LASER | RRADI ATI ON APPARATUS, LASER | RRADI ATI ON METHOD, @ AND METHOD FOR
MANUFACTURI NG A SEM CONDUCTOR DEVI CE 5 BACKGROUND OF THE | NVENTI ON 1.
Field of the Invention The present invention relates to a laser irradiation
apparatus utilized for crystallizing a sem conductor film Moreover, the
present invention relates to a laser irradiation nethod and a nethod for
manuf act uri ng a sem conductor device using the 10 laser irradiation

?plpar?t us Oft IA‘f‘i’ tipﬁhtﬁq e é%% @ﬁ%ﬁ%{%ﬁ? el at ed Art Thi n
il mtransistor oyin ihe C

(pol y- crystalﬁ‘l}"ﬁé“% %)@dﬁw W%bﬁe‘“ﬁ‘ﬁbﬁf@l@WT%rl@E\ftﬂﬂ'FT

enpl oyi ng- an 15 anor phous sem conductor filmin ternms of its nobility, and

t hereby has an advantage that a pixel portion and a peri pheral driver
circuit thereof in a semiconductor display device can be integrated on a

sane substrate The pol y- crystghEkeRGENDEER mecan be fornmed over

an inexpenS| %Ldass substrat e by enpl oyl ling method. 20

Laser oscil lla E %frﬂéelg‘éfﬁg’roél ly classified into two types of pul sed | aser

oscillators and ccmélp"rb@uﬁ i 8o %te& asef Ié%%f;'nlnlicﬁ&tﬁ:{ Epaqusoﬂkﬁihtﬁi foaer gy
as I's

of the pulsge aser osci | l(ft ors R/I{C& |y exci nmer r er than

that of the B(R}alﬂézé‘é%a SERICPR “éff%ﬂf%mby EQyeh the PEspent dRvgRtien e

t hroughput  damliffionentthod et bynahapion naaufRRaRY SPRMiCRAILESI @é%éenus\mg @p the
obj ect)

| aser begm i the surface of a 25 processin
into sqggrelz\;ﬂﬁ{ gg{}(gr%Hpa?gﬁtq%%"t%rﬁmbwvﬁmgﬁﬂde or linear with not |ess
than 100 mmin Iength t hrough an optical systemand irradiating the | aser

beam to the, sgmi.Gf %RLI&{ Mg effectively. As a result, the pulsed |aser
oscillators have conme popular to be enployed for the crystal l'ization of
t he sem conduct or Thin| pfiln} t trassistot ecmploging” | pobparyStalizee ﬁm&@&omﬂ&a l'ine

fatio b P”ex"é@ﬁp@ﬂ|}e§‘aﬁ‘t‘*ﬁiﬁ‘33§'e§‘ eribk 6o phiet To U R HRBHEGRR wi ¢

an as pegg r APPEPheys sepcendupior &lng bw éﬁflmsa)lﬁlﬂy momhty,oanﬂaﬁél@by hasnini edvah@gst il |

i ncl uded i ngat @?)Q&IEO ntaﬂata etiph&G} Rouit ﬁ}é Rf aos%{n %%dﬁ&rf G.0f the
we ‘g@p'@& ng a

pr ocessi ng ab ect ver, e sem COI’] UCt or mcr I ze

pul sed | asef B Emt%a‘ﬂ‘é%lalsﬁ‘@l suhsbvls. c@h@pﬂlysgy@aibmmxmwm ftloy st al
grains assechl bd feidd{dier RAShéApPRAsiA Glass! substrate by employing a laser annealing

method.

20 Laser oscillators are generally classified into two types of pulsed laser
oscillators and continuous wave (CW) laser oscillators. The output energy of the
pulsed laser oscillators, typically excimer laser, is higher than that of the CW laser
oscillators by triple to six digits. ‘Therefore, throughput can be enhanced by shaping a
beam spot (a region in which the laser beam is irradiated in fact to the surface of a

25  processing object) into square with several centimeters on a side or linear with not less
than 100 mm in length through an optical system and irradiating the laser beam to the
semiconductor film effectively. As a result, the pulsed lases oscillators have become
popular to be employed for the crystallization of the semiconductor film.

It is noted that “linear” here does not mean a line strictly but means a rectangle

30 (or an oblong) with a large aspect ratio. For example, the expression of “lincar”
indicates a rectangle with an aspect ratio of two or more (preferably, 10 to 10000),
which s still included in a beam spot that is rectangular in shape on the surface of the
processing object.

- However, the semiconductor film crystallized by using a pulsed laser beam as

35 described above comprises a plurality of crystal grains assembled and the position and
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the size of the crystal grain are random Conpared to an inside of the
crystal grain, a boundary between the crystal grains (crystal grain
boundary) has an anorphous structure and an infinite nunber of

reconbi nation centers and trapping centers existing due to crystal

defects. It is a problemthat when a carrier is trapped in the trapping 5
center, potential of the crystal grain boundary increases to becone a
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However, the energy of the laser beam converted into the second harmonic is
lower than that of the fundamental wave. Therefore it is difficult to enhance

beam spot

throughput by enlarging the area of the beam spot.  Especially, since the output energy

25 - from the CW laser oscillator per unit time is lower than that from the pulsed laser
oscillator, throughput is difficult to be enhanced. For example, when a Nd: YAG laser
is used, the conversion efficiency from the fundamental wave (wavelength 1064 nm) to
the second harmonic (wavelength 532 nm) is about 50%. Moreover, the non-linear
optical element which converts the laser beam into the second harmonic does not have

30 enough resistance against the laser beam. For example, the CW YAG laser can output
the fundamental wave for 10 kW, while the second harmonic for 10 W. Therefore, in
order to obtain necessary encrgy density for crystallizing the semiconductor film, the
arca of the beam spot must be narrowed for about 10°mm?, and thereby the CW YAG
laser is inferior to the pulsed excimer laser in terms of throughput.

35 It 1s noted that in both ends of the beam spot in the direction perpendicular to
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| aser is inferior to the pul sed excinmer laser in terns of throughput. 35 It
Is noted that in both ends of the beam spot in the direction perpendicul ar
to 2 the scanning direction, there is formed a regi on where the crystal
grain is extrenely small and inferior to the center of the beam spot in
Its crystallinity. Even though a sem conductor elenent is forned in such a
region, a high characteristic cannot be expected. Therefore,

tant t t.h the 5 t | t
P nt ori or (e SEHe BEbENRLELE Rofled ' Foal BN e IR G %awa'%% fﬁﬁeb'r er”
to ease t he‘imféhlﬂrd mifgrm t‘D tthet ¢ratdr 2f dhet besm e memarynmdlmtyor Eebxemgh a
SUMVARY OF  Tddhmid MBS %ndeﬁt ié;' E)Wn% it Qﬁclpﬁ%%ﬁﬁn 48§ r%:lpa?a tc Y Sumdd S @n

obj ect of the present invent L TTadr atton
appar at us f d¥Pestedr giheeetons, Hri%lin[tﬂftaat ll@el’&du@rib@ pmpdrtxoneﬁ dls Tegioa vphenp et i on

of a regbon RAIANANR iffeliSt fhordgdthi Yegdichs! thre fhlg 180PbdanPR ﬁ&xatlﬁ iPha8r 102"

obj ect of the present jnvention to provi aser 1 rradi at;on appar at us
for enhanci ﬁ@sevlﬁr%%mﬂn thedayoyt W@%@é@f clewenther nore, it is an
obj ect of the present invention to provide a |aser irradiation nethod and
a nmethod for manufacturing a__. onduct or deV| ce with the | aser
i rradiation apparatus. Accord M LHEINVENITIONSt i on net hod di scl osed
in the pr esent i n\IﬁlvteMOdjf thaprobﬁgi ﬁﬁ%cﬂfédtaﬁdvé))(t i8.ah bbjeét dp egRekchAReintiogam of
hi gher - ?r g %gdl ated, .w cond CW | aser beam Specifically,
the firs gEPI’tO‘G G ﬁlaﬁ}é{)@? é‘HBﬂIﬁt“%f Of, crlargng an jags; ofyp beawngpat gand
wavel engt h trbducirghmpropbrtion oif hiregibi ghere (thopryseddlingy & whOlin Adigor, feiB aRB 780 -
nm. Since ea ts a.senicondyctor film bsoy ption
coeffi ci ent tag:i) bjéhc{eéfstg% §§e§&}t§r’sve nh%rélorﬁr%ld‘?ﬁ g’éﬁ g’&hﬁ'ﬂﬂ?ﬁ?f‘mﬁ t?’FrF F’é‘ ses
drasti cal | y thrdghpuhevidby €€ lswc draml asFerthd:mmm i labmooliged of tHeh@resent -
sem conduct | v abs tion
?ﬁveﬁh%wﬁntm@vu?@ﬁ thder zﬁgtﬁa@cﬁ BictH %A&e I%%tﬁlosc{ Hga%@%cg? W P

coefficient (cm) to an anor phous n
(rim ofdt hecmiggaduceleyice wi dbhm@mdmt@n@gam@s shows the val ue of

absor ption coefflw&&hu@qmtﬂala&&lﬁamwﬁrﬁét}ié&aisabgbgutﬁtﬂe' g of Il BhBGaL NSt

the wavel ength (rim of "the |aser gse val ued are

cal cul at ed BSB9Th&esd ibyca sy rubsed flaser bsem ot kieheschagopiic ds dmadiated v6tipac
el | i psonet ekecondESW 14438 b&RRT Csméﬁiﬁﬁlw tfd 1!1:@1 B@é b%&n% ‘afvﬂfvlaﬁﬂgtﬁ%?fvﬁdﬂgb ent of

not | ess than, 1x104 cm 1 61§ F?éi’ to FIGS B, consi der ed
that the fi M8R 9% shorfsg yyave n @IHEO%WS@MI%WWMWH ot moreothaml y. | n
order t20) ob78) mui)ie Skgotit figh Igecbbini @ols af seifibondh@8s AMAAn 1abkOpebM - 1.-

coefficient of the second laser beam to the semiconductor film increases drastically and

thereby the second laser beam is absorbed in the semiconductor film more easily.
FIG. 8A shows the value of absorption coefficient (cm™) to an amorphous
silicon film against the wavelength (nm) of the laser beam. In addition, FIG. 8B
25  shows the value of absorption coefficient (cm™) to a poly-crystalline silicon film
against the wavelength (nm) of the laser beam. It is noted that these values are
calculated by the extinction coefficient obtained with a spectroscopic ellipsometer.
When the semiconductor film has an absorption coefficient of not less than 1x10* cm™
according to FIGs. 8A and 8B, it is considered that the first laser beam can melt the
30  semiconductor film thoroughly. In order to obtain the absorption coefficient of not
less than 1x10* em™, in case of the amorphous silicon film, it is desirable that the first
faser beam has a wavelength of not more than 830 nm (preferably, not more than 780
m). It is noted that the relationship between the wavelength of the first laser beam and
the absorption coefficient differs depending on the material, crystallinity or the like of
35  the semiconductor film. Therefore, the wavelength of the first laser beam is not
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in case of the anorphous silicon film it is desirable that the first

| aser beam has a wavel ength of not nore than 830 run (preferably, not nore
than 780 n). It is noted that the relationship between the wavel ength of
the first |aser beamand the absorption coefficient differs depending on
the material, crystallinity or the like of 35 the sem conductor film
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frame for which the melting state can be kept, the annealing of the semiconductor film
can be continued as keeping its melting state. In the extreme case, it is possible to
find a condition in which once the semiconductor film is melted by the pulsed laser
25  beam, only the irradiation of the CW laser beam is enough to keep its melting state.
| In such a case, after the pulsed laser beam is irradiated for only one shot, the CW laser
beam is irradiated to keep the melting state.
It is noted that the higher harmonic has the lower energy. Therefore, when
the first laser beam has the fundamental wave of 1 um approximately, the second
30  harmonic is most preferable to be used. HoWever, the present invention is not limited
to this, and the necessary element for the first laser beam is to have a wavelength of
visible light or a shorter wavelength than that of visible light. In addition, since the
second laser beam is irradiated for the purpose to aid energy to the first laser beam, the
output energy is emphasized rather than the absorption coefficient of the semiconductor

35  film. Therefore, the fundamental wave is preferred for the second laser beam.
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j] It is noted that the higher harnonic has the | ower energy. Therefore,
when the first |aser beam has the fundanental wave of. 1 tun approxi mately,
the second 30 harnonic is nost preferable to be used. However, the present
invention is not limted to this, and the necessary elenent for the first
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the CW laser oscillator while the laser beam of a fundamental wave is generated from
the pulsed laser oscillator.

2b An overlapping of the two beam spots formed by two laser beams is explained
as exemplifying a CW YAG laser and a pulsed excimer laser.

FIG. 1A shows an aspect in which the beam spot 10 of the CW YAG laser
having a fundamental wave and the beam spot 11 of the CW YAG laser having a
second harmonic are overlapped. The YAG laser of the fundamental wave can output

30 the energy for 10 kW approximately. On the other hand, the YAG laser of the second
harmonic can output the energy for 10 W approximately.

When 100% of the energy of the laser beam is assumed to be absorbed in the
semiconductor film, it is possible to enhance crystallinity by setting the energy density
of the laser beam for 0.01 MW/cm® to 100 MW/cm®*. Therefore, the energy density

35  bere is set to be 1 MW/cm®. '



25 An overlapping of the two beam spots formed by two | aser beanms is
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aspect 1 \Mbﬁ@hsmtéﬂbeéﬂl@v@m sm@t Idfare tmnﬁlﬁtbhykﬁerlhmdr havi ng t he

fund t al [

undarental vave Rag e BABAPE adbcth bl b A B&th Sk 16‘30“{15?,‘3)2&@(5%' ce.

over | apped. The pulsé C|ner aser can ou ener
And when t Iﬁf@cfpkbﬁv% Wﬁdﬂwﬂi@ﬂ!ﬂéwaW)amét@(bmm %{mpriaxxf et pllyed edvimoulagpnt per

unit time i gredfVedihdMV fﬂ@fnﬁgéar&cuﬂgi‘% dan r@%%ﬁ%ﬂf&rh@f etrgei)ufsgapsmgf the

beam spot 12 generated _fromth EXCI Feét angul ar,
| ength of t H&EHitheopulssyvidth &s sef &p btaﬁ@ ng r@eprommateiy, the output per unit dime is 30

20 MW. Therefore, when it is assumed that the shape of the beam spot 12 generated
from the pulsed excimer laser is rectangular, the length of the minor axis is Lxs, and the
length of the major axis is Ly, in order to satisfy the energy density described above,
Lxs is set to be between 20 (tm and 500 tm. For example, it is appropriate that
when Lygs is 400 £ m, Ly is set to be 300 mm approximately.

25 The area of the region in which the beam spot 10 of the CW YAG laser having
the fundamental wave and the beam spot 12 of the pulsed excimer laser are overlapped
corresponds to the area of the beam spot 10 when it is assumed that the beam spot 10
and the beam spot 12 are completely overlapped.

