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The present in es to a crystallization apparatus®8nMarR 207
crystallization nettgé” Specifically, the present invention relates to an
apparatus_and a nethod for formng a crystalllzed sem conductor film 10 by
irradiating a polycrystalline sem conductor! filmor an anor phous
senlconductmmmuwmmmmmmw a | aser beam whose phase is nodul ated using a
phase-shift round Art Conventionally, the materials of a
thin-film 15 tugpsi stor (TFT) uded ol Relg.E T BWthi ng el enent that

controls a voltage to be applied to pixels of a liquid crystal display
(LCD) are roughly divided into anorphous silicon and polysilicon. The

electron nobilit silicon_is her than_that of 20 the

anor phous silico ﬁ%TA%qﬁééﬁ%bgéA%?%?%E@?sgﬁp FRYSESLAEd By PoMESHAR on,
its switching speed becomes higher than that of a transistor fornmed by
anor phous silicon, which brings about the advantages that the response
speed of di splay can increase and esig rgi ns of other
conponenfg can decrease. |If, nnreo&%?ﬁH%Erﬁpﬁngfpg|rCU|ts such as a
driver circuit

The present invention relates to a crystallization
apparatus and a crystallization method. Specifically,
the present invention relates to an apparatus and
a method for forming a crystallized semiconductor film
10 by irradiating a polycrystalline semiconductor film or

an amorphous semiconductor film with a laser beam whose
phase is modulated using a phase-shift mask.
Background Art
Conventionally, the materials of a thin-film
15 transistor (TFT) used for, e.g., a switching element
that controls a voltage to be applied to pixels of
a liquid crystal display (LCD) are roughly divided into
amorphous silicon and polysilicon. The electron
mobility of the polysilicon is higher than that of
20 the amorphous silicon. If, therefore, a tranéistor is
formed by polysilicon, its switching speed becomes
higher than that of a transistor formed by amorphous
silicon, which brings about the advantages that the
response speed of a display can increase and the design
25 margins of other components can decrease. If,
moreover, peripheral circuits such as a driver circuit

and a DAC as well as a display main unit are



i

andia DAC as well as a display main unit are 0 8 MAR 2007 2 incor porated
into the display, they can be operated at higher speed. Though polysilicon
is formed of a set of crystal gains, its electron nobility is |ower than
that of 5 image crystal silicon. A snall-sized transistor thap  is fornmed
by polysilicon has a problemof variations in the nunber of cr@¥ﬂ§m7grain
boundaries in a channel section. A crystallization nethod for generating

| ar ge-di aneter image crystal silicon has recently been 10 proposed in order
to inprove the electron nobility and |essen the variations in the nunber
of crystal grain boundaries in a channel section. As a crystallization

met hod of this ¥yperPehered hatocbheedtiisprall y thean demovre piresea tehta ol
excimer 15 | aser annealing (ELA) for formng a crystallized sem conduct or
filmby applyi iy HFexePded- | aser beamto a phase-shift mask that is

paral |l el and cl ose tﬁ%a 50|écﬁ stitline_seniconductor filmor an anorphous
semi conductor film THRUAR{BPFESOELERE fRraderdest i 2 ZRELNE apevaliakl osed

in, for exanple,_ Surface Scjience, Vol. .21, No. 5, pp. 278-287, 2000. The
sane technol ogy? > & al 50° df sTF b5LD PﬂbﬁéﬁFyPé?.?QH%Fnﬁhﬁﬂoﬂhqimﬂﬁcation

[ Taht i nEensi 1y 55 dTS ST Ehe T Shior Tan nIBRTLd peak RACEET F4F Wik the -
l'ight intensi tyi§ff@rlpé)c§ tl‘)}?%&?{/éffﬂggql Hgst Q problem of variations in
the number of crystal grain boundaries in a channel
section. A crystallization method for generating
large-diameter image crystal silicon has recently been
10 proposed in order to improve the electron mobility and
lessen the variations in the number of crystal grain
boundaries in a channel section.
As a crystallization method of this type, there
has conventionally been known phase control excimer
15 laser annealing (ELA) for forming a crystallized
semiconductor film by applying an excimer laser beam to
a phase-shift mask that is parallel and close to
a polycrystalline semiconductor film or an amorphous
semiconductor film. The details of the phase control
20 ELA are disclosed in, for example, Surface Science,
Vol. 21, No. 5, pp. 278-287, 2000. The same technology
is also disclosed in Jpn. Pat. Appln. KOKAI Publication
No. 2000-306859 (KOKAI date: November 2).
The phase control ELA generates a light intensity
25 distribution of an inverted peak pattern in which
the light intensity of a poftion corresponding to

a phase-shift section of the phase-shift mask is



a phase-shift section of the phase-shift mask is 01 MAR 2007 3
approximately zero (a pattern of light intensity which is approximtely
zero in the center of the phase-shift mask and suddenly increases toward

t he periphery thereof). A polycrystalline sem conductor f“ or 5 an

anor phous sem conductor filmis irradiated with 1ight ha %“Rtlzﬂéﬂ i ght
intensity distribution of an inverted peak pattern. As a result, a nelting
region is generated in accordance with the Bight intensity distribution,
and a crystal nucleus is formed 10 in a portion unnelted or solidified
first in accordance wth the portion whose light intensity is

approxi mately zppeaox@mpstedly greaws (aatpertaidyn feOm idiet ciyseabinychadsh
toward its periphery (lateral gromh) to generate a | arge-di aneter single
crystal. 15 As desepplec ialeded,y @arr iar tti{eroxyteethddihéophakershngta
crystallized sem conductor filmby applying an exciner |aser beamto a
phase-shi ft maskaskagnds sugsigeallyell ran ad e et awr 2d selne coadupheryfi I mi s
known. However, the proxy nmethod has a drawback in which 20 the

phase-shi ft maskhegeednt-amPnROdY dus tad lalsrast ont edndepkosehiiémn@act or film
thereby to prevent good «crystallization. plicant of the present

appl i cation the?@fépérpﬁp@§o§é?%§QQ§HﬁEﬂ%Sgl%?nh@elﬁé?ééEEeﬁeWHéé) of

formng, 20,2 ctyshal b tad. semoandust o (1 by defoeuslg. 2 sgm conductor
an inverted peak pattern. As a result, a melting
region 1s generated in accordance with the light
intensity distribution, and a crystal nucleus is formed

10 in a portion unmelted or solidified first in accordance
with the portion whose light intensity is approximately
zero. Crystal grows laterally from the crystal nucleus
toward its periphery (lateral growth) to generate
a large-diameter single crystal.

15 As described above, prior art (proxy method) for
forming a crystallized semiconductor film by applying
an excimer laser beam to a phase-shift mask that is
parallel and close to a semiconductor film is known.
However, the proxy method has a drawback in which

20 the phase-shift mask is contaminated due to abrasion of
the semiconductor film thereby to prevent good
crystallization.

RApplicant of the present application therefore
proposes a technology (image defocus method) of forming

25 a crystallized semiconductor film by defocusing

a semiconductor film with respect to an image-forming

optical system that is interposed between a phase-shift



, optical systemthat is interposed between a phase-shift 0 8 MAR 2007 4
mask and a substrate to be processed (sem conductor film. Applicant also
proposes a technol ogy (image NA nethod) of arranging an i nage-formng
optical system to optically conjugate a phase-shift mask and 5 a

sem conductor filmand formng a crystallized sem conduct®rMARi pagr by
defining the nunerical aperture of the inzqge-forn‘i ng optical systemon its
| aser beam enmitting side. According to the above i mage defocus nethod and
10 i mage NA nethod, generally, a KrF exciner |aser |light source that
outputs a KrF excinmer | aser beamof a high output is enployed and so is an
i mage-formi ng opRféafrndspsEERStREACS §ombge PO GRSyl SeNdeorducpet cal
material (e.g., _silica gl ass). In this case, the 15 oscillation wavel ength
band of the Kr FE2X® mer PR éFanfedsPs PrepPasiareldy tamp {ehout 1m2ge it at
full width at haJEf g}axi iEn_um see FIG 5), and the image-forming optical
syst em causes a°Fel'3t] veFyaFAPHE1PAr BRatfEICala H HrPP ik RehE sy, an

i nfluence of thg 20 oadband wavel engt h_of the KrFE exciner |aser beam and
the chromatic aberf E{L%"ﬁgg?’ tReIFage- fof 'ar?ﬁ_osﬁiji{talma%@satréén can prevent a

required 4ight Lnggnstiyq,distri-out anf ramReing, generated on a substrat e

to be processe as a sem conducto I'n Oorde Zzesdgenerate a

{ﬁgﬂg[]tedt | 1Nt LoheBshtcEbst BNl b9 oRE 1 rdrPEROMAL A 1 | et tufan be
of the image-forming optical system on its laser beam
emitting side.

According to the above image defocus method and

10 image NA method, generally, a KrF excimer laser light
source that outputs a KrF excimer laser beam.of a high
output is employed and so is an image-forming optical
system that is made of a single type of optical
material (e.g., silica glass). 1In this case, the

15 oscillation wavelength band of the KrF excimer laser
beam is relatively broad (about 0.3 nm at full width at
half maximum: see FIG. 5), and the image-forming
optical system causes a relatively large chromatic
aberration. Consequently, an influence of the

20 broadband wavelength of the KrF excimer laser beam and
the chromatic aberration of the image-forming optical
system can prevent a required light intensity
distribution from being generated on a substrate to be
processed, such as a semiconductor film. In order to

25 generate a required light intensity distribution on
a semiconductof film, it can be thought that the

waveband of a laser beam 1s narrowed using a prism,



., waveband of a | aser beamis narrowed using a prism 0 8 MAR 2007 5 a
diffraction grating or the like. If, however, the waveband of a | aser beam
is narrowed, a laser unit will be increased in size and conplicated and
its output wll be lowered. 5 Using a | aser beam whose waveband is.narrow,
generally, the light intensity distribution in a mddle poQ@i%ﬁzwﬁﬁetmeen
adj acent two inverted peak pattern portions R is acconpanied by an
irregular swell (see FIG 4). In the crystallization process, a crystal 10
nucl eus is sonetinmes fornmed in a position of the swell of the mddle
portion Mwhere the light intensity is low (or in an undesired position).
Even though a ceydtdfraatliens dirstfigrgred itthea ldidse r edl poshowener, t hieel at er a
grow h, which starts fromthe crystal 15 nucleus toward the periphery

t hereof, stops Wavebposl pifoR dfastaie headulis pomioredd whet@seheuhighwill
intensity decreases. It is thus likely that a large crystal will be
prevent ed from §rowRAgeaARoBec Z5f ante qarasldita e emtiloht sovbrptovi de

20 a crystallization apparatus and a crystallization nmethod capable of
forming a cryst 4FLhuBFed§“ER S desired position and allowing a crystal to

grow in fully lateral direction fromthe crystal nucleus to thereby
generat e g Iarge-diaﬁ%ﬁ@ﬁ @r:ﬁ%ﬂrgﬁ%ﬂWLW%ﬁfﬁjﬁﬁY%Q%? of PAVERYYon To

sol ve the prOblgghe?3§9§gi@%et%f%ﬂg'f§té§§¥¥§ distribution in a middle

portion M between adjacent two inverted peak pattern
portions R is accompanied by an irregular swell (see
FIG. 4). In the crystallization process, a crystal
10 nucleus is sometimes formed in a position of the swell
of the middle portion M where the light intensity is
low (or in an undesired position). Even though
a crystal nucleus is formed in a desired position,
the lateral growth, which starts from the crystal
15 nucleus toward the periphery thereof, stops in
a position of the middle portion M where the light
intensity decreases. It is thus likely that a large
crystal will be prevented from growing.
An object of the present invention is to provide
20 a crystallization apparatus and a crystallization
method capable of forming a crystal nucleus in
a desired position and allowing a crystal to grow in
a fully lateral direction from the crystal nucleus to
thereby generate a large-diameter crystal grain.
25 Disclosure of Invention
To solve the problem, according to a first aspect

of the present invention, there is provided



of the present invention, there is provided 0 8 MAR 2007 6 a
crystallization apparatus conprising: a phase-shift nmask having at | east
two phase-shift sections; an illumnation systemwhich emts a |ight beam
of 5 a given wavelength range to illum nate the phase-shift mask; and an
i mage-form ng optical systemarranged in an optical path bgewash sfighe
phase-shi ft mask and a subject to be processed, the phase-shift mask 10
converting an intensity pattern of the liglht beam emtted fromthe
illumnation systemso as to have a light intensity distribution having
inverted peak pattern portions having a smallest peak value of |ight
intensity in pertdonstolizspoonli agpévathe phapeishinbt: 15 section, and
applying the light beamto the subject to crystallize the substrate,
wherein the phase-shk fphasgkshhftt hessubpedngare lamsdnged iphaseoljulfat e
position of the image-formng optical system and 20 the inage-formng
optical system3aegLi@nsaberration corresponding to the given wavel ength
range to forma light intensity distribution of waveformpatterns wth no
swel | of intensity i3 altidaleapoPhi diShemweed cht k& 1itH e tiddipedkedatatrn
ortions _on the subject. 25 According to a second aspect of the present
ipnventi oR, therfe 9" HAMRICRILR yERAPPR Fqt Lohuminate the phase-shift

