-1- BEAM HOMOGENI ZER, LASER | RRADI ATI ON APPARATUS, AND METHCOD FOR
MANUFACTURI NG SEM CONDUCTOR DEVI CE BACKGROUND OF THE INVENTION 5 1. Field
of the Invention The present invention relates to a beam honogeni zer for
honogeni zi ng a beam spot on a surface to be irradiated in a certain
region. The present invention also relates to a |laser irradiation
apparatus for irradiating the surface to be irradiated wwth the beam spot.
Furthernore, the present invention alsolrelates to a nethod for
manuf acturing a g ' DS VA i ' | i conduct or
filmformed wt hﬁ?ﬁz\ﬁﬁgfgpél Tradi dﬁf‘%ﬁ%ﬁ%@%ﬂ@&@@&ﬁﬁgﬁ%n of the
Rel ated Art |ANDeMEETHOIRFOR MYENEFATSIURENGESERT O NIDEOYORIDESTURi ed for
crystallizing or 1s enhancing a crystallinity of an anorphous
sem conductor filmor a crystalline sem conductor film (a sem conduct or
filmhaving a crystallinit | vz &I VSt ) icro-crystal, which
is not single-crystal), té@%@%@@r filmwhich is not
si ngl e- or yst@bldorefeemtedidn0 as a non-single crystalline sem conductor film
formed over an insulating surface such as a glass substrate with | aser
anneal i ng per f orfigdpre@t invengsorelfesiol d baim fibhbpdmzed fotivonieedizas: 4 Beam
sem conductor film_1|In conparison with a quartz_substrate that has been
used conveRPl BmasHfacetpde ifpdiaeddnpsertaipdesian. afiyapicays dnvehtion alsoirgates
i nexpensi \ [ ' abi | it nd that. K it.can b ocessed
easily i nttg aZiQ éf’gg‘%%%‘g‘é%‘%*’s%ﬂ%@{ #(Oétlg.ad ‘fl%ﬁ}essutr%‘ée }Oeﬁ%BF?%\'za% Y’ﬁé tg(f E%‘Vﬂ has
been ext enpbyelBurgendoe! 8@.prddedt [ASfiod 8lsPhHELRE 3P h ndiREHrdiRhanufacturing a
crystal lization 25 because the glass substrate has a |ow nelting point. The
| aser cHn sginveondigihr elgeicgyusimgnhycrysalline sconesidngbe fidmy firaled seith cbaidaset or
filmw thout .c{man ing the tenperature of the substrate too nmuch. The
crystal | i dgadip 1?‘&%?\93??}’% fornmed with the laser annealing has a high
nmobility. Therefore, a thin filmtransistor (TFT) formed with this
crystalline silicon filmis used

2. Description of the Related Art

In recent years, there has been a technique widely studied for crystallizing or
15 enhancing a crystallinity of an amorphous semiconductor film or a crystalline
semiconductor film (a semiconductor film having a crystallinity such as poly-crystal or
micro-crystal, which is not single-crystal), that is to say, a semiconductor film which is
not single-crystal (referred to as a non-single crystalline semiconductor film) formed
over an insulating surface such as a glass substrate with laser annealing performed

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

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

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

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

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



30 extensively. For exanple, the crystalline silicon filmis extensively
used in a -2- nonolithic liquid crystal electro-optical device and the |ike
in which TFT for a pixel and T17 for a driver circuit are forned on one

gl ass substrate. The crystalline silicon filmis referred to as a
poly-crystalline silicon filmor a poly-crystalline sem conductor film
because the crystalline silicon filmis fornmed of a nunber of crystal
grains. 5 In addition, it is possible to%shape a | aser beam oscillated from
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present, the |aser nealing . process is mainly enploying the |inear beam
spot obil%i W@ﬁ“‘ﬁ?"%’ﬁ‘ag|‘%§‘P5flﬁmnéiéﬁné%é|1tn‘élpfef‘21@bl>; IOYd«‘ﬂr ough an appropriate
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referre@ tfaj@saxis. It is noted that the lincar beam spot here means a rectangular beam spot
having a high aspect ratio. The beam spot is scanned in the direction perpendicular to
the direction of the major axis of the linear beam spot because it is the most effective
scanning direction. Because of such high productivity, at present, the laser annealing
process is mainly employing the linear beam spot obtained by shaping a pulsed excimer
20 laser through an appropriate optical system.

Figs. 6A and 6B show an cxample of the optical system for shaping a
cross-section of a beam spot into linear on the surface to be irradiated. The optical
system shown in Figs. 6A and 6B is an cxtremely general optical system. The optical
system not only shapes the cross-section of the beam spot into lincar but also

25 homogenizes the energy of the beam spot on the surface to be irradiated simultaneously.
Generally, the optical system for hbomogenizing the energy of the beam is referred to as
a beam homogenizer. The optical system shown in Figs. 6A and 6B is also a beam
homogenizer,

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

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



a beam honogeni zer. The optical system shown in Figs. 6A and 6B is also a
beam honogeni zer. First, a side view of Fig. 6A is explained. A beam spot
of a laser beam 30 oscillated froma |aser oscillator 1201 is divided in
one direction through cylindrical -3- lens arrays 1202a and 1202b. The
direction is referred to as a vertical direction. Wen a mnor is inserted
in the optical system a beamspot in thg.vertical directionis bent to
the direction bent by the mrror. The | aser beamis divided into four beans
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direction perpendicular to the vertical direction through a cylindrical
| ens ar r aycylinggicaltpes H08aut 4 nfasetpbadiralittad 1200. tAeovelet ¢daldridilrleatisan i s

referred té)eta_la hori zont al fdi recij (F)}n. Wen a mrror_is inserted r5 in the
optical sy¥t &' “ReHEAREWE L o fdindurildenical  dhe senfignatian pbRigst 6Atand

direction &g ] i IV Mgty en. beam
Spot s i nt e ol nbe IR Chely HIRORRTRERRL bkin bl Sibel> MRS oy
beam sptt sveatieal donttiovechd detcamines the Ry SBErcoNin thh@csial @eLtibe. be irradi at ed
1209 with a cylindrical |lens 1205. A dotted |ine shows correct optical
path and correctNp8sptiPBridcpoftlis. pBnis explpised f dde beanbepotr ofadilatcedeim t he

20 case. "o ahOmb R BRI} T HE GO B OheEl 85 R, S8
the —hori zemficil e thedugAntylaUQETIARSardE1 JBNI e UNEEGA] pdiPeddiGilar to
hori zontal direction. As described above, the cylindrical I%ng arrays
1202a, 120Cheversical digggonmiserefdreed to as a horizontal direction. When a mirror is inserted
15 in the optical system, a beam spot in the horizontal direction is bent to the direction bent
by the mirror.  The beam spot is divided into seven beam spots in this structure.  After
that, the beam spots divided into seven beam spots arc combined into one beam spot on
the surface to be irradiated 1209 with a cylindrical lens 1205. A dotted line shows
correct optical path and correct positions of the lens and surface to be irradiated in the
20 case not disposing the mirmror 1207. The configuration of Figs. 6A and 6B
homogenizes the energy distribution of the beam spot shaped into lincar in the
horizontal direction and determines the length thereof in the horizontal direction.
As described above, the cylindrical lens arrays 1202a, 1202b, and 1203 are the
lenses for dividing the beam spot of the laser beam. The number of the divided beam
25 spots determine the homogeneity of the energy distribution of the obtained linear beam
spot.
Each of the lenses is made of quart in order to correspond with the XeCl
excimer laser. In addition, the lenses have coated surfaces thereon so that the laser

beam emitted from the excimer laser transmits through the lenses very much. This

30 makes transmittance of the excimer laser beam become 99% or more per one lens.



| enses for dividing the beam spot of the |aser beam The nunber of the
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15 A XeCl excimer laser (wavelength 308 nm, pulse width 30 ns) is used as the
laser oscillator. A spot size of the laser beam is 15 mm x 35 mm at the laser beam
window (both are width at half maximum). The laser beam window is defined as a
plane perpendicular to the traveling direction of the laser beam just after the laser beam
is emitted from the laser oscillator.

20 The laser beam emitted from the excimer laser usually has a rectangular shape,
and when it is expressed with an aspect ratio, the rectangular beam has an aspect ratio
ranging from 1 to S approximately. The laser beam has Gaussian energy distribution
in which the intensity of the laser beam becomes higher toward the center thereof. The
beam spot of the laser beam is changed into a linear beam spot having homogeneous

25 energy distribution and having a size of 300 mm x 0.4 mm through the optical system
shown in Figs. 6A and 6B.

When the laser beam is irradiated to the semiconductor fiim, about 1/10 of the
minor width (width at half maximum) of the linear beam spot is the most appropriate
pitch for overlapping the laser beam. The homogencity of the crystallinity in the

30 semiconductor film can be improved. In the above example, since the minor width is



and when it is expressed with an aspect ratio, the rectangul ar beam has an
aspect ratio ranging from1l. to 5 approximately. The | aser beam has
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15 of the rectangular beam spot on the irradiated surface.

In addition, all the cylindrical lenses constituting the cylindrical lens array must
be manufactured with the same accuracy. When the cylindrical lens has a different
curvature, the laser beams divided by the cylindrical lens array are not overlapped on
the same position in the surface to be irradiated even with a converging lens. In other

20 words, the region where the energy is attenuated in the rectangular beam spot on the
irradiated surface increases. This causes the lowering of the energy usability.

The cause of the inhomogeneous energy distribution of the beam spot on the
irradiated surface lies in the structural problem and the manufacturing accuracy of the
cylindrical lens array constituting the optical system. More specifically, one of the

25 reasons of the inhomogencous energy distribution is that all the laser beams divided by
the cylindrical lens array are not overlapped on the same position.

Furthermore, when the semiconductor film is irradiated and scanned with the
rectangular beam spot having inhomogeneous energy distribution in the direction of its
major axis on the surface to be irradiated, the crystallinity of the semiconductor film

30 becomes inhomogeneous in a reflection of the inhomogencous energy distribution.
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15 operating characteristic.

