3@ DESCRI PTI ON METHOD AND DEVI CE FOR FORM NG A .
CRYSTALLI ZED FI LM Technical Field [0001] The present

invention relates to a nethod and device for form ng j‘3(39€3

a crystallized filmwth |aser |ight. Background Art

[ 0002] A device described in Patent Docunent 1 is
known as a conventional device of this type. It is an
illum nation device for a sem conductor exposure
apparatus that is capable of uniformy illumnating
an illum nation targeprgerfiageoRy reducing Mire
fringes on a mask surface or a wafer surface from an

wermof ek VSR on " aPRtacr B Pnar ARk 83 on i ne

width of a transferred circuit pattern is in
proportion to a wavel ength of a light source. [0003]
That is, the illumnation device is, as shown in FIGS.
TechnédlcahdFi8ldcharacterized in that, when a flux of |ight
froma laser light source 71 is split into plura
[ooo1fight fluxes B1. B2 ... Bn by light flux splitting
means 72, which includes optic |I al nmenbers 79 and 80

ceRPROsedseh tPliukah theamrenldtiderts 4 anéthodi Aakedadice for
ilTumnation target surface with the plural 1ight

formihyUXC8rBltabtivea Bl1n@Ri PRI LEREr 1ight.
Background Art
[0002]

A device described in Patent Document 1 is known as a
conventional device of this type. It is an illumination device for
a. semiconductor exposure apparatus that is capable of uniformly
illuminating an illumination target surface by reducing Moire
fringes on a mask surface or a wafer surface from an excimer laser,
namely, coherent laser light, which is employed because of the fact
that the resolution line width of a transferred circuit pattern
is in proportion to a wavelength of a light source.

[0003]

That is, the illumination device is, as shown in FIGS. 4 and
5, characterized in that, when a flux of light from a laser light
source 71 is split into plural light fluxes BliuBZ ... Bn by light
flux splitting means 72, which includes opti?gi“members 79 and 80
composed of plural beam splitters, tc illuminate an illumination

target surface with the plural 1ight fluxes Bl, B2 ... Bn, an optical




1 path difference is created by placing diverting
nmeans R1L and R2, which are conposed of reflecting
mrrors, between the optical nenbers 79 and 80 in a
manner in which a distance equal to or larger than 11
- 12 is put between every two adjacent |ight fluxes
out of the plural light fluxes Bl, B2 ... Bn through
the diverting means Rl and R2. The optical path
difference 11 + 12 can be set |longer than the

path §9ReEeRhckengt Br@EtEBebﬂzlﬂhicﬁl@@rﬁﬂvgﬁtlﬂgﬂn%s R1 and R2,
eference numer al 73 denotes an a focal lens (a first

arra h .t er h
e e TR s R il s S
ght flux s I|tt|n means .7.2. R fe ence nu
membegengp S0ich 50 P& BPBTPEnDD (0 GLt it ar
i s conposed of plural mnute |enses and forns an
than lAcohdRedts Padcdedaiepn SyIRE Vs e & PI4iFa 76 Wi tedidiuigs out
the plural light fluxes that have exited the a focal '
of tht¢ensiral, 1tghtef exon BiigcB? .pl.aBestiofougihéhei @lverting means
| enses. Reference nuneral 77 denotes a condenser |ens
R1 anfOR2L | I1Hd nsdd ek BpdtH dliffatricor:d anget 18usdacee Ren longer
which a circuit pattern such as a reticle is forned
than PN d gﬂ%rleng:htle el hale NVt tdamRlLdif.rom the
secon i ght source plane 76. Reference nuneral 78
[0004jenotes a projection optical systemwhich projects the
ircuit pattern drawn on the illum nation target

surface R onto er. surface W
Reference numeralwgg enotes an afnLcan.) iens

%\(R/h T larger

{a first array
lens) which reduces the diameter of each of plural incident light
fluxes that have exited the light flux splitting mnmeans f2.
Reference numeral 75 denotes a fly’s eye lens (a second array lens)
which is composed of plural minute lenses and forms an incoherent
secondary 1ight.source plane 76 by making the plural light fluxes
that have exited the afocal lens 73 convérge on focal planes of
the minute lenses. Reference numeral 77 denotes a condenser lens
for illuminating an illumination target surface Ron which a circuit
pattern such as a reticle is formed with the light fluxes that have
traveled from the secondary light source plane 76. Reference
numeral 78 denotes a projection optical system which projects the

circuit pattern drawn on the illumination tgrget surface R onto

C VIR T

a wafer surface W.
[0005]

Another conventional device is described in Patent Document




Anot her conventional device is described in Patel-it
Docunent 2 2. This device, as showmn in FIG 6,
includes a | aser light source 60, a light source

i mage form ng nenber (64), which fornms plural 1ight
source images 61' froma light flux supplied by the

| aser |ight source 60, and a condenser optical system
(65) , which collects light fromthe plural 1ight
source images 61" to illumnate an illum nation

5. rhakusdv bk eCis BBowh an PYer |Gppneg wiesner laaad 1syht source
characterized in that an optical path difference

n e rRdyRee , G @ctidigns plural
n% % g9ﬁg?g %?aggdggg%%g&optlcal a%gfhs bet ween thé)

Iaser ht sour nd t NGE the laser
light; ﬁ&g’éé:% 12995, opt r@?q pa{]%hg!l ;f;erenc clrl‘;eg#lbrﬂ?g e

nmeans 63 preventing_ Mire fringes f [ '
lightomoursarGtcandfe ARIPPPERiR{S 5%’5][-8‘& b 81:‘98%'3‘%0118“5

creating an optical path difference betmeen
1ightoptrcal tipat hsutaht 1 toht espondet dMeAESpledr altq |191H1umlnate an
source images 61', and the transmittance correcting
lllumgﬁggyoﬁﬁkéw@éﬂl6@ge@meeenlnlhnnbmatﬂappathW@ﬂ@@ﬁﬁa@@d is
the illumnation target object 66 by correcting

char 0 dd anE & raht! %ﬂubﬁﬂlbh&s wbh Chi Bf €reneateteating member
ween the plural |ght pat%s by the optical path

63 ang %%éﬁgfﬁﬁt%bﬁ.@t¢ R mEibek @ﬂgr@]pl%é&ti‘@'l@n@foptlcal

|g t source 60, which is
shomn as int s 61 and | 815 620ht source
Path5p§§§é’§eﬂ‘h1ﬂa g]hasetrh lg%fe'l A rpat ggéf%ﬁ%ﬁﬂg creatrng
imagenseg??r, t61§e \cg\lllgltgrc]arl]?asat% gi %L‘erence creating means 63 preventing

Moire fringes from being formed on a surface of the illumination

target object 66 by creating an optical path difference between

plural optical paths that correspond to the plural light source -

images 61’, and the transmittance correcting member 67 avoiding
uneven illumination of the surface of the illumination target chiject
66 by correcting transmittance irregularities which are created
between the plural light paths by the optical path difference
creating member 63.
[0006]

A bundle of rays exiting the laser light source 60, which is
shown as a point source 61 and a positive len;s 62, passes through

v -

the optical path difference creating membex .63, which has plural

em
R

level differences, and thenentersa lenticular lens 64 (array lens),

which has as many lens blocks as the number of level differences




| evel differences, and then enters a lenticular |ens

64 (array lens) , which has as many | ens bl ocks as
t he nunber of level differences 3 of the optical path
difference creating nenber 63, to formas many |ight

source images 611 as the nunber of l|level differences
of the optical path difference creating nenber 63 in
the vicinity of the exit surface of the lenticular
| ens 64. Light fluxes that have traveled fromthe

| yial -4 SQUEee LAREESy 641k InbiEt 633 t8UfSAGEss nany
of th@(ﬁgé}CAﬁ %%%thtlonrtargetrobjéc% 66 i n an overl appi ng

manner via the 56
11ght 3¢9 sg3dE @gtent %goc}ﬁﬁﬂﬁﬁ% fJ%égg%l%}Sj%gB?éHCés of the

Di scl osure of the Inventjion Proble 0_bge sol ved b
'Opticﬁhepﬁméﬂﬁﬁwe@%fﬁeal%\ﬁ&/ "S:t rgr?tatlh‘o ea‘hjc‘:%flew y&f the
for formng a crystallized filmwth Iaser I i ght ha
exit anefdescpifbéliei A epdtientlaDodementtd -1 &aghto fhayes; kdat have

foll owi ng technical problens. [0008] First, in the
trave®pli Galomsytenpdhir@Pat ehghDocwnente lingggs ¢he ilighinate a
splitting neans, which is conposed of the afocal |ens

surfazé fa@%éjﬁiIﬂﬁlﬂéﬂldﬁﬂﬁhﬁﬂéﬁe@Bﬁ@@tCBGaﬁnngnWBWb&ﬂapplng
h is conposed of the bean1splltters and the

re l.ec g S +79en806 and R2, are placed
manneg o dg gn%b&llghﬁﬁ% %gnteo? the fly eye lens 75 (the
Patent Document 1: JP 62-25483 B

Patent Document 2: JP 7-21583 B

Disclosure of the Invention
Problem to be solved by the Invention
[0007]

However, the methods and devices for forming a crystallized
film with laser light that are described in Patent Documents 1 and
2 have the following technical problems.

[0008]

First, in the optical system of Patent Document 1 where the
light splitting means, which is composed of the afocal lens 73,
and the optical path difference creating member, which is composed

of the beam splitters and thé reflecting mi;;ors 79, 80, R1l, and

R2, are placed sequentially in front of theﬁfﬁi’g eye lens 75 (the
second array lens), light beams incident on the fly’s array lens

75(thesecbndarraylens)splitkarthebeamsplitter(79)areturned




second array lens) , light beans incident on the fly's

array lens 75 (the second array lens) split by the

beam splitter (79) are turned 4 into Gaussi an beans.