- Therefore, the combination of the first CW laser beam and the second pulsed

30 laser beam according to the present invention is superior to the combination of the first
CW laser beam and the second CW laser beam as shown in FIG. 1A since the former
combination can enlarge considerably the region in which the two laser beams are
overlapped and thereby throughput can be enhanced. '

It is noted that the number of the laser beams is not limited to two, but more

35 than two laser beams can be also applied to the present invention. A plurality of laser
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|l ength of the major axis is LY3, in order to satisfy the energy density
descri bed above, Lx3 is set to be between 20 it mand 500 ,u m For
exanple, it is appropriate that when Lx3 is 400 a m Ly3 is set to be 300
nm appr oxi mately. 25 The area of the region in which the beam spot 10 of
the CW YAG | aser having the fundanental wave and the beam spot 12 of the
"pul sed exciner |aser are overl apped corresponds to the area of the beam

spot 10 when_ it i,s _assyned t.hat the am spot 10  and the beam spot 12 are
conpl etely (r)ll?F sdiaymga l}'f‘ﬁg?lg? Ginebe ‘fsﬁg?%rg'}'?f)%r‘%t[qs%be@fn t He addifigy, a@&b"lalég'er
beam and t heofdgwobehnpidas bd uscdor the e¢cohé taseretant di ng to the present

I nvention i s super | na n of the first ser..beam and
the second CW| aseI'F 5{)%%%11 glg?g%ovw?ln%{hﬁ%@aﬁlﬁ@] e lipgas, 'I}‘Srvwg&' {tgﬁﬁ‘?ar}n% i on
can enl ar ge axined the diatxirpeshepotdg |thn1re|grommdqhe:rh thdmystm()grhlasﬁnclbﬁwmtali&d

| d aj . d t th
g‘éﬁ%e?pg? ¢ par gtatgg %&E}{ g@&%&%géﬁs&ﬁ&[eﬁ gal}eﬂ &?egsbb id asspogsg g E’Qzﬁ iy {Roe
| aser beans 8arintee whels amapifithallinaar bem spess thetpropordort of)uhc ageapif @heategion of

| aser 6 beaerdi il gl BIOW Gpft Ahd? Bl 't ifedk o dh shASRLefEAR ' 1

addltlon a pluralit of 'l aser eams can e use con
beam s Yolestpasedat  Bythe psgseatgnvensionehoweysotthe phapeof rﬁh;fabeam Srmt i mth of

the rraJ or ' Aihitedab thﬁ buit H&REs RGAEAISB By pobldifs &l iife \Uhipe @n
grain V\ﬁQCh s cr 1|ze 5 al ong the scannj ng dlrectlon | S asse Ied

can be rHde E!@labrp%\ ‘hﬁbg‘:’?l %!ﬁ%c‘eﬂﬂﬁéwe?@gt%hfypcifwm%t%ﬁ’élﬁ’}%é‘ah?rf t he
| i near beamispdihtedt he proportlon of the area of the region where the

crystallinity is lLowf d ends of the Ilnear beam spat thereof
can be decreasedX g qffgﬁb"f ﬁ{ i HEFB F20 ed fiom dieapiseds laggse beam

spot i s not ostillaot euthtas ahiArdaer, alKit labdr, sloescinot Ia&.eeaaicm &8y a AR iREE acven

I f the shap ta | anar % ded that .t he suffici ent
anneal i ng q(n"t%e graf mgaﬁ% at%g‘Fgﬁeécii Y%Bb °f; . 8lgs dgseh 2 rrJLy {5 3P ed

t hat thébfi rawamﬁselasdzreaﬁ sapphivelasty acorgdr fmpmrrlzisémnptﬁokh@hpbﬁbﬁr oscil | ator
such as an Arl ase | ase [ S G | aser,
a Y203 | aser, %&d{ﬁon e gc@?‘ﬂ‘ %gggﬁm Aﬁfﬁoq?%é:%ﬁogglf Ilg\%ér a
ruby | aser, wallat%swhes(anﬁrlamaﬁsbsw a0 lassnp PG bastas ¥60; lsasctm.pwmvapor
aser or a eabd a9 kaser vald, Al WholexdifoRSANY TRSEHREALGRG. e

obt ai ned from the CWI asér ~0scCi Fagafor suca%1 | asér, a
C2 | aser, Heliyrescp dramym fagery2 08 | aser, a YVO4 Iaser, a YLF | aser, a YAI 3

laser, am al exandgiit Gode@ 8B in e Efom@%?@yﬁﬁlﬂzﬁtﬁe{ﬁe Sdmionductor film with the
CW laser beam, throughput can be enhanced by shaping the beam spot into an elliptical
or rectangular beam spot extending long to one direction and scanning the beam spot
thereof to the direction of the minor axis of the beam spot to crystallize the
semiconductor film. The beam spot can be shaped into an elliptical beam spot
25 because the original shape of the laser beam is circular or near-circular shape. When
the original shape is rectangular, the laser beam may be shaped into a rectangle whose
major axis is further extended long by being enlarged through an optical system such as
a cylindrical lens. In addition, plural laser beams arc shaped into an elliptical or
rectangular extending long in one direction respectively and are made to be chained to

30 one direction so as to form a longer beam in order to enhance throughput.

| Effect of the Invention]
According to the present invention, the absorption coefficient of the
fundamental wave to the semiconductor film is increased by irradiating the first laser

35  beam having a wavelength of visible light or a shorter wavelength than that of visible
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hel iumcadmumlaser. 20 It is noted that in the process for crystallizing
the sem conductor filmwith the CWIaser beam throughput can be enhanced
by shaping the beam spot into an elliptical or rectangul ar beam spot
extending long to one direction and scanning the beam spot thereof to the
direction of the mnor axis of the beamspot to crystallize the _
sem conductor film The beam spot can be shaped into an elliptical beam
spot 25 ‘becays the gi nal e Ia er bea rcul ar or

near - ci r cul arggthtgplge Sr‘?ml “‘6'85 Gﬁ’i’la atjng tg"eg‘}%d’@&f:ﬁrlasef heam.dtbe
beam may be ahapétheibmtm @of@mttﬁreglaegsﬂhﬁaethanﬁhaf in@diatediby the! OV esciepehnded

ans. T adarepan ipag G EepRLLaR e e SRt el hthe e

rect angul ar eemlemdun@r Fibmgthe secone lagéirteam mabsrodaan&&tettml)aﬁnaﬂﬂsmxeoﬂﬂﬁd@rt 0 be

chai ned t t S for ma beam.in orde

enhance thr ol oh f A b, AR A A AR ot e Rl o i

i nvention, tmsulsséeephé majoc aEis of diedramotpot tam bef adtd ey ttadouglkpue of thetliver

sem conducto f ser 35 beam
havi ng a wave %thél?%ﬁ&#da@?gl%@?&g?@%#ﬂ %S?eﬂgayﬁggf ‘Iiesrg?hv\fi‘ad\l/eg%&elr{g h than that of
visible 7 light t¥isegted thﬁbthgé‘?ﬁl‘é,fbwhlﬁ‘btlﬁ)meﬁﬁ?dbﬁ thB;ﬂrstrlasadbm pugyl intvehiéh r st
pul sed | aser tHe@BBrp ﬁ(j}pco B, f eam, fﬂ%rbcg&'ﬂil t

when |r\rAaOg| at ed by he &Ncﬁeglégrm%rggsr%a Anéﬁg%'l rra w%ﬂh@ edgge%gn aser
beam havithg 2ndheghyHsragionsKhercthe Fﬁ’étahﬁ'la%@@m%l@ﬁﬁ@@gmﬂc&%mg directionds

second | aser pdekedrchs ba Fohdied Mt &, #&hYaflep tﬁé1ﬁrs§%§blci}%‘£foﬂrls%v%f |tfag In
whi ch t he abso][teﬁi;' on c eff{_ghent of the.fundanental wave |s increade As a

resul t, si ncBiHfe soeRs whete the abspuptinnsenstiicient g incrasrd fanbe monedimhput
of the | aseroneatiistial foisoficieRRnCiNthd ecRRi@vE ek s@&%dllﬁsetﬁea@ife(?tl ve to ease
the design rule. | s noted that the re |ted by the first

| aser beam and in thﬁnorgh%ncggg %@rarmcglllf’é’ #“'@H "F&f’t"éég’é‘ﬂ}"@%aﬁbe
noved bylos cathaisepntHases dae.mn,dlt Imﬁmrndnmmw dly mord tb hﬁhﬁ&b@t thb @editgicopf Wer e

t he crystal | on h annin recti S ed can be

f or med. I\/brerg{?glﬁr{%gr 8%{9(}% n@ H%’ lcﬁ fs e%1 33‘:8?9?? deaé’ffé%tlh tg;,iqs

mel ted regi opta Mhesr étghcwd‘@neomb.e Absofart,i e beaf béam @&hcm&:dl ﬁoneal&edhselan be
noved to o . y second | aser
beam Furt h(rakrfs ﬁ%ﬁ?ﬁ)‘?‘%{lﬂﬁg CBR%(?&{@%% &h lRhfao%lh: %aﬁéé? Eén a??eos{z ﬁ{g R ECTne

enpl oyed as l@glm%ogg@mqqutpgs@mrgyem the chgnqhbmmaembw caployrd e theo
consi denot heseldtdl 1R BEAN Of Ahl fhe HFrenbdEr RPRICRHeaPRIEN bietBhidhe'eS aldSed O

convert the wavel ength of the | aser beam
change of “its quality does not have to be taken into consideration any more.

Especially the present invention can take advantage of the solid laser that is to keep the
maintenance-free state long. |

25

BRIEF DESCRIPTION OF THE DRAWINGS
In the accompanying drawings: ‘
FIGs. 1A and 1B are drawings showing a magnitude relation of the beam
spots;
30 FIG 2 is a drawing showing the structure of the laser irradiation apparatus

according to the present invention;
FIG 3 is a drawing showing the scanning route of the processing object
according to the laser irradiation method in the present invention;
FIGs. 4A to 4C are drawings. showing the method for manufacturing a
35  semiconductor device;



into the higher harnonic. Therefore, the | aser beam generated fromthe

| aser oscillator having considerably high output, for exanple the |aser
oscillator generating 100 tinmes or nore output energy than the second
harmoni ¢ can be enpl oyed as the 20 second | aser beam And the maintenance
of the non-linear optical element due to the change of its quality does
not have to be taken into consideration any nore. Especially the present

i nvention can tak dvantage of the,solid |laser that is to _keep the

mai nt enance-free 31@& '} 8fg2VHE %P!WEIE @EW B enfhera SFFIETWW“WM&N& t he
acconpanyi ngicchrdndgm@&tepﬁsé‘ainasﬁnamd 1B are dr awi ngs show ng ﬁ magni t ude f
relation of the b 30 F i n shovmngt e structure o
the laser irradi at(:ﬁ n aig I%Evggg 321'88’3% Boﬁlgth‘g fumpegrs dicer g 3

i s a drawi ngnatufaciured witk tiedasen lrmghatmntappax:fatus imeth@pm@cﬁﬁ mu&gu@fb ject according

to the | gser irragiation I n th esen vention; .FIGs. 4A to 4C
are dr avmgngs shovm%lr%gL ?%e Hrr%ﬁg ST 33? 8 3’63’“ ?@ngﬁcﬁﬂ&lﬂ@?ﬁ?

devi ce; 8 Ell@@am@@pwmmhmg, Etnlde structure of the |aser irradiation
apparatus accordi t r Vg §|%gﬂ E r.aw_n shovm ng
tﬁg sectional vi ele:/@%? %%@ﬁ%aﬁ%%%h nu ‘ng‘tlure '?th e?b

i rradi at i on 28¢gherabserptipmeaciicigntesent | nvent lon; 5 FIG7 is a dravm ng

showi ng the shape of the beam spot utilized in the laser irradiation

appar at 3 shown |n FIG andFI,IC%s 8A and 88 ar e dravm ngs show ng the

rel ati ofYbet ween Y EMEBUDIMBINTS 10

DETAI LED DE bﬁ’aih{éhltﬁadéftﬁ PREFERRED EMBODI MENTS [ Enbodi ment Mode 1] The
structure o ser |rrad|ahlon apparatus according to the present

i nvention is expl PF YruGiure of dhe Jaser drrodiatigny apepats fgRuHNIE 1o thegaestnés a

pul sed | asetinveation is@kplhinedndthaisivg FIGLE | aser 15 t hat out puts 6Wis used as
the |aser oscill ak%%eré"n%% n{u?leraP I161 Seno gsl anlgau tedq}l) ser oscﬂ ator anc? a Nd: YLF laser

15  that outputs 6W is used as the laser oscillator 101 in this embodiment mode. The laser
oscillator 101 operates in a TEMy, mode and includes the non-linear optical element to
convert the wavelength of the laser beam into the second harmonic. The higher
harmonic is also available but the second harmonic is superior in terms of the encrgy
efficiency to the other higher harmonics. The frequency is 1 kHz and the pulse width

20 s 60 ns approximately. In this embodiment mode, the solid laser that outputs 6 W
approximately is used but a large-scaled laser oscillator that outputs as much as 300 W,
for example aXeCl excimer laser, can be also employed. |

It is noted that the non-linear optical element may be provided inside the
resonator included in the oscillator or the resonator equipped the non-linear optical

25 element may be provided outside the oscillator generating the laser beam having the
fundamental wave. The former structure has an advantage that the apparatus can be
made small and thereby the accurate control of the length of the resonator is not
necessary any more. On the other hand, the latter structure has an advantage that the
interaction of the fundamental wave and the harmonic can be ignored.