SUMMARY OF THE INVENTION

The present invention employs an optical waveguide as the optical system for
homogenizing the energy distribution of the rectangular beam spot in the direction of its
20 major axis on the irradiated surface in the optical system for forming the rectangular
beam spot.  The optical waveguide is a circuit being able to keep radiation light in a
certain region and to transmit the radiation light in such a way that the energy flow
thercof is guided in parallel with an axis of the channel.
The present invention provides a beam homogenizer for shaping a beam spot
25 into a rectangular beam spot having an aspect ratio of 10 or more, preferably 100 or
more, on an irradiated surface, comprising an optical waveguide for homogenizing the
energy distribution of the rectangular beam spot in the dircction of its major axis.
In the present invention, the reason why the optical waveguide is used in the
beam homogenizer is explained as follows. When the laser beams are incident into the

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



15 operating characteristic. SUVMARY OF THE | NVENTI ON The present invention
enpl oys an optical waveguide as the optical systemfor honbgenizing the
energy distribution of the rectangular beam spot in the direction of its

20 major axis on the irradiated surface in the optical systemfor formng

t he rectangul ar beam spot. The optical waveguide is a circuit being able to
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spot in a direction of its myjor axis, and one cylindrical lens or a

plural ity %S ¥yiicriurdiet sudsmses for converging the light emitted fromthe
optical wavegui dlehcI [pmgcrr]l il(ij\}el;l 18rt1 Ia src]) ;?r]:)vfdgss a@ag}r homogenizer for shaping a laser
15 beam into a rectangular beam spot having an aspect ratio of 10 or more, preferably 100
or more, on an irradiated surface. The beam homogenizer comprises means for
homogenizing energy distribution of the rectangular beam spot in the direction of its
minor axis, and an optical waveguide for homogenizing the energy distribution of the
rectangular beam spot in a direction of its major axis, wherein the means has at least a
20 cylindrical lens array.

The present invention also provides a beam homogenizer for shaping a beam
spot into a rectangular beam spot having an aspect ratio of 10 or more, preferably 100 or
more, on an irradiated surface. The beam homogenizer comprises an optical
waveguide for homogenizing the energy distribution of the rectangular beam spot in a

25 direction of its major axis, and an optical waveguide for homogenizing the energy
distribution of the rectangular beam spot in a direction of its minor axis.

In the above structure of the beam homogenizer in the present invention, the
optical waveguide has a pair of reflection planes provided oppositely.

In addition, a light pipe can be used as the optical waveguide. The light pipe

30 is formed of circular cone, pyramidal shape, column, prism, or the like, which transmits



axis on the irradi ated surface. The present invention also provides a beam
honogeni zer for shaping a |laser 15 beaminto a rectangul ar beam spot
havi ng an aspect ratio of 10 or nore, preferably 100 or nore, on an

irradi ated surface. The beam honobgeni zer conprises neans for honbgeni zi ng
energy distribution of the rectangul ar beam spot in the direction of its

m nor axis, and an optical wavegui de for honopgeni zi ng the energy
distribution of the rectangular beam sp"oq“ in a direction of its nmjor

axi s, wher shalightefrorams ehdso dfc dthasdndeby B0 refédiod! | GRAINIGNS (R id-ma6e
present invention also provides a beam honogeni zer for shaping a beadam spot
into a rect!SAGUIEA Bednugpat andiai prir af reflgssion plandsoprofided opposinle may be
preferably r n an irradi ated surface. The beam honobgeni zer
conpri ses 5#%gotﬁt%1%§§%l€%gui de for honogeni zing the energy distribution of

t he rectangul ar h®amr&Ret ink | jQn: of:. ] | is,.and .an
optical wavegui de forprr hom)gg[htii%’zn ?‘ﬁ‘é%ﬁ??ﬁg&é@‘d’dﬁo Etap’%'g{uis g()r’(]r of Pe Boam

r ect anguP arspP@ieain Sgotangwlanbainn gt havingbn iatfeciidlivrofdBios mdib, frbRrAPPYE) or
structure of the beam hgnogeni zer in the present invention, the ‘optical
wavegui de HEE®aPA%Y lféﬁd'?tég |8Eeeon Hieatiser piredintdet apppess taimprisks alidet i on,

a light pi i S optical, wavegui.de. The |liqght pipe., 30 is
2 of ercanpe PR o Bl bSe e Qe G g P Specdrer, ffbies, i ch

formed of circular cone, pyram :
transmts ofticdl heavepgide fbf aBIRRENIEME he ehbRyOiiRbuasy ol?ghé ?&t&@daﬁ%‘aﬂﬁ- In
by a mrror, and a palr’ o

addition, the light may be transmtted

refl ecti onSpftamaslitgeténn efdts rogipostisel y may be enpl oyed, for exanple. The

pr esent 1{1) nventi o?.tlgr oVvi dtes a laser irradiation apparatus for shaping a beam
5 spot into a rectaR§GaFar® %W?E%}P‘ﬁé{ ch@ laser depdiation appagates forGhapinguoy e,

pr ef er abl ybd4 st inff RetafBuldfbdabd 8 [ fB6G radN {PSEn oL hadi atj on
appar at us corrprli%ses a | ase osc?lﬁ-’fﬁgaqt%%‘?% %Hélsgfgcgﬁ%thgoﬁ?rfo eni 28r% p{,ﬁ%%rpéﬂyn t he

beam honmog&dl eemorpopri sesdiated seffddec aTheaase i dieatfod appAIRA RBingR&: 4 NSer
energy distribution of the rectangular beam spot in a direction of its
maj or  axi goscillator and a beam homogenizer, wherein the beam homogenizer comprises an

optical waveguide for homogenizing the energy distribution of the rectangular beam

15 spot in a direction of its major axis and an optical waveguide for homogenizing the
energy distribution of the rectangular beam spot in a direction of its minor axis.

In the above structure of the laser irradiation apparatus in the present invention,
the optical waveguide has a pair of reflection planes provided oppositely.
In addition, a light pipe can be used as the optical waveguide.

20 In the above structure of the laser irradiation apparatus in the present invention,
the laser oscillator is selected from the group consisting of an excimer laser, a YAG
laser, a glass laser, a YVOq laser, a GAVOy, laser, a YLF laser, and an Ar faser.

In the above structure of the laser irradiation apparatus in the present invention,
the laser irradiation apparatus comprises a moving stage for moving the object to be

25 irradiated relative to the beam spot and further comprises a transferring apparatus for
transferring the object to be irradiated to the moving stage.

The present invention provides a method for manufacturing a semiconductor
device comprising the steps of forming a non-single crystal semiconductor film over a
substrate, and performing laser annealing to the non-single crystal semiconductor film

30 with a laser beam while moving a position of the beam spot relative to the non-single



10 The present invention also provides a |laser irradiation apparatus for
shaping a beamspot into a rectangul ar beam spot having an aspect ratio of
10 or nore, preferably 100 or nore, on an irradiated surface. The |aser
irradi ati on apparatus conprises a |laser oscillator and a beam honogeni zer,
wherei n the beam honogeni zer conprises an optical wavegui de for

honogeni zi ng the energy distribution of the rectangular beamis spot in a
direction of its major axis and an optical wavegui de for honopgeni zi ng the

ener gy di sterystabitsemicontiu¢tbefiigCisaingingathab@aRosRpld BrideallisEfbh@iti® filnd $
m nor axis., In the above structure of the |aser 1rradiation apparatus In
t he presenths HyESE it Re irediatedpt Thalaserheaguisdenhas:dainpalaserafscillafdr aad itosh

pl anes pr oy .onpositely. |n addition, a |light pipe can be used as the
opti cal mé'é%ﬁﬁd@@ %ff“*aﬁgfﬁﬁ%[’%%‘b aviag A aspcs Tt ok prere, ipreterablt 1 Ghor

appar at us bré hed i i L h il ) r,,S selected from
tﬁg group corl;si st Fﬁgq’g% gﬁﬁ%é)ggfelr}ggy Idzlisygrﬁl,doglst@‘t&é%ﬁ%a%é‘r%gcéaié?lgsasmlya gra,n a

YVO4 | aser ppicabun@dgiids er TheacyYinBribalderts, araiycheaupdi th@b@fanglilir bBSn ADOVIE 4
structure Qf the laser .irradiation apparatus in the present invention, the

| aser i rr at R8P ibh arnar Axis gRf ithes epticel waviegede ralg arpbo rthersdtangutsn deatnj ect

to be 25 iJ44iafi e i to.the beam spot and further conprises a
transferri rf{; ap%g%g {f@“ %ESI%g?%%Xé?‘erri ng the object to be irradiated to the

movi ng stage. ThBher peeatt iime@ibh ORlshT QYbASS & "RLIRd fif gﬁﬂﬁ'tfa@ﬁ%}iﬂéi g a
sem conductor, device conprising the steps of formng a non-single crystal
senm conduciesrcendugiasy levige sogtisiap e thansgeper sforfoimingl as efomsingal iopgktdlo t he

non- si ng)l e .crystal sem conductor film30 with a | aser beam while noving a
posi tion o?crqlfyi%"(@ég)ﬁlefglﬁ’o?v‘?’é‘l sates 3 peorBHog fasgl ennegling fq gheghon-single

sem conducgrQtiaf 4 1 n-si-ngl e .crystal. sem conductor film
is the surr? atii:eéﬂ'ltﬂg\t %@?ﬁpggﬁa‘%@g% Iéﬁﬁgb?&asé@ lgggﬁflpgxd)é’ﬁ‘é’loﬁt‘)?&ﬁ? Y

osci | | at orrchtige tthethe shagiaglci diﬁyﬁalasérﬂﬁzbﬁdilgjﬁhaﬂlrﬁ,eﬁﬁhhﬁf{é Qﬂata{l‘leaﬁﬂﬁﬁﬁgi'éati 0
of 10 or nore, preferably 100 or nore, and has honbgeneous energy

di stri but | SKEHeBlgdcEy ilmds theauriaent be ireadisiall dfhcSlaspttieanl is wanagut de.
o et ol bR Y BB e P BB B 10
rectangul ar @@Mpreferably 100 or more, and has homogencous energy distribution through a
plurality of optical waveguides. At least one of the plurality of optical waveguides
acts upon the rectangular beam spot in a direction of its major axis, and at least one of
the plurality of optical waveguides acts upon the tectangular beam spot in a direction of
its minor axis,
20 In addition, a light pipe can be used as the optical waveguide.
In the above structure of the method for manufacturing a semiconductor device

in the present invention, the laser oscillator is selected from the group consisting of an
excimer laser, a YAG laser, a glass laser, a YVOq laser, a GAVOQy laser, a YLF laser, and
an Ar laser.
25