These Gaussi an beans forma nountain, and overl apping

such Gaussi an beans on an illum nation target surface

does not yield illumnation of high uniformty. [0009)

In addition, in Patent Docunment 1 where an optica

path difference is created between the plural [|ight 4
; f ’ .. THRR DY Rkt iang be attiss tfanwe equalnttain, an
into g%ﬂ#%ﬁggﬂl% aﬁgll - 12 between every two adjacent

ight luxes. and L cal opat by gt heressecaidet shirface
over B S&F 8%88&1%21%8%%% Coherent length of the

light source 1, the dive thi.n neans . d R2 ...
does picdc et Pt v e T gt i Hal ers and 80, instead

of an optical path difference creating nenber,
[oooxjonstitute means for creating an optical path ,

di fference, and creates an optical path difference '

betesdd i beon pl tnalPaltieghtt TdawentBll Bpere app GRtd Gade Path

diverting means Rl and R2 .... This not only nakes
diffédﬂf?é@ai@ 41 (£t N tOR! pLalrapalight0010xes BI, B2 ...

iTference large in size, but also raises a technical

robl.em i : |de 1eSp@dinf kbcuht 16@gad ugbnt he - 12 between
Bn biiﬁﬁ F%H%q%ﬁ%ngﬁﬁié% of the mrrors constituting the

optical nmenbers ;79 .a and theydi ¥gEtERY pHEANS: Rierence
ever i RAEGHFRL i'std te%gfu%%és’tgngbt%ai n 2 P

11 + 12 can be set longer than the coherent length of the light
source 1, the diverting means Rl and R2 ... placed between the
optical members 79 and 80, instead of an optical path difference
creating member, constitute means for creating an optical path
difference, and creates an optical path difference between the
plural light fluxes Bl, B2 :.. Bn via the diverting means Rl and
R2 >
[0010]

This not only makes the means for creating an optical path
difference large in size, but also raises a technical problem in
that it is difficult to adjust the positions and angles of the

mirrorsconstitutingtheopticalnmmbers79anu180andthecﬁﬁerting

means R1 and R2 ..., and it 1s thereforesgypossible to obtain

excellent illumination.
[00111}

Oon the other hand, in Patent Document 2, the optical path




excellent illum nation. [00111 on the other hand, in
Pat ent Docunent 2, the optical path 5 difference
creating nmenber 63 is placed between the |aser |ight
source 60 and the lenticular |lens 64 (array |ens)
and light exiting the optical path difference
creating nenber 63 with plural |evel differences
enters the lenticular Iens 64 (array |ens) having as
many | ens bl ocks as the nunber of the |evel _
diffegé%%sréggﬁﬁiﬂ hbgbeopPbBcak patbedi bbewenne tbeedtbry light
nenber to formas many |ight source images 611 as
the nu r _of | I, fdqe idhd)heanVi CigHit ¥xiting
sourchet AEIRT LENEs ST The Tontt sl ar | ene B4, [ 0121

Since the lenticular |ens 64. (arr i | 0
the ont ] emEerbgh FobSiet fhEe SR Al pRgRd Otever

creating neans 63, the laser_light source 60 emits .
diffekasers| egherasthe bhemt ECeta¥ a}ns hé‘{/i &gf%aleﬁfe‘}s?et‘?@é’ ing as

angle 0, and the laser |ight, after_exitin% one blocg
many ReHE 01 cefkd hes silnglremspts caf paehldvedefé Eerengssi Ag the

menber 63, is incident on plural lens portions of the
optichgTphEH! 8t frensnes ctaataygleasher Ghitso nbams 3hawny light

aser light that has exited plural |Ievel differences

of .the apti.cal, path diffierence ttLakivRg rEMfereti®d Sn the
sourc@n&?ﬁgﬁ% gﬁ one ?ens portion of the lenticular |ens 64

. (array. . lens).. Accaordi ngl hnt erf.en 49 64 .
vicingkay Gifd b % . sgﬁf%c%géﬁi; S1’:hré arfRIi@AC& d Sens

ma
fo012]

Since the lenticular lens 64 (array lens) is placed on a
downstream side of the optical path difference creating means 63,
the laser light source 60 emits laser light as a bundle of rays
having a divergence angle B, and the laser light, after exiting one
blockportioncxfthesingleopticalpathdifferencecmeatingnmmber
63, is incident on plural lens portions of the lenticular lens 64
({array lens). This means that laser light that has exited plural
level differences of the optical path difference creating member
63 is incident on one lens portion of the lenticular lens 64 {array
lens) .

Accordingly, interference is unavoidable when an image 1is

formed on the illumination target object 6§%“

[0013] A

If the optical path difference creating member 63 1is

constructed from a group of individual block portions and laser




formed on the illumnation target object 66 v [00131
If the optical path difference creating nenber 63 is
constructed froma group of individual block portions
and laser 6 light is transmtted through this optica
path difference creating nenber 63 before being
reduced into plural split rays by the Ilenticular |ens
64 (array lens) , laser light as a bundle of paralle
rays having an inevitable divergence angle 0 generates

llghtﬁg ?Egﬁ %Wﬁattﬁodaﬁ{ keGts epthcghtparh idifdrrsinde creating
c6s of each bl ock portion of the optical path

membegh%gere ¥ Cre@%éi?ﬁggﬁpgﬁ Q%tcﬁqglﬁﬂ§§ BBKES ddys by the

um nation of high uniformty.

1entléE$§§h§ﬁ5£%gfggﬁﬂﬁg ﬁb;€0t tﬁ% hkh%? &uﬁéieQﬂ?Barallel

porti
width that is equal to the Iaser I i nci dent

rays Whdihg RA014@vEirbier firerasnice 4 q fegeneppies a large
i ncident surface of each Iens portion of the :

amount &t iretil actlhensl fzht anrayneesse Sapeamdr epph Rlpek portion
opti cal systen1of Pat ent Docunent 2, |aser |ight

of thg"’lﬁgﬂﬂg:@l FHe g eree canel erfatsnyehbmoeedsd laotd &hus nakes
er sidé faces of each lens portion after being

NeL G & ens 1PAAHia@R onl 88181 g\ Wt fodmity) | Keis 15
n ina g
it lm%%f%d?f%'ggys TN z&d by uneven | aser

fomented by the fact that the ‘optical path difference creating
member 63 has a block portion width that is equal to the laser light

incident width.

[0014]

Furthermore, since the laser light incident surface of each
lens portion of the lenticular lens 64 {array lens) is planar in
the optical system of Patent Document 2, laser light having a
divergence angle 6 is reflected a lot at ihner side faces of each
lens portion after being incident on the lens portion.

[0015] |

A thin film-like material crystallized by uneven laser
irradiation according to these methods and devices cannot avoid

irregularities in size of crystal grailns.

Means for solving the Problem

{0016}

The present invention has been made in view of those technical




irradi ati on according to these nethods and devi ces
cannot avoid irregularities in size of crystal
grains. Means for solving the Problem [00161 The
present invention has been made in view of those
techni cal problens of prior art, in particular, the
present invention solves the technical problem caused
by laser light that is emtted from a |laser |ight
source as a bundl e of rays having a given divergence
problgﬁggSf_ﬂ}@b§gﬁﬂg;wﬁepéffﬂgmﬁafs1ﬁﬁapobbewé.iﬂﬁéntlon-SOlVGS
inventiion of Cdaim1l provides a nethod of formng a
crystal l;i fi aglerhzed byghactudtngs emitted from
the t?&éﬁéﬁ?ﬂaéﬁgblgb?gﬁgggg gpf%%st arr%y lens 2, a second
array lens 3, an optical,,_p ] c hNEk vergence
2 Lasgrnbbh? Setbohdunteb TR E taly SRV ardEgh i vere
target surface 6 in a side vPeM/thh respect to a
angld.asBhe kitghctsser §8eRehi ¢ &M CSIRYE" light 1 as a
bundl e of rays having a divergence angle O, th% Q;rst '
ammay iensnidei of Compusdd wopidaala BetPREr o torming 2
| enses 2a, the second array |ens 3 being conposed of
crystd i Blefyldingl,i caharansesildad thy ope¢éadipath sequentially.
difference creating nenber 7 having plural block

144 .7a:t hat-.Cr eahe ap Hpidwald aspatdy diehfseBenge;optical
arraéﬁ%# %???%%g:thea aser light 1 emtting fromthe

path L@fgfﬁl_f%ﬂ@é ﬁé%%‘&?ﬁﬁét thkeugh 1 he, f ke steakEaY 1keRs 5 tand an

ny sp ‘rays 9 that have been reduced as
110t hee P 8 R, ep 04 % B0 i DA S 20SEER S acer
lighte zcorllrhcae\/ilxnvg\ih?cw ednttihtsd ia%%?:”ﬂ"éﬁ‘ai P%st er&IQJiié of rays having-
a divergence angle 6, the first array lens 2 being composed of plural
cylindrical lenses Z2a, the second array lens 3 being compesed of
plural cylindrical lenses 3a, the optical path difference creating
member 7 having plural block portions 7a that create an optical
path difference; transmitting the laser light 1 emitting from the
laser light source A through the first array lens 2 to obtain as
many split rays 9 that nave been reduced as the number of the
adjoining cylindrical lenses 2a of the first array lens 2, the
cylindrical lenses 2a each having a width d; transmitting the split
rays 9 separately through the corresponding cylindrical lenses 3a
of the second array lens 3 to obtain reducegnsplit rays 10 which

S viE

are each narrower than the width d of thg{_ﬁl&ndrical lenses 2a

.
ok

of the first array lens 2; transmitting the reduced split rays 10

separately through the corresponding block portions 7a of the




rays 9 separately through the correspondi ng
cylindrical lenses 3a of the second array lens 3 to
obtain reduced split rays 10 which are each narrower
than the width d of the~cylindrical |enses 2a of the
first array lens 2; transmtting the reduced split
rays 10 separately through the correspondi ng bl ock
portions 7a of the optical path difference creating
menber 7 while reducing reflection on the side of

. SpLitY ESrd&t GIERERLAR PRhlical rgiding reflection
Optlc%?#?%?%§g£§gg%agen:ﬁhe:ﬁéﬁuced split rays 10 in a
manner in_which, . .the c e i 5. adj ed;5aNgotical path
on th@veﬂ‘iﬁpp‘?ﬁgs ﬁrétltéall?ces s%f"ﬂ?c&r a?/g gf%%{thr sugh the o P
condenser lens 5 to illumnate the illum natiaon : :
differanget betirearetlee W?%eﬁi’ﬁi I&ﬁ’sclllhi WA e which
the nethod of formng a crystallized film acco diq%
the ctPefbaceils acijarstetdr epddoVATERRPIAY HREfeIBHeR? CRDLE rays
in length between the block portions 7a of the . ‘
10 theRligtalkeatdoiidisanencmergatonylirembeat? thesdflymémnation
that an optical path difference |arger than a

0 | gngth is created between the reduced split

targe?aggE?gﬁeThe invention of Caim3 provides the nethod _

of forming a_ crystablized filauaccondi fghedOo fokning a

o&hﬁ,l@ﬁﬁ%&%?@r?%egakghtgap a width d of each of the

bl ock portions' 7a _of the opti cal (pat i f.f er in that
crysteraaring b ErPIRe NS P8 bt e Er han dpe L £het @

width d of each of the cylindrical | enses 2a of Hhe £ the
diffefiemste avdy irenkergtirHee Fweehnt Fom BEOBKaPRIALBFEvI Ged

the method of forming a crystallized filn1ac%9rdin% tical
optidad Ghih miffeZence Greahpasespeiet ippet such that anoptica

path difference larger than a coherent length is created between
the reduced split rays 10.

