: Z[\] e3eVI L6TVXMETHOD OF | RRADI ATI NG LASER, LASER | RRADI ATI ON SYSTEM AND
MANUFACTURI NG METHOD OF SEM CONDUCTOR DEVI CE BACKGROUND OF THE | NVENTI ON 1.
Field of the Invention The present invention relates to a nethod of
irradiating laser light, a laser irradiation system (including |aser and an
optical systemfor |eading |aser |light output fromthe |laser to an
irradi ated object (an ogject to_be_subjected tq irradiationhpfor

n&PSE conduct or

irradiating | as&FT ahp, anGAR LASERGd LPERa Fuf[Fﬁ@DaAgé

devi ce t hergw.th. Lnt. ij | ate a L.de
research hgg\gﬁ' g é&'%?gg‘%ﬁh?ﬁ&é&ﬁgéﬁ’ﬁu &E:gﬂgﬁ @%ygﬁéf[ﬁ%ﬁé%%ﬂ éﬁ‘éﬁ%ous

sem conductor filmformed on an insulating substrate such as glass to form
a seni conductor film wit PACKGRIUND QB THE INVENEIGNer ei nafter, a

crystal l iy } or film. For crystallization, annealing such as

t her mal anné%ﬁﬁl%%v%h?ﬁr nace annealing, rapid thermal annealing (RTA), or
| aser anneal i NOrHasrcB8@ Nn@%AATh 6L es! B £5 | |} zatdon, it i.s. possible to
enpl oy one of t hesg or to combine esl uré; eﬁ'l&ﬁjdéf flﬂaed%ag%lg.laﬁeh@gﬁ HFT i ne
seni condutadiatién bystémagingliding lasdhiagh aNOdtichll stoHORR AEMshl ﬁsérh%h@gﬁ@ﬁpous
sem cond;%ct or film Accordingly, the crystalline sem conduct rFmis used
to form 35 4ithe ARemt® @anistadiatad ptjrat (anvdijedt tosbeusilijeczetifo fieadiataygbe, for

an activ | jquid crystal display device that has a pixel portion
i ncl udi ng”%%‘ré@ lé%ér?g‘éhg ﬁ“‘ix "'z@éid%fsd’gﬁé‘ﬂﬁé%gﬂk&ra ssmvGopdpctpdavigsrtheraditn dri vi ng

circuit both including TFTs formed on a gl ass substrate. Usually, heat
treatnent at 600C or nore for 10 hours or nore i s necessary in order to
cryst al | i2z Pesdriptianof fledbats@Aitconduct or filmwi th furnace annealing.

Al though it is _quartz that is applicable to this crystallization as a
material of thdhstpdaysaride resrarcubastiecs Wost batt: icBhEREOS NSRS an

especi al | s reall ifficulf to, be processed into a |arge-sized
substrat & Oféholug S‘ﬁWéwﬂﬁ r({ﬁ greed o5t an Weplating sipstaate penhastglase tefokingi ency t o

make t hegsy VEa . .sjize and this is why research iis done on
the techni q%gﬁ%@(%o@% ﬁgﬁtar@%%@%%tﬁ%% gﬁ’er'f’lf’?%ro%C’iyﬁtéﬁ’d’leég%“@ﬂﬁ%‘t‘ﬁ"at e that

is 1 i filnperBireeystiitlzafion yarinSalfify HCR 8 8RN Mnfulnd 98 flded Sibstrate. In
recent years, it has been consi g%r ed to uge a 3 a@g@&é{rﬁ%maﬁﬁga si de

over 1 nfapid thermeslampheliof (RBA),esealsdr, anheilingl has Visdea! kkZatb@n Vit h a
net al el ene .hgs heen devel oped, which nmakes It possible to |ower a
crystall F’Q’F%ﬂf" Ot i PAFsEDIE kemples @ne of thesa erga rombina phealjinds thencof. n t he

t hermal cryst ai}i j thermgl treatnent at 550C for. 4 hours after adding
a mnute amun{rh%f% ﬁé‘agﬂngnstcmslc ugfgr ﬁﬁ“& E’% quifeyp ?‘é\‘—’g‘n eRilitys compared ¢o thee

amor phousms§lbed ReMRbAdudiér MTBKEScJrk; | msol.m.Lhe crystalline
sem conductg?bfi 'm Since the teﬁ%cgfég?g%?%‘%‘)hﬁg%%niesseﬁg?o g gih'fﬂhﬁn a

def or ni n¥seddnpermtautha Hiin thssigbaSFIHL MAIchalk &utilikOE 18; d ut
deformation and the |ike (for exanple, Japanese ﬁa?e%xt%n{l?g?’\g?{qoﬁeﬁ& -183540)
In | aser mﬁﬁﬁ@é‘l‘ﬁﬁﬁ{ysﬁ‘hdﬁﬁ’@y Sevise thaghas a pixel porfos sichiding OFT &embd gh aener gy
to only 1conductor filmw thout increasing a tenperature of the
subst r at %IQ%O%%%%E o i\@&?? BPriignnd gdriving greuitbodnimgluding RETY fosmed amaeal i ng
in ternsglads sQstd Or not only the glass substrate with a | ow deform ng
tenperature but also a plastic substrate and the like. In an exanple of the
| aser anneal i ngsuably) k@t tras@fenl 2O00°C P LERE RSELh ﬁ%ur?é?in%? il &%?{sa} s;,Shaped
in an optical systemto becone a square spot wth several cen et ers on a
si de or ¥dpi deafrysteliipe thict hmarihengt sendéortRBronmiiler Witk efvdiacBN ahddafisd, at ed
surface %@ﬁl%tﬁlﬂe. laser |i 8ht .i's noved rel ativel ﬁw th respect to an
i rradi at ettt ISt Yaga gl i apicable g, this crystalization tahat nideridliofethe shape
a.rectangle épr an obl ong)

here do n i stri.ctly but nmeans .
neth o mbAthe BNy, AR i o, TRE Pl gy (tranteden

rect anglgrowdsédl ato as N@GE-siARH! QibSfrath WO 10§ referably, .10 to 10000),
~which is included in Iﬁ%sesr light ( %’ectltgasg 5’?1 éﬁ?gpglﬁa%sezﬁﬁ RepsItes

r ect anguiredudtive sffigiencatto ke itersatlitedte Hawel fafeize ] BRI i EWhSRAREH 5
necessa%ni n order to secure an energy density for sufficient annealing to
t he i rr 49&108dhe fcbrique oh formtieg thesemitanghttonfiym havke bhes Eestarauh@k Shape
or a planar shape providing that sufficient annealing can be perforned to
the irradi ated object. Thus nmanufactured crystalline sem conductor film has
a plurality of crystal grains assenbled, and the crystal grains have random
positions and sizes. In order to manufacture a TFT in isolation on the

gl ass substrate, the crystalline sem conductor film2



is divided into an island shaped pattern. In that case, it is too difficult
to specify the position and the size of the crystal grain included in the

i sl and shaped pattern when the TFT is formed. Conpared to an inside of the
crystal grain, a boundary between the crystal grains (crystal grain
boundary) has an anor phous structure and an infinite nunber of

reconbi nation centers and trapping centers existing due to crystal defects.
It is knowgxpensive widpasy todemresess mto pdpgedized sthstrater afipravgnicatseit has
potential, of the crc}/stal grai n boundary increases to becone a barrier

agai nst tIF&" CaRsidezsd toisq adinss sybsirate wihside gv&rdrPent transporting
characteristic -1 ile.the.cr al l.inity of t semni.conduct or
n]g‘{ ar* Q}f\anﬁﬁlé bt ﬁle.res\é\giﬁésthennal cp?é?atlhzahon Wi a@gtgrgﬁlgﬁfgg of the

filmof a chan formrng region anrnri uence on _

TFT, it itechldeRabpddyRasE Ilahﬁ'esti_@F&@mR Ech%v@ha%ﬁalfiﬂﬁgké}ﬂﬁgérﬁafeomamsee
single-crystal sem conductor filmby getting rid of The 1nfluence of the
crystal godieregodaidaraproBeaentlhthe thietmealtarptaltizmionchormpd it@atngent BeS3I0EC hni que
of irradiating continuous wave (CW laser light to a sem conductor film
whi | e scdRRfARuL after padingw minste ameurd 98 clemeat sychrastrackebrnalladiving gr einer yst al
grain extending |o in the direction. It is consjdered that it is.

possi bl e,t%vm ehg?lﬂgq][%(%ﬁﬁfndﬁ)é‘, ugtgr fégp}nr'éak?fﬁf?tﬁ?éfl lr‘fago PHBs enﬁryﬁtf‘@@f’ al

grai n bouagdasohdatiol SRR Shed th LteSGtt 5PCt e ,que,
however, the CWI gser vvithcg V\gve eeﬁ%%“f? (ﬁt{a% agé‘?z&ﬁﬁ%ﬁﬁgﬁ[ﬁhg&fﬁﬁﬁﬂg

sem conduetnperaturt of thgfdlass isebdttaye, itlfere! Bath whity hbsut tReemation shdithe Y (foaser ,
for exanple, conversion into higher harnonic is necessary. Accordingly,
only | ase¥Xapply, Japiacse Rtant &aish@pen Bd83k0)on the order of 10 Wis applicable

and the productjvity is i.nferior conpared to the case of using exciner
laser. It is nofpéﬂsei{ﬁ’é ca B%r‘??p‘?‘?é’ﬁ?%‘ﬁé&@rpoﬁﬁglettﬂél‘fee%ﬁ%F% Y falY hi gh
out put, : SRVIE! L] . r h i sible
ight, " and BeriRghclor ok, SlRef shirpiling s Epp0RRLE or 1R SRR b AR’ 2
second haAcondiaglef atedten i@ paid, toSe xdr RdoARME &n BirmYAS Usas Bt nos 6RNMe

harmoni ¢ of YLF | aser, second harnonic of YA103 |aser, and Ar |laser is

appl i cabl gassubsitaig withhe low hieformangrtemiperaan he alved plastic avstmte agl thiet hout
probl ens, .there is a disadvantage of a small output. Wen the recited | aser
above is ed for annealing, however, irregularity inirradiation is likely

to occur. In addif.i t ' ite I which has trouble in term
of throughput. dlg atn ‘%%Wkg& %g %H‘%@Eﬁ#l Wﬁ%ﬁ&g&éﬁmﬁeﬂvgﬁ?i S HAs been
acconpl i slaggl i4 shapb® f ot ﬁ!s&?d R/BARBRAY & sqhdre sPotBRitlORIveEA cOtinidi&s Bhesent
invention to provide a nethod of irradiating |aser, a laser irradiation
syst em anslde et atiechr shaienyithue enigtteofet0d hmroranse @c b irepditiad surfaeguhdithiet y i n

irradiation, enabling uniformlaser treatnent, and obtaining high

t hr oughpupser lightisapgrsddelatiyely ivath foeprct isaniradiated phiesido pederm pagealipg.h CW

| aser, i 0, L1hGr eas roductivity as ch_as ssible, the |laser
boar | ot GGk b hRGER S R osk adtimBi T HF R P BAT s e pe
scanni ng (ok ta dtiend) N RNG BRAPSDLAGE. PP | gl ' ina
directi onGA"(r)fa a m nggr axi s %e%ggéf; a‘i%sBper%%gjlgoﬁgr%@%gfﬁggﬂgh%gém

seni conducttangltiwith ahhssppetoninseltwasermbeafpriferabhl a0gtd NOGIP&hihnie t he
original |aser beamis circular or generally circular in shape. Wen the
ori gi nal Baided & lashe lighis@ectpegivar shaped bearglthat is réntangabaerin shapn atafhebe
enlarged .in.o directign with cylindrical |eps and processed .into a |ong
rect angul lﬁl}ad?%gpsé“{a@?' cHRFshingar shangds pReessaryin BFFG:EJ(E? 8FCUFG ARERSIRY dgpSly |

t he specidg,l : . he, | e r_.be

col lecti vifg.f ;S% ?rﬁécg%taé@g?\ig@ng&a%héﬁggl%gg,(}bée%f)’l géjcglﬂ:i@t Sf/ésglp a@&a%bggrﬁsthﬁay be
pr ocessedet@hQulhiihapdEANPlanBSBASE préoldinghs dulicibRNEnLARERAABY phgohRanect ed
to make a further | ong beam The present invention provides an irradiating
met hod oftottheirtadiagedoddgentwi th | ess irregularity in irradiation in such
process and an jrradiatjion systemin a process such as the crystallization
process. The prE¥S nanHyened s ygalbioe semiconducier fifm rhagi aplusality yof taystal

i ncludin -first.laser ascillator.that outputs a.first Laser. begmw th a
whvel engrrage 2bRitRE Sha BiCtyh L Bains ke RAGDE rdioro R he: ar Bhe | a
means 1 OrmpERasRIrt ifisblafioh oh ARGaRSANRAN, Wty dAIAR Liffichhd Rlor ARCT
oscillator into a | ong beamat an itradi ated sur %ce or avicinity thereof,
a second | aser oscillator that outputs a second | aser beam of a fundanental
wave, a means for irradiating the secon | aser beamemtted fromthe second
| aser oscillator to a region of the iriadiated surface, to which the |ong
beamis irradiated, a nmeans for relatively noving the irradiated surface in
a first direction to the first and second | aser beans, and a neans for
relatively noving the irradiated surface in a second direction to the .first

o o ] g, " o .




In addition, it is preferable that the first |aser beamis emtted wth an
oscillation node of TEMbo since it becones possible to inprove uniformty
of energy of the obtained |ong beam In the case of annealing a

sem conductor filmformed on a substrate with translucency to the |aser
beam in order to realize uniformirradiation of the |aser beam it is
desirable that an incident angle "(err)" of the |aser beamsatisfies the

i nequal i tiy dofidgdeintg amistansnshapy pattemine ninathai case.die ircoplitiiveltite spedifyrtbe as a
pl ane that |s per pﬁndi Cu'&l[: to the irradiated surface and is a pl ane

i ncl udi nd?2$'1o87gd the size Obihe £yt rap ingludeddp thiyislang saapedduttraichati thy t hat a
shape of . r.ibe I Fealn t i nequal | t "W 1S | ength
of the | offrﬁllgl_g %J %?%gd'oré{)?ﬁgﬁgﬁgér}%ﬁelﬁ%s{?%gf fhﬁc?rgggldgﬁalﬁl’ taflbeouinﬁ%riyd)ee rtl“éeeenp 4ne and
"d" is a dridiskpass {&ysrtilegrﬁhlbﬁéﬁrﬁta@)%éshaﬂ LARSHHAS NEMclupe LRE dndffmitbeam
which is placed at the irradiated surface. In the case of using a plurality
of | aser rmabes of rbenmbirdioal dehtern entl srapging ecstaisi Sfidting dictth gresgedifedio each

of the plurality of |aser beanms. It is noted that a track of the |aser beam
i s proj ect &dknoyn tat Yhen aeweisr i tsnped in thergapping csaier, Rosgitial of decyystal s
determ ned_when the.track {sbcqréot or‘bthe i nci dt?lnce fl ang. V\g%n ﬁhe | aser
beam i s A& TOYNEHY RCFIRES 1O RGCARAE RRIT Feiast thy <arrict, apd thetelors, Jawerya par £ or m
uni form ighRdi aah ] ; i ut i f : | gct ed
l'ight fr orlrll a surfgibég%% tCt ﬁrg&%ﬁ%@ct ?gtaﬂgkxa{rﬁalrjef Ivg%i?%ciﬁ‘fi gﬁta@{m m%tefl t(rﬁgar
surface afentittmdacibs fitrtof.a cHatndl foaningabgive has af Gifhicies of chasuliingstdiat a

refractive index of the substrate is 1. 1n fact, the substrate nostly has a
5 refrdbe T, itigedmest dupepsiblsto e the channel fomlingtegioadofiamsingletangstalt he

| | l.at ed i d o with t i ity .is .obtai d wh th
value ar eI eSS RE pUERE G St pRen St I el B PO at the
i rradiated surfo ’n{l‘yﬁsatt%ﬁﬁ&g?ﬂasab&ﬁpﬂﬁihetg @k ¢ ﬁ#ﬁqlﬁ;%ﬁﬁd&tﬁge@hg&gig udi nal

direction there e Interference’has a sma ence o h side
and the v\aﬁ\tee(fcnaj Risdraigadio DsasicOidhrig il wiild Rending Gl tht CW $asenRu@ t o
obtain the effect of attenuating the interference. As the substrate, a

gl ass subdractor fo rmuesinge-suystd g extending langrin thebditactioe, H ipteasidered
substrate, a netal substrate, a stainless substrate, a flexible substrate,

and the |hEGitdsRossilequh © teghpiayg, 4@ fory gt hthat has almpst pgrceysH! HaR; um
borosi | i C@ﬁdgg‘g{??a&ﬁnQ!CMcT?ﬁQ%mE%rH)tcat e glass can be given. Besides,

the flexible strate is a m su rate including one of polyethyl ene
terephthal ate (REfd tccﬁﬂgﬂéthbevre%ﬂ fRewW(IRSeR it PP M GIBY2 R BEn D ARBIRA iRbe
(PEN), polycarbonate (PC), nylon, polyether ether ketone (PEEK),

pol ysul phibaesemSmpuctpolfinat hdficienilylds (WREd.) , Inptileyeusy | @ft asigPARAG lasdry Furt yl ene
terephthal ate (PBT), polyim.de, and acryl, and weight saving is anticipated
when t he FREWIG|cenYsIpier idfochigher haggonis ibmgedsaary.ur ceprdiaslye opiUesBthdevi ce.
It is desjirable.to forma single |aye idm or | ti er film.ncluding
one or more HALFPR rowt%'ﬂgeqnsﬁ"fu%rﬂe a {316 f‘!vl %qpﬁﬁf% ﬁﬁé 3‘?’% Rforﬁiﬂf;ﬁ“(l#yoP

exanpl e, ; I i C i ke

car bon) fliﬁ#i:%}‘lr gﬁ%i%aregitoNﬁ#ﬁa%e g’ﬁ(agﬁlg fﬁ%? iélqlclzéeI rI%‘)Sf%i’!t Eéﬁ?%ﬁ%ég%%gﬁ %gtdewor t he
surface aaskrafor dler teghmnifjac das heliighfousiunce wdvelepsthpsty vigibditiBhtasr dghadddrl ity is
inmproved. The inequality with respect to (err) is inapplicable to a

subst r at ewgyalengtivthen yisdle Hekicynd partipidailnbigh stabiity bétewséputiandtlpdec kusbss d of
t he substrate becones. a i ngl ess value at a in this case. Further, the
b esent | BRI BRS Qs O Haphotron BAERGHs &t YAG esuiecP FTgoh
steps of [ ' - . tih v.el of MiiSl l'i ght
or 5 shor ¥ L IR0 Pl frphic FECRIAM Ak ORI EREDICS, AfBlPA e

i rradi at egthetiakM6Ric@an Be Yikéd M hindalifg RethouBREblehk @At ik AAiAdSatAIblaaser
beam of a fundamental wave and the I©dng beamat the sane time to a region
of the irsmal eutpd. s Whendbe rdcttedMuscthatiolre id wsed fireaumealing, howevet iedgulatiiyl e
nmoving the irradiated surface relatively with respect to the |ong beamin a
di r ect i orid ifradigtien jsdikebptogrcens ¢ dupdditin, the eatput isguite srall, mehich hastronhls second
| aser beairﬁstci S pth Ulergi ttt-ed from conti nuous wave gas | aser, solid | aser, or
metal |aser rfe §%§ PUser includes Ar laser, Kr |aser, and CO2 |aser, the
solid laser includes YAG | aser, YVQOa |aser, YLF |aser, YA103 |aser, ruby

| aser, al exandrite |laser, and Ti:sapphire |aser, and the netal |aser

i ncl udes heliumcadm um | aser, and nmetal vapor |aser such as copper vapor

| aser and gol d vapor |aser. The appr opgi ate CW/Il aser for the present
invention is not limted to the |aser @given above providing that the output
is high with high stability. Also, the first |aser beamis converted into
hi gher harnmonic with a nonlinear optical elenent. As a crystal used for the
nonl i near optical elenent, crystals such as LBO, BBO, KDP, KTP, KBS, and