[Advantageous Effect of the Invention]

The present invention provides a laser irradiation apparatus comprising a beam
homogenizer equipped with an optical waveguide. The optical waveguide comprises a
pair of reflection planes provided oppositely being able to homogenize the energy

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



spot in a direction of its major axis. The present invention also provides
a nethod for manufacturing a sem conductor device conprising the steps of
formng a non-single crystal 10 sem conductor filmover a substrate, and
perform ng | aser annealing to the non-single crystal sem conductor film
with a | aser beamwhile noving a position of the beam spot relative to the
non-single crystal sem conductor film assumng that the non-single

crystal seniconductor filmis the surface%o be irradiated. The [aser beam
i s gener at egifaden a | aser oscillator and then shaped into a rectangul ar beam
havi ng an aspect ratio of 10 15 or nore, preferably 100 or nore, and has
honbgeneous ener Nheai derhegoy h@nogmmg]or dornphg raatdctangofar dphinCslot Wekegisi des.

At | east OQS V:[raf‘lfe lI ur Ill%% ﬁgtl cal wavegui des acts upon the
rect angul ar [ w5eyd f dB ttho Rresen ’c"é’e%‘éﬁ‘bis wseds it bergmegs 110@%1@16 f@ne_ of

t he plural idnh @k BRLA he rec ul. ar. in
a direction of its n%iﬁ%rw‘%ﬁf kggﬁpg%teg}?%igﬁ%ﬁg egerlgyg({‘\ﬁ 'iltbcél H‘a&h ‘6%“ §ed as
the optizcabf ittwmeguiade. ord thetifrediafod\sarfaéd wathottQushify hBSpABHNGG hef req ires, to
manuf acturi)qgna sem conductor device in the present |nvent| on, 'fl1 | aser

osci | | ator afackired "F”rﬂbrhlglhécgﬂéﬁp donadditiomghofopmival evavtgmde liagetre a
GdVOX4 laser, a YLE laser, and an

YAG | aser, a | aser

Ar | aser. %&%@\%gln ggt:%cﬁss u%?q‘ t'¢ tﬁngﬂérallj‘?‘?\?éﬁmtdﬁ]a df‘lﬁ‘@“ﬁ?égéﬁtml'ﬁf/éﬁlﬁl on
provi des aandaged dldd adindlzbMbe ARPURENS dEBMRIHoS N9 4 B2 Miod ?ﬁ"%%‘f"‘

equi pped with an optical wavegui de. "The optical wavegui de conp 582

of refl ectﬁ@ﬁlaﬁﬁdm@cw oWhd¢e dhopposigtk pehrispot abit&dtf@oxh(m@l}a@é}l i%l%dialﬁﬁn
energy 30 distribution of thg rectangul ar beamspot in a direction of its
maj or axi s Pé’ﬁmf%ewit#‘ fhedisqrd dhis fsamshpmogepizenisessanted drethn somimgdnétoetilo or

form ng a jmeqt AnerAr Jream gﬂg[%ri { Lé ttthmI&g%tsl Clg(%Oél\é\?\éle tallimltydldsugl (t)oseﬂcl n

the present invention is us cores
inhomogeneous energy distribution of the beam spot can be suppressed, and the

pai r

homogeneity of the crystallinity in the semiconductor film can be enhanced. In
addition, when the present invention is applied to a mass-production line of a

15 low-temperature poly-crystalline silicon TFT, it is possible to manufacture TFT having
uniform high operating characteristic.  Furthermore, when the low-temperature
poly-crystalline silicon is applied to a liquid crystal display device or a light-emitting
device with the use of a light-emitting clement, it becomes possible to manufacture a
display device having very few display unevenness.

20

BRIEF DESCRIPTION OF THE DRAWINGS

In the accompanying drawings:

Fig. 1A and 1B are drawings to explain homogenization of the energy
distribution of the beam spot by the optical waveguide.

25 Fig. 2A and 2B are drawings showing an example of a beam homogenizer with

the use of the optical waveguide disclosed in the present invention.

Fig. 3A and 3B are drawings showing an cxample of a beam homogenizer with
the use of the optical waveguide disclosed in the present invention.

Figs. 4A to 4C show the energy distribution of the rectangular beam spot

30 obtained by the beam homogenizer shown in Figs. 3A and 3B.



formthe rectangul ar beam spot havi ng honogeneous energy distribution in a
direction s of its major axis on the irradi ated surface w thout using the
optical lens that requires to be nmanufactured with high accuracy. In
addition, the optical waveguide is nore preferable since it acts upon the
rectangul ar beamspot in a direction of its mnor axis and can al so

honogeni ze the energy distribution in th(—it}di rection thereof on the

irradi ated surface. When the rectangul ar "béam spot emtted fromthe |aser

irradiation lo aPigar®hwsd\iBt 4re thevingeslafwihfias cheaplehgnRaaMoafizchSeseapned

on the sen}'&%ondu @gr film in a direction of its mnor axis, the
i nhorogene é’““&?ﬁ HPHiCH w3y egyide disclosed in thparsgerieowsiorner gy di stri buti on

of the beam spot esse and the, honogenei of the .,
crystallinity i nF%ﬁ'gs fggﬁ@g% y@rf% g?ﬂgsisﬂ?ﬁvggﬁhﬁgorgﬁﬂgwgéh%/am homaa‘iﬁlﬁr'on, when
the present inveRigs.0nAits ADRK GthvliRgd sHBSRE RMOGUGIIIORE 'thé‘g @al JrakReuide
| ow-t enperature poly-crystalline SI%I con T%T, It I's possi PE%o na%uflacture
TFT havisnglis@eseidn thenprgdendpereatiomg characteristic. Furthernore, when the

| ow-tenperature poly-crystalline siliconis applied to a liquid crystal
di splay device or a light-emtting device with the use of a light-emtting

el enent imn%ggﬂglﬁ MQ&@@)H%QI:?% n@uf acture a display device having very
few di spl ay unevenness. 20 BR F"BESCRI PTI ON OF THE DRAWNGS I n the

ﬁccorrpa_nyi ng dr aii/itsn%asmcﬁog .fo:lhogq_l@guﬁ_izgﬂ@;i@f&egyadgétﬂgﬁi&f)oﬁﬁp'b%hﬁ‘s otwith
wevegul do MOESeighe Oatic e snplaimgInsHiomnag iR aeXrpIcL B  Bibdm
mvent rgn 10ty SR STl ot g <R i R Toving ek OF
mventton. Figs Ao de mhon s het e e ag R At PRt P Bl o
beam spot ar@prepiyedi ansich byerttvambie amdedneidanifzen 1EhSWh oh PafirdS WA thde i3B.
-11- the optical waveguide 102, the laser beam is drawn with a continuous line 101a. When
there is not the optical waveguide 102, the laser beam is drawn with a dotted line 101b.
15 When there is not the optical waveguide 102, the laser beam being incident from left
side on paper reach regions 103a, 103b and 103c¢ in a surface to be irradiated 103 as
indicated with a dotted line 101b.
On the other hand, when there is the optical waveguide 102, as indicated with
the laser beam 101a, the laser beam is reflected by the reflection planes of the optical
20 waveguide 102 and all the rays reach the region 103b in the surface to be irradiated 103,
In other words, all the laser beams that reach the regions 103a and 103c in the case that
the optical waveguide 102 is not provided reach the region 103b in the surface to be
irradiated 103 in the case that the optical waveguide 102 is provided. Thus, when the
laser beams are made incident into the optical waveguide 102, the laser beams are
25 reflected repeatedly and are led to the exit. That is to say, the laser beams are
overlapped as if the incident laser beams are folded on the region 103b in the surface to
be irradiated 103, which is the same position. In this example, the length of the total
divergence of the laser beams 103a, 103b, and 103c on the surface to be irradiated 103
when there is not the optical waveguide is defined as A, and the length of the laser beam

30 divergence 103b on the surface to be irradiated 103 when there is the optical waveguide



Figs. 5A and 5B are draw ngs show ng an exanpl e of beam honobgeni zer with
the use of the optical wavegui de disclosed in the present invention. Figs.
6A and 6B are draw ngs show ng the conventional beam honogeni zer. Figs. 7A
to 7C are drawi ngs showi ng an exanple of the optical waveguide 5 disclosed
in the present invention. [Enbodi mrent Mdde of the Invention] First, a

nmet hod for honobgeni zing the energy distribution of the beamspot with the
use of the optical waveguide is explainé&zrn reference to Figs. 1A and | B.