The invention of Claim 3 provides the method of forming a
crystallized £ilm according to Claim 1 or 2, characterized in that
a width d of each of the block portions a of the cptical path
difference creating member 7 is equal to or smaller than the width
G of each of the cylindrical lenses 2a of the first array lens 2.

The invention of Claim 4 provides the method of forming a
crystallized film according to Claim 1, 2, or 3, characterized in
that an incident surface 11 of the cylindrical lenses 2a of the

first array lens Z on which the laser lighté} is incident has a

positive convex curve. ﬁ-{;ﬁ*
The invention of Claim 5 provides the method of forming a

crystallized film according to Claim 1, 2, 3, or 4, characterized




that an incident surface 11 of the cylindrical |enses
2a of the first array lens 2 on which the |aser |ight
is incident has a positive convex curve. The
invention of Claimb5 provides the nethod of formng a
crystallized filmaccording to Claim1, 2, 3, or 4,
characterized 9 in that the first array lens 2 and
the illumnation target surface 6 are in a
conjugation relation. The invention of Claim®6

in thgf%éjefsir%t‘:@é‘i‘%@l 1Ezed finlsmher M nenideviee fofget surface
rrldmnating an illumnation target surface 6 with
shaped | aser

l.i ght itted froma laser |ight
6 areséﬁr@ecﬂn§§g5t68%6F5 8EQE%éys that have a divergence

angle 0, characterized by incl uding: pli-t.ti ngl. .
r @g@cilhﬁge%h‘?ﬂ% 052@@}“%%@&9??% rgﬁga}é&&g:&néljtrﬁeformlng
laser light 1 into plural split rays 9 in_one side
device o dfl luénkaseg di ghlunipakéenkatgrt PHERSEGrHIHE shaped
the split rays 9 into individual bundles of reduced '
1aser aY$hito 10BhakReHeduordasphsér rhyshilOsomncoptizala pardle of
di fference creating nmenber 7 having bl ock portions 7a, '

L.Qu LCh; ugedh s, teHac Hdr el by including:
rays %ﬁggvggggrkya%ygggﬁFgge% ghile <1educing refl ection on

..th i d f. i i o £ .
spllt&:ﬁ.%gf{lgle%ﬁlgctlﬁsqgfln%%{é% 2(%633“)" Faces {1 fherabyrefiEeBIPLRB laser

e between the reduced split rays
. .10 in a manner in.which the coher i ' ed, s aPd { ght
1lghta1cjorh%%ﬁ?sléﬁra%1 éﬁglgh]faoxfs %of?ecg{él ﬁgat%ﬁ%i‘?ggﬁﬂcggtesgﬁt S
rays 10 that have been rgnsnitt%gathrou h.the
EFC

, t
sourasphy cand e BRFRPEGS EPati FoY idpfdual bundles

characterized in that the illum nation target surﬂac%_
of refluced rays to obtain reduced split rays 107 an optica

path
difference creating member 7 having block portions 7a, through which.
the reduced split rays 10 are individually transmitted while
reducing reflection on the side of splitting surfaces, to thereby
create an optical path difference between the reduced split rays
10 in a manner in which the coherence ié adjusted; and a condenser
Jens 5 for collecting the reduced split rays 10 that have been
transmitted through the optical path difference creating member
7, and characterized in that the illumination target surface 6 is
illuminated with laser light overlapped through the condenser lens
5.

Transmitting the reduced split rays 10.§{§pdividually through
the corresponding block portions 7a of the opﬁlcal path difference
creating member 7 while reducing reflection Qﬁ the splitting éurface

side and creating an optical path difference between the reduced

10




illTumnated with | aser |ight overl apped through the
condenser lens 5. Transmtting the reduced split rays
10 -" ~ndividually through the correspondi ng bl ock
portions 7a of the optical path difference creating
“menber 7 while reducing reflection on the splitting
surface side and creating an optical path difference
bet ween the reduced 10 split rays 10 so that the
coherence is adjusted include a case of rendering the

& | it hays10chBeeheEent Adilsiong iandhhiy a ande of
SplltéFa %zﬂ%%th&an tﬁe ?educed split rays 10 interfere

rendeggggggg%PgéﬂBEgﬁ38ﬁ§¥€nr9?86§§15§§8H99eﬁgjH§Eﬂeahe another

ion under stood fromthe
above description, according.to a th '
and a £esef of Mokg e Eh@s?%@qc‘i%cgapgﬂ w aa%%gfod.lﬁge?ﬁg¥ %:O\Hecgmther
present invention present the follow ng effects can be
to a gbvehnddgrem &hrpngbnefignshBeBFding to ainms 1 and 6,
| aser light emtted froma |aser |light source as a
pffechbupdl enef Thagathavi ng a divergence angle 0 is split
and reduced into plural split rays in one side view

(0017 f the laser light source, the split rays are turned
into individual bundles of reduced rays to obtain

{%g?&% SEE%E%d rays, @ e d edusedi sl bh, raysoadeng to a

_ (Y transn1tted thrpugh bl ock porpions of an
wetnodlons e o o RERE £ A TIRE s M oo <o
present invention present the following effects can be obtained.

In an invention according to Claims 1 and 6, laser light
emitted from a laser 1light source as a bundle of rays having a
divergence angle 0 1is split and reduced into plural split rays in
one side view of the laser light source, the split rays are turned
into individual bundles of reduced rays to obtain reduced split
réys, and the reduced split rays are individually transmitted
throughblockportionsofEﬂlopticalpathdifferencecreatingnmmber
while reducing.reflection on the splitting surface side.

[0018]

The.block portions of the optical path difference creating
menber create an optical path difference between the reduced split
rays so that the coherence is adjusted. The r%;d"uced split rays that
have transmitted through the optical pa@ﬁiaigference creating
member are collected by a condenser lens, aﬁd the laser light

transmitted through the condenser lens irradiates an illumination

11




[0018] The bl ock portions of the optical path
difference creating nenber create an optical path

di fference between the reduced split rays so that the
coherence is adjusted. The reduced split rays that
have transmtted through the optical path~difference
creating nenber are collected by a condenser | ens,
and the laser light transmtted through the condenser
lens irradiates an illumnation target surface in an

targe%v%u%@eng,mp%rverlca 19y Thinsdvakes it possible to

obtain a uniformlaser by reducing reflection on side
faces of a sinple optical path difference «creating
{00 %enber that is easy to adjust a position and angle and

that is capabl e of providi an_excel.lent i :

| b TRERE LemATs %?etSp%&?E%}npaatuﬁllﬁofr%ne?g%%g B Fecucing

creating nenber as individual reduced, split rays.,
reflchandiony am eptiecdlaqes O Bf SAERIE ?@b%@ilomaﬁor?elffefence
: reduced split ray is transmtted through each bl ock
creatl@fd ineiuafr threatopits cadls yatch adijffsdr enceoiielan mpd angle and

menber, which also contributes to the uniformty of

that QR dnedilaser pkbghtiinG08R1dx ol eher bnage annag laser light
beams "i's thus controlled and crystal grains of

entex o Y R B R T 0 & o Foem Tader g per metvidud
ceon Sy L 288  J ) LPodlie, Seenst o auperer
[0020]

Only one reduced split ray isl transmitted through each block
portion of the optical path difference creating member, which also
contributes to the uniformity of obtained léser light.

[0021]

Interference among laser beams is thus controlled and crystal
grains of uniform size are obtained by irradiating a thin film-like
material with a uniform laser to be crystallized. In addition, the
sequential arrangement of the means for splitting and reducing laser
light, the optical path difference creating member, the condenser
lens, and the illumination target surface makes it possible to
control interference among laser beams by setting the length of
the optical path difference creating meansé?rbitrarily without
affecting the beam shépe on the illuminat;i _.‘;nj'rj'tkarget surface.

[0022]

In an invention according to Claim 2, block portions of an

12




light, the optical path difference creating nenber,
the condenser lens, and the illum nation target
surface nmakes it possible to control interference
anong | aser beans by setting the length of the
optical path difference creating nmeans, arbitrarily
w thout affecting the beam shape on the illum nation
target surface. [00221 In an invention according to
Claim2, block portions of an 12 optical path

opticgg%%iﬁgaggg%%%ﬁEE%%ég¥ﬁﬁﬁn@ﬁ%e%%ﬁx@Segﬁﬁfﬁifﬁérentlengths

at' 'an optical path difference exceedi ng
the coherent length , is created be it th
so thphyan QRBIERLIBF edlc%%]?%%%e%{g%p% | wr%}sésj%%rseq{ﬂ length.
irradiating an illum nation target surface are | 1
is crpaeeenbeawaeanrpﬁtl@iafieﬂpiagtoﬁ%@no@lﬁ‘irth%@%}e Yﬁ“%ﬁedﬁced
i nvention according to Caim3, a block portion wdth
splita refysan raptdical irpatdn diiTenenseierestragtnetpdpces are vell
equal to or smaller than a cylindrical lens wdth d

preveﬂfte@ fAd-sl i dransy onBherefidres;. t he sanme effects
that are presented by the invention of Caim1l are

[0023?btained by transmtting reduced split rays as
i"ndi vi dual bundl es of reduced rays through the optica

DBAnerChay FRELER FESBLANG TR ) STBlbeeiistbion wiacn
+ or LD L sges QLI eal LETSRR L 15/ il o o
smaller than a cylindrical lens width d of a first array lens.
'Therefore, the same effects that are presented by the invention
of Claim 1 are obtained by transmitting reduced split rays as
individual bundles of reduced rays through the optical path
difference creating member with small-sized block pertions.
[0024]

In an invention according to Claim 4, surfaces of cylindrical
lenses of a first array lens on which laser light is incident have
a positive convex curve, which effectively reduces reflection on
.side faces of the cylindrical lenses of the first array lens and
provides more uniform laser light.

