;e3el | R6TI X- 1BEAM HOMOGENI ZER, LASER | RRADI ATI ON APPARATUS, AND METHOD FOR
MANUFACTURI NG SEM CONDUCTOR DEVI CE BACKGROUND OF THE INVENTION s 1. Field '
of the Invention The present invention relates to a beam honogeni zer for
honogeni zi ng a beam spot on a surface to be irradiated in a certain region.
The present invention also relates to a |laser irradiation apparatus for
irradiating the surface to be irradiated with the beam spot. Furthernore,
the present invention also relates tola nethod for manufacturing a 10

sem conduct or AWEH ENE/ rmed with the
| aser irradi at:@r/\ appg;wg?g}s Z.E%escrl ption O?R?ﬁ@ﬁtﬁﬁﬁhﬁ‘[}f In recent
years, ther ANBMETHOB RGR MANUFACTERING SEVACONDUCTBORDEVECRY or i 5
enhanci ng a crystallinity of an anorphous sem conductor filmor a

crystal line sem conductor film (a semi conductor filmhaving a crystallinity
such as poly-crystal or single-crystal), that
is to say, a sem conductc Cal is crystal (referred to as
a non- si NQIFR18 6V &t Myenisn SEM conductor fil r’r) forned over an insul ating
surface such as a glass substrate with | aser annealing performed 20
thereto. A sil lhepréschininientohtrelates @ basm hbomogeiizadodhishefentzidga biam

conparison with a_quartz, substrate that has been used conventionally, the
gl ass sulSBPtoR %S%eé‘ﬂbﬁﬁf%@ inpgeriain fegionn e The prasent ia‘ﬁ-‘(!htl@mp’éﬁ irgJates n

kabi |
Substr at 0 ¥ipRESridilon 4Rl BARTRE R 5Fce o b adlaed WG s B8 auct e
The |aserspos muechamﬁhb,yma@eééeﬁtqrw&ﬁmta@dol refdsi 182 ﬁéh@@?&l&ﬁ&&f&&mﬂ{ﬁ

substrate has a low nelting point. The | aser can give h energy only to
t he noli- Semifloadectys devics aming on duystablinef sdnmmddcmntfllnhemgwdgwithethé daper at ur e
of the subs te too much. The crystalline silicon filmforned with the

| aser anddaf F‘ﬁ #P2r38U%i gh nobi lity. Therefore, a thin filmtransistor
(TFT) formed vvlth this crystalline silicon filmis used 30 extensively. For
exanple, the crystalline silicon filmis extensively used in a

- 2nonol i thiDesdription df dicyRdladed @lrect r o- opti cal device and the like in which .
TFT for a pixel and TFT for a driver circuit are forned on one glass
substrate. The I®#gesnbyedrndhere hiag becrf o It‘mhm;lur: ofidely studial fis caystallizing or

Docaucs ERBAS o rysffiub [fomb ( Fnfiondas SHotlsr Himner bronnel
grains. Gemivondelthd B (d Ecrﬁléorﬁﬂgé@ﬁ feihﬁ. ﬁafamg@&g h&gg%g#g@g@gs}ﬁ gred from

a pul sed | aser oscillator havin out aser into

a square Ispm-cnwsmh vddsleisalot smglm:rgstsll) dhatds 1o Biy) a 3ehiddaddctGPiim Whidh id0 cm or
nore in |len t (for exarrpl e, Japanese Patent Publication No. 9-234579).
Then t he 1L 3IR Epwstiﬂls TRiSTIE tP &t  Pomesinglet ergstalling semicondustor filng)ifoamed! t o

perform the, Laﬁ‘%ﬁéulﬁfh%eﬁtrfagg sucI 5% Eﬁss stbstiate wﬁh Gaser earrllgga i(1:1g performed

20 thereto. A silicon film is often used as the semiconductor film,

In comparison with a quartz substrate that has been used conventionally, the
glass substrate has advantages that it is inexpensive and superior in workability, and that
it can be processed easily into a large sized substrate. This is the reason why the study
has been extensively conducted. The laser is preferably used for crystallization

25 because the glass substrate has a low melting point. The laser can give high energy
only to -the non-single crystal semiconductor film without changing the temperature of
the substrate too much.

The crystalline silicon film formed with the laser annealing has a high mobility.
Thereforc, a thin film transistor (TFT) formed with this crystalline silicon film is used

30 extensively. For example, the crystalline silicon film is extensively used in a




10 productivity and is superior industrially, it is preferably enployed. In
particul ar, when the |inear beam spot is enployed, unlike a punctate beam
spot requiring to be scanned fromfront to back and fromside to side, the
| i near beam spot can provide high productivity since a | arge-sized surface
can be irradiated by scanning the |inear beam spot only in a direction
perpendi cular to the direction of its 15 major axis. It is noted that the
| i near beam spot here means a rectangutéar beam spot having a hi gh aspect
raﬂo.Tmmmmmgmm' - I ect b on: I to..the
direction of the naj%?aggggngﬁgfk@c¥pﬁgg?i@@&%?g%gﬁﬁggggtgg&ﬁ%rP§m%ﬂe nost
ef f ect i vearsCHRRiforg diiivee circoit arcoemed 6n ohe glgH subsgthtepr THs etyisMiling, silddon

| aser anneal ing process is mainly enploying the |inear beam

resent, 1he, eSS 1S o
E pot obt aH‘qi‘é&F W@éﬁiaﬁg“ Rely a5l inocdliensy filpoof apely-erbistalligh semicapctpr i at e
haping ot Beuid @7 eoRuRRGEDy TGS et SR e ohTviiB &Rt ace to be
irradi af ed. ThemoRidited, itSY Posiibie 18 Wapes ﬁ%&%eaﬁfb%%lﬂé%%%{? a?ﬁlélgéﬁ fa§4e! Y

general optical system The optical systemnot on
cr oss- secescdlutasthaying Higleontpytotich at an xoimer lakuitintalasquats sparmigesivégscinhe
ener gy of thegPeam s(got on the surface to be irradi ated simultaneously.

Gener al | yOR BHEPE ¢ 2 linear gpatrwith A8 f5w enimeradn denstie Glor grample; Fapabessm i s
referred : %' r..Lh tical ,system shawn in Figs. 6A and
6B is al s%éigﬁg)élg% %?Dlg(g'ni'zer .é i o e??%eolg‘aiagésmt é%\?"g © c@.?“’%%? the S\é‘giﬁeai ned A
beam spot toobe @rridigted tHgRMoBA tAE Jidel AhRChITEONS ik 388K a0BEib AhR enh2RE 1S
divided in one direction through cylindrical -3 lens arrays 1202a and
1202b. 1oTherodugtivity iane iy supeddrindestrially, #s prefeeatily embloged.ecti on. When a nirror
stem beam s Oqt in the vertical direction is

is inserted in the optical s
- bent to the di r]écﬂ%%t'ﬂewmbyhet ]H‘éeah% 48 SPatis emplayedy galiks & pupciatgdgamnt o
four beangot Redulh (AU Tod AT Yl Se: conbi ned into
one beamngsi)pot q?)l\n t]% %HS cyﬁie%ldj;r ?@Z‘?gﬂtg%\gh% %ﬁ@es.?&%ot Selgé’qh%?%‘t’e)aénrﬁeg%lot S
separ at edspayahn prodde diigte pr@idcvitya silice 0large2876d bi€acCR 5P HrAdidEE b
converged into one beam spot again with a doublet cylindrical Iens 1208 on
a surf aceSapnipg the Hpear heaw speb onlysndodistesion perpendiculagio lendiréction of dts of
| enses.consi sting af. t cylindrical. | enses. The configuratjop of Figs. 6A
and 681:{;01@[‘:Sl Og AT lzs'esﬂtlﬁ -\Ageﬁie%ﬁvhﬁihé]ﬁﬁ Bam &?% dere W&arﬁeaaf‘ﬁ%?ﬂgl‘fa% Rease dpetnt o
linear i nhdvidg 4 RighSkhdtMtidli MeGtHeaR PBH; @%:ﬁ{g I iRt i fin
the verti cg:ﬁ%di rleggt i %n. Nlext, a teop s?imej{/sv%o ?‘dﬂﬂ%B 1&?%‘2@%&%@3@& beam
spot of athkakirectidneainthognajbt atiedf theolindah ®earaspot Baide! i@ iOthe 126kt effsctilievi ded
in a directign perpendicular to the vertical direction through a
cyl i ndri cePpnpiag ditgetion, Breauserhsueh highi nreduqivitpedt diresent the laserrranvalingi cal

directioni horizontal direction. Wen a rror.is

i nserted Hgé?sé(?{ ‘E‘%ﬁ@g‘?‘%@ é’?isngf}tsl? g‘ﬁ?“i’cﬁ%gﬁ?ts??g?’n?cﬁgl' fhapig 4 E'{r)[lﬁ‘?é‘fxcm‘?recti on

i's bengo tiasdrirodil SC4PRGprRAROEPIRAI s3I rror. The beam spot is divided into

seven beam spots in this structuré. After that, the beam spots divided into

~ seven beam spotlgareAconbioBedhamtan exempleans sipobptical t dystesil fér eRaping fae
irradi ated 1209 with cylindrical lens 120S. A dotted |ine shows correct

optical pHPF-SgRBoR 8 p ot fntglincay op ke pufacedapesimradiated. ¢ Fhpeopticaladi at ed

inthe 2 i i N .mrrar 1207. T onfiguratiQn of. Figs. 6A
1 he 2ouaRaelin SSBONA I B8 M EBlontdD LndE R L AURE" TR Sl 95

i near | eyslem fof |60 shhpedl IRCLIRGsAMIn ot EheTbRER LR kN GfBad BGE Gl 1N the
hori zontal direction. As described above, the cylindrical lens arrays
1202a, 251 Zganggeairds eGderyafithebdagnges of tire glirfaicel tonle trhadiabeisimapateondly.t he

| aser bea t he_di vi ded beam 25 spots determ ne the

T mber of
honogenei &?‘%ﬁnﬁ% ﬂ% fg}?i’réﬂgvsqurihsmogwmg the,encsgy of thedepmyie sefersechin aspot .
Each of t i deq of ] der. t Q. d.wi.th the XeC
oxci mor |0 eh BpRRebA (e ol b i BielobA iR HELE R ABAmS0 1t hat

t he | aserhcbﬁ@gahamtted fromthe excinmer |aser transmts through the | enses
very nmuch. This

First, a side view of Fig. 6A is explained. A beam spot of a laser beam

30 oscillated from a laser oscillator 1201 is divided in one direction through cylindrical




so nmakes transmttance of the exciner |aser beam becone 99% or nore per one
| ens. -4 The |inear beam spot processed through the above |enses is
irradi ated as being overlapped in such a way that the |linear beam spot is
di spl aced gradually in the direction of the mnor axis of the |inear beam
spot. Wth such irradiation performance, the |aser annealing can be
conducted to the whole surface of the man-single crystal 5 silicon film
for exanple, so as to crystallize it or to enhance-its crystailinity. Next,
a typicalj f f ri .sem conductar. film i ch.beconmes an
obj ect toieggtalwra?saé?g%%gﬁ%yﬁtﬁ %@ Irg%eraug%é)rrr'] %i SISO 2% & Yérlyﬁfaﬁy(,hm fi ‘ass
subst r at eWhauiangirfor ih inskieb i @k optidal BRe&Aa Bedrf 396t inQhe FertiBAMiRBLGH /i de 1S
used. A SOz film(a silicon oxide film Is formed over the substrate in
200 nm t hbak tentherdirgction penthyetheuiirap paFtetlaser baand isidivadedriptocioar Bédmscian il m

(hereinafter referred to as.a-Si film is formed gver a surface of the Si Oz
filmin 5@‘%%%‘#&. beserdipided disamy I arescombiped ntp prerean pp pHith @ of

ni trogen @lindrtANPsy f 2009 r n.congentration in
the fil m%mgre%éeasegm{rﬁg&r’ esl st itéﬁ?tij f}ﬁ@]& Ppﬁg °p ?Fﬁgia%g@o%rgir fr;cé%‘{ yna |

| ncr easedméigai 1X)7, theebdans epoth agdTeonk@rddXakd oRX Bédie kpbtadiin W@VELhenaidh 308
nm pul se wi dth 30 n)s,g) is used as the laser oscillator.” A spot size of the

| aser beaflingri¢al leps, 1208 mnagusface tocbd insdiatadl2@Pni Adtowbled oylindical lisdisla at

hal f maxi ..Ihe |laser beamw ndow is defined as_a pl.ane perpendicular to
the tr ave%lltj § lemsre e “61‘0_???{8 Clyﬁg‘g‘rmﬁed'ﬁﬁ'ug'ﬁ‘eaﬁﬂpgg“@%“ PE% i poand; s

em tted f6BMoiehRsCcostidy dishibution KiemkaRai SEARARIH b6 1ikaMdl R

exci mer | aser usually has a rectangul ar shape, n it i's expressed
with at awpticd direttion, antlhetenabica dguUkagth lieasorlia thearrigapaiéctioal i 0 rangi ng from