mask; and
an image-forming optical system arranged in
an optical path between the phase-shift mask and
a subject to be processed, the phase-shift mask
10 converting an intensity pattern of the light beam
emitted from the illumination system so as to have
a light intensity distribution having inverted peazak
pattern portions having a smallest peak value of light
intensity in portions corresponding to the phase-shift
15 section, and applying the light beam to the subject to
crystallize the substrate,
wherein the phase-shift mask and the subject are
arranged in a conjugate position of the image-forming
optical system, and
20 the image-forming optical system has an aberration
corresponding to the given wavelength range to form
a light intensity distribution of waveform patterns
with no swell of intensity in a middle portion between
the inverted peak pattern portions on the subject.
25 According to a second aspect of the present
invention, there is provided a crystallization

apparatus comprising:



apparatus conprising: 0 8 MAR 2007 7 a light source which emts a |ight
beam of a given wavel ength range; a phase-shift nmask having at | east two
phase-shift sections, and converting an intensity pattern of the 5 |ight
beamemtted fromthe Iight source so as to have a light intensity
di'stribution having inverted peak pattern portions mhoseIQQﬂMng%pnsity
is lowest at points corresponding to the phase-shift sections and
applying the light beamto a subject to be'brocessed to 10 crystallize the
substrate; and neans for changing the |ight beam of the given wavel ength
range such that the Iight beam applied to the subject has a plurality of
optical elements who%e 1ﬂ€§eP@H§FﬁsW&%?Qﬂqm%ﬁ%n%-gmﬂﬁcﬁ$ﬁmgoﬁ gi ghven
intensity 15 distr%Pution of waveform patterns with no swell of intensity
O Pefeeh2fHE i nverted peak pattern portions on the

in a mdde porfi®
subj ect. According to a third a%%e%} e present invention, there_is
g

provi ded a nethod ofac99§F§rFP£i o2 fé%} [ttt B prideeRiedepyi it
e hat 170 @ flegs Sl oy SR RS IA LB PR e ot g o
Por L ag o A BORRTERL LR LOEE LD AL 5 SIS T L o
conmpri si ng: a light intensity distribution having inverted peak
pattern portions whose light intensity is lowest at
points corresponding to the phase-shift sections and
applying the light beam to a subject to be processed to
10 crystallize the substrate; and
means for changing the light beam of the given
wavelength range such that the light beam applied to
the subject has a plurality of optical elements whose
wavelengths are different and forming a light intensity
15 distribution of waveform patterns with no swell of
intensity in a middle portion between the inverted peak
pattern portions on the subject.
According to a third aspect'of the present
invention, there is provided a method of crystallizing
20 a subject to be processed by illuminating a phase-shift
mask and irradiating the substrate with a light beam
having a light intensity distribution of inverted peak
pattern portions whose light intensity is lowest in
portions corresponding to at least two phase-shift
25 sections of the phase-shift mask, the method
comprising:

illuminating the phase-shift mask with a light



. illumnnating the phase-shift mask with a light o a MAR 2007 8 beam of a
gi ve wavel ength range; and formng a light intensity distribution, which
has no swell of intensity in a mddle portion between the inverted peak
pattern portions, on the subject through 5 an inmage-form n% t| cal
system the image-formng optical systembeing located to opti éﬁl%ow
conjugate the phase-shift mask and the sub'éect and having an aberration
corresponding to the given wavel ength range. 10 Brief Description of
Drawings FIG 1 is a schematic view shovvi ng a configuration of a

crystallization Lappar tus according to an enbodi nent of the present
i nvention. FIG P8 Frb Sc e iV@‘(ﬁ BEN Pt ePAAI 15 structure of an

illum nation system ovvnlnFIG FIGS..  3A and 3B are a plan view and a
!5| de view eac% showi'r me{‘%a?seljs?mtl%%’ksh*é}éddﬁﬁti‘ﬁgmép?sté&’lhlllsi“athla@n f
apparatus. FIG 197.ap a light ensity.20 distribution o
||r[1)\F/)erted peak paét S?n%por{%l onzC “by’ a{‘?ﬁ'kﬂ‘;%ep% beUsPREVREE SRE an

TE0e. Do et N0t no Bl Boc®ole,a AR NN LD, 0561 Lhat Lo navel gagth,

distribution of a KrF exci ner source’in

val ues acgor di ngnt orbhe- f%%nﬁfﬂﬁo%ﬂ&@alofs@@eﬁr eSOt 1hAYEELAR: nf! G5 OA
and 6B are illustrations of an 7 nfluen
optical system being located to optically conjugate
the phase-shift mask and the subject and having
an aberration corresponding to the given wavelength
range.
10 Brief Description of Drawings

FIG. 1 is a schematic view showing a configuration
of a crystallization apparatus according to an
embodiment of the present invention.

FIG. 2 is a schematic view of the internal

15 structure of an illumination system shown in FIG. 1.

FIGS. 3A and 3B are a plan view and a side view
each showing a phase—shift mask used in the
crystallization apparatus.

FIG. 4 is a graph showing a light intensity

20 distribution of inverted peak pattern portions formed
by an image defocus method and an image NA method.

FIG. 5 is a graph showing an oscillation
wavelength distribution of a KrF excimer laser light
source in an example of numeric values according to the

25 embodiment of the present invention.
FIGS. 6A and 6B are illustrations of an influence

of a chromatic aberration of an image-forming optical



of a chromatic aberration of an inmage-form ng optical 0 8 MAR 2007 9
systemin the enbodi nent of the present invention. FIG 7 is a graph
showing light intensity patterns formed on a substrate to be processed by
optical elenents of respective wavel engths in the exanple of 5 nuneric

val ues according to the enmbodi ment of the present inventioh8 WRGKB is a
graph showing a light intensity distribution forned finally on the
substrate to be processed in the exanple nuneri c val ues according to 10
t he enbodi nent of the present invention. FIGS. 9A and 9B are illustrations
of the structure and function of an etal on that converts a broadband

| aser beamllﬂ(fXﬁﬁ?Wxﬂne?%ﬁe%?QOGFmSPFf@ﬁeﬁpe REPSICE gAY §TH- RT £ er ent

nodi fications to the %g odlnent of the pres i nvention. FIGS. 10A and
10B are charts of an®bgcillAafi BnITa& P@ﬁ&gﬁgdléﬂqqnﬂWQﬁP§ﬁt¥i??Eﬁﬁr%%urce

and poi nt |naqgnjn(£qﬁd by abgL?égeZ%gpg%tg&égggggﬁgékégﬁt beanms. FIG 11

is a graph show ng § ntensi trate to be

0 el f t h
processed by Oeoltérﬁe g C?PEPé%?QEF%E fadle \A%\é |nvent| onn Xﬁne@lelqu a

nodi fications to t nbodi me pr €sen

graph shewi ng aylhghic %P@éété(cczﬁdghgt ELDMEEORLATRR G M 10k
Substrate to be processed in the nodifications to t
present invention.

FIG. 8 1s a graph showing a light intensity
distribution formed finally on the substrate to be
processed in the example of numeric values according to

10 the embodiment of the present invention.

FIGS. 9A and 9B are illustrations of the structure
and function of an etalon that converts a broadband
laser beam into optical elements of different
wavelengths in different modifications to the

15 embodiment of the present invention.

FIGS. 10A and 10B are charts of an oscillation
wavelength distribution of a light source and point
images formed by a plurality of wavelength light beams.

FIG. 11 is a graph showing light intensity

20 patterns formed on a substrate to be processed by
optical elements of different wavelengths in the
modifications to the embodiment of the present
invention.

FIG. 12 is a graph showing a light intensity

25 distribution formed finally on a substrate to be
processed in the modifications to the embodiment of

the present invention.



. the.present invention. 0 8 MAR 2001 10 FIGS. 13A to 13E are sectional
views of steps of manufacturing an el ectronic device using the
crystallization apparatus according to the enbodi nent of the present
invention. 5 Best Mbde for Carrying Qut the Invention An enb gi t_of the
present invention will be described with reference to the a@ oﬂ%gmp'ng

drawings. FIG 1 is a schematic vieM/shomﬁ g a configuration of a
crystallization apparatus according to the” 10 enbodi ment of the present
invention, and FIG 2 is a schematic view of the internal structure of an
illumnation systemshown in FIG 1. Referring to FIGS. 1 and 2, th%
crystal lizati on appafafis ¢PH e feddift fbotiHeht V1 #eF udksSBRPS ©

illumnation system2 15 thatqilgininates a phase-shift sk 1. The
i 11umination sy&82RWF2ChEEIRIKAR ExXECTEPI S &S i GhtU S SHlrte® 2a t hat

i I b [ I h of 248 b d 2b
T anged i n  SoUTERER: O-PRETaSEF HETHEMTITHG N O F nEUrT AT S

source, a first §|¥B§y8rgggﬁt2§nv%ﬁfﬁQ§§ condenser optical system 2d, a
second fly-eye Pens"2e¥and a - second coridenser optical system 2f. The | aser

3¢an1supggied fromthe %é%@tMgggr@gézgar §gg§d@ukn%%émy%dgggf5h51given
i ameter through the 2 eam expander 2b"and then enters the first fly-eye
lens 2c. Thus, a plunal ishRfinei lod It SQUKELS Af®ention will be
described with reference to the accompanying drawings.
FIG. 1 is a schematic view showing a configuration
of a crystallization apparatus according to the.

10 embodiment of.the present invention, and FIG. 2 is a
schematic view of the internal structure of an
illumination system shown in FIG. 1. Referring to
FIGS. 1 and 2, the crystallization apparatus of the
present embodiment includes an illumination system 2

15 that illuminates a phase-shift mask 1. The
illumination system 2 has a KrF excimer laser light
source 2a that supplies a laser beam having a
wavelength of 248 nm, a beam expander 2b arranged in
sequence on the laser beam emitting side of.the light

20 source, a first fly-eye lens 2c, a first condenser
optical system 2d, a second fly-eye lens 2e and a
second condenser optical system 2f.

The laser beam supplied from the light source 2a
expands into one having a given diameter through the

25 beam expander 2b and then enters the first fly-eye
lens 2c. Thus, a plurality of small light sources are

formed on the rear focal plane of the first fly-eye



foromed on the rear focal plane of the first fly-eye 18 MAR 2007 11 |ens
2c, and light fluxes of beans fromthe small light sources illum nate the
i nci dent plane of the second fly-eye lens 2e in a superinposed fashion
through the first condenser optical system2d. As a resultgg5ym rality
of small |ight sources the nunber nore than the small |ight sources on the
rear focal plane of the first fly-eye Ienﬁ 2c are forned on the rear focal
pl ane of the second fly-eye |l ens 2e. Beam fuxes from the small | i ght
sources illumnate the phase-shift 10 mask 1 in a superinposed fashion

t hrough the second ondenser optical system?2f. The first fly-eye Iens 2C
and the first c%%ﬂ%ngﬁr agpt itd g sfépéﬁ%h?ﬁnﬂﬁ?qﬁ)§¥9Wrgﬁehﬁﬁ%bin}kﬁ? and
the first honD eni zer i.f or.ms .t he i nt.ensi with respect, 15 to the angle
of incidence on ?%EcﬁﬁaéglgﬁﬁpﬁtﬁagFellnc e ddfd § 19 528 1 27S°%2 and t he

second condense]gl tem 2f nm up a sec Iashom) ni zer nd the

second honngenlze¥og%lcoﬁn§ iﬁellnteﬁgp rlm3q§erespé%vn% ?P?%hp e
position on thefPP§§eCBHB%Es%Q'QE§¥CAIW§§ géﬁajdltuggaidgg% ﬁten1applles

a | aser beam having an alnost u orm | Intensity ution to the

phase-shid t mas{ %luf‘ahﬁ%?zlr oFeamwhoss PRase, .5 Jodul at.ad, by, th

phase-shift mas I's applfied to a substrate 4 to be 25 processed t%rough

an i mage-form nghoptihgah syghems3urbee phasershiddr maskal gnghd herspbstrate

4 are | ocated
first fly-evye lens 2c are formed on the rear focal

plane of the second fly-eye lens 2e. Beam fluxes from
the small light scurces illuminate the phase-shift

10 mask 1 in a superimposed fashion through the second
condenser optical system 2f.

The first fly-eye lens 2c and the first condenser
optical system 2d make up a first homogenizer, and the
first homogenizer uniforms the intensity with respect

15 to the angle of incidence on the phase—shift mask 1.
The second fly-eye lens 2e and the second condenser
optical system 2f make up a éecond homogenizer, and
the second homogenizer uniforms the intensity with
respect to an in-plane position on the phase-shift

20 mask. Thus, the illumination system applies a laser
beam having an almost uniform light intensity
distribution to the phase-shift mask 1.