~N N~ Y



refractive index around 1.5, and a |l arger calcul ated value than the angle
cal culated in accordance with the inequality is obtained when the val ue
around 1.5 is considered. However, since the |aser beamat the irradi ated
surface has energy attenuated at both sides in the longitudinal direction
thereof, the interference has a small influence on the both side and the
val ue cal cul ated in accordance with the inequality is enough to obtain the
ef fect of attenuating the SUMMAREQETHRINVENEODStrate, a gl ass
substrate, a quartz substrate, a silicon substrate, a plastic substrate, a
met al subst r at elNeaPEsent AMeation higs been accomplisked 1 wew nfsthe prablem@oyhe | i ke

can be usgd, .The. in ality wth respect .to (er i S.1napplicable to a
substr at eﬁvl\? H oﬁpgctt &g’?}% Ipﬂ%%]ﬁtcvv?%mf’ﬁg HI%‘QQ? a%‘%%f‘r%dogig{?géa%gﬁéasteﬁi@ﬁﬁéss d of
the substfahfBRCQMRE, aanﬁ'eﬁ:'i‘dt&ﬂlt@c?lﬁiqxl@é erdlo Rt leofleli %h&%%ggulﬁﬂytiger or e,
the present invention provides a nethod for manufacturing a sem conductor
devi ce i nittadiktiog, dolablisy @pformflager aefsRnn @ndobtalnsig high éirobgpm.W th a

wavel ength of visible light or a shorter wavelength of visible light into a
| ong beam at anlnsuerysieBizatfiomproeess b acdemiemdgtondibn veth/CW haseryintdrderdof | and

crystallizing the sem.conductor filmby irradjating a second |as beam of
a f undanelr'?f"’?gs duchyityt 43ampcthas B‘é"éml%tth? CISRGAER 1Y PRACESSC IR g SE[O&ﬁ t he

surface, j.ch the:. S i , i i ace
ol at i vel SRSl Th B RRCRRRE, ik bihRnWRll bbb LAG e Bkh®ce
i nvent i on(hefedvafeSolABR: eamIEh O dirt&lonBN Uf AGdd# A9 tRer8&HMsC pifbiimleartodevi ce

i ncluding the steps of processing a first |aser beamw th a wavel ength of

vi si bl e | ¢rybtallige the sshocanductaa fibh e nghé poicessed ldstebdaingistoblongan ahdpersindseam at
an surface of  a m conductor filmor a vicinity thereof, and actiyvating an
i npurity glr{ﬁaﬂfi 3?%% ety 1§ igrcwlanpE SeneiRlloFirilarninghaps.  JWheh thegorgindlc ond

| aser be / 1,0 . i to a
| aser DCouaRE of I RENAAL e AR NG R, REPEL bR ONE Gl ©, 2
the surf agehnelydintiyed Yend 40l pré&RQ@tinio0a 10A8 bARREARMPO R cHistELihOhe The
present invention further provides another nethod for manufacturing a
sem condussmocordimeior dilimeimithrlyy i aehs tspesficftiohptind nbioag Seninc emtl tlot dongl ayer
over a glass substrate, formng an insul ati nagﬁgféer for covering a top
surface afgtagggar Beam gellechivelyyacan a lapgrheand s,| saplFality §f faspigbegms
conductive_|l ayer aqver.the sem conductor.la ith the insulatin yer
Cher ebet viiah OF BiosEel i) TorTop Gt i e MneboelS b bl &bl o
light or RaR0Q %R er WeERI! Tk BAReM! ifhdMiBn pk@flles! Al iRadiatif hefiod an
irradi at ed surfaceeror @cvi cinit tﬁer eo ,1 gﬁdmh%egta?ﬁga?ﬁg%goﬁ Ecﬁf\g{ee | ayer
sel ect i velopgtbeampewitioless hegularite it ivadiatioh it hechsotsso andiah dadiaioarsyswes t he
insulating layer by irradiating a second | aser beam of a fundanmental wave
and t he | Brijpioeesssheh astibe eryptellizatien processr egi on of the irradiated surface,
to which the | opg. beam i.s ei’bf.radi atcged, whi l.e novi ng the, i {radi aj.ed. surface

relatively in a Hf PESTILSH SRHPR PROS @ 4300 Ul Gy StsaRifcucHig hEtsh FsEent
| nvent | NGNS GG Hip RS o'l <o\t §SPRAICBACEE ASRITAR £ T bR | T O

! tfak{ftf
conti nuous wave gas ser, soll aser, aser. S necessary
for the Glalelegith dsadidible 1608 katsr bidcsdsimthe TRSIOASE: hR&AentiR8d EroinS T hat
the output is high with high stability, and Ar laser, Kr |aser, COZ | aser,
YAG | aser theXfirstdlagea veeillatyt ntp adeng bead 8Garl mmdiated sibfact as e vjcimihetharedf,ia e
| aser, and Ti aapphire | aser, helium cadm um | aser, netal vapor |aser such
as copper SW&E@ESF%%S@ laty b3y Quipuisiesicond ager begmepiiafundamental yyavsea eass BRI EF

DESCRI PTI OF..TH N\, In, th anyi n [ WM Ngs.;.;Fl lis a

di agram fégglg%%ﬁg%]ﬁ%%%ﬁ%ﬁeﬁg atn? R@%&gﬁmﬁl S, C‘g‘xﬁigﬁ%fq?gﬂg#pg tod? 5c§|1°élrrs for
expl ai ni ngf ERbRAERAL sUMILE 18 whicH She RAgARANSR iRhiatidad bR f8F r@atRleR) NI NY
Enbodi ment Mbde 2; Figs. 4A and 4B are di agranms for explaining Embodi ment
Mode 3; Figving the ireadititedsmafact di a €ixgldidectionotoEhd ekt aad sedvind €asér bdang, atal i S a
di agram showi ng how to performlaser annealing, Figs. 7A to 7C are diagrans
showi ng a2 meany B relpiively movingdhe imradiedsurtace i 2 secodd direetiondo ghafiinsgand an

i men f.th r nt  i.,nyentiop;
embodi e gecgg&i Saser bteargs.p l?sise ntoted gt Ehcoﬁr’st direction is orthogonal to the second

direction.




Figs. 8A to 8E are diagranms show ng the manufacturing nethod of the

sem conduct or device according to the enbodi nent node of the present

i nvention; Figs. 9A and9B are di agranms showi ng the manufacturing method of
t he sem conduct or device according to the enbodi nent node of the present

I nvention; 9 Figs. 10A and | 0B are diagranms showi ng a manufacturing

nmet hod of a sem conductor device according to an enbodi nent node of the
present i nvent ilorhe Bsgsrradidtdon sysiehk; eackeofliha dirsinmd shawidrigsea osmibatbadtasir i ng
met hod of a sem conductor device according to an enbodi nent node of the
present iSARERLQUSIVavEggs lasen solidhtpsar pr metal dasalgr g gam&rehigcludes Aalseact uri ng

nmet hod of.t he seni duct or, devi.ce accordin t he odi ne de of the
pr esent i%rvgarsi?ri’ (%ld C(g?b STBH'et %0%%%8%&18&&3%&&% lasq‘f%m“ gasﬁ%%g&sﬁ’i’i ng
met hod of yRIHeBb&GORMNCLOL, dRYhGRiAGSRE, ddnﬂgl"it.s‘ag reSRAJLAR Hhe TRAER 19dert he

present invention;; Figs 14A to 14C are di agr show ng the manufacturing
net hod ofintlodessestivasoinsitior laskey it mett @agirigsdr Quélhes esfyed ivapditiasepdad of the
present invention; Figs 15A to 15E are diagrams showi ng a manufacturing
met hod ofgcdd ¥eperdasaduct or devi ce according to an enbodi ment node of the
present invent

ARSI RN R RO SR SR e Rt S
oot s, s LRI PR AL 0 100
i nvent i orLBONBBO, KD XTH KB5] bt CRBCS e Wupétior if Ritink @ tadvctioDEffidiency.
m croconputer according to
With the nonlinear optical element put in a resonator, it is possible to obtain
considerably high conversion efficiency.

In addition, it is preferable that the first laser beam is emitted with an
oscillation mode of TEMgs since it becomes possible to improve uniformity of energy of
the obtained long beam.

In the case of anhealillg a semiconductor film formed on a substrate with
translucencjf to the laser beam, in order 1o realize uniform irradiation of the laser beam,
it is desirable that an incident angle “¢” of the laser beam satisfies the inequality of ¢ =
arctan (W/2d) when an incidence plane is defined as a plane that is perpendicular to the
irradiated surface and is a plane including a longer side or a shorter side of the laser
beam assuming that a shape of the laser beam is rectangular. In the inequality, “W” is
a length of the longer side or the shorter side included in the incidence plane and “d” is
a thickness of the substrate with translucency to the laser beam, which is placed at the
irradiated surface. In the case of using a plurality of laser beams, the inequality needs
to be satisfied with respect to each of the plurality of laser beams. It is noted that a
track of the laser beam is projected to the incidence plane and the incident angle “¢” is
determined when the track is not on the incidence plane. When the laser beam is made
to go at the incident angle “¢$”, it is possible to i)crfonn uniform irradiation of the laser
beam without interference of reflected light from a surface of the substrate with

reflected light from a rear surface of the substrate. The theory above is considered

assuming that a refractive index of the substrate is 1. In fact, the substrate mostly has a




an enbodi rent node of the present invention. DETAI LED DESCRI PTI ON OF THE
PREFERRED EMBODI MENTS Enbodi mnent Mode 1] An enbodi nent node of the present
invention will be described with Fig. 1. The present enbodi nent node shows
the case of form ng |ong beans 105 and 106 for irradiating a surface of a
sem conductor film 104. First, a laser oscillator 10l that outputs 10 W
with LD excitation (Nd: YW04 | aser, CW second harnonic: 532 nm is

pr epar ed. refihetiveaindex amuid |1, and 20lbraes eslcalntedswilld thtn oine amgle caltuldieltbo and
has a LBO crystal incorporated in_a resonator to performcaonversion into

second hafqeBitaRce Kith 8¢ grequalitysis fhtaipedo whemithe valup arqundul-ans considased. ¢ he

out put | r_bea 0,.t he second r aDNJ. the second harnoni¢c |s erior
to 1I‘O urt hglrslgw!e‘éefg’eér&%eatrhﬁgﬁs?eé |c‘?1mtaér{ﬁ% i méﬁ%rs_ ac&?l}ais Cﬁ“&ﬁ%é’ﬁ tc‘ﬁlf’ge(i 3ts€¢{gbeam
has a beagueli gk F{ngﬁﬁ%ﬂlﬂ dircftior IR AWM dndi¥RhaeRES ahdl firRBnddth @eder of

0.3 nrad. A traveling direction of the [aser beamis converted wth a 45
refl ecti nigothisideand t2vdloe bdvdatad imagorlaaed withttke indgualiey is edbgitlior stedihon.
Then, the |aser beamis nmade to go at the angle (err) to the vertical

di r ect i onthegifectf pitepveting thexnicelpeeng®3 t hat has a focal |ength of 20 nm and

a plane portion,that corresponds with the horizontal plane. Although the
angle (err) rrayA{)Eﬁ?/ﬁ? Sgatcaﬁpélﬁﬁfr?@tﬁé?t&, A {ayarty SpRstiafe, é‘nﬁg’a‘i‘%‘mﬁrﬁ@dé has

the angl ey 8icopGfard % mdlPabTHE A IUAIAL oML fediffe TRAOVELn R tidace o

a glass substrate is set at an irradia _ ace par _

hori zont atanpbanged.A Ak Shandsessbaiboeas, bhabseat CoMBUIRbdrbdiiald 418 it he
pl anoconvex |lens 103 is set on the order of 20 mm and fine adjusted in
order to #lominushdotasiiratseglasy 051 bxtgiveai ndpesidesy tharfleixitdd substretet isomfilo an
i nci dence pl ane .as nuch as possiple on the sem conductor film 104. The fine
adj ust mentUoREYC 4B ﬁﬁhasfnsrf’ff pRlvRRYERe treniihaliim PR pRl¥ctherguliong PES),
obl ong- | i W j 1 r iviel t he
order of é%ﬁét?@r ?%%%&9%8’ {%r_r ’ ol(?gca oglﬁgd{wﬁh%is%a]b?t% ?}gﬁl %} ter\:lge{ ylﬁ:gs “t he
sem condu@EEK) ipbRsdigdodeO(FBHY, pélyéihe Gihids SPEYPRSIAY B BAR R polibalyiass d,
and is fixed to an absorption stage 107 in | aser ifradiation rnot to fall
down. |t fesephebith(RBT) polpimidehandbsol piidoweightgpyin®® aiticipatod whémtical

robot 108 _faqr. X axis and an uni axial robot 109 for Y axis in X and Y
di r ect i onfexhlesubsiFate iopsed) i9ripanudagivie aspmigenduckos degierconldde desirablel @ 104.

Si nce thegforegqoi inggaual ity for i.nterference is rr). (err

o ot an( BB PP FuypLRR By o byt bG8 SREER ol SRR sugh

t hi ckness . ; XA , a h! : out put s
30 W (Nd: %(%Gflﬁgznedﬁang/vﬂ fundarr%tsoﬁfe al g%i/‘g?ng’.%g& ?ng?’m@E#%?\%g& %{Isaifoarsepar ed.
The | asera PAaindiasoml-lke erbanddmanngd e SIN filineonod siafacofof Shenflaxdble sisktdate Made

to go at an angle O to the vertical direction into a planoconvex |ens 111.
The angl eo thes sugaceond: petear gurfagst thegohriincehtheppapedn velk a5 edigability jsas a
focal length of 15 nm Then, t.he obl ong-|i.ke | o eam 106 with mm x 0.2
1S 1 or RO Srhe T R PR FODSE it HAPPLGHRE 16 HeSYhsEeDuiinmos,
f undament gl L NEYEMd ] 8LER ar [ bsor bed
much in a ng’r naFc))éMém cona uctor t P%l%?i*%%%el‘%%% rié?#é:?@%%rmgf Eic?:?ltg%%y When
t he secongheldingios liesat dHe6 tha cdsbe sanme tinme, how ever, the fundanental
wave is absorbed nore in the sem conductor thin filmnelted by the second
har noni ¢ and t hBurdhrenetht ipregentlinverdioni proeides/a ofethddeofSisnitiating lastoinchiding

becones b%tater. Nanel vy, th%&_{igcre se in absorption coeffigcient due to
| i quef act P§FteRF Of REPCEREd AT d355F Peam Mritha Wayglenathy of yisthls Heltior dsderten e t o

enploy th tal. wave in. [ n roce a here are.t.he
acvant aged LA TRACLSHES Bobfinld'5 BhE VR B Rl hupB st f Vbl
seni condugheRiof,f dndMira@4tiA0d sBédhdNase? Bk of Af ruhffndAgalaRea e 1dddseagcond
harmonic with the small output. Unlike the higher harnmonic, 1t i's not
necessar yatf the tane finrdwnenegionvafythet wradme:dasuruek) e avhicpthiechingebeanei f or
converting a wavel ength, and it is possible to obtain a user beamwth a
qui t e | ar Beadinigds iehilefraeviag ahﬁpnr@,dlmdtp frsae Fedstively withiraspecketotthp langdicamhat  of
t he hi gher hﬁ.‘r mtnni c. Since the proof strength of the nonlinear optical

el ement alfst HT"PRser is quite weak, such energy difference is caused. In
addi ti on, “the nAnkiENEaRoPBE hifdliatEle TR AR lor 4RO BIALhALeLAR BiQRRImER MoNi ©
is likely to change 1n quality, affd there i's a di sadvan age such as a
difficulty in |l ong keeping a maintenance-free state that is an advantage of
solid laser. Accordingly, it is quite yseful to aid the higher harnonic
with the fundanmental wave according to the present invention. Next, an
exanpl e of a manufacturing nethod of the sem conductor filmwll be




described. The sem conductor filmis formed over a transparent glass
substrate to visible light. Specifically, a filmcontaining silicon
oxynitride is formed to have a thickness of 200 nmon one surface of a
gl ass substrate with a thickness of 0.7 nm and an anor phous silicon (a-Si)
filmw th a thickness of 70 nmis forned with plasma CVD thereon. Further,
in order to inprove resistance of the sem conductor film against |aser,
t her mal asmi¢tadl ifrign abnBRGUE wore dashiaser, sslibéstororadetb ldsbie  Joni guoriakect or
film Instead of the thermal anneali n&é the crystallization of the

1§

seni condUBFBes AT lapexi Knlapefeandec @y laserethg solid nserinelndes YAGDess Y P4 leserof t he
Rel at ed f . In eit ' Ltion,i

e o b AR BB S G SO 1587 S SRR R by

i rradiat '19&1-&&'1&&% RGHRCQREHh Wset, | dnl nd 41 Vipbt 1a9ﬁr deh é'rc @LT i@"&/‘\l/lgt 2 the

output of the laser oscillator 10I I1's up to'on the or

ener gy dengl gojd Vi &atr. | Thefappriptinfe GWIIeS: Eitahs pZeerdindcAgon BNt Gedwul 05 is
relatively small. Therefore, the laser irradiation is performed with the
out put t uoribellagengivearaboheproviibng diat te Buiptt Frhdglowith highattabiility. | aser
oscillator 101 |s set on the order of 15 Wand, the | ong, beam 106_is forned
CoC cover t he | ohgob A HIckSer Fiam s (ORverleidngy hights W%@Wltpﬁe‘éﬁﬂl&% is ten

times as e n i f e e with
the. sem conaameft) APl Bs ol W hIBeR G Aenbi SHBR (b S o
axis of theo!| Bro, kEWNKHAS KBS, And 8 BOWWR6upéridrah &rmb @9 chMerslo¥ffRichBy.enabl e
to form paved single-crystal grains extending long in the scanning

di recti onWith ther agnlarean aptical wledtdnt gfut 10 a( exsenaton, nit ais dpossibld do ditainhe

maj or axis of the l.ong beam 105., In this laser irradiation, since the |ong
beam 105 $@SEsiARREhfRnyerFRn ¢fHRI§NBeam 106, the fundamental wave is

irradiated to tjhe 1 copdycy: i 04 fixst, after t.hat...the second
harmonic is irr@d?‘g@gbd‘f’ gnﬁ i’%éer%l&l}%(r}g!ﬁteﬁ}eafn lvcri e%e{%]ﬁcn?lwaafla &l
lastly, WacailutibRkRRlelof TRRES sRCE ittRcSHAPF RSB0 iRBid e WRRDAR 8F drefRayrat ur e
of the sem conductor film Hereinafter, the region is referred to as a |long

crystal gthaiobtairedilomg behhe | aser beam with the hi gher harnonic has an

i ncident angle of 20 or nore, which suppresses interference to enable nore
uni form | aser iy thgi ease o annpalinguy Hemirondugter filmi foriped onea sBbriratfe with105 has
a length on the ord 00 J(err he engrqgy .di stribut.ion.thereof conplies -
it caus Sl eEnd ik PR Pt A bidep o EAG RS adihion gt PdHEr b | ong
crystal ofad feshie6lb Ot b id QATR Sn A Y~ bfthb Mcb&dikr thb eqGsRty OF g2

Gaussi an di strS|{I ution. 'll' e scangsp ed on tﬁe or déerﬂéé‘?Sf severqa?l };S)ngr eds to
several thotaadWi3dywhen irsinajdenepplagd 8,defifed ﬁsh'e?liﬁathﬁ peRdpdndick®ir t@the500

mis here. Fig. 6 shows an irradiating nmethod for formng a |ong crystal
grai n regirsdiaigd swiace agdhelpdanceincludingue langer fildenor Agthodensideof tcelagdr

expl anatign, Fig..6 has the s ref erence nunbers hose in Fig,.1. The
Substrat ORI Haing Ha- 8 SHAE S AT DeFbS TOHEBpe nitee eutiteg Whis
absorptio il ek to
Sork. i t 0 IRERaT b0 fongBPHat BEuleARBha R IcRE fr (iAol kBl "R L0
robot 1093 tigeknés9if Sheisabdttslwitt tEmaicddy 16 Whd RG& Whnt RAugeRi gaRdueter film
in a straight line at a scan speed of 500 nm's. The straight line is

cor r espontiadigtedosuafapeor t indhe ofse"ofiisingrm PliplitBof laserfiegms Ghe afaqeality aseds i s
irradiated to a gortion of outward " Ant S a positive integer) with the