10025]

In an invention according to Claim 5, Qéﬁirst array lens and

anilluminationtargetsurfaceare511aconjugggibprelationbetween

an object and an image. This means that shapes that beams have

immediately after split by the first array lens are overlapped on
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a positive convex curve, which effectively reduces
reflection on side faces of the cylindrical |enses of
the first array lens and provides nore uniforml aser
light. [0025] In an invention according to daim5,
afirst array lens and an illum nation target surf ace
are in a conjugation relation between an object and
an i mage. This means that shapes that beans have

i medi ately after split by the first array lens are

‘ y 0 tt B@ rickbuni Babi-enyt akbgetisgr faeeinfluence
the l? gﬁé %E?ggugﬁﬁ t he fnfluence of the source of the

| aser |Ii a maki. ng, it [ IlslyphRat g i 1hRghinate
Of'bh?FPHﬁFﬁé%F%Het ?%%%1§3P?§%§9%%§25 h??gpﬁﬁy. o
addi tion, since rays_conjugate bet nt i - :
the ihyryminatehan 4AdJekes Wy famf ﬁag%ﬁﬂlf%liv}@gﬁf- sgr%f%%‘éﬁh?%' SInce
into parallel rays between a second array |ens, %nd.a y
rays condensée behweepl Bt nfl hek 2w vptesaphtfhe i1lumination
difference creating nenber that is conposed of bl ock

targeROElk A8 dO@SN neftcchangelef heayonjalgemdion seranfl Gtz 1ens
only the optical path difference between split rays

2nd 4 Sc&hanged, Thaspapablkehgr ays-caren absbicapapbeh ofifference
avoirding diffraction, which often takes place at the

i.nci dent/e b ' Br gk t ch
creat@@@k??g@?%ﬁéo?ggﬁicgﬁg%%ggs&9gkgg9% c?%ﬁgf i Af not change

schemat i c di agram show ng . gi E f path difference
the Qﬁ%&ﬁ%ﬂq%%%drgiﬁﬁi?%rﬁ?ﬁgcﬁg§%gglacc rglﬁg £5 “an
betweeerrrtlbggllrir?:néagg itsh%hanged. The parallel rays are also capable
of avoiding diffraction, which often takes place at the
incident/exit ends of the block portions.

Brief Description of the Drawings

[0026]

[FIG. 11 A schematic diagram showing a side view of.a
crystallized film forming device accordinq toznlembodiment of the
present invention.

[FIG. 2] A diagram showing a cylindrical lens of a first array
lens whose incident surface has a positive convex curve according
to an embodiment of the present invention.

[FIG. 3] Adiagram showing a cylindrical lens of a first array

lens whose incident surface is planar accor%;pg to an embodiment

B

of the present invention. ﬁ_{;"g

[FIG. 4] A schematic diagram showing a conventicnal

crystallized film forming device.
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present invention. [FIG 21 A diagramshow ng a
cylindrical lens of a first array |ens whose incident
surface has a positive convex curve according to an
enbodi nent of the present invention. FIG 3] A

di agram showing a cylindrical lens of a first array

| ens whose incident surface is planar according to an
enbodi mrent of the present invention. [FIG 4] A
schenatic di agram showi ng a conventional crystallized

IJ']%%“ %PA”QCH&{AEEC dlfla fdn@sh%hlﬁgsgbﬁﬁahtgoﬂaaglrla;mt £lux

ow ng conventional Tight flux splitting neans.
, %FIG. 61 A schenmmtic dlagran1shOMAng anot her
SPI1TLEIRPeREPBial  crystallized filmforning device. Best

Mode for carrying out the Invention 0027 An obj e
of FERe PP eBeRENERGEAL FhagEafoS gﬁW&Pﬂ A0Qht 5r§PP§$@Flonal

by reducing reflection on side faces of an optica
crystpatlh zeéidf ffedendermé ngadiend ceenber when | aser 1i ght

enters the optical path difference creating nenber as
Best ModkVirdualk-aregtuagdospl ither apsehdniiong an optical path

di fference. Enbodinent 002 8 1 A description is given
[00279elom1mﬁth reference to the draw ngs

An object of the present invention is to obtain a uniform laser
by reducing reflection on side faces of an optical path difference
creating member when lasexr light enters the optical path difference
creating'member as individual reduced split rays having an optical
path difference.

Embodiment

[0028]

A description is given below with reference to the drawings
on a preferred embodiment of a method and device for forming a
crystallized film according to the present invention.

FIGS. 1 and 2 show an embodiment of a crystallized film forming
device according to the present invention. In FIG. 1, a symbol A
denotés a laser light source. A first array lens 2, a second array
lens 3, an optical path difference creating member 7, which creates

an optical path difference, a condenser lens %@Qand an illumination

target surface 6 are sequentially arrangedﬁ#}@hg an optical axis
% in a side view with respect to the laser light source A. Here,

an array lens is defined as the lenticular lens or the fly's eye
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on a preferred enbodi mrent of a nmethod and device for
formng a crystallized filmaccording to the present
invention. FIGS. 1 and 2 show an enbodi nent of a
crystallized filmform ng device according to the
present invention. In FIG 1, a synbol A denotes a

| aser light source. Afirst array lens 2, a second
array lens 3, an optical path difference creating
menber 7, which creates an optical path difference, a

lens ggn‘?ﬁ esfélén_er@ré dza@Pdean illumnation target

are sequentially arranged al ong an optica
axis x in a side viewwth respect to the laser Iight
[002%kource A. Here, an array Iens i s defined as the

| enticular lens or the fI e
aTheekéﬁﬁre%lghﬁ)%ﬁ?@ﬂ??% §gﬁ g%ghﬁogoﬁFcg%%eﬁaébgﬁtlve
l'ight source and a positive lens (not_sh mn% light
lens Qaber ehbvin)ght Colietread fliottt andtdsh TTgghet Soufgerally
is laser light 1, which is theoretically a bundle of
Sourcga@@hkﬁllgggﬁ bighact palhy chas. sarthiawwdttiatsildy a bundle of
di vergence angle 0 (< 1 nrad) due to being emtted

paraliggolﬁé he | Sk thi-ght, BANr&e ifveviliRRIQ] dlberbiense andle 8 (<

4 arra 'enses”2 and 3 are built by coupling

1 mraﬁéﬁrggllg éﬁahg Lhe cdeaneng) %gleo'lﬁ'seg gy hhedsoazke A.

respectively, and constitute a
hoanenlzer together with the condenser lens S. The
[0030dy|indrical Ienses 2a of the first array lens 2 each

Pg\ég falrfso’gglndl seggér?d grra-;\l;hleeng Bdr I&%'aree Seat% %foupling
plural (five in the drawing) adjoining cylindrical lenses 2a and
3a, respectively, and constitute a homogenizer together with the
condenser lens 5. The cylindrical lenses 2a of the first array lers
5> each have a focal length f1. The cylindrical lenses 3a of the
second array lens 3 each have a focal length f2. The distance
between the first and second array lenses 2 and 3 which are placed
to extend in the same direction is set to f2. The laser light 1
emitted from the laser light source A is incident on the first array
lens 2 to be converged and split by the cylindrical lenses 2a, and
thus turned into split rays 9. The distances are set such that f£2

> f1 and fl > f2/2 are satisfied.

[00311} ;

The split rays 2 form, in front of th;(? ‘_._sfé"ch\ond array lens 3,
as many light source images 4 as the number of the cylindrical lenses

2a of the first array lens 2. The light 3 from the light source
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second array |lens 3 each have a focal length f2. The
di stance between the first and second array |enses 2
and 3 which are placed to extend in the sane
direction is set to f2. The laser light 1 emtted
fromthe laser light source Ais incident on the first
array lens 2 to be converged and split by the
cylindrical |lenses 2a, and thus turned into split
rays 9. The distances are set such that f2 > fl and

1magelsn 4 Iafg%{ : ?E?ﬁé%&éfﬁ&hggdeﬁgoéﬁ] tﬂ_@ec§Pih&rI@3{§ Peh OB 33 oF

ond array lens 3,7 as nmany |ight
source ima

he nu f [
the Segifges <7 3a%on Fo FPSPoal Pyt cHaCS, EAPEORY, %?hgtfrr%%? o,
the |ight source 16 I mages 4 are sepgéately nC|d]t 1
whichomreheubgtpndipday PevakieBd wrne RBOSEESNd & ?a%/y Hdrica
3 to be turned into reduced split rays 10, which are
lenscsiilzst aft thel §ipatadtely tiersn@ andt hBe. CYhendyLradrieapes 3a
| enses 2a of the first array lens 2 and the

of theYsbRghkGalrd\enses Saordt itthe: s eednd iarg/@p llidris g means for
constitute reducing/ splitting neans for obtaining

obta:trhl%é ec%%cggdﬁgleﬁt sf)@ﬁl% A0y Dyt sy kbilngtang hadugedgcing the

|"aser 1"and then turning the split rays 9

lasez_jpglrqullrtg VI dcﬂ%:é)ea nelsrléﬁgté{eaysé?lslutpsfﬁ] '@liﬁ/to individual

i ndrical | enses 2a of

the first arra Iens 2 Ilts t Ias I h 0
bundlge &fl iJ%anSay§ SiRﬁPFéa aucPaﬁgaqt gger ’%eq %‘P%EM The

a Y direction (the vertical dlrectlo i E EW cer
cylirgir Rtad l9nses i & |t§1eorft1ﬁ6§oﬁ5ffatyo p%lP LES KR las

