEER TR abapisolnty cENeofytRES s, Biay  Shen biCe

shown) ¢ OadboSPHcis §iH@&?ﬁl&@@isqFradﬁtc§! wiBUS A¥kt ﬁna@g{?&é&ﬁétmpﬁém e of

the light source optical system and di splay device of 16A. In this

exanpl e, formotaaveryREBEn csilicwn foixlidee filoi 3QS5 1@0D%hé surfsed of riMiZeadlled viehe thiol or
filters to display a color image. The |ight source 25 optical system and
di spl ay deilices ogiderfitm 306thasanfupstian of imgrewyng ke peignabsldtyrafer Nﬁl)@nu@@us
system and_dj.spl devi c 601 and, 1702. of FIGS. 15A and 15B..A |ight
Shurce. optaltiph Pt Bt iEad e PR Dtk ionted ARG DY Spishiepady
color fi '{Seeredﬂ’l‘?i% i ngle plate type. This type displays a color inmage by
provi di ng*a di spl z@ device 1916 with a mcrolens array 1915 and using a
di chraisc 30 m r Aaraqugoesesglulibn2f Ni thiacisrocaalyiticrademénteld)apptidd to alnelertire

dichroic mrror (blue) 1914. 47 A projection optical system 1917 is_

conpr i sedswfacs ¢fl the amarpheys ypepr Ailm s dbe sudecciebthgisilicen pxide ddm 3051 ens.
The |ight, spurce tical system and .di spl ay.device .of \FI G 1CC can. be.

2ppl 1 ed 115 Phesrrdmy G50, DhRngr; 2BF 3| SPnRuBehiE RS i atinebis PRI ing
1702 of LSRR F Q@idhtdD qouPL and a
col I'i mat gdr)'(fls[gnésqi% ﬁggﬁf"??gﬁﬁ%@g&?%ﬁ $%?mrﬁgd§nc{%é@t}éed as E?ﬂ%ﬁtﬁg%tn

sour ce opiangalis dyterminctotblset Axe Nesoncdnedhtiohanehe himerpipplsi stldorofilm@iGetoof

the sem -oe-nductor devige of the,present invention and its manufacturing
net ho@0i sl verlP witeld xThG prteswsigmi.nvegrg e N eonaeatrgtian dpplhiecamoephays

el ect 1 on ¢ GUIAIPHt. 0o Y% 1858 & 117 Wl ADCA? dlRRu @ AP HRARITRD detad OV @

the catalytic action of Ni when the concentration thereof is lower than 1 x 10"
atoms/cm®. The above Ni concentration is determined by the maximum
measurement value by SIMS. (See FIG. 3B)

25 In this embodiment mode, a Ni aqueous solution containing 10 ppm of Ni
is applied by spin coating. During spin coating, the glass substrate 301 is rotated
to shake excess Ni aqueous solution off to form a very thin Ni-containing layer 306
on the entire surface of the amorphous silicon film 303 (the surface of the silicon
oxide film 305, to be exact). (See FIG. 3B)

30 Next, the amorphous silicon film 303 is subjected to heat treatment in
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The present invention inproves the efficiency in Bettering a catalytic

el ement in a channel region of an n-channel TFT (which is inferior to the
Bettering efficiency of a p-channel TFT), and has the follow ng effects.
(Effect 1) The present invention can solve the problemof inferior
catalytic 15 etenment Bettering efficiency in a channel region of an

n- channel .-TFT to the Betterij fficiency of a p-channel TET and therefore
is ef f ectlif@EeH A[RAPIRIGH ! 5P forfotdionss & postabizat vikm 398 and {prat at he

n- channel - (Ef { )| oV nt, .0 ,C tic nt . Betterin

effici enc%ﬁ %:t%hg&cggﬁﬁél ﬁ?rgg?@‘% oﬁrganErriS@ag’#\Oyt%TbFﬂgsfgﬁ‘faﬂl‘%g@%l?? %8?

| over i ng dnfierpBehiS &ilicteh t18ABOBNE SiijR@kat tof BeAOtrdfghe It @NhpIyIME a Ni
Bettering treatnent tine, and therefore the invention is effectyl ve in
enhanci ngqueogesautian go thoéntBetsuefacagf theftmsis, c(ysfd erowd) advpreesérent i n
catalytic elenment Bettering effici engﬁ in a channel re n of an n-channel

TFT i s efth@stiripec oh thapmovphiyis HECem Al 0D Aored My ih Hig%ax%éfchrhedbw falm
devi ce t X n('éﬁr&é’lgl;mggleﬁré)cftioﬁ .pI f‘f‘h@'rﬁét){oé?fis %T%olrggalfe% a l%&gﬁ?@%{ﬁ‘g DIS:

1. A sem evice conprising: a cryst I ne - semc r

over a sypsthbalif thisRPesificatigh! | (eSFREMEpnductor |ayer containing a =
catalytic elenent that accelerates a crystallization of a sem conductor

film and a gatlheedbeskrimdetraginens may be chmicdrodtialahiclectse fuoandact00 to- yer
with a gate insulati ng{fi | minterposed therebetween, wherein the
cryst al [ i798°Cenpreserabbt o¥5Q dpe©5RaS. at Theaupper dhavinef thegiheat tieatgenir st

regiop. c risin n. n-type i rity . el enmen dj acent, to t he channel

oo one ST Ras gl dRkiec g SFNsRAor TR he) erBritE A e ent
to the fisBbiriiBYUsed: Pt @ﬁ@&@ﬁ@gﬁs@eu@@wt@sowﬂmrwﬁm@%, glixssalistoygbal | i ne
sem conductor |ayer over a substrafe, the crystalline sem conductor [ayer

cont ai ni peidt Badbay 6GD0°Elandetht glisatsubstalecdCGit Bsnaticenybt whipedadi shruak ik
sem conductor film a gate electrode adjacent to the cri(st al line
o

sem condlicatsd 2t tampgrehirg egaeeling dig glaspglistortian pRidt.potbercterer Heglasen, 20
an interl ayer | | ati filmcoveri t least t te electr and the
crystal | iSHéStﬁ%tﬁir@én %Fogpe ISH%F%daWdﬁ%tgﬁq%@S?} ﬂ‘og@ﬁof AW ET é&ﬂﬁ?‘égnh

i nsul a4 i ng;f bh{Ede}?Sﬁte'n‘ib&eh%s&{ Yt 3ldcie ReMAGORSIUGHO hdaRYiRlathRRt 2laskpast a
channel region, a first region conprising an n-type inpurity el enent

adj acent ahnedlivgy, dampnehnagadiogpor 1iXe @thdr hestereatchene gneamscnaprbiesemglayed: t ype
inpurity el enent adjacent to the first region, and wherein the contact hole
i s formedSedFlg. B6)reach the first region. 3. A seniconductor device

COMr1 10", 30 el oyl LA B TS P TSR A A g, @
contai ni fghsPo¢AtRE Y StaRl®iYENHeat treatment in an electric furnace only achieves
20 insufficient crystallization of the crystalline silicon film 307, and amorphous
components are scatteredly left in the film. Here, insufficient crystallinity is
improved by irradiating the crystalline silicon film 307 with a pulse oscillation type
KrF excimer laser (wavelength: 248 nm). The excimer laser is oscillated
ultraviolet light and therefore instantaneous fusing and solidification is repeated in
25 a laser irradiation subject region. This brings a kind of non-equilibrium state to
the laser irradiation subject region and makes it very easy for Ni to move. The
laser irradiation step may be omitted but it is preferable to include this step since
the laser irradiation step has an effect of improving the efficiency in a later
gettering step in addition to improving the crystallinity.