: , (m.i teger )
uni axi al Cobosatised tdth respeet L0 eadheof the plyrality fidater Popms-or 1t vs aQted that aused t o
shift the_| gn eans 4 n the directign of. the | or i s thereof hy,the
wdth of ERE TG Try bt Ry ieR® Al ek Rl fn i i BB S¥alor i on
of “homevagderniitd whbE the tRIR S Rt oRRBE MlcidRAcd PlahEPORLEH HeQRPB S id fifde
formation of the long crystal grain region all over the sem conductor film
It i s notwdgd athe idvédene anglorfgtdi Brpoksibl® topetfban Ldiforn: dpaigtionssfahe Bsad N

region has quite superior characteristics. In particular, in the case of
manuf act ubsany vaithoal, insHgeace of gefleeted dight fzemoa FRfface pé the rubyratu otity

devi ce can pe cted to show quite high electrical mobility. Conversely,
Chen_a poftleed JRRE D% e RunHIGE G The FilvsBien: 1 Reprd AoV i sonsered
charact er L Sti-€S, fnbs J e Jhe {0 I j on
thor o Thepapii bt d RRIBRRIRICRNNE Qurtinlhil 17 PR Blabaln bRl hEH °F,
irradiation may be perforned not to formthe long crystal grain region. In
order to anneal the sem conductor film,efficiently without formng the |ong
crystal grain region, the scan speed ngy be increased, for exanple. Wen
scanning is perfornmed at a speed on the order of 2 nifs to the sem conductor
filmin which the long crystal grain region is forned providing the scan
speed of 500 mi's is set, an a-Si filmcan be crystallized to forma




pl anoconvex | ens 203 is set on the order of 20 mmand fine adjusted to form
the I ong beam 205 extending in a parallel direction to an incidence plane
as nmuch as possible on the sem conductor film 204. The fine adjustnent has
accuracy on the order of 50 Vim In this way, an oblong-Ilike |Iong bean 205
with major and mi nor axes respectively on the order of 500 humand 20 nmis
formed. The substrate that has the sem conductor film 204 forned is the

gl ass subrsfractive indlaxharaundhil Skaed 3 ldrgennalcilsteflivabe then the aupkocyicilated $1 age 207
in laser irradiation not to fall down. If is possible to mpve the

absor pt | GFCaRfE Wity th imeaurIty s sblased, when theowmlys prognd iy is Aepsilsisni axi al

robot 20 [_Sl d Y.directions op a rallel plane t surface
o "the selp@reh BisTng ok B5in S BEORRF ool S Rl auBa % by
i nterferengd ihthd Rhufiudifdi'direBfid Bt 48 intéBdrbace(Bk ) snddl iffludn@fnaheed when
the substrate has a "thickness of 0.7 mm for exanple. Next, |aser

osci | | at dragh Ritl® aad the2dduct duddulaed puicsodi@ndd/ ithl théAGeduadier is caW gl wwndadirnt al
wave: 1.064 hum TEMbo) are prepared. The | aser beans have a divergence
angl e on tbpeffet @6 pttgpatingwhgdntefergnesr e made to go at an angle 0 to the

hngle 0 i st o b Srley S I RIS B SUBHOG o SIS PH e 213
respect i \‘/’&ﬁ%%icr%ﬁynﬂﬁra%, %9}%@!11 éugﬁgeftn?, a()sftaiélﬁssrgﬁbsﬁr?ﬂ@,% 1010 Qb shiattCad PG 1iREAMS 206

and 212 nmare formed. An arrangement |s netessary to cover

the | ong heare 2R4. Wrhd ikwullityheith engedradnp isZieppitdbR 3. a Aibsaxanpitie nof the
arrangenent is shown in Fig. 2B. The | ong beans 206 and 212 of the

f undament Eansiygorcyatoe ther kasargeadnnbetrush thy thickness dhef thier wibsirale bstomereamaj or
axis of the l.o g be mZQli.o .the second harnonic, and the major axes of the
respect i v‘BeEf“d‘Fﬁj Bane 2Ll % alignnent. Such configuration is

preferable si ncﬁlﬁh@&l{)fénm%%sﬁﬂt i‘f@&ﬁﬁ)ﬂaﬁivﬁfg&% &Chle oﬂnfoggg&gﬁ{l rin

attenuation portion at t si des of ong beam e &8cond
har moni ¢ degnissHdptosr @IReicEYintRibinhtheCsteps0 W ProRBdias |0 first ThGer! Bael wagAE
generally has the energy distribution |ike Gaussian in which the center has
t he hi ghewavedengtigyf vikidle higlht mmesshatttewantlagth ofwisible hightpieta p mgybepmeateof .
The | ong beam 205 qf the second hgrrmonic also has | ower energy at the both
si des conffarBHa¢% Ogn%rsgyuwdvﬁer dli o articiliE Bareoh Aub R ElZ0g othe

uniformty i. . J | . [ Yy e h a | wave
that 1o rispkChrdlRg SRR sl 3 seolBERES Wier L ARl MAPCRRTKE,

nel ted reghpbehin ith@el@hQ BH8MH2D R bhehes SHPRY, RAWIRN fhe Tohg RREANRS
possible to heat a region of the nelted region selectively, to which the

f undanment iatadiatede wislei moatigathedsurfhhe relatifélguvish irespectf toFitg. 1028 bdahd iha
described in details with Figs 3A and 3B. In the case of perform ng |aser
anneal i ngd¥§iBtonl vy 't he | ong beam 205 of the second harmonic in a side view
of Fig. 2B, thaniem' conﬂuct ort.fi | m iﬁ heat vvitq a t rrperatnge .

di stribution as Shotfiih BIVERUoRa Prayies abaiere SEthad + 105 THEHRTWIRa@ bet t er
thermal c Heddu t ;SR rtd t r.ales Qoy.td.0 : | ong
beam 205 has uni ?%F rﬁé an&grlélsfhgli@t ?ﬁbﬁt’fg}oﬁfVégl&fegg%i%e@ggfﬁhragélrdgesa?% k@rﬂggf has
ener gy cowsvdargibbviaitlelipht@c dioreawaeclbgme of REilé ligheinteapaigabdareat |t 1S
possible to irradiate the fundamental wave directly to the both sides since
t he fundatfefedice\fve straisondynterhlilm onsnyicinity| thoreaf, tandr actiyating ap imperity

sem conductor film, .and the regi on with the yniformte rat ure

G St 11 but eGP (PR BothecumitaTror TR B rirBOalos & SHOPLdLeH teABy 8bg | n
ot her wor 6 e.Jrradi t ot h
sides of t gal}qgtﬁgl %’g‘gem!ng‘gg]eg@ﬂgﬂ)g%ﬁ %tﬁﬂgﬁéﬁéit%ée %/dI é\fvg%{‘u?lg—)?g}.le glgﬁ(l'lg’t &’i S
possi bl e hichBO Ut Beant RNPQIRI! Yhilk HhdvikdiHeOurRte RO WaBNdyREOo film
as Fig. 3B, that is, to increase the region with the uniformtenperature

di st ri but thedongbeateinsahivectomluct or filmto suppress irregularity in

anneal ing tenperature. Next, an exanple_ of laser irradiation to the
seni conduct or f TherprEsentyjopention fadier prwires rmethes mmetbod fiek Banfariiinga j s

Enboc mentortbansteiof AER it hEE SIspRRE Brithnes ISiPRbRln PR h 5684 1 16
on Lhe, o figkuak, il 4IGSARGLOI RS cberdllel BpTuloPLid SAERRL B fod NE

size of the long beam 205 1s re I erefore, aser

tive
irradiation is performed with the output turned down on the order of 5.5 W
The out put of each of the laser oscillgtors 210 and 214 is set on the order
of 15 Wand the | ong beans 206 and 212 are formed to cover the | ong beam
205 fromthe both sides. The | ong beans 206 and 212 shown in Figs. 2A and
2B are roughly the size of the | ong beam 205 to be easy vi ewabl e al t hough
the m nor axes of the |ong beans 206 and 212 are ten tines as ling as the

e " NN " oy I Y L —— D r




regi ons concerned with the degraded characteristics conpletely to regions
wWith better characteristics. The sem conductor film 204 may be crystallized
entirely or partially in accordance with, for exanple, Fig.6 described in
Enbodi ment Mode 1. [ Enbodi nent Mode 3] In the present enbodi nent node, an
exanple will be described wth reference to Fig. 4, in which several |ong
beans obtai ned by processing the second harnonic are conbined to forma

| onger bewmiemnductiof laydafiemting awarductise leyedova thé sensicandpytor Fayes withftber | aser
oscillators (not. shown in Fig. 4) that output 10 Ww th LD excitation

(Nd: YV04 Wgdahing layer therebgtyesin PrRggssing ot kisyr heampwith pyevpleagta o visthle ed.

Each of the.l scillatons,uses..an.oscillation node of T apd has a
(B0 oryst AR A SholR s Rh R EEn iR oo SopE BeB ah o2 s wEf S con
har moni c. oTh&ikiRRPaREYE dnaSatiREand HA%R LS i &1&{1%12&@,%“%&51169@ and a
di vergence angle on the order of 0.3 nrad. Several refléctihg mrrors are

used i n otrekmentoofcthasemicondested lager alid thetinanstinf laybeby asaliathgadsecond
respectively to have an angle (3 to the vertical direction, and the |aser
beans wi tlasarheas of g prdagnentad veave apd ticrleng besmsatthe sareeltime ¢o gacgion of the

irradi ated surface.403 fr four directions respectively. in order. tq be
conbi ned mﬁ#eﬁes&}rfa}?e,owewgﬁttﬁ% long, éﬁ?i“ét‘seﬂméjﬂﬁt?cgc llf"ogl."x*f*ﬁethF dﬁ?élﬂ‘iegecti ons
are corregpepd i ks spectively. The optical
axes A and Begge?%%gpﬁg%ocﬁoﬁk%ﬁﬁgg&Sp%téndw%%%ea&lgosi tioned with plane
symretry to pl dpethA gréseit ireusd bb@le, kocH BE the fintliaal &dcsdr fasgebeans, isand an

angl e made by the optical axes A and B (also an angle nmade by the optical
axes C anenitpd frons eentipuodOwaysigasdasen, solid lases oopudtaldhseax eWhat mmdcaSsqral so t he
optical axes B D) ar osjtioned with plane sypmetry to plane B that is
vertical ﬁ’B%llengagFaﬁﬂ)e“S d ?lgeaphé’fiﬂi‘er 1§t an Bccgﬁﬁliaé%%, s dhad e OURE 8 made
by pl ane i QG I i bencd udi t he
opti cal aggg%&gﬁgﬂg&a{)@’g@? Pg? Lﬁf@@ﬁ%ﬁ’a@g? ?ﬁ%@ﬁ?ﬁ%ﬁaﬁ gry?i%@d“rlla%g’l? lernses
401a, 401fserd9AIO; RSd, ﬂl@?’dasfeﬂ%ﬂexlﬂﬁ&ﬁc 22k GAN TiamPhiveQhsed HITM @dmidhr anged
in order that the optical axes Ato D are nade to go with an angle of 0. On
t hi s occakbsrmeabyapon sisersugh as copponsamir l4sheapl goid cepordaser whd ter lileadan| enses
are directionsg included in the plane C or plane D. A distance 18 bet ween
the irradP#%8 surface 403 and each of the planoconvex cylindrical |enses
40la to 401d is adjusted between 110 to 120 nm neasured al ong the opti cal
axis. Further, planoconvex cylindrical |enses 402a and 402b that have a
focal length of 20 mm agrpEy PRSERIPTION DESrHE DAl AWEREKat i ng | i nes t her eof
are included in the planes an respectively. € generating line

descri bed her e Ingheladdongpenying dragéimgt ati ng |ine | ocated at a curved portion
of the cylindrical |ens, which is nost apart froma plane portion of the
cylindrical |endig Tisa dingiam fopexnlyningfEmbndipentedmlzex cylindrical |ens
402a and the plane ar rt hogonal | zed .each ot her. whj t he plane portion
of the pl anocon@&2 Trl‘dﬁ%ﬁ?r(’?éﬁ I@H#%GEBIW}?WEO%F?HL&%%EE or t hogonal i zed
each other. A dg; R v=To =12 ; nd each of the
pl anoconvex cyﬁlﬁé?’:}g@%ﬁ?gag%%g%ﬁgﬂ'ﬁ% %F%Hg%‘?%g%e ﬁ%%’the order of 18
nm neasur ed al oFigs.t4reaRi4B aldigass foteklainigy BibadigRAENModedgscr i bed above,
four long beans with a size of a major axis on the order of 400 (err)m and
a mnor axis onFighisor degranffopexglanmgdinbalihentridddad; t he irradi ated surface

403. In this case, the four lon eans ar C(iﬂbi ned jnto one perfectly at
the irradiat ed S8rf Sccdiaggmghon %?"rﬁel‘i'g’“& PhawIcaHBEM However, when the

positions of t espeGLi lLen [ ine adju t he arrangenent of
the four |ong B@géfs%lﬁsgéozgeﬁlfee??%é&%%o%wﬁg Iéi gr.ﬁ&ﬁ%?mfrrl]n%tlﬂ%trom(ﬁg, t he
maj or  axegnfiforidibtot Q&icd ARBrdIRAITRI PR IR Anshedr ehApre @Al B/ chibl | gnient
and shifted each other in the direction of the najor axes to forma | onger
beam |In this wEgs. 8Al en@Ecnses tdalgrapsaishowingi the miah@faetuvingt feihbd lofSthem can
be obtai ned.. Then, CWYAG | aser (fundanental vvave% that outputs 10Ww th LD
exci t at i offnisongyeler devieeasePeingiel thaeubedimentmedept the gresppidngmtiony 5 nm at
the irradiat ednf.urfg e 4(1%§wit .an 0£thaJ system 404. .On thihs ocfﬁgisi on,
the obl ong beant B9587 BEH A5 Yagrany sPoying Hsumanpiagtupisgnacthad o theg e i o4
system 40&mitAifiubloRIOGERNEK:difif cht dmBOGMEnt Rl B thb prdsfh ifvAIBHE, MY be
used and the laser beam nay be nade to go into the pipanoconvex ens 111
obliquely at an angle thereto to formthe obl ong beam 405e. Alternatively,
two orthogonal cylindrical |enses may Qe used to convert a round beaminto
t he obl ong beam Wat is inportant heré is that the fundanental wave nust
not be returned to the laser oscillator at all. Since the fundanental wave
is reflected sonmewhat at a surface of a sem conductor film only what is
.forbidden is that |aser 19 beamis made to go to the irradiated surface

. . o r Y o r o




may be used to crystallize the semi conductor filmentirely with, for

exanpl e, the uniaxial robot 108 for X axis and the uniaxial robot 109 for Y
axi s shown in Enbodi rent Mode 1. The sem conductor filmmay be

manuf actured, for exanple, in accordance with the nethod described in
Enbodi ment Mode 1. There are advantages due to the present enbodi nent node
that the | onger beam makes processing tinme shorter and the | ong beans with
Gaussi an- | i ke efigs.gy0Al sidr i @Bt dre ndiagrame véhiohapp ad mantfacaal) methed of a

- contiguously to uniform ze energy distribution in the direction of the

maj or axi ¥miggdapior devieadcepmlifgtogn seworlimens mads of Blegressnisinppntions t he

[ larity in_t | ati vel y. | Embodi t Myde 4] | h t
ermbodi mont  yodaesn T o SEWe| IHERTE SPRER. 0 EAAR g oacbed BTG 5 i
whi ch a defdieGidulidr H&ﬁ&?a&g@tﬁhﬁ gﬁ cggJoHﬁH&’ifﬁia% omk{?g)qésehtsinyérﬁgnt 0 perform

scanning wth a [ ong beam processing t second harhonic and a
fundament al wavEigs.s1arsafld t10Bakd ENEHGY shéwing! the amArRSRtuREChlethdtosf BE1 t hat
outputs 10 Wwith LD excitation (Nd: YV04 | aser, CW second harnonic: 532
nm is prespaceducthdevigsmconkng tolthe emb&limensmedaof ths pickéminventiomde of TEMP
and has a LBO crystg|, inc orated in a resonator to performconversion
into second har ﬁiﬁg.A'I*He%]ﬁs%TF BarAmsARQRIng 52 r PanHactyting jmethodn i anet er
of 2.25 i -.qe t e 0. s made to
o 2. 25 ARl NEAEGE Aok Sy U ey o o Bl S

conversi on meansigs 8 42e N4 AR AGhgIGHRPIHONIRY thiVenmMlacREhk CRkthb8Nstethe foOr
exanpl e, may be used to expand the |l aser beamin only one direction for the
obl ong. Asdnecorsiuctoe dgvicaagrording tolibaembodimedemodootthe prbsenit tilventien;peam
expander nmentioned above nmay be used to control the divergence angle. Then,
t he obl ong- shap&ds | h¥ertopdakih 18 disgrams: shpwingnha amgenfocineng teethpd rofop 503.

The defle r ;beam reaghes a pl,ane for f, a sem conductor film 506
t hor ough %ﬁ{ﬁ?@l G‘I%gﬁ’g dgﬁ e.a%ﬁ{cﬁnﬁ %eanfe%mq@ﬂgergéqﬁ etoﬁéhe(%fzs&ﬁ]gx_ng ﬁ’é’d’ | aser beam
i's condensed atFi%E'el@Aaﬂﬁ-Mbnafeh'dﬁgYﬁﬂs sﬁoxlvﬂ%gabﬁﬁmlf%thhn frﬁ%th@@ of @xanpl e,
a mnor axis of 20 (err)mand a nmajor axis of 400 (err)m%s ornmed on the
pl ane. \Whsmiasndangk devite édverdind toaanameiodiment micale B3 preseah@mngeibn;;scanni ng
with the | ong beam 505 is performed on the plane. The change in the shape
of the |ong beahigsdbis ddingtam shpsvigg ghemgnuinetaripg medmenadtthe semicoaducs®y3, s
the £0 | beam has ap incident angle of 20

b 504.. T |
\?\A’l'J!to Er ?Z:Sg%vt‘get %c?rlqglgstgE}{']?S:?fﬁ‘g‘ffjd’%‘{&em?(fersﬁef&%?wmt R EREs interference on
h oD duct . ! . .
nterteronce of Pt ik 8RBkl ABE BReHERRAEFSE » HiGobdhILAIERIIRIC | D

sem condugd enbddinenA6dabit the Eﬁ%éﬂ@ﬁ@dtibﬁ.ght of the laser light froma rear
surface of the substrate with the sem conductor film506 forned. In the

present enbodi nent node, the gal vanoneter mirror 503 conposed of one m nor
is used and onl I i is performed, which does not enable
scanning of a JXEPM@E%RIEFEMVQ ATHEE] RED EMBODIMENTS o t he
subst r at ey ﬂgﬁ i axi al stage 507 and noved from side to side on
paper of Ergﬁ;b Flgtrbélﬁg% anneal ing of the whole area of the substrate. A
scan speed of tjg dntiAiRORThER50A the Pedscat intORidnOwAORD d8gdiBed R @Eakl y, on
the order of 500 nm's. In order to irradiate the fundanental wave to the
sem condu®heo prebért enbOdinant meleshaws thenmsasf fdmminphggbeams 305 ahddfedorof t he
second harnonic, YAG |aser 508 that out guts 2000 Wwith LD excitation is
used. Si nFEdigtBERSHEa¢sRfn ssouconduetarilm 404.9 rel ativel y high speed, a
preci se control systemis needed.] rder t ve a heam for . he

B ik Podfiaet ot et ks, B R or L BrESiy Bl s

fundanent al wav
Al t hough, 1,08, €8Ur §8ond! BhMSrIU 320N} Obrefiali S MR IRRLET01 e area
scanned mﬁtﬁ;thé ga?%anoneter ninor550g£Ps cbvere%maf?ﬁﬁa +ong g%an1 | 1 of

t he fundaoiilsionwastz of TEM® apd dseh L BEGstaIacsrpoRda if @ rtddahtor to p&fdint
necessary to nove the long beam In this way, it is possible to have nearly
no pr obabfenversiar intpetseprd karmonisnudilthongh itys not Heagssary am particulayto limit e case

of lacking synchraqnization. It is since the oufput of the fyndanental wave
i's centu pglétpﬁtr ﬁﬁﬂ?@%%@ﬁﬁ&?%‘ RATORE, GiectsRanh BRI SCRETG Qe Pige beam
can be fo gg| , Lk s SS t 1 C film
506 has aﬁgﬁg%m§@£gﬁ§%uar§(?gﬁ cgﬁ&%mgidgg?@ﬁ%q%%Wg 33%? f€5§?%%8%

|l ength of 125 mmand a width of 0.5 mm for exanple, may be formed in the
scanning direction of the gal vanoneter_ 21 mrror 503 to cover the area of
the square entirely. For formng the I0ng beam 511, for exanple, a

pl anoconvex | ens 510 may be used to condense in one direction after
enlarging uniformy with a concave | ens 509. Alternatively, another optical
system may be used to formthe |ong beam 511. \Wen a honpgeni zes is used in
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- sem conductor film7

Enbodi ment Mode 5] In the present enbodi nent node, manufacturing processes
of a sem conductor device will be described, which includes a stage of
processing of |aser annealing to a portion with a structure of a |am nate
of a sem conductor film a gate insulating film and a conductive film
First, etching into a desired shape is perfornmed to a sem conductor film
fornmed on a_substrate in accordance with any of Enbodi nent Mddes 1 to 4 for
di vi di ng 4-Aemoepnd p divgeaenee digleron thecorder df).hmdads haptravdlingtdireetioneyf, tha

sem conductor, film 703 is, forne a main part of a TFT for a channel

to be

regi on angdS&ErRISRVERtes Wi eﬁlqgnné‘?fﬁﬁ@“& s gPatte bapa ananglendit 4he such
as a co =Lal od - l.J S bst e _can sed,..and a
base i nsu%gﬁazéil'rf\éft %’7@%?’n%&§e§§e}§?% %%ﬁleﬁt#tgr%i %Zt?w §P§1 Fc‘%ﬁo ofiv(fg,lcagr
silicon okeetibd iigts d glaﬁ&foﬁ%k Rk OB NthhtRasSA RSl fdn@th/ G20 RentA8 a plane

3 to have a thickness from50 to 200 nm Further, to
t he sem centorttiat dorieap@@s wifld3he dopizogalopland | Aphoughythel agknt nhor be
inparting a p-type is performed in order to shift threshold voltage to a

plus si deVaTSH FEmGtay, e PrRgsat iempodinasrdrinodobas dprarnglagh f 't ypaei s
Per 0" 1ol b ity 08 Kb o o A B Sl S P o

i nsul ati ng 0 he gate i

sem condugifate bhdallkl/&3the Adr@2oRbEpRAE ©dA GHARE Betfech! tht GBRIRHE L fildn 704
and a silicon nitride film705 forned with high-frequency sputtering are
gi ven. Asl(# aid thatplanicolreikdess d@P dsssdt ionnthd yordup WE 128 mfigand fidaadjusted ikond i s
termnated with hydrogen to becone inactive, in addition to etching of a
surface ofrdene feunithcolag besn 10D lexiepdimeliy aparalist disertion daapdrvidance plaagueous

