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1DESCRI PTI ON CRYSTALLI ZATI ON APPARATUS
CRYSTALLI ZATI ON METHOD, AND PHASE SHI FT MASK 5

fFim (rore parciculeriy. o mtertaiconsti ot nqMININA
film crystallization apparatus and

phase shift 10 mask, the apparatus and nethod of mhlcﬁm”

generate a crystalllzed film-e.g., a polycrystal or
nonocrystal film (sem conductor film by |rrad|awNmm|“m"Immmn
*GONNNY *

afilmto be subjected to crystalllzatlon process
e.g., a polycrystal D andr phdud f§ I1mQ & g.,
sem conductor 15 film, MAth light rays haV|ng the|r

phase nodul ated b usi n hase shift nmask
phasecgﬁﬁﬁﬁéﬁlzégé ré@ﬁ At ShnQ@ﬁﬁﬂ%ﬁﬁi%ﬁ?ﬁ@@éMETHODr
di spl AYD( EEBPE FHd a switching el enent

whi ch controls a voltage applled to 20 pixels of the
LCD or a thin filmtransistor (TFT) as a sem conductor

el enent which is used i@, frdyerpcdyguit driving the
switching elenments. As nateri ﬁ # primary part of

the tr awesgere%entthq&ﬁ;é{teldrpmaweskm DI Qs e
silicon (a- pol ycrystal silicon 25 (poly-Si) and

si pgkeienystaly,sial ma@r risiln@esYiltut ivigce fillen)

el ectron nobility of the single-Si is higher than

t hatyetall ie zpalipnSiapaad attlns  e@lneCtredhod, and a phase shift
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
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
pixels of the LCD or a thin film transistor (TFT) as a
semiconductor element which is used in a driver circuit
driving the switqhing elements. As materials of a
primary part of the transistors, there are roughly
known amorphous silicon (a=Si), polycrystal silicon
(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
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nmobility of the poly-Si is higher than that of the 2
a-Si, the single-Si and the poly-Si have a high
switching speed when applied to the transistors and
there are advantages, e.g., an increase in response of
the display, a reduction in a design margin of any 5
ot her conponent and the |ike. Wen peripheral circuits
such as a driver circuit or a?EM(:incorporated in the
di splay are constituted by the transistors, these
circuits can be operated at higher speed. 10 Al though
t hé-Jdl-y-thie isdncdfposle st Eie eyt 2268 2ryseal
grains, ,its nobiljty is lower than that of the
ToRYCEFOLEY SRASShHNERm ARRL 1RR & probl BRaRFis tors and

irrequl arities, of .a grain boundary., nunmber which IS

i
n R el W SR AR 5191 10 TodtCEPTTE of Dot 63808 of
Th f ar. t ! t : [
(i R O SRAaAS A et o e Reg SREFinBF B9
OF o IE REEISIAN Yorb Nl prpstal silicon with &
| arge particle size.” As one of such nethods, there is

known " phase 20 Gant ol 5}&&%@5@&'%% apneaki Bg}cuit

by which a film "to be crystallized is irradiated wth

a R %€ JAESencReRRAIEOUAD Bhd @B B fdr dBsén¥ti Buted by
t he phase shift nask being set parallel to the
serdheondueidrstfddsp thddes d¢pedud thiecas desepebatednat
detail in "Surface 25 Science Vol. 21, No. 5, pp.

278-i2BEr 2p¥d . ncorporated herein as a reference.

Further, a simlar technique is
Although the poly-Si is composed of an aggregate

of crystal grains, its mobility is lower than that of
the monocrystal silicon, and it has a problem in
irregularities of a grain boundary number which enters
a channel when a transistor is reduced in size.

Therefore, there have been recently proposed
various kinds of methods which generate polycrystal
silicon or, more preferably single crystal silicon with
a large particle size.

As one of such methods, £here is known "phase
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
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
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al so di sclosed in Japanese patent application 3 No.
2000- 306859 (laid open in Nov. 2, 2000). This phase
control ELA is a nmethod by which an inverse peak
pattern that a light intensity becones mninum e.g.,
substantially zero at a phase shift 5 portion, i.e.,
a shift boundary is generated_by alternately shifting
a phase of the light ray passi’ng through a mask
pattern of the phase shift mask by 0 and it, a
nininun1intensité posi tion of the inverse peak

paN@e{%ZQ%'§@§8§ ahahfe@PERr ¥ Bt NPVnuer ed8P%hni ch i s

10 idified first, d.th ystal i fr,

that  pBSHEi BREFR FREBLFALCRLR df EcMeehOl Rierlich an
wt h th b i di t he, .al I i