X (X direction) The
light 1 into the split rays 9 while reducing the laser light 1 in

a2 ¥ direction (the vertical direction in the side view of FIG. 1),
which is orthogonal to the optical axis x (X . direction). The
cylindrical lenses 3a of the second array lens 3 turns the split
rays 9 into the reduced split rays 10, which are bundles of parallel
rays, while reducing the split rays 9 in the Y direction orthogonal
to the optical axis X.
[0032]

When the reduced split rays 10 have a width smaller than a
width d of the cylindrical lenses 2a of the first array lens 2,
the reduced split rays 10 can be transmitted separately through
the optical path difference creating memb%; 7 without causing
reflection on side faces at both ends in tﬁ%;?gdirection of each
of block portions 7a of the optical path difference creating member

7. The reduced split rays 10 therefore do not always need to be
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cylindrical |lenses 3a of the second array lens 3 turns
the split rays 9 into the reduced split rays 10,

whi ch are bundl es of parallel rays, while reducing
the split rays 9 in the Y direction orthogonal to the
optical axis x. [00321 Wen the reduced split rays 10
have a width smaller than a wdth d of the
cylindrical |lenses 2a of the first array lens 2, the
reduced split rays 10 can be transmitted separately

thra tlcal th dlffer nce.creatin nqﬁp
bundl\?ﬁst ﬁ’gﬂ Strl il(r)?g r eafJ1 651 %on sil%deecfhage woé}cg‘d e c?duCEd
in the- Y di rection of each of bl ock portlons 7a of
spliti Ravept PcRpefaPhidi P drentePard ng ranteitted thiough the
reduced split rays 10 therefore do not al ways need to
correppong?niguidloss aforttiares | Ya paf athel opaysall padhheil fference
words, the reduced split rays 10 need only to be
creatsﬁgaﬁ@ﬁkﬁény Ttwiaisarretied ihhroudle dthieon eartesgenit Bong surface
bl ock portions 7a of the optical path difference
side Gfeﬁhbn&yﬁﬁﬁg§ﬁcEan%b%e%e@%C'ng reflection on the
splitting surface side of the cylindrical |enses 2a.
0331 A curvature surface 11 of the cylindrica
ehses 2a of the first | ens array 2 on which the

ser ht 1 is._.inci t t ur ned t.o conv ge
Bofnrrafibe shfrade LEpoei thecwiii el ve ?1‘?060% the

|n FIG 2. This keeps S|de faces 13, which are at bot h
firstoh@ES| ALERY ¥ @ ¥BLCHn tBE daERTof i0hé dyiEndpicdgdent to be

| enses 2a of
turned into converged light is set to have a positive convex curve

[0033

as shown in FIG. 2. This keeps side faces 13, which are at both
ends in the Y direction of each of the cylindrical lenses 2a of
the first array lens 2, from reflecting the laser light 1 having
a divergence angle 6 much.
[0034]
ThecondenserlensESisconstruc&edfrémonelargecylindrical
lens that has a focal point fc. The condenser lens 5 converges allr
the reduced split rays 10 which have been separately transmitted
through the block portions 7a of the optical path difference
creating member 7 at the same portion of the illumination target
surface 6 tc overlap and shape the rays. An arbitrary point P on

v

the illumination target surface 6 is thus il%@minated with light

from all the light source images 4. Theﬁdﬁsfance between the
illumination target surface 6 and the condenser lens 5 is set to

the focal length fc of the condenser lens 5.
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the first array lens 2, fromreflecting the |aser
light I having a divergence angle 0 nuch. 0034 The
condenser lens 5 is constructed fromone |arge
cylindrical Ilens that has a focal point fc. The
condenser lens 5 converges all the reduced split rays
10 whi ch have been separately transmtted through the
bl ock portions 7a of the optical path difference
creating nmenber 7 at the sane portion of the
illumnation target surface 6 to overlap and shape
[003%)he rays. An arbitrary point Pon k the illunination

target surface 6 is thus illumnated with light from
alThet Hel Iimgihta Siour de gL acrhed di Stanter batdewn which a
the illumnation target surface 6 and the condenser
semid@tBudrads (@@iind dilivheratecatl) engtivde cobriybéaddndensétlm is
lens 5. 0 03 51 The illum nation target surface 6 is a

placed f age O whiheensenigongdust ot ¢hbi mifddamdmatiitvdan the
to forma crystallized filmis placed. This '

curs IR, AP Seisd e glgtonce B veatt ot o2 o

secon rray oca
the SECPRlce Bt ies 1 OnPRYEI ol arioit s abELyeen the
and the condenser lens 5 to the focal Ilength fc of
1llunige tdonéagert) enstace fupsdiHee Gopdengarayereéns tp hig focal
the illum nation target 6 into a conjugation rel ation.
lengtpOGBﬁQf the condenser lens 5, puts the first array lens 2 and
the illumination target 6 into a conjugation relation.
[0036]

Thus, the laser light 1 emitted from the laser light source
Ais transﬁitted through the first and second array lenses 2 and
3 and the condenser lens 5, which together constitute a homogenizer,
and illumiﬁates the illumination target surface 6, thereby forming
a crystallized film in a thin film méteriai that is placed on the
illumination target surface 6.

[0037]

With the first array lens 2 and the illumination target
surface 6 put in a conjugation relation, beam shapes of the split
rays 9 immediately after being split by the first array lens 2 are
overlapped on the illumination target sﬁrfageéﬁ,and.thereforethe
illumination target surface ¢ can be illuﬁiﬁ%ﬁéd uniformly.

[0038]

In addition, since rays 8 {(shown in FIG. 1) conjugate between
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RERCULAD Tl

Thus, the laser light 1 emtted fromthe |aser |ight
source Ais transmtted through the first and second
array lenses 2 and 3 and the condenser lens 5, which
t oget her constitute a honogenizer, and illum nates
the illum nation target surface 6,  thereby formng a
crystallized filmin a thin filmmaterial that is
pl aced on the illumnation target surface 6. [0037]
Wth the first array lens 2 and the illum nation
t.arget _surfa ut .i.n P t.ion. relati

the rgbacergdY nBREF P ok Y TRNARR o gpBL e RGR™ curn
split bi the first array lens 2 are _overlapped on the

t

into pRradi Rath dYF PECYEEISHIF S6& P62 T T AR d Aer et EDEHondenser

illumnation target surface 6 can be illum nated

lens gni Pdraddiyg hege38hel ephddali pathsihEterayse 8:xshbg inember

FIG 1) conjugate between 19 the first array lens 2

7 doeanchdtheHddgam inad i amtuayagetors wrd el d tand orilng cthe optical
paral l el rays between the second array lens 3 and the '

path €QRIRNSeIce beRfeln BhAEENFaPEres thRrepld cabypabhting £1 and
di fference creating nmenber 7 does not change the

£2 su%ﬁ?%ﬂ9@t£PQ>@%V@tﬁgn%gﬁ s?ﬁé&,t€ﬁ%(ygd d §9§22t¥?¥5 10 are

er ence ‘between s rays i s changed.
fl _and. f2 such that flI f2/2 is satisfied, the ..
redudagy Htp e Ensybbhes i arorehute Betare L Patdndifherence
t hrough the optical path difference creating nenber

¢ er 7
creatig o mgdray dndicl ér WEHER &TAl 4R BReR #neigilpck of the block

portions 7a constituting the optical path difference
porti@reatngconstituting the optical path difference creating

member 3. This suppresses reflection within the block portions 7a
and turns the reduced split rays 10 into parallel rays, thereby
preventing diffraction which could otherxwise occur at the
incident/exit ends of the block portions 7a.
[0G39]
}{descripthn1isgivmnontheopﬁicalﬁathdifferencecreating
member 7, which, in this crystallized film forming device having
the laser light source A, the first arfay lens 2, the second array
lens 3, the condenser lens 5, and the illumination target surface
6, is placed between the second array lens 3 and the condenser lens
5.

[0040]

The optical path difference creating’ﬁe@béﬁ7 has a function
of creating an optical path difference between the reduced split

rays 10 at the arbitrary point P on the illumination target surface
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menber 3. This suppresses reflection within the bl ock
portions 7a and turns the reduced split rays 10 into
paral l el rays, thereby preventing diffraction which
could otherwi se occur at the incident/exit ends of
the bl ock portions 7a. [00391 A description is given
on the optical path difference creating nenber 7,
which, in this crystallized filmform ng device having
t he | aser Iight source A the first array lens 2, the
econd_ar.r t he condense Lens_5 nd.th .
6 10 4 FEUAFRaLl O CdPGor i FRbE eBes O R ba BRI £ i tted
second array lens 3 and the condenser lens S. 004 01
from fthe lgptec Al 9pht POAT¢¢ érefed taledtiteg IRgimpee FnrAarcprdingly
function of creating an optical path difference
Moirebefwepgets hearedueddcspl i¢or caydril l&d.t he Taebi opbtgal path
point P on the illumnation target surface 20 6 in a

di f FrRmres c+bat i aginesihs rt he scohes eneet of byhel d @ses Nl (bt larger
emtted fromthe laser |ight source A so that

than h”tSrE§r€ﬂéedégﬂlﬁ§F°é§%f@&y pa¥oh r @i f Fd NGRS @ating block

reduced or contr ed.” The optical path difference

portiogﬁgé%ngpgggg% 7 'S fﬁnsﬁﬁﬁﬁgfqipWﬂﬁL%ﬂﬂ¥& égilghs 7a is

e drawin

difference cre tlng bl portions ral
deter B ABE O HRESIIAR DBELTOHEST 2 SheqERaRarRe T H Tavs
accordance with the nunber of the reduced split rays
10. 1p.genexreherssl OPAACEHLPEED dﬁa‘iﬂ?@ﬁ@%ﬁéﬁ@ée@r]@w@ﬁa ptical

t he opti cal
path difference creating member 7 is set larger than the coherent

length of the laser light 1 to prevent Moire fringes.
(00411}

The block portions 7a have a given refraction index larger
than that of air, and have the same width a in the Y direction and
different lengths L in the direction of the optical axis x. The
width a of each of the block portiohs 7a is equal to or smaller
than the width d of the cylindrical lenses 2a of the first array
lens 2. The varying lengths L of the block portions 7a are set such
that Moire fringes are reduced or controlled. In general, the
dimensions of the block portions 7a are set to create an optical
path difference larger than the coherent length betweep every two