A laser beam whose phase is modulated by the
phase-shift mask 1 is applied to a substrate 4 to be

25 processed through an image-forming optical system 3.
The phase-shift mask 1 and the substrate 4 are located

in an optically conjugate position of the image-forming



in an optically conjugate position of the imge-formng 0 8 MAR 2007 12
optical system 3. The substrate 4 is obtained by sequentially form ng an
underlying filmand an anorphous silicon filmon a plate glass Eor | i quid
crystal displays by chem cal vapor deposition. 5 The substrat I8 MAR BT g in
a given position on a substrate stage 5 by a vacuum chuck, an el ectrostatic
chuck or the like. The substrate stage can_he noved in X Y and Z
directions by a drive mechani sm not shown. 1| GS. 3A and 3B are schematic
views showi ng 10 a structure of a phase-shift mask. Generally speaking, as
described in the foregoi ng prior art, the phase- shift mask is made of a
transparent ned?Rir}CelgSySaefuart z TS SULHE e ihd adplleerited €9 ons t hat
vary in thickness. In. a gour%dary of a step (phase-shift 15 section)

bet ween t he adj2eRE} g ods I OFRe Fh&de WOGet Y is kE i 13t s the i nci dent
| aser beam fl uxes and kes theminterfere wth each other andlpgr oj\éqi1 des
the intensity of TRETPREPIeRt 1A58r Tddma ¢h B Fet | D Tal TOF shd

di stribution. 2€r§@%5158$§%§i§1&%l &%‘ \ﬁieiinhlcraelf ga%gocﬁea egbnogsli jb03r§+ t he

phase-shift mas as s aped phase Tegio two types,

whi ch are al terpately,atranged 10 494 dif ecty QL Hosd 20Nl gi rection in
g p

FIG 3A). The first phase region [a and the 'secon ase region |b are 25

formed to make a phaserditf %'E??%%g%yl%o RRIMBEEHNSL T o rénsm 15 ed, { aser

beam fl uxes. If the phase-shi
chuck or the like. The substrate stage can be moved in

X, Y and Z directions by a drive mechanism not shown.
FIGS. 3A and 3B are schematic views showing

10 a structure of a phase-shift mask. Generally speaking,
as described in the foregoing prior art, the phase-
shift mask is made of a transparent medium, e.g.,

a quartz substrate having adjacent regions that vary in
thickness. In a boundary of a step (phase-shift

15 section) between the adjacent regions, the phase-shift
mask diffracts the incident laser beam fluxes and makes
them interfere with each other and provides the
intensity of the incident laser beam with a periodical,
spatial distribution.

20 More specifically, with reference to FIG. 3A, the
phase-shift mask 1 has slit-shaped phase regions la and
1b of two types, which are alternately arranged in one
direction (horizontal direction in FIG. 3A). The first
phase region la and the second phase region 1b are

25 formed to make a phase difference of 180° between their
transmitted laser beam fluxes. If the phase-shift mask

1 is formed of silica glass having a refractive index



1is formed of silica glass having a refractive index 0 8 MAR 2C 7 13 of
1.5 with respect to a | aser beam whose wavel ength is 248 nm a step of 248
nmis fornmed between the first phase region |la and the second phase region
b, as is understood fromFIG 3B. In other words, there is 0B #AR4EIhm
difference in thickness between both the regions la and | b. A boundary
between the first phase region |la and the_second phase region Ib
corresponds to a phase-shift section |c. LR an i mge defocus nethod (or an
imge NA nethod) 10 is applied to an optical system whose |ight source
supplies a single-wavel ength or narrow band | aser beam and whose

i mage-forning opfi éaP YyEReAERRECA RostE A@ESatb&raaR i se Heasabergiteld is
| ocated in a de gus position of an inage-forntgg optical section (or 15
the nunerical a g tOFe 8f StRR PragéSt ottty fpticchibevrgenton fsstaser
beamem tting sige S defineg), g&th the result that a | aser. beam having a
light intensity"*aP&t FFBLPTon2of En Hv P DN SRatiF TP cbP r e3pohili ng to

t he phase of th h -shitt _nma 15 20 plied onto.the substrate 4, as
illustrated in Eﬁ‘%e%%sf’o%lhéfjPF‘g%?_Gi'ntP’_ si ty di St Bl hdsSthe! F ol | owi ng
characterd stics, jhg thBEfEBESH%%tKn!%H%%Fﬁgég”ﬂeed“éﬁté%'ﬁeéﬁeva'“e of
approximately zero In a position corresponding to each of phase-shift

sections |c of beioRs phasgushLl RSubadAd ddicisasas, ones disensiopal |y
and continuously toward the periphery fromthe 1nverte
region la and the second phase region 1lb corresponds to
a phase-shift section lc.
If an image defocus method (or an image NA method)

10 is applied to an optical system whose light source
supplies a single-wavelength or narrow-band laser beam
and whose image—-forming optical system has almost no
aberration, the substrate 4 is located in a defocus
position of an image-forming optical section (or

15 the numerical aperture of the image-forming optical
system on its laser beam emitting side is defined),
with the result that a laser beam having a light
intensity distribution of an inverted peak pattern
corresponding to the phase of the phase-shift mask 1 is

20 applied onto the substrate 4, as illustrated in FIG. 4.
The light intensity distribution has the following
characteristics. The light intensity is a minimum
inverted peak value of approximately zero in a position
corresponding to each of phase-shift sections 1lc of the

25 phase-shift mask 1, and increases one-dimensionally and
continuously toward the periphery from the inverted

peak value, or toward the first phase region la and



peak value, or toward the first phase region la and 0 8 MAR 2007 14 the
second phase region. Referring to FIG 4, the light intensity distribution
in the mddle portion Mbetween adjacent two inverted peak pattern
portions R which are formed 5 in accordance wi th adjacent ¢guusphsge- shift
sections Ic, exhibits an irregular swell (an undulate distribution in
which the light intensity repeatedly incr§?ses and decreases). In this
case, it is desirable to generate a crystal nucleus in a position 10 where
the inclination of the inverted peak patterg gf tPe | i ght intenfla{ "

di stribution i e gsition indicate y reference nunera ere
the Iight intZﬁ%%t%é?ég%gPﬁﬁPShg?gfﬁgn a fixed value). If, however, there

is a swell (a repeat j.ectio and 15,depr.essian in the mddle
portion M as describ%g%egggbg,kg gﬁgﬁtgy ﬁﬁ%_gﬂ§ﬁisﬁﬁa&§§iq% be geng;gffgd
in a position of e t .ens [ ow (an u
positign indicé?gﬁgﬁﬁbég?éée%@eEﬁﬁuﬂgggpgl%f%ggggEy;%thgﬁb E%:%?V%qél

nucl eus is genaral ethdrr addsshkedaPesthi oBycLBe .l L LAl Or ih that. ptarts
fromthe crystal nucleus to the periphery thereof wll stop at a portion L

of the beundaryibeiyesrigacl wftnt hajhpuart edopgak skathardt RUdd Qs R and
the mddle 25 portion M where the Fight intensity decreases. In other
words, the |ateral exioibhtstantingefu0art BRell (an undulate
distribution in which the light intensity repeatedly
increases and decreases). In this case, it is
desirable to generate a crystal nucleus in a position
10 where the inclination of the inverted peak pattern of
the light intensity distribution is great (a position
indicated by reference numeral 11 where the light
intensity is not higher than a fixed value). If,
however, there is a swell (a repeat of projections and
15 depressions) in the middle portion M as described
above, a crystal nucleus is likely to be generated in
a position of the swell where the light intensity is
low (an undesired position indicated by reference
numeral 12).
20 Even though a crystal nucleus is generated in
a desired position, fhe lateral growth that starts
from the crystal nucleus to the periphery thereof will
stop at a portion L of the boundary between each of
the inverted peak pattern pbrtions R and the middle
25 portion M, where the light intensity decreases.
In other words, the lateral growth starting from the

crystal nucleus will be limited to the range of the



., crystal nucleus will be limted to the range of the 0 e MAR 2007 15 wi dth
Wof each of the inverted peak pattern portions (the distance between the
proxi mal ends of the inverted peak pattern portions, or the distance
between points or their vicinities where the increasing |idht MR fensity
starts to decrease first). A considerably large crystal is therefore
prevented fromgrowing. Incidentally, in tEe i mge defocus nethod, the
width W of each of the inverted peak pattLl: n portions varies alnost in
proportion to the 1/2th power of the distance 10 between the inage surface
of the imge-formng optical system 3 and the substrate 4 (i.e., anount of

defocus) if thelfHBgE-Por RRAG Bt itE8l 1eyYSIr&Rdcs Hesk fddifiitte chlé"sj?m% i on.
On the other hand, in.the image NA nethod, the width Wof each of the
i nverted peak phtt®rdti52p6et gsﬁgeie§ $OFs PERHAY SRR WAl dite tig ieet ed

resolution of the i formn %ti cal Z stem i bed above, the

- , As d
Kr F exci mer Ias%?a¥i§%?§e§8uﬂ?5%é§ Suppifi &8 I s}:@rnct?:}?ﬁrm R34S ati on

wavel engt h band_js t] .yv.br.oad unl ess.the _band i.s 20 particularly
narrowed. |f th%£i %}ggégf g;{rgnkﬁé L(%r(?tsi (‘f‘fglleresf/cs eerhnfﬁesasr%ﬁtgeqdfg%]:at single type

of optical materjal si?ﬁgsta§k%i%% %@%gﬁkseafﬁgkﬂgiVeb%(%#Héﬁﬁé%Eﬁl tic

aberration occurs. n e present enbodinent, noun occurrence of a

chromatic aberratign c29sfgenekalhy am 30 Wie @ Q&L W SN GR ffidy Wave
aberration) of the image-form ng optical system3 iIs
Incidentally, in the image defocus method, the width W
of each of the inverted peak pattern portions varies
almost in proportion to the 1/2th power of the distance
10 between the image surface of the image-forming optical
system 3 and the substrate 4 (i.e., amount of defocus)
if the image-forming optical system 3 has adequate
resolution. On the other hand, in the image NA method,
the width W of each of the inverted peak pattern
15 portions is substantially equivalent to the resolution
of the image-forming optical system.

As described above, the KrF excimer laser light
source 2a supplies a laser beam whose oscillation
wavelength band is relatively broad unless the band is

20 particularly narrowed. If the image-forming optical
system 3 is made of a single type of optical material
(e.g., silica glass), a relatively large chromatic
aberration occurs. 1In the present embodiment,
an amount of occurrence of a chromatic aberration

25 (generally an amount of occurrence of a wave

aberration) of the image-forming optical system 3 is

defined in accordance with the oscillation wavelength



. defined in acc
of | aser beans
Therefore, no
the substrate
whose light in
principle of t
to a specific

ordance with the oscillation wavel ength 0 8 MAR 2007 16 band

supplied fromthe KrF exciner laser |ight source 2a.
swell of light intensity occurs in the mddle portion,

and

(semiconductor film 4 can be irradiated wilthMRaWaser beam
tensity distribution has inverted peak pattern portions. The
he present invention wll b%f descri bed below with reference

0

exanpl e of nuneric val ues.

oscillation wavelength distribution of the KrF excinmer |aser |ight

in the exanple
this graph, th
| ength 15 obta
and the vertic
val ue). As sho
| aser |ight so
More specifica
nm and the f

FIG 5 is a graph show ng an

source

f [ I nbodi ,
B2her TonEar t REELs ROREACE £ Soki TIor hor PACHRRA! MEEh 1 he

EESHt%oﬁ‘f Lract ”%ﬁle%ﬂf%f%@%,lrg{@t&?el Vet e?% (unit:

axi s indicates t 0SCi 1 on 1 ntensi rel ative

nm

WHtEHsi%II%/Goc%urtsh‘?m! a3t nﬂ%ﬁﬂ]eeg;c;z%teigalﬁs{ ?I & he, KrF exci mer

urce 2a has a Gaussli an 1 ntensit

ull width at half maxi mum of the oscillation wavel engt

ution as a whol e.
Eh}ést?r@%e Q%@En&%'on\%\é%&ngftﬂn%’ @fcér{‘eoé afﬁfa@f‘@{%di Sw 248 95

h

distribution is abedtr Bed3mnmn(isel 11\t hirddendiad f died MUBREA En Th&s 15 nm) .

25 In the exanple of nuneric val ues according to the

t he i mage- f or ningeapedc akaky $laemedn portions.

10

15

20

The principle of the present invention will be

present enbodi nent,

described below with reference to a specific example of

numeric values.