Saueous sHtvGH s EPRRGC %ﬁﬁ?ﬁ?ﬁ&%ﬂ%@?%?@# Fstrnd e fceath ency

. . { _ . . _ 2o
2Dem Lo Ttk GEr O S dok 1, s Phgthe BhiohlsiikedByd BORH 105 ulinilt abd! 011
Typi cal cafid tkanssgeotivelyon dRre8driof 800 uACindd® pifiidrvkd.and Ar as sputtering

gas and setting the mxing ratio (flowrate ration) at 1 : 3. Also, at
sputtering, preEtausubstraie that hag the semiegndutiterdar Y formed isithe glavesubatratd . 1
Wcen2 (13. and subsirate heating tenperagture at 200 C. Under such
condi ti on‘é’%‘?g PWF@%E&D& I8 Pixgd fo i esEp e sage 407 e iﬁ%%%ﬂé@upv nostpdale nat i s
low in i age; : | 1 L QF o f d the
silicon gidl%é 19 ﬁsﬁo%g{eQEBﬂJﬁé??ﬂ%g@girﬂg%@gﬁg%& ﬂ%%&é?l r{)‘%{glélgl%?%n oxi de
film headxis sRpdo@iIAxialigBs: 100GHE TAXRIIA IS MEY AireStitink 369 JatARI PRAE tSteh as
oxygen plasma treatnent nmay be perfornmed in a spare heating chanber. Wen

t he oxygeturfacathesemicoatneot filns 1k r fSincrethe faregoing imgualite feumd mtafenénct he

sem conductor film t?‘ﬁ ir‘uf?erfaoce state density can be reduced. Then,

hi gh- f r eqidney AN WELDng Fs19°6 ortainelbwaen fheowbsirate harea thitkpesof Wt h a
thi ckness_fr @(g\pegtgmi)% 30 nm Typical conditions for the deposition include
using N2 and Aras*sputtering gas and setting the mxing ratio (flowrate
ration) at 1 : Next/ BSer RELIERYYI@HaDGutpBE SHIWIRIVAG Blse2CW, ndinendli SChar ge
el ectric power at 4.1 WcnR (13.56 M—sz and substrate heating tenperature
at 200 C w&rendd)64i pomf MEMgg)sislpad¢paragl. f iThenludet bedhdat andivaade sihgleadnuihe,
silicon nitride has a relative dielectric constant of about 7.5 with
respect t@der pEParwat andeiscmedq 0 goraitamenge P & thy vedtioal diteation into ps

possible to obtain an egffect that is substantially equivalent to the case
of a thi nﬂ%‘b"“ﬁ"ﬁ%“iﬁn’ﬁ‘ﬁ 'f%“&ﬁ&fséetc%hti‘&? -‘%8#%% f&sémemafe mal

val ue 23 ef I ks J:

oot hnese of St e i rFah 8% 35 Phe! ThEh o GRMhElcy Fk oGRNTH Wifldh bl

i nsul at i N2 firhnis foamed heThieMOng by 166 Isucimpal ©fcolfans idngtRBmapsde fil m and
the silicon nitride film it is possible to reduce gate | eakage current and
drive a TFT at 2 fandamentl wave yyithcamayelangtd.on the obded of,1 emen nof attsorbedat e
insulating filmhas a. total thickness from30 to 80 nm After _formng the

| ani nat e BPch iR a5 ppRa) sepygapdustor thin il wth sulicieng sificiensy d&Vhen He705, a

first co i film 706 1.5.fornmed. material of . the first.cgndyctive

1 m 706 SCobd eltmlolT S5 4, SR lme B e nadtie ¥t FBHRAIm ( voy
tungsten aWe inahdl sérhicBdueD: (in filnfThicAbd BY hd 2o ilinfthid kit WihBiihp! de,
tantalumnitride, and tungsten nitride, Silicide such as tungsten silicide
(WSi z), nolybdenumsilicide (MdSi2), titaniumsilicide (TiSiz), tantalum
silicide (TaSiz), chromumsilicide (GSi2), cobalt silicide (CoSiz), and
platinumsilicide (PtSi2), polysilicon to which doping of phosphorous or
boron is performed, and the like. The first conductive film 706 has a

t hickness from 10 to 100 nm preferably from20 to 50 nm Then, as shown in
Fig. 7B, irradiation of laser light 707 and laser light 708 is performed to

Y b1 - —~ o~ 2 o, o o - Y




After that, as shown in Fig. 7C, an elenment selected formtantalum (Ta), 24
tungsten (W, titanium (Ti), nolybdenum (M), alum num (Al), and copper
(Cu), or an alloy or a conpound containing the netal elenent above as its
mai n conponent is deposited as a second conductive film 709. A gate

el ectrode is fornmed by processing the first and second conductive filns 706
and 709, and it is preferred that the first conductive film 706 formed of a
t ant al um efficiende of Te) sérhicondietorofibi Nedtowmies hbdtlee s daonty, cthadinctebsee ihi | m 709
formed of a tungsten ( filmor the first conductive film 706 fornmed of a
t ant al um 30sPIptiga cpatficsent fyao; liqueetiom efi the semieanductar B icwHigd o wakei | m 709
formed of. a titanium (Ti), fil t, as.shown in Fig. 8A resi st mask
710 i s prodf %Sé%le]g requ?ﬁq?gﬁg@%%\ﬁ%lr\ﬁav& 10 ﬂ’ﬁ Ryeteat Bﬁog‘éstsr @&bgﬁﬁf’dﬂi Prst
etching i r ' toh i ma)

et chi ng, z?dgfﬁﬂgg%rr%lg g?%d r%émﬁgéig‘?ggﬂ?“&k’ Sﬁé&:‘l rstﬁlteeot\fc Qlysr?gﬁ &%jdtﬁ ﬁ[gg{gi t here
is no |imMa4 anl ddinBicngregas thelagdti brgmyEthel S&Bnd Garnbai@Sidnhd Whalkogiphant al um
nitride (Tal_\a of the gate electrode in the present enbodi ment node has CF4,
C12, and ©plikq thet highen hapmasic it fsgnotangsessae éomihaclin@imentalowavegte hse appl i ed

to the substrate tp ke sjide faces, of first patterns (711 and 712) for the
gate el ect arrapyieal cemept gq{g‘ioé‘v?l?lflﬁlal‘é’a‘(‘ge%h’oeé’&r‘éés. ﬁm Etnabef &
et chi ng, i g -chi C i £ he .si 1 j bk ' 05
For med s Thotan, 3 EHENLAS G, ko Rimple Tl oo B RO S of” 1
gate el ecfhapsietht higkpasendiie BihdeCRd peydfdehgth Bf GR%monfihtAToptibalsleeriecond
etching is perforned, and specifically, etching gas of SF6, Cz, and OZ is
used and agapishiaserdb gaiewapplsidderegyt diffesnbsisrcatsedsi Headditice theatonkinear
pr edet er mi ned, val ue )%)g perfaqrm anj sotropi c etchj nIgy of the tungsten (

t

film In emical gapent i geaerating the higher hasmpaicds 1oelyt i9echepgs magealitsandct ur e
of first . i I . 3 js.faorned 1,Q. ). The
gate el ecteids Ay ARNIGEN K€, WRKEIR opERE R kRN BRTE P e PR ¢ e
first andiseaeanchtsRnsfe6lid kRel aYRESidinkly, 38 qhltSuscdildo BRAShADZhEMEIMbRIC
(top-hat type) in which the first conductive |ayer protrudes |ike a peak
when t he gih ¢heduediamodd waveskhowding o theqirésent invérion. dopi ng is perforned as
shown in Fig. 8C In doping that an inpurity ion for controlling a val ence
el ectron is accey s exmple pf amapviaciaring aethadnf thepsmisendurien filmwilldea| so

possi bl e var concentration. of, impurity reqgion farnmed.ipn the

sem condu{i:‘af%gr1 ‘%y M o E‘h&@gﬁ’ﬁg@ g \y‘?otlr“i“gﬁzge’i'tsglﬁﬁpf’"c?ﬁgfugt @y

adj ust ed, yi2le LERAL SpcifibAlRy, A ichitaln®ll Wiichn QRGnieRRINCktibd Yo thUPE ol S

i mpl ant edVlvvi teh 1% hi gSlrg (gclceﬁ’eraati né: vol ?dakge 1| n or glgr to pass th%r ougﬁ1 t he
peak of tthickhesssif 200na oh iovie studyee rof dlglass Gubsarame with iartbickiedp of 017ymmegidon 715
overlapping with the gate electrode and then the inpurity ion with the

conduct i vt ymeippeus silicon(aabi) Blm withe hidkeessad 78I ram i formed with dpsmaC¥Pder not
to pass thorough_t peak . of the first conductive.layer 711 to.forma
second i GIRRy Pl P MERaR iRy of SRt e AL, e | <
possi bl e r i - Ga d:g rlApRe e i Chiure. As
t he inpur%htggllﬁ@vi ﬁﬁ?lrgeg(?\émn UC?(I: \s/f%tgi %é/‘gefs g%lﬁ%@e{%e{not '&%ug% asn%{?g(gp Iglﬁ'ous or
arseni ¢, belcadof iy therdl QuBealing] the idh@tNBFdtidE o thafnBcolductés €lmi vith iR case
of an n-type inpurity (donor), and an el enent such as boron, belonging to
G oup 13 inptal glemest,i mdatéoned bh descaptimedf the Réletedadw, why depperfopmed.nplnr i ty

(accept er%,. When the [npurity is selected appropriately, it is possible to
manuf act ufiEeEFASS. HhaptHeymepgdifen in istadiating a laserheanHis ajmest thg sames possi bl e to

forman n-channgl_.TE n hannel,. TFT both_on. th ang S tr.ate only
by adding a mars]ﬁ e}f)téua ee%n (;f'er 8%%5%&6@ aﬁm% rt?.lgée f%nge?fl\?;o(rel 28 é"@g nbc? .
inpurity aReHse, 7 aHREHREE dtputds IRULES 08Hadr 10 Pispah Snttheodibs SE10 WoUri ty
region 715 fornmed for an LDD,” irradiation of |aser I'ight 717 and | aser

| i ght 718thesnpeyyfdensieyl theoedf lie effieitn sindy dieadizd afythe 1GABbéan WOS dhreldiwelyi r st
and second inmpurity regions 715 and 716 are fornmed (Fig. 8E). The | aser
|i ght 71 8salk alhieefpe Hierlases dirafbistionds gedompednvith the opfpuf Bun¢hdewn pp et 717

- with respect t syrface of the substrate. If is ssible t |y the
et hod of SIFF b5 2 Wng Th fbuf piie Tesktionalipaion e ol ecarder oty & B oy
exanpl e, 1 i t HASEN eTololl I n
ot her mrg@‘i%g&i@gﬁ? arh%%g&fme\)@g%%?%@elﬁ é@@%@(ﬂlﬁ{ﬁﬂﬁ%ﬁ? | i ght
source of the laser oscillator that outputs 10 Wwith LD excitation is used
as the laser light 717 and the fundanepjal wave (Nd: YAG | aser, CW 1.064
hum TEMbo) fromthe |ight source of ttie | aser oscillator that outputs 30 W
is used as the laser light 718. In the activation, the laser light heats
the first conductive layer 711 formng the gate el ectrode, and due to
conduction heating fromthere, a non-crystallized region.is recrystallized

Y T . . g




After that, a contact hole is fornmed in the first insulating |layer 719 and
nmetal such as A, Ti, M, or Wis used to forma wiring 720 appropriately,
which has a wiring structure, as an exanple, of a lamnate filmof a Ti
filmwith a filmthickness from50 to 250 nmand an alloy film (A and Ti)
with a filmthickness from300 to 500 nm(Fig. 9B). In this way, the TFT
with the gate overl apped LDD structure is conpleted. Wen high-ftequency
sput t er i rigam 106 isHen timeges lwfg withe eunor aipef herowgibdam MK uf et swbetrdihie

| am nate of the silicon oxide filmand the silicon nitride filmand the

| ami nat e Y¥b @ispterieondycion &l 408 fopag létﬁCﬁgwfium mCBlrecwsofrﬂIF TRIPRAXIS BE heat

t t t f | by h ft tt
orant; orte oNeBEARAOSAGH o Mhalial Wk ABBUGE 1 Bxis B Ynafle' 6] BRAFEL 1 1
the thr emlgcﬁ@{angﬂ@nm%nuh@aygid%%% gfdifb'i:ﬁ&{ ﬁ{dl% io% wifl g Yidh'ag to the

present invention, it is posSible to provi a net hod irradiating | aser
and a | asE ylmrimdldﬁﬂectﬂm sfytht anjdrakiscstthe Ring bgah OS] rheglud Rsdrtiftadiftion,
irradiation, enabling uniformlaser treatnent, and obtaining high

t hr oughpuinceahp lonobeaan LG isceapsted] with sha long SbamH&6s thei fundrtatdrwavelim  t he

e A N L T R
possi bl e jQ4RFQAYhaEHR fﬁﬁ&ﬂn?&%iw I%Q%t \h GEadifted 1385, WREL Hike { g)%éllﬁ@al

circuits integrated using a IF generating’a con n or

di storti an sapp@sgd edpid shdgt idtedupekdtuRaifith€ WricondicRE G0 ERAdihaedr @ of the
gl ass substrate is generated, the di nensional precision around t he gate

el ect r oderegioniig pefegad 1 tas |aslopg§sysml egraip regiom aTmFiﬁsw bé¢ana vithatndlighieengt h
from0.3 to 1.5 err)m S substr is notedthat Ithough
the prese‘?wmgm LRSS %&5’ S&ﬁﬂﬁcﬁeﬁg‘“ﬁ FeRg RGya

i rradiat IIHGIM)I%‘EE)%H] A9k 1H§ r Al'il{o%gh%é &Eseé‘i’ i b%a'n?‘igﬁ as a

Enbodi nent a nanu uring process a sem con evi ce
accordi ngeﬁghtdaﬁth@r@aangoo Merthé %ﬂex?? di'ﬁhblht!id’ﬂ iRebot RofnPBes 330 GRfhstah 1S

al so possible to apply the nethod irradiating laser and the | aser

i rradi at i dstribysdere heansnpf thiei BdMonmady. o'{‘hdieﬂ)m;llt}n&amgl\drg&ta;l Fratnoregion is

( Enbodi ag’ [F\Iﬁ)de 6] Sinmlarly ilo Enbodi nent . Mode 5, .t he rocesses up to the
hydr oger raed gy 1pdhs Biomity digheemprof HarssienrastaRisign. | F.sgan paed pRt er

t hat , | t
et O RS APHENS JecRPRETEN bl b0l S T 4887, 10
i nsul at i ngebditet A5B0aemmRYWN in Fig. 10A. The silicon nitride filmhas a
superior property as a barrier, and it is possible to obtain a bl ocking

function of prekigné |s}mgwsaamafzrcmtmgnnethomlﬂon forning Ao icrystd yedinasgisedllum as
wel | as oxygen and noisture in the air. Further, a photosensitive or
nonphot os®i¢s P tvhole wsimjepnducios §ilm. riieeganxEnisngetafienplapationgize ihas theisemeas

| | f h
el ai stk A Hiods FE R, 37T IR Shbstte MRl fat thel Poreieroh e o o
A, Ti, Mg BFmdd g%d&ﬁ@&ﬂfé%%&@&?ﬁimqna fhedafePBLATH0R 906 awﬁmf&e' n the

first to third insul ating layers he organic resin materital 1s used
to form tiedd b wdrk mathl theiougpdtayfed.s A 2ndCEP I, | fegietvdIRt VEEH, iherdnigSali S
reduced and the surface has snoothness. Therefore, it is possible to

real i ze piobot HINEPr\¥ axis dsussd te lseart thie surfacesofl the isergicongustonilchinhd gmighinsi ty.
(Enmbodi ment  Mode 7] In, t res rrbodl t mode, an expl anation WI |1 be
gi ven on Wl hiFnoPesth ﬂggfgflu?ﬁng sienel f#&ﬁ%&eép%«si@}a tond eaTtiopret

structur e AGROTAIANG N4 hadl n%ée%rgﬁ-f REOERD5Gbh BELEIRRH IED RG> 1t

is noted that the refererice |nd|ca e samne par fhat in
Enbodi mengosii@antegés vdi@ﬁﬂe hﬁiaﬁi@ﬁ&ﬂt i iromr m@mm@ﬂ%ﬁm@@f&dy%isow and
the explanation on parts indicated by the comon reference nunbers wl |
be om tt eid.uséd tosthjft ﬂwﬂnhgbbz;m&mt&aﬂnehtmmf thaejds axishberbeStey thesiitidtotng film
702, the sem conductor film 703, the silicon oxide film 704, the silicon
nitride fihedpn@stysiahgrain region apdidaser Veoirradiatedy 62 paripn plohemewnd ‘Fmduct i ve

film 709 $iich rfogrrlgr%g operagglg % rc%eatcd %o enable the formation of the long crystal grain

region all over the semiconductor film. It is noted that the semiconductor film in the
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28 substrate 701, that is, the processes up to the formation of the
second conductive film 709 are perfornmed to obtain the state shown in Fig.
7C. Next, as shown in Fig. 11A, a second conductive layer 730 on the first
conductive film706 is formed by etching in accordance with a pattern of a
gate el ectrode. Then, the second conductive layer 730 is used as a nask,
and doping of an inpurity with one conductivity type is perforned. The

i mpuri ty Inng brystabgrmonctgiom hes igyite yyperios cinaalderisticpadia patticataghintthecdse 0§t
conductive film 706 and i anted intq the sem conductor film703 to forma
first i n’p‘Bi“i“tf%P“r‘fé% %)?Pn?lﬁQ mrcrcg etlfsfucw TEEihe serpicgrdustpriderice sathe as a

silicon t, conduct | e f.ilm70

second con cri \tléelq1 9&;?@&1 a&letﬁt s rsht%r ca%ltv&r"?e ] vf}senpaep?'g\p g tﬁ’% forma
si de Spa(‘s%ﬁtl(?o’iau&tgf ﬂlm ]rétﬁ)lres Hﬁesuéh quéﬂﬁ%ﬁﬁrazt%ﬁs@dg% iEnReSoNY 6 Gogcti ve

| ayer 730 are used as a nmask for doping, and a second I npurity region 734,

t o whi ch tHeponpgergftalk p@in region thyrew Thedelisre Co tadeicbdant aytnop®ciigradietel as med
through the first conductive film706, is formed with self-aligning (Fig.
11D). As Suge PPitieny ot ragiatinn mmy hecpratiosmid potytorfppe thealong neﬁtqh grain gdgions

h h bel t abl
oo in oot Shearinn 3By RaRr ey ikl o ks Brufiet SRt os”

boron, b g h C S ase of
a p-type rer%uréi%?i/nt ?gasg%t?e}?ed aé' Be ﬁg&ﬂe%gmﬁ%@@%@n Igl ect eg éa%rﬁlruggrrgat ely,

it is posgirfn@ed ot AByuel atthé Brdanon2 etretmﬂﬂe séinicodldudofiki anwiich Hiellongur t her,
it is possible to forman n-channel TFT and a p-channel TFT both on the

sane subs@pysitlerainrpgioy infdinng pa)vm@sg theatcae speeti @f SBapmn@ is B¢t, or aéi fitmo
activate the secon urrt 734 formed fgor a nd a drain and
the fir st nuTyse fh,@g falled: genezg] b pilicon B i, yithaut g

irradiati f d laser light 718 is perforned to the
sentcondu@@%?lIa@gﬁgfbégﬂhﬁ%%&ﬁ fhe first and second inpurity regions 732
and 734 are fornmed. The laser light 718 has a different incident angle from
that of the laser light 717 with respect to the surface of the substrate.

