; BCDEe3ezz{~v 6BT DESCRI PTI ON CRYSTALLI ZATI ON APPARATUS, CRYSTALLI ZATI ON
METHOD, AND PHASE SHI FT MASK 5 Technical Field The present invention
relates to a film(nore particularly, a material constituting a film
crystal | i zgjpy us and net hod, and a phase shift 10 mask, the

appar at us gmmﬂmmmﬂm whi ch generate a crystallized film e.g., a

pol ycrystal or gnnqcrystal film(sem condugtor film by irradiating a film
to be subjectedf?ﬁgcrystalIization processing, e.g., a polycrystal or

anor phous fil W w a sem conductor 15 film, with light rays having

t heir phase nﬁ”‘ﬂ ﬂﬁ”’gwugsing aphase~shi ft sk, Al €., & phase shifter.
Background Ar ’ ” , crystglgdgsglgy&(ﬁgg)& Phgre is known a
swi t chi ng el enent*S¢Blth controls a voltage applied to 20 pixels of the LCD

or athin filmtranpsis} S i.cond i is used in
a driver circuit dg§§$é§£§§%£%§§§cﬁE§§£§#ggﬁn#gggiéﬁgggg?#gﬁghg?Hngrinary
part of the transi rs, e? re roughly known anorphous silicon (a-Si),
pol ycrystal silicon 25 (poly-Si) and single crystal silicon (single-Si).
Since the electron nobility of the single-Si is higher than that of the
poly-Si and the electron nobility offetheipallyFSelds hi gher than that of the
2 a-Si, the single-Si and the poly-Si have a high switching speed when
applied to the transifbeopsecardtt hervendienadedntagesp e. §ilmarfmpmer ease in
response of the display, a reduction in a design margin of any 5 other
component and thertikelavhen pembpheial eppretitstsnghaadidmiriver circuit
or a DAC incorporated_in the display are constituted by the transistors,
these circuits ebrshelbpephien aPParghup spdegethod, ahd a phase shift

10 mask, the apparatus and method of which generate a

crystallized film, e.g., a polycrystal or monocrystal
film (semiconductor film) by irradiating a film to be
subjected to crystallization processing, e.g., a
polycrystal or amorphous film (e.g., a semiconductor
15 film), with light rays having their phase modulated by
using a phase shift mask, i.e., a phase shifter.
Background Art
In a liquid crystal display (LCD), there is known
a switching element which controls a voltage applied to
20 pixels of the LCD or a thin film transistor (TFT) as a
semiconductor element which is used in a driver circuit
driving the switching elements. As materials of a
primary part of the transistors, there are roughly
known amorphous silicon (a-Si), polycrystal silicon
25 (poly-Si) and single crystal silicon (single-Si).
Since the electron mobility of the single-Si is
higher than that of the poly-Si and the electron

mobility of the poly-Si is higher than that of the



10 Al'though the poly-Si is conposed of an aggregate of crystal grains, its
nmobi tity is |ower than that of the nonocrystal silicon, and it has a
problemin irregularities of a grain boundary nunber which enters a channel
when a transistor is reduced in size. 15 Therefore, there have been
recently proposed various kinds of nmethods which generate pol ycrystal
silicon or, nore preferably single crystal 5silicon with a large particle
size. As one of such nethods, there is known "phase 20 control ELA (excimer
| aser annealing)" by which a filmto be crystallized is irradiated with a
pul se |l aser beam¢thro - eashi kK _withath ase 1ft mask being
set parallel toglig’sgggc%h§€g§o§§f%$%1Eﬁ%ig$%gcﬁ%igﬁggi2 %Zg%ribed in
detail in "Surf§$§tg§i§§'§§§§d”@ﬁen2§ pNedStoPPne 2¢Bar81s+4P00and

i ncorporated herein as a reference. ﬁ%rther, a simlar technique is also

di scl osed in Japgagseapat 8abanpRLESALE0Y., 4n3iNere2900i8068580hkai dropen
in Nov. 2, 2000). This phase control ELA is a nethod by which an inverse
peak pattern theheadisphiyj nhepsdtiytbesobrsantisesiym mergin sdbahgntially
zero at a phase shift 5 portion, i.e., a shift boundary is generated by
alternateby shidtheg eopbasendfahlietheghikeay passing through a mask
pattern of the phase shift mask by O and a minimumintensity position of
the inverse peak patWben psrspherelaniaceatEcsyshabsnacblsdyprwhichuis 10
solidified first, and the crystal is grown fromthat position in the

| ateral direction & BRerancgrparakedt her 6by gispidyngrehecnpystaredubleus
wth a large particle size at a sgecified position. Here, the inverse peak
pattern means ohBej hUBR8&SERETr oRRE§BeCibCht8nSPRyPBaPPRFATSHCATas that a
nininun1intensit¥ és positioned at a peak of the mninmumintensity and the
intensity is grad83fFySPR€feased with distance fromthis peak. An intensity
pattern at this inyerse ak, pattern..s.conti |y cor _di i_nyously
position%@ 20 is reféﬁFgaugg gggaﬁoﬁkvgﬁsé%pgg Bé§§§f§FnPBaﬁéggﬁgﬁﬁgthis
speci fication. S .phas hj £ - . J n e NLEhi s
mask and a surfé%eggpsgggiPg?%ggbegggy%%gﬁ??ggdl§mgF§ gmfﬁﬁgbgﬂggfg%red to
as 25 a sem congdyet pEnsUElae811 9615 BENGORKANKE BNGEEsSBKB op@Bm! AGI dent angl e
di stribution of a |aser beamto the sem conductor filmare set in such a

manner that  4japehdeakikigbt oitnhegehtiy pbahikeycaimberohhathednearkhe
surface of the film This phase control ELA nmust hold the phase shift mask

so as to be cl osechanhbe skahcanduehetssutf aserasdubedudh aszpossible or,
typically it nmust be held with a gap of approximately several umto several
hundred Ul in order fTbeokifaire,t hibelrieghivienbersi recendfliyl @roposesipondi ng to
the phase shift mask. |f the both nmenbers are close to each other in this
manner, a part Yerapush&isdsmi esn#eEhedst WhachsJgpraess BRdYSKyeteted due to

irradiation of the laser, thereby caontam_ nating_the . )
silicon or, more preferably single crystal silicon with

a large particle size.
As one of such methods, there is known "phase

20 control ELA (excimer laser annealing)" by which a film
to be crystallized is irradiated with a pulse laser
beam through a phase shift mask with the phase shift
mask being set parallel to the semiconductor film.
This technique is described in detail in "Surface

25 Science Vol. 21, No. 5, pp. 278-287, 2000" incorporated
herein as a reference. Further, a similar technique is

also disclosed in Japanese patent application



phase shift mask. Therefore, there is a problemthat the light intensity
pattern is degraded with a use and 15 crystallization does not correctly
advance. In order to attain accurate irradiation, a position of the

sem conductor surface nmust be adjusted in an optical axis direction with
respect to the phase shift mask. Since a gap between the phase shift mask
20 and a sem conductor substrate is very shall, there is also a problem
that a sensor systemfor the positional adjustnment or a light flux used for
detection cannot be inserted. Disclosure of Invention 25 It is, therefore,

an obj ect of the, presents)ayegt|on;§o,pLovi deway teshngug by whi ch

contam nation due’'to abl enirr ing a processed substrate 5

wihlight rays. e dmig pASEL DEARLOD'PHANIE PRELAMANLYSWRiBHASR Shift

mask can be avoi ded and a predeterm ned ne .g., a sensor for

posi tioning the; phasgeshifk PREKeFANRELI §SeLtRE betursDt{B.BbRES 5 shift
mask and the processed mask. In order to achieve this aim according to a

first aspect ofmihempheseny.j nyepttentibbeyezésopadvadplagecsstal lization
apparatus conprising: a light source which emts a |ight beam 10 a mask
whi ch recgi ves pottgbh, beae franshhfs boghtiasput segandrankdsbgn intensity
distribution of this light beaminto an inverse peak pattern that a peak
val ue i s a m ni albeinaeadyt yhifnhingnai pageef ofnthg bpghtaragypesaintich is
15 positioned between the mask and a processed substrate, image-fornms a

| i ght beam havi hgrohehi aversk pehkepat ©&r shenpbasheshibteBasl BibSt pAfe and
crystallizes at least a part of a material of the processed substrate. 20
According to a Eec@n@l%é%@%t16¥e@ﬁét$rE§éhFlPﬁv@ﬁtEbﬁ,lFH%FéeiEe%kovided a
crystallization nethod conprising: generating an_inverse eag, ttern
havi ng a peak vBRHESFRatSaSeFghP Fﬂt@ﬁ%?t§05§§5ﬁ%sn§GB§Pﬁ t FEs ?8ro 25 at

2, Dhese 20111 PoLkgnsLaacBhepe sl bolak Braol00ohLA FRsl cRe
position in the lateral direction (lateral growth),
thereby providing the crystal nucleus with a large
particle size at a specified position. Here, the
inverse peak pattern means one inverse chevron type

15 intensity pattern such as that a minimum intensity is
positioned at a peak of the minimum intensity and the
intensity is gradually increased with distance from
this peak. An intensity pattern that this inverse peak
pattern is continuously or discontinuously positioned

20 is referred to as an inverse peak waveform pattern in
this specification.

A shape of the phase shift mask, a distance
between this mask and a surface of a film to be
crystallized (which will be referred to as

25 a semiconductor surface for the convenience sake),

an incident angle distribution of a laser beam to

the semiconductor film are set in such a manner that



6 a processed substrate by irradiating the substrate with a |ight beam
havi ng the i nverse peak pattern, wherein an inage of a |light beam of the
phase shift mask is forned onto the processed substrate by 5 an i mage
form ng optical system provided between the phase shift nmask and the
processed substrate. According to a third enbodi mrent of the present
invention, there is provided a phase shift, mask using a | aser beamas a

| i ght beam wherein a nask pattern 10 has an intersection consisting of at
| east three or nore phase shift lines, and an integral value of a conplex

transm ttance of, a; gL1pul A AT A MRLNCHNLS0L DL £ SEEULON BE a1 e OBR! EFe S

substantially zero scrlp aw ngs IS a Vview
schematical ly showtng.a grystakligation nethod and an entire enbodied
apparatus according to an embodi ment of the present invention; FIG 2Ais a

view schematically 5@9%@”BhéBeeééHPkélzﬁLAhﬁhsﬁ aewal tnRe BthéaEh§Y§te"10f
the apparatus depicted in FIG 1 is configured in accordance with a defocus

net hod, and Fl GagB 8§ asVi8WwsChesBEi €8l tNe SHoML BEnauEebat saAshLp Bt ween
a phase shift mask of this apparatus and an intensity pattern on a 25

sem condust or swhifnces bb&siBléson, vigpwisehepaitcalky sbomebd antkxanpl e of
a structure of a positioning device for a processed substrate FIG 4A is
a view schenatigap| gfsapprogimatekunpeéveral um to several hundred um

in order to obtain the light intensity profile

corresponding to the phase shift mask. If the both

members are close to each other in this manner, a part

10 of the semiconductor film is ablated and shattered due

to irradiation of the laser, thereby contaminating the

phase shift mask.

Therefore, there is a problem that the light
intensity pattern is degraded with a use and

15 crystallization does not correctly advance.

In order to attain accurate irradiation, a
position of the semiconductor surface must be adjusted
in an optical axis direction with respect to the phase
shift mask. Since a gap between the phase shift mask

20 and a semiconductor substrate is very small, there is
also a problem that a sensor system for the positional
adjustment or a light flux used for detection cannot be
inserted.