30 - As the non-linear optical clement, the crystal whose non-linear optical
constant is relatively large such as KTP (KTiOPO,), BBO ( 8 -BaB,04), LBO (LiB30s),
CLBO (CsLiBgO1), GAYCOB (YCasO(BOs)s), KDP (KD,PO,), KBs, LiNbO;,
Ba;NaNbsOy5 or the like is used. Especially, the crystal such as LBO, BBO, KDP,
KTP, KB3, CLBO or the like can enhance conversion efficiency from the fundamental

35  wave into the higher harmonic.



oscillator 101 operates in a TEM)O node and includes the non-linear optical
el ement to convert the wavel ength of the |laser beaminto the second
harmoni c. The higher harnonic is also available but the second harnonic is
superior in ternms of the energy efficiency to the other higher harnonics.
The frequency is 1 kHz and the pulse wdth 20 is 60 ns approximately. In
this enbodi nent node, the solid |aser that outputs 6 W approximtely is
used but a Iarge cal?ﬁ%% r 050|Ilahor t hat out puts as nmuch as 300 W

for exanple aXed ST DEUP IS FeRR &gﬁi‘%‘@e‘é%qhﬁyéﬁmﬂlﬁl direction; bg fitghat t he

non-|inear dgei baﬂmgemaam froRythd taspr IBRA 10MS§ eFlcbiRe by tRS AMREE IhﬂﬁJruded

th l,l.at at dth t
el ement oy 1025 bhaba Er AR e LR R de b o Lé(?qeea P £
havi ng t he fftmd&reevﬁrad:almcemnThdnftms reetbodinidiC tnbiide, h%ls iadeiedniasd &geit hat the
t t.h t.rol f t | th
o Pthe 1 2sortedFan SBAEoP TR fesl Dlor ERCOM bR (B8 Bty @ing Fi8NoroiscMandid e or
struct ure hagnsomsad/bsnthadenst 10dtand hieirraifateeriadhé pnmcesfsmghxbjefcutidanﬁmﬁ?ﬁl} 24vave
and the har Mﬁe& ﬂg?fOk W%J@g[rl ?CQIS% E&}?CSF(?I{H Otﬂegé}gﬁ StylFt%ﬁl tlélatscﬁgﬁ&gs KTP

crystal whose non- near opt cons AR
(KTi OPO4), HBGh pcaandehm@t;on B YaarBPo6Yf the ﬁg@@s(zn@mam%om) GdYCOB

YCa4Q( BG3) 3 K P d.
Eapoci sy the oryeRers oplamoliiercyiifal (S A0SR Paflicolf Stilifiical 1P Ve
can enhdtcelasdQ3h arynedasitheleantdB.from t he fundamental 35 wave into the

hi gher harmom c %eS %@o&ﬁ@v& @ﬁﬁﬂn@ﬂc}gﬂsl 39 HIE 2 FhdiiMs 3?@%%&? iltaser

hori zont al t.i.on, firs | aser, beam generated fromt

osci | | ator a f C‘?‘Sﬁ ae gyd fsiperangad, iadhs pRpitian $Hmm away fem theswfisnged
i ts travel i ogthdipreesiing objectadt oahe o@ﬁcam RgHsBrNenNEé ﬁﬁﬂihng e 8lonadf the 1

Lo the b Sk LSS Siml o SR E 05, Sl foleamned oo
directith i plantmngee dylindricahleat 003wid nie tdbe bapendififaran thel ificitdédt plihabed t o
e P 0e oSk B G bR SRR 7, 02 20 e
position of the bEmmplspeonedx ¢y}hadﬁ¢allkans 1 @3tehaskreadius bhicury 4R of 45 ﬁhﬁaml:oncave 7
071 ] ol WS ELBEVRE AT iy o R
curvat ure OPTOSEHSiRg 0'39@ 404 ralongndes Oplﬁcai amis. andnd sthar geangéig i linet hﬁ thm5| tion
29 mm Ry HiaMSBoh& SHINUAER lens 103b is made to be parallel to the incident plane of the
first laser beam which incidents into the processing object 104.
Thus, a first beam spot 106 having a size of 3 mm X 0.2 mm is formed on the
processing object 104.
Moreover, reference numeral 110 denotes a CW laser oscillator, and a Nd:
25  YAG laser that outputs 2 kW is used as the laser oscillator 110 in this embodiment
mode. The second laser beam generated from the laser oscillator 110 is transmitted
through an optical fiber 111 of ©300 xm. The optical fiber 111 is arranged so that
the exit wound thereof has an angle of &2 to the vertical direction. In this
embodiment mode, the angle 8 2 is determined to 45° . In addition, the exit wound
30  of the optical fiber 111 is arranged in the position 105 mm away from the processing
object 104 along the optical axis of the second laser beam cmitted from the laser
oscillator 110 and the optical axis thercof is made to be included in the incident plane.
The shape of the second laser beam emitted from the optical fiber 111 is
changed through the lens 112 and it is irradiated to the processing object 104. In FIG.
35 2, the optical fiber 111 and the lens 112 correspond to the optical system which controls
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of the processing object 104 along the optical axis when the traveling
direction of the first |aser beamis assuned to be the optical axis. And
the generating line of the 15 planoconcave cylindrical |ens 103a is nmade to
be perpendicular to the incident plane of the first |aser beam which
incidents into the processing object 104. The planoconvex cylindrical |ens
103b has a radius of curvature of 15 mmand a thickness of 2 mmand is

arranged in 03| ion 24 mmaway fromthe surface of the processing
obj ect 104 af“%ﬁ‘@dp 784 BistPositipn ghthe beatp apatiof thysaeonddasegbearme of the 20

D oo the i irar Pk Lene Bidboiermys 3‘“‘%“’%&5‘“?%#%“5?2‘325?:dﬁgﬁ%%e&t

| ane of the flrs incidents into e
204 Thus, &YHpde !?é‘%irf{bpaé?uﬁésmfuf: ~size of 3 M X 0.2 mmis formed
on the pr oceSSI ngrtmmlmbmﬂmcylmrﬁameﬁs 112@&@5@&@%@@&&%@&10&%0& s a CW
| aser osgl [ 1 YAG%Lﬁfer that .outputs 2 kWis used as the

25
| aser osCill :t?] isfd’glzlnmfnhﬂd EABas mmaway fropethe sudace 9f fhe progessing
generated f r(Imet HO4| derer thosapitichlaaxds OIJth lsscohdammb'eilﬁd Thé da¥ibnasy Rt i cal

exi't wound saraiiE ot fe phsRaRBt Gaditaliin 1Ty il BPF sewrbtculfiior i <

enbodi ment esiiacidentplansgl e 0 2 i's determ ned to 45(9) . In ?ddltlon rr;[nhevvg;It
und 30 of the o J ositio

:‘N:)om t 21% pr OCESSI ﬁg’bi’ﬂé‘] eﬁﬁﬁuﬁl lglish%agﬁ%éaflha%f %’f‘t“feh ftd) a;cser

beam eni®t ed Hhickpessiat 2 &B@braﬂdoﬁcﬂﬂalﬂa@d)%m arny frine thptsidade eﬁ(pmcésbmgeo i s

made to be bBﬁhﬂMlbﬁgthbsptsda%ﬂﬁaﬁh%@éaﬁd1£&%emape of the second | aser

beamemtted from optical changed through the lens 112
and it is irradi atl88She %W‘b?@?@b%ﬂ@%’ﬂﬂb@ﬁmqg% nup ). BmIBSS‘ formedhen
optical fibeite prddessing objoa floans 112 correspond to the optical system which

trol 10 the sh d.the on of the beam spot of the second
"aser beam I Fi B 805 pRBOAOBON ke SyIRTs rcHhich di seryipendister s 1

pl anocobivex formediin drmn@tl ab&lits prb&%u%r(ﬁ)jwﬁ 904 36 at &b pAaIILS.- the-:r H@rlzontal
pl anoconvexgﬁxl [ | caI

5 a thi ckne S icoroRer TR e s iy ohfhe RS BHskge B ¢ he
processing exampet Wsnﬂjstm:g ctvlae udﬁ)?h ?ﬁl seﬁﬁumdgétoi Hﬁnsgl(f?lﬁdard! %Ztlﬁé gll%ﬁgmllgge
s made to teie 1RERE HhicRAley of B, Milh 68 Werboption.stign oo o
cylindri cal Oﬂdéhmthmimlamaﬁatugthé laserrbeataur e of 10 nmm and
20 The absorption stage 107 is able to move in both X and Y directions in the
parallel plane to the processing object 104 by the uniaxial robot for the X axis 108 and
the uniaxial robot for the Y axis 109.
It is noted that in case of annealing the semiconductor film formed over the
substrate which is transparent to the laser beam, in order to realize the uniform
25  irradiation of the laser beam, it is desirable that an incident angle “ ¢ ” of the laser beam
satisfics the inequality of ¢ ==arctan (W/2d) when an incident plane is defined as a
plane that is perpendicular to the surface to be immadiated and is 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
.30 included in the incident plane and “d” is a thickness of the substrate which is
transparent to the laser beam, which is placed at the surface to be irradiated. In case
of using a plurality of laser beams, the inequality nceds to be satisfied with respect to
each of the plurality of laser beams. It is noted that the incident angle “¢” is
determined by an incident angle when the track of the laser beam is projected to the

35  incident plane in case that the track is not on the incident plane. When the laser beam
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10 a thickness of 2 nm and is arranged 25 mm away from the surface of
processing object 104 along the optical axis of the second | aser beam
Thus, the second beam spot 105 with a size of 3 nmx 0.1 mmis formed on
the processing object 104. In this enbodi nent node, the substrate on which
the sem conductor filmis 15 fornmed is arranged as the processing object
104 so as to be paraIIeI to the horizontal plane. The sem conductor film

is formed over .the surface of the glass substrate, for exanple. The
substrate ove? gdcEhatamanglefc dhaicis spssitle ta pesformrumifar drradiatiopl ofdhe laser

substrate ha\/be@ﬂl withBitCHReRRned of 1éAd8d WS Frdnd af dutBde UF th@esuﬁaﬁ?é age The

stage 107 down in irradiating the | aser beam

? CfB not to fall
absor ption strﬁg‘é‘: beany, frgpy 1eap s 8Oifﬁheoﬁi’tqatﬁ}@eanEhWaQﬂVPéEquBﬁ%Wﬂﬁlqeﬁé
paral l el pl a%smglﬂ&itﬁrréfﬁﬁE% g0 bf @6 sutddiday 11 hi fd&' ﬁfels%bstm@%stigpﬁast he X

axis 108 and uni.a r the Y axis, 1 is noted that in
case of aﬁneaﬁ e thvﬁén eérﬁr%'ﬁﬁg’létaﬂ adarecy ?"’Bﬁ"ﬁ"&fl 'fig'é"rthﬁ‘hg‘e ang Cé‘i"ée‘i\/\)ﬁl ch
i s transpar erttcccbrdaltcbemktaﬂxerm&xﬂmlhy is robediskelr when e alalueearbfhed W31 s Uoider&d.

i rradiation m desi.t e that an incident angle "

Iof t h:a I ;ser q%‘)e‘g%%réas'?l %gft | e@g ' bg naéahaﬂatdiﬁ?%jlf 25 %‘W%W%‘)“a'\ﬁﬁé‘ﬁt’

i nci dent pl arsédes én the fongiudiag Cbtectpdnathaeohdte interfprengeeing ioaly esmalpintlnencs whf ace
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when the val ue ’aroun 1S CO
including the minor axis of the beam spot. In such a case, the interference does not

occur when the first beam spot 106 has an angle of ¢ 1=10° approximately, and the
second beam spot 105 has an angle of ¢ 2=10" approximately.
In addition, it is preferable that the first faser beam and the second laser beam
25  are generated in TEMgo mode (single mode) obtained from a stable resonator. In case
of TEMny mode, since the laser beam has the Gaussian energy distribution and is
superior in condensing the laser beam, it is easy to process the shape of the beam spot.
When the substrate over which the semiconductor film is formed is used as the
processing object 104, the silicon oxynitride is formed 200 nm in thickness on one side
30  of the glass substrate having a thickness of 0.7 mm and an amorphous silicon (a-Si)
film is formed 70 nm in thickness on it as the semiconductor film with a plasma CVD
method.  In addition, in order to improve resistance of the semiconductor film against
the laser beam, the thermal annealing is performed on the amorphous silicon film at the
teraperature of 500°C for an hour. In addition to the thermal amnealing, the
35  crystallization of the semiconductor film utilizing the metal with the catalytic actiivity
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However, since the |aser beamat the irradi ated surface has energy
attenuated at both sides in the longitudinal direction thereof, the
interference has only a small influence on the both sides and the val ue
calculated in accordance with the inequality is enough to 10 obtain the
effect of attenuating the interference. This theory is applied to both of
the first laser beamand the second | aser beam and it is preferable that
bot h of then1sab|sf the jnequality. However, as for the excinmer |aser
beam for exRPPEPC 'cmgﬁi’ses»laé‘r?@flﬁmp‘sc@féﬂoéﬂﬁI“S’iacbﬁ!ﬂgta laggs beanm ist
necessari | y sadobisthy sdnfee inequallty The above inequality of " 4) " is
the | aser, beam 15
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to inprove rthesfisst dmebgefmtﬁaeuxgdimcseaﬂﬂchammoﬁmllmlagabﬁstlhe s&dw]gllfﬁ@EMeﬁﬂﬁm
the thermal | on filmat the
tenperature o gg{) f(@!ﬂ?d@em&?%%%& 3t ﬁlnglr%]{efgl ﬁ%‘%@f’msﬁﬂ?ﬁgf’i"ﬁg, t he
35 crystal | izadiaterh tsf stathavhoeonthe @bﬂmwm@rcoﬁficrmuismcrzasng by ltiee fimt laser bedoh t he
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condition in irradiating a eam1s
beam spot 16%tils Eadifaddesh tHerefersc exen pfeiobjce fitst 10ser (hdam of the second

harmonic stopped to be irradiated, the melted region in which the absorption coefficient

is increased can be moved to one direction to some extent by the scanning of the
second laser beam, and thus the crystal grains growing toward the scanning direction

25  arc formed. And in order to keep the region where the absorption coefficient is
increased during the process of the scanning continuously, it is desirable that the first
laser beam of the second harmonic is irradiated again to aid the energy.

It is appropriate that the scanning speed of the first beam spot 106 and the
second beam spot 105 is between several cm/s and several hundreds cmy/s, and here the

30  scanning speed is set to 50 cm/s.