30 Next, the crystalline silicon film 307 is patterned by normal

26



that accelerates a crystallization of a sem conductor film a first and a
second gate el ectrodes each adjacent to the first and the second
crystalline sem conductor layers with a gate insulating filminterposed 5
t her ebet ween, wherein the first crystalline sem conductor |ayer has at

| east a channel’ region, a first region conprising an n-type inpurity

o typo. i npDNasrebnfreaRr e FEY BRaifE TR REH B "SR ReranBRE I e

second Cryghpkll RfniRIANCHARRY TrAYE5d NABALodGRRS: BuERIBGPIor fONER 22

third region conprisi an n-type inpurity element and a p I pUPit

el enent agichaemé] TPT! h@hehanfules rofgihernsenficoAds@ot ¢OREIS08H ARVBO8p have
conprising: 15 a first and a second crystalline sem conductor |ayers over a
subst r at eunwaeteflinasarabhnyideHd mse #dridh ereymmovdadey ddntedofdorit aeidl tagegment.

t ai ni talytic.ele t .that | t ystallj ' f
Com conauEhgh ¢ phispnovide M domned S A GareaH it el b HEM AT BLOND 1 o
the first B ' t (th t
neul at i ) T RSREGOR B LB B R0 Pl e ¥R 5] el aling 11 m

covering at |easext hecdidustivartint B¢ asgaende@fodkt dlatdrng is €oHBOMGUC have fzayer s
and the first and the second gate el ectrodes; a contact hole in the

i nt er | ayethi¢kness sofi 4§0f ningy byhspusteningherf CVIR. crihet abhdwaivee dilovns uidieor

| ayer has at |east a ch nr}}el ﬁ% region, a first region conprising.an n-type
i mpur i ty RAUSTREH DYRUEAPRAO ega%éwn‘éfa%e@it dd daciahngc bRy Mgl 2
conprh 3! 'r‘%até‘ éié%ﬁ‘cﬁ«fe STBY" Vit ﬁ!@x%n@dirﬁe%dté’ gtal'?ee efléfétﬁ)tder §9b§”ﬁor"\*ﬁ%r ern
t he seco crystalliné sem conductor Tayer has at®least a channel Teglion, a

third regheRafIPTEFIL NOTRE ghté Ydlectrdd mitkrie]l axeat heedia pRefeys¥dyi APKEdtt Y 30
el ement adj acent to the channel region, and 50 wherein the contact hole

i s formedesistans materiehtirttdae Wwithstand eyé demperatuxes@iDctonthE1Hrofdknérckeat
conprising: a crystalline sem cond ctor,la,yer%toyer a s‘i%llbstrate, t he

crystal | i HEABICSEAPT BRGNS AS WAk RS d3nfcliitig of HBRWIYt plemenksre i xamBles
accel erat gs the Cﬁe\ﬁ?tx%lsiska%ﬁt hAfRl RchRT ‘fﬁ’éﬁg%%ﬂfngf 'plo'fﬂt &als such as Ta

15 (tantalum), Mo (molybdenum), Ti (titanium), W (tungsten), and Cr (chromium),
metal silicides that are compounds of high melting point metals and silicon, and
polycrystalline silicon having the n-type or p-type conductivity. This embodiment
mode employs a metal film (W) with a thickness of 400 nm. (See FIG. 3E)

The gate electrodes 310n and 310p are used as masks to dope the

20 semiconductor layers with P that is an n-type impurity. Doping conditions include
setting the acceleration voltage to 60 to 100 kV and the dose to 1.7 x 10" ions/cm?.
Through the doping treatment, high concentration impurity regions (n* regions)
312n and 313n that have the n-type conductivity and function as a source region
and a drain region, and a substantially intrinsic region 311n that functions as a

25 channel region are formed in the semiconductor layer 308n for forming the
n-channel TFT. High concentration impurity regions (n* regions) 312p and 313p
that have the n-type conductivity and a substantially intrinsic region 311p that
functions as a channel region are formed through the doping treatment in the
semiconductor layer 308p for forming the p-channel TFT. (See FIG. 3E)

30 Formed next is a resist pattern 314 that places an opening region at an end
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a gate el ectrode adjacent to the crystalline sem conductor |layer with a
gate insulating filminterposed therebetween, wherein the crystalline

sem conductor |ayer has at |east a channel region, a 1 o first region
conprising an n-type inmpurity el ement adjacent to the channel region, and a
second region eonprising a p-type inpurity elenment adjacent to the first

i gher” conCeniBRE G rERARCERRY § FAL fTegRBeqrtuorE B s BudoGrteiece
conpri si Ngchandly$H 'ahHese;%sert‘]'l(,c%Hﬁ%@tré’%iohaéfﬁrthé)‘é'é{ni@orﬁfﬁ%ﬁg;rglk?r t3tr?l§§ for

crystalline sem conductor |ayer containing a catalytic e

accel er at fesmang tlysp-ahbhzet TBH asfandpeaimgc tpdoct oThén,Ithe réistpagrete 3¢k egtir ode
adj acent to the crystalline sem conduct or er with a gate insulating film

|
i nt er posedict HF ePEEREN 318 fostiae| ﬁféanmﬁs’gﬁ% t Riggusqd 1w oBYssi Hy dapc| dast
ot o tRareneaitag Bel Sl T id e B GRS Do B Rpae s ek
sem conduciie IRYRiceaaid vORAR P60 RATAC Y B A dRelibies xIRO? Bhs/cm’

I e el region, ‘and a

conprising an n-type Inmpurity enent adj acent to t chann

second r ephaghahpdopingdreatmeny nke condudtivityed erkent-tyadj iagqririty regiohe-31Dpst
region, wherein the second region contains the catalytic elenment at a
hi gher 3®nsbAtdptipatponinghthe pebannelsTFLelgi ivertaddosform highr edncenkrationnt act

hole is f. tos h the.first.fegion. 7. A sem conductor devi
Corpr | i Pty tPgbhs " 1E80BshaTep vl b N agithe BE NG BV S oV o
cont arg) rne safeifme/ At (Yo iRfuEATHREAR YRGB did'SaG P MRl Ble bAfR
Sﬁm ]gpnduegmdn csﬁhihmreaisfgaitsdrna;ndl tiaas‘@c}ﬂade_cgapagt e:loemtlmdmmea_ iaf3atngnt to
the first and the second crystalline senmiconductor layers with a gate
i nsul at i rihe fsemgonductrrpeserdd Adreoktist mehanngl OUhéy esad ashe nfaskdo formdtigh! i ne
sen conductor | ayer .has at | east Lchannel éﬁ?l ond(?}é%iargitlI regjon

h

conpri si iSRG dMPEIY  Fo10NSe iR nfCHANS dhf Nt Y Y88 thegPd¥PCand a

second reg| : ri ype inmpurity el ement adjacent to the first
HRlRP, fs o)

region, the second region contains the catalytic elenent at a
hi gheg515 conceried 3iglprncdnantritich fih{[ﬁirit]f/eﬂig%hs E(Eﬁ reBRIE) MB1dpe anec3ndp

crystalline sem conductor |ayer has at [east a channel region, and a third

regi on cdnpmedihege da haveythe p-tyner copdwsitisnanarearagienspfungioning as a source
region and drain region of the p-channel TFT. Containing the n-type impurity in
addition to the p-type impurity, the regions 319p and 320p also function as highly
efficient gettering regions for gettering Ni in the substantially intrinsic region 311p

20 that is the channel region. The high concentration impurity regions (p* regions)
317n and 318n formed apart from the channel region 311n in the semiconductor
layer 308n of the n-channel TFT to have the p-type conductivity also function as
highly efficient gettering regions for gettering Ni in the substantially intrinsic
region 311n that is the channel region. (See FIG. 3F)

25 After the resist pattern 314 is removed, an inorganic film with a thickness
of 100 to 300 nm is formed as a first interlayer insulating film 321. The first
interlayer insulating film 321 in this embodiment mode is a silicon oxynitride film
formed by plasma CVD to have a thickness of 150 nm. Then, heat treatment is
conducted in an electric furnace at 600°C for 12 hours to activate thermally the