Initially,is definad taofB.viBiwnof/Bicgrredpdnlls te 1Rl @intRs of MePBlinsaliviRYagULde 102

havi ng a pﬁir of reflection planes 102a and 102b provi ded oppositel’y, and a

surface t onYBOgINIZH dss@ded 0B thearedatpd epar ddys, avlbnatht asededeaynis divivedend

i nci dent f | ef . si,de on paper. en,thefe is the optical wavegui de 102,

the |aser {}ggnﬁj(ﬁgldgﬁé%ﬁr gﬁ"ﬁs zgte&‘fﬁ ?prPl‘iSt?é‘ t{‘? AN BYR O e AistibgtinBt ¢ he

optical way@BY A6 8% istHigd ﬁ&éd@ﬁﬁ{é‘dv%ngéfe\ﬁ’bﬁ\é\h{oﬂ a dotted line 101b. 15
wavegul de 102, t'he

When there is not the optica aser beam bei ng inci dent

fromleftt side Gsuablapehe rmach thegh@nsgehifBadiviR3biiandhstPAcahd) desSuidrace to
be irradigted 103 as indicated with a dotted |line 101b. On the other hand,
when t her ?9ROGCREYHIe CapraxeAidghnden berpmesn theipvaitiod wierd thet Hivided dever beam

10l1la, the r.he is.Leflected by th efl ection pl.anes of the optical
20 vvaveguiﬂ(fgﬁl(%oggaﬁgé 121 pe?‘he%ﬁy%“?%%cﬂgtth% I3 %‘??“foéﬁ’l‘i?fﬁi Hetheupptsal o
be irradi avedglR. 10Ncai BEins68 with! tht Ngsek i i

regi ons 103a gnd 103c in t#(la céssev{hat thg %S??clgﬁ@ﬁc&%gﬁoéée%g l|st{ﬁ%ot

provi ded reptiedl waecguidyi KR- 108bthicn wonds, sher feagik dfax fer of feflacticat plancsQF the t he
case thlgt d h;e io\gti cal WavEggl de, 102 iE_ ﬁrovi ded. Thus, when the |aser
beans are WHGH VARG D he Jipshionolor whish thelpseibams e incidat mayehe wedes ar e
25 refl ectiggher.ePRAIRGH I 1 .t.. That .is to,say. the |aser
beans are lgh\f(rarl apped"(%a(tﬂs’Elll:ﬂ?‘jmt?rhgmicfltgjln9 g?\‘% gglgﬁéérahb‘;ecg@eérrlgc?sgflz)é%ﬂa&?“?%

regi on 103ke ispadechbetsweeh ahe reflectod brahesi'?)&iv@@hdlgﬁpos%%? Rrity thRaRAFENA
position. In this exanple, the length of the total I vergence of the |aser

beans 103 éx,lur@@récgl,l apitnrepodche faserheagubding mcidsnbiata the agtictiedhveg@dewhen t here
I's not the optiggl, 3\;?[}/(:% ‘é&sqe‘?mi for %Mlﬂl?gda %gctaAr’lgu anrdbéarx];? sbgtngr}c?ud?r];g tahlgaealmaser
beam
15 homogenizer disclosed in the present invention is explained with reference to Figs. 2A
and 2B. In a top view of Fig. 2A, the direction perpendicular to the paper is the
direction of the minor axis of the rectangular beam spot. Hereinafter, a light pipe can
be used as the optical waveguide.
First, the top view of Fig. 2A is explained. A laser beam emitted from a laser
20 oscillator 201 is propagated to the direction indicated by an arrow in Figs. 2A and 2B
and then the laser beam is jncident into a cylindrical lens 202. The laser beam is
focused through the cylindrical lens 202 in the direction of the major axis of the
rectangular beam spot and then is incident into an optical waveguide 203 having a pair
of refiection planes 203a and 203b provided oppositely. The laser beam being incident
25 into the optical waveguide 203 is reflected repeatedly in the optical waveguide 203 and
is led to the exit. A plane having homogeneous energy distribution in the direction of
the major axis of the rectangular beam spot is formed at the exit of the optical
waveguide 203.  For example, the optical waveguide 203 may have a length of 300
4mm in the direction to which the laser beam is incident, and a distance of 2 mm between

30 the reflection planes.



30 divergence 103b on the surface to be irradiated 103 when there is the
optical waveguide -12- is defined as B. Then, A/ B corresponds to the nunber
of | aser beans divided by the honogenizer described in the related art.
Thus, when the incident ray is divided and all the divided | aser beans are
over | apped on the sanme position, the energy distribution of the |aser beam
i s honogeni zed on the overl apped positiog% 5 Usually, the nore the
honogeni zer divides the | aser beam the 1 te honbgeneous t he ener gy

di stributi on becdmedowgertthe lgpgti of te aptenewhheyuiiev2@ieth thasdifectibe adsy Rde

over | appedum'l'lhe6 ;Bunber.of. the | aser beans divided by the optical waveguide
102 can be "THEPB253Y HASHPRE Polbeshorderthe focablengbiod dhapstindricaldeny 202 dae
optical waypgghge r . th of,a pair, of reflection
pl anes of \tﬂﬁg to g%?iggceélllegu\/\sgglggﬁlf% (Iﬂgltntb kgg%?}fg‘{e}’g?ﬁsbnhog f&ﬁf’ dhe f‘ﬂ‘éﬁlsﬁt@{n

beams are imsi dentanafaytubgl inedasidb@age bt torsiadstithé Gptical Qf‘st&ﬂ,”&%ﬁlﬁh@?ebﬂﬁ@ ded
| aser bg%arrse1 can be increased by narrowi ng the space between the retlection
o]

pl anes ngly ob throsptical yaveguitky and he Eooad [dokth Of uie cilimdricap demkunedt tof t he
| aser bea i-ng.incident into, the optical wavegui de. The optical system
for form %thgagé g%gﬁcﬁgﬁﬁ’étémi_%ﬁ%‘f_"P&'@I’Slﬁﬁ?‘_ﬁg a beam 15 homogeni zer

di scl osed i n theApeAsRpial ﬁy@@g%‘olg}%&tseml ﬁéaﬂ?QpW fuﬂriﬁ efh%r %g(ré’?‘ﬁt(’f‘)‘gt‘}lﬁ‘l S. 2A

and 2B. In a top view of Fig. e direction" perpendi cu aper

is the didistibubnnai thehdirastionof el 1najof akB ©f HRCi-8AGMIB foREAMSIRObxit of the
Hereinafter, .a |ight @elg can be used as the o&%ﬂi cal wavegui de. First, the
top view ofPi&elWasegy &bf%ﬁ Fegacealo) bessradipsech2@Syi throsgh foytindrical demsrartag0
osci | | agpr 14j : irecti i.ndi.cated by an afrow in

Fi gs. T X @ﬂgﬁh?%el&%gé SPonadfir i P RS e e PRl

| ens 202, Mivind dnatogb@at | chordi0QReSblor 901 RS KOl FRlaidENS0B0%T N
the direction of the major axis of the rectangular beam spot and then is

i nci dent | gigatedopithosbpastiedbd deutloG cplindrivgl fenpal(d. afhiy Gbhegtiigs Pkanes
203a and 291%{%provibd§d oggosi tely. The |aser beam being incident 25 into
the opti cal weveguitydonas s el baampehintheydirastionof dstmeiar awavedui de
203 and _idetdrffindsahé Regfhtreof inth@ RO St I0NBAGAEOUS ener gy distribution

in the direction o
15 The present invention having the optical waveguide 203 can remedy the

structural problem and the problem of the manufacturing accuracy of the cylindrical

lens array, and the problem of the manufacturing accuracy of the cylindrical lens for

converging the divided beams, which cause the inhomogeneous energy distribution of

the rectangular beam spot on the surface to be irradiated in the conventional optical
20 system.

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

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

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

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



the major axis of the rectangular beamspot is forned at the exit of the
optical wavegui de 203. For exanple, the optical wavegui de 203 may have a

|l ength of 300 mmin the direction to which the | aser beamis incident, and
a distance of 2 mmbetween 30 the reflection planes. -13- The | onger the

| ength of the optical waveguide 203 in the direction to which the |aser
beamis incident is, or the shorter the focal |ength of the cylindrical

|l ens 202 is, the nore honpbgeneous the éﬁéﬁgy di stribution becones.

However, themagtniadd mytht elircctinnmssf e mimaUixacsM iRGurfAcs /6E deiRik a0|9,f anldhe
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15 semiconductor film. When a silicon film is employed as the semiconductor film, the
wavelength of the laser beam emitted from the laser oscillator is preferably not longer
than 600 nm in consideration of the absorption ratio. For example, there are an
excimer laser, a YAG laser (harmonic), and a glass laser (harmonic) given as the laser
oscillator emitting such wavelengths.

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

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

25 present invention is explained. First, a substrate having a size of 600 mm x 720 mm x
0.7mm is prepared as the substrate, for example. A no-alkali glass substrate having
enough resistance against the heat up to 600°C such as an aluminoborosilicate glass, a
bariumborosilicate glass or an aluminosilicate glass can be used as this substrate. A
silicon oxide film is formed in 200 nm thick over the glass substrate as a base film.

30 Moreover, an amorphous silicon film is formed over the base film in 55 nm thick.
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15 the energy of the pulsed laser light fluctuates within & 10%, preferably within £5%,
in every pulse during the laser irradiation to one substrate, homogencous crystallization
can be performed.

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

20 onc substrate is assumed to be standard. Then, the fluctuation of the laser encrgy is
defined as the value cxpressing the difference between the average value and the
minimum value in the period of the irradiation or the difference between the average
value and the maximum value in the period of the irradiation.

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

25 VEL 1520 manufactured by Sopra, Inc. may be also employed as the laser oscillator.
The excimer laser has a maximum energy of 15 J per a pulse and a frequency of 20 Hz.
Since the energy fluctuation of the pulsed laser light of the excimer laser can be
suppressed within 1:2.5% in every pulse during the laser irradiation to one substrate,
homogeneous crystallization can be performed. In addition, when the optical system

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



YLF | aser (harnmonic), and an Ar | aser given as the |aser oscillator
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Hereinafter, a nmethod for manufacturing a sem conductor device of the
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the laser irradiation to one substrate, honogerieous crystaltization can be
per f or med.moze. The optimum scanning speed depends upon the frequency of the laser oscillator,

and it may be regarded to be proportional to the frequency thereof.

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

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

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

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

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



The energy fluctuation of the |aser |ight described above is defined as
follows. In other words, the average value of the |aser energy in the
period of the irradiation to 20 one substrate is assuned to be standard.
Then, the fluctuation of the |aser energy is defined as the val ue
expressing the difference between the average value and the m ni mnum val ue
in the period of the irradiation or the difference between the average

val ue and the nmaxi numvalue in the period7f the irradiation. In addition,
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about 90% dternatpely. The opti num scanni ng speed depends upon the frequency
of the laser oscillator, and it may be regarded to be proportional to the
frequency thereof.