I't is posiindiodimentdbpde2]t he method of irradiating laser Iight and the |aser

irradiation systegt for exanple, shown in Enbodi nent Mode 1, to _the present
embodi ment nmode® t ﬁPmSﬁféreWa@enttrﬂ@es é&@ﬁﬂl%trqrowrlhbf( Biyevvoth refeseice cwy

532 nnm) fro h ur he I r that outnputs 10 W

o enTh Yo Fehoa drfiim LS Sxlhole R WBRELa Ridamettad pvEYy RRARY okt
vwave (Nd: yffarm@zethe daeyldifibuidl of ﬁ{@ﬂt{;fﬂeﬁﬂi‘ {6 {n9Bbe@ient Midet e | aser
oscillator that outputs 30 Wis used as the laser light 718. After that,

t he seconwhichidoelttinedby pyoeessitizthasatohdbarsiabéc. spacer 733 are used as a nask
and etching of the first conductive film706 is perfornmed. The m xed gas

of SiH4, N20, NFissth apserpsqillators il that putpmtsalls W Mﬁtanla@cﬁrtttrqru@\kt YVQ

i ncl udin en _as first sulating | aye mnth CVD at a

subst r atg1 ﬁ%’aﬁeﬁ E?rgtolﬂc 51??0‘?“‘)213509 Barg% ‘Ptscfjr P‘??‘Ftaﬂr ckness
from 50 t QAR08 'iﬂodA Ni LHd RSk éﬂﬁd‘drﬁsﬂl lh&ﬁﬁtet rtga " 5to¥ ﬁ,@dﬁﬂﬁﬁt
treatment at 410 Cin a nit rogen atnosphere 1Is per or me rogenati on
of the segonvenibucingy sdcayé haffrdrge. 1PHY) lasdrbdaBehas ﬁlbahﬂtd@ﬁﬂétsj bf 225ahm
nonphotosensrtrve organic resin material containing a material such as
acrylic otndopldjvergetee asgletan thei ordeosfpBdentad s Auedling ditsctiom of daolder
i nsul ati Ia er 736. A ring 737 forned q&%a conductive natﬁrral such as

A, Ti, MEATHES GAVEr Wit e d ttr—ﬂesturge%w thh%_rﬁna%tglfhutet oGl n t he
first a“dﬁé fiaRd TRt 1-0G danels mz%\:h&) d BEuRT AR § d BRI L AT Shik@lon S Used

to formt Ird 1rnsu ing layer apacrta ween urrrngs s
reduced ajneh t&p EandLéifvag Qe ISIPORRNE KT al fEﬂ@thQTf%Oemrd ind $ pRAS Dokl

realize providing wirings on the second insulating |ayer with hlgh densrty
(Fig. 12Bjorresporidsi svithayhe tloeizéhtdl wlade. t hdlhatgh ot\her hiadp edl nlaPDbst vardddure i s
conpl eted. According to the present invention, ossible to provide a
net hod of 2RI Y;i tgg preéglérGWI@entas@cte hasthel rareglr: @rp sfﬂst efnse@icoBdIqtecCt i ng

the irreg in,rradia enabl i niforml as ment nd

bt ai ni ot g YorPBgREeH Sitash o s sttty S Siaingd StaER Burand

sem condugt at d?*%hﬁ ¥ f Land the
activati ofrzt) g% ![‘1 ‘léiqnﬁfﬂp[}ﬂ?ﬁ rj’egrjﬁe{%{ as s g%\%ttlfbe aﬂfe&%#de%gdgn%ﬁ :@gd?ﬂnenlt node,
and thereby, it is possible to provide a sem conductor device that has
various functional circuits integrated1 sing a TFT wi thout generating a
contraction or a distortion of a glass substrate. In particular, since no
contraction of the glass substrate is generated, the dinensional precision
around the gate electrode is kept and it is possible to forma TFT with a
channel Iength fronrO 3to 1 5 (err)nron the glass substrate It is noted

oy o " o Y




30 applying the nethod of irradiating |laser and the laser irradiation
system exenplified in Enbodi nent Mbde 1, a manufacturing process of a

sem conduct or device according to the present inventionis not limted to
the case and it is also possible to apply the nethod of irradiating | aser
and the laser irradiation systemexenplified in any of Enbodi nent Mbdes 2
to 4. [Enbodi nent Mode 8] In the present enbodi nent node, an expl anation
will be gilsewonvexaeneflibits wf ondinubmlet of 20 qum aidF Tinviatijusedgatfernotter lbbagped LDD
structure in accordance with different processes from Enbodi nent Mdes 5

to7. It iR BEending me pasallel dedionmar inifence pliar éaruish e possittleopart as
that i di Mode 5. i N inthe d i pt | d
e oxpl e srRERlndRdpade [ tinshafRiTo ne atsinsk Pabe BidsOat REHEL: & i 1
b b X : . Dy U . . .

P o thidfndy i SKe-Gle RARYER} A0 Gtk nhide hd iy alel FechBRRclyLithe! 10

After a nadér of4500iyen fuad i REomdt. doping is perforned to forma first
inmpurity region 741. After the mask 740 is strié)ped of f and an organic

cont ami nat i on i Ehersufsivatel thay hasibe semicenduoter filma204foemedische glass bstaatd

hydr of | uor i 1d alternatel r UV (ultraviol .rays). ozone treatnent to
forma cl"(‘-,{’é]i?] azfﬁ'rcg‘fé%fi’ ‘[‘rﬁ(aa"sgﬁxrx’fl g(bf’f‘ B%Q)H?:qui Sltargne'/?@h,m ?‘%6‘) ’§‘iafzi13381ﬁ ngf ©dake i m
705, and f iy st ' ' : Fi Qs t hat,
he. secorad @ndn S a0F mdfE s b EionSiae 207 W dolnfid 6o s 16

per f or nedaxiPaddinmusiagieCbot 2O Gt 4ME il RyRid ¥ dReicds 08 S6shrilR] PRYME tdapattern
of a gate electrode. The gate electrode is forned to correspond to the

posi ti on sufece afhéhenagkicpaductar fibnn2@. anfinge ethk afopexding tiequiakityf fors no

inmpurity region 74l tq formthe gate qyerlapped structure at this stage
(Fig. 130pte ¢ 1§ %%swrem{‘{/gd)p 3%&9&1 is jpbtatnsdoher dhsubstipte hayar 742

as shown 1. T d conductive layer 742 is covered with the
SRR o B85 55

mask 743 also torne m conductor film 703 for an LDD region that

is not overl appeekiMdstr bdlAak 216! et 2RAthat Vhiphtd B Wbt eAGIARINAW, S
performed with using the mask 743 to forma second inpurity region 744. 31

Af ter t hafupddieattalt mestndriodi snpeTEMujedre prepasidm | Biie \lasyr theamgbhalierant Mobde
> divergence angle on the order of 3 mrad, and are made to go at an angle 0 to the vertical
direction into planoconvex lenses 211 and 213, respectively. The angle 0 is set on the
order of 40° and the planoconvex lenses 211 and 213 respectively have a focal length of
15 mm. Then, oblong-like long beams 206 and 212 with 1 mm x 0.2 mm are formed.
An arrangement is necessary to cover the long beam 205 with both the long beams 206
and 212.
An example of the arrangement is shown in Fig. 2B. The long beams 206 and
212 of the fundamental wave are arranged at both sides in the direction of the major
axis of the long beam 205 of the second harmonic, and the major axes of the respective
long beams are made in alignment. Such configuration is preferable since the
fundamental waves act directly on an energy attenuation portion at the both sides of the
long beam 205 of the second harmonic to supply energy for the energy attenuation.
The laser beam generally has the energy distribution like Gaussian in which the center
~ has the highest energy that becomes attenuated toward the periphery thereof. The long

beam 205 of the second harmonic also has lower energy at the both sides compared to

energy of the center and has an influence on the uniformity in laser annealing.
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in order to activate the first and the second inpurity regions 741 and 744
and nodify the gate insulating film(Fig. 14B), that is, irradiation of
| aser light 717 and laser light 718 is perfornmed to the sem conductor | ayer
703 in which the first and second inpurity regions 741 and 744 are forned.
The | aser light 718 has a different incident angle fromthat of the |aser
light 717 with respect to the surface of the substrate. It is possible to
appl y t heAemrdioglyoWhen thadivadamrgtdl @see thdtdghmosndatshechtas ehe saniachdatiopn
system for example, shown in Enbodi ment Mode 1, to the present enbodi ment
mode. | n 3Ph impdiated tor 3 melied mgph Ay Misnlosg (heamvangof the spcondpprisgmicnit) fr om
the Iight yrce of.th aser oscill.ator th outputs 10 Wwth LD
excitati ol?le%ﬁléle% o3 ibg Ohée %aﬂs &R djlfi?tth? 117‘615%% I?%(ﬂpﬁf}ﬁﬁgﬁbhttgl Wgﬁbetthd: YAG
| aser, CWindaRGflal(@ive)ifimaliie) fromthe light source of the laser
oscillator that outputs 30 Wis used as the laser light 718. In the present
enmbodi ment nodeThd donfiguraciss ob Fis. 08 Witk be/ddseribdeinfdetasls windRige sanadiymurity
regions and nodify the gate insulating filmat the same tinme. Then, when
et chi ng i® thecasy eleperfaminglas¢rramedingiwithiopdy thel lomg d6am 205 of thosedoblle t o
conplete a TFT.i.n whjch a partion_ (Lov) of the_ LDD region is overlapped
Wth the Tumetisifassided el Bomarmiaondrigt S ALy St B e, <
not ed t hag: i@l : t dj t e lyin
a stn?hﬁ&?ﬂg OhdvAe iP Fﬁ e, %gﬂ%h% ﬁ&&d[ﬂ%ﬁﬁ}n;@bﬂl‘gﬁy 1§ b%ﬁ‘?% 1 @imAPP! Y N9

the method of Irradiati ng er an ase on system

exenpl i f i @aductidonihedian@id piads, the eenfANpPé@6h WF tROIoRE #5203 had uniform

sem conduct or device according to the present invention is not limted to
t he case enetyi disiributips avhlogbé bbé sidesathpiept himeenvegshozhsoferdbly atlemtatedgol aser
and the laser irradiation systemexenplified in any of Enbodi ment Mdes 2

] 1 any
to 4. [EnBUH Hngfethe) temperaige. o 1t 48 Rossiblp deiilraditte fhe dundamegial Ppve wi | |
be descri f N 16O t eVl i el udi ng
o TrT wi t s papraeat 8ae kO IEh IR Bl R SR I RinT S AR “Tre
base i nsuleggdchdof the Rieflidordmclo iRl Qi the 83188 twil Ghed Ahifok RbfiRfatke form a
gate el ectrode 761, a netal of elenents such as titanium nolybdenum 32
chr oni um distnidutiom gsthe semicoaducdd filyn carcbaiciongintivesadehalebybdwerthe wisds]. For
exanpl e, ap allqy of m)sl%’bdenum and_alum numis used. Alternati velﬁ%,ﬁat he

gate el ecVhgyhctens heynsydorasdridd ass irsadiaied ipntha hathssides of thelong dean y be
anodi zed fo i lhzatihon. Thereon,..Jhe silic itride f.ilm 705 and the
silicon O%(SI g%&#r?ﬁ}% t!5‘5")?135 s '8 gat e ]ighs%ﬁ’afilﬁgpqsflg% g(} é:ﬁﬂﬁenhﬁ Fgr‘i“ptcmt‘éreo_r der
wi t h hi ghyibtBaHENEY the Rihic@hitiGor f}ﬂ}?ass]ﬁ%! SBNIWGE Qb ihdrbdtt Z]Qéﬁ, ool WHIRL 10 a
simlar way to any of Enbodi ment Mode I to 4. Then, wth thifs state,

i rradi at i mrifosfn {eamperatire glidtrifi@dnaindtht asmicontighdr B3 tereyppessHeefelani®dnf or

heat treatnment of the gate insulating film as shown in Fig. 15B. The | aser
| i ght 762ammgaling lgmpewaiEet i nci dent angle fromthat of the laser |ight 763

ith respect to,the rfac the substrate. |t | ossi hl e ly the
Mot hod of 1 v acER 4G SRuBEE ¢t gt SmAtianie i diserernippudicin i L rallibed o

exanpl e, E‘Hﬁi i N Is t: 9%8g I n

ot her V\Dr%és%, t dé gﬁﬁglﬁ?%ﬁfgﬁ?%yﬁgiﬁﬁgg{e@%% %@%F% Se | i ght
sour ce of withehd methodasaitiohed B Efbadineut Muds 110 Aok tHeRn@psti dfakd RBeri S used
as the laser light 762 and the fundanental wave (Nd: YAG | aser, CW [|.064
(err)m Tesedsforfa0dris uhéo pi gietordenofckd W thelrmetgysiensitystbietebfiisorfficihntt simet put s
30 Wis used,as the | aser liq%gt' 763., The gate_el ectrode 761 absorbs_ energy
of the | al&si%s @'fﬁheﬂefzg R 39a is gelatively gmally s Thergiqgeibe daser faadiationis ¢ he

silicon nitki fi. h i Li i fi A, ~and th em,cqgnduct or
11 m 70g Dptsee e bhund Bindd 068 B Shhct LS TS 0uliif ol B Foat i ng.
W t _h t hi sthk 0@t oddilBAGR®NO and D14 & sEPé:?ﬂﬁ'o‘f’dérQ)f 9% i@ tHe 1ok Bédﬂsez(% pgnut e
silicon cluster included in the filmand also relax distoftion inside to

reduce a 2 sretfooembiotgpvemtht heng bdam 20 fram thatbettf sidss. s Thk donjebeinisy206Next , a
channel protective film 764 such as a silicon oxide filmis formed on the

seni condudtdot1% shownzp Figsad and 2Bsare reughly thesizetad tholong dean@9artp by casygi on
Fegton 7eaerate atdoidhubt Biuerinds of Re 1S 20068 it P PrReerrate,

dopi ng ey lGinBELERI JFafe tl%il%gﬁea'rr? 285/%n glgs%ﬁ%mieﬁﬁ%ﬁirﬁéﬁt rrﬁ&ié:gn gfh‘é rsi#Dc'R- AS

the inmpurity with the con tivity type,*an el enent suc hosphor ous or
arsenic, belonging to Goup 15 in the periodic table, is used in the case
of an n-type inpurity (donor), and an %errent such as boron, belonging to
Goup 13 in the periodic table, is used in the case of a p-type inpurity

(accepter). Wien the inpurity is selected appropriately, it is possible to
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an n-channel TFT or a p-channel TFT. Further, it is possible to forman
n-channel TFT and a p-channel TFT both on the sane substrate only by addi ng
a mask pattern for doping. In order to activate the inpurity region 765
formed for a source and a drain, irradiation of |aser light 762 and | aser
light 763 is perforned to the sem conductor film 703 in which the inpurity
regions 765 is forned. The laser |ight 762 has a different incident angle
fromt hateaglfl Of the lasgs beanhy ghy b7 ﬁﬁpmpndrtelryerkzpm*nmwﬂm nbeprdanct adth @hditioes
substrate. ossible to apply the method of irradiating |aser |ight
and the |S&§1éfls ?@Jgd%sa‘i SigRe stﬁlgrﬂf thopregsas sy cation igmrsisisnepnsadhonghtthande |
to the prlﬁsseg%arg%%@n deSlZcI n ot her words, the second harnonic

aser 5 g ]111

(Nd: YVO4 romthe |ight source of the |aser oscillator
that outputs 10Fh‘é’s%§tfhté—@1tﬁ¥l‘fé §e?ﬁ1b&ﬂlubt%r HﬁﬁQO@%ﬁﬂE@ it ?c?iﬁﬁed ingiﬁlre%ﬁgn and the
fundanment al wave (Nd | aser, CW TEMP) fromthe |ight source
of the | asfahe nﬂmrlab{mtﬁfrthé humig b@mﬁlmﬂmﬂiﬂomﬂmﬁamteﬂedbcaszos ler Yasrtolehghlié 763.
Then, as shovvn in Fig. 15E, m xed gas of SiH4, N20, NH3, and HZ is used to
forma sitPifernpasegriingle-eestal erminsestendinglong dr thyewsanningdireation in agegioni ng

wht ch hac i i Rl REdn e o Ro G Ariond Br MR §a§ ment at
410 C in gep uﬁmaﬁﬂl @ﬂaﬁ@ﬁﬁ&hﬁﬁfhéaﬁﬂ 995 GOEJREkd Rith eALR ﬁ&gﬁé 9% &{ : _
p % osensitive organic

sem conductor layer. Furt otosensitive or non

resin mattas if@ddaGRAtahiviveds rrdthited i@ theSseadlc@iua®r YlinC20a" fiRQ| afieftide, s i1 S
mai n conponent is used to forma second insulating | ayer 767. A Wri ng 768
f or med ofscgonso hatomiic/ és irnpaddatedy| amgluthe Biwdahental wankg is @gaIWmdptedvlasIbd to
correspon a.contact, hole forne he first and second insu] ating

| ayers. d’é‘ﬁg fHECHI garikie #%%Wffﬁa?é?ﬁlﬁphweag LRSS oh thheemaigendygtor

i nsul at i a A

U fae skl Wb beBRRAT NG TRARGHG M W BidcRe REAYBE07BERb

W rings oghicheupmessd iitagstbaie 180craBleo Mbiehuriosh lﬂﬁéﬂ%ﬁhd’iaudnﬂ t Ak ifou V\\%ﬂy, the
bottom gate type (inverted-staggered type) TFT can be conpl et ed. en

hi gh- f r eqhenasthsqfitht doimmgl Josg peystadrarad regivh it hsout dSGeim ofitiiul oot the
manuf act ure the I i naéglgf the silicon oxide filmand the sili con nitride

£11'm and 1oRe bpams A ﬁﬁﬁhee@nfi@ﬂ?%l ‘Qi&‘ff‘e the wislthof Hi fope erystal grain TFT

after the t. treatn n W t 0 ve | ayer
af ter pattg%ﬁl %}aﬁ% On O? ﬂ?e org%mgtazppég? @m‘%ﬁ‘i‘ tﬁgb?ﬁ’l‘s§ ‘&L{ﬁca gess
fluctuati &?sthlrgrﬁiﬂem%l'aﬁ 95 RQLiRca bRaR akh thBRof WhhBifghe sl ¢lasaahRy St C.
(Enbodi ment Mbde 10T In Enbodinment Modes 1 to'9, it is exenplified to

i rradi at estilaperfoimahtegacdledse obi-the  dxphmdedoregiony stidl Ithe amiform Ehapepitesent

i nvention, however, is not limted to such application, and for exanple, is
al so appl 41@5;9%% and fieisropeemed that ﬁﬁﬁﬁﬂoﬂ@“ﬁ@fddm mqufgcteneglsxl ahd pothty of a

crystalllz d ond ctor fil Si met hod i,rradi ng,l aser, and a
| aser irr® ‘gﬁ a?‘?s 3 eélﬁﬁ“?fc 8%‘3?‘?’?5 gﬁ?rﬁ@rﬁr &5 et erl r‘iﬂ’/e%‘ioi“grf'he Figezgded oo
shown in (Eiaﬁhcte%féfﬁlt s bPend3 zdo (&t bcd | th s%gﬁcon(ag&[?:?%lﬁglcgfm%n nof$y! ating
filmsuch as I con ox m a silicon nitri m or stl'rcon
oxyni t ri deatifh¢turet $n Her okl siaies bh@caauilagtwlai the 10hg bé&pe tiafyiteYPetprmé®a@hi on gas
of SiH4, NH3, and NZOis used to forma first silicon oxynitride film

cont ai ni n@reﬂﬁppmgeln hordrackion or theemajoy axdualtereas. oxXpyemamplen wheasitaisCVD at

a substrate hecﬂ;[tl n enperature of 400 C and reactign, gas of Si Fl.4 and NzO
is used tHYBF glé?%ﬁﬁe LTS ot ﬁyWiqﬂP i0d U mpnehdshy i1 Somagmesk W Enthsor e

to form S ERelichitaBe AR, SV Rl SigBHBPHE Wy S Ao R SALF ™YY o
and secorgt 300 uEQIhEO¥NMhidH @e difebiPely Iu@am@@oﬁga 3@@1 eehif rEHEh W goo tae first

oxynitride filmmay be substituted with a sil nitride filmftormed with
hi gh- f r elieme, afts pthetsemigogducitvefils E@Q;mmryntﬁlhzaﬂé)yfsichmnngimmmﬁmﬁbn diithf usi on
of a smal| ampunt of al kali_ netal such as sodium (Na) included in a glass
subst r at ehe An@élf# E&?ﬂ@@? Y &’?&rtm sniaxigh rabab2@htsadenxis &onpved baHY Wnai n

ortions of ta ned C | | ng an .anor. l.icon film
o1t or methdofe Sk P ER et s ToFRR Y6t HrasStniag SH AT IO m 751
formed w as a

t hi cknes sédf@r ﬂgr}r?g%ﬁ? g\&g (l)l éltrll ﬁ]]&hlszrg?ﬁ% Eﬁgggeer%frsl gﬂ%:ettagerﬁpﬁ IQEwS%é%IOa&n%ggﬁgg S

si | i con-ger mani um (Si 1-xGex; X 0001t0005) filmmy be applied in

stead of the anorphous si licon fiIm 5 order to performcrystallization, a
netal el enent such as nickel (Ni), Wmch 35




has a catalytic action to crystallization of a sem conductor, is added. In
Fig. 16A, heat treatnent due to radiation heating or conduction heating is
performed for crystallization after a nickel (Ni) containing |layer 752 is
kept on the anorphous silicon film751. For exanple, RTA (Rapid Ther mal
Annealing) with radiation of a lanp as a heat source or RTA (gas RTA) with
heated gas is perfornmed at a present heating tenperature 740 C for 180
seconds. @gienpraventedheih ithegddgeaded rahracerisicsacdngpiptelyatouregioaf wathshdiet r at e
measured with a pyroneter, and the_tenperature is _considered as a present
t enper at (fharagterigigcs:  fhhe a@rﬁ@ﬁﬂducmrtféﬁhgﬁi may he crysigllized entirakyrnr pattiafgan ¢ f or