[

rays out of all the reduced split rays 10 that éﬁit the second array

© YAy

lens 3. 5_{5f“
[0042]

To be specific, the block portions 7a of the optical path
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path difference creating nenber 7 is set larger than
the coherent length of the laser light 1 to prevent
Moire fringes. [00411 The bl ock portions 7a have a
given refraction index larger than that of air, and
have the sane width a in the Y direction and
different lengths L in the direction of the optica
axis x. The wdth a of each of the block portions 7a
is equal to or smaller than the width d of the
lindrjcal n [ LSt l ens 2. e
dlffe5§ |n§qe§§& %&%Ethe %$ éé%%r 8&%8¥§g g?qugFEQ glass

such that Nblre frin e reduced or cantral ] ed.
ShapegedBia & CHEOZEEIEnErIaD SPothaeaeatE e trore b g 1L +

set to create an optical path difference |arger than

(N - 1t heA dmet ength emgter ebBl ey esmertys the lemyh odt thé saldllest
the reduced split rays 10 that exit the second array

one ¢ENEE: B0k 2pdothenspetifiand t Ne béorkspotsi ons dateger
of the optical path 21 difference creating nenber 7

corre@fn%n@@ﬁ'@ ¢empoaseduabegduait 1 asvcishrnRad did 0728 When the
quadratic prismthat nmeasures a in wwdth and LI + (N

smallFﬁ%)oneABf'%hee@gbg b %&epb}tlgﬁreﬁgnh%d%h%fl%%%E@z glass

mal 'ést " one bfock portions 7a and

has et HEBGLR ot 42%&6"7% e Cho t sharyER: SShBCBR Che block

five block portions 7a made of quartz glass has a
portipafglie Bk 4hkd fthe @ﬂpﬂér@ﬁéélpﬁslgﬁg?ﬁebéﬁﬁé@@e@h§UCh that

bl ock :
the one having a length L1 + 4 + AL is placed in the middle, the

one having a length L1 + 3 + AL and the one having a length L1 +
2 + AL are placed sandwiching the middle one, and next placed is
the one having a length L1 + 1 - AL .... The length difference AL
between the block portions 7a is in dgeneral a length that creates
in the laser light 1 an optical path difference larger than the
coherent length.

[0043]

Thus, the reduced split rays 10 traveled from the 1light source
images 4 and turned into substantially parallel rays by being
separately incident on the cylindrical lenses 3a of the second array
lens 3 are separately transmitted through the block portions 7a

%

at their centers, and are given optical path lqégths different from

one optical path to ancther. ﬁ_;ifi
{0044]

The operation is described next.
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portions 7a is AL, the block portions 7a are arranged
such that the one having a length L1 + 4 - AL is
placed in the mddle, the one having a length LI + 3
- AL and the one having a length LI + 2 - AL are

pl aced sandwi ching the m ddl e one, and next placed is
the one having a length LI 4 1 - AL .... The | ength.

di fference AL between the block portions 7a is in
general a length that creates in the laser light | an

0%' Cﬁés%f‘ggggjff%%ﬁ@%ﬁ :l@(aﬂ %tbg érﬁl%hecﬁﬁeéfﬁtlght source

Iengt t he re uce rays
traveled fromthe_light source 4 and furn

A as 4 huedbosst BREPALEY Tnrging & 8 Beaphs ke Paratyrad)
i nci dent on the CXIlndrlcaI | enses 3a of the second

is coamiezged afs tBeapplibparupel oy rEpeniYt B HFdlghtt$es 2a of
bl ock portions 7a at their centers, and are given

the fdptstcalrgmat Hdrendt i dicrire reenmafrsorb L dirte optioalingeads 4 as
to another. [00441 The operation is described next.

the nddbéhectages dyighidricashilehskes eaidi athd sanet peahasefi front
light source A as a bundle of parallel rays having a

of thgI %g{&?@%ﬂ}gh%n@ §< kg aghit rh?s@@&%%ﬁeﬁ‘ﬁ&ﬁ@ source

rays t he cyllndrlcal | enses 2a of
naoel oo SBghEER S, PG S, L B o
che SR PLIe L LoD h@%?éﬁ%@% L Oy SR
rays.
[0045]

The laser light 1 emitted from the coherent light'Source A
and given a divergence angle © is transmitted through the first array
lens 2, which has a focal length fl and which is composed of N
cylindrical lenses 2a each having a lens width d, and then through
the second array lens 3, which has a focal length £2 and N cylindrical
lenses 3a each having the width d. Split and reduced by the
splitting/reducing means (2 and 3), the laser light 1 is turned
into the split rays 9, which are then turned into the split reduced
rays 10 composed of individual bundles of parallel rays.

[0046]

%

When f1 < f2 is satisfied, the light sourg;:f;e_ images 4 are formed
between the first array lens 2 and the secoﬁ;c.i-;. éiﬁ:ray lens 3. When
fi1 > f2/2 is satisfied, the split rays ¢ can be transmitted through

the centers of the cylindrical lenses 3a of the second array lens
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i mages 4 are separately incident on the cylindrica

| enses 3a of the second array lens 3 to be turned
into substantially parallel rays. [00451 The | aser
light 1 emtted fromthe coherent |ight source A and
given a divergence angle O is transmtted through the
first array lens 2, which has a focal length fl and
whi ch is conposed of N cylindrical |enses 2a each
having a lens width d, and then through the second

. 3 ] h f (Y f ;
ot S R o e e T

. and reduced by_the li_.tting/reducin an 2 and, .
ey ingfr Gale PRSED REGRT HHE SLERPIRE oY it Re. SBFPLoPagbing the
9, which are then turned into the split reduced rays
splitloragtmfodddr Wil Adiai @il ndbiiith lesl S Pardd |2 Fheiks centers
[ 00461 When flI < f2 is satisfied, the |light source
redudamgest ecriod anmredi ddefawsn dhele retcana artansléns 3.
and the second array lens 3. Wien fl >1f2/2is
[oo48atisfied, the split rays 9 can be transmtted through
the centers of the cylindrical |enses 3a of the second

a%@ﬁﬁ.cﬁﬂﬁn1%§1%i@%o%%d@sdkﬁ_ghESf?EH@'aE?a?rléﬂgl%ﬁgf also

than the wdth of the <cylindrical lenses” 2a of

fiyst. arr lens_ 2., Transm.tting,t [ ] .
reduqad] g R8ey FRATICE TBEEE Sh 81 Thei ¢ kbR B Lenses
Za of|r g]ggcgfrsrqeg%%%gggagnz Sc!nd%hfi%%e%hgflésheer el% r{d la{£ aiyncident

is set to have a positive convex curve as shown in FIG. 2.
[0048]

The laser light 1 emitted from the laser light source A as
a bundle of parallel rays has a slight divergence angle 8 (< 1 mrad)
and, therefore, if reflected a lot inside the cylindrical lenses
2a after being incident on the lenses Z2a, the influence of the
reflected light is manifested as non-uniform light on the
illumination target surface 6 that cannot be ignored.

[0049]

The reflected 1ight can be eliminated completely, or reduced
to a degree that does not affect the uniformity of the illumination
light, by setting the radius of the curvature surface 11 of the
cylindrical lenses 2a of the first array lensé@ on which the laser
light 1 is incident to have a convex curve'éaiéhown in FIG. 2, so
that the laser light 1 is turned into converged light immediately

after being incident and thus aveiding reflecticn on the inner side
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Refl ection on side faces of the first array lens 2 is
al so reduced since the curvature surface 11 of the
cylindrical lenses 2a of the first lens array 2 on
which the laser light 1 is incident is set to have a
posi tive convex curve as shown in FIG 2. [00481 The
laser light 1 emtted fromthe |aser |ight source A as
a bundl e of parallel rays has a slight divergence
angle 0 (< 1 nrad) and therefore, if reflected a | ot
inside.the ¢ Ilndrl I b i :
facesoﬂiaﬁce PaneEi0sa 1 YT ERL R REE G g B iftiical
IS nan|fested as non |for
Lensep famhaan Searger 1B0eT adk @ eharLATAGES Eei?@ﬁc?raed having
0 04 9] The reflected |light can be elim nated
a plaganplet eloncare)r étgédentt suafaegrel’ HfacheydsinofIG. 3, the
affect the uniformty of the illumnation 1light, by
laserSeliyhig 1t heviadi us dafveti@neer walglke 8susf aed rkbtetl thel then
cylindrical lenses 2a of the first array |ens~2 on

totalWy cBribetkaser sﬂdeglﬂaclesl $3t NCh dend vt @ibaveiancON@X array
carve shomn in FIG 2, so that the laser light 1 is

lens Eurn %988?E%5595d1$£93f f%?@%%f@&”ﬁ& ﬁ%teﬁﬂﬁﬁk@Qlected

|né| s“avoiding re on on” the inner

si de 24 faces 13 at hoth eng in t ﬁﬂqk e of
lighteghh JREREDEYITNYr CEAY 9%n §§ © s TIC é%éé BMePof the

~ possible. Wth_a cylindrical |ens 2a' havi a pl anar

cylingdgicadndanepsi Agi BentheuF ¢arRed 13T THY Mioi? B sogon the

the laser light 1 having a divergence angle O is
adjacesfr aptléddangatlhdgnses 3a that are not intended to receive
light from this particular cylindrical lens 2Za’. ' The cylindrical
lenses 2a of the first array lens 2 can have planar surfaces for

their exit surfaces 12.