Disclosure of Invention

25 It is, therefore, an object of the present

invention to provide a technique by which contamination

due to ablation when irradiating a processed substrate



that the coupling optical systemof the apparatus depicted in FIG 1 is
configured in accordance with an 5 NA nethod, and FIG 4B is a view
schematically showing a relationship between a phase shift mask of this
dpparatus and an intensity pattern on the sem conductor surface; FIG BAis
a view schematically show ng an exanple 10 that the coupling optical system
of the apparatus depicted in FIG 1 is configured in accordance with a

pupi |l function nmethod, and FIG 5B is a view schematically show ng a

rel ati onship between a pupil of this apparatus and an intensity pattern on

the 15 sem con {:Elg)rh[s%{ Sﬁ%ﬁﬂj%p?g?e%s}%s%g\é%@h%‘hgﬂlé‘yIPéQQWi ng a

rel ati onshi p between and a”wavefr orm pattern,

and FIG 6B is g\ ey sg%éc%iftgpgg\kngaw fg\r,m@@at%g@s formed by 20

a sem transparent area a transparent area of the pupi respectively;

FIG 7 is a plage,viei shpvhag RehiOr St80e. Peaks REb LT Pohbshit SoRbhgi ned
by using the pupil depicted in FIG 6A and has a light intensity

di stribution whigd 296kl st dependiag 88 Xnaodcdddbeewéennshe Fbkas8 is a
pl ane view schematically show ng an exanple of a phase shift mask in which
phase shijt 8slaf fasmasle avidanigedoroceéssed; m&skS. 9A and 9B are a
perspective view and a plane view showi ng an exanple of a phase shift nmask
i n which phase shiftIareadearta acrhaagedthhsaalimtt aceotding SoFRGEit6tis a
light intensity distribution graph based on the defocus nethod according to
the present invaespéoh;of the present invention, there is provided a
crystallization apparatus comprising:
a light source which emits a light beam;
10 a mask which receives a light beam from this light
source and makes an intensity distribution of this
light beam into an inverse peak pattern that a peak
value is a minimum intensity; and
an image forming optical system which is
15 positioned between the mask and a processed substrate,
image-forms a light beam having the inverse peak
pattern onto the processed substrate and crystallizes
at least a part of a material of the processed
substrate.
20 According to a second aspect of the present
invention, there is provided a crystallization method
comprising:
generating an inverse peak pattern having a peak
value that a light intensity becomes substantially zero
25 at a phase shift portion of a phase shift mask by using

this mask; and

crystallizing at least a part of a material of



FIG 11 is a light intensity distribution graph based on the NA net hod
according to the present 10 invention; FIG 12 is a view showing a

nodi fication of the phase shift mask; FIG 13 is a view illustrating an
ef-fect of the phase shift nmask depicted in FIG 12; 15 FIG 14 is a
perspective view partially show ng anot her nodification of the phase shift
mask in which |light shielding areas are fognmed; and FIGS. 15A to 15E are
views illustrating an exanple of a manufacturing nmethod of an el ectronic
devi ce using 20 the manufacturing apparatus/ method according to the present
i nvention. Best I ty,th [ e j rdi ng
to the present § %ﬁk%%ﬁﬁéﬁ%ég%gg?%% %%s§¥%%%gg%%$§iﬁg?tggggfgﬁe%e?gggnce

to the 25 acconpanyiig GEaM HESin! the LihdeAsSCHEAR p&LVEEM, Showi ng a
crystallized sem conductor film nanufacturing apparatus as 9 an

enbodi ment of a fil mygeysial bkhzahhge aprar atystrapeandbhgthe bhespresent
i nvention. This apparatus has an exciner |ight beam source 1 and a | aser

irradi ati on devikerdOnxbkchsi Soenast bhtbethd prosebeam sxpabdete 2bya
honogeni zer 3 and a mrror 4 which are sequentially arranged on an
oscillati®n sidenofmédé sfappingt ostidhl ssysteadi atoonddévibeewaay be a | i ght
source which emts light rays other than a | aser beam A |laser beamemtted
fromthe | aser beanpi@ssoshtét Imkskeapdnted Pvoaepredesebatnetiedi anet er by
t he beam expander 2, then its light intensity is honogenized by the
homogeni zer 3, and aRpRasdisfi o AnSRibd| smbpanrate8IWtRR PEP§SBEam The
phase shift mask 5, an image form ng optical system6 and a 15 substrate
support 8 are stguentiarytherangedPoavadedsarPBaam 8hit §bi MgSkadFakPon side
of this laser irr diatign devi ce %O.hThgs subsirate supﬁork 8 kﬁﬁ
constituted of,2el@Ser aPF&RuAM BhitRbr PEAMel BREFBL At BAEHUBRTWAT RN can
support foproceﬁggdan intersection consisting of at least three or
more phase shift lines, and an integral value of
a complex transmittance of a circular area with this
intersection at the center is substantially zero.
Brief Description of Drawings
15 FIG. 1 is a view schematically showing
a crystallization method and an entire embodied
apparatus according to an embodiment of the present
invention;
FIG. 2A is a view schematically showing an example
20 that a coupling optical system of the apparatus
depicted in FIG. 1 is configured in accordance with
a defocus method, and FIG. 2B is a view schematically
showing a relationship between a phase shift mask of
this apparatus and an intensity pattern on a
25 semiconductor surface;

FIG. 3 is a view schematically showing an example

of a structure of a positioning device for a processed



20 substrate thereon. The term "processed substrate” in this invention
nmeans-a substrate consisting of a material which is crystallized or a
substrate in which a filmor a layer having a material to be crystallized
i's formed on the support. In the present invention, 25 the term"materi al
to be crystallized" neans a material whose structure substantially or
actual ly becones a crystal when irradiated-with the | aser beam 10 For
exanple, in the case of a material having an anorphous structure, this
ternms neans a material which becomes polycrystal or single crystal.
Further, in theg ﬁgggrggepolycrystal it nmeans a material in 5 which
polycrystal is substantrally or actually converted into nonocrystal.

Al though an exanpl e @frgthiha Bt &r bakw 8cARRERACHI 1S kheRANQr aBOk¥akbigon,
any other material can be used. The support is, e.§., a glass or synthetic

resin SUbStratethBttBﬁefb@hﬁl@ﬁglepﬁlbbgUBQS@éMSb@|tﬁbsﬁbﬁﬁraﬁds for
exanple, a silicon substrate is preferable in the field of a sem conductor.
Al though the shappietetihia FOGstiatie cénfiotupadt iaubatbydaaser wdthdant he
substrate has a rectangul ar shape for the purpose of manufacturing a 15
liquid crystal NAspkayodp thdsFesbodBnmést a Whewhsshembodcaknt, showing
description will be given as to a case that an anorphous silicon film
formed on a gl assrslbstipasbipsbetweent edrhate pbliftrpesil obr thilagl e
crystal, but it can be readily understood that the 20 present invention is
not restricted ﬁﬁéﬁéﬁéusTﬁédSaBsﬂﬁﬁﬁéséﬁﬁpEﬁFtsrPsoﬁrFgﬁgéém§§0§§uﬁéor

mai ntain an irradi ati on surface of the processed substrate 7, i.e., an

i nci dent surfacéuFﬁaﬁﬁrallel with the phase shift mask 5 with a hi gh
accuracy, and it is %% erably attached on.a rede erm ned drive

nﬁchanisn1(n3t shown %haatWFEX|5F FRBICd 45 1ds S 8w§@ﬁééplféﬁgp&§ve
t t 5
(he DrOETaied Wi ate LA emenl s kg e pigse st ek 5

direction of thaegﬁeEggaa&ﬁ) g, (W %hwoa%lgu&sat éana@t:o&ﬁgnémartﬁt e) and Z

(vertical direct of "the substrate rection along an optica

axis of the inmage EB&E‘@Qn%EEbﬁahe%M%He”hndA%fW | lbgbe sd@seriched later, the
i mage forning optlca systemis not restricted to a type as |ong as it can

i mage-form a naskneaktecaldl thewhhase shibtitdsmagkberiwveehha pipadi atti on
surface (incident surface) of the processed substrate. For exanple, a

si ngl e i mage fothisgabeasatay bedsiamplintesedtybphtaerapbincidhesyst em whi ch
forms an inage of a pattern based on a defocus nmethod, an NA (nurneral

aper t ur el 5net hodeandoadpygpiolr $8rffawet:i on nmet hod nenti oned below i s
preferable. An exanple of the image form ng optical systemutilizing the
def ocus nethod will A% -béPddsciE Hd@wh&cdioratian it Bhoatiddence to FIGS. 2A
and 2B. The defocus _nethod_i.s a nethod by which the inmage 20 _farm ng

optical system & Wﬁtﬁté°§§P#PcP§ﬁWﬁfnl§P§epﬁﬁ&érﬁ@&ﬂc§§%rﬂﬁrgI@NAfBls

i nserted between the has shift mask 5 a d£&% g% cessed substrate 7, a
processed surfa@8%f ﬁge§P5Fe?§55e§ﬁbs?P hélPd 2at’ *&"posi ti on

obt ai ned by def%%g%hgq %%q& s%%%%hgp%%%%kggm patterns formed by

20 a semitransparent area and a transparent area of the
pupil, respectively;

FIG. 7 is a plane view showing a two-stage peak
pattern which is obtained by using the pupil depicted
in FIG. 6A and has a light intensity distribution which

25 differs depending on X and Y directions;
FIG. 8 is a plane view schematically showing an

example of a phase shift mask in which phase shift



25 of the image form ng optical system6 and a light intensity distribution
is adjusted based on an incident angle distribution of illumnation |ight
rays, a mask 12 pattern and a defocus quantity. As shown in FIG 2A, the
i‘mage formng optical system®6 is constituted of a pair of inage formng

| enses arranged in parallel to each other with a 5 predeterm ned gap

t herebet ween, i.e., convex |enses 6a and 6R), and an aperture 6c¢ which is
arranged between these | enses and has a predeterm ned NA. In such an
optical system a light intensity distribution of an outgoing radiation
side surface of _the_phase_shif K i,S approximately uniform a
diffraction friﬁﬁ%a?saﬁsn%Fﬁ ggeg?iﬁn%gﬁ ®6f - f ocus position of a phase
shift portion in tha segaand ssyeh | Lg I LAY dist Lihu

(defocus inmage A) mﬁ%ﬁ%§°Bg§kgﬂg P?ngégsbsggﬁhg%%Q?h% X??&iﬁggcgngggne
obtai ned. An impgeyoihdniAgNBakeRahbEENCB! at BRaBBagR1 Ehi hhsWBSK Rhignformed
on an inmage form ng surface by the 1mage form ng optical system®6. This

i mage form ng sgrhaeeshsrposibhengde@nadrengedgaheasuatacecofohe nmask as
indicated by an arrow in the drawing. In the light intensity 20

di stributbon on thisrigageof asmangighitf aaeenslitiyoddls tedibpadent sraghi ng a
resolution which is not nore than a resolution R = k(err)/NA determ ned
based on NA of bhsedmagether defigcopt medhodystenr@iapetouthet heesrh&nsity i s
basically uniform In the light intensity 25 distributions (defocus inages
B and C) at twoipwshtions di stanced forward and backward fromthe i mage
formng surface in the optical axis direction (away from 13 the inage
fornming surface by aFdGst dAcéss@bdighti dntersdial s ta 1gndienc 58P neen t he
phase shift mask 5 and t he defocus_ i nmage A%,_co onents having a resol ution
which is not noP@SEHaR™t hBer H8olGER8H RCSOKIARA odgggrﬁFﬁéﬁngased on NA of
t he inagg forning og%icaL system 6 are cut, but the intensity basically
becones aual t O"VRRCLBF 7t he def ocus i mge A By arranging the processed
surface of the proce d bstrate.? t : it and
Crradiating it with tRE 109 ight Vb EknMeY A g%%gﬁﬁ\éﬁtﬁgﬁt pe° Thele
control ELA netEﬂgseeégg§grﬁag§;carried out by using an intensity waveform
pattern having one or nore I nverse peak patterns that the intensity becones
the mininumintensityree. 43 i@ @r vSeRstiantisalday id@tnd Feeidd &F @held the
pattern on the processed surface corresponding to the phase shift portion,
i.e., a phase sphhkebegundar yasd dApWcdtd ah Fhe.i ngerse peak pattern at
this time is increased in proportion to 1/square of a defocus 20 quantity.
For exanpbe, in the im&ge 1fdorim rag peptsipealt isAes tverwb paart ienitliyr ehloerigich

(di stance between an object surface and an inmage surface) is 1000 m a
focal distance ehothel obdiféchénsnas ofa tiedpblsies sk3F tnimasindnawhd®br i ca

light shielding areas are formed; and
FIGS. 15A to 15E are views illustrating an example
of a manufacturing method of an electronic device using
20 the manufacturing apparatus/method according to the
present invention.
Best Mode for Carrying Out the Invention
An embodiment according to the present invention
will now be described hereinafter with reference to the
25 accompanying drawings.
FIG. 1 is a schematic view showing a crystallized

semiconductor film manufacturing apparatus as



25 aperture (NA) of the aperture 6¢c is 0.2. The light source 1 of the |aser
illumnation device 10 is a KrF exciner |aser beam source which radiates in
the form 14 pulses a | aser beam having a central wavel ength bei ng 248.55
nmand a full width at half maxi mum of an oscillation wavel ength
distribution being 0.3 nm The phase shift mask 5 is irradiated with the 5
| aser beam fromthe illum nation device 10g and an i mage of the mask
pattern is forned on the processed substrate. As a result, a material to be
crystallized which is an anorphous silicon filmin this case is subjected

to a heat treatmen . talliz i L]il.co single

crystal sili conﬁ&%lﬁﬁ %# %r@g%l{éﬁ&%??g%y%%igﬁl%?%éﬁsé processed

substrate inzaé%é5¥aiﬁ§1?%egggcgrggeﬁkrqﬁygg@q@gned area or an entire area
a

of the filmcan be crys ized.” At this tine, although ablation is

generated fromthe precgssgfatbtasbahsate dxcohaceligetipage enatagl
optical system6 is positioned between the phase shift nask 5 and the

substrate 7, then@haseaséifirmaskabios dovicontammatiedis Abdhotgbutédre is
a possibility that the Iens 6b of the inmage form ng optical system 6 which
20 directdy facef 4 hHeesubstpahée? Paya biecmogp¢raizent @daad & hmsrtomed since a
di stance (approximately 250 mmin this exanple) between the I ens 6b and the
processed substwateh7are seuseuneiably grrangedtdanam diésihhebi¢gevidal um
to several -hundred un) between the phase 25 shift mask and the processed
substrate in thefpehbs %PP?r@h@Sopthbﬁ 5y5a@hRt50R afeYyCeont¥nPRat ed. In
FIG 2A, a device_ used for positioning,of ocessed substrate 7 to

, th 15
a position B ordC{poki $PBRFRgVIRCH ﬁ@%%%t%b&hi)r ¥g;?Fﬁ?ﬁaFQﬂ? For
l e, wh t ti i devi h i | G i
orrahged Ao a pbot SO MEehevi Ke' BRPLEBREERENbREES BEGH! FRE nhaReE BREPY he
bstrate 7 . ide th . i i
beam cant bo-set 90758 Fot BatiPRataRer: hePbotReaEnbare S rarstssPl Ehibng"

device is requi%ggmigxégggértg o?ﬂgﬁniggh?gggklgﬁ£eggy£ e;across the entire

surface of the processed stbstrate. evice Is constituted of a slit

l'ight projecti | ys{ephw f presessedngulsphake BRskti oned
bet ween itselfogﬁﬁgéﬁgﬁggéigg,ﬁgﬁg gmégﬁ? i ght de?ecti%n optical system