Next, FIG. 3 shows the scanning route of the first beam spot 106 and the
second beam spot 105 on the surface of the processing object 104. In case that the
second laser beam is irmradiated on the whole surface of the semiconductor film, that is
the processing object 104, after the scanning to one direction is performed with a

35  uniaxial robot for the Y axis 109, the first beam spot 106 and the second beam spot 105
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substrate over which the sem conductor filmis forned) in the direction of
the minor 5 axis of the second beam spot 105 by the uniaxial robot for the
Y axis 109. Here, the output of both the |laser oscillator 101 and 110 are
that indicated in the specification. By the scanning of the processing
object 104, the first beam spot 106 and the second beam spot 105 are
scanned relatively to the surface of the processing object 104. Since the
regi on where t e fir, beam spot 106 is irradiated in the 10 sem conductor
filmmlts, ¥ &‘rﬁ‘? Briagiabrobptdprthe Xorxis H todhg directipe parpendieular ethsecond

CW | aser beamunm;grcﬁﬂa&ﬁﬁnBpﬂﬁltﬂhﬁk?dl?lrdbotfﬂﬂﬁ{ee{’%@,lo9n the region which has a
wdth of 1 nmmto nm co retggondl ng.to the major axis of the second beam
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is 1increased r|n t he cess of the scanning conti nuously,

desirabl e t Rt ‘P Ream gpot 107 prerslided; i ﬁdlfﬁ‘éﬂ’?ﬂ}?ﬂ@ﬁﬂ@u‘iﬂ# Wdhﬁat ed
agai n t5aij dca'mhmgedjlﬁé A2 by awllﬁo@@gochemmaataerdbhafortu&ex%ﬁermsngm@mlﬁé the

first beams .an beam spot 105 | be ween several cn's
and sever al (ﬁ%h g'rségf‘gnsa?foﬁﬁé’f‘ I%CI‘FSCO@& Ynjagiakzobot 9r 50
cm's. Next, tIEIX%a’i:ssmSan hﬂiraaadamnrmcmmtm@fertﬂmuf FI($t3 bepnepping 486 and
t he second 105. on, t he

I 0ocess 104. In
case that tRa s conofhf %mgf'“abmgﬂ% §tqe i? 6“‘1) ef‘ﬂ’é‘x\ﬂkﬁﬂ% ’g’tﬁ‘éﬁ%"‘%f t he
sem conduct 98 fn prder, tthasedond ladee bpmcmshe figst digee btam @4n bafitradiateh @nshi@nni ng

to one gbre%bfg@uﬁéce%?éﬁeg%[gg%ﬁwg%gk uni axi al robot for the Y axis 109,

the first beam spot beam spot 105 13
It is desirable that the length of the scanning route B1, B2... is between 1 mm

and 2 mm that corresponds to the width of the major axis of the second beam spot 105.
The region where the second laser beam is irradiated and the crystal grains
growing along the scanning direction is formed has very high crystallinity, Therefore,
25  when the region thereof is employed as a channel forming region for TFT, very high
mobility and on-current can be expected. However, in case that the region where such
excellent characteristic is not necessary exists in the semiconductor film, the laser beam
may not be irradiated on such regions. Or the laser beam may be irradiated under the
conditions where the high crystallinity is not obtained by increasing the scanning speed,
30  forexample. When the scanning speed is set to 2 m/s, the a-Si film can be crystallized
but it is difficult to form the region where the crystal grains are grown to the scanning
direction continuously as described above. Moreover, by increasing the scanning
speed partially, throughput can be further enhanced.
It is noted that there are some methods for the scanning the laser beam. One

35 s the irradiation system moving type method, where the irradiation position of the laser
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are slided with the uniaxial robot for the X axis 108 to the direction
perpendi cular to the scanning direction by the uniaxial robot for the Y
axis 109. For exanple, the sem conductor filmis scanned to one direction
at the scanning speed of 50 cnmis by the uniaxial robot for the Y axis 109.
In FIG 3, the 5 scanning route of the first beam spot 106 and the second
beam spot 105 is indicated by reference character Al. Then the first beam
spot 106 and the. seco d»glg amspot 105 are slided to the direction

per pendi cul a’f“olst‘ﬂ%"’ % spbstfate a8 the pracgesingoohiery is fied. uAnpthealis thebot
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scanni ng“r ou R P B ?ﬁeg ‘Batm r?&o‘f"rﬁi aseé@&?fﬂdt Bedfprapigte 205 i s

i ndi cat ed bwrrqrh‘))ethelmbpct:ﬂnavmgtﬁx mehocNekitch cﬁ:hﬁrri‘pﬂﬁ;tthbeplrhal sReim HeGnand t he
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the uni axi alg {,@gl tih, a Si¢ e character
B2 in FILG 3. By epéeﬁé‘."’%%gﬁgﬁ‘ ?%gﬁ%%ek %ﬁeggglfag@ea‘ﬁg‘% SESFU9R e v
axi s 1090 anga¢thlecaghspakietative nihe Sq‘—l@lCOliflv@tQ(fdmoganO&tmﬂeérder t he second

| aser beam or theif iy Shtchager ﬂ{&eé%4 @P,Qsml Is! AQ ?&‘@Pd B &‘Qte?lﬁ%g? eng%l% of

surface of the processi ng obj ect I s desi e that
the scanni n§MP8E¥RENET0dEBY " i s petween 1 nm and 2 nmthat corresponds to
the width of the major axi s of the second beam spot 105. The regi on where

the second | Jbea radi ated and the crystal grains grow ng al ong
t he scanni néﬁHE?@ gM a%hi ormed has very high crystallinity. Therefore,

25 whenl% he regi oin ﬂhet&:ﬁmbdmﬂemﬂdeyﬁad méhed ehaiRdlatih rarmasfee begdia der TFT,
on .current ver L n case t hat

heregt on TREI Y mARsadiiay & Fcniifaor BeTiet peeor e BT o i n
the semi conex@tined withBIGS. 4 tod€ker beam nmy not be irradiated on such
he high orystal | T aeThEPhumto it Bsh i o R Mo Bkt AR ddeca: 20
for exanpl eA ghiss substratessuain ns mgampnbdrosﬂlcatetglass; ap aldsinutmherailBatef gldssoean be
ar 4 e 20 o Hie i o gl st Al SUSRUBRIR b\ 1RO/ pH UG8 o 0GR
above. Moredier, B epjdesn ehraugh | thy tillh?;trai*t aamipniging sibe eplagbiar typahlly polyetiilendiput
can be furt féﬁi’phﬁﬁth@@@@l‘), polyethersulfone (PES), and polyethylene naphthalate (PEN) or
acryl synthetic-resin with flexibility such as acryl or the like is inferior to the substrate
above in terms of the resistance against the heat, it can be utilized provided that the
25  substrate can resist against the heat generated in the manufacturing processes.
The base film 501 is provided in order to prevent that alkaline-carth metal or
- alkaline metal such as Na comprised in the substrate 500 diffuses to the semiconductor
film to have an adverse affect on a characteristic of a semiconductor element.
-Therefore, the base film 501 is formed of an insulating film such as silicon oxide,
30 silicon nitride, silicon nitride oxide or the like which can prevent diffusion of alkaline
metal or alkaline-earth metal to the semiconductor film. Tn this embodiment mode,
silicon nitride oxide film is formed 10 nm to 400 nm in thickness {preferably 50 nm to
300 nm in thickness) by a plasma CVD method.
It is noted that the base film 501 may be formed in a single-layer structure or a

35  laminated-layer structure of plural insulating films. In addition, when the substrate
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It is noted that there are sonme nethods for the scanning the | aser beam
One 35 is the irradiation system noving type nethod, where the irradiation
position of the laser 14 beamis noved while the substrate as the
processing object is fixed. Another is the object noving type nethod,
where the substrate is noved while the irradiation position of the |aser
beamis fixed. There is one nore type where these types are conbi ned.

Since the laser jrradiation apparatus according to the present invention
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such as acryl or e inferior to the substrate  above in terms o
the resi staﬁE’@mﬁB‘gﬂcﬁgt brlﬂekqi?ea{?’f erystallization wiith thes dassy Giradiation apparelie 25
substrailéd cancordiag s thagaisaft tindeidioleat generated in the manufacturing
processes. The base,film501 is ovi ded in qrder, to,preven at

al kal i ne-earth ne fhlso?n%% S rﬂﬁé%@eﬁmg@w%ggmﬂaewﬁ'ﬂrff%ﬁ agey that
substrat e 5@Dtpaisf § ¥gewsith thet drergeaf 6 onkfpidsepin afdstilbation hade of TEMiyeofStheaf f ect
on a charac | Sb | : C ctor el t. ,.Therefore, t base, film
501 is for rrtégéogﬁthg[?\nl ncs@FZZ?JlEH 3’98% %Jer%hés)“tfg ﬁfzgféf frdhas a&?iflsﬁé”fld%?gplnf‘co
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enbodi ment no )
- rectangle having a length of 200 ¢ m in minor axis, 3 mm in major axis and the energy

density may become 1000 mJ/cm?.
In addition, in this embodiment mode, the second laser beam is emitted from
YAG laser that outputs 2 kW of the fundamental wave (1.064 £ m). The second laser
25  beam is processed through the optical system so that the second beam spot formed on
the surface of the semiconductor film 502 may become a rectangle having a length of
100 # m in minor axis, 3 min in major axis and the energy density may become 0.7
MW/cm®.
Then, the first beam spot and the second beam spot are irradiated so as to be
30  overlapped on the surface of the semiconductor film 502 and are scanned to the
direction indicated by a white arrow in FIG. 4B.  Since the semiconductor film 502 is
melted by the first laser beam, the absorption coefficient of the fundamental wave to
the semiconductor film 502 increases and as a result the energy of the second laser
beam is easily absorbed in the semiconductor film 502, And the region which is

35  melted by the irradiation of the second laser beam moves in the semiconductor film 502,
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silicon nitride oxide filmis formed 10 run to 400 rimin thickness
(preferably 50 nmto 300 nmin thickness) by a plasna CVD nethod. It is
noted that the base film501 my be formed in a single-layer structure or a
35 | aminated-1ayer structure of plural insulating filns. In addition, when
the substrate 15 conprising the alkaline netal or al kaline-earth netal at
all such as the glass substrate, SUS substrate, or plastic substrate is
used, it is effective to provide the base filmfor the purpose of
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mi nor axis, SFhthaRed spmicondycortiln 52 tepEdgynd H@P@HS?‘YH%W paeisprducvn o
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emtted froo5 G | aser that outputs 2 kWof the fundanental wave (1.064 IL

m . The second lTaser 25 beamis processed through the optical system so
that the second b&@rensKieF isfroamufsthaed fdrexampleas gatefinduleing EMinq@sOdkewarinf i | M
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Silicon oxide, silicon nitride, silicon nitride oxide or the like can be employed as the
20  gate insulating film. As for its forming method, a plasma CVD method, a sputtering
method, or the like can be employed.

Then, after a conductive film is formed on the gate insulating film, a gate
electrode is formed by patterning the conductive film. Then a source region, a drain
region, an LDD region or the like are formed by adding the impurities which impart

25  n-type or p-type conductivity to the island shaped semiconductor film 507 to 509 with
using the gate electrode and the resist which is formed and patterned as a mask.

TFT can be thus formed through a series of these processes. It is noted that
the method for manufacturing a semiconductor device is not limited to the processes
for manufacturing the TFT above after forming the island shaped semiconductor film.

30 By employing the semiconductor film crystallized by the method for irradiating the
laser beam according to the present invention as an active layer of TFT, a variation of
the mobility between the elements, threshold value, and on-current can be suppressed.

The conditions for irradiating the first laser beam and the second laser beam
are not limited to those shown in this embodiment mode.

35 For example, the first laser beam may be emitted from a YAG laser that
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Then, the first beam spot and the second beam spot are irradiated so as to
be 30 overlapped on the surface of the sem conductor film 502 and are
scanned to the direction indicated by a white arrowin FIG 4B. Since the
sem conductor film502 is nelted by the first |aser beam the absorption
coefficient of the fundanental wave to the sem conductor film 502

I ncreases and as a result the energy of the second | aser beamis easily

absorbed in the sg 'conﬁugtor filmgrgﬁ. And the region which is 35 nelted
by the irradlRUHA B Withdhe segRY of el Pyt aorrellafion mede 96 EEMmndatthsr il m

502, 16 gnchebdm_ rliabmohfﬁé(;jm ﬁmg,adtgm?lha&ywi ICkHg 2\ @&tﬁmwkwcﬁgohﬂe _
scanni ng directi re .forned. fo ng i ngl e-crystal _grai,ns '
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crystal gr aienelpywidE2y mlpulsay @l v osstitionindde a$tTHMg} bthe ahigd hgdmdiid €551 on of
TFT can he for . Mor eov e _laser beam be .,rradiated in the
at m)sphelrge 0 nﬁgaitg%@PPVeOFgg&Uﬂgi S f’i(?ﬂ)’?sg ‘gﬁh O30 g doF SHamBlce I]?'ke. By
doi ng this, additionptbgfirstsleserfbeathanaysbnemisted fotnon YVOmlsyr tHacoutpuadi. ftW,on of
t he | aser beg n S th I t he vardation.af fhe
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suppr essed. hagngnie X6 omduatt o frequieney 8035 ikkianand thas hepuiseywtdi bf A0 tag, for nor e
enhanced is exﬁﬁ@!@?d by the irradiating the | aser beamto the sem conduct or
ri

filmb502 as described above. Next, as shown in FIG 4C, the sem conductor
film5030is patteGoagerningt the secand| laser beampthe scepnd: beiubaany nfay | be &0ittetlo 509,

d : . f . 1 i T, f d
and various fgmdsNe! YAENRONHHE bRtbuts 500 OWeHE He ﬁ.}i&é:ﬁ@dmhy%%ig (1\%162'n @ﬁi}ei <

with using the island shaped sem conductor film507 to
manuf act ur eMtheegé‘?fp‘P m emitiadofqrps 1N WGt fasen thab outmisna0Gth W tafethei gur e)
is formed sdumBinieftat@ues (L0W ishpRdiss 0aAeE IRORLERNESE bOImf i | m 507 to 509.
Silicon oxide, silicon ni &.rgi de, silicon 1rJi tri.de oxjde or the J]ike can be
enpl oyed as the 2O1YEPwET; theuraessh do rrysallizes uilizing the mfali with the Geialytis
pl asna T¥D metitiyomanbs pddeddiefdig thergyshigzation by e laidtdegan he termbayRih Then,
after a conquctive.film.is forned he ' | at | i a e
el ect rode igﬁl %art E\F/Tl%téc By Vi %eé?lﬁ?lﬁﬁl(‘?'%ekﬁwfga%ﬁi ]{’/”BIZH’I“FI}Q ‘rﬂ?'l:ﬁé"r(g& g‘ﬁﬁf&?é)
regi on, a dibali(CGoggPlatinuma®i) Doppe(lunGold(Atealei gieerar Vhar thedcriztallididing t he
irrpuritiesg[ﬂj ' - I Pelyvpe nguetivity tg.the island
“shaped seni &6 ﬁ%%cﬁyﬁggaﬁ?t%nj%g@fg i‘%ﬁgﬁ]ﬁd \%ftérﬁﬁ)e c&gtaﬂmlng prochs utﬁ1zmg the Pactil
with the catalytic activity, the crystal formed in crystallization with the element with the
20  catalytic activity leaves without being melted by the irradiation of the laser beam in the
side nearer to the substrate, and the crystallization is promoted by having the crystal as
its nucleus. Therefore, the crystailization by the irradiation of the laser beam is likely
to be promoted uniformly from the side of the substrate to the side of the surface of the
semiconductor film. Compared to the case in which the semiconductor film is
25  crystallized only by the laser beam, the crystallinity of the semiconductor film can be
further enhanced and the roughness of the surface of the semiconductor after the laser
beam is irradiated can be suppressed. The variation of the characteristics of the
semiconductor element, typically the TFT, which is to be formed afterward, can be
suppressed and the off-current can be also suppressed.
30 It is noted that the laser beam may be irradiated in order to further enhance the
crystallinity after the element with the catalytic activity is added to the semiconductor
film and is heated in order to promote the crystallization. The heating process may be
omitted.  Specifically, after adding the element with the catalytic activity, the faser
beam is irradiated to the semiconductor film instead of the heating process in order to.

35  enhance the crystallinity.