PoF Bkt ss, prekcodrbEos: Phag et BRE" 1Belia s Retehs®

EN8in} QURY SE. BCKRALLERR: IRANS 2008 LRVET 3R LCRCLHAT e

ypée Ihtensify pattern such as that a mni num

:2%89%&8M,i§.e9035t539?€ BEuﬁdQ??kigngP%r@t@&“wy

ensity’and the intensity is gradudlly I ncreased

Wi bt di-akepee EhortihBi & paake A% ikAkENIight RPAlt @alsing
that this inverse peak pattern is continuously or

di sEAhEAUAURLYXPASEEERACE F2@hkS phalker ked firomaskaby 0 and
i nverse peak' waveformpattern in this specification.

A ghagembdfiihbr phasasshif postskonaodi shendevelstweeak
this mask and a surface of a filmto be «crystallized
(whathewnl isbeeteter redatreaad c2¥sgademucdetisdt ethich is
surface for the conveni ence sake), an incident angle

di sotigufied &firat)ased Bbancrystal is grown from that

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
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
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
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
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the sem conductor filmare set in such a manner that 4
an ideal light intensity profile can be obtained on
the surface of the film This phase control ELA nust
hol d t he phase shift nmask so as to be close to the
sem conductor surface as 5 nmuch as possible or,
typically it nust be held with a gap of apprOX|nater
several mto several hundred M in order to obtain the
light intensity profile corresponding to the phase
shift mask. | f_the both nenbers are close to each

ot fer ifRat hl$IRanABEENGISHr PLEG 1 (FE Senicbdmdaeoren the
filmis ablated and_shattered due to irradiation of
t h8UF586f, OfhéP8b¥1dBnt ani nating the phase shift

FﬁfénsTE? %fa%sﬁﬁt ConGaradl T T Sk epiE snire
CONShRLBLEL 08 B2e8; 00k €8 RE! L Aduapet . din 3{1&%% as

elrra IOﬂ Ion O

seflLg ”QHCFBES%ELE‘?‘% m‘&g%lt&%lq ‘i%t Er@;st' 'Eea'ihf vﬁﬁéh a

axi s |rec ron wWith rés he pha

Si ggsg afgag ?gk‘i\ﬁ%@etl se%%%lshwttmﬁze%%lamr@red pm
sem conduct or substrafe is very snall there is also

a phobkasrt at oBtaeAS@heSYSiglm fm:éd&qu%ﬂa&q@
adjustnment or a light flux used for detection cannot

becorpegpbading5th shkophaeecofshiftemtasin | tIfi $he both

t heref-ore, an object of the present
members are close to each other in this manner, a part
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
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
and a semiconductbr 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
It is, therefore, an object of the present

invention to provide a technique by which contamination

due to ablation when irradiating a processed substrate
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the 1T'nverse pea

invention to provide a technique by which

contam nation due to ablation when irradiating a
processed substrate 5 with light rays, e.g., a |aser
beam t hrough a mask such as a phase shift mask can be
avoi ded and a predeterm ned nenber, e.g., a sensor for
positioning the phase shift mask can be inserted

bet ween the phase 5 shift masR and the processed
mask. In order to achieve this aim according to a

first aspect of the present invention, there is

pr dWiitded ightcmastsal 19 Zati oh bpper dpesm cbipeighng: mask
i ght source which emits a |ight beam 10 a nmask which
rec¥ide$ S 3 RS F g 1hi 21 | Bt 2aVebdedeanfd

makes an. intensity distribution of this |ight beam _
| b PAEIS R RTEReS HEBRR T or % § frat® SSPRSRY T4 UBOFSLhoning

B 0 304 RO B 0Y SRLER) BXE' e

P 95a55et SUPSLIAl, o {IROS: {08 TR g | 0Nt beam havi ng

patt'ern onto the processed substrate

and crysfald t@taérggé&eatﬁfgtEQ ,aageaﬁa&gbaggegp%irst

processe substrate. According to a secon

of JdhR Y &Fethe IgNAIUAONN A for 5 PROVE ALY Brovided a
crystallization nethod conprising: generating an

| N\vansa fleak fatdre rdpdand s acdigskis vague that a |ight
intensity becones substantially zero 25 at a phase
shift pa tlioghofsaupdaseh sth fémbhbskabyigstngeam;

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

an image forming optical system which is
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.