The projection gptkcel igystenanistea@nstthutBdsobeanl i ghhespnace, srigt, 15 a
hal ogen | anp 11, an exposure slit 12 which fornms light rays fromthis |ight

source into slikmakkght aaysmagentormindg3ophichldefkeemsot hedshit light in a
direction of the processed substrate, and a projection lens 14 used to
i mage-f ot refl sgbetratghtuppystf Boarg0sehiusntiatdy asrangedt ohnage on the
processed surface of o _ .
laser beam outgoing radiation side of this laser
irradiation device 10. This substrate support 8 is
constituted of, e.g., a vacuum chuck or an
electrostatic chuck which can support a processed
20 substrate thereon. The term "processed substrate" in
this invention means a substrate consisting of a
material which is crystallized or a substrate in which
a film or a layer having a material to be crystallized
is formed on the support. In the present invention,
25 the term "material to be crystallized" means a material

whose structure substantially or actually becomes

a crystal when irradiated with the laser beam.



the processed substrate. The inspection optical systemis constituted of a
detector 15 which detects a slit image reflected by the processed
substrate, a light receiving slit 16 provided i nmediately before the 25
detector, a condensing lens 17 which is subsequently provided between the
l'ight receiving slit and the detector and condenses a reflected slit inmage
fromthe 16 substrate onto the detector {1p through the |ight receiving
slit 16, and a vibration mrror 18 capable of swiveling in such a manner
that the light fromthe condensing | ens passes through the light receiving

> Slit. A PoSTLEON Sladfiee pr eéﬁé"dcéé'é’séfaé%% fetlier dhLpghion Z can be

adj usted by a non-i rated dri ve nechani sm adj usting an angl e

position of the ﬂ'@%@%bﬂ@ug‘éEPuCtﬁPeexéﬂPéethmﬁhﬁeéﬂ§9§ AQE8E g1 opti ca
system 10 ut|I|2|ng the NA nmefhod wilf now be described with reference to

FIGS. 4A and 4Bjnifhtbecédméd Dgc@ygﬂaieorlskﬁgI@f@fgggglnunpuﬁtﬁeﬁﬁnote
menbers which are substantially the sanme as those in the i mage formng
optical systemiith&i 0gséhef dedogusyseshpdit hedher ebyatbrbabathng the
expl anation. The NA nmethod is a nethod by which the processed substrate 7
is held a3 a foglalciposoiyonystal hesi selgetéontiahyyopti gatugysyem 6 and a
light intensity distribution is adjusted based on an angle distribution 20
of the illum natdoverigiitinthenpmskrpataern AhthaNaght de exagelée ophi ng
optical system 6 whose nunerical aperture (NA) can be adjusted being

arr anged betmeehh%ﬁem@ﬁaEEa%hi$tamﬁ§Rh%Uan§llh@09r@éeE@éHSéhb§@ﬁat@nY I n
this optical system in FIG 4A the mask pattern of the 25 phase shift
mask 5 is i mage”FBeReB2byrifng Fﬁ%g@efBFﬁ?ng OPei 8UPPeYEt &F1 65 An’ aperture

17 i mensi on, i 23 1 SKA 0 Br SKABRGFLRi ERC0P SRRPELPOS 6B MG AUCHRI PErent Nas
are prepgied. agd; b eanpe.hangedo b, T ephackng Lhenaper (ur sy iLaythi o

opti cal conponen 5°reso nbt nor e n the

resolution R = §u£%%¥ %eigl edrRasgd.on, Ny, ar e gy, o@n,i Nnver se peak

pattern which has en5|ty econlng mnimum e.g., 0, and a width

substanti ally tQ@m§éHEdﬁétBPe r8$ehuhbANthe gﬁaﬁéaéfdthmstBﬁbghegeesmgft
portion 5a on such a focal 10 surface as shown in B. In this exanple,

k is a value whjgh pérﬁyéﬁnaeuyakéyt@heﬁedtOtﬂeabhbg@gatethaaraes dependi ng
on a specification of the optical systemby which the mask is irradi ated, a

degree of cohereseeanfullhe khght sour ckReapdrpodef bfii hbonfetttihéngSa
resolution. By arranging the processed substrate on the focal surface and
perform by |ightiguiddcaysbal diepystalinnbbieusmbadibengenefat 8H1SA width
of the inverse peak pattern at this tine is_determned in proportion to the
20 resol uti on RembRAimantThat dpscriREhONAWLS 1y BgugédeBndst ke reSBFBtion is

intentionally lowered, a width of the inverse peak pattern (s increased. At
this time, a methsed 8f P@GEEPHBSN§14§CG§|ﬁélﬁhéoéﬁﬁgtapeahﬁéﬁﬁé a reduced

aperture di mensio gesgrlbed abov g o s%ch a,type £ he i mage
form ng optlcaIS§§§§§ﬁ1Ps FnF@P88§g8 béPaEeﬁ KETBRLES éﬁ Pt ﬁggk and the
processed SUbStE%§gta&he %ngtagg%ngagrea l&hﬁﬁgerstood that the
20 present invention is not restricted thereto.
The substrate support 8 is arranged so as to
maintain an irradiation surface of the processed
substrate 7, i.e., an incident surface in parallel with
the phase shift mask 5 with a high accuracy, and it is
25 preferably attached on a predetermined drive mechanism
(not shown) such as a triaxial table so as to

selectively move the processed substrate 7 with respect



18 when utilizing the defocus nethod can be denonstrated. An inmage form ng
optical systemutilizing a pupil function nmethod will now be described with
reference to FIGS. 5A and 5B. 5 The pupil function nethod is a nmethod by
whi ch the image formng optical system 6 having such an aperture (i.e., a
pupil) 6e as shown in the drawing is inserted between the phase shift mask
5 and the processed substrate 7, the proce?fed substrate 7 is held at a 10
focal position of the inmage form ng optical system®6, and a light intensity
distribution is adjusted based on an angle distribution of the illum nation

light, a mask paltern andca BHPEL fuogtion, én, shown.bo.FhG, 5B, the

aperture 6e consis ar sub e and isS constituted of a

slit-shaped congkeﬂg ghg@ttgriggﬁlgghgg area. Alagge%ﬁeobgnﬁr side and a

l'i ght seni -transn s3ron: area on the outér '§i

Se”"tranS”‘SS'@Poﬁ&?@ué@néh'8%@e&£§8ﬁ"b§5t98 efibatpatk) OfYtQﬁlhtHQEs@”d
prevents 20 transm Ssion of the remaining |ight through fhe pupi | by any

met hod. A |ightdiraasmbht aacenef stibetkh@by sgdi zt nessAiesloniaceaidy is
selected in many ways in accordance with needs, and it is not necessarily
restrictefl to 56% theshapetobteheipapi | aaddracshapeadbngSahhepkight

sem -transm ssion area are not |ikew se restricted the above shapes. For
exanpl e, the |ighkisseli theanmapesfonmangacpRimay hsse&em)circul ar or 19
rectangul ar shape. A first nethod for manufacturing the aperture 6e forms a
filmwith a |ight shAsl WiiAd ket desaribechlasechr 6ire dnagke forming
transparent plate of, e.g., glass, 5 a synthetic resin and others into a

t hi ckness cor r e8BbhERAgSYELaMISI Pel F?§%§ﬁFF?§nE@ By t¥pat 8&r LARJORSt he

| i ke, then etches and renobve n of the filmcorresponding to the

|
| i ght senl-tranéﬁl§§Poﬁmﬁgﬁa%oaﬁdgewﬁggeEaFﬁ@rFrQﬁsﬁaﬁeﬁpaﬁﬁaﬁglfio In this
case, folrght shi eId teria

ects art .of .the ﬂ gsorbs
2 oart of%the | FERE . OREHablBe LGP APARE RBSPRLRDR (¢ RahERSsPORy2Ean B
arbi trarily settnasggoeesgeph gkoesscal tBaf Ll Toe ghong:biLaus | ust

an exanpl e, and any materi a suc as Zz prev transm ssi on

of a part of th?okh@ﬂ? ?@Hsbﬁﬁysﬁg sfmﬁ??oﬁgeépebhﬁrSn”EBHFéE&U% gcffet hod

forms a nultilayer fi is designéed so as to partrally re ect t he
l'ight having a wayehemrgtRsuggdihaqtherl hophtRAraeBhsthaBaMkSakbeBcasea A2,
on the entire surface of the transparent plate, and then patterns and
renoves only a mathoaf thenhi l(Auperaesppadingel ombhRoli ght &r papAlssi on
area Al. As described above, in case of the pupil which reflects a part of
the lighty sincéuacRhomamethal hentingetihbeaper tiar preifeeabla.materi al
formng the light sem -transm ssion area does not absorb unnecessary |ight
rays, there is an addanezgartieactt the ipeogpdermiagdorsicetl gassent e heat.
In this case, it is desirable to consider arrangenent of any other
conponent so asuFélﬁ?é?@th?héeﬁéﬁpéc@@BhPﬂgHﬂ1grEﬁWtﬁ@ éﬁé??&bédfrom
reachi ng any other len barrel, 5 which can_be a %ctor of flare

en
(stray light). r8é§é SédwaEBveefFﬁeBSEethFgﬁé aﬁér?ﬂge ge having the

conplete light trans ssro area_A d .t he sron area
oIt 1o dusi rabte 0t sReoRuE B R SomeahoRt B sbd A TS RRgR
the 20 forming optical system 6 with a suff1c1ently large

numerical aperture (NA) is inserted between the phase
shift mask 5 and the processed substrate 7, a processed
surface of the processed substrate 7 is held at a
position obtained by defocusing from a focal position
25 of the image forming optical system 6 and a light
intensity distribution is adjusted based on an incident

angle distribution of illumination light rays, a mask



10 like in such a manner that a phase difference is not generated between
the both areas Al and A2. In the above expl anation of the aperture 6e, how
the light sem -transm ssion area A2 is stipulated is elimnated. This
stipul ati ng neans can be achieved by, 15 e.g., formng a part positioned
around an aperture of a nmenber supporting the aperture 6e with a |ight
shielding material, and reflecting or absqkfing the light passing through
the outer side of the aperture. Alternatively, a light shielding preventing
area 20 surrounding the light sem -transm ssion area may be forned at a

part close to tggéggégragﬁd%agéféggsa&g&ﬁyif%Ge. The pupil function nethod

general ly utilize act 't a spot “di areter of inmage formation is
reduced 25 if NA of e il.is rg apg.a n - : LLght which
has passed t hrough F%g %gﬁg?e%% Fkghtg%faggﬁiggggﬁ g?gglﬁ %ggégﬁgeased.
Therefore, 215 Q0u Lipver 56 PEake PaLt8aNoW £ hpgiwi g8 wdhb syehigg i ndicated

by reference sy Al in FIG 5B 1s generated (light sem -transim ssion
area A2 is al solgRasyrgdrasqbleihi ghtal1ansabsshon preyenyitg area). 5
Since apparent NA of the |ight which has passed through the |ight

sem -transm ssi phc@st8riNZnéd oapr ensedbetmeenyei se. peaknpakt ensest faa
narrow wi dth such as indicated by a reference synbol A2 in FIG 5B is
generated (|ighandrénsnassi en apeatuseabsowhkasuiedaasaifetineetwghh

sem -transm ssion area). As a result, by determ ning the pupil function of
the i mage formni hgeopt leasesysndnhgsas aredeateorminadt NBns &6 suehcanpl ete
l'ight transm ssion area Al and the_Iight sem transm ssion area A2, there is
generated a twooBthgel 1svphoBrse pbaRtpinterslhdvehgtaiPiEsenpatt @Rn which
i ncludes a peak value that a |ight intensity becgnes O jn such,a phas