18



using the gate electrode and the resist which is formed and patterned as a
mask. TFT can be thus fornmed through a series of these processes. It is
noted that the nethod for manufacturing a sem conductor device is not
limted to the processes for manufacturing the TFT above after form ng the
i sl and shaped sem conductor film 30 By enploying the sem conductor film
crystallized by the nethod for irradiating the |aser beamaccording to the
present invention as an active layer of TFT, a variation of the nobility

bet ween the el ementhis embedingal modashesvs amexagrple whewnthe srathaskfos ippiatinged

The condi ti oms fhek Hc%ﬁﬁﬂisé‘[bkd&gui bR bidsit iuaéfﬁfonbﬁa nng?eé he SReanst haser
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the catalytic 15 activity nay be added before the crystallization by the

| aser beam As the nmetal with the catalytic activity, germanium Ge),
Ferrun( 6), [Pabbaigieatf( Pd), Tin(Sn), Lead(Pb), Cobalt(Co), Platinun(Pt),

Copper (Cu), Gol d( ven. n.the crystallizing process by .t he
| aser beamis per?ﬂiﬁ’@b"@%‘ig {1y ngh the (pipsep Wﬁmb?fb&a%@) ligdjis jiexphyied 8 net al

wi th the catfallos.c activity, the crystal formed in crystallization with the
el enment with the 20 catalytic activity |eaves wi thout being nelted by the
irradiation of the laser beamin the side nearer to the substrate, and the
cryst al | i zatfEmhodimept bjnot ed by having the crystal as its nucleus.

Treepy a8 the CORIAbhbARRIRP shiws Bfe ' it o We Hasck NFrat AR aHpRMs®
applying the present invention.

FIG. 5 shows a structure of the laser irradiation apparatus in this embodiment.
In this embodiment, a first pulsed laser beam having a wavelength of visible light or a
shorter wavelength than that of visible is emitted from a laser oscillator 1520. And

25  second CW laser beams are emitted from two laser oscillators 1500 and 1501.

In this embodiment, an excimer laser is used as the laser oscillator 1520,
which outputs the energy of 1 J per a pulse, with a pulse width of 30 ns approxiniately,
that is to say the laser oscillators 1520 outputs 30 MW per unit time. In addition, both

- of the laser oscillators 1500 and 1501 are YAG lasers which output 10 kW respectively.

30 After the first laser beam emitted from the laser oscillator 1520 is reflected by
the mirror 1523, the first laser beam is shaped into rectangular, elliptical or linear
through the optical system 1524 and is imradiated to the processing object 1514, It is
noted that in this embodiment a shutter 1521 to obscure the first laser beam is provided
between the laser oscillator 1520 and the mirror 1523, but the shutter 1521 is not

35  necessarily provided. Moreover, the optical system 1524 may be whatever can shape
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to be pronmoted uniformy fromthe side of the substrate to the side of the
surface of the sem conductor film Conpared to the case in which the

sem conductor filmis 25 crystallized only by the | aser beam the
crystallinity of the sem conductor filmcan be further enhanced and the
roughness of the surface of the sem conductor after the laser beamis

i rradi ated can be suppressed. The variation of the characteristics of the

can be - supplEEa Ancinie G nediepeilan oappial By e sreSe e by ol o
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in the gdidxellagortcams agkieciloptedt be theamiabi dﬁi(bfandi H&62 nespgytivlys tand thothi ere of
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present I nvention 1s a S expl al ne

Thi s enbodi riinger diFugh ﬂlmlerl%k%]dmw lairradmed adtbe pmccadxgactbymn 15pbmrtht laser
appl yi ng t hgrRiGRG  EhdnBEE 519N In this embodiment, a cylindrical lens is used as a lens

1511, but any other lens can be employed as the lens 1511 provided that the lens can
20  shape the beam spot into rectangular, elliptical, or linear.
In this embodiment, the mirror 1523 and the optical system 1524 correspond
~ to the optical system dealing with the first laser beam. On the other hand, the beam
expanders 1508, 1560, the cylindrical lens 1509, 1561, and the mirror 1510, 1562
correspond to the optical system dealing with the second laser beams. With these two
25  optical systems, the first beam spot formed by the first laser beam on the surface of the
processing object 1514 and the second beam spot formed by the second laser beams on
the surface of the processing object 1514 can be overlapped.
FIG 7 shows an example of the layout and the shape of each beam spot
utilized in the laser irradiation apparatus shown in FIG 5. In FIG 7, referéncc
30  pumeral 1570 corresponds to the first beam spot and reference numerals 1571 and 1572
correspond to the second beam spots respectively. In FIG. 7, the beam spots 1571 and
1572 are overlapped partially one another so that the major axis thereof meet. And
the first beam spot 1570 is overlapped so as to cover these second beam spots 1571 and
1572 completely.
35 In this embodiment, the length 1.x 579 0f the minor axis of the first beam spot
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FIG5 shows a structure of the laser irradiation apparatus in this

enbodi nent. In this enbodinent, a first pulsed | aser beam having a

wavel ength of visible light or a shorter wavelength than that of visible
is emitted froma |laser oscillator 1520. And 25 second CWI aser beans are
emtted fromtwo |aser oscillators 1500 and 1501. In this enbodi nent, an
exci nmer |aser is used as the Iaser oscillator 1520, which outputs the

energy of 1 g per u l.se dth of 30, ns apprOX| mat el t hat
is to say tf%éﬁd%é% tg’s%qﬁ I’“{a‘Po lE’ laﬁé ﬂ\é‘vl]? L0307 9K [Setet doy i 10 tpgp and illl

addi ti 020 Eomhrgyofeni;lbels: @6 &é %@AMf Wl/drﬁft OIW'heh5ﬁQ ‘Eﬁl ek ﬂ;@ﬂcuﬁﬁ@l AStHe a8 oS V\'hhi ch
out put ectively fer |rgst aser be tte t he

| aser osci | ?%Psqtfvppfgg(yufsg T00plerp o8 1@98 P AGIORESS a[g]ﬁgg']f ICQ r beam
i's shaped i rtxes7t @ctheamginbraxis ef themeccmll bemm kpomaaﬁ'z 1st:¥atwgmtﬁam,0m=.t ie@gdh

1524 d .1514. It | ted
That i Ph B BB st B 0 RHET PR HREY o5 R o Wi ©s
provi ded bdivbenmnare,dhe @sgth I@sm bi the ovindr5&(s cfribe $d¢endrb¢an08p015232 istsettot he
shutter 152:90()5#'?19'%@@11%@1 5562 ft&%nﬂi‘(‘) ﬂ??set%’w&‘ﬁ?oan | Cend gy %éSt em

1524 may be whatever ca eam Spo near, ul ar,
or elliptic&fttpf-oMycm’o é@ﬁd&@@q&i@a@e@msgéaﬂ and hE7Fok Ovampphd)fmgénl ze

the energy (i'mﬁtdnbt%klbth@f‘so @t &ﬂaqeagtﬂ Etmla%mlﬁ PAged GSAE DOATHeGH Lt €d
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1500 and the begm exg‘bﬁndeéep1508 nd bet ween aser oscillator 1501 and

the beam exfH8E1aseE EEqnehere the first 3nd e seqoad dasgr beagyis ovisdappsdar i |y
provi ded. Aogh bé eﬂa@ad,tdaﬂ the@m;mmrwf%gmﬁi@&mha%@&mmrﬂ@ dilyeapage of
t he second ﬂgeo i)%éo the beam expanders can be

in
suppr essed ancf#] “Sa‘HH?fF 5 ascrgﬁaéng”?é ! Y5283kl shape of the |aser
beam cahbbe cont r Mdrewer, Tmﬁu:sanbcrdimhﬁswn ldmeamﬂmtpuie sed o iofadiakaddof

expanders 1 i.ndri 1509 a
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rect angul ar to s, japd ithred Oomom néﬁme seqund ladee beatentg dessed aslthtSet@sldasdpeans
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or e, 1| et By BBt A ol S ROE] & KR B el Bl o
to becone | inearInthe dasghirradéationrehambar 1 AAdthi proqessing abjed 1t5(14t1$1mopntod:e55| ng
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cylindrical | eng 'S _use
18. Speafxcally, the stage 1515 can be rotated in the horizontal plane by the

uniaxial robot 1516 for ¢ axis. In addition, the stage 1515 can be moved in the X
axis direction in the horizontal plane by the uniaxial robot 1517 for the X axis.
Furthermore, the stage 1515 can be moved in the Y axis direction in the horizontal

25 plane by the uniaxial robot 1518 for the Y axis. The operation of controlling each
position is controlled by the central processing device 1519.

The crystal grains extending long to the scanning direction can be formed by
scanning the object to be processed to the direction of the X axis as irradiating the
linear beam spot extending long in the direction of the Y axis. The scanning speed

30  may be set to 10 mm/s to 2000 mm/s for example, preferably 100 mm/s to 1000 mm/s,
but the optimum range of the scanning speed depends on the conditions such as the
thickness of the semiconductor film, the material or the like. Thus the single-crystal
grains growing to the scanning direction can be formed in a paved state in the region
that extends along the scanning direction having a width of 100 mm. The width of the

35  region where the crystal grains growing to the scanning direction arc paved is about
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1511, but any other |ens can be enployed as the | ens 1511 provided that the
| ens can 20 shape the beam spot into rectangular, elliptical, or |inear.
In this enbodi nent, the mrror 1523 and the optical system 1524 correspond
to the optical systemdealing with the first |aser beam On the other hand,
t he beam expanders 1508, 1560, the cylindrical |ens 1509, 1561, and the
mrror 1510, 1562 correspond to the optical systemdealing with the second
| aser beans., W_th these two 25 opti.cal, systens, first beam spot forned
by the fi rstlo}ﬂ\:’atgg?s %85‘%?6‘??%'5@ Shesififes T e é@@%ﬁ&g Fm BEROELiPE 1588 and

t he second a&stng pwhoijoe.ned by the second | aser beans on the surface of

t he processi ng obj;ect n_he. ov apped. EFlG 7 shows an exanp of the
| ayout and the she{gfeg n((#e% Jetg%tﬁﬁ gllé%lt rpgs{lhvﬁﬁ}ﬁefgatq W?&@%gggﬁuéﬁsa@ﬁgt i on
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to the figrst AL e nuneral s 1571 and 1572 correspond to

t he secoﬁd' blggigg%)ots ‘PZ@%S‘E‘P{’%%@E In FIG 7, the beam spots 1571 and 1572
are overl apped partially one another so that the najor axis thereof neet.
And the fi rfﬁhbggﬁggnwgt 1570 is overl apped so as to cover these second
beam spots 1571 and 1572 conpletely. 35 In this enbodi nent, the |ength
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one anolber so that pelperysedijitehsenficondactoy dithappeatling] otthathe $asef itddeatisrcond
beam 10 sp 7 100 m descrj.b a )Y
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two of 20  carbon nitride may be also used.

Moreover, silicon oxide, silicon nitride, or silicon oxynitride can be used as
the gate insulating film 6004. In addition, the film where these are laminated, for
example, the film where SiN is laminated on Si0, may be used as the gate insulating
film. Furthermore, an element selected from the group consisting of Ta, W, Ti, Mo, Al

25  and Cu, or an alloy or chemical compound comprising the element above as its main
component can be used as the gate electrode 6005. Moreover, the semiconductor film,
typically a poly-crystal silicon film which is added impurities such as phosphorus or the
like can be used. And not only the conductive film of a single-layer structure but also
the conductive film of a laminated-layer structure comprising a plurality of layers can

30 -~ be used as the gate electrode 6005.

In addition, the transistor 6002 is covered by a first interlayer insulating film
6006 on which a second interlayer insulating film 6007 and a third interlayer insulating
film 6008 are laminated in order. The first interlayer insulating film 6006 may be
formed in a single-layer structure or a laminated-layer structure of silicon oxide, silicon

35 nitride, or silicon oxynitride with a plasma CVD method or a sputtering method.
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the second | aser beans to the processing object, but the present invention
is not limted to this, and three or nore of the second | aser beans nay be
used as the second laser beam In addition, the first |aser beam may al so
include a plurality of the |laser beanms. In the |aser irradiation chanber
1513, the processing object 1514 is nmounted 20 on the stage 1515 whose
position is controlled by the three uniaxial robots 1516, 1517 and 1518.
Specifically, the stage 151 ;can be rotated iln @g hori zontal plane by the
uni axi al robot 15% SE50R¢ ; wterigyer Jnsplating, filp 0004, 3p orgapia e Wan Asved in
the X axis idorgenitiiosulitingtfilm, harihsidmning| filxl Gae chypile SITHBX tdktal @RPEi-H517
for the X axi . r Jyor t he.st age 15 can,be noved in the Y axis
direction i ?C{%ﬁgﬂﬁgl?%ﬁnﬁm%%F%aﬁgg]ggteéﬁrgq}ﬁs sHqxape gB%tor%@(q“éPs"tdhe Y
axi s. The operthisi ambalimeminnowphalognsitied acygtisii¢ ugd. | The Gilvhr whickds hyrd foe
central pro ' | Ih rystal .qrains.ext i ng..long to the
scanni ngBdi (r:tg%té ]ilﬂggthg%z{t%gal ?cg‘r}s(%nl\legdmbgmg%%éaﬁi ﬁéeﬁgmﬁﬂ% Ogglreeﬁghqted%gé“gp%%‘é’éts ed to
t he directi dticibps miabtuxe,antiygeroandithe k¢ eampaged tvethe bihaemsulbésnfibgois veed sndi ng

| ong in the ¢fi il ; : ' he. P t to 10
mi's 1o 2000 purd pRak ieifuks B w0l "ﬁ%@?ﬁﬁ%ﬁ%% YRR, 1 he
opt i mum r andgecagton Hisidg didmng sigjcarpeitiiiefdpeiommed withaa Rioyputteimneetodior de t he

t hi ckness ofjikkhe sem conductor film the naterial or the like. Thus the

si ngl e-ﬁhystal grain ftggrowi ng to the scanning direction can be forned in a
paved stdte in thd? Fé@i Aeferehgh nunerah¢(dl Oglenatss p anedea rrisrancednyreeral @i lhavi ng

a width of Xeflotsinan ERerwludiihts@int 148r, 3ndr RH&Re Waflehil 6082 GeXstteh idlfsS
growing tot e‘i.ctﬁnm ng dir lon are paved is about 21 100 tines broader
than that criySt% ?E‘&‘EF%?FF?@‘%@“‘@W@&%‘W habeangels sheicyrgent supnlied R st i ng
tecEni que. Might emittrigeelembtcl b andrehiakdbyrit ih&bﬁnwte}dm&eb@y @hﬁrﬁll?@!ﬁ@ﬁé@iﬁ‘é? uEi t
such as CCD y..be. provided |.n order to caontro e ac osition of the
object to bé’ﬂ{ér?(%r 4L & m?gslgﬂlhwaléghg%%‘?q glFWFEt @d}god&ﬁ%ﬁ'ﬁ‘?&f’%ﬁﬁWﬂnt 2]
The st rdiet udayenfo0t haapiaxghgledasichatrii¢tafet oB et lintigodeljcor adamntdaflajdie

sem conduct i r i th t.he l,.aser irradiation apparatus
accordi ng tg{m%g?étoﬁgﬁ%ﬁ&é%sﬁ%ﬁﬁggﬁg%cn@n}%ou&%{e& ned with FIG 6. In FIG 6,
a base film 6001 iThe fapedee@D1Onis dormedsin thicathd Oiterlgadinaulbting Slmt6I0S. 6882 i S

formed on tRg.h i #49%s £ J . an i ve | ayer 6003,
a gate el ecfgr 0%2‘%36’005, ang a?égtg_%% g%uﬁﬁegg%gﬂ%r%ﬁ%ﬁ n&%@% clrc%rﬁsé'g%ﬂgt ween
the active ﬁgyépOS It is noted that in this embodiment, the organic resin film is used as barrier

20  diffusion, but an inorganic insulating film, an insulziting film that comprises Si-CHyx
crystal and Si-O bond and is made from the material selected from the siloxane group,
or the like may be also used. The organic resin film 6014 has an opening 6015 and
the luminous element 6013 is formed by overlapping the anode 6010, the
electroluminescent layer 6011 and the cathode 6012 over the opening 6015.