15 [Embodiment 1]

Figs. 3A and 3B show an example of the optical system including an optical
waveguide to be explained in this embodiment. A light pipe can be used as the optical
waveguide. First, a top view of Fig. 3A is explained. A laser beam emitted from a
laser oscillator 301 is propagated to the direction indicated by an arrow in Figs. 3A and

20 3B. Inthe top view of Fig. 3A, the direction perpendicular to the paper is the direction
of the minor axis of the rectangular beam spot.

Initially, the laser beam is expanded by spherical lenses 302a and 302b.
When a laser oscillator 301 emits a sufficiently large beam spot, such a structure is not
necessary. It is noted that the optical system for expanding the shape of the beam spot

25 such as the spherical lenses 302a and 302b is generally referred to as a beam expander.

The laser beam expanded by the beam expander is focused in the direction of
the major axis of the rectangular beam spot through a cylindrical lens 303 having a
thickness of 20 mm with the first surface having a radius of curvature of 194.25 mm and
the second surface being planc. The sign of the radius of curvature is positive when

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



is In this way, the laser annealing process is conpleted. Wen such an
operation is perforned repeatedly, many substrates can be processed. In
addition, when a substrate holder being able to store a plurality of
substrates and a transferring apparatus for transferring the plurality of
substrates automatically between the substrate holder and the stage are
prepared, substrates can be processed nore effectively. For exanple, 20 an
active matrix liquid crystal display devik¥ can be manufactured using the
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sem conductier opftichIMvaléguide 886 hiya MARRPSESHG Bl i iR cnfe%agmo W&nﬁe%e?a“ be
applied to the other non-single crystal sem conductor. For exanple, a

conmpound thsamdravelsnanta distanice of hawn bgtvanen droefibais Hagagct ure such as an

anor phous silicon ge mim um_fil mmy be used as the non-single crystal
seni conduct or f it fylIgdrical lens 305 has a thickness of 5 mm with the first surface having a

15 radius of curvature of 9.7 mm and the second surface being plane, which is positioned

y
Ther e

20 mm behind the exit of the optical waveguide 304. The beam spot having
homogencous energy distribution in the direction of the major axis of the rectangule
formed at the exit of the optical waveguide 304 is projected by the cylindrical lens 305,
an irradiated surface 309 positioned 3600 mm behind the cylindrical lens 305. In other
20 words, the beam spot having homogeneous energy distribution in the direction of the
major axis and the surface to be irradiated 309 are conjugated with respect to the
cylindrical lens 305. This homogenizes the encrgy distribution of the rectangular
beam spot in the direction of its major axis and determines the length thereof in the
direction of its major axis. In this embodiment, the cylindrical lens 305 is employed as
25 the lens for projecting the laser beam emitted from the optical waveguide 304 to the
surface to be irradiated 309. In order to reduce aberration more, however, a doublet
cylindrical lens is also applicable. The doublet cylindrical lens is a set of lenses
consisting of two cylindrical lenses. A set of lenses consisting of three or more lenses
may be also used alternatively. The number of lenses may be determined in

30 accordance with the designed system or required specification.



poly-crystalline silicon filmmay be used as the non-single crystal

sem conductor film alternatively. 15 [ Enbodi nent 1] Figs. 3A and 3B show
an exanpl e of the optical systemincluding an optical waveguide to be
explained in this enbodinent. A light pipe can be used as the optical
wavegui de. First, a top viewof Fig. 3Ais explained. A laser beamemtted
froma |aser oscillator 301 is propagated to the direction indicated by an
arrow in Figs. 3A and 20 3B. In the top-Wi%w of Fig. 3A, the direction
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15 307. The optical waveguide 307 has a length of 250 mm in the direction to which the

laser beam travels, and a distance of 2 mm between the reflection planes.

A doublet cylindrical lens 308a and 308b arranged in the position 1250 mm
behind the exit of the optical waveguide 307 projects the beam spot having
homogeneous energy distribution in the direction of the minor axis of the rectangule

20 formed at the exit of the optical waveguide 307 to the surface to be irradiated 309
positioned 237 mm behind the doublet cylindrical lens.

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

25 first surface having a radius of curvature of 97 mm, the second surface having a radius
of curvature of -200 mm and has a thickness of 20 mm. The two cylindrical lenses are
arranged to have a distance of 5.5 mm in between.  Thus, the energy distribution of the
rectangular beam spot is homogenized in the direction of its minor axis and determines

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

30 be arranged just after the optical waveguide 307 without using the doublet cylindrical
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beam expandletascnalterditpqAL U9, sRNEMHoFdbntal , aggr beam
expanded t hr O?Jgh t he gam gxpander [ sntaifzg@ﬁgg%@ﬁ@tlﬁ@ggﬁgr}@fi -oiﬁ%glf}‘ ?’%‘é

m nor axi shebeamepetedmsahgohape thadmespanelyhinighto Roeykienand gal lideeREitB06

havi ng a tgit%k ess of 20 n'n} wth the first surface having a radius of
cur vat ur e Bf 488 P RM 1St WRHQEC BKe Sigr icast® peiPRY pmandhisvprashisess upideint i oned

773.2 15 annealing by the laser irradiation.

The laser anncaling is performed to the semiconductor film with the optical
system including the optical waveguide shown in this embodiment with the method
according to the embodiment mode, for example. The semiconductor film can be used
0 manufacture an active matrix liquid crystal display device for example. A

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

[Embodiment 2]

This embodiment shows an example of the different optical system from that

described in the embodiment mode, Figs. SA and 5B show the example of the optical

25 system to be explained in this embodiment. In addition, a light pipe can be used as the

optical waveguide. In addition, in Figs. 5A and 5B, the same part as that in Figs. 3A
and 3B is shown with the same reference numeral.

In Figs. SA and 5B, the laser beam goes through the same optical path as that

shown in Figs. 3A and 3B except when the laser beam goes through the optical

30 waveguides 504 and 507. Each of the optical waveguides 504 and 507 has a pair of



mm behind the cylindrical [ens 305. An optical waveguide 307 having a pair
of reflection planes 307a and 307b provided oppositely is arranged in such
a way that the entrance of the optical waveguide 10 307 is positioned in
the focal point of the cylindrical |ens 306. The | aser beam bei ng inci dent
into the optical waveguide 307 is reflected repeatedly in the optical
wavegui de 307 so as to honogeni ze the energy distribution thereof and then
the laser beamis led to the exit. A plahe havi ng honbgeneous energy

di stributi eefldction hdamisr govided @ppotifty a¥i well axite BptiddavdREhARIAr Tgam
spot is fornmed at the exit of the optical waveguide 15 307. The opti cal
wavegui de 9ptcHhagvagridngdh bos adsdlopnsiane bhbveatinrtbe prisroftrefledtionrplads. Caser
beam travel;s, .and,a distance of 2 be en,t reflection planes. A
doubl et cyhsenat?lf:rc f‘“ﬁetﬁg K] Y %{ﬁ%ﬁgg@g“ﬁ %ﬁ?ﬁ‘ﬁbéﬂ?i}ﬁm{ ¢ 8%t 1iBed Withsthemm
pehi nd t heniim Rivik8 rAMdicBinded Ve A9) 30HRTOUEHifotNHAFHLHLY by} NG
honogeneous energy distribution in the rection of the nor axi s of the

rect anguf eopticaf sraneglidds. t Wehaxiht lader bhan epidoiddnt WAY egLbEIRABAEvERidRes04
surface to bqe (il?rradi ated 309 positioned 237 nm behind the doubl et

cyl i ndri caft] ¥¥sat astéical analepr ware. thelgses dwamiis allireldectoteoruibe st Bectionlplardyr i cal
| ens has t i e _.havin radi us .of cyrvature of 125 nm ¢t he
second sur%%giedl{g&? rﬁ%éjégrf?% !nl[}slp !) % %‘l?r gfcﬂfg%gf T LRI H‘%E“athf’_}ﬂpﬁlﬁ%ess
of 10 Mm Whecgidienadybi QirizqadirdcA0S iddRS id %r@éxﬁdté@_&%% Bﬁ&g%eﬁq}{'tﬁfgaii
radi us of curvature of 97 mm the second surface having a radius o

curvat ure s p@eblatorphizid thasptivat Wivdguetshaying24l rafieciitveplhnes iaythé ndeifar)

| enses g}re? arr anged, to*gve a,dLstance, of 5.5 mmin between. Thus, the
energy h sTHVBUL iTh aBs anchthe prtiqal weavidpea Wit the pRliGadryearide s bavee

direction gyl ' | _ t ' L h, thereof in the
direction ofp=0 é;d’ ml@ng?n@#it%n T eﬂgdﬁeg%gﬁﬁobcg‘gﬁfgr r&g[g’lﬁ%tr %‘%ﬁ rlrlgg;'eggo Blgared
arranged jtoghe afstavhenlthe bigei lsaln 18ai0e G irélecBR? VWHUBOUE 14481 Bhnt B&idlaupb At

cylindrical -20- lens, but when the doublet cylindrical lens is enployed,
spatial nePglatceesiliori0ldnprapegaiedto the setfacs tn bdéyadiatcd BOY nsirantfectoaly. be
secured between NG AR%! E2bpSkt haTARTe S8 mt b 8Tt Dal b St i ad
15 of the optical waveguides 504 and 507 in Figs. SA and 5B. Typically, an optical
waveguide made of two materials as shown in Fig. 7A, in which an inner material 702
(a quartz including germanium, for example) has a higher refractive index than an outer
material 701 (a quartz, for example) can be used.
Fig. 7B is a cross-sectional view taken along a line {A)-(A’) in the optical
20 waveguide shown in Fig. 7A. In addition, Fig. 7C is an enlarged view of the reflection
plane in Fig. 7B. When the laser beam is incident into the optical waveguide at an
incidence angle O not less than the critical angle 8y, the incident laser beam is all
reflected between the reflection planes provided oppositely.
In addition, the entrance surface of the optical waveguide 504 and 507 may be
25 appropriately coated in order to reduce the reflectivity of the laser beam at the entrance
surface of the optical waveguide when the laser beam is incident into the optical
waveguides 504 and 507,
The optical systemn shown in Figs. SA and 5B can form a rectangular beam spot

having a size of 300 mm in its major axis and 0.4 mm in its minor axis.