30 impurity elements (n-type impurity and p-type impurity) implanted in the
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impurity el ement adjacent to the channel region. 20 8. A seniconductor
device conprising: a first and a second crystalline sem conductor |ayers
over a substrate, the first and the second crystalline sem conductor |ayers
containing a catalytic elenent that accelerates a crystallization of a

sem conductor film a first and a second gate el ectrodes each adjacent to

the first dth d )i ' duct I ith t
| neul at 1 ngCPYFORST Beis e U B, i e Br4tERpaY (orUrae AGFRiGh
at i g PhTHTHEdr B3 . e (Pl |
and the r CroTEERIpUTE (R DEbS, S R AL o RN R Bl T ©

i nter| ayercaiahgtid alehivgit (Niy¢ordoinet én ehdsubseartiallgtinGingsd Mgliomes BeMLPRdyst or
| ayer has at | east a channel 52 region, a first region conprising an
n-type i mpati fyncsicsnwat thedjchaeme! regions cAAenehwaatsidowatabytit @lsecondNikgi on

conprising a p-type.i rity. el enment .adj acen o the first region, wherein
e her s ecbndoRufhcsh RE it SHtiantiaBy AT aSE TeEERErAR A2l kn Do toBeton a5 e
concent r at.| . i i rel n y | i .

o conduhafbtiegidntarkl (8} MER hrolbfufiMilBARERANR B/ flafly fcien:
conpri si ngeaerifg tiegbsTBUTAL B18heB3E0p, and QZ%tmpegéthQUfgi. t yAelremeRfith a

adj acent to the channel region, and wherein the contact hole is formed so
as to rea€hystaling silsgory Eiinotormed By thissmathognbachigh field edectcmobiitygatd any
one of clajns 1 to, 8, erein the catalytic elenent, co Lses at | east one
ol oment s SP¥s &XEHEH EHEH GhpACHTEE ingluginge regyicedi OFPacurpent ¥glucand
Au. 1 O: 1 . i G i | @ 8,
vvherei51nolt Egé\f)e%? %&ﬂ?%@ﬁﬁnﬁ g}/derfrlg%?&cgyggr#@e%&t I%esggfe Cg%leﬁ)el?);edn@%én%gqnect ed

fromthe geauRerRomshslitrdge®latBosphore @ntaifthg D% bf-hydrs&H aoadoetoordgyi ce
according to any one of claims 1 to 8, wherein 20 the n-type inpurity

el enent cbopr fsesminaté dasglingbordeimetlic sspliecandgtdnlapemshe (SeoBIG cdAi sting
gf ¢ E ’ 8:6\5\’,\*12? gi ﬁ?fex%,za' tr?nssp%rrgnctoor}gggi%()fhmd%V}o%rei‘legcagoar geicr(])%dtigte?&\//ero inn%u(ljgtincgl al
film 322 on the first interlayer insulating film 321 to have a thickness of 1 to 3 um.

15 The second interlayer insulating film 322 in this embodiment mode is an acrylic
resin film with a thickness of 1.6 um. Then, contact holes 323 are formed by
normal photolithography treatment and dry etching treatment in the second
interlayer insulating film 322 and the first interlayer insulating film 321 as well as a
gate insulating film 309 below the first interlayer insulating film 321. (See FIG.

20 4B)

A conductive metal film is formed next to have a thickness of 200 to
800nm. In this embodiment mode, a laminate of a Ti film with a thickness of 50
nm and an Al-Ti alloy film with a thickness of 500 nm is formed by sputtering.
Then, metal wiring lines 324 are formed by normal photolithography treatment and

25 dry etching treatment. The metal wiring lines 324 are respectively connected
through the contact holes 323 to the source region 315n and drain region 316n for

forming the n-channel TFT and to the source region 319p and drain region 320p for
forming the p-channel TFT. (See FIG. 4C)

30 [Embodiment Mode 3]
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a concentration of the p-type inpurity elenment is 1 to 3 tinmes higher than
a 25 concentration of the n-type inpurity elenent. 13. A sem conduct or
devi ce according to any one of clains 1 to 8, wherein the sem conductor
device is at | east one selected fromthe group consisting of a personal
conputer, a video canera, a nobile conputer, a goggle type display, a 3 o

pl ayer using a nggesdiiia "ediode) 2 RRstable el ﬁ@&%@e,oﬁn%zﬂuﬂs&iuﬁﬁgor g 03
J oFm ng a

14. A method of manufacturing a sem conductor device conprising:

sem condustmicdrdurtaodirics iwigchidsies anlomgétudmas Whswtlahgsthod avi @y s@llizeean
sem conductor filmwth a catalytic elenment that accelerates a 5

crystal | i 280919R00§ sicearfilebnddsthas Geenmertignadathqreiingnether gaowtomhibodr

fil i dwith th | j | : hi h
A g R R R Gt R D e s e A R
el ect rogle Tag dibRnt HBo8E QOGS L Oe RN bf Whith e b OsdnieBhatéy

filminterposed therebetween; doping an n-type Inpurity €lenent 1nto a
first porideoiteofhichaissenilserdygbath hayksd uscrygtallive gahsoplenisrddeodsila.
mask; doping a p-type inpurity elenent into a second portion apart froma
channel r &pesHicodeschiptioasioadhe metbed jasg giveadialgwaw ik selerengttedrIys. i ta5
reduci ng %choncentrati on of the catalytic elenent in the channel region by -
gettering-the catalytic elenent into the first and the second portions by a

heat treatment. plag aA‘szEBHQSé( Ritr nﬂfﬁ%fflﬁ :an@li@}(n%g’%iaq{)@;’rlﬁfl% AE%EGSs a

conprising: 2 o formng a s conduct or m conpri si ng icon over a

subst rag ebage Mird40g éiha gers sabstuat of01f bygplm';mb @Vvent allyé, Ccarelagn@photihat
accelerates a crystallization of a sem conductor film crystallizing the
sem conduétlwonf filmm AP3visdwamediatelyhEorowdaly thaye ed dhiknessy o4 Hedo 70 eanpent ;

25 etoh ng  DSSTURLE Khsed SPILGONUE o L] minto a Litst, som condctor
#2000, B G SRR PR b Bl o P BBt o

CVD may be used instead. A silicon oxide film is formed as a mask insulating

15 film 404 on the amorphous silicon film 403 by plasma CVD or low pressure CVD

to have a thickness of 70 nm. (See FIG. 5A)

An opening region 405 is formed in a part of the mask insulating film 404

by normal photolithography treatment and wet etching treatment. The opening

region 405 formed here is for selectively providing a catalytic element (Ni is used

20 in this embodiment mode too) to the amorphous silicon film 403. The amorphous

silicon film 403 is exposed at the bottom of the opening region 405. Then, the

substrate is oxidized to form a very thin silicon oxide film 0.5 to 5 nm in thickness

(not shown) on the exposed region of the amorphous silicon film 403 in the

opening region 405. In this embodiment mode, the oxidization treatment is

25 delivered through ozone water treatment by the spin processing method (single

wafer method) continued for a given period of time. Batch processing ozone

water treatment using a washing tank may be employed for the oxidization

treatment.  Alternatively, single wafer method or batch processing hydrogen

peroxide water treatment may be employed, or the substrate may be oxidized by

30 ozone generated by ultraviolet (UV) irradiation in an oxygen atmosphere. The
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t her ebet ween; 30 doping an n-type inpurity element into a first portion of
the first 54 sem conduct or | ayer and a second portion of the second

sem conductor |ayer using the first and second gate el ectrodes as masks;
doping a p-type inpurity elenment into the second portion and a third
portion apart froma channel region of the first sem conductor |ayer using
a resist 5 pattern; and reducing a concentration of the catal ytic el enent
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catalytic elenent by 15 a heat treatnent; etching the crystallized
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impurity elenent into a second portion apart froma channel region of the
sem conduelemnertasotutiorsiusgd & aesclsd] geatate aque@ndsoledore icogtainiagn®ppra(bpn of
the catalytic elenent in the channel region by segregating the catalytic

el enent i meedgheoff Ni.st Aaveryt Hen Niceprdainang ilayes & Fuated2tlgougedhespin 17,

A net hod of manuf act urd sem conductor device conprising: formng a
seni cortuEPyHng:i I&ce@gﬁél'%s@ng silicon over a substrate; providing the

semconductor |NRMEBoR iy PR Wsiogekel 6 paSuekin in «
nitrogen atmosphere at 600°C for eight hours to crystallize the film 403 and form a
crystalline silicon film 407. During crystallization, Ni selectively introduced
through the opening region 405 is diffused from the opening region 405 toward the
15 surrounding regions and crystallization of the amorphous silicon film 403
progresses with the advance of diffusion. The crystallization proceeds in the
lateral direction (the direction parallel to the substrate), and this method is therefore
called a lateral growth method in this specification. (See FIG. 5C)

The obtained crystalline silicon film 407 is irradiated with a laser to

20 improve the crystallinity. The laser irradiation greatly improves the crystallinity
of the crystalline silicon film 407. This embodiment mode employs a pulse
oscillation type KrF excimer laser (wavelength: 248 nm). The excimer laser not
only improves the crystallinity of the crystalline silicon film 407 but also makes it
very easy for Ni to move. Therefore, the laser irradiation also has an effect of

25 improving the efficiency in gettering by a gettering source.