Shi Tt part on ¢ ABCPOCRS SORLaEETRsS SHBMAE REFROAr LUFNBRARE. GRF L Task
positionf@ on a_side mhere.thg hntensitg IS Igm/ a sgcond gattern which is
20 posittoned oR a5sPHBIPREFBCEAE PRELRLRt y2i STAFGACTARA ATLPER pdrtion

positioned bet n the first_patternca e cond._pattern, Lo SUgk
manner that a &?%?ﬁg%?e?hgﬁf?gséhga?§eggcggc %ggeggghgkaggépggﬁagﬁpﬁgt of
the second patt : L L LI cti,en gethody aktbaugh,the inverse
peak pattern geﬁé?g%ﬁgnhgr%ﬂ%?ppggFé é#ﬁi%ar to tEg NA netﬁog,yphe NA
met hod control sq98Ly¥iBuside QHeroldst NRaBat A®rBivhenepsckBespupRhk fynction
met hod can al so control a shape of the pattern. Wen the processed
substrate 7 is ghbanged eRnet Arawiagabtanl BeecBRAihba.| i ght inkgadbdtion is
performed, 5 since the light intensity has the mninumintensity of
substantial ly zermasR phétennepf the. phbsesthpéttmenk bhiis pormedbenones a
crystal nucleus. In the outer, i.e., the second pattern, since a
t enper at ur e gr adhehmagecbpdinagot suriecki Ykt that énsoey fdrningbartésals 10
generated, the crystal growmh in the |ateral direction is facilitated as
conpared with as¥asemop -t hdhdpnpragenferséngeahrpaceeli BR6REIPAEA @1 4B.
Both the conplete light transm ssion area Al %nd t he Light
sem - transnmi ssi 8BnCaPeHIASenayrhare SfcFreulmark18SshRpeCaHEHeRdr, by
changing the | ength_of each ﬁreg degending on th?.dhrections.% and Y |ike
an el lipse, the?li8htoPntBns By “Gr¥tPbut Bn Bf hé Fm&ngQSé_anerse peak
pattern ggn be ghanged, depRndhngnel theqdi teekial Xuatdcbhe dihgabhon V-

components having a resolution which is not more than

a resolution R = kA/NA determined based on NA of the

image forming optical system 6 are cut, the intensity

is basically uniform. In the light intensity

25 distributions (defocus images B and C) at two positions
distanced forward and backward from the image forming

surface in the optical axis direction (away from



20 Assuming that D1 is a dianeter of the inner, i.e., first pattern of the
t wo- st age i nverse peak pattern, D2 is a dianmeter of the outer, i.e., the
second pattern, 81 is a dianeter of the Iight sem -transm ssion area A2
represented by an angle, and A2 is a dianeter of the 25 conplete |ight
transm ssion area Al, the follow ng cal cul ati ons can be achieved. Dl =
k~/sin6l 23 D2 = k~,/ s in62 In this examle, k is a value substantially
close to 1 although it depends on a specification of the optical system
which irradi ates the mask, a degree of 5 coherence of the |ight source and
a definition of leife30l thiflhg ASuPriestbl, al8EstONEE GhBUBLEE DL gnd he
out er di aneter of 'the fwo-st ge peak pattern are In inverse proportion

to sizes of thedhghtrSem 41 apsAtsshOPwaERahe SREsEencorPhgber ki ghy 10
transm ssion area Al, respectively. Therefore, as shown in FIG 6A, since

the conplete |ight 4&LHSHE SEhOGe ARPR AdmPasent § ERAANHY! &r refapet wehch is
short in the direction X and long in the direction Y, the light intensity
di stribution ofwhishlbsinverserpetkapather nebasutibarge=vwkltyain the
direction X (indicated by D2) and a small width in the direction Y
(indicated by D3temsinedibased by MA of Fh& i68ge Chothiengt bptibhahd, since
the light sem-transm ssion area A2 has a circul ar shape, the |ight
intensity 20 disysteuntfoarefcits buvetke peé@n@étveb@sEg@lihebg@ﬂ@egnal|
widths in both the direction X and the direction Y (indicated by D1) as

i ndi cated by Aegwakl e Bt ThErEherdefasusniiedted- byBR12¥raRgiRIFFEe 6B
the light intensity distribution of the two-stage inverse 25_peak pattern
which is a sumBFOEReSHdt AUF AFef sef pkar Bé@?%ﬁﬁgdhégbétﬁfﬁ?h7iﬂttﬂge

direction X (D2 ter_than a.width D3.in the. direction Y in the outer,
oo 724" Cho SECHRABAEYS RS AORAS R e EERGRERD WALRER! Kobne

di ti X d di i Y. i he, | i t Lrst tt .
FIC 7 1E0a ol ahtoot cuPSnbrny &°r BHari Shent bRBerhechirng rap-erigsbRiuer oe

5 peak pattern gpdpthe Qgpggukg iﬁgé?gﬁ'Q8f0u€5b9pﬁéiﬁ8taEVQHEEhQEt§1 the

second pattern corresponding to t I ght transni ssion”area Al has an

elliptic cross 3g6LEQPm(PRtHEPAI REVENGBLAE 8¥i RorP3ifdestgBapegka m nor
axis), and a cross section of the first pattern 10 corresponding to the

light seni-trangatssrfs 8hee fRehagtansitgubatombapenéDhidenohes a
dianeter). Since the width in the direction X and the wdth in the

direction Y of iheesetopd payterno ot subbtantwaiiyageatnaepseipeak péttern
are set based on a length in the 15 direction X and a length in the
directioh5Y of the bagherhranstthesponcaseadAsyriashaperoespondysgal to be
crystallized and aﬁgitch of its arrangenent can be controllef so as to

di ffer dependi nfookhenhehapeeghibhsPRrihgny, i.e., a phase shift

boundary b5a.

A width of the inverse peak pattern at this time

is increased in proportion to 1l/square of a defocus
20 quantity.

For example, in the image forming optical system 6,
an entire length (distance between an object surface and
an image surface) is 1000 mm, a focal distance of each
of the lenses 6a and 6b is 250 mm, and a numerical

25 aperture (NA) of the aperture 6c is 0.2. The light
source 1 of the laser illumination device 10 is a KrF

excimer laser beam source which radiates in the form



20 In particular, a fact that axes of the outer inverse peak pattern
(second pattern) differ depending on the directions X and Y neans t hat
inclinations in change of positions-intensities differ in the intensity
di-stribution on the substrate, the crystal selectively 25 grows in a
direction with the large inclination, i.e., the direction of the mnor axis
of the outer inverse peak pattern, and theesultant crystal has the high
25 electron nobility in that direction. By setting directions of a source
and a drain of the transistor to this direction, a transistor with

excel | ent char agtegd st cp, £ap HE AL AGL UL edonBe 31 NigyLhen Rl be HgCL i 0N

met hod can gen e Wo-'stage i nverse peak pattern in this nmann

although it hasidies Shan aLhardSHEe. Pfathea ARt Noheiiim! 1wt her
effective for crystallization. fﬁe ilTumnation optical systemin the
embodi nent 10 35601 i 2i4R hHGe PELSENT di BYEIbL TR ORI NgSOt Bengxci mer | aser
with the optical systemand emts the illumnation |ight fromthe | aser

wi th which the phaserrbBi phasasknhisti haadi 8t €d. iAtatiba8elli WRLhi thes
desirable to assure the honogeneity of the light 15 intensity in the phase
shift mask pl ankased bbéamhdHrogetieet ylimmihetiooi denicangbe andesti on. In
particul ar, since the excinmer laser has irregularities in oscillation
position in accbragacef whe eask patternassufpngedhenhbhegereceseedi s
desirable in order to 20 performuniformcrystallization. At the_sane tine,
in order not toswkegttetene Bndrassubt, addBpbetsal nhgelef Crretphbsaednift
mask (not to raise the center intensity of the inverse peak pattern), it is
desirable for t%@lﬁgfb%u%nnéwﬂﬁﬂh?BszﬁlﬁAG%nlEé%mdFFfﬁgfﬁnga Bl dSe to a

[1el |ight . Furt L t
Dol Ui on msssRbhack RS R RSk P rpetEerhorRy. crveRelireRaitto 26
i b i it f th ti | t f le. |
The Na medhod, BSTUF Lt PaRLARRORT L Ae GUPoELe ket nBit tFeRuci A5 HLFf Gekons
(close to a pargkl gl Light;p Y ,'Bxgggi@€§h?eghehg£88¥ gedlgﬁegéfatgo

intentionally rénove’ conponents havi resofution not Tess than a

predeterm ned vahug, gikek$i 885k 8RURHOYPr QVhdedaRe2fli HEHMBAEaMBEAAT SM
used to set NAto a predeterm ned value. 10 A description will now be given

as to a concretenexanpheedf oEhehkmagemf eafi Bg epykealisystiem mti thzkng the
def ocus nethod nentioned in connection with FIGS. 2A and 2B. In this
concrete exanpl eiméhealasengHesbtationasslenenatetiufedmnotha Kebcexseder

| aser having a wavel ength of 248 nm a light flux of a | aser beam was
expandedlby t heshbahrekpafdesifceahlet hmabegfictrinmhgneptycailt Bysherhot he
phase shift mask 5 is irradi ated was honogeni zed by the honogenizer 3. 20
The honpgeni zer 18 masitéanrepdebebyeanf theephapenshiiicchap Si aRfatheo one
used in a general exposure. NA of this il lum nation device 10 was

determ ned to b&UBSEEatAas7y hEhpnREESEoFRLAG BBFKcal 18yBPEm 6, a two-side 25

Lol ecent 1o oystamLIgt POt oy LASL9EnL RU L 20d;an ol 90k Bo el ghon,
was determ ned Egns %g of the image forming optical system 6 which
20 directly faces the substrate 7 may be contaminated at
this time, since a distance (approximately 250 mm in
this example) between the lens 6b and the processed
substrate 7 is considerably greater than a distance
(several pum to several-hundred pum) between the phase
25 shift mask and the processed substrate in the prior

art, the optical system is rarely contaminated.

In FIG. 2A, a device used for positioning of the



be 0.2 and a magnification was determned to be 1.0. The phase shift mask 5
W || .now be described hereinafter wwth reference to FIG 8. As described in
t he above known exanpl e, adjacent 5 areas having different thicknesses are
provided to a transparent nmedium e.g., a quartz substrate, and the phase
shift mask diffracts and interferes a | aser beamentering a boundary of
steps (phase shift portions) between these%greas, and gives a cyclic
spatial 10 distribution to the intensity of the entered | aser beam FIG 8
shows an exanpl e of such a phase shift mask. This phase shift mask 5 has a
first strip are a hat.alte el y. akrr anged e (err)
and a second st féggsggd(%ﬁgégégF%a? Eg %hggg%ﬁgégséa?g §5(38?2€28§%ﬁg

manner that adj ageptgpabtefhs @y eikn.anhinpPage (§bifLkpApQE, 13Akn These
strip areas (phase shift [ine area) has a wdth of 10 um Specifically, the

phase shift maskyénwas gBRYhAELHr €6chYingt HeLNEBJadNgnekEhi AOFaGT egt aggul ar
quartz substrate having a 20 refractive index of 1.5 to a depth that the
phase correspondsrifgélr&y W pbsiesprthgt etrbeel bgbiveeh 2A8 phusk.e., a
depth of 248 nm An area formed thin by this etching is the first strip
area 5b, and anshtéa mhskh5i andothet phedekssetihsubetoatdeslUrop areanged 25 In
- the phase shift mask 5 having such a structure, the |aser beam whi ch has
passed t hrough ohestideckhsebohll phuberareansSénspedeliapedeaBOcas benpaked

W th 28 the | aser beam which has passed through the thin first phase area
5b. As a resul tSoj pfetpPePaftebahyednf thacbPpbh BeRherBet wEBASt he | aser

beans, and an intensity distribution which is substantially the sane 5 as
the intensity dPSELFbORiBH BfViRe LasERIBEARTASLBNCELCENERNOPR2EPGER10 can

be obt ai ned.~ That inge the ad transpission_light b whi ch
nave passed t hr BUGRLLRE pHAXECnAFEoRDY EPonoaEa FnoahEFCRhaSe hEne |1 ght

have passed e pHasec “dFe*Fn Hhf Rphade, e

poi nt bet Geon  REQBCHPBHe SURRETAFES WAOYS EREPEQHT CHTSHGELy e i A mum or
theen (HESE aPeas " i  Chie _

ryatalli 2ing e Somt E8GREP O R NCP Ry oSt oo L Rat TLer P} Orasged

wavel ength of theplbrhagepoReamnaqt BLelBeASits@h rashhanrpRaneny caedhym
having a refractive index n for giving a phase difference of 180 fo the

transparent medpugn{di ifghenaetbetweanocpbhechkhi ghsaepa amdet peolBRiahea) is
represented by the follow ng expression. 20t = ~/2 (n~l) A concrete
exanpl e of crysbakliczat sgstenl isnevnbeidased bédaheighnakbatrcepset be,
processed substrate 7, there was used one obtai ned by form ng an underlying
fil mandlan a- Sk helpp2 damp Lilquad erkpstalkedesdpltay2ghishplfatmshavi ng a
thickness of 0.6 nmin the nentioned order by a chem cal vapor deposition
met hod. 29 W Lhohkerapsvéraasthibedightuspuree th&opréébssaghsubstyrate 7
was set at a defocus position distanced downwards froma focal position of
the image forni AgléptP&al 3sybich gebyetssubfeandipuldebitr iadrati on was 5

carried out in EE%QC ig%ng%rtkga%r%cggggh =t g%%ate, and a projection

lens 14 used to image-form reflected light rays from

20 this mirror as a slit image on the processed surface of
the processed substrate. The inspection optical system
is constituted of a detector 15 which detects a slit
image reflected by the processed substrate, a light
receiving slit 16 provided immediately before the

25 detector, a condensing lens 17 which is subsequently
provided between the light receiving slit and the

detector and condenses a reflected slit image from the



(capacity of an energy which instantaneously fuses a | aser beamirradi ated
portion of the a-Si film on the a-Si filmsurface becones approxi mately
100 mJ/cnm2. FIG 10 shows a light intensity distribution 10 obtained by a
cal cul ati on under the above-described condition. In this drawing, it can be
understood that there is formed an intensity waveformpattern that an

i nverse phase pattern that a part correspgngding to the phase shift portion
5a of the phase shift mask 5 has a 15 mnimumintensity is formed in
accordance with the vicinity of the phase shift portion. A distance between
the respective inverse phase p e ] 0 J o] n i th w dt hs of
the strip ar eas” S%ﬂ%tgcghgg gﬁ%e@%ﬁ?%éo e%gt %f%ﬁ%gp %%sfg rcon filmwas
20 irradiated w beam whi | i Y, ihgi&h ssed
substrate wi th LESEEeE o T B T T e e ona

to the page spagei 9l Fh& idOsuthes em¥RSe POERAPEENE POLNE ¥8bm! tRel y-Si film
having a large particle size that a crystal particle 25 position is

controlled wit hc@nc_@éﬁ@fhc%oléh%iﬁaggég ehF 66h Ofse X1 2§t Yrede CONEHEL €
exanpl e using the imge form ng device 30 utilizing the NA nmethod will

now be descri begliBasizabbyitbohighttiseupcecasdednsapsteatesystehesi mlar
to those in the above concrete exanple were used. In this concrete exanple,
however, there @aseptipar2dcanSoaeetians sedwhych van-adlustraledfdrheei mage
form ng optical system by replacing an aperture (circular opening) of the

i mage form ng opechahisyshenadNAsbinghen angeefpeaihgonpefchhedi aneter was
adjusted to 0.1 by using this nechanism NA of the illum nation system 10
was set to 0.05Vibhetppbcessedrsubstrate 7 simlar to that in the above

concrete exanple was_set at a focal position _of the inage forning opti cal
system 6, and pul se PPr 83rBPLENChashEarPRrEs S8F™LRIsOPRIS2haA¥EF hat t he

l'igh b i I 00 my/cnR 15.th -Si. fi f
FI G 10 Chows siFTohe it Enei Th BESEPRCUL  bneo8r B ndd by B dal bbhation
under this condilign. LL €gngbesundgr shgodat hatyi (radigig pith the same
i ntensity wavef OF i patter i as Rat Tn°the above cofcrete exanpl e 20 is

performed even ELaﬁ?h?,Sg?%ggf$?§fﬁﬁﬁg'nﬁﬂe£ ?§ 82A8BLemchBELE WRSch kew se

obt ai ned a pol ycrysta aving a large particle size that a

crystal grain pgsbt5@Bstan€9ALLQl tRE ¥hhB AsPBh6BelOnubhbnikghl the
directions X and Y. 25 In the above concrete exanple, although the phase

shift mask 5 thgbrhm;pbp@@cémi Eyspent hengiaiggatpkudakbtMsohe8hbdi ght
lines parallel to eac% ot her as 31 shown in FIG 8 was used, the present
inventionsi s notheesbyi eléfihheiayothe explanation.