30 The laser anncaling is performed to the semiconductor film using the optical



The optical systemincluding the optical wavegui de shown in Figs. 3A and 3B
5 can forma rectangul ar beam spot having a size of 300 nmin nmgjor axis,
and 0.4 mmin mnor axis and havi ng honbgeneous energy distribution. Figs.
4A to 4C show the sinulation result by an optical design software. Fig. 4A
is a chart to show the energy distribution of the beam spot fornmed on the
pl ane having a size of 0.3 mMmin the direction of the mnor axis and 200
mmin the direction of the major axis fromthe ro center of the rect angul ar
beam spot . st shdBn dmthid@nbbdinient with the aetiprisacobrdifietoliia Binbs@@ient A6AB,
along a Ii?e A aqﬁ aline Bin Fig. 4A respectively. A vertical axis shows
the |aser (HtERERS (bhasomicapgpcioriim gambal usastite Bamectuleean actitchmpimian) .

In FIG 4A;.,ih SPot he ,shape.that .is extremely simlar to a
rectangl e, “3‘#3 %ﬁgg?mﬁéﬁ% c%ﬁl%%% (t())rf atI@?ﬁgﬁW@p‘bﬁtﬂ‘fﬁs WriRBPH ove PRRIEOPENgt h
of 300 nMM mBRinfarRfRAire @k dbHideUctdrding BRANGRWNHeMYJt he | aser irradiation.
The | aser annealing is perforned to the sem conductor filmwth the opti cal
system incl udi ng the optical wavegui de shown in this enbodi ment with the
met hod according to the enbodi nent node, for exanple. The sem conductor
filmcan be used to manufacture an active matrix liquid crystal display
device for exanple. A 20 practitioner may nmanufacture this device
according to a known net hod. [Enbodi nent 2] This enbodi mnent shows an
exanple of the different optical systemfromthat described in the

enbodi nent node. Figs. 5A and 5B show the exanple of the optical 25 system
to be explained in this enbodinent. In addition, a |light pipe can be used
as the optical waveguide. In addition, in Figs. 5A and 513, the sane part
as that in Figs. 3A and 3B is shown with the sane reference nuneral. In
Figs. 5A and 5B, the | aser beam goes through the sanme optical path as that
shown in Figs. 3A and 3B except when the | aser beam goes through the
optical 30 wavegui des 504 and 507. Each of the optical wavegui des 504 and
507 has a pair of -21- reflection planes provided oppositely as well as the
optical wavegui de 304. The



optical wavegui de 304 has a hol |l ow space between the pair of reflection

pl anes. On the other hand, the optical wavegui des 504 and 507 have the
space filled with the nedium having a-géfractive index of "n" (>1). This
is the different point between these 5 optical wavegui des. When the |aser
beamis incident into the optical waveguides 504 and 507 at a critical
angle or nore, the laser beamis all reflected on the reflection plane
according to the sane principle as the optical fiber. For exanple, when the
optical waveguide nmade of quartz (refractive index is approximtely 1.5)
is arrangdHAM s ke AAMED I$t is possible to obtain the optical wavegui de
having all reflection planes in the interface to between the air and the
optical wavegui de. Wth the optical wavegui de as above enployed, the
transmittance df Athfam kEueeeBEsnsBRGHRBE consi derably hi gher conpared to

t he case when e I refl ectied., Thus e |l aser .beam
emtted from Eaﬁeopitgglgﬁy Sjgtglgi 12’? %lﬁtggxg%nlgsgn&r pz(iiigsgrtlbéI Oﬁ oOft %ug) “&r pé)éemtocglebe

i rradisat etirésG8n,rthe beani e haviep v linkar éhdgé,t i on, an optical wavegui de of a

mul til ayer strultlzture ﬁgy be used. instead 1s of the optical wavegui des 504
and 507 in Fi gdi¢ GACIRYSEE CORDIISRE'| v, an optical wavegui de made of two
material s as shEwltié [ E AT BRVY of I ri-als uartz

i ncl udi ng ger ntaan%%ﬂﬁ?ggeﬁgﬁﬁcg&%gaiﬁgr ﬁ?béﬁgggrneé%egt}#@‘gd%gé)epfgt 1 n an
outer materi awhein (he ogeaireetiorn iora diveatipn el a pajor beiswd ¢io: liddag shapB, dngd a
cross-sectional .view taken along .a line (A-(A ). in e optical 20

wavegui de showy ACFFTER .Ser(;‘xfa"}W‘gﬂgﬁtilﬁtﬁ?,(’("ﬁie&.e? o8 Ogﬁlee?fﬁé’? WaveEiE Bf t he
refl aoti amittpd A6 thooffePedgthorfiest hBepliadFavbgam.i s i ncident into the

opti cal wavegui de at an incidence angFe 0 not less than the critical angle
00, the incident |laser beamis all reflected between the reflection planes

provi ded opposht gl I it nt ranc fac f .the optical.
wavegui de 504 gh‘g %%’71 Hn%‘gg%élu"ggc%"tﬁgﬁgg?i% g’l § %%%F @dt%? %pg?%e‘?a\?z mﬁgdﬁge
t he refl éght pipty of the | aser beam at the entrance surface of the optical
wavegui de when the | aser beamis incident into the optical waveguides 504
and 507. The optical systemshown in Figs. 5A and 5B can forma rectangul ar
Pn?ﬁg?§gg;[ ] havis NG 1Radieodkni300 W8 difls td SaffBi Ofh&¥iSthBBdal: ol Ms! A dsh&t

ratio of 10 or more.

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

ratic of 100 or more.

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

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

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

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

30  emitted from the other edge portion of the optical waveguide.



30 The |l aser annealing is perforned to the sem conductor filmusing the
optical 22  system shown in this enbodinent with the nethod according to
t he enbodi nent node, for exanple. The-8éri conductor filmcan be used to
manuf acture an active matrix liquid crystal display device or a
light-emtting device for exanple. A practitioner nmay manufacture the
devi ce according to a known nethod. 5 -23- WHAT IS CLAIMED I S: 1. A beam
honogeni zer conprising: an optical systemfor honpbgeni zi ng energy

di stribution of a beamspot in one 5 direction, the beam spot having a

linear shape, the p@ink GdMoEHELGMEHAMY & Nfim 2NvwABLICAe WRYEON IS IdRGL Ydi ng
a pair of reflection planes provided oppositely, wherein the one direction
is a dirdightsipeof a maj or axis of the linear shape, and wherein a |aser
beamis incident into one edge portion of the optical wavegui de and 10
emtted fromthe other edge portion of the optical waveguide. 2. A beam

honogeni zer acGoAdidagh lianedeaizer dccomiap e blatrhq, obkictathe RYAEP0ERas & @pedti ght
pi pe. 15 3.. A_beam honpgeni zer according to claim1, wherein the beam spot
has afi adpéeff 14 @impteof 10 or more. 4. A beam horpgeni zer according to
claim1l1, wherein the beam spot has an aspect ratio of 100 or nore. 20 5. A
beam honogeni zer conprising: an optical system for honopgeni zi ng energy

di stribution of. A Hzemrhsypegenizrr acverdidg techinon, whheibtarbespaipohbasi angaspect

| i near ngﬁ?bfﬂﬂﬁxp &%pal system conpri si ng:

10 9. A beam homogenizer comprising:

a first optical system for homogenizing energy distribution of a beam spot formed
on an irradiated surface in a first direction, the first optical system comprising an optical
waveguide including a pair of reflection planes provided oppositely;

a second optical system for homogenizing energy distribution of the beam spot in a

15 second direction perpendicular to the first direction, the second optical system comprising a
cylindrical lens array,

wherein the beam spot has a linear shape,

wherein the first direction is a direction of a major axis of the linear shape and the
second direction is a direction of a minor axis of the linear shape, and

20 wherein a laser beam is incident into one edge portion of the optical waveguide and

emitted from the other edge portion of the optical waveguide.

10. A beam homogenizer according to claim 9, wherein the optical waveguide is a
light pipe.
25
11. A beam homogenizer according to claim 9, wherein the beam spot has an aspect

ratio of 10 or more.

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

30  ratio of 100 or more.



25 an optical waveguide including a pair of reflection planes provided
oppositely, at least one cylindrical |ens for expanding and projecting a

pl ane having honogeneous energy distribbtion fornmed by the opti cal
wavegui de to the irradiated surface, wherein the one directionis a
direction of a major axis of the linear shape, and wherein a | aser beamis
i ncident into one edge portion of the optical waveguide and 30 emtted from
the other edge portion of the optical waveguide. -24- 6. A beam honobgeni zer
according to claim1, wherein the optical waveguide is a Ilight pipe. 7. A

beam honogeni z¢B. Adeanhonggbeiz&l @niprikingsher ei n the beam spot has an aspect
5 ratio of 10 or_nore. 8. A beam honogeni zer according to claim1l, wherein
the beam spot RdE¥sthPligghwstem fosthomaegentrm eiergpristribuion of A isa@mphbrogehi zer

conpri si r&&an@rﬁa&ii&%ﬁ SARLdcal, 1%.4%1%&%9* honogeni zi ng energy distribution of
a beam spot forne on an irradiated surface in a first direction, the

first optical systomcthoptpgrsystemgfoahomppérdahg enaygedistdertionaifibk bepnaspai a of

reflection pl.anes.provide ositely; a second optical systemfor

honog nif?ﬁgmgﬂ%?ﬁéhEWE?Wﬁ%@$ﬁ8ﬂ“bgmrﬂ%aﬁ@3n1spot ina 15 second direction
per pendi cul ar {@efelifthbibesh sPbtRG I 1RRar {HAge S€CoONd optical system conprising
a cylindrical lens array, wherein the beam spot has a |inear shape,

wherei n the fiwaeredi thedirplodirdcton idi digetticonofof majomajksrofdhé Snedfr shige dridrtbar
shape an .second dj.r iop is a. dir ipn of, a mnor axis of the
Aerel8 4RERITE s B 87y W Bl el bl

| i near shape, an wher at to one edge portion

of the optical whenegesicH®f @edfirsesptidabshstdn@ahd BR sethRlr oRialesyRRAT Epritks hipe
optical wavegui de. 10. A beam hogggeni zer according to claim9, erein the

opti ¢&l RBY eﬁaaggqi@esénclpgii@gta n3itpd reBeption planes provided oppositely, and
wherein a laser beam is incident into one edge portion of the optical waveguide and

emitted from the other edge portion of the optical waveguide.