The substrate is then treated with diluted fluoric acid to remove the mask
insulating film 404 that has been used as a mask for selectively providing Ni.
After the mask insulating film 404 is removed, the crystalline silicon film 407 is
patterned by normal photolithography treatment and dry etching treatment into a

30 semiconductor layer 408n for forming an n-channel TFT and a semiconductor layer

31



crystallizing the sem conductor filmprovided with the catalytic el ement by
a heat treatnent; etching the crystallized sem conductor filminto a first
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according to any one of clainms 14 to 17, wherein a dose of the p-type
i npurity abemehphowlithography treetrdend amd! dey etchmgy wedinemd imtodogeteotletinede
n-type inmpurity elenent is 1 x 10 ~ "~ to 1 x 10' ~' jonsJcnR2, 5 22. A
sem conduddBp @atheen-ghamdi RiTt 1dyeefseclestredaifpitort he1p-chanpesleil ki Ta
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di splay. %-t@/lpgyc%rndg(s:tiigi y gncri es(flggtgirltr{gllﬁlgtiri%rs]}c r%g?(?nrstflbllneand 411p. (See FIG.
5E)
Formed next is a resist pattern 414 that places an opening region at an end
apart from the channel region 411n in the semiconductor layer 408n for forming the
20 n-channel TFT, and sets the entire region of the semiconductor layer 408p for
forming the p-channel TFT as an opening region. Then, the resist pattern 414 and
the gate electrode 410p for the p-channel TFT are used as masks to dope the
semiconductor layers with B that is a p-type impurity. Through the doping
treatment, high concentration impurity regions (p* regions) 419p and 420p having
25 the p-type conductivity are formed in the semiconductor layer 408p for forming the
p-channel TFT. At the same time the high concentration impurity regions 419p
and 420p are formed, the opening region of the resist pattern 414 which is placed
apart from the channel region 411n in the semiconductor layer 408n of the

n-channel TFT is used as a mask to form high concentration impurity regions (p*

30 regions) 417n and 418n having the p-type conductivity. Conditions for doping of
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catalytic element in the gettering subject region can be reduced in advance. The

10 method of this embodiment will be described in detail below with reference to
FIGs. 6A to 7C. FIGs. 6A to 6F are sectional views showing the manufacturing
process and FIGs. 7A to 7C are plan views of FIGs. 6D to 6F.

First, a silicon oxynitride film with a thickness of 100 nm is formed as a
base film 502 on a glass substrate 501 by plasma CVD. Then, an amorphous

15 silicon film 503 is immediately formed to have a thickness of 15 to 70 nm,
preferably 30 to 60 nm. Plasma CVD is used in this embodiment to form the
amorphous silicon film 503 to have a thickness of 50 nm, but low pressure CVD
may be used instead. During formation of the amorphous silicon film 503, a
natural oxide film 504 is formed on the surface by the effect of oxygen in the air.

20 (See FIG. 6A)

The amorphous silicon film 503 is crystallized next. Before
crystallization, the contaminated natural oxide film 504 on the surface of the
amorphous silicon film 503 is removed by treating the substrate on which the
amorphous silicon film 503 is formed with diluted fluoric acid. Then, the

25 substrate receives ozone water treatment by the spin processing method (single
wafer method) for a given period of time to form a very thin silicon oxide film 505
on the surface of the amorphous silicon film 503. The very thin silicon oxide film
505 has a function of improving the permeability of a Ni aqueous solution that is a
catalytic element solution to be applied later by spin coating. Thereafter, a nickel

30 acetate aqueous solution containing 10 ppm (by weight) of Ni that is a catalytic
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with a laser to improve the crystallinity. The crystallinity of the crystalline silicon
film 507 is greatly improved by the laser irradiation. This embodiment employs a
pulse oscillation type KrF excimer laser (wavelength: 248 nm). The excimer laser
10 not only improves the crystallinity of the crystalline silicon film 507 but also makes
it very easy for Ni to move. Therefore, the laser irradiation also has an effect of
improving the efficiency in gettering by a gettering source. (See FIG. 6C)
After the laser irradiation step, the substrate is washed with diluted fluoric
acid to remove the very thin silicon oxide film 505 and very thin nickel-containing
15 layer 506 on the surface of the crystalline silicon film 507. A mask insulating
film 508 with a thickness of 30 to 200 nm is then formed. The mask insulating
film 508 in this embodiment is a silicon oxide film formed by plasma CVD to have
a thickness of 50 nm. After a resist pattern 509 is formed, a part of the mask
insulating film 508 that is not covered with the resist pattern 509 is etched away by
20 dry etching treatment. (See FIGs. 6D and 7A)
Next, the crystalline silicon film 507 is doped with P and B that are
gettering sources while using the resist pattern 509 as a mask. Phosphorus (P)
doping conditions include setting the acceleration voltage to 5 to 30 kV and the
dose to 1.7 x 10" ions/cm®. Boron (B) doping conditions include setting the
25 acceleration voltage to 5 to 30 kV and the dose to 1.7 x 10" ions/cm? or more. In
this embodiment, the film is first doped with P and then with B. Specific doping
conditions in this embodiment includes setting the acceleration voltage to 10 kV
and the dose to 1.7 x 10" ions/cm” for P doping and setting the acceleration voltage
to 10 kV and the dose to 2.5 x 10" ions/cm? for B doping. (See FIGs. GE and 7B)

30 Through the above doping treatment using the gettering sources (P and B),
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 10%& () - thelgg{)agétr(a}e @ s&bjegeg)to heaJ[QreatIQ’:nt for gettering in an electric furnace to
move Ni remaining in the gettering subject region 511 to the gettering region 510
10 through thermal diffusion. In this embodiment, heat treatment is conducted in a
nitrogen atmosphere at 550°C for four hours as gettering treatment. Thereafter,
the mask insulating film 508 having the same shape as the resist pattern 509 and
remaining after the resist pattern 509 is removed is used as a mask to etch the
crystalline silicon film in the gettering region 510 by dry etching. The mask
15 insulating film 508 used as the mask for the dry etching is then removed using
diluted fluoric acid. In this way, gettering treatment is performed on the gettering
subject region 511 that includes a semiconductor layer 512 of an n-channel TFT
and a semiconductor layer 513 of a p-channel TFT both. (See FIGs. 6F and 7C)
In the heat treatment for gettering, movement of Ni in the gettering subject
20 region 511 through thermal diffusion is further facilitated because the laser
irradiation has already made it easy for Ni to move and the gettering region 510 has
been made amorphous by ion bombardment. (See FIGs. 6F and 7C)
Through the above manufacturing steps, the Ni concentration is reduced in
the gettering subject region 511, namely, the region including both the
25 semiconductor layer 512n for forming the n-channel TFT and the semiconductor
layer 512p for forming the p-channel TFT. The subsequent steps follow the
manufacturing steps illustrated in FIGs. 3D to 3F and FIGs. 4A to 4C in
Embodiment Mode 2 to complete a semiconductor device having an n-channel TFT
and a p-channel TFT both.