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
at a phase shift portion of a phase shift mask by using
this mask; and

crystallizing at least a part of a material of
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this mask; and crystallizing at |east a part of a
material of 6 a processed substrate by irradiating the
substrate with a |light beam having the inverse peak
pattern, wherein an i mage of a |ight beam of the phase
shift mask is fornmed onto the processed substrate by

5 an image form ng optical system provi ded between the
phase shift mask and the procé%sed substrate.
According to a third enbodi nent of the present

i nvention, there is provided a phase shift mask using

a bPapspcbeardasusiticglie boarhr raiddediima theslsubattrate with
10 has an intersection consisting of at |east three or
nofe lpahsePeRMY Naviings thend Ny Lish &fcd Rt of a
conplex transmttance of a circular area with this

Dt ot cola Wy naRagR 6T (4 G ARTh Ty e Bhase
Bri_ef, scription of awi.hgs.15 FIG 1 is a,vi.ew
SCRBHT] BAFT Leh GRS n ot FESGeS STt S ey
entir odi : r.at ' | Jrent

o “Pna"BRseseetr AN BRHY By, BEJA A HERAAP

schegatcall %h%@%ﬁ%ka%n@(%m rorl i -Aurauplddg

optical system of the apparatus epicted in FIG 1 is

confi gumed Jri3kf AN Wd b stefeaus dethed, padsent
FIG 2B is a view schematically showing a

reliaticonshing keleen A giasieid toHmsk oift sk using

apparatus and an intensity pattern on a 25

sed qeraduchbenans wsf acd;ight beam, wherein a mask pattern
has an intersection consisting of at least three or
more phase shift lines, and an integral wvalue of
a complex transmittance of a circular area with this
intersection at the center is substantially zero.

Brief Description of Drawings

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
that a éoupling 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
semiconductor surface;

FIG. 3 is a view schematically showing an example

of a structure of a positioning device for a processed
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FIG 3 is a view schematically show ng an exanple of
a structure of a positioning device for a processed 7
substrate; FIG 4A is a view schematically show ng an
exanpl e 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 relatlonshlp bet ween a phase
shift mask of this apparatus and an intensity pattern
on the sem conductor surface; FIG 5Ais a view
scHe¥RRbIed9y showi ng an exanple 10 that the coupling
optical systemof the apparatus depicted in FIG 1 is
confi gur 1n}édh%r%aﬁb%wmﬁ?%e%aﬁhﬁﬁi1VuﬁEPW6HgnéPh8&ample
and FIG 5B is gvég£m1 sche ically

eIt R ¢ St EemY o P nEA Mo Ber s an

t t tt t 15 t
e ﬁyesd" anidb 2%elrﬁit9%??@@%%%%0555%%% j an
b d. F 4 f .
DorPE L il PRl %’339 | AE L T iy ABon BRG L RATN G 8hBluing

wavef b. S r emt ea
\éaer@'lrﬁﬂ%ﬁsq{rnﬁ S Y 905 &e ?ﬁ‘i’%ff%ﬁé@i‘ SRU+HES

a transparent t He  pupi respectively;

F'%:péﬂétd%Fﬂﬁﬁmhﬂﬂfﬂ%éﬁEW%ﬁgpétE@PnSéﬁgﬁheeggmlconductor
pattern which is obtained by using the pupil depicted

i n ddrGad® and has a light intensity distribution
whi ch 25 differs depending on X and Y directions;

FIG. 5A is a view schematically showing an example
that the coupling optical system of the apparatus
depicted in FIG. 1 is configured in accordance with
a pupil function method, and FIG. 5B is a view
schematically showing a relationship between a pupil of
this apparatus and an intensity pattern on the
semiconductor surface;

FIG. 6A is a view schematically showing
a relationship between the pupil depicted in FIG. 4B
and a waveform pattern, and FIG. 6B is a view
schematically showing waveform patterns formed by
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
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
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FIG 8 is a plane view schematically show ng an
exanpl e of a phase shift nmask in which phase shift 8
areas are arranged in lines; FIGS. 9A and 9B are a

per spective view and a plane view showi ng an exanpl e
of a phase shift mask in which phase shift areas area
arranged in a lattice formp 5 FIG 10 is a |ight
intensity distribution graph $ased on the defocus

nmet hod according to the present invention; FIG 11 is
a light intensity distribution graph based on the NA
meEf6d Sadddr ditFFnged He priésnt 10 invention; FIG 12
is a view showing a_nodification of the phase shift

mask; FIEGGSI3 s EOCBLEVEER L%tp%lfm@ctah"%fwe%w %Iﬁdmeplane
S e T BRS 5 F Bnd AEL Gl 1 s
OO S R S fdms 1 D gy
ngﬁgdlgpﬁiarg?eggronlc deV|%Ef%é%ﬁ%q§2%£?ﬁﬁH£igg graph
mepAfRct Wil NG ARRAFALILS /Bt I\/DM iy to Eﬁ‘? %resent

present invention. Best or Carrylng Qut
I nveRidn@n o\ enbodi ment according to the present
invention W Il now be described hereinafter wth

referencerd 0 1heis 25 BLEOIPANMYEMG €y 2 HgBibution graph
based on the NA method according to the present
invention;