14. A beam homogenizer according to claim 13, wherein the optical waveguide is a

15  light pipe.

15. A beam homogenizer according to claim 13, wherein the beam spot has an

aspect ratio of 10 or more.

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

aspect ratio of 100 or more.

17. A laser irradiation apparatus comptising:
a laser oscillator; and
25 a beam homogenizer for homogenizing energy distribution of a beam spot on an
irradiated surface at least in one direction, the beam spot having a rectangular shape,
wherein the one direction is a direction of a major axis of the rectangular,
wherein the beam homogenizer comprises an optical waveguide including a pair of
reflection planes provided oppositely, and

30 wherein a laser beam is incident into one edge portion of the optical waveguide and



11. A beam honopgeni zer according to claim9, wherein the beam spot has an
aspect ratio of 10 or nore. 12. A beam honpgeni zer according to claim?9,
wherein the beam spot has an aspect 302patio of 100 or nore. -25- 13. A
beam honogeni zer conprising: a first optical systemfor honbgeni zing energy
distribution of a beamspot formed on an irradiated surface in a first
direction; a second optical systemfor honogeni zing energy distribution of
the beamspot in a 5 second direction perpendicular to the first

direction, wherein the beam spot has a |linear shape, wherein the first

di r ect i OMghifiod ST BELHRP O ForiBh ?fth@ﬁpﬁceﬁ v gmhyear shape and the

second direction is a direction o nor the linear shape, and
wherein each of the first optical systemand the second optical systen1

conprises an tica ui des |nclud|n a pair o | ecti es
provi ded opp05|ge%§1m§ﬁd”§ﬁ3$g fPRAfaL e ACGREY ’NQ g%ﬁ?d£7 W'WPB‘SH% Ehﬁg
portion qﬁnkggd@giagghémgyeQU|de and emtted fromthe other edge portion
of the optical wavegui 14. A beam honpgeni zer according to claim 13,

wherePn the optical waveguide is a 15 light pipe. 15. A beam honogeni zer

according to Cllgeam A L Q&t&e%%r Poétogﬁ Y Se?eﬁgher I%E%r osgfllago or

more. 20 16. A onog enlze accor alm?T ereln

spot has isum exaspecitsdrad lY(AG)faséxQGr Oplag®lager. 17. A | aser irradiation appar at us
conprising: a laser oscillator; and 25 a beam honogeni zer for honbgeni zi ng
energy distribution of a beam spot on an irradiated surface at least in

one direction,s§he 1&%@%%@.9&&%&5&%%&&% L{le?rﬁl ﬁ" Qﬁﬂﬁ"v:rtim WerLe D stingiPne

direction is a direction of axl s he rectangul a
10  isa YVOq laser, a GAVQy, laser, a YLF laser, or an Ar laser.

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

an aspect ratio of 10 or more.

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

an aspect ratio of 1060 or more.

23. A laser irradiation apparatus comprising:
a laser oscillator, and
20 a beam homogenizer,
the beam homogenizer comprising;
a first optical system for homogenizing energy distribution of a beam spot on an
irradiated surface in a first direction; and
a second optical system for homogenizing energy distribution of the beam spot in a
25  second direction perpendicular to the first direction, the second optical system having a
cylindrical lens array,
wherein the beam spot has a linear shape,
wherein the first direction is a direction of a major axis of the linear shape and the
second direction is a direction of a minor axis of the linear shape,

30 wherein the first optical system comprises an optical waveguide including a pair of



wherei n the beam honogeni zer conprises an optical wavegui de including a
pair of reflection planes provided oppositely, and 30 wherein a | aser beam
is incident into one edge portion of thé’optical waveguide and -26- enitted
fromthe other edge portion of the optical wavegui de. 18. A |aser
irradi ati on apparatus according to claim17, wherein the optical waveguide
is alight pipe. 5 19. A laser irradiation apparatus according to claim 17,
wherein the laser oscillator is an excinmer |aser, a YAG |aser, or a glass

| aser. 20. A laser irradiation apparatus according to claim 17, wherein the
| aser oscefitaioarplantd proyided Vypdsitchgend a GIVO4 | aser, a YLF | aser, or an Ar

| aser. 21. A laser .irradi ation .apparatus according to claim17, wherein the
beam spot has “RfTCHLpHESET PP 5 ighlla 18P Gugcaee pertsp of 1 %{%@Pllweﬁaidg@ﬂ%n

appar at Usng@@effrdinnde bdcfbdlePoltfon mé%bﬁcatl%v@@a&a.spot has an aspect ratio
of 100 or nore. 23. A laser ‘irradiatioh apparatus conprising: a |aser

oscillator, and 20 a beam honogeni zer, the beam honobgeni zer conprising:. a

first_optical stem for. h eni zi ng energy distribution of a beam t on
an ifPradiat edﬁés(‘urp‘f AE ilﬁaégﬁ‘%ﬁ saé’Pa‘iaﬁléc??CSﬁ%“%nta ‘élag%c%Sgde%rﬂnchc é’%}@‘?agm
f or honogeneghitgisenes@yigd stribution of the beamspot in a 25 second

direction perpendicular to the first direction, the second optical system
having a cylindrical |ens array, wherein the beam spot has a |inear shape,

wherein the figgty qu;sgxeﬁ'lteédpa@ioh%ﬁﬁarqwsec%w}rgﬂigﬁ% i fFPS ,rw}?e)l%iﬁ (0 Iaggeoskiiﬁlgt%?r
shape and the second direction 1s a direction of a ' mnor axis of the
| i near slhwageexcimer laser, a YAG laser, or a glass laser.
10
26. A laser irradiation apparatus according to claim 23, wherein the laser oscillator

is a YVO, laser, a GAVOQy laser, a YLF laser, or an Ar laser.

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

15 an aspect ratio of 10 or more.

28. A laser irradiation apparatus according to claim 23 wherein the beam spot has

an aspect ratio of 100 or more.

20 29. A laser irradiation apparatus comprising:

a laser oscillator; and

a beam homogenizer,

the beam homogenizer comprising:

a first optical system for homogenizing energy distribution of a beam spot on an
25  1irradiated surface in a first direction; and

a second optical system for homogenizing energy distribution of the beam spot in a

second direction perpendicular to the first direction,
wherein the beam spot has a linear shape,
wherein the first direction is a direction of a major axis of the line shape and the

30  second direction is a direction of a minor axis of the linear shape, and



30 wherein the first optical systemconprises an optical wavegui de
including a pair of -27- reflection planes provided oppositely, and wherein
a | aser beamis incident into one edge-pprtion of the optical wavegui de and
emtted fromthe other edge portion of the optical waveguide. 5 24. A |aser
irradi ati on apparatus according to claim 23, wherein the optical waveguide
is alight pipe. 25. A laser irradiation apparatus according to claim 23,
wherein the laser oscillator is an excinmer |aser, a YAG |aser, or a glass
| aser. 10 26. A laser irradiation apparatus according to claim 23, wherein
t he | aser oscil I I Ng : n Ar
| aser. 27. A Izﬂé%trv&l? ?Erldgtsﬁfg{l‘?}g%g gi“?é%’sﬁés%gg%@% ﬁeﬁ%ﬁ{%ptgﬁag%ﬁégg?&%%%iag t he
beam spotopasl wavsgaide aspating p atir of offletGoroplansrpeovidd oppdséslyr and r adi ati on
apparatus according to claim23 erei n the beam.spot. has . an aspect ratio
of 100 or nor e.Wq“fﬁF(?%?asﬁ\" %&‘é‘b}s PP ERaPioof eﬂ%"p%?”&f’ﬁ&&fn‘i?ﬁ‘i% Hgveeuideand o,
osci | | at aimittadttod the BRcPBARIRMI&EHF tht: BEHRS 3Ny eni zer conprising: a
first optical system for honogeni zing energy distribution of a beam spot on
an 28 irradiated surface in a first direction; and a second optical system
f or honogeni zi n distribution, of the.beam ' cond ..
direction per pgﬁ'd?\cﬁésg%/ 1&8&%{%@?%@ grtatugi ?‘%08%1%%0\/\;151?%iindztﬁger%%a%%s nglc%as a
| i near shepeguidbéyelighttpfye. first direction is a direction of a major axis of
the Iine shape and the 30 second direction is a direction of a m nor axis
of the linear shape, and -28-

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

10 1s an excimer laser, a YAG laser, or a glass laser.

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

is a YVOq laser, a GdVOy laser, a YLF laser, or an Ar laser.

15 33. A laser irradiation apparatus according to claim 29, wherein the beamn spot has

an aspect ratio of 10 or more.

34. A laser irradiation apparatus according to claim 29, wherein the beam spot has

an aspect ratio of 100 or more.

20
35. A laser irradiation apparatus according to claim 29, wherein the laser irradiation
apparatus comprises a moving stage for moving an irradiated surface relative to the beam
spot.
25 36. A laser irradiation apparatus according to claim 35, wherein the laser irradiation

apparatus comprises a transferring apparatus for transferring the irradiated surface to the

moving stage.