1 to 5 approximately. The | aser beam has Gaussi an energy distribution in
whi ch the int end§%tly2dep (v (o ddg. o dsepplaineds Kheyhermsprh el atlhser deamer

t her eof . LR S eam i s.changed .into a |inear heam spot
havi ng ho‘?r%igheageousﬁlg@lIa elér)]sng t&g‘gﬁﬁ ?lﬁ%]gfsl @Wd%ﬂdn ﬁ‘a&f%&oﬁ pg{pfgd’(‘ﬂglaéﬁbt x 0.4
mm t hr ougvertidu dﬁ%ti&ﬂh&igﬁta&gliﬁm 1R afia@320HA Wa&%&&(‘@&%ﬁ&l@m ager beam
is irradiated to the sem conductor film about 1/10 of th nor wdth

(wi dt h atthpaefticakdireetion iofeferted thian adwribeatal diption.s When anskroa fipinegiddat e
pitch for. overl appi ng the | aser beam The honogeneity of the crystallinity
in thel%dngéﬁ{’%t&fﬁgﬂ@? » & PSR Pehinae izl dlircftion, i deatievhe digeptipn bentsi nce

t he m nory .gtnﬂrﬂ.o : A Ms. di s irradiated unde.the
condi tion )‘»(’)‘4? t he ?éxc'jiﬂhﬁg.}egfnas_ er Sl(%&aﬁli %’?f?%%vggg%%%p#tf éng%"esrﬁ _cfu?"s o 300
Hz, and tthet, Secbeaingpotspdioilicd $nté 8évenbed spBsSare ERmbiNed iR6 ©AS b sptdnENEr gy
density of the |laser beamon the surface to be irradiated is set to 450

ml/ cnz. Tihe spefaerolp b dicadisted 1209 wdth 8 calindnicpl desel285. nét dattkdf kine shows
crystallizj %? 5 tt hg ssm’ éonduct or.film Vﬂfﬁ h the |linear |aser beam The

cyl i ndri CAITFERIGELRTHP ARE coFedPasitions QL s leps aid sprfacg o he dpdiatpd imrthe

cyl i ndgg | §3S I §et it yl.] ' | @n r edoin a
directi oﬁé’&(lg? ﬁlsdg l'riss% ul?‘g. ér)r:,rﬁ?we |h(rée8{)%r%?dnt r?g E@?‘vgg u?ae%gi gBdefi ned
as a di r duimagenizes [thedinergdyadistribudiog e tad ibagm! e Maped Gioi IAHrCAl tieur f ace
of the cylindrical lens. The 10 cylindrical |ens array always has a joint
bet ween tuizepial disedtion and dptseminenihetienath thetpof frethe orinontalotitectioms ar r ay.

3 1ce Lhe 1o M asie ol ko8 CHIVALILS, Sl LR Sl b B
ot venceniay g (sl e T baRE! PRSI NGRS RS

be irradiated w thout™ being i rical Téns may cause

i nhomozge nepiotsydetdrmidtethe honmgebist of the kh@py Axt@utioc IR biRBRLH Hhedi9RFMSPOL ON
the irradiated surface. In addition, all the cylindrical |enses
constitutiPqy the cylindrical lens array nust be manufactured with the sanme
accuracy. Wen hﬁ‘ﬁy%% drical lepns has a.different curvature, the | aser
beans di vi ded blf‘f’c H | EPREF 13 dnadeapls uatt 4g order t9oeorespends piithothe XeFe sane
posi tion i r f ; L K i d i v i | . In
ther 20 kg aaih " BESdifofnt 1R BRSO atrlol SIS HPfhd S

r ect angul lamb esaittedpiddm cthe telt€inier Masdh ata@sn By HRBEEL KCIAAROFry Thich. Cquses the
| owering of the energy usability. The cause of the inhonbgeneous energy

- di st ri ButPakessranspitapecof tbp excimer laiver beamduicame @9%orfraere per exc fens.t he
structural problemand the manufacturing accuracy of the cylindrical |ens
array constituting the optical system Mre specifically, one of the 25
reasons of the inhonogeneous energy distribution is that all the |aser
beans divided by the cylindrical |lens array are not overl apped on the sane
position. Furthernore, when the sem conductor filmis irradi ated and
scanned with the rectangul ar beam spot havi ng i nhonbgeneous energy

. o v o




so becones i nhonbgeneous in a reflection of the inhonbgeneous energy
di stribution. -6 The inhonogeneity of the crystallinity is synchronized
wi th the inhonogeneity of the characteristic of the sem conductor film such
as the nmobility For exanple, the inhonbgeneous crystallinity appears as a
variation of an electric characteristic of the TFT conprising the
sem conductor film and displays 1ight and shade pattern on a panel 5
conprising the TFT The present inventidhis nmade in view of the above
probl em The pr At | j i amh ni zer ,bei.ng.able to
forma rect angul ar Q‘Eﬁ%?ﬁgﬁggt’ &Hjév(lgegéé:dﬁg%ggté?%o%%) Vgg%rg S’ylsdfrg‘ih?t:‘%gﬂg P& n t he
di rect i onoweflappel iRjsach axway Qfatt he linead Beaheshot Us fAGRacll t1aMiallySinnghet he
optical lens that is necessary to be manufactured to with high accuracy. 1n
addi t i on, difastiop pétherminongxis of the lipeanticdwsspat.| aWih sicl iamliliatio pedppemat,us
bei'ng abllng:tlo irradilate a éaser begm QlSVi ng .a beam spot w th honpbgeneous
energy di $Fr0AERLING RO conducted fodhe | wilolesntace,qf the non-singlefsyal t he
presents i 1t s i t O uyr i conduct or

5 | INEIH 1Y) £6F > 58 al R Hdatliod it %F{Hjérﬁl%ﬁ%éfi'tsgggsg%ﬁgﬁ

devi ce, being abl'e to enhance the ' crystallinit ductor film and

to manuf act ure MefFh wgibal hingthod 5fapaianifab@riapas aehfcdoduier ARYMARELKOF THE
| NVENTI ON The present invention enploys an optical wavegui de as the opti cal

syst em f oPCCABED JBnPBIFF giot bre insarkiated, byi e rlaseutticom, d$ shomen.r clnitiallyu haglasseam
spot int i.rection of .its jor is ont Jrradiated, surface in the
opti cal s{@? %arﬁe 131 %Vmgoar ﬁ%’ﬁﬁlef%ép?‘g‘sﬁ%ﬂﬁﬁimﬁg’aﬂfg g OFfesidiptsi B8 wavegui de
I's a circsid, Ml (Ws@mebe okfickBR it 3Snald &Fbrlthﬂ RhibskBtePinCHI0 ﬂﬁlntlh.{c‘ft%ﬁﬂ aand to
transmt the radiation light in such a way that the energy flow thereof is
gui ded1d nplpsmaVAD apparhtusnanexirsamérphines silieonfilm (Héreinplia@srefviret v @B tal-Sin

provi des eam honpgeni zer_for_ shapi ntg a_beam spot 25 into a rectangul ar
beam spot ormed avepasurfagg ofthe SiQpfibn ingp am E"@‘f-er‘ﬂbﬂ’fythfﬁ@bﬁfalWr e, on

i rradi f i tical ' h i zing th
oner gy di Spor i (RS SumGRIRC B Mt AaCRl b CRmpk YRR b R00 6T AOTRERRE [P "
maj or  axibydrbgent BendRheS@IH ih NHEMilnORs dcBRaSRAS OheMRKistiDRY At itlﬁzalfthf‘iéEQUi de

is used in the beam honogeni zer is explained as follows.” WWen the |aser
beans ar ecdngigictibht intieasedtageinsitho piserdehmwavegui de, the | aser beans are

reflected in th i cal vegui de repeatedly and  are led to the exit. In
other words, t h"g ’?@i‘eﬁxcwé%ﬂﬁsfﬁm&l? gé%t‘mb ke Hdiho ppais uied aythede are
over |l app I e ANGI r .t .surface,
whi ch i se@ﬁeg‘%ggﬁn%bgos{x%ﬁSﬂ#ﬁZﬁf%F%%eﬁeﬁseb%q#sﬁ% %ﬂﬁcoﬁé%fbef’%e | aser
beans is windogefboreare widtihat By imaxithim} e, TR 1aét ¥dant WehdoRS R dIR@ARs & €

overl apped, since the 5 | aser beans being incident into the optical
wavegui dePlan perpendiepdardtp the tiaveding direction oftbe lashabeamhpust aftes thi lasctdgainaser

beans are. qverl ed, on the sa position. The present invention al so
provi des gegléé?{fﬁ%ﬁgb%ﬁis?&“ﬁ]@_ “shaping a | aser beaminto a rectangul ar
beam sgpt havi nphARsd BR&hlentifbd fof thd SxQmeBisér WIIIJS{’R ﬁisa%{)}e}étaglgggfgl%a re, on

an irradi ated surface. The beam honbgeni zer co I Ses an op

wavegui dearfdowhéioitig exprzssad witheareape@itado, Shé irdugdrgQRr Okarh hes beGEpUgwtRy beam
spot in a direction of its major axis, and one cylindrical lens or a

pl ur al i t yraBgngfram drtochppprexismately.or TheolasarbgamghasHeauspigh enengy tdissdbitioam t he

opti cal v i de .in t.he directi.on aof its or._axis on the_ irradiated
surf ace. %elg%# esé {én?lﬁ@%ﬂbf gaﬁer£e§161 FEUFY g%@&?ﬁ%ﬁ%@i@ﬁ‘@ggf (ﬁlcshapi ng
a | aser igedhf igft, ' L.Q..of 10
o more, ey AL R, Bt Tl B AR e R AnRlcal B Sp AR O gl
hormogers zarergyodiptribation erdihavihga sienofBO0i ming eN/nythrelighl the Rigtital kysikmt he
rectangul ar beam spot in the direction of its mnor axis, and an opti cal
wavegui deshoym indigsgAiand@B-t he energy distribution of the rectangul ar beam
spot in a direcgion of. its maj.oc i.S,.Wherein the neans has at |east a 20
cylindrical len hep ngyl?se’fﬁgmﬂr%éré%?at?%(f’e‘rl??i%ﬁ‘%“g%ct% ’d‘gg“ ffﬂ)@&%{fahe
honogeni z i QFi i AERR; i ) ing an
nspoct 1 Ak iafARUBCChCATRRA, (THh [ReAnRl Gtk & AR Roge Rl
surface. fitch foeconcrappigg rthe dssee Gemni SThe donaRpkheil ofae ByisARifil in the
honogeni zing the energy distribution of the rectangul ar beam spot in a 25
di r ect Blorsegrcenduciopfilin canibs imprayedn bpthe /b veexaneple.dindedhe nogendtizisng t he
energy distribution of the rectangul ar beam spot in a direction of its
mnor axis. In the above structure of the beam honogeni zer in the present

i nvention, the optical waveguide has a pair of reflection planes provided
oppositely. In addition, a light pipe can be used as the optical wavegui de.
The light pipe so is formed of circular cone, pyram dal shape, columm,
prism or the [ike, which transmts -8- the light fromone end to the

" N L T T - o



.beam spot into a rectangul ar beam spot having an aspect ratio of 10 or
nore, preferably 100 or nore, on an irradi ated surface. The | aser

irradi ati on apparatus conprises a |laser oscillator and a beam honogeni zer,
wherei n t he beam honogeni zer conprises an optical wavegui de for

honogeni zi ng the energy distribution of the rectangul ar beam 15 spot in a
direction of its major axis and an optical wavegui de for honopgeni zing the
energy distribution of the rectangul ar-33eam spot in a direction of its

m nor axi o the laser irradiation apparatys in
the pres eér;iil n:“uﬂi/g'%tq fl%g;%fﬁﬁ Z‘g gl!f)ja tﬂltl#é(fuf\%/ge\f ég%f’%fgd?tﬁoé'soéthﬁﬁ?mﬁ 1?83$FD€WE\CHn

pl anes pribwipdie fRpRaRY ieder to 300 AL dndl tﬁascaﬂnin'ggpéedﬁk B& 1630 nfif/sUSBA AR the
optical wavequide. 20 In the above structure of the |laser irradiation

appar at usodcasiemche ceeran densityeoft tho daset heank asdhe swmfide|tatberirhdiatdliecétad from

t he group,£onsj sking, of an exciner | aser, a YAG |laser, a glass |laser, a

YV04 | as e‘P‘?’ ‘é?i}@ﬂ\/o4%‘é§q§?13°dad°?ﬁfftquaw,e 1 Adreph soneral aethod for erhistaliipinge

struct ur epntehPBnd @G il VAR R BORPLALUS I n the present invention, the
. ; . AL .

| aser irradiation apparatus conprises a noving stage for noving the object
to be 25 irradiBieaglindticil long réquites & BrompudiRQrca Rt Mgh Bkurdkgmpr i ses a
transferring apparatus for transferring the object to be irfadiated to the
movi ng st age. pyislaical leny amely o the desdwithacybimdtiod lbmses ramugatinni ng a
sem condugt of. deyice conpri sin he,steps of form ng a non-single crystal
semi-conduct EIOIF Pfﬁf’S‘\'f‘é’f‘ u e'si%??’rth? _@,‘mcat ?fé[‘? BYTRIME ‘IsﬁgPe‘bmglf?%’Qﬂ_t o the
non- si ngl @ rfdndfdudlr 5 8PROARKRE LiRE of blc iﬁﬁié?ﬂ Sledke o SRS cﬁﬁgﬁ]cm«gllls? The! N9 a
position of the beam spot refative t6 the non-single -9-""crystal

sem comdugyliadriéalllens amyutways hdsat joidicbenosensthe gy Endiicybleates SORttROMELIG0Or film

is the surface to be irradiated. The | aser beamis generated in a |aser
osci | | at dlinfacal fens asragy cince ths igint deesaylinye a pemnalurmas thg calindrispblens,r at i o

f 10 l.y .10Q . . d h J
o st bureier BES) BEAR Meited iflo e ANV SR, SRR by e
The cyl i n#le cgladdric@NBnfr Mene 1adek ﬁeéiﬂﬁéhchﬂ _tﬁ@?‘ihﬁ%gkﬂ B¢ irRARRSRREot ’B?ﬁ.g

direction of its mnor axis, and the optical wavegui de acts upon

r ect anguliaflugnsgdnbybe cylindricdl lees mayrcaose ithemogpmityafithe cidigy @istsinntion

i nvention so provi des a nethod for. manufacturing a sem conductor device
conpri 5i i} PHEC Sﬂ?&am%?ﬂ&l%mﬁéﬁt@isﬁgﬁ%ﬁ-cr ystal to semiconductor film

over a substratg, p r.03: 0§ neal i ng.tq the. non-single crystal
sem conduct or fllﬁIaﬁ]a%g?hﬁgﬁl?ggie“rﬁgbégg%]%vﬁ%i%p%&ﬁ%t\lﬂéae & (&C?ﬁ(gﬂs %‘Fg’t H8theam
spot rel did manifactufed Wah-thé REhE abeuradydl R SRNIHalAEal fbddhasds Aupd:ag t hat
t he non-single crystal sem conductor filmis thé surface to be irradiated.