25 And a passivation film 6016 is formed over the organic resin film 6014 and
the cathode 6012. As well as the third interlayer insulating film 6008, the film which
is hard to transmit the material causing to promote deterioration of the light emifting
clement such as moisture and oxygen, for example a DLC film, carbon nitride film,
silicon nitride film or the like formed by the RF sputtering method is used as the

30  passivation film 6016.

In addition, it is desirable that the end of the opening 6015 in the organic resin
film 6014 are made info a round shape so that the electroluminescent element layer
6011 formed so as to partially overlap on the organic resin film 6014 does not have the
end thereof bored. To be more specific, it is desirable that the radius of curvature of

35 the curve line drawn by the sectional surface of the organic resin film 6014 in the
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6003 and the gate el ectrode 6005. 15 A poly-crystalline sem conductor film
crystallized with the |aser irradiation apparatus according to the present
invention is enployed for the active layer 6003. It is noted that not only
silicon but also silicon germanium may be used for the active layer. In
case of using silicon germanium it is preferable that the concentration of
germaniumis between 0.01 atom c% and 4 5 atomc% In addition, silicon
added 20 carbon e also over, silicon OXIde silicon
nitride, or FMY é@lﬂagﬁ%‘?ﬁﬁﬂ%&& WATEE LR ithitheakioxe struciurg) e covSTage m
6004. In adobftth@nl,ecttdiﬁnfnnd;d&hﬂﬁgﬂ&mﬂh&@&tﬁid@ tlmrmnmed 14t@ can D BRRARed,t he
filmwhere nat ed on  Si y s, the ulatlng
film Furt hg‘lrIl #Ddr]%eéya{r?ce ‘é‘?’r@rﬁ Iét%# %a‘f g’% af‘?‘i“r#@ﬁ@“arﬂb%ﬁaﬂ& sf?ebg’gi ﬁ‘@“ ity w
Ti, M, A, 88 cpednQigrmod mrthmleleotyolumzmbmm babr G@Ilpomeﬁﬁi‘,pbj shsigp thae
el ement gbow n e el ectrode
6005. I\/b?eovgtF ?a%uﬁ%%g%%l%cn 9' g %@5 @3ch cétﬂb"’g t@‘: P4 8190 con
filmwhich |®cm,dﬂlilammllcd dsmkucﬁn lmsreclm@pmblehablhﬁy ctihbe thusleshanaed. be used.
And not only the qgg fd . r e but also the
664, ¥iG dg sk anaex r 9@ u?\r&Jhﬁﬁ% r%l%wsgx?sn'i' eof%le BEIES of

conductive film of am nat e
| ayers can t®ef %YIEFs@éﬂﬂa% usadeashe @fgﬂ@dﬁﬁ@(ﬁémmﬁ The ahlmtoscmsmye biganic

transistor GOGRid éas@fﬁé@ e tlQ‘Ypd'iltfv'ert ¢ 1&1%}3&1 gﬁé ?%Jgp%ﬂgt%tthg Godr %}l B%l 91%96 on

whi ch a econg interlayer insulatin
i nsul at tig 2 F?ﬂ‘mf’af’@“ P‘é@Pﬂ‘é‘PéﬁeﬁPﬁS@rl&I@imOWﬁ:eﬂﬂﬂlthﬁsﬁegahY@Wa}lew 1ch

i nsul ating fthd fefAQBat R YxfRed sAHITREMbRRI2 Fi O Ip?eskameﬁfbﬁumw oft refin,
| am nat ed- Ia_ﬂlpﬁlfstructure of silicon OXI de, silicon e, or silicon

oxyni tride heregative eRasandie s used-a MBE?PY@*PﬁQf&?ﬁ{CH%}n ﬁkQ 64 paxy
second i nt etbbefyﬂned with Itk pllitgosfchélﬁvégﬁﬁqmiﬁﬂ OWheA ithe 6@ahid redih MImAED14 is

I norgani c | fil I nsul ati I, mthat c rise SI- crystal
and %I -0 bq?i n%tnﬁlg 335 (?fn%‘ﬁ] qqggu%{]ygf:,l the seetiqual é‘b‘g)cleo?ﬁ &‘ﬁ %ﬁne
group, b5 t Iopcmng601$ shapes! like lanlettér of §hHdie[rétnis , desiedble fnit :@Eeefh%llidsl ofemacr ylic
d. Th e h 5 traps t terial causing to
Ip?olrjrz'?e det grtlfvgra lon ﬁgqpcf%ncﬁqn%th%lo&%rﬂ ?{gbg éprfﬂﬁga ?d’&h as noi s'?ure
oxygen and the i Iléetr@smfmtedndlmtlvhﬁltmthebe used ab dteiangdd 60106 |1\§otloﬁ@c['m)$ t he
third interhgygs ﬂh@?ﬁh@ta}eggcédd:u@l@e inWRLE ﬁ’ld 8;“(1?%? %;.D%GC]:S{I_G i 0{ elS€ 2

DLC film acar on nitri |con n| an RF
sputtering kE¥PMer 8r%tm€)%|mmebe wged, nIIFFEié I’E(éfsememasethnumdca(ﬁmﬂow"hdenot es

an anode) I eftR6RNEG1 NI HEfoR¥HLof the other known material provided that the work
function of the conductive film is low. For example, Ca, Al, CaF, MgAg, AlLi and the
like are proper as its material.

It is noted that FIG. 6 indicates the structure in which the beam emitted from

the light emitting element is irradiated to the side of substrate 6000, However, the
25  structure in which the beam is irradiated to the opposite side of the substrate may be
- also used. In addition, in FIG. 6, the transistor 6002 and the anode 6010 of the light
emitting element is connected but the present invention is not limited to this structure,
and it does not lead to any probiems even if the transistor 6002 and the cathode 6001 of
the light emitting element is connected. In such a case, the cathode is formed on the

30  third interlayer insulating film 6008 with using TiN or the like.

It is noted that after the state shown in FIG. 6 is obtained, it is preferable to
enclose with the passivation film (laminated film, ultraviolet cured resin film or the
like) or transparent cover member which is highly airtight and hardly produce gas.
The reliability of the OLED is enhanced when the inside of the cover member is

35  satisfied with the inactive atmosphere or the hydroscopic material (barium oxide, for
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denotes an el ectrol um nescent |ayer, and reference nuneral 6012 denotes a
cathode. One of the transistors 6002 is a driver transistor that controls
the current supplied to a light emtting elenment 6013 and thereby it is
connected directly or serially through the other circuit elenents to the
light emtting el enment 6013. The el ectrol um nescent 15 | ayer 6011 has a
single-layer structure of the lum nous |layer or a | am nated-|ayer

structure of r|S|n the | um nous | ayer. The anode 6010 is
f ormed on thé%PR ?&‘Fﬁ% ‘f&g@? VW?WP g film6008. An organic resin film
6014 is formed as Ibas moexd thaf fttwsmmnoﬁs dbeicd hi rdasdrmtc@rdsamrexhﬁwl & tﬂag
film6008. | t his e dinment,. the organi infilmis
used as bar rslkrél?&)ﬂgg%‘?f 9%Vts}%ohb&b S&H‘l‘?"ﬁ‘g}“&% Q‘E"‘F%Wiﬂ&fﬁg dfcp e gigthod

i nsul ati ng factonding e theqmyzentsewen8ba GHot liorited t@thisand Si - O bond and i s nade
fromthegmaterial selected fromthe siloxane group, or the like nmay be

al so used. The organic resin film®6014 has an opening 6015 and the

| um nous el enent 6013 is formed by overl appi ng the anode 6010, the

el ectrol um nescent |ayer 6011 and the cathode 6012 over the opening 6015.
25 And a passivation film 6016 is formed over the organic resin film 6014
and the cathode 6012. As well as the third interlayer insulating film
6008, the filmwhich 1is hard to transmt the material causing to pronote
deterioration of the light emtting elenent such as noisture and oxygen,
for exanple a DLC film carbon nitride film silicon nitride filmor the
i ke formed by the RF sputtering nethod is used as the 30 passivation film
6016. In addition, it is desirable that the end of the opening 6015 in the
organic resin film6014 are made into a round shape so that the

el ectrol um nescent el enent |ayer 6011 formed so as to partially overlap on
the organic resin film6014 does not have the end thereof bored. To be
nore specific, it is desirable that the radius of curvature of 35 the curve
i ne drawn by the sectional surface of the organic resin film®6014 in the
23 opening 6015 is between 0.2 it mand 2 it m Wth the above structure,
the coverage of the electrolum nescent |ayer and the cathode that are
formed | ater can be enhanced, and thereby it can be prevented that the
anode 6010 and the cathode 6012 short out in the opening formed in the

el ectrol um nescent | ayer 6011. Moreover, by easing the 5 interaction of the
el ectrol um nescent |ayer 6011, the defect that the |um nous region
decreases, what is called shrink, can be reduced and reliability can be

t hus enhanced. In addition, FIG 6 shows an exanple in which a

phot osensitive of the positive
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type acrylic resin is used as the organic resin film6014. The

phot osensitive organic resinis classified into the positive type in which
the region where the energy |line such 10 as beam electron, ion or the like
is exposed is renoved, and the negative type in which the region that is
exposed is not renoved. In the present invention, the organic resin film
of the negative type can be al so used. Mdireover, the organic resin film
6014 naxNHgg~ .t he photosensitive polyimde. Wen the organic
resin film Off%%ﬂd%ﬂéed of the acrylic of the negative type, the
sectional surface of the end of the 15 opening 6015 shapes like a letter of
S. Here, it is ﬂesi[aqgg,that the radi,us of the curvature in the upper end
and the | ower- &rigPehHEadiationAPPAratls GPMATISIAg s par ent conductive fil m can be

used as the %%g?laggllgsqilz‘&g&:l géﬁr%)’a)giglgcctwﬁr&%ls%hslgseﬁ' he Qﬂ%?&?% %e%?@guggi ve

filmin which I ndium oxi th tin oxide %
may be wddch anl absipGos codffiCienstouserdeeasing bbjeeniode1 00’ offihere20 cat hode 6012

can be fornmed of the other known materi.al proyided that the work function
ot he. CondudiUBLR cPrTGhg & AReeaRd & panppe o SRR oot G e R Al Li and ¢ he
li ke ar@eppoper as its material. It is noted that FIG 6 indicates the
structure in which the beamemtted from the light emtting elenent is
irradi ated t @ sebendslager escillatdysgenenating @G@condoowniimnous Weve RSersheant having ian

whi ch tl%'gnégﬁ_‘am !jsaié_radi ated to the opposite side of the substrate may be
al so used W 448 %on, in FIG 6, the transistor 6002 and the anode 6010 of

the |ight emidahd fy cBhROMAL aisha ecpReidAif 4 PenP§R 0h thel eyl lagh besmNot
limted to this structure, and it does not |ead to any problens even if

the traigperisp vathohe heam spet of shafgrgdlaspbeamiand he | i ght emitting el enent is

connected. | Ei?a:ﬁ t [ d ird
interlayer i Ensea#% I %8 i Fmr# égﬁgﬁ:&i@%ﬁﬁgiogéﬁeﬁe@oslpgpﬁgﬂgFﬁ%?asw is noted
that af beam ahétietbebd spbovfithe secbhddaber tamltb ahdy@dcessingiobjept,ef erabl e to
enclose with the passjvation film (lamnated fjilm wultraviglet cured resin
filmor the ™ %ﬁrb%aiﬂhﬁ&%é’lfé}%ﬁﬁ% er e i g Qiabp theyseeqndt lesgit  and
hardly ngg.uce gas. The reliability of the OLED is enhanced when the

o}

i nsi de the cover nenber is 35 satisfied with the inactive atnosphere or
t he hydroscopic material (bariumoxide, for 24 exanple) is arranged in the

cover nmenber is.nated that the | um nous deyice is described as an
exanpl e of tﬁéﬁg@mr@fpgw&agpma%iag&&n%&c Wé\fsen‘i conduct or devi ce
manuf act ur ed wigrel e TRENA%r bahs BEU REvdIh ST RicBSEMmioR¥ent i on i s not
limted to this.

3. A laser irradiation apparatus according to claim 1,

wherein the beam spot of the first laser beam is elliptical, rectangular, or linear.

4. A laser irradiation apparatus according to claim 1,

wherein the beam spot of the second laser beam is elliptical, rectangular, or linear.