FIG. 5 is a graph showing an oscillation
wavelength distribution of the Kr¥F excimer laser light
source in the example of numeric values according to
the present embodiment. In this graph, the horizontal
axls indicates a position corresponding to the length
obtained by subtracting 248 nm from the wavelength
(unit: nm) and the vertical axis indicates the
oscillation intensity (relative value). As shown in
FIG. 5, the laser beam emitted from the KrF excimer
laser light source 2a has a Gaussian intensity
distribution as a whole. More specifically, the
central wavelength A of the laser beam is 248.55 nm,
and the full width at half maximum of the oscillation
wavelength distribution is about 0.3 nm (full width at
half maximum A A = 0.15 nm).

In the example of numeric values according to the
present embodiment, the image-forming optical system 3

is made of only silica glass and telecentric for both



is made of only silica glass and telecentric for both 0 8 MAR 2007 17

obj ect and image sides at an equal magnification. Mire specifically, the
whol e I ength of the image-formng optical system 3 (the di ﬁ%au 2& t ween
the object surface and the image surface) is 1000 mm (an 4 éﬁt

system f = 250 mm, and the nunerical aperture thereof on its |laser beam
emtting side is 0.1. The illumnation NA of the illum nation system?2 is
0.05. The pitch P between the phase-shiftldections is in the phase-shift
mask 1, or the width of each of the phase 10 regions la and Ib is 10 gm
(see FIG 3). The displacenent of an inmage-formng position due to the
chromati ¢ aber radt] @t ofind hemggageiflesninganopyieal megstidmcd tiidr. ndiw dze
described with reference to FIGS. 6A and 6B. 15 When no chromatic
aberration occlRe¢hiidellymgehef ohalaglepuitbab fsybrermdget-ifghmibeans
emtted fromone point on the optical axis O of the phase-shift mask 1,
whi ch do not ré?l%/t%&ﬁ‘)% %%%Wmvvévépéﬁgtj%taﬁﬁé bectisea thir ekgleathe

i mge-form ng 058?’1& s%%tems upon one 20 p0| nt on the optl cal axis 0 of
the surface 4a e sipdt Fagel B2 g8 FHélféﬁﬁ férsmléfoﬁofnﬁ‘t Radd. In the
present enbodi nent, however, a ghroggé berr |,_g®n occurs |n t he

i mage-f orm ng ot c& s@%?*é?ﬁ“ N “uﬁ‘elflléa GRped:ftutrf?e

SR o 28 i Fom op oo n ol g 02, e,
illumination NA of the illumination system 2 is 0.05.
The pitch P between the phase-shift sections lc in the
phase-shift mask 1, or the width of each of the phase
10 regions la and 1lb is 10 um (see FIG. 3).

The displacement of an image-forming position due
to the chromatic aberration of the image-forming
optical system 3 will now be described with reference
to FIGS. 6A and 6B.

15 When no chromatic aberration occurs in the image-
forming optical system 3, light beams emitted from one
point on the optical axis O of the phase-shift mask 1,
which do not rely upon their wavelengths, are focused
through the image-forming optical system 3 upon one

20 point on the optical axis O of the surface 4a of
the substrate 4 to thereby form a point image. 1In the
present embodiment, however, a chromatic aberration
occurs in the image-forming optical system 3.
Therefore, as shown in FIG. 6A, of the light beam

25 emitted from one point on the optical axis O of the
phase-shift mask 1, a light beam 13 of a central

wavelength is focused upon the optical axis O on



. wavel ength is focused upon the optical axis 0 on 0 8 MAR 2007 18 the
surface 4a of the substrate 4, a light beam 14 of a wavel ength shorter
than the central wavelength is focused upon the optical axis O above the
surface 4a of the substrate 4 (on the inmage-form ng opticalg 8ysiremgp
side), and a |ight beam 15 of a wavel ength | onger than the central

wavel ength is focused upon the optical axis below the surface 4a of the
substrate 4 (on the opposite side of the RLfage-form ng optical systen).
Consequently, in the present enbodinment, the |light beam 10 emtted from one
point on the optical axis of the phase-shift nmask 1 form an i nage, which

i s defocused tothe| sugaeecaliengtt hdeoptibsdlradd ¢ ,0 aas igidi deean by af
hatched ellipse in FIG 6B, on the surface 4a of the substrate 4. Since,
mor eover, the i%a@%yﬁé?ﬁﬂﬁb SPIEpE| EhlensyidrefeR il elastarngeh fb¥ both
sides, the anounts of defocus in all points on the flat surface 4a of the
substrate 4 aret2fWDSE BRORI Th6 EREHCHthéXisay ahove ity ustaret otauseld in
a direction paraélel to the optical axis. Paying attention to the points 20
correspondi ng to ?h@uP8558§Fi e (RBv ERENGIRI SO GEEGgEs ORI Girfat S FH t he
direction of the, ical ;axis, or .the i nt.s defocused fraomthe surface 4a
of the g%bstra%% 5?'tﬁ8d|ﬁgﬁéggﬁt8ﬁéﬂt %dp A BRSO T Hal 13R9% or on

At B T AR R e Tk S e el
below the surface 4a of the substrate 4 (on the
opposite side of the image-forming optical system).
Consequently, in the present embodiment, the light beam

10 emitted from one point on the optical axis of the
phase-shift mask 1 form an image, which is defocused to
elongate along the optical axis O as indicated by
a hatched ellipse in FIG. 6B, on the surface 4a of
the substrate 4. Since, moreover, the image-forming

15 optical system 3 is telecentric for both sides, the
amounts of defocus in all points on the flat surface 4a
of the substrate 4 are almost equal to each.other, and
the image is defocused in a direction parailel to
the optical axis. Paying attention to the points

20 corresponding to the respective wavelengths of images
elongated in the direction of the optical axis, or
the points defocused from the surface 4a of the
substrate 4, the light intensity distribution finally
formed on the surface 4a of the substrate 4 is one

25 obtained by superimposing (synthesizing) light
intensity patterns formed by light fluxes of the

respective wavelengths.



respective wavel engths. 0 8 MAR 2007 19 The followi ng Table 1 shows a

rel ati onship between an anount of wavel ength displacenent (nm that is
obtai ned by subtracting the central wavelength , from the Welre h of
each of the |ight beans and an anount 5 of | ongitudi nal aberration (anount
of defocus: g m that occurs in each of the |light beans due to the
chromatic aberration of the image-formng optical system3 in the exanple
of nuneric values according to the presentienbodinment. It is seen from
Table 1 that 10 the anmount of wavel ength di spl acenent and the anount of

| ongi tudi nal aberration are alnost in proportion to each other. The

rel ati onship shown i mhEalflog 1bwisiA TaEsult Dfoveprput &t 4 e0sn PeiHoreeR0A t he
assunption that the image-form ng optical system3 is a thin lens. 15 This

rel ati onshi p i sagearoahky o€stvablelshed hevendinddientactnm tiagge: §or m ng
optical system3 that is fornmed by a conmbination of a plurality of |enses.
0 8 MAR 2007 20bTabhedlbyAsobritracft IWay elhengtem t10-00 vor bl éndith 0415 rn0
0.25 Displacenent Amount of Longitudinal 0 19 39 58 77 97 Aberration
the wavelength of each of the light beams and an amount
5 of longitudinal aberration (amount of defocus: um)
that occurs in each of the light beams due to the
chromatic aberration of the image-forming optical
system 3 in the example of numeric values according to
the present embodiment. It is seen from Table 1 that
10 the amount of wavelength displacement and the amount of
longitudinal aberration are almost in proportion to
each other. The relationship shown in Table 1 is a
result of computations performed on the assumption that
the image-forming optical system 3 is a thin lens.
15 This relationship is generally established even in the

actual image-forming optical system 3 that is formed by

a combination of a plurality of lenses.



. Anmount of Wavelength -0.05 -0.10 -0.15 -0.20 -0.25 Displacenent Amount of
Longitudinal -19 -39 -58 -77 -97 Aberration FIG 7 is a graph show ng
light intensity pattern 5 formed on the substrate by a |ight beans of
respective wavelengths in the exanple of nuneric val ues aB8oMaR 1igp7 to the
present enbodinent. FIG 8 is a graph showing a light intensity
distribution finally fornmed on the substrate 4 in association wth the
phase-shift mask in 10 the exanple of nunetic val ues according to the
present enbodinent. In FIG 7, reference nuneral 21 indicates a |ight
beam (solid |ine) whose wavel ength coi n%hgﬁé With the central wavel ength
1, reference nuneral 22 indicates alig eam (one-dot - one-dash |ine)
whose 15 wavel ength is displaced by 0.05 nmfromthe central wavel ength
/1, reference nuwwalt 2¥ i ndicates a |ight beam (broken |ine) whose

wavel ength is displ aced 0. from.the central el eng 2,,
Vics: gt% nunérgif? B e%% O4ie gm% 0.25

reference 0 8 . 24°% Rdi ca a | i"ght” be

(t wo- dot - one- dagh-sBlaremeiHose wavel ength is displaced by 0.15 nmfrom the
central wavelength ~., reference nuneral 25 indicates a |light beam (chain
i ne) whose wavelengith 45 5 displaced by 0.2 nmfromthe central wavel ength

and reference nttrger{(jiituzgirllanldl cgt es al|9l ght lggam 58 o 97

Aberration

Amount of
Wavelength -0.05 -0.10 -0.15 -0.20 -0.25
Displacement

Amount of
Longitudinal -19 -39 -58 =77 -97

Aberration
FIG. 7 is a graph showing light intensity pattern
5 formed on the substrate by a light beams of respective
wavelengths in the example of numeric values according
to the present embodiment. FIG. 8 is a graph showing
a light intensity distribution finally formed on the
substrate 4 in association with the phase-shift mask in
10 the example of numeric values according to the present
embodiment. In FIG. 7, reference numeral 21 indicates
a light beam (solid line) whose wavelength coincides
with the central wavelength 41, reference numeral 22
indicates a light beam (one-dot-one-dash line) whose
15 wavelength is displaced by *=0.05 nm from the central
wavelength A, reference numeral 23 indicates a light
beam (broken line) whose wavelength is displaced by

+0.1 nm from the central wavelength A, reference



. (three-dot-one-dash |ine) whose wavelength is displaced by 0.25 nmfrom
the central wavelength 2.. Referring to FIG 7, a light intensity pattern
10 formed by the Iight beam 21 whose wavel ength coincides wth the centra
wavel ength | corresponds to the light intensity distributﬂUﬁhﬁﬁvmmg
inverted peak pattern portions and a mddle portion shown in FIG 4.
However, as the wavel ength di splaces fromthe central 15 wavelength 2.,
the m ni num val ue of each of the inverted2peak pattern portions increases
to sone extent, but a degree to which the light intensity suddenly
decreases fromeach of the inverted peak pattern portion toward the mddle

portion is | oweiede281(theihevebtet noNAGh tpeakmpatter i d-eeai-ethpot h si des
of each of the inverted peak pattern portions is lowered. In the |ight
beam whose wavel emgi hwhssediwapkaeadtyr eat e sithameal tiyxed0dilst anc&rom €. ,
the 1light beanms 24 to 26 whose wavel engths are each 25 di spl aced greater
than 0.15 nm frometbenteatirabvehaugkindt h 2efethecki ghineirnfledSi ty does not
decrease fromeach of the inverted peak pattern portions toward 0 8 MAR
2001 22 the midadecpbesi anliabtnbesnl (pdaknpatine)nghossumavelmngtdl nost no
swell of light intensity occurs in the mddl e portion. As described above,
the lightdinterdisplpacdebris® & 3 relir®) thghtebbamt YRVEespEED Vier

wavel engths (i.e., the light intensity patterns shown in FIG 7) are
and referenCe numeral 26 indicates a light beam