FIG. 12 is a view showing a modification of the
phase shift mask;

FIG. 13 is a view illustrating an effect of the
phase shift mask depicted in FIG. 12;

FIG. 14 is a perspective view partially showing
another modification of the phase shift mask in which
light shielding areas are formed; and

FIGS. 15A to 15E are views illustrating an example
of a manufacturing method of an electronic device using
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
accompanying drawings.

FIG. 1 is a schematic view showing a crystallized

semiconductor film manufacturing apparatus as
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FIG 1 is a schematic view showing a crystallized

sem conduct or film manufacturing apparatus as 9 an
enbodi ment of a filmcrystallization apparatus
according to the present invention. This apparatus has
an excimer |ight beamsource 1 and a |aser
irradi ati on device 10 which is_constituted 5 of a
beam expander 2, a honogeni zer”3 and a mrror 4 which
are sequentially arranged on an oscillation side of
this apparatus. This irradiation device may be a |i ht
SofPcEMRRFARERT ©F 13 JHOTT £ SHeer. A3/ rh JRRATS

A |l aser heamemtted fromthe | aser beam 10 source 1

|sa€§65H&€@ T ﬁmﬁ&ﬁﬁ%ﬁﬁn%ﬂ%?%ﬁ%ﬁ%ter by the beam
expander then its |i i ntensj t eni zed
bypthe ﬂ%ﬂﬁbéﬁ? PARAEIS f* Hﬁgélg%Y flg%gngg A éource 1

| raBd Aoy dg Céabcgisos rﬁﬂgm Dast Sl g4 I8k s Ao

support b%aﬁlr @%%%F a%’ Rl A an R ol @seryPean 4
this

out gol ng radi ation si aser I rradiation

de\(rh(i%hlgreT%'e?Iu%Hﬁ%.tarlqtﬁ SRR & San cONStitak BSh side

of, e.g., a vacuum chuck or an ~electrostatic chuck
Whbgh t6aR SRRATt R DI AUHSS &d P Shisdn adévideneop. be

.-The term "processed substrate” in this invention

nmeans ighsubstirrates WinRd snitgs dfight nedes i@thevhi than s
crystallized or a substrate in which a filmor a

| agerl albavi bgam.matferlizaden dodren anyistizdd | s flse f based beam
on the support. In the present invention, 25 the term
"mepgrical 1t ¢ shexpasial It ad'rrdeiemning@rdpaneter by the

beam expander 2, then its light intensity is
homogenized by the homogenizer 3, and a phase shift
mask 5 is irradiated with this beam. The phase shift
mask 5, an image forming optical system 6 and a
substrate support 8 are sequentially arranged on a
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
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,
the term "material to be crystallized" means a material
whose structure substantially or actually becomes

a crystal when irradiated with the laser beam.
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whose structure substantially or actually becones a
crystal when irradiated wth the | aser beam 10 For
exanple, in the case of a material having an anorphous
structure, this terns neans a material which becones
pol ycrystal or single crystal. Further, 1in the case
of polycrystal, it means a material in 5 which

pol ycrystal is substantially of9actually converted
into nonocrystal. Although an exanple of this
material is anmorphous silicon or polysilicon, any

ot HQT et &8, cHh Bee ugase qﬁeaseebertatshaelgg a

gl ass or synthetic resin substrate in the field of 10
aIQQnﬂ%PQRQ%W%IS%?%%?%yeanﬁhl$oFeéﬂﬁnﬁﬁénSaasmﬁFééﬁal

sub tr [ refer leinthe fie
ot he b s Sablery b s%pellaglem:sysaaénat“er.teerr

t t | arl ted,.th bstr at
o, partdcil ot % 7ol §%ﬁ>é§t)%rpoitsﬁrgﬂ%ﬁafege?srrﬁé i

enﬁ%ﬁﬂﬂlﬁygfgé%gs%?l |o u%?t%hggagyggﬁkaéc%SagTXQQLS
t hato An. Ay PROUS Iﬁ&ta& tatmfﬁetr?ﬁgagﬂ engtﬁafngle of

substrate is converted Thto polycrys or sin

crygtd ndtdridl can @@ofﬁ@@usysﬂﬂgééﬁtQPd?Bm§51§E%o%9 any

present invention is not restricted there

subsiHext enStPPLil Sah Sbariseged sBeasupPor iR B akNgan
|rrad|at|on surface of the processed substrate 7,