30 In the example shown in this embodiment, Ni in the region including the
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5 steps in the manufacturing method of this embodiment. Accordingly, this method
can reduce the Ni concentration in a channel region of a TFT even more. The
gettering subjcct region 511 in this embodiment include the semiconductor layer
512n for forming the n-channel TFT and the semiconductor layer 512p for forming
the p-channel TFT both, but only one of the n-channel TFT and p-channel TFT

10 may be included in the gettering subject region.

Although the number of steps is increased, the manufacturing method of
this embodiment can reduce the Ni concentration in a channel region of a TFT even
more and therefore is capable of further improving the electric characteristics (such
as field effect mobility and OFF current) and reliability (leak current) of the

15 n-channel TFT. With the more improved gettering efficiency, the gettering
treatment temperature is reduced and gettering treatment time is shortened.
Therefore, the method is also effective in enhancing the process margin for

gettering treatment.

20 [Embodiment 2]

Embodiment 2 shows an example of applying the semiconductor device
manufacturing process of Embodiment Mode 2 to actual manufacture of an active
matrix liquid crystal display device. A detailed description will be given below
with reference to FIGs. 8A to 12B.

25 A first layer silicon oxynitride film 602a with a thickness of 50 nm and a
second layer silicon oxynitride film 602b with a thickness of 100 nm are formed as
a base film 602 on a glass substrate 601 by plasma CVD. The first layer and
second layer of the base film have different composition ratios. The glass
substrate 601 used here is formed from silica glass, barium borosilicate glass,

30 aluminoborosilicate glass, or the like. An amorphous silicon film 603a is formed
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10 and 1 x 10" atoms/cm® or lower for oxygen. (See FIG. 8A)
The next step is pre-treatment for crystallization of the amorphous silicon
film 603a. When the substrate is retrieved from a low pressure CVD apparatus, a
natural oxide film (not shown) is usually formed on the surface of the amorphous
silicon film 603a to contaminate the substrate. The natural oxide film (not shown)
15 is removed by washing the contaminated surface of the amorphous silicon film
603a with diluted fluoric acid. The surface of the amorphous silicon film 603a is
further treated with ozone water to oxidize the surface of the amorphous silicon
film 603a and form a clean, very thin silicon oxide film (not shown) to have a
thickness of 0.5 to 5 nm. The very thin silicon oxide film has an effect of
20 improving the permeability of a Ni aqueous solution to the amorphous silicon film
603a in a later spin coating step to make the film adsorb Ni uniformly. (See FIG.
8A)
A Ni aqueous solution that is a catalytic element solution is applied next by
spin coating. In this embodiment, the catalytic element solution is a nickel acetate
25 aqueous solution containing 10 ppm (by weight) of Ni and applied by spin coating.
(See FIG. 8A)
In order to control the hydrogen content in the amorphous silicon film 603a
so that the film contains 5 atomic % or less hydrogen, the substrate is subjected to
heat treatment in an electric furnace in a nitrogen atmosphere at 450°C for an hour.

30 The amorphous silicon film 603a is thus dehydrogenated. After the
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irradiation also has an effect of improving the efficiency in gettering by a gettering
10 source. (See FIG. 8B)

Next, the crystalline silicon film 603b is patterned by normal
photolithography treatment and dry etching treatment into semiconductor layers
604 to 608 that are to serve as channel regions, source regions, and drain regions of
TFTs. Formation of the semiconductor layers 604 to 608 may be followed by

15 channel doping that is impurity element (boron or phosphorus) doping treatment to
control Vth of the TFTs. (See FIG. 9A)

A silicon oxynitride film with a thickness of 100 nm is formed as a gate
insulating film 609 by plasma CVD so as to cover the semiconductor layers 604 to
608. Before forming the gate insulating film 609, the contaminated surfaces of

20 the semiconductor layers 604 to 608 where natural oxide films (not shown) are
formed are treated with diluted fluoric acid to remove the natural oxide films. A
conductive film as a gate electrode material is formed on the gate insulating film
609 by sputtering or CVD. The gate electrode material used here is preferably a
heat resistant material that can withstand the temperature (550 to 650°C) of later

25 heat treatment for gettering as well as for activation of impurity elements.
Examples of the heat resistant material include high melting point metals such as
Ta (tantalum), Mo (molybdenum), Ti (titanium), W (tungsten), and Cr (chromium),
metal silicides that are compounds of high melting point metals and silicon, and
polycrystalline silicon having the n-type or p-type conductivity. This embodiment

30 employs a W film formed by sputtering to have a thickness of 400 nm for a gate
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5 that functions as a source wiring line. After the dry etching, resist patterns 611 to

614 used as masks during the dry etching are left on the gate electrodes 617 to 620.

Also left after the dry etching are a resist pattern 615 on the storage capacitor

electrode 621 and a resist pattern 616 on the gate electrode 622 that functions as a

source wiring line. The underlying gate insulating film 609 formed from a silicon

10 oxynitride film is thinned by the dry etching to be shaped into a gate insulating film

623. (See FIG. 10A)

Leaving the resist patterns 611 to 616 in their places, the gate electrodes

617 to 620 and the storage capacitor electrode 621 are used as masks for n-type

impurity low concentration doping that is the first doping treatment by a doping

15 device. The first doping treatment employs P as an n-type impurity element and

the doping conditions thereof include setting the acceleration voltage to 60 to 100

kV and the dose to 3 x 10" to 3 x 10" ions/cm®. Through the first doping

treatment, low concentration n-type impurity regions (n" regions) 629 to 633 are

formed in the semiconductor layers 604 to 608 on the outside of the gate electrodes

20 617 to 620 and storage capacitor electrode 621. At the same time, substantially

intrinsic regions 624 to 627 functioning as channel regions of the TFTs are formed

just below the gate electrodes 617 to 620. The semiconductor layer 608 is not a

region for forming a TFT but a region for forming a storage capacitor 705.

Therefore, an intrinsic region 628 functioning as one of capacitor forming

25 electrodes is formed in the semiconductor layer 608 just below the storage
capacitor electrode 621. (See FIG. 10A)

The substrate is then washed using a dedicated releasing agent to remove

the resist patterns 611 to 616 that have been used as masks for the dry etching.

After the removal, resist patterns 634 to 636 for forming n* regions which are to

30 serve as masks during the second doping treatment are formed so as to cover the
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gate electrodes 617, 619, and 620 in n-channel TFTs 701 and 703 of a driving
circuit 706 and in a pixel TFT 704 of a pixel region 707. The second doping
treatment is for giving the TFTs 701, 703, and 704 an LDD structure. N-type
impurity high concentration doping is conducted as the second doping treatment.
5 P is employed as an n-type impurity and the doping conditions include setting the
acceleration voltage to 60 to 100 KV and the dose to 1.7 x 10" ions/fecm®.  Through
the second doping treatment, high concentration n-type impurity regions (n*
regions) 637, 639, and 640 are formed in the semiconductor layers 604, 606, and
607 that are on the outside of the resist patterns 634 to 636. With the formation of
10 the high concentration n-type impurity regions (n* regions) 637, 639, and 640, the
low concentration impurity regions (n" regions) 629, 631, and 632 previously
formed are divided into the high concentration impurity regions (n* regions) 637,
639, and 640 and low concentration impurity regions (n" regions) 642 to 644.
Thus formed are source regions and drain regions having an LDD structure. (See
15 FIG. 10B)
A p-channel TFT 702 of the driving circuit 706 and the storage capacitor
705 of the pixel region 707, which are not the LDD structure forming regions, are
doped while the gate electrode 618 and the storage capacitor electrode 621 are used
as masks for 702 and 705, respectively. As a result, a high concentration n-type
20 impurity region (n* region) 638 is formed in the semiconductor layer 605 that is on
the outside of the gate electrode 618 and a high concentration n-type impurity
region (n* region) 641 is formed in the semiconductor layer 608 that is on the
outside of the storage capacitor electrode 621. (See FIG. 10B)
Formed next by normal photolithography treatment are resist patterns 645
25 to 653 that set the semiconductor layer 605 for forming the p-channel TFT 702 and
the semiconductor layer 608 for forming the storage capacitor 705 as opening
regions, and place opening regions in ends apart from the channel region 624, 626,
and 627 in the semiconductor layers 604, 606, and 607 for forming the n-channel
TFTs 701 and 703 and the pixel TFT 704. Then, the resist patterns 645 to 653 are

30 used as masks for p-type impurity high concentration doping as the third doping
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treatment by a doping device. Through the third doping treatment, the

semiconductor layer 605 for forming the p-channel TFT 702 is doped with B that is

a p-type impurity while using as a mask the gate electrode 618. As a result, a high

concentration impurity region (p* region) 654 having the p-type conductivity is

5 formed in the semiconductor layer 605 on the outside of the gate electrode 618.