4 hours na e _perfor.ned wth_an anneal i ng. furnace., The crystallizing
t enper at uarcéorlagnq%(}”v%l”&f eélﬁﬁlph’ K- g?sc ﬁifL‘P%fP'i’%d;\W%trMPée $hortened due to the
action of the netal elenent with the catalytic action. In order to further
inprove the crystallinity of a thus forned crystalline silicon film 755,
| aser tr g@hibdimdn Melef3r med (Fig. 16B). The second harnonic (Nd: YV04
| aser, CW 532 nml fromthe |ight source of the | aser oscillator that
out puts 10 W wilnkhg pressad ieobofliorent snadsoeh exampde wiill bi ghscripsd wathdeferance
fundanment al_.wave (Nd:YAG | aser, CW 1.064 dun, TEMoo) fro he ||jght source
of "t ho | d0diEab an MRS ¢ ng beps obiggreg b rieaiingdhs scer flfflaml%a. Wien
the secongd har ieC 1 ' f t an

e’l% %H;tﬂ £Grrh 2 gﬁggf LARPAT é"fuﬂlﬁaﬁl&ﬁalbwvmqgﬁ%tg% ai’éﬁe‘ﬁ%lﬁgsr

i rradiat surtace in way, 1t I's possiblet T ormci Stallization
for correcting Rifg fouf @86! 8édillators Tnbf StafkAN i, 43R4 dufitit U0 Howim s er
treatnent, and obtaining high throughput. Thus, a crystallized

seni conduzcisatidn (Nd: Y38 yclaserbE W6 Ist cind duhrifiFiig: 535 0N) réspectivatty arerepmml/ie an
impurity such as petal [pcluded in the crystalline silicon film gettering
shown in C§.Of§c faserRsciliBiore yses\im essiliation gpndeiof I TEMesrand as ¢d-B@ crystduci ng

the netal._w e i t whj IS a i { ly4n the
crystall inzlégrtpgrﬁte}gr (1)%2:%2’!&%%%&53@0%@?‘%@8%310? %q??dsfﬁqﬁfie?' gﬁ%&g‘lﬁ' I é[lg_g’. It is
necessar Yre§cli®d Ms@Baihs hatSh beith AthnftdrS 2D PmfLind Qdﬁ@fg@:ﬁ’é &l dLheng tO
the crystalline silicon filmformed in a thin-filmshape. In Fig. 17, as

t he gett eridegok0Bemrain deverphoflecting ndoorsfark seb & balet 0o eV aveling

sem conductor film 756 with a barrier layer 757 therebetween. The anorphous
si licon fdifeetiompofthe laser besyns respedtivelieio hayaam anglehde sheorertisalglitegiemn, a
rare gas elepent sugh as An, Kr, or Xe, or..an el ement such,as oxygen or

ni trogen 34 m%’i %é?rug%a&nsatw 1Y e, Gony ’gﬁ§ tf)arv_e]ﬁ?ﬁ éhIF‘E)ucf“Br?ﬁeamaﬁles?%rg(Ol g’n.a It is
pr ef er r edphiateddihict M@g%iﬁxo&p&i}écﬁbhygesPéctﬂ@r fﬂr&ﬁfﬂr W b chinbRed SRBL Lering
gas to formthe anorphous silicon film It 1s gossm e to take any

subst r at endadlgt dmegat ewpiraised sadfacdef@iki tThenfouadirebtdnse xenFdrisspénded ngper at ur e
of 150 C is_ enough. As heat treatnent thereafter, RTAw th a |lanp as a heat
sour ce orodral LgaA.FAY. wid B tespectvclgasThesopiinal axesed aad By Gldsoaht mpticdo
seconds. Alternatively, heat freatment at 550 C for 4 hours is perforned
o e arRSlG Agt ke ogbe, MR UL BRERY A Rlate oA JPETEBabR (e et al
el enent t iq i L , [ty ¢ i to

ur i Ty ¢ R AR IRECRES, fid 4 Ol W EydnCipHER A0S, 4t BIBORRME D

t he anmor phedsbp e gitidal ideTafl Dy is RIBYVEH. Wil dMdiionh, She HptRgl ARAtA see NF3 or
CF4, dry etching that does not use plasma of CLF3 or wet etching using

al kal i sofatsoitbe opticih azes BoindtDparei positioded grithyplasz s ywenetry teeplaae & thyd is

anmoni um hydrq oxj de_ (( )ANOH) . The barrier layer 756 is renmoved with
hydr of | Loartical dp dheplape Ayandr hesinadiated-watase ADbotdk an anels made yelnee Gsed as

h ' fil.myi f [ . ' d
11} An ex e plFl Ref el e Y ROREEE RO o arfell SR BRR 10 o1

a mcrocoggput e, as a typical sem conductor device according to any of
Enbodi ment Modes 5 to 10. As shown in Fig. 18, it is possible to realize a
m croconput er 8DRemiplanotatvey reglindrivablensay 40ius 401 el onald 401dabatt hagerat i ons
on a glass substrate wth a thickness from0.3 to 1.1 mm_The vari ous

f unct i onafocelilergihof 30 mne are asrapgesbinfasderdbiatithe pticabxes ATOTD are madwlpaEoi t or
manuf act ur accordi ng to _any, .of Enbodi nent Mdes 5 tol Q. The m croconputer
500 1 nl UG 4 B o FIlhiS osB D Coneaety GB9LloRn UGN ERCORTHt r of | or
803, ac fENO 0 8 cl o er gt k. ircuit
807, a sgl?}ihgj]d I ntfec%ﬁ?gcée]r%%&gdl %g%el?&gggéﬁ (g:l‘iee ggﬁggtérngﬁ%??guié %‘g@?&an

ADC/ DAC 810, a tiner counter 8l1, a WOT 812, and an I/O port 813. In the
present enbodi nent node, the mi croconpyjer is shown as an exanple. It is

al so possible to conplete various functional sem conductor devices such as
a nedia processor, an LSl for graphics, a cipher LSI, a nenory, an LSI for
a cellular phone 37 when configurations of various functional circuits or
conbi nati ons thereof are changed. In addition, it is possible to

Y T oy




EL (el ectrol um nescence) display device with using a TFT fornmed on a gl ass

substrate. As electronic devices each using such display device, a video

canera, a digital camera, a goggl es-type display (head nount display), a

navi gati on system a sound reproduction device (such as an in-car audio

system and an audio set), a |lap-top conputer, a ganme machine, a portable

information termnal (such as a nobile conputer, a cellular phone, a

port abl e Rpswecnihe iirabatedimurfagn 468 end cacti of the pkinpcanvex wpliwlricableoshsciilan

devi ce inclﬂ iing a recordin nedignl(nnre specifically, .an_device which can
¢01¢ b1

r epr oduceP£0r & Erdifsiyg Grbusein 18 te A 20 mim mepgpredialong the ppfical agissc (DVD) and
display the re .'R;%g . he |ike ¢ e.qiven. Further, it is
al so possibl e ?E)&g‘ggfﬁ%“fﬁ‘% i %&%116&%%%P%ﬁ5 4(9?%6?%30 etyhlg{cl\é/‘wgra %:’ﬁael lgtgﬂai spl ay
devi ce aspf@(dhfi:@NralR¢l G ol dRE HaP BERt AR g 1 ReftheRlof G/ ihGuilQR RPPhh&Nce such
as a refrigerator, a washing machrne, a mcrowave, a tel ephone, or a

facsi m | eandA3 respectiveit h Tho@ercratitie lipe deseribed harenid definedan abeenappihg ¢ide qui t e
wi dely to products in various fields. Wen the present invention is

enpl oyed, losatethat @ capted pevtion afde edindricldanp evhioh ésamopfeapsist Bipmetiplaps) A

f undanent al ..wave. W t . el ength on the.or of 1 (err)ym.is.n absor bed
micn 1 el BT " Th #%e Inafiats o the SlapraRiericoURdEr oty en
har noni ¢ 4 t S 064 : i

absor bed r%?;ﬁ:aﬁth? eﬁﬂs}g% conéfjﬁggg?alggﬁgﬁ P%ﬁ%&%gﬁ%ﬁ%ﬁ@%& lgkeand t he
anneal i ngpledidcoaveneyindficdl Henss4pbcanidie tptancf lare beksuvastidtdaek otfeb) Aen a
fundanental wave with a wavel ength on the order of 1 (err)mis irradiated

at the saditapgenbetyserh thenisrsdiated: susfase #08 andvench afethe planiocervesuppinddeilng a
rapi d change i.,p.te ture of .a sem con tor filmand aiding ener of
the. har s et EhR e on BERTRT 1 REvh B AAICABAIPICE T ot

necessary for t@ghfn In tlc‘t(&&%etdoab%%lfgu{‘féﬂg'bgﬁﬁw‘ﬁﬂtdﬁ%oﬁie i t for

converting a wavel ength, “an I'S poOSSI bt'arn a | aser wWith a

qui te | arges ontiRUSrder ST 4004aHRING a Mo 2@R UM BRI of h@guﬁafg fobhed ef thghat of
t he hi gher harnonic. Since the proof strength of the 38 nonl i near opti cal

el enent aigadiated swbase 403, quin tthiswessk,, theufdur dneg dpas fare rconténddsintauwsed. | n
addition, the_ nonlineay optical elenment for_ generating the_higher harnonic
is |ikel fo-‘rfgCGmh 8“‘i“i‘f£%fﬁ‘£ﬁ‘i‘ are 453 v itout formingca PSSERFAR agloveysh ven,y

difficul -Acils | ' - h [ d f
col i o | asis PORIBRCRERSDE FoTBIsE ERTRETANGFRS, B Thinalln; FABYoRLIREN S ©

Wi th the fdiRfaERohwtcwaN 8hawhah HiNE 0 AR $SAL the WHEE hRR-of (8 fdur
becomes possible to performuniformannealing to an object to be subjected

t o i rradilebg deamei0Sh tos4Qddr shecarkapkd is uiligainent fmd shifigdtakh i othdri imnthef a
sem conductor, film inproving crystallinity, and activation of an inpurity
el enent . ¢iEprtipy Olgé@foﬁ’éborﬁéﬁ,%?oof@mt%)quﬁ& Béaan.t hingihishyet, 2 loap opystad saini sfyi ng
t he advanlteg eSvi bovethip sené c ndgf:t or, device represented by an active
matrix |igacq et gl %§|‘%‘§‘ 480 Q8MIeH- (s hossibl e to realize the

i nprovenent of pRer @W%@ﬁ@éﬂﬁﬁ%ﬁﬁp@a@é tﬁen%luf bd ARV iYL BTextiffion

sem conductor device. In addition, IS possib to realize reduction in

t he produstusehtocfosin af olildvey beum ¢0Fuharith arsigesfi Le.5 @ at WEWTadifleCodiddED | S:
1. Alaser irradiation systemconprising: a first |aser oscillator that
out put s a3 vih ap gptieal spdemildh Snihiseiceaninm thef ohlpng beam HOIshis formed tohor t er

o 1 od 1OR T K IG0E el afiFF 2PN Tk 4030t WeEoRYER I Tikai at od
surface Ofho@nYhGif! £, Yol ARHGH, ‘may be used and the laser beam may be made to go into
the planoconvex lens 111 obliquely at an angle thereto to form the oblong beam 405e.
Alternatively, two orthogonal cylindrical lenses may be used to convert a round beam
into the oblong beam. What is important here is that the fundamental wave must not
be returned to the laser oscillator at all. Since the fundamental wave is reflected

somewhat at a surface of a semiconductor film, only what is forbidden is that laser
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a second | aser oscillator that outputs a second | aser beam of a fundanental
wave; a neans for irradiating the second | aser beamemtted fromthe second
| aser oscillator to a region of the irradi ated surface; a nmeans for
relatively noving the irradiated surface in a first direction to the first
and second | aser beans; and a neans for relatively noving the irradi ated
surface in a second direction to the first and second | aser beans, wherein
t he | ong tmeanisinsadets gaicathe drrddatedeurfaegidOB verfically there@y, i rradi ati on system
according to claim1, wherein each of the first and second oscillators has
continuous wavellgisformedelongeropgam p‘éﬂ@rfoubbn&éieamswaééhc oblong, bpzm ¢Se

di at t d | h.of .the f t d
Second oshHY Tk B8 RoGoRIpaShY serfiombpt dhpeuSE v A SemPle Vi
| aser, YL\'fméﬁﬂe EoboWﬂ)@deraﬁe hxis " MRY tﬂeaﬁﬁfax1af‘|r8?§&n 9 ti@ S&is s Wﬁq{?ph' r e

| aser, heliumcadm um | aser, copper vapor | aser vapor | aser.

| aser i rrBgibadibeat Mogk dm &the&élﬂicﬂgdﬁdbmcﬂllﬁi ma?z be\dﬂﬁiuﬁio[hr&dlqof e:rasﬁplallﬁect i on
is orthogonal to the second direction. aser irradiation system

accor di ngaacerdenes with thamethed Wesdnibed i Embadmbné Mddecle Clhepr irsadvantdges m

fornmed on,a put strate that has a thlckneﬁs of "d" with 40
due fo fhe present embodiment mode that the longer beam makes processing time

shorter and the long beams with Gaussian-like energy distribution are overlapped with
each other contiguously to uniformize energy distribution in the direction of the major

axis, which is preferable since it is possible to suppress the irregularity in temperature

relatively.

[Embodiment Mode 4]

- In the present embodiment mode, an example will be described with reference
to Fig. 5, in which a deflection means such as a galvanometer mirror is used to perform
scanning with a long beam obtained by processing the second harmonic and a
fundamental wave is used to aid energy.

First, a laser oscillator 501 that outputs 10 W with LD excitation (Nd:YVOy4
laser, CW, second harmonic: 532 nm) is prepared. The laser oscillator 501 uses an
oscillation mode of TEMgg and has a LBQ crystal incorporated in a resonator to perform
conversion into second harmonic. The laser beam, which is round, has a beam
diameter of 2.25 mm and a divergence angle on the order of 0.3 mrad, and is made to go
into an optical system 502 to be converted into an oblong. As a conversion means, a
beam expander comprising two cylindrical lenses, for example, may be used to expand
the laser beam in only one direction for the oblong. Alternatively, a normal beam
expander combined with thé beam expander mentioned above may be used to control
the divergence angle. Then, the oblong-shaped laser beam is deflected with a
galvanometer mirror 503. The deflected laser beam reaches a plane formed of a
semiconductor film 506 thorough an fO lens 504. With the {6 lens 504, the

oblong-shaped laser beam is condensed at the plane. In this way, a long beam with, for
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translucency to the first |aser beam and an incident angle "(err)" of the
first laser beamwth respect to the irradi ated surface satisfies the

i nequality of (err) (err) arctan (W2d) when a length of a najor axis or a
mnor axis is expressed by "W. 6. A nethod of irradiating | aser conprising
the steps of: processing a first |aser beamw th a wavel ength of visible
light or a shorter wavel ength than visible light into a |long beam at an

i rradi at eckasipid, a@einor axds ofi 20 ph tayd b es@alxis EHBOipnE Rdbahédéh the pbmend | aser
beam of a fundanental wave and the Iong beam at the sane tinme to a region

of the irradi atWhes anfaagle uﬁmq galanamegerthisror 503 ds ahmecémcmau@ withgh¢ vel y

h di t hod d t
Mhser acaBpePRgm 08 it BRABCa RdPe PHnnc kit Frings i fiecoggl edgpbean 0
osci | | at 5, haétocfn@tahgw éﬂgawalgﬁ& irastlor sag'lg %@@éﬁ he"ﬂ%tlgl}.] %q%s t he

A net hod I rradrati according to ¢ I'n ea

first andriscisbens dab h@h@f@nmfgle%f A Sefth rd§pect ASBE 1se1§2@3m|1@e$&ffileﬁ@ | aser,
YVOQ | aser, YLF |aser, YA103 |aser, ruby |laser, alexandrite | aser,

sapph| which a)swentshelerfawncadmthmdnas@rducm mharS()ﬁaﬁmnn Heugegepemtedga‘hd vapor

Iaser t ho I.rradiating | aser_ according tQ claim6, wherein the
i rradi at elatfgge Fenge ewdﬁ,slatr: wence ¢f 1efieeted Hebt ofithg l%sabgghtafmltthraﬁurf?&g of

thic knessthg 9: n%&t& fh’iﬁa wftﬁ qg%ectte% léél'{? oE 'tl{csltaser ‘:11%?{ fr? atear gtgfa A gnCI dent

angl e "(err) pect

surface Stﬁéls'ﬁf)étﬁﬁe WAt th@eé&ﬁﬁédnfdﬁctef 8" 506 f&ﬁ{eh aﬁpﬂ@n%&WnZ%ﬁﬁﬁﬁﬁbI@ l'engt h
of a magjor axis or a mnor axis is expressed by " A net hod for

manuf act unbdg the gamrworderatiror $69i compossdpefi criengirtdrds asedpmdadnly pnoexissi ng a
first laser beamwi th a wavel ength of visible light or a shorter wavel ength
than vi si ¥l &anpge:is; periemaed, ofBich daes diot £nable fsgarning of asudpleonrgn af dhe

two-dimensional plane. Therefore, the substrate is put on an uniaxial stage 507 and
moved from side to side on paper of Fig. 5 to enable annealing of the whole area of the
substrate, A scan speed of the long beam 505 is set at 100 to 2000 mm/s, preferably,
on the order of 500 mm/s.

In order to irradiate the fundamental wave to the semiconductor filim 506 at the
same time as the long beam 505 formed of the second harmonic, YAG laser 508 that
outputs 2000 W with LD excitation is used. Since the long beam 505 is moved at a
relatively high speed, a precise control system is needed in order to move a beam
formed of the fundamental wave in accordance with the movement of the long beam
505. Although, of course, using such control system has no problem, a whole area
scanned with the galvanometer mirror 503 is covered with a long beam 511 of the
fundamental wave in the present embodiment mode so that it is not necessary to move
the long beam. In this way, it is possible to have nearly no probability of generating
nonuniformity in laser annealing in the case of lacking synchronization. It is since the
output of the fundamental wave is centuple or more as compared to the second
harmonic that such large beam can be formed.

For example, when it is assumed that the semiconductor film 506 has a size of
a square 125 mm on a side, the long beam 511 with a length of 125 mm and a width of

0.5 mm, for example, may be formed in the scanning direction of the galvanometer
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41 filmor a vicinity thereof; and crystallizing the sem conductor film
by irradiating a second | aser beam of a fundanental wave and the | ong beam
at the sanme tine to a region of the surface while noving the surface
relatively with respect to the long beamin a direction. 11. A nethod for
manuf acturing a sem conductor device conprising the steps of: processing a
first laser beamwth a wavel ength of visible Iight or a shorter wavel ength

t han vi sithirerl508kd civet thear¢zosfghdeqnuradntaelgur Fadermingahskpng dbeandtt,dor fi |l m or
a vicinity thereof; and activating an inpurity region forned in the
seni condiEemple ia mlapgeanvendenst SHY meysbe sl tasenddnse i e difogtomméat al  wave

and the | ong beam.at the.same tine.to region af the surface while noving
the sur f SRUBREHMOBPLY WEH FRRBEE e oo e SRR mndther SRRl 12 A
met hod f%aﬁﬁ@‘ﬁ%@&wfdrﬂﬂpé REFTHEAAEAG! ORyAlGVA HEmRLRE Sk Wed Hfontfef RS Of -
form ng a sem conductor layer-over a glass substrdte.; formng an

i nsul at i ngifodyie {her eeperdiftgb@ionQ At S8 Med&LargNed desen SHE fiRmRogehizéhen

sem conductor |ayer; formng a conductive |ayer over the sem conductor
| ayer wi tdonsideration of coherency of YAG laser. For example, the homogenizer often uses a
method in which a laser beam is divided and combined to make energy distribution
uniform. When the method is used, it is necessary to prevent interference from being
generated, for example, by adding an optical path difference not less than a coherent
length of laser to each of the diﬁded laser beams.
For laser annealing of a whole area of the semiconductor film 506, it may be
repeated that the galvanometer mirror 503 is moved by half cycle, the uniaxial stage 507
is moved by a width of a long crystal grain region, and the galvanometer mirror 503 is

again moved by half cycle. In the present embodiment mode, the long crystal grain

region has the width on the order of 150 um, by which the uniaxial stage 507 is shifted

in order.

[Embodiment Mode 5]

In the present embodiment mode, manufacturing processes of a semiconductor
device will be described, which includes a stage of processing of laser annealing to a
portion with a structure of a laminate of a semiconductor film, a gate insulating film,
and a conductive film.