[0050]

The reduced split rays 10 transmitted through the second array
lens 3 in this manner are now transmitted, as bundles of
substantially parallel rays narrower than the width @, through the
block portions 7a of the optical path difference creating member
7. At this point, reflection and diffraction are not observed in
the optical path difference creating member 7, particularly on side
faces at both ends in the Y direction. Thewidtha in the Ydirection

of the block portions 7a of the optical path idifference creating

member 7 is equal to or smaller than the widﬁhﬁifothe Y direction
of the lenses 2a of the first array lens 2.

[0051]
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totally reflected at side faces 13" in the Y direction
of an array |lens 2', thus producing a |ot of
reflected light. The reflected light is incident not
only on the correspondi ng one of the cylindrica
| enses 3a of the second array lens 3 but also on the
adj acent cylindrical lenses 3a that are not intended
to receive light fromthis particular cylindrica
Iens 2a' . The cylindrical Ienses 2a of the first
e % I for, t
SpThese 1t A050R FRE e bR E p%??%kgys?ﬂ% 7 lof che
transmtted.through the second.arr ens .
opticidnRer éégﬁ%ﬁﬁ?? (%%ﬂg e S Fes Sfreguced'gbf&t rays
substant!allg paraIIeI rays narrower than the w
10 areHyoriebint hieed FleERPBoENRORINFANSEL t HINDpti &'Qﬂcaabﬁs $tocal
di fference creating nmenber 7. At this point, _
lengtheffleectaingn tamdedi fifytac tiver lapy edotanob sévarsd ilesqrhdight to
optical path difference creating nenber 7,
11 1umRaktieCcuhar i y1enish €eon flaces misuiddrcends Whth htﬂuéKCOndenser
direction. The width a in the Y direction of the

lens @ldg%iﬁ:a%@etd op m7@1@§liﬂﬁlﬁﬁﬁh8ﬁlté}@jé\: @'uﬁ:ffﬁﬁ%né%y the focal

atlng me ~1s equal to or smaller than t

D L rGel £ @@? ftﬁPS h th
Leng i r ?’an%y |§H§e ]riggA ?EféeX|$ﬁ % ue ©
correspondlng hl oc ortjons f _the fi
condegderor Bhde>cr Bt Iy SoftiePara ofid FEdGcaies $§%f§ on the
10 are transmtted through the condenser Iens 5, whi
illuriaatdotokarget surface 6. Thecollectedllght1llum1natesthe
illumination target surface 6 and forms a crystallized film on a
semiconductor surface that is placed on the illumination target

surface 6.

[0052]

In general, the reduced split rays 10 exiting the. block
portions 7a of the optical path difference creating member 7 are
substantially incoherent and can therefore prevent Moire fringes
on the illumination target surface 6, with the result that a thin
film~like material is irradiated with shaped and highly uniform
laser light 1. This makes it possible to obtain a crystallizedfilm
that is excellent in uniformity throughout the plane in terms of,

v

for example, having uniform crystal grain si;z__e.

[0053] 5_{;f“
Since the first array lens 2 and the illumination target

surface 6 are conjugate with each other, an arbitrary point in the

26




length fc, and turned into overl apped and shaped | aser

light to illumnate the illum nation target surface
6. Wth the condenser |lens 5 distanced fromthe
illumnation target surface 6 by the focal Ilength fc,

the reduced split rays 10 transmtted through the
condenser lens 5 as bundles of parallel rays are

collected on the illumnation target surface 6. The

coIIected light illum nates the illumnation target

surfa e nd, f.qQr et ald iizgd fiblimp int P th
first s&MiEan %o% §urg% %% i's S%%ce&ll %ﬁ% poih on the

mum;gg&a“@&agg%ﬁ 95k 20 g0 81 00021 I gencral e e

of the optical path difference~ creating nenber 7 are
opticedbsraih | dLEferaBORercETR AW CRHUPREr df-or el pr 8¢EAt Prevents
Moire fringes on the illum nation target surface 6,
di f Fraictth onhe hises dlst ofthatrwa stehiof tefni lomduiriee atattdre dlndislent /exit
irradiated with shaped and highly uniform |aser [|ight

ends &f ThieS HTRKSS polrth@esi lae to obtain a crystallized
film that is excellent in uniformty throughout the

(0054 lane in terns of, for exanple, having uniform
rystal grain size. [00531 Since the first array | ens

2.and th [ t t f 6

e e e i e

array lens 2 is collected to the arbli g é gglni 5
crystepd e Pinfnat i bhltarfst eXafPdce 6 PPrEeSpeteré BFet i be

length L of the
employed for a laser annealing device, which has conventionally

been composed of a low-coherent excimer laser.
[0055]

The laser light source A that emits excimer laser light uses -
active gas, and therefore requires such maintenance as gas exchange
every few days. With a solid-state laser, an apparatus that does
not need this kind of maintenance can be constituted. A solid-
state laser are superior also in terms of having excellent pulse
energy fluctuation ratio (it is said that a solid-state laser has
a fluctuation ratio of 1 ~ 2% whereas an excimer laser has a
fluctuation ratio of 4 ~ 6%), having high repetition frequency (a
solid-state laser has a repetition frequency of 10 ~ 20 kHz while
an excimer laser has a repetition frequency oﬁhSOO ~ 400 kHz), and

having linear polarization (the polarizatidn;qf&an excimer laser

is random polarization). Crystallizing a thin film-like material

by making use of the characteristics of a solid-state laser is

27




optical path difference creating nmenber 7. It also
prevents diffraction that is otherwi se often occurs
at the incident/exit ends of the block portions 7a. O
0541 When a | aser beam shaped by this optical system
Is used to crystallize an a-Si film for exanple, a
solid-state |l aser can be enployed for a | aser
anneal i ng devi ce, which has conventionally been
conposed of a | ow coherent excinmer |aser. [0055] The
l.aser, |i.ght ur t hat 1.1 ' L
R R e M e
_ mai nt enangce as, gas exchange eve few days. Wth _
graingpidhies ALY abRr Lo ApJAaT RS EAh OO S1A6r Fbahe 1ike.
this kind of maintenance can be constituted. A solid-
[005&ltate | aser are superior also in terns of having
excel l ent pul se energy fluctuation ratio (it is said
t hat a2 tseliid- sleatserleasepthasl pathueisakirenceahio ohad does
- 2% whereas an excinmer |laser has a fluctuation ratio

not @i 1n8¥%rehavicRgiBi ghufi 6L W 0B sbirequgneysbarce emoployed
solid-state | aser has a repetition frequency of 10 2

as thlérg?ﬁg%%ﬁa&%%%;ii’gﬁq: é@&ﬁée @%ﬁﬂ@%@% ggg&&sgmgx £i1m

0 and aving linear p zation
(the polarization of an exciner. laser _ig random . . |
formiyyl §evigei oh} teRg APPES ixnbglat hPh F 11 BRRIRY s 4P twice
by maki ng use of the characteristics of a solid-state
the hayemic wave expedt EACt d a5eref f EBE| ¢é fiferemscoWiing 1t Heength
uniformty of crystal
between the block portions 7a is accordingly set to 5 mm to be longer

than (the refractive index of gquartz - the refractive index of air)
- 3mm=4.5mm. Five (N) quadratic prisms are employed as the block
portions 7a ccnstituting the optical path difference creating
member 7, and uniformized laser beams (reduced split rays 10) are
overlapped to illuminate a thin a-Si film that is formed on a glass
having a thickness of 50 nm and placed on the illumination target
surface 6. As a result, a crystallized £i film of excelilent
uniformity is obtained.

[0057]

It is also possible to control the shape of crystals by
generating light flux interference as the one described in JP
10-256152 A and controlling the cycle oﬁ the heat density
distribution when an optical path differenéze_feated between the

block portions 7a constituting the optical path difference creating

member 7 is equal to or slightly shorter than the coherent length
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grains of the film increasing the crystal grain size,
and the like. 0 05 6 ] An actually neasured optica
path difference (err)La that does not cause
interference is 3 nmwhen a |aser |ight source

enpl oyed as the coherent laser light source Ain the
above crystallized film formng device emts the

| aser light 1 of X =532 nm which is twice the
harmoni ¢ wave of a YAG | aser. The difference AL in

oeeod SR WPRPSED 405 B R RO R AR P Pl reine

quartz - the refractive |ndex o , .
it 55 mRE e NP I tadr BB P LBt o iﬁﬁﬁay%aglaﬁf}% Control

bl ock portions 7a constituting the optical. path

the deir$iey edfceenatatngguaimives Wellapd Wre pesiiien Whees nuclel
beans (reduced split rays 10) are overlapped to

are gehkuaitedt.e Bntdf feat Bre fudyn tdhato il feorineekron iayhgl aas&ycllc
haV|ng a thickness of 50 nm and placed on the

intenC ey E%ttqu ubsgﬂro?letof SUrEeac ﬁm an®S A€ $¥hlhirndng nuclei in

tallize I mof excellent wuniformty is

low—lglﬁaeglsq%gf]% 91?(21% ' 1‘1&?!: 819851%1?41%11 ﬂf gﬂgﬁ:rr‘_{!bu'thgn of the

ratln

oser JASHLEESNGS 05 L0 o SRS L OF, 10 256152 e
di stributi on when an optical path difference created
equalpbpvelrs HHE tbY G IGT RS YRS cOPRET et | Hy e between the

optical path difference creating nenber 7 is equal to
reduced sinlght | yaghotl Perncharendyatdotiterbmer ehgght interference

through adjustment of the coherence.
[0058]