& ,glasd ner deyvitiset f @cee s in patlabtebtwi ih thbefmbaaeof

shift mask 5 with a high accuracy, and it is 25

pr ef driabl 3d attasteld dhsplpy eated er idnedxample, nechahison
substrate is preferable in the field of a
semiconductor. Although the shape of this substrate is
not particularly restricted, the substrate has a
rectangular shape for the purpose of manufacturing a
liquid crystal display in this embodiment. In this
embodiment, a description will be given as to a case
that an amorphous silicon film formed on a glass
substrate is converted into polycrystal or single
crystal, but it can be readily understood that the
present inventidn-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
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
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(not shown) such as a triaxial table so as to

sel ectively nove the processed substrate 7 with
respect 11 to the phase shift mask 5 in three
directions orthogonal to each other, i.e., directions
X (longitudinal direction of the substrate), Y

(wi dthwi se direction of the substrate) and Z (vertica
direction 5 of the substratelli.e., a direction along
an optical axis of the inmage formng optical system.
As wll be described later, the imge formng optical
sy%@eh¥¢sph@ﬁeréb@ﬁtcméékt@ ant ypeeas dicegtdond t can
i mage-form a mask pattern of the phase shift 10 mask
oﬁ?%t@%%OPFFaHPa??QH 8tihpsce i(enci démecddomace) of

{ oPHRGL FRR LAy E%ééftﬁﬁpigﬁsiﬁi”%@sﬁ%@?ﬁ'ci Gyatanise
ne'%%%&?%%g A hﬁaﬁeﬁaﬁssasﬁeu? E%ﬁn%aﬁ?fgr ﬂgrlaat e Lipn
d b I .
edb ot 28 ?ﬁ%ﬁg%ﬁgg: 7 Br fi Aig SOpFi %&preﬁ oo i R
th§xﬁ§f fuﬁhgﬁiﬂggﬁm%ékmgﬁ gt;gi& g%geggerejnafter

with erence to cus net hod

is a ”EA§0Q1@Y B@'Bgskggb%@ag%te%o'%%@“1 (gﬁnfé¥ﬂln

systen16 with a sufficiently [argé numeri aperture

(Nfptisalnspsted bstweenrtBerpbasg tehiaf t RSk H ) ];%m%as

the processed substrate 7, a processed surface o
priocesaedisapst fare Z ishebét@brﬁ ofoshlel @ha®ft ahied

by defocusing froma focal position 25 of the inmage

forasnpope i tladé sysadmm6iandsarifagkt (incident surface) of
the processed substrate. For example, a single image
forming lens may be simply used, but an optical system
which forms an image of a pattern based on a defocus
method, an NA (numeral aperture) method and.a-pupil
function method mentioned below is preferable.

An example of the image forming optical system
utilizing the defocus method will now be described
hereinafter with reference to FIGS. 2A and 2B.

The defocus method is a method by which the image
forming optical system 6 with a éufficiently large
numerical aperture (NA) is inserted between the phése
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
of the image forming optical system 6 and a light
intensity distribution is adjusted based on an inéident

angle distribution of illumination light rays, a mask



intensity distribution is adjusted based on an
incident angle distribution of illum nation |ight
rays, a mask 12 pattern and a defocus quantity. As
shown in FIG 2A, the inage formng optical system®6
is constituted of a pair of inmage formng |enses
arranged in parallel to each other with a 5
predet er mi ned gap t her ebet weens2 i . e., convex |enses 6a
and 6b, and an aperture 6¢c which is arranged between
these I enses and has a predetermined NA. In such an
optaddle @y fina FAFES | @eamsiEY- di stribution of an
outgoin%ggﬂggatlon side surface of the Ehase shift
mask 10 Appr i FbF el $2unbR8r MragediPrrangi grtical

fri d, f-f f
prhé?g%e%%ﬁfﬁ d%ﬁ#ﬁ%ﬁ%?ﬁﬁ Lol 2ot PRRGL! PRRing

Bt e@*‘c’s’et aﬁef%igré%ﬁ%m?%% Pl i FRet Ahrek Bl fea.
o Slp2 RS PEELELR, 0o (e BESESLLT RS, ca