(three-dot-one-dash line) whose wavelength is displaced
by *£0.25 nm from the central wavelength A.
Referring to FIG. 7, a light intensity pattern
10 formed by the light beam 21 whose wavelength coincides
with the central wavelength A1 corresponds to the light
intensity distribution having inverted peak pattern
portions and a middle portion shown in FIG. 4.
However, as the wavelength displaces from the central
15 wavelength A, the minimum value of each of the
inverted peak pattern portions increases to some
extent, but a degree to which the light inténsity
suddenly decreases from each of the inverted peak
pattern portion toward the middle portion is lowered
20 (the level of normal peak patterns located both sides
of each of the inverted peak pattern portions is
lowered. 1In the light beam whose wavelength is
displaced greater than a fixed distance, i.e., the
light beams 24 to 26 whose wavelengths are each
25 displaced greater than =0.15 nm from the central
wavelength A, the light intensity does not decrease

from each of the inverted peak pattern portions toward



superinposed to obtain a light intensity distribution that is finally
formed on the surface 4a of the substrate 4. In the exanple of nuneric

val ues 10 according to the present enbodinent, as shown in FIG 8, the
surface 4a of the substrate 4 is irradiated with the l'i ght béénMﬁfza l'i ght
intensity pattern distribution having a normal peak pattern (angle
pattern) in which the light intensity has no swell in 15 the m ddle portion
M bet ween the inverted peak pattern portidds R but increases slightly and
substantially nonotonously toward the center of the mddle portion.
Consequently, any crystal nucleus can be generated 20 not in the mddle
portion M but itha poddieonowhepre tthe hnchedapicerk @l tithe nisnvwered peaid
pattern portions of the light intensity distribution is great (or a

posi tion where aheoshtepsivglisofotl tahghentehan ty fioced svalrugpne middle
Furthernore, the light intensity does 25 not decrease in the boundary

bet ween each ofP@Hhel®Rnverted peak pattern portions R and the niddle

portion M (no nornmal peak patterns L are forned), but increases 0, 8 MAR
21 23 slightly and #®no8EER6LEEE EORAEd thE ééﬂﬂ%‘%ﬁtqqﬁéqﬁ(ﬂﬂQ¥%ﬁﬂilon M

t her ef or the |Later r tartln fromthe cr stal Ieus tomard its
peripherg3 is réﬁrm?ﬁﬁ?gd9 EFhE CFafge: oFeFﬁgqﬁaﬁfh% Vee§ %

inverted peak pattern rt Thus n_the present 0 |nent, a crysta
nucl eus can be g%neia?@g n en51ty pbtterns s%own in F%%p q) are

superimposed to obtain a light intensity distribution
that 1s finally formed on the surface 4a of the
substrate 4. 1In the example of numeric values
10 according to the present embodiment, as shown in
FIG. 8, the surface 4a of the substrate 4 is irradiated
with the light beam of a light intensity pattern
distribution having a normal peak pattern (angle
pattern) in which the light intensity has no swell in
15 the middle portion M between the inverted peak
pattern portions R but increases slightly and
substantially monotonously toward the center of
the middle portion.
Consequently, any crystal nucleus can be generated
20 not in the middle portion M but in a position where
the inclination of the inverted peak pattern portions
of the light intensity distribution is great (or
a position where the intensity is not higher than
a fixed value). Furthermore, the light intensity does
25 not decrease in the boundary between each of the
inverted peak pattern portions R and the middle portion

M (no normal peak patterns L are formed), but increases



. a desired position and a considerably lateral growth fromthe crystal

nucl eus can be achieved to forma large-diameter crystallized sem conductor
film 10 There now foll ows an explanation of conditional expressions to
obtain a light intensity distribution of patterns in which thgg |,-.,ght%m
intensity increases slightly and nonotonously toward the center of t

m ddl e portion M The width Wof an |nverted peak 15 pattern portion formnmed
when a | ongitudi nal aberration due to the 28hromatic aberration of the

i mage-formng optical system3 has a maxi numvalue D is given by the

foll ow ng expre55| on (1) based on the theory that is generally understood
as a net hod of Frf%.ﬁ@dzmoaoapﬂpﬂaém sAWpaECt &he oferd Becke |ine. W= 2
X 1.2 (; 2 ., 1) where is the central wavel ength of a | aser beam
suppl i ed from ttﬁ“e e I %oﬂ?EEl?ﬁ M@ﬁ@?ééﬁpﬁﬁfatﬁﬁod@s@r@ﬂ tHe©WGhput at i on
in the 25 above exa]ggle 0 ric values, it is desirable that the wdth

Wof each of invette eE:F(OIBaF ErﬁrBBFF‘ oRYClpEss (oLt iid1S P%Wéﬂiﬁmb as
h X b 7 24 inver. e pa ernporlons
Eggepll:}% 8) |etnl\/%‘rarper lrE?lo %@Fﬁ & Fi ‘éﬁpgﬁnpg %F"{eye’d%gﬂ orﬁjteia&? ot | @ce(rjns
wh t he | i I S skightly. an rmn onous Lovar
!tﬂe celn'ftrasr 01? tkﬁmﬁ%ﬁgﬁ%‘%}%{?%ggﬁﬁ58§/€rg gpem f?lcall gar#/
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a desired position and a considerably lateral growth
from the crystal nucleus can be achieved to form
a large-diameter crystallized semiconductor film.

10 There now follows an explanation of conditional
expressions to obtain a light intensity distribution of
patterns in which the light intensity increases
slightly and monotonously toward the center of the
middle portion M. The width W of an inverted peak

15 pattern portion formed when a longitudinal aberration
due to the chromatic aberration of the image-forming
optical system 3 has a maximum value D is given by the
following expression (1) based on the theory that is
generally understood as a method of determining

20 a diffraction pattern of a Becke line.

W=2 X 1.2 (A p/2)1/2 ce. (1)
where 1 is the central wavelength of a laser beam
supplied from the light source 2a.

Ccnsidering a process of the computation in the

25 above example of numeric values, it is desirable that
the width W of each of inverted peak pattern portions

be substantially the same as the pitch X between the



. to this condition. Considering that an adequate advantage is obtained if
the wdth Wof each of inverted peak pattern portions is sonmewhat close to

10 the pitch X between the inverted peak pattern portions, it is desirable
that the foll owi ng expression (2) be established between the width Wand
the pitch X. 0.5 X X¢c 2 XX ... (2) Arelationship between th&8p¥arehoX

between the 15 inverted peak pattern portions and the pitch P between the
phase-shift sections of the phase-shift nagé 1 depends upon the

i mge-form ng magnification of the image-formng optical system3. In the
exanple of nuneric values according to the present enbodi nent, 20 the

i mage-f or mi ng magretitest iper kofoatthe rinmage-tfioms ngeopfI€al 85yshenrB8etstequal
magni fication and thus the pitch X between the inverted peak pattern
portions coi ncPBESIW £h ligé tpilhdlens ivet wlert niHaitphasec Ehpéttesnet ions.
Substituting the expression (1) for the 25 expression (2), the conditions
of the foll owi nahlégpfcé&iléﬁn(ts)maﬁe@%ém Ve regs ey eSt hokel vf anfle
foll owi ng expression (4). 0 8 MAR 20117 25 0.25X2/ ( 2. X 1 .44 2. ) <D
4X2/ (2 X 1 . 4%BOBotphpogpslygtepardptig centegpel the AiddlgsPriGiPhgtX =
10 gm and. 2. = 0,24855 um.for 5 .the expression (4) as specjfic values of the
exanpl e of nunkBPFE §§F&égfcfﬁéyﬁoﬁi%b%ﬁﬁiﬁnﬁﬂ?%?ﬁ&ﬁyé&%?%%EPon

corresponding to the light beam 24 in FIG. 7 is close
to this condition. Considering that an adequate
advantage is obtained if the width W of each of
inverted peak pattern portions is somewhat close to
10 the pitch X between the inverted peak pattern portions,
it is desirable that the following expression (2) be
established between the width W and the pitch X.
0.5 X X = 2 X X ce. (2)
A relationship between the pitch X between the
15 inverted peak pattern portions and the pitch P between
the phase-shift sections of the phase-shift mask 1
depends upon the image-forming magnification of the
image-forming optical system 3. In the example of
numeric values according to the present embodiment,
20 the image-forming magnification of the image-forming
optical system 3 is equal magnification and thus the
pitch X between the inverted peak pattern portions
coincides with the pitch P between the phase-shift
sections. Substituting the expression (1) for the
25 expression (2), the conditions of the following
expression (3) are derived, as are those of the

following expression (4).



(5)<is obtained with respect to the nmaxi num value D of the | ongitudi nal
aberration due to the chromatic aberration of the inage-form ng optical
system3. 10 35 m< D < 560 um... (5) Referring again to Table 1, it is
understood that the conditional expression (5) is satisfied Sven t hough
an anount of |ongitudinal aberration 97 am corresponding to e MARH3 UM
wavel ength or the mnimum 15 wavel ength is used as the maxi num val ue D of
the longitudinal aberration or an anount of | ongi tudi nal aberration 58 um
corresponding to the half width is used. As described above with reference
to Table 1, the image-form ng optical system 3 m%%h a chromatic 20
aberration has a |inea?5%el 48i onshi$! het viceR an AKOUNE >0fl di$pl)acenent of
a wavel ength fromthe central wavelength 2. and an anmount of defocus (an
anount of |ongitudinal aberration). In other words, the maxi mum- veilue D
of the | ongitudinal $b§irg;ion corres ndigg to 25 the half width can be
expressed by the folto 'n§=1%qudk dn )l' 2Kk XA2 ... (6) 0 8 MER 2007

i stri but i on of the T43H: bRARSUSPrT B0 HFGRREnd 1T gt SE0 cé ™2 %nd k is
5 SO LeLent SRS Ealho s Lbsammunt b dELacks La. e Agmut s o
expressi on (4)rﬁﬂ%f{%6values, the following conditional expression
(5) is obtained with respect to the maximum value D of
the longitudinal aberration due to the chromatic
aberration of the image-forming optical system 3.
10 35 um = D = 560 um ... (5)
Referring again to Table 1, it is understood
that the conditional expression (5) is satisfied even
though an amount of longitudinal aberration 97 um
corresponding to the maximum wavelength or the minimum
15 wavelength is used as the maximum value D of the
longitudinal aberration or an amount of longitudinal
aberration 58 um corresponding to the half width is
used. As described above with reference to Table 1,
the image-forming optical system 3 with a chromatic
20 aberration has a linear relationship between an amount
of dispvlacement of a wavelength from the central
wavelength A and an amount of defocus (an amount of
longitudinal aberration). In other words, the maximum
value D of the longitudinal aberration corresponding to
25 the half width can be expressed by the following
equation (6).

D=k X AA Y



be nodified to the follow ng conditional expression (7) wth reference to
the rel ationship of the equation (6). 0. 087 <k A2 2. /X2 < 1. 389 ...
(7) 10 In the present enmbodinent, it is desirable to satisfy the

condi tional expression (4) or (7) to obtain a light intensiggy Mj\lqugm buti on
of patterns in which the light intensity increases slightly and

nonot onously toward the center of the mdide portion. In the 15 foregoing
enbodi ment, the KrF excinmer laser light source 2a supplies a |aser beam
having a Gaussian intensity distribution as a whole. As a nodification to
this, however, uihe Krfk jexciner hbasewikicghttsounee ek igan Supply a | aser
beam having a maximumintensity at 20 a plurality of given wavel engt hs that
di ffer from onantameiingr .diFHGS @A @ndo HBtreel kkkusberati enppfi eldhe
structures and functions of different etal ons each of which converts a

br oadband wavelfengt tHa dghigtbeaspunte 2&, aaplukalist w abelfifghti el¢ans of
different wavel engths as nodifications to the present enbodi nent. The

etal on shown ishoMiGg FA nat i af rtigapangpetevdl driandst at the8 apdRn2007

27 shown in FIG 9B is a solid type etalon. FIGS. 10A and 10B are charts
showing & i ghpfs&irifdwqmﬁt@%nwam%n@*ﬁgt Rrémsthebgenddaand poi nt

i mges forned by a pl urallﬁiy of wavel ength | ight beans in the 5

nodi fi cati ons t"‘@vtel”]r@ffﬁtés t- enBGdiGREHAL T 992 bt afBRE2810Bhéhh FARFFEISOA is

nmade up of a ir rallel flat
P p% modlfel to the following conditional expression (7)

with reference to the relationship of the equation (6).

0.087 < k- AX - A/X2 = 1.389 cee ()

10 In the present embodiment, it is desirable to
satisfy the conditional expression (4) or (7) to obtain
a light intensity distribution of patterns in which the
light intensity increases slightly and monotonously
toward the center of the middle portion. 1In the

15 foregoing embodiment, the KrF excimer laser light
source 2a supplies a laser beam having a Gaussian
intensity distribution as a whole. As a modification
to this, however, the KrF excimer laser light source 2a
can supply a laser beam having a maximum intensity at

20 a plurality of given wavelengths that differ from one
another.

FIGS. 9A and 9B are illustrations of the
structures and functions of different etalons each of
which converts a broadband wavelength light beam into

25 a plurzlity of light beams of different wavelengths as
modifications to the present embodiment. The etalon

shown in FIG. SA is an air gap type etalon and that



pl ates 28a and 28b arranged with a given gap t therebetween. These

paral |l e

i nci dent surface of the second

second fl at

whose wavel engths differ fromeach other.
2. between a plurality
beans,

wavel engt h i nci
equation (8).
wavel engt h of
supplied from

d it l.u 248. 5.
present nDdlflca?l%n %B gggggéﬁ%tﬁgpdéﬁ%'ﬁﬁgﬁg &@a%fﬁztég%l d¥to the
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l'i ght

woy ds,

flat plates 28a and 28b are each fornmed of transparent gl ass.

this case, a peak interva

ich are formed by the etalon 28 based on a broadband

8 = 2, 2/ ere 2. is the central
a1§$0385aﬁ8 WBVERQWdPﬁ gl& e MUt Q%F%##%F%ﬁ@ly
the t he 25

of (four in this enbodi nent) discrete wavel ength

AT 4Bef LBeart |l§ Gl Bt (—?d:adeI‘t he FHF$ ol Py and

I n
the etalon 28 10 so fornmed, a |ight beamthat has passed through the first
flat plate 28a, e.g., a |laser beamis applied to and/or ref@écM@ﬂZ%y t he

6

flat plate 28b and finally emtted fromthe
plate 28b as |ight having a plgrality of optical 15 elenents

In

am$a991cQEQHhQavgpghkogre%%%% wavel ARaths ﬁhﬁﬁgrﬁﬁfcan gépes

stribution as shown in

source 2a by the action of the etalon 28 with a

10

15

20

25

plates 28a and 28b arranged with a glven gap t
therebetween. These parallel flat plates 28a and 28b
are each formed of transparent glass. In the etalon 28
so formed, a light beam that has passed through the
first flat plate 28a, e.g., a laser beam is applied to
and/or reflected by the incident surface of the second
flat plate 28b and finally emitted from the second flat
plate 28b as light having a plurality of optical
elements whose wavelengths differ from each other.