The NA method is a method by which the processed
substrate 7 is held at a focal position of the image
forming optical system 6 and a light intensity
distribution is adjusted based on an angle distribution

20 of the illumination light, the mask pattern and NA, the
image forming optical system 6 whose numerical aperture
(NA)}) can be adjusted being arranged between the phase
shift mask 5 and the processed substrate 7. In this
optical system, in FIG. 4A, the mask pattern of the

25 phase shift mask 5 is image-formed by the image forming

optical system 6. An aperture 6d of the image forming

optical system 6 capable of changing its aperture



For exanple, the phase shift |lines can be set orthogonal to each other, and
the phases 0 and (err) can be 5 arranged in the lattice form In this case,
a lattice area having a light intensity of zero is produced al ong the phase
shift lines. Therefore, since the crystal nucleus is generated at an
arbitrary position on this line, there is a problemthat the control over a
10 position/shape of the crystal grain is ghfficult. Thus, in order to
control occurrence of the crystal nucleus, 1t is desirable that the area
having the intensity of zero is a dot. Accordingly, the intensity does not

conpl etely becan?éﬁEQ gt @ gorr §p089'39 %érg9§t§'§? 9bc e RRagg shift

lines (al thoughi ecreaseﬁ) § Set ase shift quantities of the

phase shift |ingsyenihageralche ﬁﬁghaEEhEEebgrQﬁ | g8 khapaA8Beand, at the
sane time, the intenSity at a position correspondlng to the intersection

can be set 20 tehgnggddgyeggbmhegn? sHE 9hee0PLEX transm ttances around
the intersection as zero. An exanple of this will now be described with
reference to FIGS. 9Anamntli@Bophscalowysiteml| ©in2A, cohibsnenslk whbas a
plurality of sets each of which 25 consists of a square pattern constituted
of four sfuare aeea3ubeonSis bgtamdrBhthaui hhgedrktelantiohhRckn&igEA. In
each set, as shown in FIG 9B, the first area 5e has 32 the smal | est

thi ckness and adphesmipkdzbreedThe Naurth apr&a Bh hayerhe baryepetthirvkness
and its phase is shifted fromthat of the first area 5e by 3(err)/2. Phases
of the second anbBithi hdsapredddbt AngeB§ifliobecsniRPcRABIBEE, afeIbet Heen t he
t hi cknesses of the areas 5e and 5g are_shifted fromthat of the first area
by (err)/2 and eBfr B, WF@§Be§PP§EP9thﬁl§u5heasﬁﬂ§kasatBSrFeéP WhiteR the

first to fourth areas are. adjacent to e ot her a entral point
of the square pHFPEFACFE 4R SP8aPhAGPeS ?ﬁgt.RpéﬁéppygﬁsOQeFBCETﬁeFQFaﬁ

rystal Dain ofN BACeRE PYCHBEPoF LB, TAt nalGh" e FERPaFer ALe Bhat the
mask pattern 15 Qﬁﬁgrhﬁﬁgh'ﬁscg B%EEh??ﬁththb§§ £8 %”gl%ﬁphg %d in

combi nati on witH od utilrzing rojection optica

according to th%aE&%éeBprH&EHb'Bﬁ at BBePhe3EALiLAVERT AR bét@%%lreStr'Cted
to an application of this conbirnation, and it can be |ikew se used in the
20 convent i onal sphass BeNWEALhELACTBLRRA 5| Arihiis atass, ot Aegrekensi ty can
be set to zero only on the phase shift line or at a point where these |lines
are orthogonal teheazehcet bér thehildhhits selireet aviel. aAldkelfandgh ibhe offhake shi ft
portion of the phase 25 shift mask has been described as a boundary |ine
(FIG 8)16r a boesdauyipaoi.nt (FIGS. 9A and 9B) between the areas (phase
areas) having different phases in the 33 foregoi ng enbodinent, this is a
case that the phase &vearsomsiisgs toe @ﬁpﬁeésﬁﬂamﬂhﬁﬁmﬂieaﬁ@ath@néoﬁﬁé phase
shift portion in the present invention is not restricted thereto and can be
formed by sli ghﬁwfecgmarlﬁ RGTEPSMLNNe 1BOttdary aLAE 167t Re CBYGHdar y p0| nt.

Thi Il be d bed h ft Ln the_ def, |
ntensi ty pat t P eﬁ@e,cééebéige%fesﬁﬁ) gbndi g of‘%ﬁss B e

predet er i ned. gaRsLLom:a 893! hgsl tibon oL Fép%5§315”%9 LOLIL00 aptheal

systenl(p05|t|oﬁ fdi'cite and ize | Urri ng”

I's gener gped du?e%%l%%&%n & a“kk?ﬁhde”%hﬁﬂg Mﬁ%ﬁ'ﬂﬂ?&%“r@hu%%ﬁ and
illumnation light is large. result, a gent e I nverse chevron shape
with a shallow %B%e&%%oﬂﬁ%ﬁon is intentionally lowered, a width of the
inverse peak pattern is increased. At this time, a
method of reducing NA is using the aperture having a
reduced aperture dimension as described above.
25 When such a type of the image forming optical

system is interposed between the phase shift mask and

the processed substrate, the same advantages as those



15 (intensity of an inverse peak value is considerably large) in the phase
shift-portion is obtained, irregularities in in-plane intensity of the

| aser beam fromthe beam source or irregularities in intensity for each
oscillation pulse have an affect, and there is a 20 possibility that even
crystallization may not be achieved. In such a case, as shown in FIG 12,
this problemcan be solved by providing a{dght shielding area with a snal
wi dth to one phase area (second phase area Iin 25 this enbodi nent) of the
phase shift mask 5 along the boundary line. This reason will be descri bed

w th reference tﬁeE'SEii%z%naﬁ?hgm QfS@#Ei@QtBQS B?ﬁabéehe%hHQE Lpegnter

t he phase shift mask ensi Istribu hase shift

portion becomes 03 aphi ghtqknEERRL LY Qb%&&b@ugygﬂeﬂbhﬁh@§glﬁﬁ ﬁthBQl~1 an
anplitude of a 5 diffraction fringe acquired fromthe first phase area 5b

and 20 an anpli tygdetobnamdthbaanti onnbwi peedasarired #iem theesenendrphase
area 5c and squaring its result. Wien the scattered |ight enters the phase
shift mask, a fFpat.dpAfsaadtbBn pattern is obtained by integrating a 10

| i ght intensity pattern acquired fromthe light rays at a plurality of

di fferent5angl es. Thehef pupilafsnnithgnt hathAdi $san methdenbyawgliehantleZ i s
the gap, when performng integration taking a fact that shifting is
performed by Zt améger foomliygi aptheapl apetemt 6 hbveingssdehathoaperherki ght
intensity pattern of the light based on the interference and the
diffracti on has(§eft}eai Aypise éﬁeasoﬁhewapee whehdragipeuhdaipserted

t her ebet ween as,_ descri bed above if_ the ght shielding area i s not

provi ded. |f thEeFW@ﬁP ShrePBRAS ahéét mP§k25 BPQVFB@dp5§C§ﬁ5ﬁﬂ in FIG 12,

however, there obtajn an_anplitude o he diffrac nge of the
second phase aréﬁbg r§t8 9as%§ﬁoﬁﬁngﬁg?% ﬁgtﬁlﬁeéﬁl 39§0 éIF?ght

|ntenS|t¥ dIStrlbUtEgB°g9£§lnegFPonttghng|rs?gﬂﬁ gpogkygg Snggﬁo an

diffraction frlnaga 3kguired rea

anpl i tude of thgng'EfF?85%0TnEEhggﬁgaﬁﬂHtE§ﬂu%EBg}EQeaﬁﬁﬁgﬂgdeQ§Eda5ﬁa 5¢C

and squaring its resu 'S as awi n

correspond to thg %h?ﬂe ghisekdbngishearsthy §§§hhﬂﬁa%1$hd§QgEE0f at Rgski ght
shi el ding area as t hereby obtaining the excellent inverse peak
pattern having gaﬁeaknvahueatbapli Fhgctnbansity is substantially zero.
When the scattered |ight enters the phase shift nmask, since a shift
quantity of the incidentshangl éni FI%t.aBBer theatipemtyire Bal coasdlsesobft he

i ncident angle, a pattern indicated by nentioned above can be obtained 10
if the wid@th D ofirthéaki ghbsshetkdang aseaonssatiiskidesfDa>s2Ztanhepe). A
concrete exanple of the phase shift mask showmn in FIG 12 will now be
descri bed herei gampéertealigbtahganarigaapnzasgpsbiare Ehenhianesf padei ve 15
index of 1.5 was etched to a depth that a phase corresponds to (err) with
respect to the PRghe négpﬁgSﬁm&a§éP8ﬁ8%ﬁ56Pn22ﬁeﬁnﬁ og, thg Geﬁﬁﬁ of 248

nm and a first ase ea_.5b_and a,second phase area 5
hon- et ched ar oaSkBFe f SPRediSRE BRFG: FﬁBsmgésbaPt arﬁﬁnémﬁeaﬁduct ed in

such a manner t rangmngsghno%ftgeaf fp@ﬁ?ter g% gggnﬁoééeﬁggand a width

of the second phase are Rér ea rome was

for med Og oOne SHEEﬁg 1%%15Reoﬁh%ﬁ8 %Qh%&n&ﬂ%k19&h%thEéhbH9thbhhﬁp%@5
patterned, and the |1 ght
by any method. A light transmittance of the light
semi-transmission area A2 is selected in many ways in
accordance with needs, and it is not necessarily
restricted to 50%. A shape of the pupil and a shape of
25 the light semi-transmission area are not likewise

restricted the above shapes. For example, the light

semi-transmission area A2 may have a circular or



25 shielding area s was forned on both sides of the second phase area al ong
the boundary with the first phase area 5b. A width D of the light shielding
area was 36 determned to be 4 um The thus forned phase shift nmask 5 was
used in the apparatus shown in FIG 2A and crystallization was perforned.

At this time, the processed substrate 7 was 5 placed at a position C

di stanced downwards froma focal positionof the inmage formng optica
system 6b by 20 um (that is, Z = 20 um, and pulse irradiati on was
performed in such a manner that the light energy on the a-Si filmsurface

of the processe s 10 approximately 100 md/cnR. As a
result, the anﬁg%%%%géé?%?cgﬁgﬁgg able to be crystallized into pol ycrystal

silicon with a |argeapaitiel Refhds Eaftmgnﬁfx&akiﬁgsi:h&oapie§t598t kel | ed.
The technique to provide the Iight shielding area 15 s can be al so applied

to a phase shiftormska ofi amothen gonfghevihoal @snghedhet NaFl Suchdasf or
exanple. This exanple is an application to the mask shown in FIG 9A, and

the light shielgdhhgn@rea shéSeptdvédetanspanenphpsetares, oé.the ghnase
phase areas al ong the boundary |ine 20 of the adjacent phase areas. In this
exanpl e, & sharp sywehseipenkspat aednobbersgiatpoanthickeepsak val ue can be
obtained at a position slightly shifted froman intersection of the four
phase areas. Theotigfporfinydipgaadeairad beahsnibbabygeusyngratkeringm
consisting of a material such as chrone which absorbs the light, and it can
be al so formed ®y tRengiyari Bhsnkehakess apdcharquies. ordyY axanpredftReelight

37 shielding area. may be fornmed by using a,nultilaxer film |
film Corresponding to the light semi-transmission area,

and exposes the transparent plate.