5 i%S r orm n urface

f Oréﬂd‘%kpptalr&?| an Sélﬁéﬁtﬁhf’e dai v?rhigﬁgﬁsf QE%HSeé%E%@en

is p05|t|oned on a conjugate surface of the mask

| ndiHeed dis e aid Wk Na thee dlé B R e NVADE thgbhch an
intensity 20 distribution on this imge form ng

surdpatiesa Jal dytigh, £onpgienistdayitg aisesobution of an
which is not nore than a resolution R = k% NA

detoartrgaiedy hasdih toioiNAs Dlle t dver faomgef f bhal phaept shalft mask
system 6 are cut, the intensity 1is basically uniform
I n & Hes |apgosimamsly yuzbfolist rabdi Féngctdehofusnge is
images B and C) at two positions
generated at an out-of-focus position of a phase shift
portion in that case, and such a light intensity
distribution. (defocus image A) with a Becke's line as
shown in the drawing can be obtained. An image of
a mask pattern of the phase shift mask 5 is formed on
an imagé forming surface by the image forming optical
system 6. This image forming surface is positioned on
a conjugate surface of the mask as indicated by
an arrow in the drawing. In the light intensity
distribution on this image forming surface, although
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
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
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di stanced forward and backward from the i mage form ng
surface in the optical axis direction (away from 13

the i mage form ng surface by a distance substantially
equal to a distance between the phase. shift mask 5

and the defocus inmage A), conponents having a
resolution which is not nore than the resolution R =
k?/ NA 5 determ ned based on of the imge form ng
optical system6 are cut, but the intensity basically
becones equal to that of the defocus image A. By, .

a RS ﬁ@rweﬂ%ﬁa%r%c@ %*S’W%C%r%‘&%%%%%tlally
substrate 7 at, qne of these t pasi tions, and
PRIt (- SHAIES RS T7 ghie BRAShoMNE fh Brek Jgand
i t se._cont rol , ur e j ;
555, LIS ARaea o 18] S JELDRE SYR0SU Sck o) don
hawisng qne e ’HHF% AL S@né’%so?@éi@ﬁ”ﬁ ihﬁk/ﬁ}ge

i ntensity becones the mninmum i1ntensity, e.qg., or

SusartiRld Ak &h e8I &+ o Of s dagd hfoﬂﬁ‘iﬂcﬁré‘%??%yﬂe

processed surface corresponding to the phase

PRSIt § 2o utdhasie: sthd tinbONHORY Vo284 c 41 Wy dbBcBhes
the inverse peak pattern at this tinme is increased in
preefent itan dhatl/sHutie ddfecael DRige RO gRanitrtyngkay the
exanple, in the imge formng optical system6, an

e pirioroe ssey tshu (il ot anft et et weeee swed b @t t saté a¢eatindne
an image surface) is 1000 mm a focal distance of each
offt Hhdsender G siiulebs i an@50rnedianing huneitbathes

aperture (NA) of the aperture 6¢c is 0.2. The |ight
light, as shown in F1G. 2B, like the phase control ELA

method, exposure is carried out by using an intensity
waveform pattern having one or more inverse peak
patterns that the intensity becomes the minimum
intensity, e.g., 0 or substantially 0 at a position of
the pattern on the processed surface corresponding

to the phase shift portion, i.e., a phase shift
boundary 5a.

A width of the inverse peak pattern at this time
is increased in proportion to 1/square of a defocus
quantity.

For example, in the image forming optical system 6,
an entire length (distance between an object surface and
an image surféce) is 1000 mm, a focal distance of each
of the lenses 6a and 6b is 250 mm, and a numerical
aperture (NA) of the aperture 6c¢ is 0.2. The iight
source 1 of the laser illumination device 10 is a KrF

excimer laser beam source which radiates in the form
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source 1 of the laser illumnation device 10 is a KrF
exci mer | aser beam source which radiates in the form
14 pul ses a | aser beam having a central wavel ength
being  248.55 nmand a full width at half maxi num of
an oscillation wavel ength distribution being 0.3 nm
The phase shift mask 5 is irrqfiated wth the 5 |aser
beam from the illum nation device 10, and an inmage of
the mask pattern is formed on the processed

substrate. As a result, a material to be crgstal i zed
WHICAIF &S5 2arl BT JPRATS %wm%nafwﬁf-rﬁlmﬁge gagtpsbeing

oo t?%ah"aa%?aﬁr%%%éﬁ f}eyg EahalH ReBimik ofhant i me
sﬁbgéTaF?lon aé%%eﬂ%#% &%%ﬁgygp?gﬁ §gg$ dgfgrﬁpned

ar ea Or epd—Fz{‘éA%rﬁffw?amQEthe L E?‘r%ﬂ 02P84 with the

crystal trnme FEhol BIrati on s
genRgkal %%afn{ CEMr{‘etrPé %Fﬁ&xﬁﬁnééléﬂbéé{r%@ 10,SkRgeahhe