5. A laser irradiation apparatus according to claim 1,

wherein the first laser oscillator is selected from the group consisting of an Ar laser, a
Kr laser, an excimer laser, a CO; laser, a YAG laser, a Y»0; laser, a YVOj laser, a YLF laser,
a YAIOQ; laser, a glass laser, a ruby laser, an alexandrite laser, a Ti: sapphire laser, a copper

vapor laser, and a gold vapor laser.
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525 WHAT IS CLAIMED IS: 1. A laser irradiation apparatus conprising: a
first laser oscillator generating a first pul sed | aser beam having a

wavel ength at which an absorption coefficient to a processing object is
1x104 em' or nore; neans for controlling a shape and a position of a beam
spot of the first |aser beam a second |laser oscillator generating a
second cont i fudugssiaryediptipnaapppaimanepring taclaimiddanent al wave; neans for

controlling t r,.beam
o overl ap-w URteRdnpassaraRh sl if UL HRt 2 blf cSAGRNE SERF A
cont r ol llaseq adi lakaf a €O, }1113811 8IYOXG Qdset, ey OB AM8eE AOY VO, 14sbe aMIBlasdras A 103eam
and t he beam spot of the second | aser beamto, the proceSS| ng obj ect,

wher ei n 1456 2B £ laser, e fd: sapplite lpseseandpchelivmscadmiwgrlasehan t hat of the
second | aser beam 2. A laser irradiation apparatus according to claima1,
wherein the first |aser beam has a wavel ength of second harnonic. 3. A

| aser irradi & Adaseappalistorspaertsdeoagding teklirml]l, wherein the beam spot of
the first laser heamis elliptical, rectangular, or linear. 4. A laser
irradiation %t us according to claim 1, wherein the beam spot of the

second | aser e Hddessifd lobfict ‘ééi'n née%cé 3&&9&&:&‘& ,ha‘w?irngl 4 NRRkness Df A"l FARA is
i rradi ati on apparat us accordi ng to claim1, wheréin the first |aser

osci | | aﬁ@nsﬁase@@)‘é@tf‘bdlﬂ&eommﬁi@néroup consisting of an Ar |aser, a Kr
a YAG | aser

| , ay,

| aser AN X Gh TRk a&%‘? b it eferieam Gog mirfdbe (e Presisinisphiet

2l exandujigiel 356fea il of FPEPHEE 998 \AIPRES dHARDLs | RSEH: oENthafndol d
6 6 ase ,

vapor | aser. Irra I on apparatus accor al m

wher ei n akiR@r 4 @6ia00atiasLhe bod b;bcﬁb@thdf&sﬁl@b@@teﬁﬁ. fromthe gr oup Consi sting
of an Ar laser, a Kr laser, a CO2 |laser, a YAG | aser, a Y203 laser, a YVYQ4 -

| aser, a YLF laser, a YAAO3 |aser, an alexandrite |laser, a Ti: sapphire

| aser, and agh llb@iﬁ?ﬁéﬂoﬂ@p{nﬁﬁﬁ@ad&dﬁgt@§ﬁfm'1rrad' ation apparat us

accor d| ng to c
wherein:

the processing object comprises a substrate having a thickness of "d" which is
transparent to the second laser beam; and

an incident angle " ¢ 2" of the second laser beam to a surface of the processing object
satisfies an inequality of ¢2 = arctan (W2/2d) when W2 is defined as a length of a major

axis or a minor axis of the beam spot of the second laser beam,

9. A laser irradiation apparatus comprising:

a first laser oscillator generating a first pulsed laser beam having a wavelength of
visible light or a shorter wavelength than that of visible light;

means for controlling a shape and a position of a beam spot of the first laser beam,;

- a second laser oscillator generating a second continuous wave laser beam having a

fundamental wave;

means for controlling a shape and a position of a beam spot of the second laser beam
to overlap with the beam spot of the first laser beam; and

means for controlling a relative position of the beam spot of the first laser beam and
the beam spot of the second laser beam to a processing object,

wherein the beam spot of the first laser beam is larger than that of the second laser

beam.
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wherein: the processing object conprises a substrate having a thickness of
"d" which is transparent to the first |aser beam and an incident angle "
$1" of the first |laser beamto a surface of the processing object

satisfies an inequality of $1 1 arctan (W/2d) when W is defined as a

| ength of a major axis or a mnor axis of the beam spot of the first |aser
beam 8. A laser irradiation apparatus according to claiml, wherein: the
processi ng ohjegt ri,S: Vi t hi ckness of "d" which is
t ranspar ent 318.%Aaes%fs)igéginagﬁﬁg@@%g%@}gﬁgﬁaﬁ%gﬁ dent angle " $ 2" of the
second | aser wiredin the fastdudel Befn hhs 4 havdlegestitgndhdriohic. sati sfies an

i nequality of $21- arctan (W2/2d) when W2 is defined as a | ength of a mgjor
axis or a mnor axis of the beam spot of the second | aser beam 9. A |aser
irradiation al@Pﬁrlés%ﬁﬁraﬁ&h@iBﬁiaﬁd?&hs Qccfo}‘(ﬁﬁ +d @s&fgoscillator generating a
first pul sed I'aser beam havi % a wavel ength of “visible light or a shorter
wavel engt h t wedwerditnthie beim\spat dfithe firsg htser berans ellipticd prettaogdlamgr Anshape and a
position of a beam spot of the first |aser beam a second |aser oscillator
generating a second continuous wave | aser beam having a fundanental wave;

neans for COQQTR'lésjeﬁﬁraﬂia%Bﬁlaﬁ%ﬁMsﬁcd%?cﬁh%l&&lai‘ﬁw,a beam spot of the second
h eb

| aser beam to overlap wt eam spot of the first |aser beam and

means for conthersiin thedeamspotaafithesqsosd taserbeain is hidiptiealmestpogulart or heeaf.i r st
| aser beam and the beam spot of the second | aser beamto a processing
obj ect, wherein the beam spot of the first |aser beamis |larger than that

- of the second3| a3ger irk@RMbn dgpatilus AcdoRERS td ¢laiafl9,at i on apparatus according
to claim9, wherein the first | aser beam has a wavel ength of second

harmoni c. 1 Whein thedirstlases gpcitiatonisspiseied fioen Hecsoun srysstng phathAo lasaher ei n
the Dear 3R, Alexbiftfr ldsbh CAIRer WA Bsdt) 4 YBOL e, o VYO AR BT R hser,

| i near. I'Fradiation ’apparat us’ a ing fo clarm
t he beamaplf; laferthglasclasnda hasclasdeanulesarglrite [akérc alTi: sappliipepvéran copper

linear. 13. A | aser 1rradi tion apparatus according to claim9,
vapor laser, and a gold vapor laser.,

14. A laser irradiation apparatus according to claim 9,
wherein the second laser oscillator is selected from the group consisting of an Ar
laser, a Kr laser, a CO, laser, a YAG laser, a Y,0; laser, a YVO, laser, a YLF laser, a YAIO;

laser, an alexandrite laser, a Ti: sapphire laser, and a helium-cadmium iaser.

15. A laser irradiation apparatus according to claim 9,

wherein:

the processing object comprises a substrate having a thickness of "d" which is
transparent to the first laser beam; and

an incident angle "¢1" of the first laser beam to a surface of the processing object
satisfies an inequality of ¢1 = arctan (W1/2d) when W1 is defined as a length of a major

axis or a minor axis of the beam spot of the first laser beam.

16. A laser irradiation apparatus according to claim 9,
wherein:
the processing object comprises a substrate having a thickness of "d" which is

transparent to the second laser beam; and
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wherein the first laser oscillator is selected fromthe group consisting of
an Ar laser, a Kr laser, an excinmer laser, a CO2 |aser, a YAG |aser, a
Y203 | aser, a YV laser, a YLF laser, a YA laser, a glass |aser, a
ruby | aser, an alexandrite |laser, a Ti: sapphire | aser, a copper vapor
| aser, and a gold vapor |aser. 14. A laser irradiation apparatus accordi ng
to claim9, whdnratentangled¢2ontithesseonddessr beam de aisyriaed @%tge@rqqemg ¢haedsr oup

i sti f Ar .l Kr | , YAG, | Y203
acer . 33 o dutduatity Y42 2 aptan BVFRORT 0L Sefindl e lrabin e ¢ Relfr,
Ti SapRRIcR ol96H axiQ0Fing pBEh WA AINNd 3R beardS. A | aser i rradiation

apparatus according to claim9, wherein: t processi ng obj ect conprises a
substrate having a thickness of "d" which is transparent to the first

| aser beam d.an incident angle "OL' of the first [aser beamto a surface
of the pr oceggi‘ﬁaast%} a ogé?fi%g‘fqe‘égn Higf%ﬁﬁtﬁl_’P'y of OL > arctan (W/ 2d)

when WL i s defhdifeheds pidch &G dbj@dt vAHTRIFRS pufiéd Sasef b@an%ﬂﬂhg%x&éve@ngﬁ%, beam
spot of the first [faser beam 16. A laser ‘irradiati on apparatus according

to cl ai mhich amabsowition cobficpand tethei prgeessing objectois kil €'eema os ubre and e seronidng a
t hi cknesé(s) tc)f 0"9" V\,hi'ch i S tran%gi%rgnt tt% t he second | aser beam and 28 an
i nci dent I&H& gs Waye aB?rbteﬁlg}?gg’g POERY™ &%t 0 a surface of the processi ng

obj ect  sati Sitictsin &heh MeSIHa T4s¢r Bbamt And thed§cebid lasMPhedeh) ardieradidéd 8 bdahi ned
as a length of a major axis or a mnor axis of the beam spot of the second

| aser bé&Bgh formed an jagmislace of thei propessingeatiest by dhe firs i lasgr beemsandp bgam spot

i rradiatg) i i M T j e i a
wevel engU R ERERRE AP uR rfiheitl bl i ¥ ocBHd REE: N AREL, BEGTARLAE P |
1x104 cm 1 omwherdie tleriskam §RE@fdhe 60 lasetibetin Wblafper alkar thaeafiteaseécdg laser
fundanment al wave, wherein when the first |aser beam and the second | aser
beam ar 8831 adi at ed, a beam spot formed on a surface of the processing
object by the first |aser beam and a beam spot forned on the surface of

t he processing object by the second | aser beam are overl apped, and wherein
t he beam spotl8oh laskrirfadrasipn neeslerd dveamdingstolchimer7, t han that of the second

| aser beam 18. .A.laser. irradiation nethod according to claim17,
thereln the Tirst laser beam has awagﬁength 0 seconcfj}llarglomc.

19. A laser irradiation method according to claim 17,
wherein the beam spot formed on the surface of the processing object by the first laser

beam is elliptical, rectangular, or linear.

20. A laser irradiation method according to claim 17,
wherein the beam spot formed on the surface of the processing object by the second

laser beam is elliptical, rectangular, or linear.

21. A laser irradiation method according to claim 17,
wherein the first laser beam is emitted from a laser oscillator selected from the group
consisting of an Ar laser, a Kr laser, an excimer laser, a CO; laser, a YAG laser, a Y»O; laser,
a YVOq laser, a YLF laser, a YAIO; laser, a glass laser, a ruby laser, an alexandrite laser, a

Ti: sapphire laser, a copper vapor laser, and a gold vapor laser.
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wherein the first |aser beam has a wavel ength of second harnonic. 19. A

| aser irradiation nmethod according to claim17, wherein the beam spot
formed on the surface of the processing object by the first |aser beamis
elliptical, rectangular, or linear. 20. A laser irradiation nethod

accordi ng to claim17, \/\herel n the beam spot forned on the surface of the
processi ng oB2 eétlamlffﬂdéat@@é@ﬁhf)d pgguiingfelaimsl %l | i ptical, rect angul ar, or

linear. 21 AdaaRtnd oLl Ald BRafTS! DR AR Hsatsb Ol BB o MRE Bicp! N

first | aser beam roma lraser oscl e group

consi st icogsistfngasf aArAd law,r a Ka ld¢er, [aa3@f laseia ¥ACH IiRer, hase); ,lasar @@VO@%EB aa YAG
| aser, a_ Y28l aser a YVO4 | aser, . a YLF | aser, a YAl O3 | aser,,

| aser, 2 TEiyen 3l Onlasen an alrsandrite lasela 2 Tipsapphire dagshind @ heag@rca an%pper
vapor |gggfr, and a gold vapor laser. 29 22. A laser irradiation nethod
according to claim17, wherein the second | aser beamis emtted froml aser
oscillator selected fromthe group consisting of an Ar |aser, a Kr |aser,

a Cx2 | aser, G | aser,. Y. as | aser, a YLF laser, a YAl
| aser, an al a‘g&?ﬁe{ @a ?gg?meﬁ“%lac g‘ﬁ‘ﬁﬁ F’é’“’%g and a hel i um cadmi um
| aser. 23. Admesgs: | nadi ati on net hod accordi ng to claim 17, wherein: the

processing object conprises a substrate having a thickness of "d" which is
trans par ent Pressing objegt epmprises a snbsteate havingentthigkugse of i whicht ise

first Q face f the processing object satisfies an
i nequal %tsagslj @@thegfgef%ls r% when W is defined as a length of a mjor

axi s or a m RALnEEdnS af) Iet"hﬁ“t}fﬁﬁé ﬁ%@‘las&oﬁéﬁﬁijtcpﬂ‘letsﬂﬁa&%if 86 Pridkssid}Eobject
processi ng object by t first |aser beam 24. A laser irradiation nmethod

accor di mgfisfies eh anayuiltty oﬁ/wie&mmtaﬁ (¥ 1f2dpedss WY iodpfhodd ssonfenpthest @amajor
substrate, having a thlckness of "d" which is ¢transparent to the second

| aser b@3i% 0T AFHINGR axis Of dlas, beagm gt formed o5F thesariaes ohthe| piacessing abiestbyt the
surfaceﬁa% gﬁ&&hpcesm ng object satisfies an inequality of 42 > arctan
(We/ 2d) I's defined as a length of a major axis or a mnor axis of
t he beam spot forned on the surface of the processing object by the

24. A laser irradiation method according to claim 17,

wherein:

the processing object comprises a substrate having a thickness of "d" which is
transparent to the second laser beam; and

an incident angle "$2" of the second laser beam to the surface of the processing object
satisfies an inequality of ¢2 = arctan (W2/2d) when W2 is defined as a length of a major

axis or a minor axis of the beam spot formed on the surface of the processing object by the

second laser beam.

25. A laser irradiation method comprising the step of:

itradiating a processing object with a first pulsed laser beam having a wavelength of
visible light or a shorter wavelength than that of visible light and a second continuous wave
laser beam having a fundamental wave,

wherein when the first laser beam and the second laser beam are irradiated, a beam
spot formed on a surface of the processing object by the first laser beam and a beam spot
formed on the surface of the processing object by the second laser beam are overlapped, and

wherein the beam spot of the first laser beam is larger than that of the second laser

beam.
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second | aser beam 25. A laser irradiation nethod conprising the step of:
irradiating a processing object with a first pul sed | aser beam having a
wavel ength of visible light or a shorter wavel ength than that of visible
i ght and a second conti nuous wave |aser beam having a fundanental wave,
wherein when the first |aser beam and the second | aser beam are irradiated,
a beam spot fornmed on a surface of the processi ng object by the first

| aser beam a e of the processing object
by the secon?al %sgggpéazﬁnﬁgpéﬁ%er%&ﬂ cf?t% %{n\/\%gr ein the beam spot of the
first |aser lwmpeinshd ﬁﬂstgl@ﬁerbhmhhmatvaoéleﬁgthof@&@ﬂdihdxrﬁﬁmic. beam 30 26. A

| aser irradiation nethod according to claim25, wherein the first | aser
beam has a wavel ength of second harm)ni c. 27. Alaser irradiation nmethod
accordi ng tozq[gi%egﬁr AL dhdd & RRind 2y, med on the surface of the
processi ng object by t e first aser eam Is elliptical, rectangular, or

| i near. 28. AvHessimthd baaarhpat foomedren ﬂmchuaﬁcoof:hMgrdcessui@ah]&ciﬂiy thehBrstlasert he
beam spot formed.on the s rfacle of the processing object by the second

| aser g’ﬁ?ﬁjll%qﬁp l?a&tre‘&téﬁlgu Y Hydul ar, or linear. 29. A laser irradiation
met hod according to claim 25 wherein the first |laser beamis emtted from
a laser oscillator selected fromthe group consisting of an Ar laser, a Kr
| aser, an exéBnArlasenireadiatipn@Gthadareerding tealzimader, a Y203 |laser, a YVO4

| aser, a YLF_| er g YAl (B l.aser.