The | asercusewne; thedaseshgamgl divided by e cydindritaldens araydare ot osbdqpedd iont 0 a

rect angul ar beam havi ng,,an aspect ratio of 10 t5 or nore, preferably 100 or
mor e, andDh SETRBABHERBHE Serlate e adiatsdioven Wit oengtoris lpsl [yt

opti cady WRNREUIhEGapiohY Ealdd t |.cal vegui des
acts upon the rect%ﬁgwﬂgﬁégga%&%gits %t{r%ﬁléﬁ%?rng(lt: ei%’ﬁ%gﬁig{ ts’caﬁnmsﬁ(?t %rgh!'f, and
at | east iomdiatid suffacepinticades! YThis caies gt loweMBOof e Sndg} SsabaRR t he

rectangul ar beam spot in a direction of its mnor axis. 20 In addition, a

| i ght pi pe can B ¢aegiohthe: inhompgincais onoygy disttutibn of ke bérow spsttoruthieur e of

t he met hod f.or .manufacturi sem conduct or, device_in the present :

i nventi or afiﬁgedl Sélénféf’e Sau {l]’gtsgf"“fl?l é’é‘%@%‘?é’&dftﬁ% mappecyrBe scewasy et ihsg of an
exci mer | a%Qhn - | r YV aser V04 ser, a
YLF | aser@gﬁnécagnl&%?al:r sgé‘.‘s“g‘gg’?a@?/éjﬁ?i ggles 8k %‘8%6 %)feec%q?gu ’nQ/neen?éi @'ﬁ] The

presents imeasent obthefinhothdgheoud ARy distibaiiod isaRatiIPAE M b&PlivilcABya beam
honogeni zer equi pped with an optical wavegui de. The optical wavegui de
conpri sesthe cpidricallensdrrayans oo qyedapnedondié shak posjitmi. t el y being able to
honogeni ze t he .engr so distribution of the rectangular beamspot in a
direction of i t@rﬁﬁﬁ%‘?m’a‘f gn h}? ﬁ%"?‘&r“ﬁtﬁf A s 1“‘1“@@‘-3@ @nd geannedyrdth thee beam
honmogeni zggtahfllad ] ifg tahay LY t.ne, opt | cal vegui de
di sclosed In hae %:a{eﬂs ntt ﬁ?ﬁ@%&ltl on ﬁe@%%ﬁ%&??ﬁ%ﬁ%%@sﬂgg%g%r%ﬁ%%nto ¥orm the
r ect angulmajobagis) cpthe sheficah b egRAed Ukic RPREONRiE) 61 fHeXehii@hdubod filh ection

30 becomes inhomogencous in a reflection of the inhomogencous energy distribution,

Q




5 of its magjor axis on the irradiated surface w thout using the optical

|l ens that requires to be manufactured with high accuracy. In addition; the
optical waveguide is nore preferable since it acts upon the rectangul ar
beam spot in a direction of its mnor axis and can al so honogeni ze the
energy distribution in the direction thereof on the irradi ated surface.
When the rectangul ar beam spot emtted fromthe laser irradiation to
apparatus with the use of this beam honbgeni zer is scanned on the

sem cond j i ' ' 0f . . ] j t he i nho Qus
crystall ?ﬁ%ﬁlhgugg‘?g E}ty %g%%ﬁgkn%géhnﬁglﬁssﬁ%%?%g%%b ftlh%ll,l |°(5rh°g8’f’eq8ﬁ‘gﬂ§8am spot
can be suphpraegsistic ointhet SgnibordugRndfiliy saéh tadether msbidty. | NEdrYedathgid)ethe

sem conductor filmcan be enhanced. In addition, when the present invention
i s appl i dahemogengeusscystatindtyi appedr me ao¥arietins df owv elenipie characteristic of the

poly-cry line.sili,con TFET, it Ls possj.ble to manufacture TFT having

uni f or m hi gh“SPERsiPs Hig serirondpetpy éﬁ?’&”ﬁlﬁﬂm%éﬁ%F and %@?\Pﬁw on a panel

I owtergpedoﬁiﬁgfsﬁlgggémrystal line siliconis applied to a liquid crystal

di splay device Or a light-emtting device with the use of a light-emtting
el ement, it beckiwemrepms Shvindion ds mﬂufiao&iuweofathdiaw{mawmceriiwfe@&tver y
few di spl ay unevenness. 20 BRI EF DESCRI PTI ON OF THE WNGS In the
acconpanyPHUeRRIPYides aregm homeograizep bging ahlais Mot aoeerpgdimbeam spot
honogeni iqn, of the ener di.st.ri buti.on, of..t he beam spot by .the gpti cal
wavegui dé.ﬁtvlzn% E?rélf)ée?ﬁogsng H%ya‘#lﬁmhp ) rﬂ‘bghg HRRF R QE “é;xgﬂ%re%%if 08 Weam
horogen! aaedisictiuifase Wodd ulifie RPbUGAI 1URURAL GRodbi! R phrtfieAr coen!
invention. Fig. 3A and 3B are draw ngs show ng an exanhple of a beam
hormogetdi 2&th \highh acdwraays e Infadtitienp el presentaimeentioepdiviies asbder firddiionr esent

i nvention. Fi g% 4A to 4C show the energy distribution of the rectangul ar
beam spot?PEYaBIS beingabls o dradiple A lapesrRegBhhardng arhsam spet withshongyenenus3p,

-11 Figs. a e; draw . showi.ng . an exanpl beam honogeni zer
with the etﬁlg yo? gttrﬁ)? t%%t }ncgfe &3‘?7‘2‘5’3‘. gg lg?lq ST &4 n%luﬁécr&o&,eﬂ}e P%\S)%Iﬁti on.
Figs. 6A iavchtioB prowidel amdisd flf idndacilinaC BURRbhARAr RORY) DANPIERIBE -
Figs. 7A to 7C are drawi ngs showi ng an exanple of the optical waveguide 5
di scl osectnhgnceribe grystatiinity of 2 seisonducEmtfddi aehto aaigaafiret-hEFT wieinhighn]
First, a net Qod {lor hanogeni zi ng the energy distribution of the beam spot
with the PEEUBEC ?féCtSBftf(gal wavegui de i s explained in reference to Figs. |A
and 1B. Initially, 10 a top viewof Fig. |Ais explained. An optical
wavegui de 102 having a pair of reflection planes 102a and 102b provi ded
oppositely, and a surface SUMBARY @ BHEINVENHON prepared, and a | aser
beamis made incident fromleft side on paper. Wen there is the optical
wavegui de 102, Fheerrpeabinvertion ¢mployaam opticdl veavepwite nsithesopticalesys@trafor\Wien

there is t he.optical vequi de 2, the l.aser beami rawn with a
dotted | iﬂrzl’g&%ﬁ%mg%e Weéﬁ%ﬁg‘%’émf’g oig{e eHangiy Wﬁb’é’g@? gge‘itl??,"ftlﬁe | aser
b : et ol et i do: ) q
T05¢ 1 piajon S b iRTLRY e b iheRafel HRAGY I PR de 1Pl o

101b. On beam spoherTheaogticalvivanegulidy 8 d sirduicbeing ablel to Wy distRonlDht iRa
indicated with the | aser beam 10la, the |aser beamis reflected by the
refl ect i SFRMLISEONGNG: ietrpsmit e radiafigndight de sadpa aray thit thehmergyyBoweach
the regi iy the surf.ace to be jrradiated 103. In other words, all
t he |aseﬁﬂ%l‘é§i?r;1§gig@g Y elt%@‘%ﬂi‘%ﬂéthiﬁgﬂm&ﬁd 103c in the case that the
optical waveguigle drd@nt fvaRlioPpRVIAISY BAAFRohbEERY! | ur f ace
to be irradiated IﬁOrS inn t he %age that the g%t? é‘r‘ﬁaé%“éaﬁlg dlgef&llpgpé
provi desd.infbhai sqctarigelar thieem| spoe hatiagan apat FBGE of 10iodendre] F&aﬂar&&l? 19ptdrcal

y

wavegui de 102, the | aser beanms are z5 reflected repeated and are led to
the exit.MmqIgafn p8 ixrgdiatsd susface, camprisipg anwpticad wansghidp fechamogehizitgethienci dent

165" wh el Bl B ol Rl 100 il B B A R { he 1 ot o
di vergence of thgpd ﬁ&%ént%%fﬁioﬁoﬁéwezis%ﬁ%ggp{l V\%Qi%&l &gbeégiﬁgdezigrufs@c?g; kg be

irradiated 103 when there is not the optl vegul efirned as A, and
t he | engtteamfhonivgehixseis ehphained as follows. When the laser beams are incident into the

30 optical waveguide, the laser beams are reflected in the optical waveguide repeatediy and




so divergence 103b on the surface to be irradiated 103 when there is the
optical wavegui de -12is defined as B. Then, AB corresponds to the nunber
of | aser beans divided by the honbgeni zer described in the related art.
Thus, when the incident ray is divided and all the divided | aser beans are
over | apped on the same position, the energy distribution of the | aser beam
i s honogeni zed on the overl apped position. 5 Usually, the nore the
honogeni zer divides the | aser beam the&/mmore honogeneous the energy

di stributj0R.P&s HESKPN hidcO Lvided, | aser bea re
over | apped. gl'he nung)g? o‘%‘r}tﬁhée}oﬁg}sdg’r °XY§%%§%§’SG’%&‘%§“C?%?H§?# %Ioglsvl\ﬁ"\?egui de
102 can beavegeideasedveitipped AeifliRs Ricideaanksérsheafs 188 FRSI B fheldxiBtirfale,t e
optical waveguide 102. In other words, the length of a pair of reflection

pl anes ofWhigk i3 theosamec positinny e Jilietiborien thehencegyr distribution of Wi kisert branisaiser
beans are_inci dent . be, made | onger... I.n addition, the nunber _of divided

| aser bea .Oc,ggﬁlzﬁé lmer 2SI SR T ﬂ%r%ﬁBW fﬂf ]sﬂ"é @Bﬁ’éé"%éf’meﬁlsrﬁ@%@ecti on
pl anes $Priaek baskn® BER ibShatm ifRb (Y oFRAPRRL GV LUANTRIE SRl BRI I B Of 1 he
| aser beam being incrdent into the optical® wavegui de. e optical 'system

f or for mithgt thatrthe dividpd|laver bewais Beoterlappbdich g sambpasiidd. honogeni zer
disclosed in the present invention is explained with reference to Figs. 2A
and 2B. In a tokhevpiesgnbinvention plso prewde # deamn dwnmgepiaenifor shaping @ lesre paper

is the di tion of the mnor axi.s of the rectan r beam spot.