As described above, the reduced split rays 10 are separately
transmitted through the corresponding block portions 7a of the
optical path difference creating member 7 while reducing reflection
on the splitting surface side, an optical paEh difference is created
between the reduced split rays 10 so that the coherence is adjusted,
and then the reduced split rays 10 are overlapped by the condenser
lens 5 to illuminate the 1llumination target surface 6 ana form
a crystallized film on the illumination target surface 6. Thus,
uniform laser light is obtained from the laser light 1 as a bundle

of parallel rays having a divergence angle 0 by%r_educing reflection

on side faces of the optical path difference ‘fé;;;;eéri:\ing member 7 when
the laser light 1 is turned intec individual bundles of reduced rays

and then turned into the reduced split rays 10. Only the reduced

29




o o it b e a5 2 2 T A AT R e i et R

26 of the laser light 1. That is, in order to grow

| arge crystal grains, it is inportant to adjust the

intensity of laser light and control the density of

remai ning nuclei as well as the position where nucl ei

are generated. An effective way is to give |laser |ight

a cyclic intensity distribution of a few (err)m and

formremaining nuclei in lowintensity portions. This

cyclic intensity distribution of the |laser |ight can
splitbBaPBtAd Ned Ry aekeateg @Hré’xﬁ’%{h Cale RAEIALBEGEBACE7 2 of the

equal to or slightly shorter than the coherent |ength

: t - e bt or n eneratin .

opticlf BREL SR8 rerBpClo SRl ibg B ANk AR e pasie,

coherence, 00581 As descrj hed above, the reduced split
5O thatysthg SPEaéQSér&@eﬁef Jt%gg}% t £&d WhriGigh then this way,
. correspondi ng bl ock portions 7a of the optical path
interfprparencangreal REGTMEMES 7inhiefdacddusilng sefiteetiod and

on the splitting surface side, an optical path
crystdif f gredoe | ofcr eatietbribetsieen tdwenr edacedbsplinkdr aghirough

10 so that the coherence is adjusted, and then the
crysthedueedispl b maysihOrann-oveel appediby tHEHCORAEREEI laser

lens 5 to illumnate the illum nation target surface 6
light?nd form a crystallized filmon the illum nation

target surface 6. Thus, wuniformlaser light is
[0059Ebtained fromthe laser light 1 as a bundle of

aral l el rays having a divergence angle O by reducing

refl ection n side fagces of the optical path ,

ATFE drohce! T RO ThRBREr 17 Sherhe RS IoaePathgfii fference

is turned into individual bundles of reduced rays
creating member 7, which, in Embodiment 1 described above, are a

group of individual block portions 7a, may be formed in a single
optical path difference creating member 7 that is shaped like a
staircase.
Industrial Applicability
[0060]

The present invention is not limited to a semiconductor
exposure apparatus but is also applicable to the field of image

forming such as printers.

i
e ""‘1‘53‘?‘-@-&?‘+n -
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and then turned into the reduced split rays 10. only
the reduced 29 ---------- split rays 10 are
transmtted through the bl ock portions 7a of the
optical path difference creating nmenber 7 on a
one-on-one basis, so that the obtained |laser [ight I
is uniform In this way, ,interference anong | aser
beans is effectively controlled and crystal grains of
uni form si ze can be obtai ned through crystallization
of a thin filmlike nate&%gim ith uniformlaser
light. [0059] The plural ock portions 7a of the

opt i cal h.difference creating .nenber_.7, which, in |,
BB OCErEREDPS RS o P HBA AoV St 1 245 g yf Characterized
i ndi vi dual block portions 7a, may be formed in a

by cogpiglsénddpti cal path difference creating menber 7 that
is shaped like a staircase. Industrial Applicability
068eG0énThe lpyvesenangnivenrt fonst smaty Lenst 60 4 @ second array
sem conductor exposure apparatus but is also

lens appl) cabl ediddle phehd Dfffigrmgre f OFBRAIn§UEGRBRr (7), a

printers. 30 claims [11 A nethod of forming a .
condefb¥st Akkiszad)fiLmy charaqtehiha®don target surface (6) in a
side view with respect to a laser light source (A) which emits laser
light (1) as a bundle of rays having a divergence angle (8), the
first array lens (2) being composed of plural cylindrical lenses
(2a), the second array lens (3) being compeosed of plural cylindrical
lenses {3a), the optical path difference creating member (7) having
plural block portions (7a) that create an optical path difference;

transmitting the laser light (1) emitting from the laser light
source (A) through the first array lens (2) to 7obtain as many split
rays (9) that have been reduced as the number of the adjoining
cyvlindrical lenses (2a) of the first array‘lens {2), the cylindrical
lenses (2a) .each having a width (d);

transmitting the split rays (9) separately through the
corresponding cylindrical lenses (3a) of the second array lens (3)

to obtain reduced split rays (10) which are each narrower than the

width (d) of the cylindrical lenses (2a) of t,he first array lens

(2) 7 ¢

transmitting the reduced split rays {10) separately through

the corresponding block portions (7a) of the optical pathdifference
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by conprising: sequentially arranging a first array
lens (2) , a second array lens (3), an optical path
di fference creating nmenber (7), a condenser |ens (5),

and an illumnation target surface (6) in a side view
with respect to a laser |light source (A which enmts
laser light (1) as a bundle of rays having a

di vergence angle the first array lens (2) being
conposed of plural cylindrical |enses (2a) , the

crea@ﬁﬁ” geﬁb@i‘y 47%”%1&3% 3a§baac%96p°§eeﬁ«{€ 2 J‘l the side of

rical enses e optica |fference

creati 7) _ha bl o rtions (7a)

sp1i {157 LRSS % czartsatn Bpfiaraneatt AaREprphobkoveen
the laser light (1) emtting fromthe | aser |ight

the rednqed ERL4thrgugh (LRE R ramanney Jnemdich) the epbgrgnce is
as many split rays (9) that have been reduced as the

adjusterberarmd the adjoining cylindrical |enses (2a) of
the first array lens (2), the cylindrical |Ienses (2a)
eashe tappiha thedidtdbd splansra ¥4 i(nQ)t fier SPdh t Hedy¥Sndenser
(9) separately through the corresponding cylindrica

lens L?E?S% (BeuRfndhe SReond 31 aYr 1 §0St A et 19 PBL

uced split rays (10) which are each narrower t
the wdth (d) of the cylindrical |enses (2a) of the
first array lens transmtting the reduced split rays

par at t hrugh, the corr ndi
bah SHE Rl S E80RinbiT GEVRERTTT eranbbimatccording to
creating nmenber whil e reducing reflection on the

Clallrsﬁded@@ragben@eéglrs thpdcesiifocxenrce oM dpt tenythdrditween

di fference between
the block portions (7a) of the optical path difference creating

member (7) is set such that an optical path difference larger than

a coherent length is created between the reduced split rays (10).

[3] The method of forming a crystallized film according to
Claim 1 ox 2, characterized in that a width (d) of each of the block
portions (7a) of the optical path difference creating member (7)
is equal to or smaller than the width (d) of each of the cylindrical

lenses (2a) of the first array lens (2).

[4] Amethod of forming a crystallized filmaccording to Claim

1, 2, or 3, characterized in that an incidentz,f;r_s_urface {11) of the

_ g
cylindrical lenses (2a) of the first array+lens«(2) on which the

laser light (1) is incident has a positive convex curve.
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the reduced split rays (10) in a manner in which the
coherence is adjusted; and overl apping the reduced
split rays (10) through the condenser lens (5) to
illTumnate the illumnation target surface (6). [2)
The method of formng a crystallized filmaccording to
Caiml1l, characterized in that a difference (AL) in

| engt h between the block portions (7a) of the optical
path difference creating mnenber (7) is set such that

a pt.i cal th difference | arger.than oher ent .
MR el B BOERRET pre Tetocou s Fagesqading to
. [31 The nmethod of formng a crystallized fjilm
Claimydgorati ny t&F 4 HMmaGre 2eharhctierl Zdwe il tHatazray lens
width (d) of each of the block portions (7a) of the
(2) ampt itbal ipdvhidgeffionefiesgeteatkigcrenberat?)inis @guplgation
to or smaller than the width (d) of each of the
relat@rn.ndrical |enses (2a) of the first array lens (2).
[4] A nmethod of formng a crystallized filmaccording
to daimk 1, 2, or 3, characterized in that an
i ncident~surface (11) of the .cylindrical |enses (2a)

Of[ 6t]hi E:Irglgggﬁ;ﬁ%%dl %'ﬂim( g%rﬂf‘n%ﬂ&&@iégeforl e}ﬁg’é‘u%lg%tglng an

(1)"7i's rnci as a positirve nvex curve.

_ The method of formn rystal lize i 1 macgcordi to

11U Thon E8r98t S HACR N4) L o FRah P RREF TR (] Lot tted
array lens, (2) and the_illumnation target surface

from(q»l@@@ﬁihlghgoﬁpgggﬁidﬁ) B8 & dle of rays that have a

divergence angle (8), characterized by comprising:

splitting/reducing means (2, 3) for splitting and reducing
the laser light (1) into plural split rays (9) in one side view
of the laser light scource (A), and then. turning the split rays {9)
into individual bundles of reduced rays tolobtain reduced split
rays (10} ;

an optical path difference creating member (7) having block
portions (7a), through which the reduced split rays (10) are
individually transmitted while reducing reflection on the side of
splitting surfaces, to thereby create an optical path difference
between the reduced split rays (10) in a manner in which the
coherence is adjusted; and

a condenser lens (5) for collecting th%%reduced split rays
(10) that have been transmitted through the op’jlcal path difference

creating member (7), and characterized in that

the illumination target surface (6} is illuminated with laser
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[6) A crystallized filmforning device for
illumnating an illumnation target surface (6) with
shaped laser light (1) emitted froma laser |ight

source (A) as a bundl e of

rays that have a divergence

angle (0), characterized by conprising: splitting/

reduci ng neans (2, 3) for

splitting and reducing the

“laser light (1) into plural split rays (9) in one side
view of the Iaser light source (A) , and then..

turning the s s (9)

into |nd|V|duaI bundl es of

lighty gygedarPrsys b oaapa?éﬁer ERHEERSSH IS gy -(10): an
optical path difference creating nmenber (7) having
bl ock portions (7a) , through which the reduced split
rays (10) are individually transmtted while reducing

reflection on the side of
thereby create an optica

splitting surfaces, to
path difference between the

reduced split rays (10) in a nmanner in which the
coherence is adjusted; and a condenser |lens (5) for
coll ecting the reduced split rays (10) that have
been transmitted through the optical path difference
creating nmenber (7), and characterized in that the
ilTum nation target surface (6) is illumnated with

| aser 33 |light overlapped through the condenser | ens

(5). 34
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