First, etching into a desired shape is performed to a semiconductor film formed
on a substrate in accordance with any of Embodiment Modes 1 to 4 for dividing the
semiconductor film into an island-shape. In this way, a semiconductor film 703 is
formed to be a main part of a TFT for a channel region and source and drain regions.
As a substrate 701, a substrate such as a commercially produced no-alkali glass
substrate can be used, and a base insulating film 702 including silicon nitride, silicon
oxide, or silicon oxynitridé is formed between the substrate 701 and the semiconductor

film 703 to have a thickness from 50 to 200 nm. Further, to the semiconductor film
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I nsul ating | ayer therebetween; processing a first |aser beamwth a

wavel ength of visible light or a shorter wavel ength than visible light into
a long beamat a irradiated surface or a vicinity thereof; and heating the
conductive |l ayer selectively to performheat treatnent of the sem conductor
| ayer and the insulating |layer by irradiating a second | aser beam of a
fundanental wave and the | ong beamat the sane tine to a region of the

i rradi at i3sdofiag of ahinhmuritpelengnt foe imparsidy atpeyps iy feafoemed iradrderetoyshifh a
direction with respect to the |long beam 42 13. A nethod for |

nmanuf act Ubfeskpld vodiage haudvosidge) deping ©bragi impuridy clegient f, imfeting # each of

the first and.second oscil.,lato as nt i nuous wave gas | aser, solid

| aser, or™ R4 qug’@fagml‘zf.de%or‘?é%@ﬁes ‘g@vﬁhﬁgﬁtg@tlﬁ?’i‘lﬁ@' % seni conduct or

devi ce accordi F : ' a%ﬂe fei

oscillators hagjge ,&{golrlgisagrlﬁguﬁmg\éﬁgg%%% asgfrs?fagﬁ%;ql%:%? ?Q%%E&ngg?, YLF

| aser, YAlfdcdnda&bs filtbyod. asy a @kRKa0 dixhingid, as siliconl loxRlRPRIM 1704 | Ades

hel i um cadm um | aser, copper vapor |aser, or gold vapor laser. 15. A method
f or manufslécony iniftjda Blowi EBnderotedr widy high-frepondyi mguttering arangiven. whds ei n
each of the first and second. oscill ators has, conti nuous wave gas | aser,
solid | asIEF‘,fe%‘F‘eWeg%\fPfq &%%%?‘I%gyﬁﬂ?ﬁ?%% ?d’ra“ﬁlé‘fﬂﬂb%éj ur itﬁ’gjmagt&érﬂ’@bnduct or

e o BRI B, WO RN o DS HLSE ol
laser, YAl@370PELoxidskiVirdatmetit witl £HROGN ddlRidnanehdingioz6RPAAl ti@tment of
removing the oxide film with aqueous solution inéluding hydrofluoric acid. After that,
high-frequency sputtering is performed with a target of silicon (doping of B for 1 to 10
Qcm) to form the silicon oxide film 704 with a thickness from 10 to 60 nm. Typical
conditions for the deposition include using O; and Ar as sputtering gas and setting the
mixing ratio (flow rate ration) at 1 : 3. Also, at sputtering, pressure is set at 0.4 Pa,
discharge electric power at 4.1 W/cm® (13.56 MHz), and substrate heating temperature
at 200 "C. Under such conditions, it is possible to form the dense silicon oxide film
704 that is low in interface state density between the semiconductor film 703 and the
silicon oxide film 704. Further, before the deposition of the silicon oxide film, heat
treatment under reduced pressure or surface treatment such as oxygen plasma treatment
may be performed in a spare heating chamber. 'When the oxygen plasma treatment is
performed to oxidize the surface of the semiconductor film, the interface state density
can be reduced. Then, high-frequency sputtering is to form the silicon nitride film 705
with a thickness from 10 to 30 nm. Typical conditions for the deposition include using
N, and Ar as sputtering gas and setting the mixing ratio (flow rate ration)at 1:1. Also,
at sputtering, pressure is set at 0.8 Pa, discharge electric power at 4.1 W/em® (13.56
MHz), and substrate heating fempcrature at 200 °C.
Since, in the insulating film with the laminated structure, silicon nitride has a
relative dielectric constant of about 7.5 with respect to a relative dielectric constant 3.8
of silicon oxide, it is possible to obtain an effect that is substantially equivalent to the

case of a thinned insulating film. When a concavo-convex shape has a maximal value
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| aser, helium cadm um | aser, copper vapor |aser, or gold vapor laser. 17. A
nmet hod for manufacturing a sem conductor device according to claim12,
wherein each of the first and second oscillators has continuous wave gas
‘laser, solid laser, or netal laser. 18. A nethod for manufacturing a

sem conductor device according to claim 12, wherein each of the first and
second oscillators has Ar laser, Kr |aser, CO2 |aser, YAG |aser, YV04

| aser, YIdE l0aseror 1e68\1fi8feratd e Snoy aiblgsd, asederniap ekasidootheesk as éfe, sufiacs apphi r e
| aser, helium cadm um | aser, copper vapor |aser, or gold vapor |aser. 19. A
met hod ofthe peraigpducty files epd élémﬁfttf: smsmgitma dilgy I@@sth@iwo-éﬂ@t siEutyrg of the r st

I b th I ht hor t I th
than vi o b1 o M coie ifraseifics i s aBpufledovsridtorngiealBis ci nit y
ther eof | il EAUGL WNIFT, o208 J0RG2E REAP 413,06 LIAATRILRY WevEyand the

| ong beamtoarelono Irra c€ Wwhi I'é nmdvin radi at ed

surface rlﬁémtmgqnmNustahotraeﬂaﬁxﬂ@EsstfeOIhBeté ghgmbeam in a direction, wherein
the long beamis overlapped with the second | aser beam at the region. 20. A
met hod for manuifiatfomiing the kernato of thetsplicod exiideelilop Ay amd thg siliven sitegs of :

film 705, a first conductive film 706 is formed. A material of the first conductive film
706 is selected from high melting point metal such as molybdenum (Mo), tungsten (W),
and titanium (Ti), metal nitride such as titanium nitride, tantalum nitride, and tungsten
nitride, silicide such as tungsten silicide {WSi,), molybdenum silicide (MoSiy), titanium
silicide (TiSi;), tantalum silicide (TaSi;), chromium silicide (CrSiy), cobalt silicide
{CoSiy), and platinum silicide (PtSiz); polysilicon to which doping of phosphorous or
boron is performed, and the like. The first conductive film 706 has a thickness from
10 to 100 nm, preferably from 20 to 50 nm.

Then, as shown in Fig. 7B, irradiation of laser light 707 and laser light 708 is
performed to a portion of the first conductive film 706 to heat the portion thereof. The
laser light 708 has a different incident angle from that of the laser light 707 with respect
to the surface of the substrate. It is possible to apply the method of irradiating laser
light and the laser irradiation system, for example, shown in Embodiment Mode 1, to
the present embodiment mode. In other words, the second harmonic (Nd:YVOy laser,
CW, 532 nm) from the light source of the laser oscillator that outputs 10 W with LD
excitation is used as the laser light 707 and the fundamental wave (Nd:YAG laser, CW,
1.064 pm, TEMg) from the light source of the laser oscillator that outputs 30 W is used
as the laser light 708. The first conductive film 706 absorbs energy of the laser light
707 and the laser light 708 to generate heat, and the silicon nitride film 705, the silicon
oxide film 704, and the semiconductor film 703 below the first conductive film 706 are
heated due to conduction heating. With this local treatment, it is possible to oxidize or
nitride a minute silicon cluster included in the film and also relax distortion inside to
reduce a defect density in the film and an interface state density.

After that, as shown in Fig. 7C, an element selected form tantalum (Ta),
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processing a first |laser beamw th a wavel ength of visible light or a
shorter wavelength than visible light into a |long beamat a surface of a
sem conductor filmor a vicinity thereof; and crystallizing the

sem conductor filmby irradiating a second | aser beam of a fundanmental wave
and the long beamto a region of the surface while noving the surface
relatively with respect to the long beamin a direction, wherein the |ong
beam i s dvegstqp(r%h tmmr(ﬁ@ welybddhuna dp), méuminatn Ay anégopm:r (24), oramet hod
for manufagcturin conduct or, device conprjsing the steps of:
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fundanental wave and the long beam at the sare tine ?o a region of the
surface whindectivoviilng 706 fosned af @ taplahtn \nitride WThIN) fidmpiscdonitinddheithahg beam
in a direction, wherein the |ong beamis over| ai)ped with the second | aser
beam at tqq@o%@ngﬁctlvg;fﬂm 709 formed of a tungsten (W) film or the first conductive film

706 formed of a tantalum nitride (TaN) film is combined with the second conductive

film 709 formed of a titanium (Ti) film.

Next, as shown in Fig. 8A, a resist mask 710 is provided for forming a pattern
of the gate electrode and a first etching is performed with dry etching. ICP
(Inductively Coupled Plasma) etching, for example, may be applied to the first etching.
Although there is no limit on etching gas, etching gas used for tungsten (W) and
tantalum nitride (TaN) of the gate electrode in the present embodiment mode has CFy,
Cly, and O, In the first etching, a predetérmined bias voltage is applied to the
substrate to make side faces of first patterns (711 and 712) for the gate electrode have a
tilt angle from 15 to 50 degree. With the first etching, depending on etching conditions,
the silicon nitride film 705 formed as the gate insulating film is left below the first
pattern for the gate electrode to expose the silicon oxide film 704,

After that, a second etching is performed, and specifically, etching gas of SFs,
Cl, and O; is used and a bias voltage applied to the substrate side is sef at a
predetermined value to perform anisotropic etching of the tungsten (W) film. In this
way, the gate electrode composed of the two-layer structure of first and second
conductive layers 711 and 713 is formed (Fig. 8B).

The gate electrode in the present embodiment has a laminated structure of the
first and second conductive layers 711 and 713, and has a structure (top-hat type) in
which the first conductive layer protrudes like a peak when the gate electrode is shown
in section. Then, doping is performed as shown in Fig. 8C. In doping that an
impurity ion for controlling a valence electron is accelerated with electric field for
implantation, it is also possible to vary a concentration of an impurity region formed in

the semiconductor layer 703 when ion accelerating voltage is appropriately adjusted,
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22. A nethod of irradiating | aser according to claim 19, wherein each of
the first and second oscillators has conti nuous wave gas | aser, solid

| aser, or metal laser. 23. A nethod of irradiating |aser according to claim
19, wherein each of the first and second oscillators has Ar |aser, Kr

| aser, COz | aser, YAG |aser, YV04 |aser, YLF |laser, YA103 |aser, ruby

| aser, alexandrite |laser, Ti:sapphire |aser, heliumcadm um | aser, copper
vapor | astbat isghe goputity agpowith @ase condddtivity 1ypt hoichplaitedwith hdidh ddcelgrating
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| aser. 27. A,method for facturing a sem conductor device according to
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A W)Wl # " 2) Wr,001§27: ~yt 0j e [ V] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]c”al]c
a] ca] ca] caPlealsdapd uy the Frssiof A1pctape Enpus]ty f3csanter) ¢ M hendhy bopyrithis scleeldCEF~-G L

R e L e
Further, it is possible to form an n-channel TFT and a p-channel TFT both on the same
substrate only by adding a mask pattern for doping.

In order to activate the second impurity region 716 formed for a source and a
drain and the first impurity region 715 formed for an LDD, irradiation of laser light 717
and laser light 718 is performed to the semiconductor layer 703 in which the first and
second impurity regions 715 and 716 are formed (Fig. 8E). The laser light 718 has a
different incident angle from that of the laser light 717 with respect to the surface of the
substrate. It is possible to apply the method of irradiating laser light and the laser
irradiation system, for example, shown in Embodiment Mode 1, to the present
embodiment mode. In other words, the second harmonic (Nd:YVOy, laser, CW, 532
nm) from the light source of the laser oscillator that outputs 10 W with LD excitation is
used as the laser light 717 and the fundamental wave (Nd:YAG laser, CW, 1.064 pm, |
TEMyy) from the light source of the laser oscillator that outputs 30 W is used as the laser
light 718. In the activation, the laser light heats the first conductive layer 711 forming
the gate electrode, and due to conduction heating from there, a non-crystallized region is
recrystallized and/or a defect due to the implantation is repaired. Thereby, it is
possible to activate the impurity in the first impurity region 715 to which the laser light

is not irradiated directly.
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with the conductive layer after pattern formation, it is possible to obtain the TFT that

has less fluctuation in the threshold voltage and the subthreshold characteristic,
According to the present invenﬁou, it is possible to provide a method of
irradiating laser and a laser irradiation system for correcting the irregularity in
irradiation, enabling uniform laser treatment, and obtaining high throughput, applied to
. the crystallization of the semiconductor film, the heat treatment of the gate insulating
~ film, and the activation of the impurity region as shown in the present embodiment
mode, and thereby, it is possible fo provide a semiconductor device that has various
functional circuits integrated using a TFT without generating a contraction or a
distortion of a glass substrate. In particular, since no contraction of the glass substrate
is generated, the dimensional precision around the gate electrode is kept and it is
possible to form a TFT with a channel length from 0.3 to 1.5 um on the glass substrate.
It is noted that, although the presenf. embodiment mode shows the case of
applying the method of irradiating laser and the laser irradiation system exemplified in
- Embodiment Mode 1, a manufacturing process of a semiconductor device according to

the present invention is not limited to the case and it is also possible to apply the method
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[Embodiment Mode 6]

Similarly to Embodiment Mode 5, the processes up to the hydrogenation are
performed to obtain the state shown in Fig. 9A. After that, high-frequency sputtering
is performed with a target of silicon to form a silicon nitride film as a second insulating
layer 721 on the first insulating layer 719 as shown in Fig. 10A. The silicon nitride
film has a superior property as a barrier, and it is possible to obtain a blocking function
of preventing penetration of an ionic impurity such as sodium as well as oxygen and
moisture in the air.

Further, a photosensitive or nonphotosensitive organic resin material
containing a material such as acrylic or polyimide as its main component is used to form
a third insulating layer 722. A wiring 723 formed of a conductive material such as Al,
Ti, Mo, or W is provided to correspond to a contact hole formed in the first to third
insulating layers. When the organic resin material is used to form the third insulating
layer 722, capacitance between wirings is reduced and the surface has smoothness.
Therefore, it is possible to realize providing wirings on the third insulating layer with

high density.

{Embodiment Mode 7]

In the present embodiment mode, an explanation will be given on a method of
manufacturing a TFT with a gate overlapped LDD structure in accordance with different
processes from Embodiment Mode 5. It is noted that the reference number that
indicates the same part as that in Embodiment Mode 5 is used in common in the present
mode descried below and the explanation on the parts indicated by the common
reference numbers will be omitted.

First, similarly to Embodiment Mode 5, the base insulating film 702, the
semiconductor film 703, the silicon oxide film 704, the silicon nitride film 705, the first

conductive film 706, and the second conductive film 709 are formed in order on the
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substrate 701, that is, the processes up to the formation of the second conductive film
709 are performed to obtain the state shown in Fig. 7C.

Next, as shown in Fig. 11A, a second conductive layer 730 on the first
conductive film 706 is formed by etching in accordance with a pattern of a gate
eléctrodc. Then, the second conductive layer 730 is used as a mask, and doping of an
impurity with one conductivity type is performed. The impurity with the conductivity
type is made to pass through the first conductive film 706 and implanted into the
semiconductor film 703 to form a first impurity region 732 (Fig. 11B).

Next, an insulating film such as a silicon oxide film is formed on the first
conductive film 706 and the second conductive layer 730, and anisofropic etching is
performed to form a side spacer 733 (Fig. 11C). The side spacer 733 and the second
conductive layer 730 are used as a mask for doping, and a second impurity region 734,
to which doping of the impurity with the conductivity type is performed through the
first conductive film 706, is formed with self-aligning (Fig. 11D).

As the impurity with the conductivity type, an element such as phosphorous or
arsenic, belonging to Group 15 in the periodic table, is used in the case of an n-type
impurity (donor), and an element such as boron, belonging to Group 13 in the periodic
table, is used in the case of a p-type impurity (accepter). When the impurity is selected
appropriately, it is possible to manufacture an n-channel TFT or a p-channel TFT.
Further, it is possible to form an n-channel TFT and a p-channel TFT both on the same
substrate only by adding a mask pattern for doping.

in order to activate the second impurity region 734 formed for a source and a
drain and the first impurity region 732 formed for an LDD, as shown in Fig. 11E,
irradiation of laser light 717 and laser light 718 is performed to the semiconductor layer
703 in which the first and second impurity regions 732 and 734 are formed. The laser
light 718 has a different incident angle from that of the laser light 717 with respect to
the surface of the substrate. It is possible to apply the method of irradiating laser iight
and the laser irradiation system, for example, shown in Embodiment Mode 1, to the
present embodiment mode. In other words, the second harmonic (Nd:YVO, laser, CW,

532 nm) from the light source of the laser oscillator that outputs 10 W with LD
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excitation is used as the laser light 717 and the fundamental wave (Nd:YAG laser, CW,
1.064 pm, TEMg) from the light source of the laser oscillator that outputs 30 W is used
as the laser light 718.

After that, the second conductive layer 730 and the side spacer 733 are used as
a mask, and etching of the first conductive film 706 is performed. Then, mixed gas of
SiH4, N,O, NHj3, and H; is used to form a silicon oxynitride film including hydrogen as
a first insulating layer 735 with plasma CVD at a substrate heating temperature from

250 to 350 °C, which has a film thickness from 50 to 200 nm. After forming the first
insulating layer 735, heat treatment at 410 °C in a nitrogen atmosphere is perforined for
hydrogenation of the semiconductor layer (Fig. 12A).

Further, a photosensitive or nonphotosensitive organic resin material
containing a material such as acrylic or polyimide as its main component is used to form
a second insulating layer 736. A wiring 737 formed of a conductive material such as
Al, Ti, Mo, or W is provided to correspond to a contact hole formed in the first and
second insulating layers. When the organic resin material is used to form the third
insulating layer 736, capacitance between wirings is reduced and the surface has
smoothness. Therefore, it is possible to realize providing wirings on the second
insulating layer with high density (Fig. 12B).

in this way, the TFT with the gate overlapped LDD structure is completed.
According to the present invention, it is possible to provide a method of irradiating laser
and a laser irradiation system for correcting the irregularity in irradiation, enabling
uniform laser treatment, and obtaining high throughput, applied to the crystallization of
the semiconductor film, the heat treatment of the gate insulating film, and the activation
of the impurity region as shown in the present embodiment mode, and thereby, it is
possible to provide a semiconductor device that has various functional circuits
integrated using a TFT without generating a contraction or a distortion of a glass
substrate. In particular, since no contraction of the glass substrate is generated, the

| dimensional precision around the gate electrode is kept and it is possible to form a TFT
with a channel length from 0.3 to 1.5 um on the glass substrate.

It is noted that, although the present embodiment mode shows the case of
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uj _@ 10 Ifpplyidg ¥@Betfiod @ irradiating laser and the laser irradiation system exemplified in
Embodiment Mode 1, a manufacturing process of a semiconductor device according to
- the present invention is not limited to the case and it is also possible to apply the method

of irradiating laser and the laser irradiation system exemplified in any of Embodiment

Modes 2 to 4.

[Embodiment Mode 8]

In the present embodiment mode, an explanation will be given on a method of
manufacturing a TFT with a gate overlapped LDD structure in accordance with different
processes from Embodiment Modes 5 to7. 1t is noted that the reference number that
indicates the same part as that in Embodiment Mode 5 is used in common in the

description below and the explanation on the parts indicated by the common reference

numbers will be omitted for the sake of convenience.

In Fig. 13A, the base insulating film 702 and the semiconductor film 703 are

formed in the substrate 701. After a mask 740 is formed thercon, doping is performed

to form a first impurity region 741.

After the mask 740 is stripped off and an organic contamination is removed by
7 cycle cleaning that uses ozone water and hydrofluoric acid alternately or UV (ultraviolet

rays) ozone treatment to form a clean surface, the silicon oxide film 704, the silicon

nitride film 705, and the first conductive film 706 are formed (Fig. 13B).

After that, the second conductive film 709 is formed (Fig. 13C). Then,
etching is performed to form a second conductive layer 742 processed to have a pattern
of a gate electrode. The gate electrode is formed to correspond to the position where

the mask 740 is formed and overlapped with the first impurity region 741 to form the

gate overlapped structure at this stage (Fig. 13D).

Next, a mask 743 is formed on the second conductive layer 742 as shown in
Fig. 14A. The second conductive layer 742 is covered with the mask 743 also formed
on the semiconductor film 703 for an LDD region that is not overlapped with the gate

electrode. With this state, doping is performed with using the mask 743 to form a

second impurity region 744,
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After that, heat treatment is performed in a similar way to Embodiment Mode 5
in order to activate the first and the second impurity regions 741 and 744 and modify
the gate insulating film (Fig. 14B), that is, irradiation of laser light 717 and laser light
718 is performed to the semiconductor layer 703 in which the first and second impurity
regions 741 and 744 are formed. The laser light 718 has a different incident angle
from that of the laser light 717 with respect to the surface of the substrate. It is
possible to apply the method of irradiating laser light and the laser irradiation system,
for example, shown in Embodiment Mode 1, to the present embodiment mode. In
other words, the second harmonic (Nd:YVOy4 laser, CW, 532 nm) from the light source
of the laser 6scillator that outputs 10 W with LD excitation is used as the laser light 717
and the fundamental wave (Nd: YAG laser, CW, 1.064 pm, TEMgq) from the light source
of the laser oscillator that outputs 30 W is used as the laser light 718.