In this case, a peak interval 0 A between a plurality
of (four in this embodiment) discrete wavelength light
beams, which are formed by the etalon 28 based on

a broadband wavelength incident laser beam, is
represented by the following equation (8).

§A = L2/(2tcosB) e (8)
where A 1is the central wavelength of a broadband
wavelength light beam that is inherently supplied from
the light source 2a and its value is 248.5 nm in *“he
present modification, and 8 is an incident angle cof
a laser beam to the etalon and its value is 0 degree.

To obtain a peak interval 6 4 of 0.133 nm, for example,



. of 231 um The |ight beam having four peak wavel engths includes a first
wavel engt h optical conponent Al whose 10 central wavelength is 248.3 nm a
second wavel ength optical conponent Bl whose central wavelength is 248.433
nm a third wavel ength optical conponent B2 whose central m®§ebgng;h is
248.566 nm and a fourth wavel ength optical conponent A2 whose RrFal 15
wavel ength is 248.7 nm In this case, as shgwmn in FIG 10B, the first
wavel ength optical component Al fornms a point inage O, which is defocused
due to a chromatic aberration of the inmage-formng optical system 3,

above the surfagegfgegfgggetnggtEgt%e4§%%(ﬂdm@yfiﬁh@ I ragesdiprm ng

optical system 3). The “second wavel ength optical conponent Bl forns a

def ocused poi nty,bpage Plihghweer ahh@asuifpce Aa falt Reavsubss£at e doand the
point image . Simlarly, 'the third wavel ength optical conponent B2 forns

a defocused 25 point shapge BZei Rha pRasid iion dHatidtserH anetdi sakiyut opposed
to the point inage DL wwth regard to the surface 4a of the substrate to be
processed. 0 8 M\RsROOX iR9FThe fioar thinnwaeeldngtimaptiadd component A2
formse a defocused point image C2 in a position that is dianmetrically
opposed to the pobatbandgeaCk lenplihr égard tearthewwfiase Zheomfthdelight
substrate 4. The intervals of 5 these point inmages (Cd, D, D2, C2) are
the same. The p®barcengdgebvaitde acltaged oin e edlalsn G egioh 2 gap t
of 231 um.
The light beam having four peak wavelengths
includes a first wavelength optical component Al whose
10 central wavelength is 248.3 nm, a second wavelength
optical component Bl whose central wavelength is
248.433 nm, a third wavelength optical coﬁponent B2
whose central wavelength is 248.566 nm, and a fourth
wavelength optical component A2 whose central
15 wavelength is 248.7 nm. In this case, as shown in
FIG. 10B, the first wavelength optical component Al
forms a point image Cl, which is defocused due to
a chromatic aberration of the image-forming optical
system 3, above the surface 4a of the substrate 4
20 (toward the image-forming optical system 3). The
second wavelength optical component Bl forms a
defocused point image Dl between the surface 4a of the
substrate 4 and the point image Cl. Similarly, the
third wavelength optical component B2 forms a defocused
25 point image DZ in a position that is diametrically

opposed to the point image D1 with regard to the

surface 4a of the substrate to be processed.



. (indicated by hatching) corresponding to an elliptic hatched portion
i ndicative of a defocused inmage that is elongated in the direction of the
optical axis in 10 FIG 6. In the present nodification, too, the |ight
intensity distribution finally formed on the surface 4a of the substrate 4
i s one obtained by superinposing (synthesizing) |ight inten§i8t wApaudrer ns
formed by the 15 wavel ength optical conpon gts (A, B1, B2, A2). It wll be
understood that the same advantage as that~of the above air gap type
etal on can be obtained from another type of etalon, e.g., a solid type
etalon with a refle%tin film29a on either side of 20 a transparent fl at
substrate 29 hatifg QUngcWﬁ¥§éeBEtP ORS iSFowrqP et o foxnsi1l is a
graph showing a light intensit pattern forned on the substrate by each of
the four mavel%nﬁgh08ﬁﬁﬁgapoééﬁpéﬂéﬁﬁsC@APP Bl PER L) Prrleseri bed
above. Referrin%iéﬁ in the | intensity. tterns fornmed by the

wa

| G i,gh
second and thir %gféﬁaiiyoogpﬂﬁﬁdzég7%h§bFﬁﬁfﬂbd@“@%ﬁﬁﬁhéﬁ&%hB{e%ﬁHdBZ
the S Tant Tnoendi F58. R52=p5° 4Rc phaskel s Gaa%nd dhn rrin AR EU SIS RE

the |ight intensi “T0o decrease t0 som 1
cont rast S the TTaNE Tt CREPEy BGtters 't Sted By T 117 stoknd fourth |
The point images are included in an elliptic region
(indicated by hatching) corresponding to an elliptic
hatched portion indicative of a defocused image that is
elongated in the direction of the optical axis in
10 FIG. 6.

In the present modification, too, the light
intensity distribution finaliy formed on the surface 4a
of the substrate 4 is one obtained by superimposing
(synthesizing) light intensity patterns formed by the

15 wavelength optical components (Al, Bl, B2, A2).

It will be understood that the same advantage as
that of the above air gap type etalon can be obtained
from another type of etalon, e.g., a solid type

etalon with a reflecting film 29a on either side of

20 a transparent flat substrate 29 having a thickness of

Jer

as shown in FIG. 9B.

FIG. 11 is a graph showing a light intensity
pattern formed con the substrate by each of the four
wavelength optical components (Al, Bl, B2, A2)

25 described above.
Referring to FIG. 11, in the light intensity

patterns formed by the second and third wavelength



wavel ength optical conponents Al and A2 whose wavel engths are each distant
fromthe central wavelength 2L the m ninum val ue of each of the 10
inverted peak pattern portions increases, whereas the |ight intensity does
not decrease fromeach of the inverted peak pattern portion%(;gmﬁr he

m ddl e portion therebetween or no swell of the light intensity occurs in
the mddle portion. 15 FIG 12 is a graph showing a light intensity

di stribution obtained by synthesizing the éﬁtical conmponents shown in FlIG
11 and finally formed on the substrate 4. As shown in FIG 12, a |light
intensity 20 distribution in which_no swell of light intensity occurs in
the niddl e port?PBhlfbeERBEBANERE Si Aerréd B2padio smattaial gorthonsr R pacht he
light intensity |ncreases notonously toward the center of the mddle
portion M is fFﬁL?F&V? YnEdOGR Re 66 P80 Tad S vinee B - ubst rtdi®e 4. Thus,
any crystal nucieUﬁtis Eot .gen%rated_in the mddle portion M but can be
done in a posittOhtwhBFEREAEYI AEFMRatiCoesT aaRe iTR 1% PEek® BrMAR 2007

31 pattern portégg& 5%i9h5h§n@E9Q%di%%%3§%% ﬁ%ﬁﬁiﬁéggiéiguis grgs%%eSince

the light intensify increases nono Y of m ddl e

portion M more,chgarl yotpaps! gh%%b%we%hdesczﬁi D6 o] MeDtn @ 108he

| ateral crystal growth startin roma crystal = nucleus bwﬁ?dﬁ
periphery is easyttQsfeachaakBRSt formed by the first and fourth

wavelength optical components Al and A2 whose
wavelengths are each distant from the central
wavelength A1, the minimum value of each of the

10 inverted peak pattern portions increases, whereas the
light intensity does not decrease from each of the
inverted peak pattern portions toward the middle
portion therebetween or no swell of the light intensity
occurs in the middle portion.

15 FIG. 12 is a graph showing a light intensity
distribution obtained by synthesizing the optical
components shown in FIG. 11 and finally formed on the
substrate 4.

As shown in FIG. 12, a light intensity

20 distribution in which no swell of light intensity
occurs in the middle portion M between the inverted
peak pattern portions R but the light intensity
increases monotonously toward the center of the middle
portion M, is finally formed on the surface 4a of the

25 substrate 4. Thus, any crystal nucleus is not
generated in the middle portion M but can be done in a

position where the inclination of the inverted peak



the:- central part of the mddle portion without being limted to the range
of the wwdth of each of the inverted peak pattern portions. 10 In the
present nodification, too, a crystal nucleus can be generated in a desired
position and an adequate |lateral crystal growth fromthe qyth@ltmpucleus
can be achieved to forma |large-dianeter crystallized seniconduc%or film
as in the above 15 enbodinent. In the present nodification, the decree of
freedom of design for the shape and the nufBer of peaks of each wavel ength
i ght beamis higher than that in the above enbodinent. It is thus easier
to achieve a light intensity distribution in which the [ight 20 intensity
i ncreases posit PeeF§rANHOABAGNENBUSY Hhewaridrhtt hientoemd Bry ofii s heipuddbe
portion than in the above enbodinment. In the above nodification, a
br oadband wavel &fgEheafi ghPilpeamtirs déivdr tied enstica plareksey of
wavel ength 25 Iight bea usi ng an etal on. However, the present invention
is not limted FOUPhPROUPLYatRParEl ity sentegsa@f pdmmnidate spoghtdy Mary
in oscillation 8 8 Nhf 2097 ﬁé mavelgpgth are synthesized, a plurality of
desired wavel ehgth Fight L Bebifecan FESOBPAVFedSSSHPes Preeadlneytof 1 ght
source sections.for plying light beans whose central wavel engths
eneral Iy differ r%%?g‘%%echSF%érggﬁ&%Q AEeSi%Zi P et $ons Fot
9 LY . ! .
synthesizing - aplpcality.gfql aser Rean.3yPR ed framthe Lioht .
the central part of the middle portion without being
limited to the range of the width of each of the
inverted peak pattern portions.
10 In the present modification, too, a crystal
nucleus can be generated in a desired position and
an adequate lateral crystal growth from the crystal
nucleus can be achieved to form a large-diameter
crystallized semiconductor film, as in the above
15 embodiment. In the present modification, the degree of
freedom of design for the shape and the number of peaks
of each wavelength light beam is higher than that in
the above embodiment. It is thus easier to achieve
a light intensity distribution in which the light
20 intensity increases positively and monotonously toward
the center of the middle portion than in the above
embodiment.
In the above modification, a broadband wavelength
light beam is converted into a plurality of wavelength
25 light beams using an etalon. However, the present

invention is not limited to this. If a plurality of

laser beams that slightly vary in oscillation



source sections. Instead, a plurality of desired wavelength |ight beans
can be’ obtained by inserting a nmulti-filmmrror, which reflects only the

| ight beam 10 of a specific wavelength, into an illum nation optical path
of a broadband wavel ength light beam In this «case, it 'is qﬁ@@mﬁrﬁ FIG 7
that a great inprovenent: can be provided sinply by elimnating on gathe
central wavelength that contributes to a swell of the intensity 15
distribution the nost. The above enbodi nent3Znpl oys the phase-shift mask 1
that is formed by one-dinensionally arranging two types of slit-shaped
phase regions corresponding to phases 0 and t. However, the present
.invention is nowaelengttrecirten ihithedided, phaskushl ftymaskdebatreids f or ned
by two-di nensionally arrangi ng four rectangular regions corresponding to
phases 0, r/2, ¥aveded@w 2 it heangsethn g tdletabned uaiggneral , a
phase-shift mask_ having an intersection point (phase shift section) of 25
three or nore pRaSéadHitht Afi deghdndIwrTrdstictenhafort herphvegoallightt he
conplex transmttance of a circular region with the intersection point at
the center can BEHSEYIRRS2GEPLIEE y&6tE L My dovevenar phhgedsifpr sk
having a circular step.corresponding . to a phase-shift section and set

such that”a pha88edFPF%P§ﬁb€ e T oS t T L PR ghP T bEHRTHR SERENT

be used. The | | GhE L RERRETty i SLA U B CHFBE Sonptrea Bgeq ont |
source sections. Instead, a plurality of desired
wavelength l1ight beams can be obtained by inserting
a multi-film mirror, which reflects only the light beam
10 of a specific wavelength, into an illumination optical
path of a broadband wavelength light beam. In this
case, it 1s seen from FIG. 7 that a great improvement
can be provided simply by eliminating only the central
wavelength that contributes to a swell of the intensity
15 distribution the most.
The above embodiment employs the phase-shift
mask 1 that is formed by one-dimensionally arranging
two types of slit-shaped phase regions corresponding to
phases 0 and n. However, the present invention is not
20 limited to this, but a phase-shift mask that is formed
by two-dimensionally arranging four rectangular regions
corresponding to phases 0, =n/2, =n, and 37 /2 can be
used. Furthermore, in general, a phase-shift mask
having an intersection point (phase shift section) of
25 three or more phase shift lines and formed such that
the integral of the complex transmittance of a circular