Her ei naf t%?‘fql fé‘Pﬂ?g‘ﬁ%"_“ ﬁF%g%%aé'ﬁ S Hguing agsasP?fg f‘i}ﬁ’t‘%;ﬁf%ﬁ%gmeg"é?blﬁlpgt, t he
top Vi ew @f mbkd. or2Ani FraAdRRisi@sbe. Aﬁhessém?%iﬁo%@hi&&eéoﬁgﬁé&aaﬂ %?ﬁéal.zo
oscillator 201 is propagated to the direction irdicate y an arrow in

Fi gs. DA waxtglidefodhemegenitieg Hesaerdyedistribatibmof denectangudarcbeayd spodin @al | ens

202. The |,aser bgam i s focused through the cylindrical |ens 202 in the
di r ect i orflESCUOM L Ha maior3%i% agfl angcyhadaiceh danszr opliralispef cylindricaklenses

i nci dent 4 : ' ' 0 ving a.pair. of. reflection.planes
203a and ﬂ?ﬁ%@“%?%@?glggf%%g@éﬁqeﬁ 031? ﬂ%n%t*lglsvev hr%l%é]?en‘%mlcﬁg’il Bgﬂf mfggi nt o

t he opti calis ovashe gatidigte@ORfics. refl ected repeatedly in the optical wavegui de
203 and is led to the exit. A plane havi ng honbgeneous energy distribution
in the directi okhegpresent inngpton alsp profideshe besotlonmgenizenhfoarshapiog ai msdror med
at the 5e>i§t of the gz@tgi éaL wavgpqg}i{ade 203. For example, the optical
wavegul’de 3B hY © War peatyf VHGANAIPFH 13tiRe0igl G @npisn prcderally dR0t he

| aser be LS-d Nei den . ISsta nee .the reflection
pl anes. a(m-ilx%'rl’éﬁgﬂ gﬁgfer?ad?aﬁ%i ?“el%ct%h (r’)l?l %t ﬁéeang&gmgggﬁ&m%vg%%ﬁﬁ%gzﬁggﬁnﬁ "he

di rect i orhonmgehizidy édeegyt dzeribubienBfithe rdttind@RE besm Pbt iMheSdIRICHBA of i@ focal
l ength of the cylindrical |lens 202 is, the nore honobgeneous the energy

di st ri butMBer pESonkan ppligal sraveguide furthomogspizingmibmenergyalistibutiarolithed i n
consideration of the size of.the opt.ical, system and thereby the 5 | ength
of "t e optPERR e el ok o dirbshonr ol Srioh ik Bhereelbt AeeRo Lo P RS st
be pragt | GHhddichl Rasakdance with the size of the system A cylindrical lens
204 -proj ects the beam spot havi ng honbgeneous energy distribution in the
direction of tBhenmpsent invieatiaf alsd roviddson bedne hbmopeidzetfot Bleapdxgd b beimt he

optical waveguide 203 to a surface to be irradi ated 208, through

cyl i ndri CRPt MEha regfangylan beappspot havigg ap speet tatin of L0 gr moen peeferabBy, 1080%a, and
2076. In er words. I.he,be spot,, hayi n onogeneous energy di stribution
and the slﬁ‘Er) acoen_ 0 5%#@?%&“3&8%_ Zg@eagﬁa“gp%tﬁ%%f%r vﬁquggp"é’cpoi’f%‘_ﬂt he
doubl et aydvepdide 78/ héRBgonkAit thENR-dI0MUEBALSE Bt HACEARKAY Hli Lddiih bon of
t he rectangular beam spot i n. the rection of 1ts major axis an

det er nisnadireetien lofritst majoneaxésyfantinan bptichl vesiepmide dbr hbfop®iigihg Ak enerky The

present invention having the optical waveguide 203 can renedy the

st r uct ur istEbutionef theiciangulsr benmespay in & Hiseotionof dls mineragisiccur acy of the
cylindrical le [r nd, t he_propl emof the manufacturing accuracy of
the cylindri calrﬁltg %g‘%/‘fc?rs SW%PE;?‘PFQQ‘?%}‘BW\%‘HE@IHE&&%Pre\ﬁf'ﬂtdgv‘?f‘é’lﬁ‘ge&@he

i nhomogensgies wAREGie Wash phiPbE JefBctRln fifes pEHiAREMRGfgam spot on the
surface to be irrggii}aat ed Pnl thg c((:)n\}l n?‘?egr?g&loptl aﬁmgg system Next, a
side view of Filg.ad@ifionsa gl piphedh beltiedl a3k ofteamwvattdui®d fTHRMighh pipeaser
oscillator 201 is divided through cylindrical |ens arrays 205a and 205b in
the di Peds fomedroficienlar ene, aypmidal shaps, edemanprismrortealikes ydtich Famsnlitis er
beans divided by the cylindrical |ens arrays 205a and 205b are overl apped
on the same surface by a '




25 cylindrical lens 206 to honogeni ze the energy distribution of the
rectangul ar beam spot in the direction of its mnor axis. A beam spot
havi ng honbgeneous energy distribution in the direction of the mnor axis
of the rectangule forned by the cylindrical lens 206 is projected to the
surface to be irradiated 208 through a doublet cylindrical |ens consisting
of cylindrical so | enses 207a and 207b. Thus, the energy distribution of

t he rectangul ar beam spot is -14 honoiyeni zed in the direction of its

m nor axi f i I apd | engt h, t hereof in
the dir ectﬁliegfréhi)f}ellntsd’sﬂerﬁg1 ﬁg?ttfg&?@el: ('gsr{ t%%%gf‘rll%glgmrh% %%&E}gqné e%ﬁq\t R#ViP%al | ens
does not nasshitted bg £ HHON @dd Dpdir Wi aBflédiR AN Probitkd BEpIRly MBPDe! S

enpl oyed, spatial margin can be given because a certain degree of” di stance
can be 5 eeployed ferexagple-t he optical systemand the surface to be

irradiated. It 'ﬁ not ed.t hat. when, { he honpgenejty of the beam spgt on the
surface to be i TRRCELHvcntonproyides plassr FrgiaaiRpPPatug Aen shapigg theam(  ocal

| engt h/ ApgHdk Wii8 a kel bold tanGabd R HeloS 1016 Mork Syrosh high, a
si ngl et c%i ndr iaéal I"ens ﬁay%géq{érbri) gggaébé({gﬁtﬁ%?&gog%ﬁﬂé’aqr%ﬁj emoye%pl ai ned
above, i tmiose, pms ait hinadiated surfack he The dasn Jrtadiatidi® app@aius Rmgta¥s ATlaser
homogeneous _energy distribution in the directions of its major axis and its
m nor axi 95Ht9thand ar hepma thomogenizers avherpia {hasksann domogenizer cemprises ombi ned

with the L.eal stem for form.ng.the rectanqul.ar heam spot and i ncl uding
t he hormggﬁliéfl gg'aﬁ%%{i%ggg TROGRE g’fe?ﬂe%yng@'{g}‘lgﬂn &?ég"et‘%gi“&g“ﬁ’ég’eﬁ’i“gh

out put angbdth}eauﬁy@joﬁmﬂt;tg%mtj&aatxisgan be sufficiently absorbed in the t5

sem conductor film Wen a Silicon filmis enployed as the sem conduct or
film the wavel Emgpiesait inteatibmabo preddesearidseeitratifation apparhtas €r dapinglaat or is

pref erablg not Ionger t han 600 nmin consideration of the absorption ratio.
For exanpP®m $ipt 0 grectangularheam sppbhasing an sspert ratie of 19, aF mors. eyefersbly a

gl ass | as i) - gl e ser_oscill.ator emtting. suc

Saver eng FO0 STYRBIEEA G nplatl fRel0° RS BeRRRORL frafille domitist & Resroa

| aser (haosuilbitér) and aYbéarh AfRiogehidbi Bhdidin MHR0bAMR ﬁbnio%@xﬁécrgb(\(lﬁfkis_%§_énhe

| aser oscillator emtting an appropriate wavel ength for crystallizing the
si licon fPptieal Maveguidd fer homogesizingl tHeoenemgsn distritiution rof the sectirgmim thehmr

devi ce ff trt1e -pr(grla_sent B}Ev.enti.on big usj ng the_beam hqnogeni zes and the | aser
i rradi & HPAPFFHUER S shBaps axiscai il PR (WayReyide domhompganizing they

S ubot 1 ot oty dteuiond Bt Qb BRI Bedkf Sodth # dRe IR e MEARPLAC 5 e

substrate, tor exanp s substrate having endugh

resi stance agaihshe abwelsemtiupofi the GROGIrGURIoR SpFatatas D PRREMShdnEidh e

gl ass, a bariunborosilicate glass or an aiumnosilicate glass can be used
as this sthsopHealavavaguitle hasonpaisefdrefl¢stiomplancs pravidedioppeg®lnm t hi ck over the
gl ass substrategas .a. base fil.m 3Q Mreover, an anorphous silicon filmis
fornmed over thglnbagggmﬁ?ﬁ@trplg%“i%et%f{ﬂ“ GOP%‘**P{‘@@ELF $ns are forned with
sputtepd ng. Thet HBAbRR SALARIoMLE bl BRURUGY BhArdEL APk PRlskne illihadPSt rat e
with the filns forned thereon I's put I1n an at phere of *nitrogen at’ a

t enper at uthe lagengisciffator dsnsele@ed drond thef group consiinzood sn eddiiner PAsGEASFAGS tO
reduce s hydrogen concentration in the anorphous silicon film This process
i s perf or H8eh 3 ERsasater ¥MOnlegnadedYQslaser, ag{éiFriéﬁcr,tamé apggdasesner gy when t he
anor phous sili fidmcontains.too nmuch.hydrogen. The hydrogen
concentration ?ﬁnp %%ﬁ&?‘ﬂﬁ(’)‘ﬁ%‘)fstﬁ ?@Wﬂaﬁ?? Qg%ﬂf’%ﬂ‘r’ihﬁﬂ’écsﬁﬁt IPFtgRder of
102 at ons{heNBser i ég,g@ %@% ( st inl
cnB. 10 For eieaﬁ?‘g?mi%gg]t)%@ﬁ%nbo ?gr?é%ﬁ{ﬁlr?g ,St é&m‘é‘ﬁg? ?rhee‘;%ﬁg? etrgxqes used
as the2i appdiddetrddtaiedn.the bedtispoteahidflirtien tompfises Xetehns€ot fih FRPpAra®s for

(wavel ength 308 nm pulse width 30 ns) STEEL 1000 manufactured by Lanbda
Physi k, | Hanstereing thsi abyec to trnisradiatadrte the meeingistage. pul sed | aser. The exci ner

| aser has a max{4yum ener. f 1000 .,m) per ul se, a wavel ength of 308 nm
and a maxi mum f r&gh “ﬁ%‘§ 1@%’"%85 HIQ‘.”dW%r‘lnefgoaa( ﬁg IR, T f‘ﬁég'b‘iﬁmg'é‘ao"l aser
light flug ]5&;0?% I VAT c) % LO: ri ng

t he | aser ?ﬁ%aﬁ?%%%ﬁrg ?18 one 025@%??%? er?bnﬁ%ﬁr%%gﬂéﬁgé@}c?é%‘?{?%?%%%can be
per f or medsubshiate paet porfdrinieg Lasén amedling foethk asassidglQbilysEP s&hicofdhcqitm | s
defined as follows. In other words, the average val ue of the |aser energy

i n the3pelitBd Bsertheam; whilgimevingn pesition ofthechepmt spat eelitiveatosthemdnisingtee
standard. Then, the fluctuation of the |laser energy is defined as the val ue
expressing the difference between the average value and the m ni nrum val ue
in the period of the irradiation or the difference between the average

val ue and the maxi numvalue in the period of the irradiation. In addition,
the XeCl exciner |aser (wavelength 308 nm pulse wdth 170 ns) 25 VEL |520
manuf actured by Sopra, Inc. may be al so enployed as the |laser oscillator.




- 16beam spot on the irradiated surface is not affected by the fluctuation
of the | aser beam at all. Therefore, when the optical waveguide is used in
~conbination with the |aser oscillator having extrenely stable output such
as VEL 1520, it is possible to performvery uniformlaser annealing. 5 The
| aser beamis irradiated, for exanple, while scanning the stage wth the
surface to be irradiated 208 shown in FKgs. 2A and 2B nounted thereon in
the direction of the mnor axis of the rectangular beam spot. On this

occasi on, AL I y.deci-de,.t ener densj and the scanni ng
speed of f g%%gﬁrﬁcéﬂb%tg E%n @h%s'ds g‘?ﬁ%glgpﬁ}? Iboéi'ﬁqgglﬁ8fy§{aigerﬁ’ﬁﬁ?‘iﬂfﬁfra@3‘l B The
ener gy demsisuifadety BEITARMSID! AL adeN bl id SRIES in2PQsck DBl £ 000
ml/cn2. It is feasible to performlaser én%glgl I ngmhoms)gcebr?g%ﬁs y (\tlAAEl]]ggll t he
scanni ng sheedinte agedtanguba Lieamt hagingamgespediaatio bHE) o tioke, piefédablyr BOt@ngul ar
beam spot _in thsgglsi ection inits mnor axis is overl apped one anot her by

about 9098°8F% AB OFPEPHR YRyt beerehapeindrical denstamryfandgoency of

the | asgr | : ang it to be proportional ta the

fr equencyol%1 %éir Jg(%?éggiqf I ﬁ(ﬂfa ﬁ&lslﬁﬁ\%y/acﬁpﬁf]% gg%égtggu. Onnng‘g Ir'?cﬁ‘ﬁpgﬂi% b&‘g Spyn a

conpl et eddirdiien of Ughmiidr GRE Add R dpticREWARIIRE dcRPERMHE YectiRYar Hebst r at es
can be processed. 1n addition, when a substrate hol'der being able to store

a pl ur al i $8pt Bf a digestionof és mmjer axist r ansferring apparatus for transferring the
plurality of s trates automatically between the substrate hol der and the

stage are prepat 5d, PIEDL FYFRUOT, S POV HcE s dednstind fof  Bappfastuping Far
exanpl e, Q6hiaShd¥eior v AetiBE ' bmblighi dul’ Y%ghd! of devi,ge can be

manuf actured1 usi ng thg subg%&?g’{légﬁ%cgh%r §| S tog g{&??ll}c(ﬁ/mgn%@ﬁ(%%%%hcewsemi}ci mer
| aser it seswchmlictondilinaser acuibittdt@tad pefoihmgARRY AnRAMR!t6 thd Rén-Stslener