10 In this case, the light shielding material
reflects a part of the light and absorbs a part of the
light. A degree of this absorption (transmission) can
be arbitrarily set based on a thickness of the film.
The chrome film is just an example, and any material

15 such as Z2rSi0O which prevents transmission of a part of
the light can be used.

A second aperture manufacturing method forms a
multilayer film, which is designed so as to partially
reflect the light having a wavelength used to the light

20 semi-transmission area A2, on the entire surface of the
transparent plate, and then patterns and removes only a
part of the film corresponding to the light
transmission area Al. As described above, in case of
the pupil which reflects a part of the light, since a

25 material forming the aperture, i.e., a material forming
the light semi-transmission area does not absorb

unnecessary light rays, there is an advantage that the



corresponding to a wavel ength of an incident |aser beam or irregularities
may be fornmed so that the incident light is scattered or diffracted. 5 The
optical elenment constituting the inage form ng optical systemis not
restricted to the lens system and it nmay be a mrror system Further, it
may be a conposite systemfornmed of a lens and a mrror. A nethod for

manuf acturing an el ectronic device by 10 ugj ng the manufacturing
appar at us/ net hod according to the present 1nvention will now be descri bed
with reference to FIGS. 15A to 15E. As shown in FIG 15A, an underlying
film3l (e. g., |.am na fi 1 SL an, Si L Vi 15 film
t hi ckness of SOaI%lerﬁ andgaélg% Olji&?:(?%%%%%%g@%%l I n%?h%i%e‘g‘]’é&gf ngf?m) and
an anor phous sem fi e i i e |like having
a fiIn1thickne§£é%$ﬂg%%%8§?H%éﬂ%gg%% %ﬁ??%gé%%nﬁb f§%£§f§§%%g on an entire
rectangul ar i nsUbabhNen SUDSt L@t €5 39réPent- thdOr&t kabted! BSSHt UPRSH ZLE ASS,
pl astic, polyimde and others) by using a chem cal vapor deposition nethod,
a sputtering nejhost@fet Ffohi KeacHlhgesendtier Al @astopriadd wartde, surface
of the anorphous sem conductor film32 is irradiated with an excinmer | aser
33 (e.g.,5KrF ogh2bh Xesh)be Her actde apparates (abdaypel hgdtdescribed in the
foregoi ng enbodi nent are used in the exciner |aser beamirradi ation. As a
result, as shown in EsGleibBibed38bavant &ni abhsef ofhehanepphbuse 6e

sem conductor film32 is crystallized into a polycrystal sem conductor film
34. The thus foravingothergenpletend tohtutronshisaiald asegohlerpedthato a
pol ycrystal or nonocrystal 5 sem conductor filmwth a |arge Earticle si ze
whose crystal gthoRtpoenitrbrRanNsnESHiPR| PEBR aB2 cotbateddfihaBlBoF9cryst al
sem conductor filmuysing the conventional K ma ufacturing agga;atus Then,

t he nonocr yst al CeRFFSBRhREE B TRERE 3% ?stﬁbcg?%ﬁﬁss%dm hebiah P&l ERG- shaped

i t film35 b i th h ith h d the Si02 fi
cem condyto 1L 3%, Do g phekol LAGRESph, andelbe SLOBLIM
film 36 th | Vi fLl 1 d ] ilm35 b i
(LT e o e MOEELvLns, LLLM R gRdAbe seplsoRtucharabiim 30 by usi no
Sub tly, t I 7 ; YN AN I t
subsequently, 2 gatess! ehLr a6 3ok arohl Lol ge0a MM boclorped ot @

Wth this gate ghecifgde 3dmbetpgnbnedsasnaapBaknrassshewpuiatédd F5G 15D
inmpurity ions 38 (phosphor in case of an N channel transistor, boron in

case of a P chagnehihsasal stoh)saseipaphaDhgdmeahs thr Bennehhduetiobyfil m
35, and this filmis changed into an N type or a P type. Thereafter, the
entire device is.gnpefibeding a 25rhi posfgenonedosphend &r. agertfioe ofieahour
at 450C), inpurities in the sem conductor film35 are activated. As a
result, the seninewhducsoppdrtimgsthecapestursofeceith3g 4ighitth a high
inpurity concentration, a drain 42 and a channel area 40 with a | ow

i mpurity concenthaelghngwnpEnarialpoandi saédcpEingeArt RESSENELBE &Beand t he
drain 42. 5 Then, an interlayer insulating film39 is formed on the gate
film36. SubseqhefhFyPagshbfatirABPBstAPeOPErPFedlts PhetSt BPRFFHFSE of the

and t he arai n 400 CYROPEAPELY: & LBBPbeoBliarBHcoRS RRITROI8 Hra
eleCtrOd§O44 elSBEEBﬁREHXgCQHQeEESHtt8eh@§t§gﬂgﬁ§ssion area may be
formed at a part close to the outer side of the
aperture 6e.
The pupil function method generally utilizes a
fact that a spot diameter of image formation is reduced
25 if NA of the pupil is large, and apparent NA of the
light which has passed through the complete light

transmission area Al is decreased. Therefore,



41 and the drain 42 through the contact holes are fornmed on the interlayer
insulating film39 by using the filmformng and patterning techni que, as
shown in FIG 15E. It can be understood that the thus forned 15 thin film
transi stor consists of polycrystal or nmonocrystal with a large particle
size since the sem conductor formng the channel 40 area is processed by
the laser beamirradiation technique descrjped in connection with FIGS. 15A
and 15B. Therefore, such a 20 transistor has a higher switching speed than
that of a transistor using an anorphous sem conductor which is not

subj ected to Iaggr 939&8r§8§§5§€ ?%r&yth gea&gglﬂgdgﬁnsﬁghpgrforned SO

that the polycrysta ansrstor can |qU|5 crystal

drive 25 functi ct,{,0 n e c syghjas a nenory
(SRAM DRAM orQHd%PUEQQ %yrgﬁ?%rgga%i%?ﬂgai 1 F%CFF?C g?re%gth is forned

to the anor phOU@enef’eréém(QQ@HHCE%lf-tkﬁhsﬁﬂgshbn' greal xer ¥§t ahkbzed or
nmonocrystal lized with respect to a transistor of, e.g., a driver circuit

whi ch requires aBakneeqase tnespegﬂtotrahsmmabnbntpreﬁehﬂdﬁgtarah .
Applicability As described above, according to the present invention, si nce
the filmbi ke aSphaseapbatentraNK whii thepei§btnwhpaht rabi pgsetdathirghtth
intensity and the processed substrate are di stanced fromeach other by 10
arrangi ng the i hhgelighhi agmdoptrenbmsgsiem thenehet ieenncrhesmdskans not
contam nated by abl ation which occurs when irradiating the sem conduct or
filmwth the | dB¥erpeancakupehbendreith senssrovhwédtheasahessa position
15 can be inserted between the phase shift nmask and the processed
substrate, or alPfgfeteeahyfar reRBreBASoFYERALLRZcANSEHGE 09BNEEr bet ween

t hem Besides, the NA ngtng Eg rdlng to.the ?resent énventlon hgs t he
fol | owing four S8Y&RELG $9 ngﬁﬁﬁﬁ 58SHPRhafRe LondLfiPi BRAFUpRIsES

trol A net hod e def t hod di th
fﬁCengloﬁ6 A?Efgﬁstgigh s 510 %gngﬁ%FgrR%ccor ducég 3vgﬁ #i%sﬂéyprocessed

subst rat e mvesdéeag@mla dtﬂgcé}tﬁgr § BLhDESAPEEL ko LhecaPlhealagxis of

t he surface of con mi'S noved T orwar CRwar d due
to optical system 6 as a sum of functions of the complete

light transmission area Al and the light semi-
transmission area A2, there is generated a two-stage

15 inverse peak pattern having a first pattern which
includes a peak value that a light intensity becomes 0
in such a phase shift part on the focal surface as
shown in the drawing and which is positioned on a side
where the intensity is low, a second pattern which is

20 positioned on a side there the intensity is high, and a
step portion positioned between the first pattern and
the second pattern in such a manner that a width of the
first pattern becomes much larger than that of the
second pattern.

25 In this pupil function method, although the
inverse peak pattern generation principle is similar to

the NA method, the NA method controls only a size of



undul ati ons. At second, even if a degree of scattering of the 41
illumnation |ight varies, changes in the pattern are small. In particular,
even if scattering is large, the contrast of the pattern is not
deteriorated like the 5 defocus nethod. At third, the light intensity

di stribution has |ess undul ations at positions other than the phase shift
portion, and it is close to an ideal patteyn. At fourth, as to positioning
of the processed 10 substrate in the optical axis direction, sinply holding
t he processed substrate on a focal plane can suffice without requiring a

control over a i I " def ; h b
facilitating thg%%gﬁ r%%ggn&a§¥%é%kﬁpéhﬁ*%?§.Pﬁ#@?g%%?ﬁ???%ﬁigaﬁa%%%?atus
conprising: a |} urc i C ! ight beam a mask which receives
the |light beam §€%¥§%e£5§?¥%%tg£§€$%2p§%%é%£kes an intensity distribution

of the Iight beaminyReANthBVELS§8eB88K BabLerAtkhat i3 QEEKnﬁéhUthﬁﬁié
mnimumintensity; and an inage form ng optical systemwhich is positioned

bet ween t he masko@ad Bl @mecCessethsubsirat errd@iandoh of gspanformee, of the
| i ght beam having the inverse peak pattern on the processed substrate,
t hereby ciystalsizcagthe legist anpansibdy hasubsé anteimimt hetpnstegsed
Substrate.
substantially zero in the inner, i.e., first pattern,
this point becomes a crystal nucleus. In the outer,
i.e., the second pattern, since a temperature gradient
according to the light intensity distribution is

10 generated, the crystal growth in the lateral direction
is facilitated as compared with a case of the simple
inverse peak pattern shown in FIG. 4B.

Both the complete light transmission area Al and
the light semi-transmission area A2 may have a circular

15 shape. However, by changing the length of each area
depending on the directions X and Y like an ellipse,
the light intensity distribution of the two-stage
inverse peak pattern can be changed depending on the
direction X and the direction Y.

20 Assuming that D1 is a diameter of the inner, i.e.,
first pattern of the two-stage inverse peak pattern, D2
is a diameter of the outer, i.e., the second pattern,
01 is a diameter of the light semi-transmission area A2
represented by an angle, and 682 is a diameter of the

25 complete light transmission area Al, the following

calculations can be achieved.

D1 = kA/sinfl



2. The crystallization apparatus according to 15 claim 2, wherein the mask
has a phase shift nmask in which adjacent areas have different thicknesses
and a phase shift portion having a step between these areas is defined. 3.
The crystallization apparatus according to 20 claim 2, wherein the a phase
di fference of the phase shift portion of the mask is 180 so as to produce a
peak val ue of which the intensity is subsgg?tially zero. 4. The
crystallization apparatus according to 25 claim1, 2 or 3, further
conprising a support which supports the processed substrate at a defocus
position separ af q=f££y%§bé cal position of the inmage formng 43 opti cal
system by a predetermne istance. 5. The crystallization apparatus
according to claim1;,.2 3 er,c i Sl a - wWhiy gh orts

t he processed substrg?etggsae¥%%g?5bo§i??2% g mgetﬁgﬁgggggl%%%giﬁgHggtical
system wherein.¢he L BGSLERT M NGePPhES abn SY SESEE DASCANi GRS E UERe Whose NA
can be changed so as to be capabl e of adjusting a width of the inverse peak
pattern. 6. Thegstysial &igeéhophaERal Bt 481 AEEOT Ehodma Ok 10a cliay s, opher ein
assumng that (err) is a wavelength of the light beamand NA is a nuneri cal
aperture ®»f thecaperénce, ot vhdt highofsdhecensrdse gefiknpatderofi shgi ven by
the followi ng expression: D= k~/NA (k is a value from0.5 to 2). 15 7. The
crystallizationrappavbios. achksrai ngstbdtel Bhen inn@rodidpetart heragdnphési ng
a support which supports the processed substrate at a focal position of the
i mage form ng opttenl digmebay Whee&i bhehewpnagegeopaikigpeptetal asgsiem has
a pupil which sets a two 20 stage peak pattern having a first pattern
positioned on alBVeesehererahrtiaber’i 6¥2¢8 PwthRalighti A9BIse peak pattern
has a peak val ue, a second pattern_positijioned on_a sife where the intensity
is high, and a SFepsPoreioR pbeft+ontRdpERGeeAmMPHEERI F88 battern and the 25

second pgétern go that a.w he_first ern is greater than a wdth

dth of at
of the setond p F?%Fﬂ?sﬁ?o%h%rE?yéﬁa|F?%%?FB vgéﬁaratus according to 44

Therefore, as shown in FIG. 6A, since the complete
light transmission area Al has a rectangular shape
which is short in the direction X and long in the
direction Y, the light intensity distribution of its

15 inverse peak pattern has a large width in the direction
X (indicated by D2) and a small width in the direction
Y (indicated by D3), as indicated by Al in FIG. 6B. On
the other hand, since the light semi-transmission area
A2 has a circular shape, the light intensity

20 distribution of its inverse peak pattern has the same
small widths in both the direction X and the direction
Y (indicated by D1) as indicated by A2 in FIG. 6B.
Therefore, as indicated by Al + A2 in FIG. 6B, the
light intensity distribution of the two-stage inverse