The high concentration impurity region (p* region) 654 has already been doped

with P that is an n-type impurity. However, the high concentration impurity

region (p* region) 654 is doped in the third doping treatment with high

concentration of B, at a dose of 2.5 x 10" jons/cm?, to have the p-type conductivity

10 and function as a source region and drain region. In the region for forming the

storage capacitor 705, a high concentration impurity region (p* region) 655 having

the p-type conductivity is similarly formed in the semiconductor layer 608 on the
outside of the storage capacitor electrode 621. (See FIG. 11A)

The high concentration impurity regions (p* regions) 654 and 655 contain

15 both P and B and also function as highly efficient gettering regions for gettering Ni

in the intrinsic region 625 that functions as the channel region of the p-channel TFT

702 and in the intrinsic region 628 that functions as one of the capacitor forming

electrodes. (See FIG. 11A)

At the same time the high concentration impurity regions (p* regions) 654

20 and 655 having the p-type conductivity are formed, high concentration impurity

regions (p* regions) 656 to 658 having the p-type conductivity are formed apart

from the channel region 624, 626, and 627 in the semiconductor layers 604, 606,

and 607 for forming the n-channel TFTs 701 and 703 and the pixel TFT 704. The

high concentration impurity regions (p* regions) 656 to 658 also contain both P and

25 B and therefore function as highly efficient gettering regions for gettering Ni in the

substantially intrinsic regions 624, 626 and 627 that function as the channel regions.

With the formation of the high concentration impurity regions (p* regions) 656 to

658, the high concentration n-type impurity regions (n* regions) 637, 639, and 640

previously formed are divided into the high concentration impurity regions (p*

30 regions) 656 to 658 having the p-type conductivity and high concentration impurity
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After the resist patterns 645 to 653 are removed, a silicon oxynitride film

with a thickness of 150 nm is formed as a first interlayer insulating film 662 by

plasma CVD. Then, heat treatment is conducted in an electric furnace at 550°C

5 for four hours to activate thermally the impurity elements (P and B) implanted in

the semiconductor layers 604 to 608. This heat treatment for thermal activation of

the impurity elements doubles as gettering treatment. Through the heat treatment,

Ni contained in the substantially intrinsic regions 624 to 627 that function as the

channel regions and in the intrinsic region 628 that functions as one of the capacitor

10 forming electrodes is gettered by the above-described highly efficient gettering

regions containing both P and B in the semiconductor layers 604 to 608. The

thermal activation treatment may precede formation of the first interlayer insulating

film 662. However, if the gate electrode or other wiring line material has a low

heat resistance, it is preferable to form the first interlayer insulating film 662 before

15 the activation. Thereafter, the semiconductor layers 604 to 608 are subjected to

hydrogenation treatment in a nitrogen atmosphere containing 3% of hydrogen at

410°C for an hour to terminate dangling bonds in the semiconductor layers. (See

FIG. 11B)

Next, an acrylic resin film with a thickness of 1.6 um is formed as a second

20 interlayer insulating film 663 on the first interlayer insulating film 662. Then,

contact holes are formed by normal photolithography treatment and dry etching

treatment so as to pierce the second interlayer insulating film 663 and the first

interlayer insulating film 662 as well as the gate insulating film 623 below the first

interlayer insulating film 662. The contact holes are connected to the gate

25 electrode 622 functioning as a source wiring line and to the high concentration
impurity regions 659 to 661 and 654 and 655. (See FIG. 12A)

Conductive metal wiring lines 664 to 669 are formed next to be electrically

connected to the high concentration impurity regions 654, 659, and 660 of the

driving circuit 706. The same conductive material is used to form connection

30 electrodes 670, 672, and 673 and gate wiring line 671 of the pixel region 707.
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through the 1mpur1ty region 661. The connection electrode 672 is electrically
connected to the impurity region 661 of the pixel TFT 704. The connection
electrode 673 is electrically connected to the impurity region 655 of the storage
capacitor 705. The gate wiring line 671 electrically connects the plural gate
10 electrodes 620 of the pixel TFT 704 to one another. A transparent conductive film
such as an ITO (indium tin oxide) film is formed to have a thickness of 80 to 120
nm and receives photolithography treatment and etching treatment to form a pixel
electrode 674. The pixel electrode 674 is electrically connected through the
connection electrode 672 to the impurity region 661 that serves as the source region
15 and drain region of the pixel TFT 704. The pixel electrode 674 is also electrically
connected through the connection electrode 673 to the impurity region 655 of the
storage capacitor 705. (See FIG. 12B)
An active matrix liquid crystal display device in which an n-channel TFT
has an LDD structure and a p-channel TFT has a single drain structure can be
20 manufactured by the above manufacturing process. In the n-channel TFT having
the LDD structure of this active matrix liquid crystal display device, a highly
efficient gettering region containing an n-type impurity (P) and a p-type impurity
(B) both is formed in a semiconductor layer apart from a channel region of the
semiconductor layer, which characterizes the present invention. An active matrix
25 liquid crystal display device manufactured by this method can have improved
efficiency in gettering a catalytic element of a channel region not only in a
p-channel TFT but also in an n-channel TFT through simple process. Therefore,
the present invention is effective in improving electric characteristics such as field
effect mobility and OFF current of an n-channel TFT and p-channel TFT.

30
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10 projector or front projector), a head mounted display (goggle type display), a game

machine, a navigation system for vehicles, a personal computer, a portable
information terminal (such as a mobile computer, a portable telephone, and an
electronic book), etc.

FIG. 14A shows a personal computer, which is composed of a main body

15 1001, an image input unit 1002, a display device 1003, and a keyboard 1004. The
present invention is applicable to the display device 1003 and other circuits.

FIG. 14B shows a video camera, which is composed of a main body 1101,
a display device 1102, an audio input unit 1103, operation switches 1104, a battery
1105, and an image receiving unit 1106. The present invention is applicable to the

20 display device 1102 and other circuits.

FIG. 14C shows a mobile computer, which is composed of a main body
1201, a camera unit 1202, an image receiving unit 1203, operation switches 1204,
and a display device 1205. The present invention is applicable to the display
device 1205 and other circuits.

25 FIG. 14D shows a goggle type display, which is composed of a main body
1301, display devices 1302, and an arm unit 1303. The present invention is
applicable to the display devices 1302 and other circuits.

FIG. 14E shows a player using a recording medium in which a program is
recorded (hereinafter abbreviated as recording medium). The player is composed

30 of a main body 1401, a display device 1402, a speaker unit 1403, a recording
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FIG. 14F shows a portable telephone, which is composed of a display panel
1501, an operation panel 1502, a connecter unit 1503, a display unit 1504, an audio
output unit 1505, operation keys 1506, a power switch 1507, an audio _input unit
1508, and an antenna 1509. The display panel 1501 is connected to the operation
panel 1502 by the connector unit 1503. An angle 6 formed between the plane on
which the display unit 1504 of the display panel 1501 is set and the plane on which
the operation keys 1506 of the operation panel 1502 are set can be changed
arbitrarily at the connector unit 1503. The present invention is applicable to the
display unit 1504. (See FIGs. 14A to 14F)

FIG. 15A shows a front projector, which is composed of a light source
optical system and display device 1601 and a screen 1602. The present invention
is applicable to the display device 1601 and other circuits.

FIG. 15B shows a rear projector, which is composed of a main body 1701,
a light source optical system and display device 1702, mirrors 1703 and 1704, and
a screen 1705. The preéent invention is applicable to the display device 1702 and
other circuits.