| aser is apﬁr opriate for the optical systemin the exanple because it has a
coherent F¥¥ak jemicondystor fikm vt laser bram whilermoying hpositioneofthe heam spatl ow
emt al . bgam hawvi a lagng coherent lLength. In the case of using
such a | 2‘?2‘?‘," g\?\ﬁ(ﬁ)eﬁ'@tlﬁg %ﬁl@l &éﬁ'@egﬁl&lc%q%m@&@ffheﬁsqlﬂmg At the ggn-pingle ¢ hey
have opti&gsabaidicsiditr B es MRauARA! Y. PRlALA, P ﬁga LateldS
possi bl e frgésuppress the i ntSerference. XI ternati vgilhe?asfg e cl?gﬁﬁ’?eglﬁ%‘telfiengt h
may be chiarpdestriostilator embibiey shapedninkt ngetthepulatesmiaaingtanagsstt ratidutaggh an
optical fiber or the ]ike before the |laser beamis incident into so the

opti cal® sYsPEr REderhlynlq0,er mats and dasnhampeencops enaigy distrihusion Hbroygh m

honogeni o T - ef gr eto I har noni ¢ of the YAG

| aser Or@ﬁﬁ%}yﬁgﬁ%@ﬁc&l% gg'gfjggs's tafgeg&lrt J&c rﬁtg'g @%&@tyc(gﬁlo%tlﬁa MHVEEY T Sener gy
sim | ar | yactngpdnmhy redtadguldiehaspbt Bopdnsiohiotii® Hhdidr A0S UhBSH 1daSt Sdacor

sem conductor film There are a YVOQ |laser (harnonic), 'a GdV04 | aser

( har noni cthe plurdlity of sptical Wearcguidéscicts wpa tharebtangalaebeay gt ims dilbeticatdfer 5
appropri ai:[ﬁ? | aser. oscillator for crystallizing the silicon film These

| aser bealts "H¥&Ravel engt hs sufficiently absorbed in the silicon film

Al t hough the a%\ﬁﬁdg?g%q’ii%}gﬁﬁﬁa}@ﬁu@g&)ﬁftﬂ??ﬁti&il laGORnidd | M as the

non-si ngl e crystal [oX0) m | easi | ye%lﬁpeposed that the
present invent ilartheaovestrapild Gthé ectitd fof MRhufASRNrSE A8ERIGhYSeY device

sem conduct or. For exanple, a conpound to sem conductor film having an

anmor phousindh¢ praseitdnsenttonathe dasen nevilitouts selected drony érengroitp eofisistingnafyanbe used
as the non-single cr | sem.conductoy film A poly-crystalline silicon
filmmay %‘5“6‘%‘3&“&3‘* %‘%bal?r?ﬁ‘r-asglﬁifnéseéray%yg‘* l%séfﬁa(f?f%ét'caé?” 2 YLK lasaraandat i vel y
is (Enbodiy®ptaed] Figs. 3A and 3B show an exanple of the optical system
including an optical waveguide to be explained in this enbodiment. A |ight
pi pe can be used as the optical waveguide. First, a top viewof Fig. 3Ais
explained. A laser beamenitted froma |laser oscillator 301 is propagated
to the dilPslvantegequsdiffeat efitholnventien]r ow in Figs. 3A and 20 3B. In the top

view of Fig. 3 t he direction perpendicular_to the paper is the direction
of the mnor ax/¥ Q{fesephgwplét&qrhwgwd&? 2 {psghireadintion apparafys comprisisg adsam beam

IS expandggn dpbntRPEQiFR wRANSESpRAP 200502 rhe optical waveguide comprises a

pair of reflection planes provided oppositely being able to homogenize the energy

30 distribution of the rectangular beam spot in a direction of its major axis on the irradiated




When a | aser oscillator 301 emts a sufficiently | arge beam spot, such a
structure is not necessary. It is noted that the optical systemfor

expandi ng the shape of the beam spot 25 such as the spherical |enses 302a
and 302b is generally referred to as a beam expander. The | aser beam
expanded by the beam expander is focused in the direction of the major axis
of the rectangul ar beam spot through a cylindrical |ens 303 having a

t hi ckness of 20 mmwith the first surfdde having a radius of curvature of
194. 25 mmguamd.t he second surface being plane. The sign of the radius of
curvature is positive when 30 the center of the curvature is on the side
where the beamWaeenhd bedn Woidogesisgedr thninBe: rectah8hIBN BefiH dpaE KithThe Si gn

i s negative when the center of the curvature is on the side where the beam
i s inci dedRtical Wavesigsedisclpsed: incthe qiresont ifvendon ismusedditt basnmes tpossibladbed t hat
a lens surfa where the | aser, beamis incident is defjned as the first
surf ace, U%,%(}ge Feésﬁzglgg{ﬁ g & SRt ax me-homogeppous engey s“q’éﬂ*"fti‘é‘d‘“i &digetipRed as
the seqongt ilUhhde Bxis enAflc RRIIAG] sudBE gﬂgﬂﬁt &Qnig ithg l%?)ﬁgzh ons2nRAebuiPds 1o

reflection planes 304a and 304b provi ded oppo I's arranged 1n Such a
way that behenapnfacamak with high aeutacy] heveditibalethdOdptical RRVELIANGS mhéret he
focal point of a cylindrical |ens 303. The |aser beam being incident into
the opti Ffeibletinred astimnon the rectansalar bews spelginy fliscation ofpitsi midor walsegui de

304 i h di stributi hey.eof. then the |
boam s 1 plP R8T Ao Gecni®e ARCESrS Guihitin 3 dhe dbtelion dhys e e bur s on.
in the diiidhtcdnusfacd. NeWrBh Be RMagaftir bl §RF LAY ﬁ?mt%ﬁé”iﬁs&()ﬁ'feadg%iﬂﬁor med

at the exit of the optical wavegui de 304. The optical wavegui has a

| engt hitofappa@tusrwitin theruse of this beaam hbmogkniedr it bkeanheden thrermitomivedos filmnd a

di stance ,of 2 .mm between the refl ectjon planes. A cylindrical |ens 305 has .
a t hi cknesaofHIEcting ﬁt Hs ¢ o axis, dhg righemegepeons sTystallinigl (dpeofto cthevat ur e

of 9.7 my,p6d SHL - [ e .ch. is positione 0 mm
beni nd 1 naragopAEoRe ERGy b BRRD St o DR sodt b b e BB O 52
honogenedusnageaeigy ofli the rdriuliiaiy iin thb esediiéebinp i tAE baBéganded. S 1pf the
rectangule fornmed at the exit of the optical waveguide 304 is projected by
the cyl i riddition, whess tizpPresgnt iinveatipmtie dapplied atoe a 30gsspproi tétipme Hin8 660 amm
behi nd1 t hlg cyli nd{i cal Ienisj li;OS..lJ n ﬁ&t}er .20 rds, the beam spot having
horogeleo ¥ EREFRAITE POl Sisiplps slivor dE Tyt is ppssile it mapwfagire, TE L breingnd t he

surface tihifdgml ql[gqpid%ﬁgngot 2 Berffid] ug?ﬁsr?%f‘#}cho"%ﬁ%?etﬁ% lto%r—{epg? CxbLndrical

| ens 305. Thi s honogeni ze e energy utt _ e rectangular beam
spot in tpdy-diysedireosiliafn istapplied ar a diquil aystallebgafidesse bha l@rehfinhper eof
in the direction of its ma{_or axis. In this enbodinent, the cylindrical

| ens 30S deyics itk frsqusgolza lighteemigting ¢lomeny; @ kesoingy) possidble 4s eranbfsetoreni t t ed
fromthe ' -waveqgui de 304 ..tq the surface to be irradiated 309. In
order to @%Jﬂ?ﬁ%&é eﬁ?’g{%"&ﬁ%ﬁ’r%‘fﬁﬁ%b\gvgwesﬁ doubl et cylindrical lens is

al so agpplicable. The doublet cylindrical lens is a set of |enses consisting
of two cylindrical |enses. A set of |lenses consisting of three or nore

| enses may be al so usedBRIBEDBEICRIEITON OFSHE DRAWINGEenses may be

determ ned jn so accqrdance with the designed system or required

specific it%‘.’ccompi@.‘ﬂ%&fk,awén@i de view of Fig. 3B is explained. The |aser

beamemtted fr e oscillator, 301 .is expanded thro t he beam
expander i ncl U(ﬁ}g?g&?hghgp eri e alevEigS o §wﬁlnaﬁ@%§watl?ﬂe°#g€%renﬁ‘§¥m
expanded di&fibitidh éfie B@ﬁlﬁ;ﬂ%@?ﬁlﬁi@épticﬁl wﬁzﬁ%‘éﬁﬁi@. in the direction of the m nor
axis of the rectangul ar beam Spot through ™ 5 cylindrical |ens 306 having a
thi ckmsss of 2Figr3A aund BB ateedihwings showingem dramplemfa tieati sm@denif Wahur e of

486 mm and the second surface being plane, which is positioned 773.2 mm
behi nd t B¢ UsA ¢iiibs prigal wayeguitssliscigsed fn the presgabisvition. 307 having a pair of
reflection pla d 307b.proyi ded oppositely .is arranged in_such a
way that the eﬁg'a%géﬁdo@ta ee(%SB’fr'g@ é%OW@&F&ﬁ'@P%f?d’Fa{"z}‘%&ﬂzﬁh&'&ﬁi n the
focal poitht uefofitheopiidal REVdgaRle di@dﬁ%ﬁé%thﬁ?&ﬁhﬁﬁ@éﬁtgﬁam bei ng incident into
the optical waveguide 307 i's reflected repeatedly 1n the optical wavegui de
307 so as to hdiigyehi 1@ 4(hsh@ndheyendigyt distibuiion of hk¢ eadtarputhrt ham thr | aser
beamis led to the exit. A plane having _honbgeneous energy distribution in
the di¥eabtainredly thedeyp hgmogsgizer showndn FigstHhad 3B. beam spot is formed at
the exit of the optical waveguide 15 307. The optical wavegui de 307 has a

| ength of 250 mnmin the direction to which the | aser beamtravels, and a
di-stance of 2 nm between the reflection planes. A doublet cylindrical |ens
'308a and 308b arranged in the position 1250 mm behind the exit of the

opti cal wavegui de 307 projects the beam spot havi ng honbgeneous energy
distribution in the direction of the mnor axis of the rectangule 20 forned

o, . Y " o, o P - - v -




25 first surface having a radius of curvature of 97 mm the second surface
havi ng a radius of curvature of -200 mm and has a thickness of 20 nm The
two cylindrical |enses are arranged to have a distance of 5.5 mMmin

bet ween. Thus, the energy distribution of the rectangular beam spot is
honogeni zed in the direction of its mnor axis and determ nes the |l ength
thereof in the direction of its mnor axis. The surface to be irradiated
may 30 be arranged just after the opt iclal- vvavegui de 307 wi thout using the
doubl et cyl i ndrgigal 'a?é‘%-awﬂié% th I ld n is
enpl oyed, spat |F§g@$$r glruﬁg)% gl lll\é;"lqgﬂlgau %eﬁbaerg%'h Hgorggﬁée Wgr stance
can be sethernsatrjoﬂlée“pmlmecgmdddigdlo@ﬁﬁﬂm;ﬁéuénttlheexﬂié)hf ace to be irradiated.
The optical system.including the optical wavegui de shown in Figs. 3A and 3B
5 can forma re‘i1 ﬁ&ﬁ”@réﬁ)@;ﬁrﬂm’p‘@gs showiingthe convestiofal 3o@mmomiogemregror  axi s,

and 0.4 mMmin avr onpgeneous_ener di st r| but i on Fi gs

4A to 4C show tH IRl 2G5 dRums 559 B‘bﬁre%redgg'%aﬂp%% tWiateaude g, A
is a chard,sglgseghﬂmetﬂ}@segpﬁr,gﬁldﬁr stribution of the beam spot forned on the

pl ane having a size of 0.3 nmin the direction of the mnor axis and 200 mm

in the drrectron of the major axis fromthe 10 center of the rectangul ar

beam spot s. 4B and 4C show cross sections of the beam spot taken al ong
aline A @’i‘d’ ipenMede of the fventiondespect i vel y. A vertical axis shows the

Fa 4 the baaRbanbned B MalEhERR f Rk’ adiMiRon T aerarsebbi
rect angl ethe aswofttheobumw&rvégdu@ﬁs ekél Rine8 dHcIROAce 18 Figdl iRraHH qper I{lj;ﬂﬁl 1y,€ngt h

of 300 nm This prom ses uniform 15 anneal ing by the l'aser ‘irradi ati’on. The
| aser Hnriedon Nipw of d8ef dAnisdexphaintrk  semrioptiod ueaveguide! 102nhiving hepgptofcal

t th t d h t hi nmbodi t th th
mothod. aceBrdioR TS AEs afd ottt dsd aeporish 'eé‘%ﬁ{i%ac%m%e;%@é“aaat or
filmcan Q@g@s&ds &d;\@gg@ﬂfeuﬁre e 36GHNE (R 1 4 gf,fpﬁ” xgg }e% | ay

device for ractirtionér may nanu cording
to a knovﬁenpﬁMdzavéWIﬁMla&}b&’é]hSS &ﬁ%ﬁd&lf@ﬁ&lﬁfﬂﬁd@lﬁﬁl@ﬁ@@% af the
di fferent optr cal systemfromthat described in the enbodiment node. Figs.
5A and 5Bheisdsnetiae sptien) W@Vegﬂldméﬂibrihﬁ lnsgr @msydr&wn with belotiegline d@tb.i n thi s

enbodi addition, a.li e n_.b t he, opti cal wavegui de.
e et P b0 oightpvefye d0Ame foset Beathsing woRewoiomACng. 35
i s Shown diid bn tphaferSaRd felds | | aser
beam goes throtl?gﬁert he sgge&gpp?g’aw at g)sslcpﬂat aS%’ ?gqﬁcggtéagﬁfsggd 3B
except whedicated withsedottzddimedotls. t hr ough t he opti cal 30 wavegui des 504 and