25 peak pattern which is a sum of the both inverse peak
patterns has a width in the direction X (D2) greater

than a width D3 in the direction Y in the outer, i.e.,



claim7, wherein the pupil of the inmage form ng optical systemhas a |ight
transm ssion area and a |light semtransm ssion area surrounding the |ight
transm ssion area and, assuming that D1 is a wwdth of the first 5 pattern
of the two-stage inverse peak pattern, D2 is a wwdth of the second pattern
of the same, 81 is a dianeter of the light sem -transm ssion area
represented by an angle and 82 is a dianetgfr of the |light transm ssion area
represented by an angle, a size 10 of a distribution of an outgoing

radi ation pupil function of the pupil of the inmage form ng optical system
satisfies the f oW X Lons; PL. = K&y LS| [ : e.from0.5
to 2) D2 = k~,/g#%6§%?gn§sgégggkﬁé pEln3sStnt Egséléﬁﬁ?iTﬁé&%hg ih

crystal | i zation.gopay abup; 8RCRr $ha0rho §hebtlon"herBin 2npak pARLE!N Of

t he mask has a phase s t mas aving an rntersection consisting o

least three or poge, phaserspiitphipesnandrag. i nt egral pyghueyetwa conpl ex
transmttance of a circular area 20 with the |ntersec?|on at the center

bei ng substanti ghby¥izgr 8. réQatIbAsEisbativként tRa apparahye apoeerdeng to
claim9, wherein each of the three or nore phase shift lines has a phase

di fferencg bei ngehkspathann2and86hdegupéd id. thhe mayatall i 2at appaappar at us
according to claim9, wherein the nunber of phase shift lines is 45 four,
and each of thefpbms&l§hi 7t Lhmesechasdapphaésendicbteeeponddfigsubsthatially

90 degrees. 12. A crystallization nethod conprising: generating an inverse
peak pattern halightatpanrmssgapnearpatAd haghﬁniﬁgéh§t@9 Fsosabstantial ly
zero at a phase shift portion of a phase shift mask by using this mask; and
irradiating a pﬁ@@Eé@@d(§@b§?B9FésmﬁtﬁaaoriQﬁﬁsbe8ﬁ1ﬁaﬁﬂﬁgagﬁé PnikeP8E peak

pattern, thereby 10 crystallizin% at | east anEart of a substance of the
substrate, wher8fhSan PRegé 6FCFReSPFHAPRbRANMTBE fRESHhREETERPft mask is

for red gt e PEOgessed.aURS! L8t £nBY,45h0.20;LIROS.LOLELAY gpLLogh system

has a circular shape (D1l denotes a diameter). Since
the width in the direction X and the width in the
direction Y of the second pattern of such a two-stage
inverse peak pattern are set based on a length in the

15 direction X and a length in the direction Y of the
light transmission area Al, a shape of a crystal to be
crystallized and a pitch of its arrangement can be
controlled so as to differ depending on the directions
X and Y.

20 In particular, a fact that axes of the outer
inverse peak pattern (second pattern) differ depending
on the directions X and Y means that inclinations in
change of positions-intensities differ in the intensity
distribution on the substrate, the crystal selectively

25 grows in a direction with the large inclination, i.e.,
the direction of the minor axis of the outer inverse

peak pattern, and the resultant crystal has the high



15 the phase shift mask and the processed substrate. 13. The
crystallization nmethod according to claim 12, wherein an inage of the |ight
beamis formed with the processed substrate being held at a defocus
position separated froma focal position of the inmage 20 form ng opti cal
system by a predeterm ned distance, thereby achieving crystallization. 14.
The crystallization nethod according to cﬂéﬁln 13, wherein the processed
substrate is held at a focal position of the imge form ng optical system
25 and a width of the inverse peak pattern is adjusted by changi ng NA of

the | mge formé‘ﬂe&P}&?%o%i’f{gf]eiﬁt at4<§i£3‘£'%£f@9? °é¥t£‘ aHLQ t beamis

formed on the processed substr er eby achreving ctys Ization. 15.

The crystalli Zgﬁi &@P&b@%@;{,sowﬁfaet&n&'éi d#n &@egﬁéntfms-pée&fls%d

substrate is h at a 5 foc position of the Inmage formng optica

system and thegj 1y el Ske PeAbn PaS L €F dnd SsPBE | Pk OB WDe$t age i Nverse peak
pattern in such a manner that an outgoing radiation pupil function of the

i mage formng ophi€adtsysserHecitse amenit ot ttinedt ypes of large and snal |
10 distributions of an outer area and an inner area, and the processed

substratesis irradi asedcai thet papllghtnbeaon hbenellycanhgenengte the
crystallization. 16. A phase shift mask for a |ight beam wherein a nask
pattern has an ftweesbagei onveossisetdhgraftarnlin| tlass mameer ozl pinvegphase
shift lines, and an integral value of a conplex transmttance of a circular
ar ea it has the characteristics of the NA method, it is
further effective for crystallization.
The illumination optical system in the embodiment
10 according to the present invention combines the excimer
laser with the optical system and emits the
illumination light from the laser with which the phase
shift mask is irradiated. At this time, it is
desirable to assure the homogeneity of the light
15 intensity in the phase shift mask plane and the
homogeneity in the incident angle direction. In
particular, since the excimer laser has irregularities
in oscillation position in accordance with each pulse,
assuring the homogeneities is desirable in order to
20 perform uniform crystallization.
At the same time, in order not to reduce the
contrast of a defocus image of the phase shift mask
(not to raise the center intensity of the inverse peak
pattern), it is desirable for the defocus method to
25 have less diffusions (close to a parallel light ray).

Furthermore, in order to obtain a necessary resolution,

assuring NA which is not less than a given value and



with the intersection at the center is substantially zero. 17. The phase
shift mask according to claim 16, 20 wherein each of the three or nore
phase shift |lines has a phase difference being | ess than 180 degrees (err).
18. The phase shift mask according to claim 16, wherein, when the nunber of
three or nore phase shift lines is four, a phase difference of each of the
phase 25 shift lines is substantially 90 dggrees. 19. A phase shift mask
for a |light beam conprising: 47 at | east two phase areas having

di fferent phases; and a boundary |line defined between the adjacent phase
areas a2 i glbpROLEL Al nen 2LEE EOLTBH LBaREENBECeRAER1BLEN e
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25 telecentric system that both an incident pupil and an

outgoing radiation pupil are positioned at infinity was

used. As its basic specification, NA was determined to
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The phase shift mask 5 will now be described
hereinafter with reference to FIG. 8.
As described in the above known example, adjacent

5 areas having different thicknesses are provided to a
transparent medium, e.g., a quartz substrate, and the
phase shift mask diffracts and interferes a laser beam
entering a boundary of steps (phase shift portions)
between these areas, and gives a cyclic spatial

10 distribution to the intensity of the entered laser
beam. FIG. 8 shows an example of such a phase shift
mask. This phase shift mask 5 has a first strip area
(phase area) 5b that alternately arranged phases are =«
and a second strip area (phase area) 5c that phases are

15 0 in such a manner that adjacent patterns are in anti-
phase (shifting of 180°). These strip areas (phase
shift line area) has a width of 10 um. Specifically,
the phase shift mask 5 was manufactured by patterning
and etching a rectangular quartz substrate having a

20 refractive index of 1.5 to a depth that the phase
corresponds to m with respect to the light of 248 nm,
i.e., a depth of 248 nm. An area formed thin by this
etching is the first strip area 5b, and an area which
is not etched is the second strip area 5c.

25 In the phase shift mask 5 having such a structure,
the laser beam which has passed through the thick

second phase area 5c is delayed 180° as compared with
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the laser beam which has passed through the thin first
phase area 5b. As a result, interference and
diffraction occur between the laser beams, and an
intensity distribution which is substantially the same
5 as the intensity distribution of the laser beam such as
shown in FIG. 10 can be obtained. That is, since the
adjacent transmission light beams which have passed
through the phase shift portion are in anti-phase, the
light intensity becomes minimum, e.g., Zero at a
10 position corresponding to a point between these areas.
The area where the light intensity is minimum or an
area in the vicinity of this former area becomes a
nucleus when crystallizing the semiconductor.
Generally, assuming that A is a wavelength of the
15 laser beam, a thickness t of a transparent medium
having a refractive index n for giving a phase
difference of 180° to the transparent medium
(difference between the thick area and the thin area)
is represented by the following expression.
20 t = A/2(n1)
A concrete example of crystallization will now be
described hereinafter.
As the processed substrate 7, there was used one
obtained by forming an underlying film and an a-Si film
25 on a liquid crystal display glass plate having a
thickness of 0.6 mm in the mentioned order by a

chemical vapor deposition method.
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With the above-described structure, the processed
substrate 7 was set at a defocus position distanced
downwards from a focal position of the image forming
optical system 6 by 10 um, and pulse irradiation was
carried out in such a manner that a light energy
(capacity of an energy which instantaneously fuses a
laser beam irradiated portion of the a-Si film) on the
a-Si film surface becomes approximately 100 mJ/cm? .

FIG. 10 shows a light intensity distribution
obtained by a calculation under the above-described
condition. In this drawing, it can be understood that
there is formed an intensity waveform pattern that an
inverse phase pattern that a part corresponding to the
phase shift portion 5a of the phase shift mask 5 has a
minimum intensity is formed in accordance with the
vicinity of the phase shift portion. A distance
between the respective inverse phase patterns is 10 um
in accordance with widths of the strip areas 5b and b5c.
As a result, when the amorphous silicon film was
irradiated with the laser beam while relatively moving
the processed substrate with respect to the phase shift
mask 5 in a direction orthogonal to the page space of
FIG. 10, there was obtained a polycrystal poly-Si film
having a large particle size that a crystal particle
position is controlled with a pitch 10 pm in both
directions X and Y.

A concrete example using the image forming device

IL# "10% /& ()- 3
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utilizing the NA method will now be described.
Basically, a light source and an optical system similar
to those in the above concrete example were used. In
this concrete example, however, there was prepared a
mechanism which can adjust NA of the image forming
optical system by replacing an aperture (circular
opening) of the image forming optical system. NA of
the image forming optical diameter was adjusted to 0.1
by using this mechanism, NA of the illumination system
was set to 0.05, the processed substrate 7 similar to
that in the above concrete example was set at a focal
position of the image forming optical system 6, and
pulse irradiation was carried out in such a manner that
the light energy becomes approximately 100 mJ/cm? on
the a-Si film surface.

FIG. 11 shows a light intensity distribution
obtained by a calculation under this condition. It can
be understood that irradiation with the same intensity
waveform pattern as that in the above concrete example
is performed even if this device was used. 1In this
example, there was likewise obtained a polycrystal
poly-Si film having a large particle size that a
crystal grain position is controlled with a patch 10 um
in both the directions X and Y.

In the above concrete example, although the phase
shift mask 5 that the phase shift portions are a

plurality of straight lines parallel to each other as
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shown in FIG. 8 was used, the present invention is not
restricted thereto.
For example, the phase shift lines can be set

orthogonal to each other, and the phases 0 and ® can be

5 arranged in the lattice form. 1In this case, a lattice
area having a light intensity of zero is produced along
the phase shift lines. Therefore, since the crystal
nucleus is generated at an arbitrary position on this
line, there is a problem that the control over a

10 position/shape of the crystal grain is difficult.
Thus, in order to control occurrence of the crystal
nucleus, it is desirable that the area having the
intensity of zero is a dot. Accordingly, the intensity
does not completely become zero at a corresponding

15 position of the phase shift lines (although it is
decreased) by setting phase shift quantities of the
phase shift lines orthogonal to each other to be less
than 180° and, at the same time, the intensity at a
position corresponding to the intersection can be set

20 to 0 by determining a sum of complex transmittances
around the intersection as zero.

An example of this will now be described with

reference to FIGS. 9A and 9B. As shown in FIG. 934,
this mask 5 has a plurality of sets each of which

25 consists of a square pattern constituted of four square
areas 5e, 5f, 5g and 5h having different thicknesses.

In each set, as shown in FIG. 9B, the first area 5e has
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shifted from that of the first area 5e by 3mw/2. Phases
of the second and third areas 5f and 5g whose
5 thicknesses are between the thicknesses of the areas 5e
and 59 are shifted from that of the first area by =n/2
and m, respectively.
In such a mask, a part at which the first to
fourth areas are adjacent to each other, e.g., a
10 central point of the square pattern is an area where
the intensity is zero. Therefore, since this point
becomes a crystal nucleus, a position and a shape of a
crystal grain can be readily controlled.
Although it is preferable that the mask pattern
15 described in connection with FIGS. 8 and SA is used in
combination with the method utilizing the projection
optical system according to the present invention, the
present invention is not restricted to an application
of this combination, and it can be likewise used in the
20 conventional phase control ELA method. In this case,
the intensity can be set to zero only on the phase
shift line or at a point where these lines are
orthogonal to each other, which is effective.
Although the phase shift portion of the phase
25 shift mask has been described as a boundary line
(FIG. 8) or a boundary point (FIGS. 9A and 9B) between

the areas (phase areas) having different phases in the
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shift portion in the present invention is not
restricted thereto and can be formed by slightly

5 shifting from the boundary line or the boundary point.
This will be described hereinafter.

In the defocus method, since a light intensity
pattern (inverse peak pattern) generated at positions
with predetermined gaps from a focal position of the

10 image forming optical system (positions indicated by B
and C in FIG. 2A) is utilized, "blurring" is generated
due to gaps if an incident angle distribution of the
illumination light is large. As a result, a gentle
inverse chevron shape with a shallow inverse peak

15 (intensity of an inverse peak value is considerably
large) in the phase shift portion is obtained,
irregularities in in-plane intensity of the laser beam
from the beam source or irregularities in intensity for
each oscillation pulse have an affect, and there is a

20 possibility that even crystallization may not be
achieved.