37. A method for manufacturing a semiconductor device comprising:

30 forming a non-single crystal semiconductor film over a substrate, and



wherein each of the first optical systemand the second optical system
conpri ses an optical waveguide including a pair of reflection planes

provi ded oppositely, and wherein a | aseesbeamis incident into one edge
portion of the optical waveguide and emtted fromthe other edge portion
of the optical waveguide. 5 30. A laser irradiation apparatus according to
claim?29, wherein the optical waveguide is a light pipe. 3 1. A laser
irradi ati on apparatus according to claim?29, wherein the |aser oscillator
10 is an exciner laser, a YAG | aser, or a glass laser. 32. A laser

i rradiation apHﬁEcﬁEﬁ@&%ﬁa@%ﬁ@idﬁ@c £9s ﬁL@énﬁb&%ﬁcM%ﬁxﬁ'ﬂtﬁ ?&M&&%@%@f&ﬂ S

is a YWYXA | aser | aser I aser an Ar

irradiati @hseqmalrllatqu svhaleaordilpng pbsitioh af thed8ser biven eclntitdie theaon-sipgle dogssal an
aspect ratl of, 10 nore. 34. A laser irradiation apparatus according to
cl ai m 29, ﬁﬂgpgutofﬁknbean1spot has an aspect ratio of 100 or nore. 20 35.

A laser irradi atHepsin #RNasRALYSM 3EGRPEL nﬁohﬁeﬁlsﬁaﬂ@tﬁ%qufAﬁfo%hEmtspﬁmh%efng
irradi ation appar atus conprises a noving stage f nmoving an irradiated

surfade repaiivealdensiaraysadsn oppietl wayggaée, A I aser i rradiation appar at us
according to Clwﬂ'ﬂeF@u‘?‘ﬁm cyn%l%al lé h%rrla 2665 1) qun de' 13%:'4113? g;goatl]grgté 1ch 1otnh él ies @

transferring apparatus transt &'t ng -t

novi ng strager ady.and nmet hod for manufacturing a sem conductor device

conprising: 30 formng a non-single crystal sem conductor filmover a

substrate, andWhstin the; opdical WAYCEle #éhuBbiedineay Beam SBRIncofRsEEBIOTHTS m

wth a | ggghr Bgam generated in a |aser oscillator while noving a position

of the lasér beamrelative to the non-single crystal sem conductor film
10

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

wherein a light pipe is used as the optical waveguide.

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

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

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

wherein the laser oscillator is a YVOy laser, a GAVQy laser, a YLF laser, or an Ar laser.

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

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

42. A method for manufacturing a semiconductor device according to claim 37,
wherein the laser beam is shaped so as to have an aspect ratio of 100 or more.
25
43. A method for manufacturing a semiconductor device comprising:
forming a non-single crystal semiconductor film over a substrate, and
irradiating the non-single crystal semiconductor film with a laser beam generated in
a laser oscillator while moving a position of the beam spot relative to the non-single crystal

30  semiconductor film,



wherein the | aser beamis shaped into |linear shape through an opti cal
systemhaving 5 a cylindrical lens array and an optical wavegui de, wherein
the cylindrical lens array acts upon thaCcti near beam spot in a direction of
its mnor axis, and wherein the optical wavegui de acts upon the |inear
beam spot in a direction of its mpjor axis. 10 38. A nethod for

manuf acturing a sem conduct or device according to claim37, wherein a

| ight pipe is used as the optical waveguide. 39. A nethod for manufacturing
a sem conductor device according to claim37, 15 wherein the |aser
oscillator is ItAB I r . t hod
for manuf actur ?ﬁé@éﬁégﬁliégﬁ?ﬁg‘? o? %ﬁe%gle (g:gf%tgclé%%%iﬁﬁla% gi%?]fl%t?%ﬁf ,tf&g]\/\/?]értég?n

t he | asercogyeisingat ilindgcal lang@tray ageért least GdvOptitdsevegwdyLF | aser, or an Ar

| aser. 20 41. '\A‘:vhré%th? ccordtlsng

d for manufacturing a sem conductor, .deyvice
to ol aima7, WRer e orbior BERreeREi aeisdiboR sichineg bam sporiafie drecdiopaty
rati o of m&ooixisreng. 42. A nethod for manufacturing a sem conductor device
according to claim37, wherein the |aser beamis shaped so as to have an
aspecP ratio ohewmn Hie aphed. wasguide aptsappn dee fenar hegiafeettin thagirestion of its
sem condqgiglgfa,ggvi ce conprising: formng a non-single crystal
sem conductor filmover a substrate, and irradiating the non-single crystal
sem conductor filmwith a | aser beam generated in a laser oscillator while
noving a position of th eam spot relative to the non-sing]e crystal _ 30
semi conduct or ﬁ?.|@nmgt%8§ fghéf}aé‘fl cf“l‘i‘é‘glaa%"é?‘c%‘giﬁt?rsd%’h%p%of%’%tq clitar*shape

t hrough %Fhe%ﬁh?i%htﬁi}ﬂé‘ise@eﬁ%rﬁfeioﬁtiﬁﬂ@ax%é{;ﬂd@.dri cal lens array and at | east
one optical wavegui de, wherein the optical wavegui de acts upon the |inear

beam!8pot in the direction of its mmjor axis, and
45. A method for manufacturing a semiconductor device according to claim 43,

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

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

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

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

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

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

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

49. A beam homogenizer according to claim 1, wherein the optical waveguide has a
multilayer structure.
25
50. A beam homogenizer according to claim 1, wherein the optical waveguide

comprises quartz and germanium.

51. A beam homogenizer according to claim 5, wherein the optical waveguide has a

30 multilayer structure.



5 wherein the optical wavegui de acts upon the |linear beam spot in the
direction of its mnor axis. 44. A nethod for manufacturing a
sem conduct or device according to claim343, wherein a light pipe is used
as the optical waveguide. 10 45. A nmethod for manufacturing a sem conductor
devi ce according to claim43, wherein the |aser oscillator is an excimner
| aser, a YAG |l aser, or a glass laser. 46. A nethod for manufacturing a
sem conduct or device according to claim43, 15 wherein the |aser
oscillator is a YVX | aser, a GAVO4 | aser, a YLF laser, or an Ar laser. 47.
A nmethod for manufacturing a sem conductor device according to claim43,
wherein the |aser beamis shaped so as to have an aspect ratio of 10 or
nore. 20 48. A Sfethddamdiomrasnfzac coedrdiggatoseaine dnaveran theviptiealaggorsidey t o
claim43, [.el I .peam i s shaped so as to have an aspect ratio
of 100 or®9 re?ghgghﬁggégﬁﬁﬁgﬁﬁgenizer according to claim1l1, wherein the
optical waveguide has a mnultilayer structure. 25 50. A beam honobgeni zer
according to claim.11, erein the optical wavegui de conprises quartz and
ger mafi um 51. A H%Am Pizoleacearding B oym © wheapimtie onfiral wrveauHle ksse cal
vwavegui denhigsar stAlkei! til ayer structure. -31- 52. A beam honpgeni zer
according to ¢claimb5, wherein the optical wavegui de conprises quartz and
germanium 5 53. A beam honopgeni zer according to claim9, wherein the
opti cal mavegu%ge hgiia nmul til ayer séxucture. 34 A heam honogeni zer

i P

according to cl can) oMmaesnizHe AT HiBg) tovdy By i qderen APt ioBBed gayeeridng

ger mani UBombiises quartz and germanium.
10
55. A 'beam homogenizer according to claim 13, wherein the optical waveguide has

a multilayer structure.

56. A beam homogenizer according to claim 13, wherein the optical waveguide

15 comprises quartz and germanium.

37. A laser irradiation apparatus according to claim 17, wherein the optical

waveguide has a multilayer structure.

20 58. A laser irradiation apparatus according to claim 17, wherein the optical

waveguide comprises quartz and germanium.

59. A laser irradiation apparatus according to claim 23, wherein the optical
waveguide has a multilayer structure.
25
60. A laser irradiation apparatus according to claim 23, wherein the optical

waveguide comprises quartz and germanium.

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

30  waveguide has a multilayer structure.



55. A beam honogeni zer according to claim 13, wherein the optical wavegui de
has a nmultilayer structure. 56. A beam honogeni zer according to claim 13,
wherein the optical waveguide 15 conprB8es quartz and germanium 57. A

| aser irradiation apparatus according to claim17, wherein the optical
wavegui de has a nmultilayer structure. 20 58. A laser irradiation apparatus
according to claim 17, wherein the optical waveguide conprises quartz and
germanium 59. A laser irradiation apparatus according to claim 23, wherein
the optical waveguide has a nultilayer structure. 25 60. A |aser
irradi ati on apparatus according to claim 23, wherein the optical waveguide
conprises quartz and germanium 61. A |laser irradiation apparatus according
to claim?29, whéréiracharragiatienl appatitwavegudidg toaslazmnifl,t whenpiy tlt opticalr e.
-32- 62. r. Lrradiation apparatus according to claim?29, wherein the
opti cal \@a& duF88m8§%%%P§§§aﬂg%???“&W& germani um 5 63. A nethod for

manuf acturing a sem conductor device according to claim37, wherein the
optical waveguide has a multilayer structure. 64. A nethod for )

manuf ct uri ng &3 s8nneBRd fet &anaé?rwga@;@@mtﬁori@uqt@r devagapegprdingfie claim 3he
opti cal i I : .um 10 65. A nethod for
nanufact§?¥ﬁgHgﬂggﬁgggﬁgﬁgﬁg%q%é%%@gﬂgggggggﬁggto claim43, wherein the
optical waveguide has a nmultilayer structure. 66. A nethod for

manuf act uri ng sem c ng tor device according to ¢laim43, 15 erej.n the
opti cal wavegu?%tegc‘if}ﬁ%f" gé”s “&BH&PE"%& ﬁ%‘PPFHHg‘ﬂFrWr evice according to claim 57,
wherein the optical waveguide comprises quartz and germanium.
10
65. A method for manufacturing a semiconductor device according to claim 43,

wherein the optical waveguide has a multilayer structure.

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

15 wherein the optical waveguide comprises quartz and germanium.