507. Each of the optical mavegurdes 504 and 507 has a pair of
-21refl ection [P0 ‘Frd%ﬁﬂde‘d e 1sdhg oplicajysiavegide @plllid;@tedmirtbgui de

304. Th h ol | e bet
ot et OREeER bedl AP € LR AR Bore By SRR Gl Wb Aol 507
have the @mgeldtelmb@ddmrm fal€ B T \A%laﬂ 'mﬁbﬁlﬂh iiﬁé‘ée'té! erﬁﬂﬁa‘ce&’ios n*

(>1). This is the different point between these optical wavegui des. Wen
t he | aserinmsanverds,ratli the taser betamstthet requhithakegiansci@Bh drd IMnaﬂdc&QYhait a
iti nore, the laser beamis all reflected on the reflection

critical Sn | e d
pl ane acd ?g'PHEf’ pavegrids 408 1brnphﬂioﬁl‘1§da!§a(thh@°dpglpn d103p jim ghe surface dx dapl e,

when th |
Appr oxi mat B IORTTRLRE (ERAR: Bt Vol fenid I8 it ThsSiben e ne
opti cal Vlﬁs&giéhﬂs fevhiil Mideheink®thd Qﬁu&ll %%Filuﬁe 109, ! £ Jaﬁe%néo%get ween

the air and the optical wavegui de. the optical wavegui de as above
enpl oyzsd, refleased mepeatadiyt and erofled he thaseit. bThm Beeormyg thenased chcalisyarbi gher
conpared to the casg when the | aser beamis not all reflected. Thus, the

| aser bedeHARRAIAY 1 thsdnqident lassbbeagscare foldest othe regioprBpagethe @unfapetthe

f t 3 ff.ect [ dit t
vavegur detoRadlEr L Ao IR Bosifoh- o HisPimalee it PR O chibtoy | cal
wavegui defivé@éncang tﬁ@ﬁisérrbeﬁhﬂ3103é'°1038darﬁf3103-5yd?l' als kﬂf acedB bRk @idea YRy EOUI de

made of two materials as shown in Fig. 7A whi ch an 1 nner material 702

(a quart thhmrlmgotgbc nﬂmahmavégmdeex daﬁdml) ashna,ma the @hgth of elig 1asdrib¥ani ndex
than an oyter |aI %@%- quartz, for exanple) can be used. Fig. 7B is
a-cros¥- ‘é?fgd}?ar Pé’ﬂlﬂﬁf‘a cerib?r‘glr@drthel%mfhmhprq i thernptiopl waveguide
wavegui de shown in Fig. 7A. In addition, Fig. 7Cis an enlarged view of the
reflection plane in Fig. 7B. Wen the | aser beamis incident into the
optical wavegui de at an incidence angle 8 not less than the critical angle
00, the incident |laser beamis all reflected between the reflection pl anes
provi ded oppositely In addition, the entrance surface of the optical
mavegurde 504 and 507 may be 25 approprrately coated in order to reduce t he

Y b1 o Y Y b1 o,




5 -23 WHAT IS CLAIMED 1S: 1. A beam honbgeni zer conprising: an opti cal
system for hompgeni zi ng energy distribution of a beamspot in one 5
direction, the beamspot having a liner shape, the optical system
conprising: an optical waveguide including a pair of reflection planes
provi ded oppositely, wherein the one direction is a direction of a major
axis of the liner shape, and wherein a | aser beamis incident into one edge
portion of the optical wave 1o guide ai®2-enitted fromthe other edge

portion gf dgﬂ]ee&)ggh_catmmvegw é&@]‘i)onds t@lti?qiﬁ%@eg”?qenr cear%a lgg{{ﬁg to claim

1, wherein the optica Beni zer

accor di ncthonegehabmidscrivdiinedhp rélﬁﬁd%ﬁmmgtwﬁ@ﬁth@rlnﬁ§ﬁﬁ95y [PdivRe@and O OF
nore. 4. A beam honobgeni zer according to claiml, wherein the beam spot has

an aspectalkthe divided 1non byamererecovepiapped on the aamb povitemithe enargynlisiritiutign  an

t I en zi.n distribution of a beam spot in one
gPr eg'?l onﬁ%'%gg?f&’gﬁ’i“éf) I 3 ﬁ‘l" g‘é? ehRositiofe optical system
conpri si ng: 25 I?éﬁaﬁfr’t lﬂ&al md8Y i ﬁmﬁgﬁ%#| é‘gﬁdﬁ%e% rlas%f ﬁeea%gﬁ_}ﬁéon gl anes

provi ded oppositely; Ieast one cy ns for
proj ect i npnsgehans thﬁm&’tgy Al 2108 BB01aBE 68 YhedbeitidnPihée Thd aiviced Rt he
optical waveguide to the irradiated surface, erein the one direction is a

directi orbeémsaafﬁaPYﬁﬂaaR‘Pds ofhe muntticneyf Hisajaser Aeains alivitled diynthe opedl beam
s e NP s Bt e g AR
optical wavegulde 102. In other words, the length of a pair of reflection planes of the
10 optical waveguide in the direction to which the laser beams are incident may be made
longer. In addition, the number of divided laser beams can be increased by Vnarrowing
the space between the reflection planes provided oppositely, or by enhancing NA
(numerical aperture) of the laser beam being incident into the optical waveguide.
The optical system for forming a rectangular beam spot including a beam
15 homogenizer disclosed in the present invention is explained with reference to Figs. 2A
and 2B. In a top view of Fig. 2A, the direction perpendicular to the paper is the
direction of the minor axis of the rectangular beam spot. Hereinafter, a kght pipe can
be used as the optical waveguide.
First, the top view of Fig. 2A is explained. A laser beam emitted from a laser
20 oscillator 201 is propagated to the direction indicated by an arrow in Figs. 2A and 2B
and then the laser beam is incident into a cylindrical lens 202. The laser beam is
focused through the cylindrical lens 202 in the direction of the major axis of the
rectangular beam spot and then is incident into an optical waveguide 203 having a pair
of reftection planes 203a and 203b provided oppositely. The laser beam being incident
25 into the optical waveguide 203 is reflected repeatedly in the optical waveguide 203 and
is led to the exit. A plane having homogeneous energy distribution in the direction of
the major axis of the rectangular beam spot is formed at the exit of the optical
waveguide 203. For example, the optical waveguide 203 may have a length of 300
‘mm in the direction to which the laser beam is incident, and a distance of 2 mm between

30 the reflection planes.



6. A beam hormgéni zer according to claim1, wherein the optical waveguide
is alight pipe. 5 7. A beam honpgeni zer according to claim1, “wherein the
beam spot has an aspect ratio of 10 or nore. 8. A beam honpgeni zer
according to claim1 wherein the beam spot has an 10 aspect ratio of 100 or
nore. 9. A beam honogeni zer conprising: a first optical systemfor

honogeni zi ng energy distribution of a _bl%a_m spot formed on an irradiated
surface in a first direction, the first "optical system conpri sing ‘15 an
optical waveguithe longerili depgth phithe agfticalewhesguiden2(l anths q:meotvcén_j&?whlght _ f
oppositely. . a second.optical systemfor honpgenizing energy distribution o
tﬁg beam ‘ﬁ%lﬁs";ﬁ Fag @éﬁ‘g‘aﬂﬁﬂﬁ’ Péﬁleisgﬂ“ﬁéF‘%M %ﬂg‘&r‘)fﬂgﬁ evlindpral dens 0P det i on,h

t he seco ' | ShQQ:1 84 ' j.ca NS, @rray,.wherein the
e Seconte 8t §5moaUalBIGORILHRMANGY KOS HohAD, Al Mo YGDELT e
of a naj anusbbesnafufidnered imnevnskidAiion 3 the dife SFRABOOPEA ER%rh,OhditRerdpyPihEect i on
~of a mnor axis of the |liner shape, and wherein a |aser beamis i'ncident
into orfe leagfl qfdhe iopHcalf waveguigptandathe \iacad lengtlof dhel cplindriceliichs omst fbe ot g_er
edge portjion. of.the gptical ve l.de. 25 10. A beam honpgeni zer according
to clai mlg,g&\ﬁﬁ&f'é‘llcﬁo@g w%?bﬁgglsaﬁ&gg&ﬁyﬁfﬁ%s a light pipe. 11. A beam N
hormogeni zer accQraiingrida® 164s2b ; e Beddd 5Pl t ratio
of 18 or nore. 30&1 g[éd‘lISaltll)Z@ﬂA ?)aegfﬁj ormﬂgéenfzeﬁpgggﬁlggntgn{bgg%%gfmﬁgr,%gly\here| n
t he beam digubutiersinathe dirpatixin afahé mafr ak@lofahe rertmgulkFormedfan: BareogRi zer

conprising:.s a first optical systemfor hompgenizing energy distribution
of a bearfiRiseh WatsERide 3 tarm surfagelita be drradiated 288, thronghi gydindwidal densi aoray

10 205a, 205b and cylindrical lenses 206, 207a, and 207b. In other words, the beam spot
having homogeneous energy distribution and the surface to be irradiated 208 are
conjugated with respect to the doublet cylindﬁca[ lens 204. This homogenizes the
energy distribution of the rectangular beam spot in. the direction of its major axis and
determines the length thereof in the direction of its major axis.

15 The prcscnt invention having the optical waveguide 203 can remedy the
structural problem and the problem of the manufacturing accuracy of the cylindrical
lens array, and the problem of the manufacturing accuracy of the cylindrical lens for
converging the divided beams, which cause the inhomogeneous energy distribution of
the rectangular beam spot on the surface to be irradiated in the conventional optical

20 system. ,

Next, a side view of Fig. 2B is explained. The laser beam emitted from the
laser oscillator 201 is divided through cylindrical lens arrays 205a and 205b in the
direction of the minor axis of the rectangular beam spot. The laser beams divided by
the cylindrical lens arrays 205a and 205b are overlapped on the same surface by a

25 cylindrical lens 206 to homogenizcl the energy distribution of the rectangular beam spot
in the direction of its minor axis.

A beam spot having homogeneous eneigy distribution in the direction of the
minor axis of the rectangule formed by the cylindrical lens 206 is projected to the
surface to be irradiated 208 through a doublet cylindrical lens consisting of cylindrical

30 lenses 207a and 207b. Thus, the energy distribution of the rectangular beam spot is




a second optical systemfor honogenizing energy distribution of the beam
spot in a second direction perpendicular to the first direction, wherein
the beam spot has a |iner shape, 10 wherein the first directionis a
direction of a major axis of the |liner shape and the second direction is a
direction of a mnor axis of the |iner shape, and wherein each of the first
optical systemand the second optical sygtem conprises an optical

wavegui des including a pair of reflection planes provided oppositely, and
15 wher ei #mO§eREEf ip hedipectipp of is minphaxis ondhesigtacp oo be dmadidted RS, atli cal

[ ] f .he .ot her. ed fion of the optical wave
out de. 14t AeReBIAEE ur RS rESh A5 45 TBoR RL B 1acteruRk en@OlRY oa
wavegui decylidzicdll IR dods 8t nddd boe G BARAGINE HouBfef BfitddligyClal m 13
wherein the beam spot has an aspect ratio of [0 or nore. ) beam

honogeni zenplaged rpatig mergin ainmbi Jiverhbeciise & herthigadegs@obf dRanad cad baspect
ratio of 100 qr nore. 17. A |aser irradiation apparatus conprising: a |aser
oscill at o“fcf’“‘iﬁad”eéwﬁffé’a#mﬂeﬁﬁtf@r agdptherfypisee il be igadiated.gylt ds spﬂcd-bhatuh onbof

a beams | Lk ad d surface at |east jn.ong direction, the beam
spot ha\/!oﬁgergﬂlre Zﬁg)t a et“lglg{’f gts@%g)g?m SPOL &t iy ricy %%L%Héacﬁ?t?‘%etst’?%ﬁcquéreﬁ _

di recti ontodfmech18; Whe FintniVer {16l 1GGHPRSHR ratit)6f @k Johble: SeAMHLRIRGENI zes
conpri ses an op'%ri@i:al vvaveguifj(e inc‘?{l;gt(tji ng a p]giﬂ;wof reipf!ectlon pl anes

provi ded ¥spbenekyihjgh, aninghi eylbidrical leasmny beemploged.nci dent into one edge
portion of the uide, and emtted fromthe other edge portion

of the optical ‘&gtbéﬁ‘gbpﬁmfg?{gﬂ%rgﬁxplé@éﬂ abeveadf 15 PoENPlE ip Soran the reetermuliitng t o
41 47 el kb YER b | R i
and its minor axis on the irradiated surface.