In such a case, as shown in FIG. 12, this problem
can be solved by providing a light shielding area with
a small width to one phase area (second phase area in

25 this embodiment) of the phase shift mask 5 along the
boundary line. This reason will be described with

reference to FIG. 13.
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shift mask 5, a light intensity distribution at the
phase shift portion becomes @ a light intensity
distribution obtained by adding @ an amplitude of a
diffraction fringe acquired from the first phase area
5b and @ an amplitude of a diffraction fringe acquired
from the second phase area 5c¢ and squaring its result.
When the scattered light enters the phase shift mask, a
final diffraction pattern is obtained by integrating a
light intensity pattern acquired from the light rays at
a plurality of different angles. Therefore, assuming
that O is an incident angle and Z is the gap, when
performing integration taking a fact that shifting is
performed by Ztan® only in the plane into
consideration, the light intensity pattern of the light
based on the interference and the diffraction has
gentle inverse chevron shapes with the boundary
therebetween as described above if the light shielding
area 1s not provided. If the light shielding area s is
provided as shown in FIG. 12, however, there is
obtained @ an amplitude of the diffraction fringe of
the second phase area 5c such as shown in FIG. 13. As
a result, @ a light intensity distribution obtained by
adding @ an amplitude of the diffraction fringe
acquired from the first phase area 5b and ® an
amplitude of the diffraction fringe acquired from the

second phase area 5c and squaring its result is as
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light shielding area as follows, thereby obtaining the
excellent inverse peak pattern having a peak value that

5 the intensity is substantially zero.
When the scattered light enters the phase shift

mask, since a shift quantity of the incident angle is
Ztan® at only a half angle of the incident angle, a
pattern indicated by @ mentioned above can be obtained

10 if the width D of the light shielding area s satisfies
D > 2Ztan®.

A concrete example of the phase shift mask shown
in FIG. 12 will now be described hereinafter.
A rectangular quartz substrate with a refractive

15 index of 1.5 was etched to a depth that a phase
corresponds to m with respect to the light having a
wavelength of 248 nm, i.e., a depth of 248 nm, and a
first phase area 5b and a second phase area 5c which is
a non-etched area were formed. At this time,

20 patterning was conducted in such a manner that a width
of the first phase area 5b is 14 pum and a width of the
second phase area 5c is 6 um. Thereafter, a film of
chrome was formed on one surface of the phase shift
mask by sputtering, this was patterned, and the light

25 shielding area s was formed on both sides of the second
phase area along the boundary with the first phase

area 5b. A width D of the light shielding area was
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position of the image forming optical system 6b by
20 um (that is, Z = 20 um), and pulse irradiation was
performed in such a manner that the light energy on the
a-Si film surface of the processed substrate becomes
10 approximately 100 mJ/cm?. As a result, the amorphous
silicon was able to be crystallized into polycrystal
silicon with a large particle size that a crystal
position is controlled.
The technique to provide the light shielding area
15 s can be also applied to a phase shift mask of another
conformation as shown in FIG. 14, for example. This
example is an application to the mask shown in FIG. 9A,
and the light shielding area s is provided in one phase
area of the square phase areas along the boundary line
20 of the adjacent phase areas. In this example, a sharp
inverse peak pattern having a point-like peak value can
be obtained at a position slightly shifted from an
intersection of the four phase areas.
The light shielding area can be formed by using a
25 film consisting of a material such as chrome which
absorbs the light, and it can be also formed by using

various kinds of techniques. For example, the light
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beam, or irregularities may be formed so that the
incident light is scattered or diffracted.
5 The optical element constituting the image forming
optical system is not restricted to the lens system,
and it may be a mirror system. Further, it may be a
composite system formed of a lens and a mirror.
A method for manufacturing an electronic device by
10 using the manufacturing apparatus/method according to
the present invention will now be described with
reference to FIGS. 15A to 15E.
As shown in FIG. 15A, an underlying film 31 (e.g.,
a laminated film consisting of an SiN film having a
15 film thickness of 50 nm and an SiOy film having a film
thickness of 100 nm) and an amorphous semiconductor
film 32 (e.g., Si, Ge, SiGe or the like having a film
thickness of approximately 50 nm to 200 nm) are formed
on an entire rectangular insulating substrate 30 (e.g.,
20 alkali glass, quartz glass, plastic, polyimide and
others) by using a chemical vapor deposition method, a
sputtering method or the like. Subsequently, a part or
all of the surface of the amorphous semiconductor film
32 is irradiated with an excimer laser 33 (e.g., KrF or
25 XeCl). Here, the apparatus and method described in the
foregoing embodiment are used in the excimer laser beam

irradiation. As a result, as shown in FIG. 15B,
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crystallized into a polycrystal semiconductor film 34.
The thus formed polycrystal semiconductor film 34 is
converted into a polycrystal or monocrystal
5 semiconductor film with a large particle size whose
crystal grain position is controlled as compared with a
polycrystal semiconductor film using the conventional
manufacturing apparatus.
Then, the monocrystal semiconductor film 34 is
10 processed into an island-shaped semiconductor film 35
by using the photolithography, and the Si0Op film having
a film thickness of 20 nm to 100 nm is formed as a gate
insulating film 36 on the underlying film 31 and the
semiconductor film 35 by using the chemical vapor
15 deposition method or the sputtering method.
Subsequently, a gate electrode 37 (e.g., silicide
or Mow) is formed at a position corresponding to the
semiconductor film 35 on the gate film 36. With this
gate electrode 37 being used as a mask, as shown in
20 FIG. 15D, impurity ions 38 (phosphor in case of an N
channel transistor, boron in case of a P channel
transistor) are implanted into the semiconductor film
35, and this film is changed into an N type or a P
type. Thereafter, the entire device is annealed in a
25 nitrogen atmosphere (e.g., for one hour at 450°C),
impurities in the semiconductor film 35 are activated.

As a result, the semiconductor film 35 becomes a source
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drain 42.
5 Then, an interlayer insulating film 39 is formed

on the gate film 36. Subsequently, contract holes are
formed to the gate film 36 of the interlayer insulating
film 39 at positions corresponding to the source 41 and
the drain 42. Thereafter, a source electrode 43 and a
10 drain electrode 44 electrically connected to the source
41 and the drain 42 through the contact holes are
formed on the interlayer insulating film 39 by using
the film forming and patterning technique, as shown in
FIG. 15E. It can be understood that the thus formed
15 thin film transistor consists of polycrystal or
monocrystal with a large particle size since the
semiconductor forming the channel 40 area is processed
by the laser beam irradiation technique described in
connection with FIGS. 15A and 15B. Therefore, such a
20 transistor has a higher switching speed than that of a
transistor using an amorphous semiconductor which is
not subjected to laser beam processing. Circuit
designing can be performed so that the polycrystal or
monocrystal transistor can have a liquid crystal drive
25 function, a function of an integrated circuit such as a
memory (SRAM, DRAM) or a CPU. A circuit requiring a

dielectric strength is formed to the amorphous
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semiconductor film, and it is polycrystallized or
monocrystallized with respect to a transistor of, e.qg.,
a driver circuit which requires an increase in speed of
the mobility.

5 Industrial Applicability

As described above, according to the present
invention, since the film like a phase shift mask which
performs patterning of a light intensity and the
processed substrate are distanced from each other by

10 arranging the image forming optical system
therebetween, the mask is not contaminated by ablation
which occurs when irradiating the semiconductor film
with the laser beam.

Furthermore, a sensor which measures a position

15 can be inserted between the phase shift mask and the
processed substrate, or a light beam for the sensor can
be caused to enter between them.

Besides, the NA method according to the present
invention has the following four advantages as compared

20 with the conventional phase control ELA method or the
defocus method according to the present invention.

At first, changes in a pattern are reduced even if
the processed substrate moves forward and backward with
respect to the optical axis or the surface of the

25 semiconductor film is moved forward and backward due to
undulations.

At second, even if a degree of scattering of the
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small.

In particular, even if scattering is large, the
contrast of the pattern is not deteriorated like the

5 defocus method.

At third, the light intensity distribution has
less undulations at positions other than the phase
shift portion, and it is close to an ideal pattern.

At fourth, as to positioning of the processed

10 substrate in the optical axis direction, simply holding
the processed substrate on a focal plane can suffice
without requiring a control over a defocus quantity
like the "defocus method", thereby facilitating the

control.
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CLAIMS

1. A crystallization apparatus comprising:

a light source which emits a light beam;

a mask which receives the light beam from the
light source and makes an intensity distribution of the
light beam into an inverse peak pattern that a peak
value has a minimum intensity; and

an image forming optical system which is
positioned between the mask and a processed substrate,
and forms an image of the light beam having the inverse
peak pattern on the processed substrate, thereby
crystallizing at least a part of a substance of the
processed substrate.

2. The crystallization apparatus according to
claim 2, wherein the mask has a phase shift mask in
which adjacent areas have different thicknesses and a
phase shift portion having a step between these areas
is defined.

3. The crystallization apparatus according to
claim 2, wherein the a phase difference of the phase
shift portion of the mask is 180° so as to produce a
peak value of which the intensity is substantially
zZero.

4. The crystallization apparatus according to
claim 1, 2 or 3, further comprising a support which
supports the processed substrate at a defocus position

separated from a focal position of the image forming
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optical system by a predetermined distance.

5. The crystallization apparatus according to
claim 1, 2 or 3, further comprising a support which
supports the processed substrate at a focal position of

5 the image forming optical system, wherein the image
forming optical system has an aperture whose NA can be
changed so as to be capable of adjusting a width of the
inverse peak pattern.

6. The crystallization apparatus according to

10 claim 5, wherein assuming that A is a wavelength of the
light beam and NA is a numerical aperture of the
aperture, a width D of the inverse peak pattern is
given by the following expression:

D = kA/NA (k is a value from 0.5 to 2).

15 7. The crystallization apparatus according to
claim 1, 2 or 3, further comprising a support which
supports the processed substrate at a focal position of
the image forming optical system, wherein the image
forming optical system has a pupil which sets a two-

20 stage peak pattern having a first pattern positioned on
a side where an intensity is low that an inverse peak
pattern has a peak value, a second pattern positioned
on a side where the intensity is high, and a step
portion positioned between the first pattern and the

25 second pattern so that a width of the first pattern is
greater than a width of the second pattern.

8. The crystallization apparatus according to
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system has a light transmission area and a light semi-
transmission area surrounding the light transmission
area and, assuming that D1 is a width of the first

5 pattern of the two-stage inverse peak pattern, D2 is a
width of the second pattern of the same, 01 is a
diameter of the light semi-transmission area
represented by an angle and 02 is a diameter of the
light transmission area represented by an angle, a size

10 of a distribution of an outgoing radiation pupil
function of the pupil of the image forming optical

system satisfies the following expressions:

D1 = kA/sinB1 (k is a value from 0.5 to 2)
D2 = kA/sinB2 (k is a value from 0.5 to 2).
15 9. The crystallization apparatus according to

claim 1, wherein a mask pattern of the mask has a phase
shift mask having an intersection consisting of at
least three or more phase shift lines and an integral
value of a complex transmittance of a circular area

20 with the intersection at the center being substantially
zero.

10. The crystallization apparatus according to
claim 9, wherein each of the three or more phase shift
lines has a phase difference being less than

25 180 degrees (m).
11. The crystallization apparatus according to

claim 9, wherein the number of phase shift lines 1is
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four, and each of the phase shift lines has a phase
difference of substantially 90 degrees.
12. A crystallization method comprising:
generating an inverse peak pattern having a peak
5 value that a light intensity is substantially zero at a
phase shift portion of a phase shift mask by using this
mask; and
irradiating a processed substrate with a light
beam having the inverse peak pattern, thereby
10 crystallizing at least a part of a substance of the
substrate,
wherein an image of the light beam of the phase
shift mask is formed on the processed substrate by
using an image forming optical system provided between
15 the phase shift mask and the processed substrate.
13. The crystallization method according to
claim 12, wherein an image of the light beam is formed
with the processed substrate being held at a defocus
position separated from a focal position of the image
20 forming optical system by a predetermined distance,
thereby achieving crystallization.
14, The crystallization method according to
claim 13, wherein the processed substrate is held at
a focal position of the image forming optical system,
25 and
a width of the inverse peak pattern is adjusted by

changing NA of the image forming optical system, and
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an image of the light beam is formed on the processed
substrate, thereby achieving crystallization.
15. The crystallization method according to
claim 12, wherein the processed substrate is held at a
5 focal position of the image forming optical system, and
the inverse peak pattern is made into a two-stage
inverse peak pattern in such a manner that an outgoing
radiation pupil function of the image forming optical
system becomes a sum of two types of large and small
10 distributions of an outer area and an inner area, and
the processed substrate is irradiated with the light
beam, thereby achieving crystallization.
16. A phase shift mask for a light beam, wherein
a mask pattern has an intersection consisting of at
15 least three or more phase shift lines, and an integral
value of a complex transmittance of a circular area
with the intersection at the center is substantially
zero.
17. The phase shift mask according to claim 16,
20 wherein each of the three or more phase shift lines has
a phase difference being less than 180 degrees (m).
18. The phase shift mask according to claim 16,
wherein, when the number of three or more phase shift
lines is four, a phase difference of each of the phase
25 shift lines is substantially 90 degrees.
19, A phase shift mask for a light beam,

comprising:
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a boundary line defined between the adjacent phase
areas, and a light shielding area formed in one phase

5 area along the boundary line.