region with the intersection point at the center can be



in the design stage, but it is desirable to observe and confirmthe |ight
intensity distribution on the actual surface to be processed (the surface
to be exposed). 10 To do this, the surface to be processed has only to be
expanded by an optical systemto receive a light beam through an image

pi ckup device such as a CCD. Wen a light beamfor use is gp r ¥AR @loet rays,
the optical systemsubjects to constraint% and thus the |ight beam 15 can
be converted to a visible one by providing 2 f | uor escent plate on the
surface to be processed. A nethod of manufacturing an electronic device by
t he nanufacturing?gevice and nethod of the present invention wll be

described with F'&f8rent@ 68 Es.2 FIRSYT ot LarasAshprEnst ﬁat:];éélcilﬁﬁl‘:l G

I film31 9., .a lamnated filmof an SiN filmhaving a
%ﬁﬁ%kﬁgsgngsr58¥ﬁépah8g%ﬁsﬁéé§¢%qrH%éVﬁﬁf%FT?ﬁ%ﬁﬁe%%CtanlégdﬂﬁfFand an

i film.32 25,. S, and Si Ge each _having a
?mgﬁggg: gfmagggg}{cgglgﬁn;at g;hfﬁ r%jr%fefa S HoT r}é%ce‘ﬁ??no@e}:rﬁn?@&péﬁaul ng
[ [ bst G 18l kal i siliica_0 8 MAR 2Q07
brzgg?tLﬁgsf?cfi%§é€p§%?%ﬁf%%fj%§K%ﬁ%ﬁ?%a %%%%%ran%ebggi?FBﬁ?ugnggering
and the Iike. TheRnsaR @xei MBIghd 238k Q??éﬁrﬁg’s(%' G KIE ANy Xed) 1S
applied to part or all of the surface of the anorphous” sem Conductor 5
film32. To apptyet hegBxcCiipRlenassr heamihhe deviss nand.mpthod afethe

above enbodi ment are used.
in the design stage, but it is desirable to observe and
confirm the light intensity distribution on the actual
surface to be processed (the surface to be exposed) .

10 To do this, the surface to be processed has only to be
expanded by an optical system to receive a light beam
through an image pickup device such as a CCD. When
a light beam for use is ultraviolet rays, the optical
system subjects to constraints and thus the light beam

15 can be converted to a visible_one by providing
a fluorescent plate on the surface to be processed.

A method of manufacturing an electronic device by
the manufacturing device and method of the present
invention will be described with reference to FIGS. 13A

20 to 13E.

As 1llustrated in FIG. 13A, an underlayer film 31
(e.g., a laminated film of an SiN film having a
thickness of 50 nm and an SiOp film having a thickness
of 100 nm) and an amorphous semiconductor film 32

25 (e.g., Si, Ge and SiGe each having a thickness of about
50 nm to 200 nm) are formed all over a rectangular

insulation substrate 30 (e.g., alkaline glass, silica



Consequently, the amorphous sem conductor film32 is crystallized into a
polyc?ystalrine sem conductor film 34 as shown in FIG 13B. The

pol ycrystalline 10 sem conductor film 34 so forned is converted to a

pol ycrystal lized or single crystallized sen conductor f'!”h%b%ﬁﬁ_ﬁﬁy5t3|
grain positions are controlled and whose crystal grain diameter is"|arger
than that of a polycrystalline sem conduc or filmformed by the 15 .
conventional manufacturing device. The polycrystallized sem conductor film
34 is processed by photolithography to formisland-like sem conductor

filmse 35. As shown_in FLG _13C, _an Si . filmhaving a thickness of 20 nm
to 100 nmis fo?ﬁ%ﬁSOnpgﬁsFﬁg’umﬁQI 15450 FAY qpide8EaREordanetor fil m 35

as a gate insulgtion.film36 by.chem cal vapor depositjion, sputtering or
the Iigke. Then,égbgg éESPectstléé:eﬁ“(%ag’%O} § iR anBh®BW anj §XEdRAEd i n

ti di t .t em : 25 ductor film35 on the gate film
36, "tmi gt he garoohl B0road 3% FE T e st i . o%%p%ﬁ;flgﬁgibﬁgi;uz s
d wh t he degvi i Srfa tr is%ir and O oron
S hsed mhen i 1oL s e P Ehainer eeace dory S dloniun et hesdtneet

sem condugtor fEfiMm352to0 @gkgpbﬁbsthgIéyéyhéytﬁgg% rbé%%it¥§§'g§$£§é t hat
the entire device is annealed in a nitrogen atnosphere (e.g., one

hour at 450) toanctiyahedtbe ikARRUGKGWRS drbhddiGnerste conducgor film35. As a
result, the sem conductor
Consequently, the amorphous semiconductor film 32 is
crystallized into a polycrystalline semiconductor film
34 as shown in FIG. 13B. The polycrystalline
10 semiconductor film 34 so formed is converted to a
polycrystallized or single crystallized semiconductor
film whose crystal grain positions are controlled and
whose crystal grain diameter is larger than that of a
polycrystalline semiconductor film formed by the
15 conventional manufacturing device.

The polycrystallized semiconductor film 34 is
processed by photolithography to form island-like
semiconductor films 35. As shown in FIG. 13C, an Si0p
film having a thickness of 20 nm to 100 nm is formed on

20 the underlayer film 31 and.semiconductor film 35 as
a gate insulation film 36 by chemical vapor deposition,
sputtering or the like.

Then, a gate electrode 37 (e.g., silicide and MoW)
is formed in a location corresponding to the semicon-

25 ductor film 35 on the gate film 36. Using the gate
electrode 37 as a mask, impurity ions 38 (phosphorus is

used when the device is an N-channel transistor, and



film35 serves as a source 41 and a drain 42 both having a high inpurity
concentration, and a channel region 40 | ocated therebetween, corresponds
to the gate 10 el ectrode 37 and having a low inpurity concentration. An

interlayer insulation film39 is forned on the gate film 368 MAengrcont act

hol es are fornmed in those portions of the interlayer insulation film 39
and gate film36 that correspond to the source 41 and drain 42. 15 After
that, a source electrode 43 and a drain el ectrode 44, which are
electrically connected to the source 41 and drain 42 through the contact
hol es, are formed on .the interlayer insulation film 39 by deposition and
patterning, as SO itF HISES 192 11t chf BeP20hanael stseastifaomhare
thin-filmtransistor. so forned is a |arge-dianeter_polycrystal -or
nonocr yst al siné@é%%ﬁ%ﬁ%xﬁdﬁhﬂ?ﬁet?ﬁﬁl?g?ﬂ%CFﬁé Eﬁéﬁnéé 29 gker dbdssed
by | aser beami ra.adi at i described with reference to FIGS. 13A and
13B. The smﬁtchFﬁgqgggégpgﬁﬁghc:EZB Y¥%ﬁsisgéFertﬂFﬁhth€h§ﬁtﬂﬁﬁt of a

transi stor usin sem condu r to whjch npo | aser beam.s
Lpl T ed. CA pol vaRy e L P b0 B0 8PRRRE2 G570 36 To
{ransistos can Baclemianed tndavad dLomdeorysl b dit gy unetion and

function of integrated circuits such as a nenory €a CPU

circuit that reeuiikcesduoddhstiangdi g voitage is,{orned.i 0 pian amorphous
sem conductor film while a transistor of a driver circult that requires
hi gh- speed nobi ity i3 serves as a source 41 and a drain 42 both
having a high impurity concentration, and a channel
region 40 located therebetween, corresponds to the gate
10 electrode 37 and having a low impurity concentration.
An interlayer insulation film 39 is formed on the
gate film 36. Then, contact holes are formed in those
portions of the interlayer insulation film 39 and gate
film 36 that correspond to the source 41 and drain 42
15 After that, a source electrode 43 and a drain electrode
44, which are electrically connected to the source 41
and drain 42 through the contact holes, are formed on
the interlayer insulation film 39 by deposition
and patterning, as shown in FIG. 13E. It can be
20 understood that the thin-film transistor so formed is
a large-diameter polycrystal or monocrystal since
a semiconductor that forms the channel 40 is processed
by laser beam irradiation as described with reference
to FIGS. 13A and 13B. The switching speed of such
25 a transistor is higher than that of a transistor using

an amorphous semiconductor to which no laser beam is

applied. A polycrystallized or single crystallized

a
A



pol ycrystal li zed or nonocrystallized. Industrial Applicability As descri bed
above, according to the present 10 invention, an inverted peak pattern
light intensity distribution is formed on the substrate to be processed,
in which the light intensity does not decrease in the bo@dﬁéﬁ@ gt ween
each of the inverted peak pattern portions and the mddle portion 15

t her ebet ween but i ncreases nonotonously toward the center of the mddle
portion through a cooperation between a.Ii%ﬁn source for supplying |ight
beanms within a given range of wavel engths and an image-formng optical
system havi ng an aberration corresponding to 20 the range of wavel engt hs.
Consequent |y, atEéPPSELEI-Chnr@ede BEgrene? dvedei @ Aldesdr edypasilti on and
an adequate |ateral growth fromthe crystal nucleus can be achieved to
forma |arge-di SretePSciyShia &hd serf eariertet oP L f iNAPYREtRA Checabsge
descriptions, a su&ject to be crystallized is regarded as a substrate to

be processed. Pt-Wi Pr° e imitrerst ’hdﬁuﬁﬁb.%%%j%c@P?o 0A8CKMARU2607 37
Che substrate, S Helorinery & The " BVE ShOUU HERE . TolCFyetaifize a
'case. the subsir A serves satrath ! 15 BT R bect ekt SR St ePRal 1o
be crystallizedsi 8rAQtr circuit that requires high-speed mobility is
polycrystallized or monocrystallized.
Industrial Applicability
As described above, according to the present
10 invention, an inverted peak pattern light intensity
distribution is formed on the substrate to be
processed, in which the light intensity does not
decrease in the boundary between each of the inverted
peak pattern portions and the middle portion
15 therebetween but increases monotonously toward the
center of the middle portion through a cooperation
between a light source for supplying light beams within
a given range of wavelengths and an image-forming
optical system having an aberration corresponding to
20 the range of wavelengths. Consequently, a crystal
nucleus can be generated in a desired position and an
adequate lateral growth from the crystal nucleus can be
achieved to form a large-diameter crystallized
semiconductor fiim.
25 In the above descriptions, a subject to be
crystallized is regarded as a substrate to be

processed. It will be understood that the subject to



»

limted to silicon. For exanple, another sem conductor such as Ge and Si Ge
can be used. The material is not Ilimted to a sem conductor but has only
to be netal if 10 it has crystallinity. In the present inﬁﬁn @
crystallization neans inproving a degree of crystallizati A d@”exanple
the crystallization of an anorphous nmatter neans that it is converted to a
polycrystalline or imge crystal matter, and that of 15 a polycrystalline
matter neans that it is converted to a inﬁae crystal matter. In the
present invention, the phase-shift section of the phase-shift mask is not
limted to a boundary or a point between different phase regions, but

i ncl udes 20 a n%%rB§OESF§?§nl§fa@h@m@ﬁmhﬁﬂﬁ/%ﬂﬁjRﬁﬁYﬁrY$%¢lle&anpheermhen
a light-shield reglop t hat extends al on t he boundary of the phase-shift
mask is provideQdfi hofeCoMesdPRc dhe ﬁ@%ﬁ@qﬁﬂﬁmnﬁﬁ ThECT{lghd - shi Bhe regi on
is a phase- Shlf sect®§ | n_ot her, wor %gtlnverted 25 peak pattern
portion having & Phemse heﬂﬁlﬂﬁﬁﬁﬁ %%ﬁuﬁrﬁ?gsfﬂ?%%d*@oltself
correspond to t gtl%hleld r.eg MAR 2uU7 38 CLAMS1

crystalI|zatlonbap%aratusc%8d6915|n 5 %ﬂ%ﬁﬁ?%ﬂﬁ?%e?E&%nh%%?ngl%tthb%st

two phasesshift, §gct|:9gs S%r,LaltIeI lérgr%tl Q. sayst m%%;gg eIFr??]Ets a |light

beam of a glven wave engt rang i dniate 1
processed. The material to be crystallized is not
limited to silicon. For example, another semiconductor
such as Ge and SiGe can be used. The material is not

limited to a semiconductor but has only to be metal if
10 it has crystallinity. 1In the present invention,
crystallization means improving a degree of
crystallization. For example, the crystallization of
an amorphous matter means that it is converted to
a polycrystalline or image crystal matter, and that of
15 a polycrystalline matter means that it is converted to
a image crystal matter.
In the present invention, the phase-shift section
of the phase-shift mask is not limited to a boundary or
a point between different phase regions, but includes
20 a nearby portion of the boundary and point. For
example, when a light-shield region that extends along
the boundary of the phase-shift mask is provided in one
of adjacent phase regions, the light-shield region is
a phase-shift section. In other words, an inverted
25 peak pattern portion having a peak value of the minimum
strength is formed to correspond to the light-shield

region.