i mge form ng optical system6 is positioned between

t ReaRRASE HHd mdBe koDt BOENt NE £ELRSET @hetﬁe EB@CEB@%@
shift mask 5 is not = contam nated. Although ereis a’
pesbiskidatiey. trad 4 heeshehs Hbmeteiheli 08B EYREL11zed
optical system 6 which 20 directly faces the substrate
7wheyhbe sc @t amodleshatsitbhesnt fikp $hnctkia deskadnee
(approximately 250 nmin this exanple) between the

| b J6lctadd iche pfraxtesteda tuebbt aadecryssatdngededaliby

. greater than a distance (several gn1to
a

se@émliﬁm @ndonetivehe t pevphates2bispntt Ahskhangime

roces%%q substrate in the prior
crystallization, by shifting the processed substrate

in a direction X and/or Y, a predetermined area or an
entire area of the film can be crystallized. At this
time, although ablation is generated from the processed
substrate 7, since the image forming optical systeﬁ 6
is positioned between the phase shift mask 5 and the
substrate 7, the phase shift mask 5 is not
contaminated. Although there is a.possibility that the
lens 6b of the image forming optical system 6 which
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
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
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art, the optical systemis rarely contam nated. In
FIG 2A, a device used for positioning of the 15
processed substrate 7 to a position B or C
(positioning in a direction Z) is elimnated. For
exanpl e, when such an automatic focusing device as
shown in FIG 3 is arranged as a positioning device
bet ween the phase 5 shift mask 5 and the processed
substrate 7 or arranged outside the both nmenbers, an
i nspecti on beam can be set so as to pass between the
bof AREAFES SURfitsratfosi thiorm P eevice B soF equipesifioning
order to .obtain an excellent device across the entjire

surlf“ag?e Gt &% OF Zp?r oce SedRd<Rd at & OTHE%ERHRYE ceVhen
L N

|ts d the deV|c .and a,slit ht detgecti on
optlcaal S £ R o T e IR SF | KL Blase

Co%%t 'ﬁtUtxr% f & d%}aezsp\%’clf @dgsub%é %{.Qa# ocgf"naJ:PgRged

an exposure S orrrB rays fr

tmd%ﬂéﬁﬂg éHE“HH%H'HéhH%fé |é£h£n£§@étloﬁ Béé&oéa&3be set
whi ch deflects the slit |ght ina direction of the

Pr @eessed s YEd Hhwadtd Bhdrpecthampetens ddjysed to
image-formreflected light rays from20 this mrror as

a §iddi timagmpridhiecgrior essad sed f aceondert b obtain an

processed substrate. The inspection optical system is

corstaetliitest aieva aetactass Ithaeverti det #ct Saa@e sbft the

i mage reflected by the processed substrate, a |light

r eceiodespest iqubisE patod deéthismielvbeel s bedoseithee@sof a

detector, a condensing lens 17 which is subsequently
slit llght projection optical system with the processed
substrate positioned between itself and the device, and
a slit light detection optical system. The projection
optical system is constituted of a light source, e.g.,
a halogen lamp 11, an exposure slit 12 which forms
light rays from this light source into slit light rays,
a mirror 13 which deflects the slit light in a
direction of the processed substrate, and a projection
lens 14 used to image-form reflected light rays from
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
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
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provi ded between the light receiving slit and the
detector and condenses a reflected slit imge fromthe
16 substrate onto the detector 15 through the Iight
receiving slit 16, and a vibration mrror 18 capable
of swveling in such a manner that the light fromthe
condensi ng | ens passes through the light receiving 5
slit. A position of the proce§§éd substrate in the
direction Z can be adjusted by a non-illustrated drive
mechani sm by adj usting an angle position of the

vi BTERS o T oo tetﬁﬁe&%%q:*é%flg hehreaegle tbenthght
optical, system, 10 utilizing the NA nethod will now be
deKEIHEEAG (FL 1 of or RS F oV EPEREL O BABTAB, 19 nCeReble of