In the present embodiment mode, it is possible to activate the first and second
impurity regions and modify the gate insulating film at the same time. Then, when
etching is performed to the first conductive film 706, it is possible to complete a TFT in
which a portion (Lov) of the LDD region is overlapped with the gate electrode and the
other (L.off} is not overlapped.

It is noted that, although the present embodiment mode shows the case of
applying the method of irradiating laser and the laser irradiation system exemplified in
Embodiment Mode 1, a manufacturing process of a semiconductor device according to
the present invention is not limited to the case and it is also possible to apply the method
-of irradiating laser and the laser irradiation system exemplified in any of Embodiment

Modes 2 to 4.

[Embodiment Mode 9]

In the present embodiment mode, an ex'ample will be described on a
‘manufacturing method of a semiconductor device including a TFT with a bottom-gate
(inverted-staggered) structure.

In Fig. 15A, the base insulating film 702 is formed on the substrate 701, In

order to form a gate electrode 761, a metal of elements such as titanium, molybdenum,
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may be formed of aluminum and a surface thereof may be anodized for stabilization,

Thereon, the silicon nitride film 705 and the silicon oxide film 704 as a gate
insulating film are formed in this order with high-frequency sputtering. The
semiconductor film 703 is formed in a similar way to any of Embodiment Mode 1 to 4.

Then, with this state, irradiation of laser 1ight 762 and laser light 763 may be
performed for heat treatment of the gate insulating film, as shown in Fig. 15B. The
laser light 762 has a different incident angle from that of the laser light 763 with respect
to the surface of the substraté. It is possible to apply the method of irradiating laser
light and the laser irradiation system, for example, shown in Embodiment Mode 1, to
the present embodiment mode. In other words, the second harmonic (Nd:YVO; laser,
CW, 532 nm) from the light source of the laser oscillator that outputs 10 W with LD
excitation is used as the laser light 762 and the fundamental wave (Nd:YAG laser, CW,
1.064 pm, TEMyg) from the light source of the laser oscillator that outputs 30 W is used
as the laser light 763. The gate electrode 761 absorbs energy of the laser light 762 and
the laser light 763 to generate heat, and the silicon nitride film 705, the silicon oxide
film 704, and the semiconductor film 703 above the gate electrode 761 are heated due to
conduction heating. With this local treatment, it is possible to oxidize or nitride a
minute silicon cluster included in the film and also relax distortion inside to reduce a
defect density in the film and an interface state density.

Next, a channel protective film 764 such as a silicon oxide film is formed on
the semiconductor film 703, and is used as a mask to form an impurity region with one
conductivity type. Fig. 15C shows the case of forming an impurity region 765 for a
source and a drain. Besides, not shown in the figure, doping may be performed twice
to add another impurity region for LDD. As the impurity with the conductivity type,
an element such as phosphorous or arsenic, belonging to Group 15 in the periodic table,
is used in the case of an n-type impurity (donor), and an element such as boron,

belonging to Group 13 in the periodic table, is used in the case of a p-type impurity

(accepter). When the impurity is selected appropriately, it is possible to manufacture
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and a p-channel on the same substrate only by adding a mask pattern for
doping.

In order to activate the impurity region 765 formed for a source and a drain,
irradiation of laser light 762 and laser light 763 is performed to the semiconductor film
703 in which the impurity regions 765 is formed. The laser light 762 has a different
incident angle from that of the laser light 763 with respect to the surface of the substrate.
It is possible to apply the method of irrﬁdiating laser light and the laser irradiation
system, for example, shown in Embodiment Mode 1, to the present embodiment mode.
In other words, the second harmonic (Nd:YVO4 laser, CW, 532 nm) from the light
source of the laser oscillator that outputs 10 W with LD excitation is used as the laser
light 762 and the fundamental wave (Nd:YAG laser, CW, 1.064 pm, TEMg) from the
light source of the laser oscillator that outputs 30 W is used as the laser light 763.

Then, as shown in Fig. 15E, mixed gas of SiHs, N,O, NHj3, and H» is used to
form a silicon oxynitride film including hydrogen as a first insulating layer 766 with
plasma CVD at a substrate heating temperature of 325 °C, which has a film thickness
from 50 to 200 nm. After that, heat treatment at 410 °C in a nitrogen atmosphere is -
performed for hydrogenation of the semiconductor layer.

Further, a photosensitive or nonphotosensitive organic resin material
containing a material such as acrylic or polyimide as its main component is used to form
a second insulating layer 767. A wiring 768 formed of a conductive material such as
Al, Ti, Mo, or W is provided to correspond to a contact hole formed in the first and
second insulating layers. When the organic resin material is used to form the second
insulating layer 767, capacitance between wirings is reduced and the surface has
smoothness. Therefore, it is lpOSSible to realize providing wirings on the second
insulating layer with high density.

In this way, the bottom-gate type (inverted-staggered type) TFT can be
completed. When high-frequency sputtering is performed with the target of silicon to
manufacture the laminate of the silicon oxide film and the silicon nitride film and the

laminate is applied to the gate insulating film of the TFT after the heat treatment of
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characteristic.

[Embodiment Mode 10]

In Embodiment Modes 1 to 9, it is exemplified to irradiate laser light to the
a-Si film for crystallization. The present invention, however, is not limited to such
application, and for example, is also applicable to treatment for improving and
modifying crystallinity of a crystallized semiconductor film, using a method of
irradiating laser and a laser irradiation system according to the present invention.

First, as shown in Fig. 16A, the base insulating film 702, composed of an
insulating film such as a silicon oxide film, a silicon nitride film, or a silicon oxynitride
film, is formed on the substrate 701. Specifically, reaction gas of SiHy, NH;, and N,0
is used to form a first silicon oxynitride film containing nitrogen more than or nearly
equal to oxygen with plasma CVD at a substratc heating temperature of 400 °C and
reaction gas of SiH, and N0 is used to form a second silicon oxynitride film containing
oxygen more than nitrogen with plasma CVD at a substrate heating temperature of 400
’C, to form the base insulating film 702 of a laminated structure of the first and second
silicon oxynitride films.

In the laminated structure, the first oxynitride film may be substituted with a
silicon nitride film formed with high-frequency sputtering. The silicon nitride film can
prevent diffusion of a small amount of alkali metal such as sodium (Na) included in a
glass substrate.

A semiconductor layer for forming channel, source, and drain portions of a
TFT is obtained by crystallizing an amorphous silicon film 751 formed on the base
insulating film 702. The ainorphous silicon film 751 formed with plasma CVD at a
substrate heating temperature of 300 "C has a thickness from 20 to 60 nm. For the
semiconductor layer, an amorphous silicon-germanium (Si1Gex; x = 0.001 to 0.05)
film may be applied in stead of the amorphous silicon film.

. In order to perform crystallization, a metal element such as nickel (Ni), which
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after a nickel (Ni) containing layer 752 is kept on the amorphous silicon film 751. For

example, RTA (Rapid Thermal Annealing) with radiation of a lamp as a heat source or

RTA (gas RTA) with heated gas is performed at a present heating temperature 740 °C

for 180 seconds. The present heating temperature is a temperature of a substrate

measured with a pyrometer, and the temperature is considered as a present temperature

at heat treatment. Alfernatively, heat treatment at 550 °C for 4 hours may be

performed with an annealing furnace. -‘The crystallizing temperature is lowered and

time for crystallization is shortened due to the action of the metal element with the

catalytic action.

In order to further improve the crystallinity of a thus formed crystalline

silicon film 755, laser treatment is performed (Fig. 16B). The second harmonic

(Nd:YVO4 laser, CW, 532 nm) from the light source of the laser oscillator that outputs

10 W with LD excitation is used as laser light 753 and the fundamental wave (Nd:YAG

laser, CW, 1.064 ym, TEMyo) from the light source of the laser oscillator that outputs 30

W is used as laser light 754. When the second harmonic is overlapped with the

fundamental wave at an irradiated surface in this way, it is possible to perform

crystallization for correcting the irregularity in irradiation, enabling uniform laser

treatment, and obtaining high throughput. Thus, a crystallized semiconductor film 756

can be obtained (Fig. 16C).

In order to remove an impurity such as metal incluoded in the crystalline silicon

film, gettering shown in Fig. 17 is performed, which is especially effective for reducing

the metal with the catalytic action, which is added intentionally in the crystallization

process, to a concentration of 1 x 10" fcm® or less. It is necessary to form newly a

gettering site in order to perform gettering to the crystalline silicon film formed in a

thin-film shape. In Fig. 17, as the gettering site, an amorphous silicon film 758 is

formed over the semiconductor film 756 with a barrier layer 757 therebetween. The

amorphous silicon film 758 has an impurity element such as phosphorous or boron, a

rare gas element such as Ar, Kr, or Xe, or an element such as oxygen or nitrogen
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included at 1 x 10% /om® or more to form a distortion. It is preferred that
high-frequency sputtering is performed with Ar as sputtering gas to form the amorphous
silicon film. It is possible to take any substrate heating temperature at deposition, and
for example, a temperature of 150 °C is enough.

As heat treatment thereafter, RTA with a lamp as a heat source or RTA (gas

RTA) with heated gas is performed at 750 °C for 180 seconds. Alternatively, heat
treatment at 550 °C for 4 hours is performed with a annealing furnace. With the heat
treatment, segregation of the metal element to the amorphous silicon film 758 occurs,
and it is possible to purify the semiconductor film 756 as a result. After the heat
treatment, the amorphous silicdn film 758 is removed with dry etching that uses NF; or
CFE,, dry etching that does not use plasma of CIF; or wet etching using alkali solution
such as solution including hydrazine or tetra ethyl ammonium hydro oxide
((CH3)sNOH). The barrier layer 756 is removed with hydrofluoric acid etching.

Thus obtained semiconductor film 756 is used as the semiconductor film in any

of Embodiment Modes 5 to 8.

[Embodiment Mode 11]

An explanation will be given with reference to Fig. 18 on an example of a
microcomputer as a typical semiconductor device according to any of Embodiment
Modes 5 to 10. As shown in Fig. 18, it is possible to realize a microcomputer 800 with
integration of various functional circuit portions on a glass substrate with a thickness
from 0.3 to.1.1 mm. The various functional circuit portions can be formed mainly of a
TFT or a capacitor manufactured according to any of Embodiment Modes 5 to10.

The microcomputer 800 includes elements such as a CPU 801, 2a ROM 802, an
interrupt controller 803, a cache memory 804, a RAM 805, a DMAC 806, a clock
generating circuit 807, a serial interface 808, a power source generating circuit 809, an
ADC/DAC 810, a timer counter 811, a WDT 812, and an I/O port 813,

In the present embodiment mode, the microcomputer is shown as an example.
It is also possible to complete various functional semiconductor devices such as a media

processor, an LSI for graphics, a cipher LSI, a memory, an LSI for a cellular phone
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<<i >>3ADRyHenSorfidurations of various functional circuits or combinations thereof are changed.

In addition, it is possible to manufacture a liquid crystal display device or an

EL (electroluminescence) display device with using a TFT formed on a glass substrate.
As electronic devices each using such display device, a video camera, a digital camera,
a goggles-type display (head mount display), a navigation system, a sound reproduction
device (such as an in-car audio system and an audio set), a lap-top computer, a game
machine, a portable information terminal (such as a mobile computer, a cellular phone,
a portable game machine, and an electronic book), an image reproduction device
including a recording medium (more specifically, an device which can reproduce a
recording medium such as a digital versatile disc (DVD) and display the reproduccd :
image), and the like can be given. Further, it is also possible to apply the liquid crystal
display device or the EL displéy device as a display device incorporated in an electric
home appliance such as a refrigerator, a washing machine, a microwave, a telephone, or

a facsimile. As set forth above, the present invention can be applied quite widely to

products in various fields.

When the present invention is emploved, significant advantages described
below can be obtained.

(a) A fundamental wave with a wavelength on the order of 1 pm is not
absorbed much in a normal semiconductor thin film with insufficient efficiency. When
harmonic is used at the same time, however, the fundamental wave is absorbed more in
the semiconductor thin film melted by the harmonic and the annealing efficiency of the
semiconductor film becomes better.

(b) When a fundamental wave with a wavelength on the order of 1 pm is
irradiated at the same time as harmonic, there are advantages such as suppressing a
rapid change in temperature of a semiconductor film and aiding energy of the harmonic
with a small output. Unlike the higher rharmonic, it is not necessary for the
fundamental wave to use a nonlinear optical element for converting a wavelength, and it
is possible to obtain a laser beam with a quite large output, for example, with energy

more than centuple of that of the higher harmonic. Since the proof strength of the
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In addition, the nonlinear optical element for generating the higher harmonic is likely to
change in quality, and there is a disadvantage such as a difficulty in long keeping a
maintenance-free state that is an advantage of solid laser. Accordingly, it is quite
useful to aid the higher harmonic with the fundamental wave-accofding to the present
invention.

(c) It becomes possible to perform uniform annealing to an object to be
subjected to irradiation, which is parficularly suitable for crystallization of a
semiconductor film, improving crystallinity, and activation of an impurity element.

(d) It becomes possible to improve throughput.

(e) With satisfying the advantages above, in a semiconductor device
represented by an active matrix liquid crystal display device, it is possible to realize the
improvement of operating characteristics of and reliability of the semiconductor device.
In addition, it is possible to realize reduction in the production cost of the

semiconductor device,
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1. Alaser irradiation system comprising:

a first laser oscillator that outputs a first laser beam with a wavelength

of visible light or a shorter wavelength than visible light;

a means for processing the first laser beam emitted from the first laser

oscillation into a long beam at an irradiated surface or a vicinity thereof;

a second laser oscillator that outputs a second laser beam of a

fundamental wave;

a means for irradiating the second laser beam emitted from the second

laser oscillator to a region of the irradiated surface;

a means for relatively moving the irradiated surface in a first direction

to the first and second laser beams; and

a means for relatively moving the imradiated surface in a second

direction to the first and second laser beams,

wherein the long beam is irradiated to the region.

2. A laser irradiation system according to claim 1, wherein each of the first

and second oscillators has continuous wave gas laser, solid laser, or metal laser.

3. A laser irradiation system according to claim 1, wherein each of the first

and second oscillators has Ar laser, Kr laser, CO, laser, YAG laser, YVOy laser, YLF

laser, YA1O; laser, ruby laser, alexandrite laser, Ti:sapphire laser, helium-cadmium laser,

copper vapor laser, or gold vapor laser.

4. Alaser irradiation system according to claim 1, wherein the first direction

is orthogonal to the second direction.

5. A laser irradiation system according to claim 1, wherein the irradiated

surface comprises a film formed on a substrate that has a thickness of “d” with
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a length of a major axis or a minor axis is expressed by “W”.

6. A method of irradiating laser comprising the steps of:
processing a first laser beam with a wavelength of visible light or a
shorter wavelength than visible light into a long beam at an irradiated surface or a
vicinity thereof; and
irradiating a second laser beam of a fundamental wave and the long
beam at the same time to a region of the irradiated surface while moving the irradiated

surface relatively with respect to the long beam in a direction.

7. A method of imradiating laser according fo claim 6, wherein each of the

first and second oscillators has continuous wave gas laser, solid laser, or metal laser.

8. A method of irradiating laser according to claim 6, wherein each of the
first and second oscillators has Ar laser, Kr laser, CO, laser, YAG laser, YVOy laser,
YLF laser, YAIO; laser, ruby laser, alexandrite laser, Ti:sapphire laser, helium-cadmium

laser, copper vapor laser, or gold vapor laser.

9. A method of irradiating laser according to claim 6, wherein the irradiated
surface comprises a film formed on a substrate that has a thickness of “d” with
translucency to the first laser beam, and an incident angle “¢” of the first laser beam
with respect to the irradiated surface satisfies the inequality of ¢ = arctan (W/2d) when

a length of a major axis or a minor axis is expressed by “W”.

10. A method for manufacturing a semiconductor device comprising the steps

of:

processing a first laser beam with a wavelength of visible light or a

shorter wavelength than visible light into a long beam at a surface of a semiconductor
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crystallizing the semiconductor film by irradiating a second laser
beam of a fundamenta! wave and the long beam at the same time to a region of the

surface while moving the surface relatively with respect to the long beam in a direction.

11. A method for manufacturing a semiconductor device comprising the steps
of:
processing a first laser beam with a wavelength of visible light or a
shorter wavelength than visible light into a long beam at a surface of a semiconductor
film or a vicinity thereof; and
activating an impurity region formed in the semiconductor film by
irradiating a second laser beam of a fundamental wave and the long beam at the same
time to a region of the surface while moving the surface relatively with respect to the

long beam in a direction.

12. A method for manufacturing a semiconductor device comprising the steps

of:

forming a semiconductor layer over a glass substrate;

forming an insulating layer for covering a top surface and side surface
of the semiconductor layer;

forming a conductive layer over the semiconductor layer with the
insulating layer therebetween;

processing a first laser beam with a wavelength of visible light or a
shorter wavelength than visible light into a long beam at a irradiated surface or a
vicinity thereof; and

heating the conductive layer selectively to perform heat treatment of
the semiconductor layer and the insulating layer by irradiating a second laser beam of a
fundamental wave and the long beam at the same time to a region of the irradiated
surface while moving the irradiated surface relatively in a direction with respect to the

long beam.
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13. A method for manufacturing a semiconductor device according to claim

10, wherein each of the first and second oscillators has continuous wave gas laser, solid

laser, or metal laser.

14. A method for manufacturing a semiconductor device according to claim
10, wherein each of the first and second oscillators has Ar laser, Kr laser, CO; laser,
YAG laser, YVOy laser, YLF laser, YAlO; laser, ruby laser, alexandrite laser, Ti:sapphire

laser, helium-cadmium laser, copper vapor laser, or gold vapor laser.

15. A method for manufacturing a semiconductor device according to claim
11, wherein each of the first and second oscillators has continuous wave gas laser, solid

laser, or metal laser.

16. A method for manufacturing a semiconductor device according to claim
11, wherein each of the first and second oscillators has Ar laser, Kr laser, CO; laser,
YAG laser, YVOy laser, YLF laser, YAIO; laser, ruby laser, alexandrite laser, Ti:sapphire

laser, helium-cadmium laser, copper vapor laser, or gold vapor laser.

17. A method for manufacturing a semiconductor device according to claim
12, wherein each of the first and second oscillators has continuous wave gas laser, solid

- laser, or metal laser.

18. A method for manufacturing a semiconductor device according to claim
12, wherein each of the first and second oscillators has Ar laser, Kr laser, CO; laser,
YAG laser, YVOq laser, YLF laser, YAIO; laser, ruby laser, alexandrite laser, Ti:sapphire

laser, helium-cadmium laser, copper vapor laser, or gold vapor laser.

19. A method of irradiating laser comprising the steps of:

processing a first laser beam with a wavelength of visible light or a
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vicinity thereof; and
irradiating a second laser beam of a fundamental wave and the long
beam to a region of the irradiated surface while moving the irradiated surface relatively
with respect to the long beam in a direction,
wherein the long beam is overlapped with the second laser beam at the

region.

20. A method for manufacturing a semiconductor device comprising the steps

of:

processing a first laser beam with a wavelength of visible light or a
shorter wavelength than visible light into a long beam at a surface of a semiconductor
film or a vicinity thereof; and

crystallizing the semiconductor film by irradiating a second laser
beam of a fundamental wave and the long beam to a region of the surface while moving
the surface relatively with respect to the long beam in a direction,

wherein the long beam is overlapped with the second laser beam at the

region.

21. A method for manufacturing a semiconductor device comprising the steps
of:
processing a first laser beam with a wavelength of visible light or a
shorter wavelength than visible light into a long beam at a surface of a semiconductor
film or a vicinity thereof; and
activating an impurity region formed in the semiconductor film by
irradiating a second laser beam of a fundamental wave and the long beam at the same
time to a region of the surface while moving the surface relatively with respect to the
long beam in a direction,

wherein the long beam is overlapped with the second laser beam at the

region.
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23. A method of irradiating laser according to claim 19, wherein each of the
first and second oscillators has Ar laser, Kr laser, CO; laser, YAG laser, YVOy laser,
YLF laser, YAIO; laser, ruby laser, alexandrite 1aser, Ti:sapphire laser, helium-cadmium

laser, copper vapor laser, or gold vapor laser.

24. A method for manufacturing a semiconductor device according to claim
20, wherein each of the first and second oscillators has continuous wave gas laser, solid

laser, or metal laser.

25. A method for manufacturing a semiconductor device according to claim
20, wherein each of the first and second oscillators has Ar laser, Kr laser, CO; laser,
YAG laser, YVOy4 laser, YLF laser, YAlO; laser, ruby laser, alexandrite laser, Ti:sapphire

laser, helium-cadmium laser, copper vapor laser, or gold vapor laser.

26. A method for manufacturing a semiconductor device according to claim
21, wherein each of the first and second oscillators has continuous wave gas laser, solid

laser, or metal laser.

27. A method for manufacturing a semiconductor device according to claim
21, wherein each of the first and second oscillators has Ar laser, Kr laser, CO, laser,
YAG laser, YVOyq laser, YLF laser, YAIO; laser, ruby laser, alexandrite laser, Ti:sapphire

laser, helium-cadmium laser, copper vapor laser, or gold vapor laser.
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