FIG. 15C is a diagram showing an example of the structure of the light
source optical system and display device 1601 in FIG. 15A or the light source
optical system and display device 1702 in FIG. 15B. The light source optical
system and display device 1601 or 1702 is composed of a light source optical
system 1801, mirrors 1802 and 1804 to 1806, dichroic mirrors 1803, an optical
system 1807, display devices 1808, phase difference plates 1809, and a projection
optical system 1810. The projection optical system 1810 is comprised of a
plurality of optical lenses provided with a projection lens. This structure is called
a three-plate type since it employs three display devices 1808. In the light path

indicated by the arrow in FIG. 15C, an optical lens and a film having polarizing
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FIG. 15D is a diagram showing an example of the structure of the light
source optical system 1801 in FIG. 15C. In this embodiment, the light source
optical system 1801 is composed of a reflector 1811, a light source 1812, lens
arrays 1813 and 1814, a polarization converting element 1815, and a condenser
1816. The light source optical system shown FIG. 15D is merely anexample and
the present invention is not limited thereto. For example, the light source optical
system may be provided with an optical lens and a film having polarizing function,
a film for adjusting the phase difference, or an IR film at discretion. (See FIGs.
15A to 15D)

FIG. 16A shows an example of single plate type. A light source optical
system and display device in FIG. 16A is composed of a light source optical system
1901, a display device 1902, a projection optical system 1903, and a phase
difference plate 1904. The projection optical system 1903 is comprised of a
plurality of optical lenses provided with a projection lens. The light source optical
system and display device of FIG. 16A can be applied to the light source optical
system and display devices 1601 and 1702 of FIGs. 15A and 15B. The light
source optical system shown in FIG. 15D can be used for the light source optical
system 1901. The display device 1902 has color filters (not shown) to display
images in color.

FIG. 16B shows an application example of the light source optical system
and display device of FIG. 16A. In this example, a rotary RGB color filter disk
1905 is used instead of the color filters to display a color image. The light source
optical system and display device of FIG. 16B can be applied to the light source
optical system and display devices 1601 and 1702 of FIGs. 15A and 15B.

A light source optical system and display device shown in FIG. 16C is
called a color filter less single plate type. This type displays a color image by
providing a display device 1916 with a microlens array 1915 and using a dichroic

mirror (green) 1912, a dichroic mirror (red) 1913, and a dichroic mirror (blue) 1914.
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devices 1601 and 1702 of FIGs. 15A and 15B. An optical system having a
5 coupling lens and a collimator lens in addition to a light source can be used as the

light source optical system 1911.

As described above, the application range of the semiconductor device of
the present invention and its manufacturing method is very wide. The present
invention is therefore applicable to electronic equipment of various fields which

10 has an active matrix liquid crystal display device.

The present invention improves the efficiency in gettering a catalytic
element in a channel region of an n-channel TFT (which is inferior to the gettering
efficiency of a p-channel TFT), and has the following effects.

(Effect 1) The present invention can solve the problem of inferior catalytic

15 element gettering efficiency in a channel region of an n-channel TFT to the
gettering efficiency of a p-channel TFT and therefore is effective in improving
electric characteristics and reliability of the n-channel TFT. (Effect 2)
Improvement ip catalytic element gettering efficiency in a channel region of an
n-channel TFT is advantageous for lowering the gettering treatment temperature

20 and shortening the gettering treatment time, and therefore the invention is effective
in enhancing process margin of gettering treatment. (Effect 3) Improvement in
catalytic element gettering efficiency in a channel region of an n-channel TFT is
effective in improving the quality of a liquid crystal display device that is
composed of a plurality of TFTs.
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a gate electrode adjacent to the crystalline semiconductor layer with a gate

insulating film interposed therebetween,

wherein the crystalline semiconductor layer has at least a channel region, a
10 first region comprising an n-type impurity element adjacent to the channel region,
and a second region comprising a p-type impurity element adjacent to the first

region.

2. A semiconductor device comprising:

15 a crystalline semiconductor layer over a substrate, the crystalline
semiconductor layer containing a catalytic element that accelerates a crystallization
of a semiconductor film;

a gate electrode adjacent to the crystalline semiconductor layer with a gate
insulating film interposed therebetween,

20 an interlayer insulating film covering at least the gate electrode and the
crystalline semiconductor layer; and

a contact hole in the interlayer insulating film,
wherein the crystalline semiconductor layer has at least a channel region, a
first region comprising an n-type impurity element adjacent to the channel region,

25 and a second region comprising a p-type impurity element adjacent to the first
region, and

wherein the contact hole is formed so as to reach the first region.

3. A semiconductor device comprising:

30 a first and a second crystalline semiconductor layers over a substrate, the
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therebetween,

wherein the first crystalline semiconductor layer has at least a channel
region, a first region comprising an n-type impurity element adjacent to the channel
region, and a second region comprising a p-type impurity element adjacent to the
first region, and

wherein the second crystalline semiconductor layer has at least a channel
region, a third region comprising an n-type impurity element and a p-type impurity

element adjacent to the channel region.

4. A semiconductor device comprising:

a first and a second crystalline semiconductor layers over a substrate, the
first and the second crystalline semiconductor layers containing a catalytic element
that accelerates a crystallization of a semiconductor film;

a first and a second gate electrodes each adjacent to the first and the second
crystalline semiconductor layers with a gate insulating film interposed
therebetween;

an interlayer insulating film covering at least the first and the second
crystalline semiconductor layers and the first and the second gate electrodes;

a contact hole in the interlayer insulating film;

wherein the first crystalline semiconductor layer has at least a channel
region, a first region comprising an n-type impurity element adjacent to the channel
region, and a second region comprising a p-type impurity element adjacent to the
first region,

wherein the second crystalline semiconductor layer has at least a channel
region, a third region comprising an n-type impurity element and a p-type impurity

element adjacent to the channel region, and
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a crystalline semiconductor layer over a substrate, the crystalline
semiconductor layer containing a catalytic element that accelerates a crystallization
of a semiconductor film; and

a gate electrode adjacent to the crystalline semiconductor layer with a gate
insulating film interposed therebetween, -

wherein the crystalline semiconductor layer has at least a channel region, a
first region comprising an n-type impurity element adjacent to the channel region,
and a second region comprising a p-type impurity element adjacent to the first
region, and

wherein the second region contains the catalytic element at a higher

concentration than the first region.

6. A semiconductor device comprising:

a crystalline semiconductor layer over a substrate, the crystalline
semicondu_ctor layer containing a catalytic element that accelerates a crystallization
of a semiconductor film;

a gate electrode adjacent to the crystalline semiconductor layer with a gate
insulating film interposed therebetween,

an interlayer insulating film covering at least the gate electrode and the
crystalline semiconductor layer; and

a contact hole in the interlayer insulating film,

wherein the crystalline semiconductor layer has at least a channel region, a
first region comprising an n-type impurity element adjacent to the channel region,
and a second region comprising a p-type impurity element adjacent to the first
region,

wherein the second region contains the catalytic element at a higher

concentration than the first region, and
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7. A semiconductor device comprising;:

a first and a second crystalline semiconductor layers over a substrate, the
first and the second crystalline semiconductor layers containing a catalytic element
that accelerates a crystallization of a semiconductor film;

a first and a second gate electrodes each adjacent to the first and the second
crystalline semiconductor layers with a gate insulating film ‘interposed
therebetween,

wherein the first crystalline semiconductor layer has at least a channel
region, a first region comprising an n-type impurity element adjacent to the channel
region, and a second region comprising a p-type impurity element adjacent to the
first region, and

wherein the second region contains the catalytic element at a higher
concentration than the first region, and

wherein the second crystalline sémiconductor layer has at least a channel
region, and a third region comprising an n-type impurity element and a p-type

impurity element adjacent to the channel region.