. mask; and an inmage-form ng optical systemarranged in an optical path
bet ween the phase-shift mask and 10 a subject to be processed, the
phase-shift mask converting an intensity pattern of the |ight beam emtted
fromthe illunmnation systemso as to have a light intensith® dM8tdhbution
having inverted peak pattern portions having a smallest peak value of
light 15 intensity in portions correspondlng to the phase-shift section,
and applying the 1ight beamto the subject 3o crystallize the substrate,
wherein the phase-shift mask and the subject are arranged in a conjugate
position of the image-formng 20 optical system and the inmage-formng
optical system has an aberration corrlespdhdindg $o the gi ven wavel ength
range to forma ligh |nten5|ty distribution of waveformpatterns wth no
swel | of intensity i %aawétﬁérh%lb%tm&vraz@% heomhmyes i ed: peak

pattern portions on the su je tallization apparatus according
to claimi1, wherein“tha® EBeFr&Fuoﬁ‘ g? ‘%Hﬁﬁ tep ot stmRORBDBT-SIBOLE he

gi ven wavel ength, ran Sls a chromatic aberratlon that represents that
optical conponents of "different mavelengths vary in image-formng

S U i L e R
a given wavelength range to illuminate the phase-shift
mask; and

an image-forming optical system arranged in
an optical path between the phase-shift mask and
10 a subject to be processed, the phase-shif: mask
converting an intensity pattern of the light beam
emitted from the illumination system so as to have
a light intensity distribution having inverted peak
pattern portions having a smallest peak value of light
15 intensity in portions corresponding to the phase-shift
section, and applying the light beam to the subject to
crystallize the substrate,
wherein the phase-shift mask and the subject are
arranged in a conjugate position of the image-forming
20 optical system, and
the image-forming optical system has an aberration
corresponding to the given wavelength range to form
a light intensity distribution of waveform patterns
with no swell of intensity in a middle portion between
25 the inverted peak pattern portions on the subject.
2. The crystallization apparatus according to

claim 1, wherein the aberration corresponding to



. a light source which supplies a |light beam having a Gaussian
wavel ength-to-intensity distribution as a whole. 10 4. The crystallization
apparatus according to claiml1l, wherein the illum nation system has a
light source which supplies a |ight beam having a nmaxi num0'& M8ty at a
plurality of given wavel engths that differ fromone another. 15 5. The
crystallization apparatus according to claim4, wherein the given
wavel engt hs are provided at regular inter dls within the gi ven wavel engt h
range. 6. The crystallization apparatus according to claim4 or 5, wherein
the light source includes 20 an etal on having an interval ngetv\een.
reflection pl anédd'® GOridspERE IR IS 19 ervdl BEWEER T 12 i Ve o8

wavel engths. 7. The crystallizat,i or]EI appar at.us accordiLnsg 1o dic%faiﬁne]nﬂft or 5,

wherein the |i gt eodrdd i 05 1 il 5 SO THYH Souted sectiThs whi ch

supply light beans .of central vel . R t di r, f . one another in
accordance with Wtahveelgeln %S\Na\sae })é\ﬁlgr{ hlgp%%wgg%otlﬁ{n& alrgynt hesi zi ng
section which synthesizes, a p uralddy; of, 14,00t beams supplied fromthe

| ight source sections. 8. e crystajl I zat1 on apparatus according to 5

claim 2, wherein whemya maxd nawy yad Ui oft foh oONghd ke el acabed1ayion caused
due to the aberration based on

claim 1 or 2, wherein the illumination system has

a light source which supplies a light beam having

a Gaussian wavelength-to-intensity distribution as

a whole.

10 4. The crystallization apparatus according to
claim 1, wherein the illumination system has a light
source which supplies a light beam having a maximum
intensity at a plurality of given wavelengths that
differ from one another.

15 5. The crystallization apparatus according to
claim 4, wherein the given wavelengths are provided at
regular intervals within the given wavelength range.

6. The crystallization apparatus according to
claim 4 or 5, wherein the light source includes

20 an etalon having an interval between reflection planes
corresponding to an interval between the given
wavelengths.

7. The crystallizatioﬁ apparatus according to
claim 4 or 5, wherein the light source has

25 a plurality of light source sections which supply
light beams of central wavelengths that differ from

one another in accordance with the given wavelengths



« the light beam supplied fromthe light source is D, a central wavel ength
of the Iight beam supplied from the Iight source is A and a pitch between
the 10 inverted peak pattern portions forned on the subject is X a
foll owi ng, expression is satisfied: 0.87 < D . A/X2 <_ ﬂ’@&ﬁm.aﬁz The
crystallization apparatus according to claim2, wherein when a central

wavel ength of the light 15 beam supplied %ronlthe | ight source is A a
hal f width at half nmaxi nrum of the intensit& distribution of the Iight beam

supplied fromthe light source is AA, a coefficient indicating a ratio of

an anount of defocus to an anmount of displacenent of a wavelength 20 from
the central mavéVEhétﬁ¥Q§Q§ﬁ&Z%ﬂﬂj%fﬁﬁ%QﬁzJhﬁéﬁ&ﬁ%?ﬁﬁﬁfﬁ%ﬁ%rted peak

Catioficd: 0. 087 SREE kY %t P S e e
appar atus accor iJ\ éé)ségif% jm9, wherein the neans includes optical

means provi ded between e phase-shift mask and the subject to change a

| i ght beam havi ng inwgrtﬁﬂqug¥y 1ef 0O & MR 2007, s A ordionssowhich s

emtted fromthe phase-s t mask, so as to have a plurality of optica
conponent s, whose-; yvavel engths al el fenentirand wpply dhe lighyi heamd o

the subject. 5 11. A nethod of crystallizing a subject to be processed by
illumnating a phase-shidt dBsdedndlie to the aberration based on
the light beam supplied from the light source is D,
a central wavelength of the light beam supplied from
the light source is A, and a pitch between the
10 inverted peak pattern portions formed on the subject is
X, a following expression is satisfied:
0.87 < D . A/%2 < 1.389.
9. The crystallization apparatus according to
claim 2, wherein when a central wavelength of the light
15 beam supplied from the light source is A, a half width
at half maximum of the intensity distribution of
the light beam supplied from the light source is A4,
a coefficient indicating a ratio of an amount of
defocus to an amount of displacement of a wavelength
20 from the central wavelength A4 is k, and a pitch
between the inverted peak pattern portions formed on
the subject is X, a following expression is satisfied:
0.087 < k . Al . A/X2 < 1.389.
10. The crystallization apparatus according to
25 claim 9, wherein the means includes optical means
provided between the phase-shift mask and the subject

to change a light beam having inverted peak pattern



irradiating the substrate with a |ight beam having a light intensity
distribution of inverted peak pattern portions whose light intensity is
| owest in portions 10 corresponding to at | east two phase-shift sections of

the phase-shift mask, the nmethod conprising: illuninatingd8hdARHERe- shift
mask with a |ight beam of a give wavel ength range; and formng a |ight
intensity distribution, which has 15 no swell of intensity in a mddle

portion between the inverted peak pattern portions, on the subject through
an i mage-form ng optical system the inmage-form ng optical system being

| ocated to optically conjugat t he phase-shift sk .and t he subject and
havi ng 20 an abé?or%%/%%}?'cd‘g}]e‘gbdn%i %59 h%od?\fg%\%fe et ]‘ntst r“gansgke’. 12.
The net hod according to c¢laiml11l,. wherein he J.i ght ength
di spl aced great €° tfan® 15 anrﬁlfurroa%llgc%eon% rogqélv\%\}elée)om. gﬁ 13. %

crystallization Waaqpeairﬁar{ gﬁioa[’g)er iﬂp%rs&%%ow%ecw@iﬁbmg@a@ 44 ght

beam of a given wave range, a phase-shift mask
having at |east o -shift sections, and converting an intensity
pattern of the |light beamemtted fromthe [ight source to a |ight

intensity gli stributiom havi ngetnveréed-peakapriipid & pasiéonstahese |ight
intensity is |lowest at points corresponding to the phase-shift sections
and appl yi ng processed by illuminating a phase-shift mask and
irradiating the substrate with a light beam having
a light intensity distribution of inverted peak pattern
portions whose light intensity is lowest in portions
10 . corresponding to at least two phase-shift sections of
the phase-shift mask, the method comprising:
illuminating the phase-shift mask with a light
beam of a give wavelength range; and
forming a light intensity distribution, which has
15 no swell of intensity in a middle portion between the
inverted peak pattern portions, on the subject through
an image-forming optical system, the image-forming
optical system being located to optically conjugate
the phase-shift mask and the subject and having
20 an aberration corresponding to the given wavelength
range.
12. The method according to claim 11, wherein
the light beam has a wavelength displaced greater than
* 0.15 nm from a central wavelength.
25 13. A crystallization apparatus comprising:
a light source which emits a light beam of a given

wavelength range;



. thelight intensity distribution to a subject to be processed to
crystallize the substrate; and an inage-form ng optical system in
cooperation 10 with the phase-shift mask, such that the |ight ARi @hffensity
di stribution has no swell of intensity in a mddle portion ehfvve t he
inverted peak pattern portions, by nmaking use of a plurality of optical

el enents whose wavel engths are different, ia the given 15 wavel ength range
of the Iight beam the image-form ng optical” systembeing |ocated to
optically conjugate the phase-shift nmask and the subject and having an

aberration corresponding to the _give vel ength range. 20 14. The .
crystallization appar%t‘%?%%%%?ldﬁ%dn&l%( Vyial“é]ir?’ﬁ %3t ]v%aeg‘éi%w(f He i _nsgms%ii s
the light intensity . distribution, in _cooperatiaon wth the se-shift
mask, such thatsﬁ%tltoﬁ’es A & PBbiTi o De nvvelenntetrhselv%lyn\Peartthceedthh %eékégéattern
portions, the light Jntensity. Subj ety i 1@315,; t rally
nonot onously tom]iglr%lst a%eagiaﬁ(ﬁlatta%irﬁc%ﬁt re oﬁimﬂe%ﬁ eSCpOZth)?lo%Hﬂ15. The
crystal lization appaatis ACEOrdhng &P 1@ MR 200% c #3&d aigadide o 14,
wherein the nmeans 1 ncludes optical nmeans provi ded between the |ight source
and the phase- shifdidmskiischange: theddghty beamafedhesgigeme svavel engt h

range, which is emtted fromthe light 5 source, so as to have a plurality
of optical conpanetsspotbisey way el fengittess earh i f fesrentorancerappdpypIhniend i ght

the light intensity distribution to a subject to be
processed to crystallize the substrate; and
an image-forming optical system, in cooperation

10 with the phase-shift mask, such that the light
intensity distribution has no swell of intensity in a
middle portion between the inverted peak pattern
portions, by making use of a plurality of optical
elements whose wavelengths are different, in the given

15 wavelength range of the light beam;

| the image-forming optical system being located to
optically conjugate the phase-shift mask and the
subject and having an aberration corresponding to the
given wavelength range.

20 14. The crystallization apparatus according to
claim 13, wherein the means sets the light intensity
distribution, in cooperation with the phase-shift mask,
such that in the middle portion between the inverted
peak pattern portions, the light intensity on the

25 subject increases substantially monotonously towards a
peak at the centre of the middle portion.

15. The crystallization apparatus according to



. beamto the phase-shift mask. 16. The crystallization apparatus according
to claim15, wherein the optical nmeans conprises an 10 etalon. 17. The
crystallization apparatus according to claim15, wherein the optical neans
conprises a plurality of light source sections for providi @ tMAB 207
plurality of optical conponents whose wavel engths are 15 different. 18.
The crystallization apparatus according to43cl aim 15, wherein the optical
means conprises a nulti- filmmrror.

claim 13 or 14, wherein the means includes optical
means provided between the light source and the phase-
shift mask to change.the light beam of the given
wavelength range, which is emitted from the light
5 source, so as to have a plurality of optical components
whose wavelengths are different and apply the light
beam to the phase-shift mask.
16. The crystallization apparatus according to
claim 15, wherein the optical means comprises an
10 etalon.
17. The crystallization apparatus according to
claim 15, wherein the optical means comprises a
plurality of light source sections for providing the
plurality of optical components whose wavelengths are
15 different.
18. The crystallization apparatus according to
claim 15, wherein the optical means comprises a multi-

film mirror.