Al exandri o MLP ool S KRR o i sfker §EBE ardtstit o mdReeondyol o
vapor | ager beagdbis eﬁ@ti&&l@feotdhgaldt at ligearnet hod according to claim25, wherein
the second | aser beamis emtted fromlaser oscillator selected fromthe
group consisting of an Ar laser, a Kr laser, a CO2 Iaser, a YAG | aser, a
Y203 | aser, | ase an al exandrite

| aser, a Ti: ag;%%&g%%gasngﬁmem@%%ﬁ@n%% Ciﬂc?%%um Iaser 31. A laser
irradiation nechedn thecfiet Hierdenm is kbaittadbom athaesr ebdillatbheelgtarfosi thg gainpect
conprises a sub% havi ng a thickness of "d" Y\/r;lch is_ .transparent to

trat
the fir g?nspségaglo a‘\-ﬁ asgh K& aser an excimer laser, aCOz aser, a YAGQ laser, a Y,O; laser,
a YVO, laser, a YLF laser, a YAIO; laser, a glass laser, a ruby laser, an alexandrite laser, a

Ti: sapphire laser, a copper vapor laser, and a gold vapor laser.

30. A laser irradiation method according to claim 25,

wherein the second laser beam is emitted from laser oscillator selected from the group
consisting of an Ar laser, a Kr laser, a CO; laser, a YAG laser, a Y>0; laser, a YVO;q laser, a
YLF laser, a YA1O; laser, an alexandrite laser, a Ti: sapphire laser, and a helium-cadmium

laser.

31. A laser trradiation method according to claim 25,
wherein:

the processing object comprises a substrate having a thickness of "d" which is
transparent to the first laser beam; and

an incident angle "$1" of the first laser beam to the surface of the processing object
satisfies an inequality of ¢1 = arctan (Wl‘/2d) when W1 is defined as a length of a major
axis or a minor axis of the beam spot formed on the surface of the processing object by the

first laser beam.

31



an incident angle "+l " of the first |aser beamto the surface of the
processi ng object satisfies an inequality of +1 > arctan (W/2d) when W
is defined as a length of a major axis or a mnor axis of the beam spot
formed on the surface of the processing object by the first |aser beam 31
32. A laser irradiation nethod according to claim?25, wherein: the
processi ng obebtdawpifpdiation methodhaacpuling e plaimg?Sa t hi ckness of "d" which is
t ranspar, eih0 the second | aser beam and an incident angle "+2" of the
second l'aser beamto the surface of the processing object satisfies an

i nequal i ty oftherPrdcessig baject \b8mprijeswh esabdMate hadiafi achiclasesa dfefiyt Whizh 8

maj or axi s or a m nor gﬁsg of the beam spot forned on the surface of the

pr ocess Y SRIBTE £ the yeqon eb@Hd adser beam 33. A nethod for manufacturing
a sem conductgr ' o 1451 lq;%@m fix. ] LG or
filmon an i r?g d?%?%ﬂﬁgg%gr@cdeﬁhg%gbﬁ‘ﬁagéi at' r}g t%%ée%gémggtgggaﬁ%sﬁ%]%%tw th
a first spidfleednlinaalifyesynay ahGard(WRxd) ehgh 'W2 dé dufedhasan]ealsosdd nafor
coefficient to the sem conductor filmis 1x104 cm-1 or nore and a second
cont i nuewis wavaitongxis df dherbé¢aay spry farmhedhorathersusfacaval/tetproasssing abjectzey thise
sem conduct gr, fi wherein when the first |aser beam and the second | aser
beam ar &9 A%ﬁe’é , a beam spot forned on a surface of the sem conductor
filmby the first |aser beam and a beam spot formed on the surface of the
sem conductor_filmpby the second | aser beam are overl apped, and wherein

t he beam spot33of maieod fof sranpfasbring agamiconiivgtoiedevicgsamphsingdhe $#4#R8 second

| aser am 34. A nethod for manufacturing a sem conductor device
according to claim33, wherein the first |aser beam has a wavel engt h of
second har nofbenin@ s serficomduradt fileromaniaflsating supfycq aa@m conduct or devi ce
according to . claim33, wherein the beam spot forned on {he surface of the
sem conduct o™ 3digtigghe peraicepquetor filpowgith Bé'a%nwl,seé|1qt%eb'??aélafl?m%6twsl9n&th, or

linear. a@@rm\;\nﬁl SR LML o colRUERGH Yhé Q%ﬁoﬁﬁ&&%ﬁ}’ L RL0IRMCEr AorOLAY RY O

cl ai m 33, erel n the beam spot forned on the surtace of the sem conductor
fil m bys¢dvadseadingdous wave laser beam having a fundamental wave to crystallize the

semiconductor film,

wherein when the first laser beam and the second laser beam are irradiated, a beam
spot formed on a surface of the semiconductor film by the first laser beam and a beam spot
formed on the surface of the semiconductor film by the second laser beam are overlapped,
and

wherein the beam spot of the first laser beam is larger than that of the second laser

beam.

34. A method for manufacturing a semiconductor device according to claim 33,

wherein the first laser beam has a wavelength of second harmonic.

35. A method for manufacturing a semiconductor device according to claim 33,
wherein the beam spot formed on the surface of the semiconductor film by the first

laser beam is elliptical, rectangular, or linear.

36. A method for manufacturing a semiconductor device according to claim 33,
wherein the beam spot formed on the surface of the semiconductor film by the second

laser beam is elliptical, rectangular or linear.
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| aser beamis elliptical, rectangular or linear. 32 37. A laser irradiation
nmet hod according to claim33, wherein the first |aser beamis emtted from
a laser oscillator selected fromthe group consisting of an Ar laser, a Kr
| aser, an exciner laser, a CO2 |laser, a YAG |laser, a Y2Q3 |laser, a YVOX4

| aser, a YLF laser, a YAIQ3 |aser, a glass laser, a ruby |aser, an

al exandrite laser, a Ti: sapphire | aser, a copper vapor |aser, and a gold

vapor |aser. 338, e}ﬂﬁﬁfanoﬁn?%ﬁcgf%cg&d tg(?:flanﬁ%(iord' ng to claim33, wherein

t he second | aser beami1s em ser osCillator selected fromthe

group consi s;ther@l dfe fast Wserlbasaris emitid fr@a @rlased ofiiRatbasdectedfrdiAGhd goap, a
Y203 | aser, ser a . YLF |l aser, .a YA O3 Hgser an aI exanﬁél te
| aser, éoﬁﬁllsnng %e&sae‘fr lasgr eraeXCERe RSB AdrPutisen 8 3G laser, aXols{ds8 f or

manuf actaqu@g la'il,eﬁ%”?’EP’MéHFtaof'Aﬁ? Via6s, 2 Ei@é B89, npyfia@éﬂ*hﬁ%lexaﬂ&?ﬁé Rk at he

seni conductor filmis forfed over a su strate co I'sing the 1nsulating
sur f ace Tizapphiesdaseg, zacdppcxcmskasm aniddd goliveporilsset.r ansparent to the first

| aser beam and an incident angle "OLl" of the first |aser beamto the
surface of the sem conductor film satisfies an inequality of OL = arctan

(WL/ 2d) menSWA'iﬁseﬂﬁfddfh@i@n%?eﬂ@od&@Qﬁdﬂlgoct) chi®30r axis or a mnor axis of
the beam spot forned on the surface of the sem conductor filmby the first

| aser badwreinhe AeqmdH@%ﬁrfhﬂwgma@duﬁpmglaaers@ﬂﬁlhiﬁﬂdMQ@d fiovi & goupr di ng

to clai mco tor f d.over u te
o + s Siting M h Aedaseh 1T B BT 4 Yl lafon RAUERLBE R VYOURHL A"

t ranspaifdIR lak@, & Wmmpﬁm hraaRkarkRidd asénd TaNsdppkirel Biﬁér, and |a€he'hl!u21-caﬁfn1ﬂﬂ‘ﬂe
second | aser beamto the surface of the sem conductor filmsatisfies an

i nequal 1a%-of +2 > arctan (W/2d) when W2 is defined as a length of a

maj or axis or a mnor axis of the beam spot fornmed on the surface of the
sem conductor film by the second | aser beam 41. A nethod for

manuf act ur i n§9.2A sethazioiod mahofacuep ascmaopducsemigvichacairding totlaimB8y m ng a
sem condyctor filmon a insulating surface; ; and 33 irradiating the

senmi cond€tYF filmwith a first pul sed | aser beam having a wavel ength of

\S"G§ IOlI’JILIeC l)ln? Pﬁhﬁg{?‘;ﬁc‘ﬁm&bﬁ H105Y oAl dvek RARLIRAL cOhpdiRk RhEinsligihg difhce
and having a thickness of "d" which is transparent to the first laser beam; and

- an incident angle "¢1" of the first laser beam to the surface of the semiconductor film

satisfies an inequality of $1 = arctan (W1/2d) when W1 is defined as a length of a major

axis or a minor axis of the beam spot formed on the surface of the semiconductor film by the

first laser beam.

40. A method for manufacturing a semiconductor device according to claim 33,

wherein:

the semiconductor film is formed over a substrate comprising the insulating surface
and having a thickness of "d" which is transparent to the second laser beam; and

an incident angle "$2" of the second laser beam to the surface of the semiconductor
film satisfies an inequality of ¢2 = arctan (W2/2d) when W2 is defined as a length of a
major axis or a minor axis of the beam spot formed on the surface of the semiconductor film

by the second laser beam.

41. A method for manufacturing a semiconductor device comprising the steps of:

forming a semiconductor film on a insulating surface; and
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wave | aser beam having a fundanental wave to crystallize the sem conductor
film wherein when the first |aser beam and the second | aser beam are
irradi ated, a beam spot formed on a surface of the sem conductor film by
the first |aser beam and a beam spot forned on the surface of the

sem conductor filmby the second | aser beam are over| apped, and wherein

t he beam spotirrgiatingsine sergiconducior Huavwith 8 firsfrmpdseddasgn beamahaing e waveleaghd

| mn: ; t i . }, ice
accor di i Tovtgignfrol s HOftel W B Al et B BT ER E SeecBobmuaqus
second kavetasecbeadBhaving®filndambmal wieub agistilligha s&eRvahwtudila; devi ce

according to ¢laim41l, _wherein the beam spot forned on the surface of the
seni conduct oPVHefeiR, ntth*“eﬁrstﬁ?@fsr beagn apd Hheaspcerd ey Bq%aqe,lﬂﬁ@eﬁeéngipﬁp, or
| i near. . f j  GRNELL i ing to
ol ai m 4 250 fffndEON e niee OO SEFILMRETIRFRY BROGHF Lok 1AM 8 CEGRLED L or
fil m by forimedsectedurfacs ef theemmicandedtbr fitm dal the secindrigser dearorard bvebappedi5. A
| aser irradiation nethod according to claim41, wherein the first |aser
beamis¥fitted froma laser oscillator selected fromthe group consisting
of an Ar | aseherein e bASHESpot VT (B Fik T Bisct BERN is RuréUhArPRGE of fhe ¥0lordasdr @
Y203 laser, a YV |laser, a YLF laser, a YAIO3 Taser, a glass laser, a
ruby | adesm. an al exandrite laser, a Ti: sapphire |laser, a copper vapor

| aser, and a gold vapor laser. 46. A laser irradiation nmethod according to
claim4l1l, wherein the second | aser beamis emtted fromlaser oscillator

sel ected fronpt Aendhcifdr na@ifictikingd sehicdndwtord dS&eacdortiinglt@saim 48 CO2

| aser, a_YAG |l aser, a Y203 laser, a YV laser, a _YLF laser, a YAI O3

| aser, deeginthgfustlaser beare has ywayelengilhphiecend bargonicand a hel i um cadni um

| aser. 34 47. A nethod for manufacturing a sem conductor device according
to claim4l, wherein: the sem conductor filmis fornmed over a substrate
conpri si ng t K8 Anssthal fonghanufabaciag aaadidoatidter devideiacksrdimg totlaim41whi ch is
transparent tg the first |aser beam and an ipcident angle " t he

g Ol" o

ot [acer BOSTHT e MamsERR d0wneghon e BEare:ohieceateRhsior GHF byiiPed

i nequal il&s}.‘rlSEcam%eilipti@él?%&&ngm%f,%ﬂiin%ﬁ?en W is defined as a length of a
of ‘the be

maj or axis or a mnor axls am spot fornmed on the surface of the
sem conductor filmby the

44. A method for manufacturing a semiconductor device according to claim 41,
wherein the beam spot formed on the surface of the semiconductor film by the second

laser beam is elliptical, rectangular or linear.

45. A laser irradiation method according to claim 41,

wherein the first laser beam is emitted from a laser oscillator selected from the group
consisting of an Ar laser, a Kr laser, an excimer laser, a CO; laser, a YAG laser, a Y,Oj laser,
a YVO, laser, a YLF laser, a YAIO; laser, a glass laser, a ruby laser, an alexandrite laser, a

Ti: sapphire laser, a copper vapor laser, and a gold vapor laser.

46. A laser irradiation method according to claim 41,

wherein the second laser beam is emitted from laser oscillator selected from the group
consisting of an Ar laser, a Kr laser, a CO, laser, a YAG laser, a Y,0; laser, a YVOq laser, a
YLF laser, a YALO; laser, an alexandrite laser, a Ti: sapphire laser, and a helium-cadmium

laser.
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first laser beam 48. A nethod for manufacturing a sem conductor device
according to claim4l, wherein: the sem conductor filmis forned over a
substrate conprising the insulating surface and having a thickness of "d"
which is transparent to the second | aser beam and an incident angle "4T
of the second | aser beamto the surface of the sem conductor film

sati sfies an47ndauhed for oranyfactring etsemiqongdycier) deniveacyding telelimdd, as a

| ength of a ‘Jﬂ%l}e%- axis or a mnor axis of the beam spot forned on the
surface of the sem conductor film by the second | aser beam 35

the semiconductor film is formed over a substrate comprising the insulating surface
and having a thickness of "d" which is transparent to the first laser beam; and

an incident angle "¢1" of the first laser beam to the surface of the semiconductor film
satisfies an inequality of ¢1 = arctan (W1/2d) when W1 is defined as a length of a major
axis or a minor axis of the beam spot formed on the surface of the semiconductor film by the

first laser beam,

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

wherein:

the semiconductor film is formed over a substrate comprising the insulating surface
and having a thickness of "d" which is transparent to the second laser beam; and

an incident angle "$2" of the second laser beam to the surface of the semiconductor
film satisfies an inequality of ¢2 = arctan (W2/2d) when W2 is defined as a length of a
major axis or a minor axis of the beam spot formed on the surface of the semiconductor film

by the second laser beam.
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