8. A semiconductor device comprising:

a first and a second crystalline semiconductor layers over a substrate, the
first and the second crystalline semiconductor layers containing a catalytic element
that accelerates a crystallization of a semiconductor film;

a first and a second gate electrodes each adjacent to the first and the second
crystalline semiconductor layers with a gate insulating film interposed
therebetween,;

an interlayer insulating film covering at least the first and the second
crystalline semiconductor layers and the first and the second gate electrodes;

a contact hole in the interlayer insulating film;

wherein the first crystalline semiconductor layer has at least a channel
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@ 109%& (1egion, and a second region comprising a p-type impurity element adjacent to the
first region,
wherein the second region contains the catalytic element at a higher
5 concentration than the first region.
wherein the second crystalline semiconductor layer has at least a channel
region, and a third region comprising an n-type impurity element and a p-type
impurity element adjacent to the channel region, and y
wherein the contact hole is formed so as to reach the first region.
10
9. A semiconductor device according to any one of claims 1 to 8, wherein
the catalytic element comprises at least one element selected from the group

consisting of Fe, Co, Ni, Pd, Pt, Cu, and Au.

15 10. A semiconductor device according to any one of claims 1 to 8, wherein
the p-type impurity element comprises at least one element selected from the group

consisting of B, Al, Ga, and In.

11. A semiconductor device according to any one of claims 1 to 8, wherein
20 the n-type impurity element comprises at least one element selected from the group

consisting of P, As, and Sb.

12. A semiconductor device according to any one of claims 1 to 8, wherein
a concentration of the p-type impurity element is 1 to 3 times higher than a

25 concentration of the n-type impurity element.

13. A semiconductor device according to any one of claims 1 to 8, wherein
the semiconductor device is at least one selected from the group consisting of a
personal computer, a video camera, a mobile computer, a goggle type display, a

30 player using a recording medium, a portable telephone, and a projector.
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MLO9&& () - U~ p| 4 vumethod @ @anufacturing a semiconductor device comprising:
forming a semiconductor film comprising silicon over a substrate;
providing the semiconductor film with a catalytic element that accelerates a
5 crystallization of a semiconductor film;
crystallizing the semiconductor film provided with the catalytic element by
a heat treatment; —_
etching the crystallized semiconductor film into a semiconductor layer;
forming a gate electrode adjacent to the semiconductor layer with a gate
10 insulating film interposed therebetween;
doping an n-type impurity element into a first portion of the semiconductor
layer using the gate electrode as a mask;
doping a p-type impurity element into a second portion apart from a
channel region of the semiconductor layer using a resist pattern; and
15 reducing a concentration of the catalytic element in the channel region by
gettering the catalytic element into the first and the second portions by a heat

treatment.

15. A method of manufacturing a semiconductor device comprising;:
20 forming a semiconductor film comprising silicon over a substrate;
providing the semiconductor film with a catalytic element that accelerates a
crystallization of a semiconductor film;
crystallizing the semiconductor film provided with the catalytic element by
a heat treatment;
25 etching the crystallized semiconductor film into a first semiconductor layer
and a second semiconductor layer;
forming a first gate electrode and a second gate electrode each adjacent to
the first and second semiconductor layers with a gate insulating film interposed
therebetween;

30 doping an n-type impurity element into a first portion of the first
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semiconductor layer and a second portion of the second semiconductor layer using
the first and second gate electrodes as masks;

doping a p-type impurity element into the second portion and a third
portion apart from a channel region of the first semiconductor layer using a resist
pattern; and

reducing a concentration of the catalytic element in at least the channel
region by gettering the catalytic elementinto the first and the third portions by a

heat treatment.

16. A method of manufacturing a semiconductor device comprising:

forming a semiconductor film comprising silicon over a substrate;

providing the semiconductor film with a catalytic element that accelerates a
crystallization of a semiconductor film;

crystallizing the semiconductor film provided with the catalytic element by
a heat treatment;

etching the crystallized semiconductor film into a semiconductor layer;

forming a gate electrode adjacent to the semiconductor layer with a gate
insulating film interposed therebetween;

doping an n-type impurity element into a first portion of the semiconductor
layer using the gate electrode as a mask;

doping a p-type impurity element into a second portion apart from a
channel region of the semiconductor layer using a resist pattern; and

reducing a concentration of the catalytic element in the channel region by

segregating the catalytic element into the first and the second portions by a heat

treatment.

17. A method of manufacturing a semiconductor device comprising:
forming a semiconductor film comprising silicon over a substrate;
providing the semiconductor film with a catalytic element that accelerates a

crystallization of a semiconductor film;

55

Q@
@@



10$10$10$% @; 109%8& ()-f\|[[:vU4 | @@0%S$: & ()-@@110%$: & ()-@@ L
10%$: & ()- @QAOWBX & ()- @1"10% $: & ()- @ #10% $: & ()-"4~.|[:vLA | @
@ #10%3$:& ()-@@ 10%$: & ()-@Q@$10%$: & ()-@Q@ 10%$: & ()-
10% 58 (). ©@L0% 5 & () O m10%s & (- @ *10%5 & )

0 3! - 0 3! - , 0 3! - * 0% & ()-
@ % $10% $: & () chjdedMizidg th@chI0@RRictor filnBproidv@$EIH Jire catalytic element by
@&" 10%$& () -m0: $: 10: §: 10:$: @Q10% $: & ()- @8s$P10% $: & ()-RA | [:vUL4s !
@ @& 10%@P&af yre@@Y; 10%3$8 ()- @ @Bnt 10%3$& ()- @t$10%3$& ()- @

0 ! - [0) ! - b . [0) ! - ' 0, ! -
S0t ) | BLest e e @ IS (O @TINERE ) 0
13]c" "Headi e i " "Headi ng 43]c" "Heading 53]c" "Heading
63]c" " m%ﬁ?%@]’@sem@@fu‘lﬁg’@%}% "Headi ng 93] c"A "Default Paragraph

Font ~" +8<FKOWN if Ya fist 80 QUE 1agd a second gate electrode each adjacent to
"$&(*,.02468: <>@BDF n?,%l_-: X" <hvAj EOR %& ()*+, -./0123456789: ;

<=t E} ) | % th 48M0andse8hiNl GRTENNdurioRdgkesnwithsy wafd jndudptrgp fibD<mitorppgidk UL+
"X"UR )+, 17;

2Bx HK=PRWARIGRStWESBF euwy* | Q-9" ' | B?S%-JOuM) Sni " BpE. L] * >? @\BCDEFGHI JKLMNOPQRS

TUNKYZL\ 17 abaglahidoTRRdt AU b® Thit Nk FRORIA o' Rl
semiconductor layer and a second portion of the second semiconductor layer using
10 the first and second gate electrodes as masks;
doping a p-type impurity element into the second portion and a third
portion apart from a channel region of the first semiconductor layer using a resist
pattern; and
reducing a concentration of the catalytic element in at least the channel

15 region by segregating the catalytic element into the first and the third portions by a

heat treatment.

18. A method of manufacturing a semiconductor device according to any
one of claims 14 to 17, wherein the catalytic element comprises at least one

20 element selected from the group consisting of Fe, Co, Ni, Pd, Pt, Cu, and Au.

19. A semiconductor device according to any one of claims 14 to 17,
wherein the p-type impurity element comprises at least one element selected from
the group consisting of B, Al, Ga, and In.

25

20. A semiconductor device according to any one of claims 14 to 17,

wherein the n-type impurity element comprises at least one element selected from

the group consisting of P, As, and Sb.

30 21. A method of manufacturing a semiconductor device according to any
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one of claims 14 to 17, wherein a dose of the p-type impurity element is 1 x 10" to
3 x 10" jons/cm® and a dose of the n-type impurity element is 1 x 10" to 1 x 10'°

ions/cm>.

22. A semiconductor device according to any one of claims 14 to 17,
wherein a does of the p-type impurity element is 1 to 3 times higher than a does of

the n-type impurity element.

23. A method of manufacturing a semiconductor device according to any
one of claims 14 to 17, wherein the semiconductor device is at least one selected
from the group consisting of a personal computer, a video camera, a mobile
computer, a goggle type display, a player using a recording medium, a portable

telephone, and a projector.
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