The laser oscillator to be combined with the optical system for forming the
rectangular beam spot and including the homogenizer disclosed in the present invention
preferably has high output and the wavelengths that can be sufficiently absorbed in the

15 semiconductor film. When a silicon film is employed as the semiconductor film, the
wavelength of the laser beam emitted from the laser oscillator is preferably not longer
than 600 nm in consideration of the absorption ratic. For example, there are an
excimer laser, a YAG laser (harmonic), and a glass laser (harmonic) given as the laser
oscillator emitting such wavelengths.

20 In addition, there are a YVOy laser (harmonic), a GdVOy, laser (harmonic), a
YLF laser (harmonic), and an Ar laser given as the laser oscillator emifting an
appropriate wavelength for crystallizing the silicon film.

Hereinafter, a2 method for manufacturing a semiconductor device of the present
invention by using the beam homogenizer and the laser irradiation apparatus of the

25 present invention is explained. First, a substrate having a size of 600 mm x 720 mm x
0.7mm is prepared as the substrate, for example. A no-alkali glass substrate having
enough resistance against the heat up to 600°C such as an aluminoborosilicate glass, a
bariumborosilicate glass or an aluminosilicate glass can be used as this substrate. A

silicon oxide film is formed in 200 nm thick over the glass substrate as a base film.

30 Moreover, an amorphous silicon film is formed over the base film in 55 nm thick.




oscillator is an excinmer laser, a YAG laser, or a glass laser. 20. A laser
I rradi ati on apparatus according to claim 17, wherein the | aser oscillator
is a YV04 | aser, a GJdVO4 | aser, a YLF laser, or an Ar laser. 15 21. A | aser
irradiation apparatus according to claim17, wherein the beam spot has an
aspect ratio of 10 or nore. 22. A laser irradiation apparatus according to
claim 17, wherein the beam spot 20 has jan aspect ratio of 100 or nore. 23.
A laser oscillator conprising: a |aser oscillator, and a beam honbgeni zes,

25 the bedB§ssoreatc; Eymed nysith spaiering. f iThey mpy ibeaformyd tveith plasniag®BBeni zi ng
ener gy digﬁ{g}'la |

Wil O of a beam spot on an irradiated surface in a first
direction; an & second optical system for honopgeni zi ng energy distribution
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syst em coppraiSe I.c vegui de including a 5 pair,. of reflection
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i ght pipg.,25. A laser jirradjation apparatus according to claim 23,
wher ei n tﬁ\&drf’%eé‘earm’ﬁ‘éﬁ’??‘l‘&tltﬁm'rs an excimer |laser, a YAG |laser, or a glass
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laser oscillator. In this embodiment, the XeCl excimer laser (wavelength 308 nm,
pulse width 30 ns) STEEL 1000 manufactured by Lambda Physik, Inc. is employed.
The excimer laser is a pulsed laser. The excimer laser has 2 maximum energy of 1000
mJ per a pulse, a wavelength of 308 nm, and a maximum frequency of 300 Hz. When

15 the energy of the pulsed laser light fluctuates within =+10%, preferably within +5%,
in every pulse during the laser irradiation to one substrate, homogeneous crystallization
can be performed.

The energy fluctuation of the laser light described above is defined as follows.
In other words, the average value of the laser energy in the period of the irradiation to

20 one substrate is assumed to be standard. Then, the fluctuation of the laser energy is
defined as the value expressing the difference between the average value and the
minimum value in the period of the irradiation or the difference between the average
value and the maximum value in the period of the frradiation.

In addition, the XeCl excimer laser (wavelength 308 nm, pulse width 170 ns)

25 VEL 1520 manufactured by Sopra, Inc. may be also employed as the laser oscillator.

- The excimer laser has a maximum energy of 15 J per a pulse and a frequency of 20 Hz.
Since the energy fluctuation of the pulsed laser light of the excimer laser can be
suppressed within 2.5% in every pulse during the laser irradiation to one substrate,
homogencous crystallization can be performed. In addition, when the optical system

30 including the optical waveguide of the present invention is employed, the position of the




oscillator is a YV04 | aser, a GdVOa | aser, a YLF laser, or an Ar |aser. 27.
A |l aser irradiation apparatus according to claim23, wherein the beam spot
has an aspect ratio of 10 or nore. 20 28. A laser irradiation apparatus
according.to claim23 wherein the beam spot has an aspect ratio of 100 or
nore. 29. A laser irradiation apparatus conprising: 25 a laser oscillator;
and a. beam honogeni zer, the beam honopgeni zer conprising: a first optical
system for honogeni zi ng energy distribution of a beam spot on an irradi ated
surface ibsam sppten thejimadiated surfaneds got adfestedbydhofinéctoationsofehe hsérdream a(;
honmogeni zin ner distrjbution of the beam spot -28- in_a secon
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glass laser. 32. A laser irradiation apparatus according to claim 29,
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when the scanning speed is selected in the range where the width of the rectangular
beam spot in the direction in its minor axis is overlapped one another by about 90% or
more. The optimum scanning speed depends upon the frequency of the laser oscillator,
and it may be regarded to be proportional to the frequency thereof.

15 In this way, the laser annealing process is completed. When such an operation
is performed repeatedly, many substrates can be processed. In addition, when a
substrate holder being able to store a plurality of substrates and a transferring apparatus
for transferring the plurality of substrates automatically between the substrate holder
and the stage are prepared, substrates can bé processed more effectively. For example,

20 an active matrix liquid crystal display device can be manufactured using the substrate
according to a known method.

The excimer laser is used as the laser oscillator in the above example. The
excimer laser is appropriate for the optical system in the example because it has a
coherent length as short as several yum. Some of the lasers shown below emit a laser

25 beam having a long coherent length. In the case of using such a laser, when the
divided beams are combined in such a way that they have optical path difference one
another before being combined, it is possible to suppress the interference.
Alternatively, the coherent length may be changed intentionally by making the laser
beam transmit through an optical fiber or the like before the laser beam is incident into

30 the optical system and then the laser beam may be incident into the beam homogenizer.




34. A laser irradiation apparatus according to claim 29, wherein the beam
spot has an aspect ratio of 100 or nore. 25 35. A laser irradiation
apparatus according to claim?29, wherein the |aser irradiation apparatus
conprises a noving stage for noving an irradi ated surface relative to the
beam spot. 30 36. A laser irradiation apparatus according to claim 35,
wherein the | aser _29_ irradiation apparatus conprises a transferring
apparatus_for transferring the irradi ated surface to the noving stage. 37.
A net hod ¥ dy alse preferablgrtp egnpdoss e hmemdeiof the G ilaser ovapainsinigof thefgbassi ng a
non-singleg._crystal sem condyctoy. fil mover a substrate, and irradiating the
non- si ngl léseé r'%//escf"éﬁe é'@h’ %nﬁ'ﬁﬁ'fto‘;lgLi‘TW% $ gﬂlyazg’élr thS@aﬁW‘@éWellaéP’éaeqfﬁ a

| aser oscldefigtmly MiblRd®H nﬁc&ga¢taf ﬁ%OfTﬁe?@Fl{?%S?‘Vob‘f%g} gl%hﬂédi £,t0 the
non-si ngl e crystal sem conductor film erelrn e | asér beam I'S aped

i nto | i neGdy¥Bagaset aanghichra MIH kedr (ysicR)] QndwaﬂiABQa@eﬂg?Nrdn%r #he thdrens
array and an optical waveguide, wherein the cylindrical lens array acts
upon t e IRPFRANARlseisessillater far grystabiizing thefsilicon filltnorThesé dserbimstivei n t he
opti cal ' act s on the. liner.beam spot in a direction of its major
axis. a g@ﬁ%&?@%ﬁ&%ﬁ%ﬁ&?&ﬁ B%WBFH'&C'%P i conduct.or device according to
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shaped sogamahianDdUM Afyadpessedr Al iR Abn-tRAgR cAREE: semiconductor film. A

poly-crystalline silicon film may be used as the non-single crystal semiconductor film

alternatively.

15 {Embodiment 1]
~ Figs. 3A and 3B show an example of the optical system including an optical
waveguide to be explained in this embodiment. A light pipe can be used as the optical
waveguide. First, a top view of Fig. 3A is explained. A laser beam emitted from a
laser pscillator 301 is propagated to the direction indicated by an arrow in Figs. 3A and
- 20 3B. Inthe top view of Fig. 3A, the direction perpendicular to the paper is the direction
of the minor axis of the rectangular beam spot.
Initially, the laser beam is expanded by spherical lenses 302a and 302b,
When a laser osciliator 301 emits a sufficiently large beam spot, such a structure is not
necessary. It is noted that the optical system for expanding the shape of the beam spot
25 such as the spherical lenses 302a and 302b is generally referred to as a beam expander.
The laser beam cxpanded- by the beam expander is focused in the direction of
the major axis of the rectangular beam spot through a cylindrical Iens 303 haviﬁg a
_tﬁickn_css of 20 mm with the first surface having a radius of curvature of 194.25 mm and
the second surface being plane. The sign of the radius of curvature is positive when

30 the center of the curvature is on the side where the beam is emitted with respect to the




42. A nethod for manufacturing a sem conductor device according to claim
37, wherein the |aser beamis shaped so as to have an aspect ratio of 100

or nore. 30 -30 43. A nethod for nmanufacturing a sem conductor device
~conprising: forming a non-single crystal sem conductor film over a _
substrate, and irradiating the non-single crystal sem conductor filmwth a
| aser beam generated in a |laser oscillajgr while nmoving a position of the
beam spot relative to the s non-single crystal semiconductor film wherein
the | aserlepeaface. sheguign ismegativermshensthe pentetrafobeytnraatuoyis oo dhe sigeswhene
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| aser 47. A method for manufacturing a”sem conductor device accordifig to

cl ai m 43, ingidentainte thh epticd evavbgdde B34 Bhaflieded mpastedl ih#veoRalwPeghideat i o of
10 or nogfq40§25 48. A nethod for manufacturing a sem conductor device
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al ca] cal C’?h%] g&!c%?ﬁa\?ggu(i:&] 5(?4] l(l:aas acﬁ]ngtll\laolé] 2%%%131%]11(:1;?16 :tLiircction to which the laser
beam travels, and a distance of 2 mm between the reflection planes.
A cylindrical lens 305 has a thickness of 5 mm with the first surface having a
15 radius of curvature of 9.7 mm and the second surface being plane, which is positioned
20 mm behind the exit of the optical waveguide 304. The beam spot havingr
homogeneous energy distribution in the direction of the major axis of the rectangule
formed at the exit of the optical waveguide 304 is projected by the cylindrical lens 305,
an irradiated surface 309 positioned 3600 mm behind the cylindrical lens 305. In other
20 words, the beam spot having homogeneous energy distribution in the direction of the
major axis and the surface to be irradiated 309 are conjugated with respect to the
cylindrical lens 305. This homogenizes the energy distribution of the rectangular
beam spot in the direction of its major axis and determines the length thereof in the
direction of its major axis. In this embodiment, the cylindrical lens 305 is employed as
25 the lens for projecting the laser beam emitted from the optical waveguide 304 to the
surface to be itradiated 309. In order to reduce aberration more, however, a doublet
cylindrical lens is also applicable. The doublet cylindrical lens is a set of Ienses
consisting of two cylindrical lenses. A set of lenses consisting of three or more lenses
may be also used alternatively. | The number of lenses may be determined in

30 accordance with the designed system or required specification.
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)- 10q20 formed at the exit of the optical waveguide 307 to the surface to be irradiated 309
positioned 237 mm behind the doublet cylindrical lens.

One cylindrical lens constituting the doublet cylindrical lens has the first
surface having a radius of curvature of 125 mm, the second surface having a radius of
curvature of 77 mm and has a thickness of 10 mm. The other cylindrical lens has the

25 first surface having a radius of curvature of 97 mm, the second surface having a radius
of curvature of -206 mm and has a thickness of 20 mm. The two cylindrical lenses are
arranged to have a distance of 5.5 mm in between. Thus, the energy distribution of the
rectangular beam spot is homogenized in the direction of its minor axis and determines

the length thereof in the direction of its minor axis. The surface to be irradiated may

30 be arranged just after the optical waveguide 307 without using the doublet cylindrical
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107 #10%& (51}50215193%%55%%{ axis and +200 mm in the direction of the major axis from the
10 center of the rectangular beam spot.  Figs. 4B and 4C show cross sections of the beam
spot taken along a line A and a line B in Fig. 4A respectively. A vertical axis shoﬁvs
the laser intensity (A.U.), and a horizontal axis shows the length (mm). In FIG. 4A,
the beam spot has the shape that is extremely similar to a rectangle, and the line width
of the beam spot is uniform over the length of 300 mm. This promisés uniform
15 annealing by the laser irradiation.
The laser annealing is performed to the semiconductor film with the optical
system including the optical waveguide shown in this embodiment with the method
according to the embodiment mode, for example. The semiconductor film can be used

to manufacture an active matrix liquid crystal display device for example. A

20 practitioner may manufacture this device according to a known method.

fEmbodiment 2]
This embodiment shows an example of the different optical system from that
described in the embodiment mode. Figs. 5A and 5B show the example of the optical
25 system to be explained in this embodiment. In addition, a light pipe can be used as the
optical wavéguide. In addition, in Figs. 5A and 5B, the same part as that in Figs. 3A
and 3B is shown with the same reference numeral.
In Figs. 5A and 5B, the laser beam goes through the same optical path as that
shown in Figs. 3A and 3B except when the laser beam goes through the optical
30 waveguides 504 and 507. Each of the optical waveguides 504 and 507 has a pair of
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and 507 at a critical angle or more, the laser beam is all reflected on the reflection piane
according to the same principle as the optical fiber. For example, when the optical
waveguide made of quartz (refractive index is approximately 1.5) is arranged in the air,
it is possible to obtain the optical waveguide having all reflection planes in the interface
10 between the air and the optical waveguide. With the optical waveguide as above
employed, the transmittance of the laser beam becomes considerably higher compared
to the case when the laser beam is not all reflected. Thus, the laser beam emitted from
the laser oscillator 301 is propagated to the surface to be irradiated 309 more effectively.
In addition, an optical waveguide of a multilayer structure may be used instead
15 of the optical waveguides 504 and 507 in Figs. 5A and 5B. Typically, an optical
waveguide made of two materials as shown in Fig, 7A, in which an inner material 702
(a quariz including germanium, for example) has a higher refractive index than an outer
material 701 (a quartz, for example) can be used.
Fig. 7B is a cross-sectional view taken along a line (A)-(A)) in fhe optical
20 waveguide shown in Fig, 7A. In addition, Fig. 7C is an enlarged view of the reflection
plane in Fig. 7B. When the laser beam is incident into the optical waveguide at an
incidence angle 6 not less than the critical angle 8y, the incident laser beam is all
reflected between the reflection planes provided oppositely.
In addition, the entrance surface of the optical waveguide 504 and 507 may be
25 appiopriately coated in order to reduce the reflectivity of the laser beam at the entrance
surface of the optical waveguide when the laser beam is incident into the optical
waveguides 504 and 507.
The optical system shown in Figs. 5A and 5B can form a rectangular beam spot
having a size of 300 mm in its major axis and 0.4 mm in its minor axis.

30 The laser annealing is performed to the semiconductor film using the optical
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5 direction, the beam spot having a liner shape,
the optical system comprising:
an optical waveguide including a pair of reflection planes provided oppositely,
wherein the one direction is a direction of a major axis of the liner shape, and
wherein a laser beam is incident into one edge portion of the optical wave

10 guide and emitted from the other edge portion of the optical wave guide.

2. A beam homogenizer according to claim 1, wherein the optical waveguide is

a light pipe.

15 | 3. A beam homogenizer according to claim 1, wherein the beam spot has an

aspect ratio of 10 or more.

4. A beam homogenizer according to claim 1, wherein the beam spot has an

aspect ratio of 100 or more.

20
5. A beam homogenizer comprising;
an optical system for homogenizing energy distribution of a beam spot in one
direction, the beam spot having a liner shape,
the optical system comprising:
25 an optical waveguide including a pair of reflection planes provided oppositely,

at least one cylindrical lens for expanding and projecting a plane having
homogeneous energy distribution formed by the optical wavegnide to the irradiated
surface,

wherein the one direction is a direction of a major axis of the liner shape, and

30 wherein a laser beam is incident into one edge portion of the optical wave
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6. A beam homogenizer according to claim 1, wherein the optical waveguide is

a light pipe.

7. A beam homogenizer according to claim 1, wherein the beam spot has an

aspect ratio of 10 or more.

8. A beam homogenizer according to claim 1, wherein the beam spot has an

10 aspect ratio of 100 or more.

9. A beam homogenizer comprising:

a first optical system for homogenizing energy distribution of a beam spot
formed on an irradiated surface in a first direction, the first optical system comprising

15 an optical waveguide including a pair of reflection planes provided oppositely;

a second optical system for homogenizing energy distribution of the beam spot
in a second direction perpendicular to the first direction, the second optical system
comprising a cylindrical lens array,

wherein the beam spot has a liner shape,

20 wherein the first direction is a direction of a2 major axis of the liner shape and
the second direction is a direction of a minor axis of the liner shape, and

wherein a laser beam is incident into one edge portion of the optical wave

guide and emitted from the other edge portion of the optical wave guide.

25 _ 10. A beam homogenizer according to claim 9, wherein the optical waveguide

is a light pipe.

I1. A beam homogenizer according to claim 9, wherein the beam spot has an
aspect ratio of 10 or more.

30
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12. A beam homogenizer according to claim 9, wherein the beam spot has an

aspect ratio of 100 or more.

13. A beam homogenizer comprising;
5 a first optical system for homogenizing energy distribution of a beam spot
formed on an irradiated surface in a first direction;
a second optical system for homogenizing energy distribution of the beam spot
in a second direction perpendicular to the first direction,
wherein the beam spot has a liner shape,
10 wherein the first direction is a direction of a major axis of the liner shape and
the second direction is a direction of 2 minor axis of the liner shape, and
wherein each of the first optical system and the second optical system
comprises an optical waveguides including a pair of reflection planes provided
oppositely, and
15 wherein a laser beam is incident into one edge portion of the optical wave

guide and emitted from the other edge portion of the optical wave guide.

14. A beam homogenizer according to claim 13, wherein the optical wavegnide
is a light pipe.
20
15. A beam homogenizer according to claim 13, wherein the beam spot has an

aspect ratio of 10 or more.

16. A beam homogenizer accofdhig to claim 13, wherein the beam spot has an

25 aspect ratio of 100 or more.

17. A laser irradiation apparatus comprising:
a laser oscillator; and
a beam homogenizer for homogenizing energy distribution of a beam spot on

30 an irradiated surface at least in one direction, the beam spot having a rectangular shape,
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wherein the beam homogenizer comprises an optical waveguide including a
pair of reflection planes provided oppositely, and
wherein a laser beam is incident into one edge portion of the optical wave

5 guide and emitted from the other edge portion of the optical wave guide.

18. A laser irmradiation apparatus according to claim 17, wherein the optical

waveguide is a light pipe.

10 19. A laser irradiation apparatus according to claim 17, wherein the laser

oscillator is an excimer laser, a YAG laser, or a glass laser.

20. A laser irradiation apparatus according to claim 17, wherein the laser
oscillator is a YVO, laser, a GdVOy laser, a YLF laser, or an Ar laser.
15
21. A laser irradiation apparatus according to claim 17, wherein the beam spot

has an aspect ratio of 10 or more.

22. A laser irradiation apparatus according to claim 17, wherein the beam spot

20 has an aspect ratio of 100 or more.

23. A laser oscillator comprising:
a laser oscillator, and
a beam homogenizer,
25 the beam homogenizer wmpﬂsing:
a first optical system for homogenizing energy distribution of a beam spot on
an irradiated surface in a first direction; and |
a second optical system for homogenizing energy distribution of the beam spot
in a second direction perpendicular to the first direction, the second optical system

30 having a cylindrical lens array,
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wherein the beam spot has a liner shape,

wherein the first direction is a direction of a major axis of the liner shape and
the second direction is a direction of a minor axis of the liner shape,
wherein the first optical system comprises an optical waveguide including a
5 pair of reflection planes provided oppositely, and
wherein a laser beam is incident into one edge portion of the first optical wave

guide and emitted from the other edge portion of the first optical wave guide.

. 24, A laser irradiation apparatus according to claim 23, wherein the optical

10 waveguide is a light pipe.

25. A laser irradiation apparatus according to claim 23, wherein the laser

oscillator is an excimer laser, a YAG laser, or a glass laser.

15 26. A laser irradiation apparatus according to claim 23, wherein the laser

oscillator is a YVOy laser, a GAVOy laser, a YLF laser, or an Ar laser,

27. A laser irradiation apparatus according to claim 23, wherein the beam spot

has an aspect ratio of 10 or more.

20
28. A laser irradiation apparatus according to claim 23 wherein the beam spot
has an aspect ratio of 100 or more.
29. A laser irradiation apparatus comprising:
25 a laser oscillator; and

a beam homogenizer,

the beam homogenizer comprising:

a first optical system for homogenizing energy distribution of a beam spot on
an iﬁadiated surface in a first direction; and

30 ‘ a second optical system for homogenizing energy distribution of the beam spot
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in a second direction perpendicular to the first direction,
wherein the beam spot has a liner shape,
wherein the first direction is a direction of a major axis of the line shape and
the second direction is a direction of a minor axis of the liner shape, and
5 wherein each of the first optical system and the second optical system
comprises an optical waveguide including a pair of reflection planes provided
oppositely, and
wherein a laser beam is incident into one edge portion of the first optical wave
guide and emitted from the other edge portion of the first optical wave guide.
10
30. A laser irradiation apparatus according to claim 29, wherein the optical

waveguide is a light pipe.

31. A laser irradiation apparatus according to claim 29, wherein the laser

15 oscillator is an excimer laser, a YAG laser, or a glass laser.

32. A laser irradiation apparatus according to claim 29, wherein the laser

oscillator is a YVOQy laser, a GAVOy laser, a YLF laser, or an Ar laser.

20 33. A laser irradiation apparatus according to claim 29, wherein the beam spot

has an aspect ratio of 10 or more.

34. A laser irradiation apparatus according to claim 29, wherein the beam spot
has an aspect ratio of 100 or more.
25 |
‘ 35 . A laser irradiation apparatus according to claim 29, wherein the laser

irradiation apparatus comprises a moving stage for moving an irradiated surface relative

to the beam spot.

30 36. A laser irradiation apparatus according to claim 35, wherein the laser
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surface to the moving stage.

37. A method for manufacturing a semiconductor device comprising;
5 forming a non-single crystal semiconductor film over a substrate, and

irradiating the non-single crystal semiconductor film with a laser beam
generated in a laser oscillator while moving a position of the laser beam relative to the
non-single crystal semiéouductor film,

wherein the laser beam is shaped into liner shape through an optical system

10 having a cylindrical lens array and an optical waveguide,

wherein the cylindrical lens array acts ﬁpon the liner beam spot in a direction of
its minor axis, and

wherein the optical waveguide acts upon the liner beam spot in a direction of

its major axis.

38. A method for manufacturing a semiconductor device according to claim 37,

wherein a light pipe is used as the optical waveguide.

39. A method for manufacturing a semiconductor device according to claim 37,

20 wherein the laser oscitlator is an excimer laser, a YAG laser, or a glass laser.

40. A method for manufacturing a semiconductor device according to claim 37,

wherein the laser oscillator is a YVO, laser, a GAVOy laser, a YLF laser, or an Ar laser.

25 41. A method for manufacturing a semiconductor device according to claim 37,

wherein the laser beam is shaped so as to have an aspect ratio of 10 or more.

42. A method for manufacturing a semiconductor device according to claim 37,

wherein the laser beam is shaped so as to have an aspect ratio of 100 or more.

30




108 10 10 101): 10%& ()- @@ 0% ()-< | |
6' 109&' ()-310%& ()-,cl7#109%& ()- V[ +dEYNCQ 108 f109B& ()-) M 1098& ()-y
1098& () - 1098& () - 109B& () - 1098& () - AJEYNCQ 108 |

31098& ()-"1098& ()-1098& ()-&109B& ()-Vpl0%B& ()- 1098& ()- U7TdEYNCQ 108
&109B& () - p#! 109B& ()- ! 1098& ()-,, 1098& ()- #109B& ()- 1098& ()--{ dEYNCQ
108  &1098& () - 2@0%WB& () -, F1" 109BE& () -5, 109B& () - , &LOYBE& () - (1" 109B& () -
Normal " "Headi ng 13]c" "Heading 23]c" ' Headi ng 33]c" "Heading 43]c )
"Headi ng 53] c" 43-éanitthgd 68]rudnuftdaaiigsenipaiduttoedeticgcod@ring Headi ng 93] c" A
"Def aul t- Par agraph, Font W $- ?@EI R@chI,uFNf J % +U "$&*,."rCal UC

27X6! % V- 0x597 BEARPITIREE 6biRY soyicondyeien it opes aubstert.med  New

!?ogg(r)}gr I( ? L +C0ur }lg%%%ﬁ%gggol%n-@él{a ycy}g)rgtgp%%rlrjunc%%lllctor film with a laser beam
<=>? @\BCehiteliin MNARRS MK Vdlile] davia Gsk@idhi of R BRM Shot KNS 1o the

5 mnon-single crystal semiconductor film,

wherein the laser beam is shaped into liner shape through an optical system
comprising a cylindrical lens array and at least one optical waveguide,
wherein the optical waveguide acts upon the liner beam spot in the direction of
its major axis, and
10 wherein the optical waveguide acts upon the liner beam spot in the direction of

its minor axis.

44. A method for manufacturing a semiconductor device according to claim 43,
wherein a light pipe is used as the optical waveguide.
15
45. A method for manufacturing a semiconductor device according to claim 43

‘through 20, wherein the faser oscillator is an excimer laser, a YAG laser, or a glass laser.

46. A method for manufacturing a semiconductor device according to claim 43,

20 wherein the laser oscillator is a YVO, laser, a GAVOy laser, a YLF laser, or an Ar laser.

47. A method for manufacturing a semiconductor device according to claim 43,

wherein the laser beam is shaped so as to have an aspect ratio of 10 or more.

25 48. A method for manufacturing a semiconductor device according to claim 43,

wherein the laser beam is shaped so as to have an aspect ratio of 100 or more.