BB a0 ST BT TREL e
(e o LT Ti00 opLical YSLE L 7LD Liecving

exgh%n?;ing:Ibﬁtﬁ@hngfrggﬁg§ﬁ§cggég d%g¥s%%é??iiﬁetPe

processed substrate at afto on o

t heyi yeage; orf of rd 519 B%“é&fﬁs@é&tﬁ?L§ @Qﬂ—ﬁliﬁgbfatedldrive

intensity distribution is adjus ased on an angl e
di sigdiution P M ideird| 4 Magionpbsghiont be REK
pattern and NA, the inmage formng optical system 6
whosigb ratesn asdragert ure  (NA) can be adj usted bei ng
arranged between the phase shift mask 5 and the
processeth seatp bt ec?. tha thage Optmiab spsienl Epstem
FIG 4A, the nasgvfattern of the 25 phase shift mask 5

i s Utielgez gy nigte YA tihethodigel Fbraewigbe described with
reference to FIGS. 4A and 4B. 1In the following

example, like reference numerals denote members which
are substantially the same as those in the image
forming optical system utilizing the defocus method,
thereby eliminating the 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
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
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
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optical system 6. An aperture 6d of the inmage formng
optical system 6 capable of changing its aperture 17
di mension, i.e., NA or a plurality of apertures 6d
having different NAs are prepared, and NA can be
changed by replacing the apertures. In this optical
system since conponents whose 5 resolution is not
more than the resolution R = KX/ NA deterni ned based
on NA are cut, an inverse peak pattern which has a
light intensity becomng mninum e, g., 0, and a

wi Grenbittmtd 1y ¥he Sane B u’EﬁélgES%fu?P%ﬁt%es 6d

Do bl Whouar s PETRATas Rt NRscaRaR .
K i | which | bstanti al | | to 1

al {Cﬁ'ﬁ?bq]ev$tbufv%?é]g%cﬁ%z Sn%g%l’ﬁ%ér éfbgcio? ieca? i on of

th tigal ' he_t LS. i.at

(he oot gal 4oL 00 B L, s Lo .

defydu d1.0n o H‘%oéﬁnéﬁﬁgﬂgéﬁ Ofthe Bi‘e%[é@%fégrﬂ heyxy/nn

processed substrate on t oca surface an

perdcyidinithdd W sdd radighi &Pe Su€] Y§ﬁali.nV8k'§lee?éaﬁaﬁattern
be generated. A width of the inverse peak pattern at

t hivh tdHEhd $ el egt Bk éils PE PPOEEbRAINEOmEREMER, e.g., O,
resolution R = k%W NA. That is, when NAis reduced and

25 drite & esidtH i Qubssani£nl { otlak | yahewesetdhearesdihtabn is

the inverse peak pattern is increased. At this tine,

a getdmwated Ireduod nphae i shiUSt ngotheonpbat aneshaki ngfocal

a reduced aperture dinension as described above.
surface as shown in FIG. 4B. In this example, k is a
value which is substantially close to 1 although it
varies depending on a specification of the optical
system by which the mask is irradiated, a degree of
coherence of the light source and a definition of the
resolution.

By arranging the processed substrate on the focal
surface and performing light irradiation, a crystal
nucleus can be generated. A width of the inverse peak
pattern at this time is determined in proportion to the
resolution R = kA/NA. That is, when NA is reduced and
the resolution 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.

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
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When such a type of the inmage form ng optical system
is interposed between the phase shift mask and the
processed substrate, the sane advantages as those 18
when utilizing the defocus nmethod can be denonstrat ed.
An image formng optical systemutilizing a pupi
function nmethod wll now be described wth reference
to FIGS. 5A and 5B. 5 The puﬁgl function nmethod is a
nmet hod by which the inmage form ng optical system6

PR BT Tkt el B e BRI

e TR R T

R B A Lo Bl |G o
pal 167 Sha2a05ET function, AS shown'in G 5B, the

apert ur %h@etp%?ﬁii Hidh @it mkrild GW & RRd 32 IR the

is constituted of a slit-shaped conplete |1 ght

Lr apgEeSsbeniageaphlican Lhetien® nehdeg aRdm dn @Herture
sem -transm ssion area A2 on the outer side. The Iight

sefii- erLananpapian @#eeasAZhaknows thearEwesioon Ofimserted

part of the |ight and prevents 20 transm ssion of the

r ebaicwerg thghthblsreowdh fitheaplpid anby ey pretdestkedA

l'ight transmttance of the light sem-transnission

ar eabA2riagesél ethed pire cesse dveyd sitry a tec coridaiesd dviath a

needs, and it is not necessariuy restricted to 50% A

shipeasf PeRé tpgpi o fakdrea 18%gse forming optical system 6,
and a light intensity distribution is adjusted based on
an angle distribution of the illumination light, a mask
pattern and a pupil function.

As shown in FIG. 5B, the aperture 6e consists of a
circular substrate and is constituted of a slit-shaped
complete light transmission area Al on the inner side
and a light semi-transmission area A2 on the outer
side. The light semi-transmission area A2 allows
transmission of a part of the light and prevents
transmission of the remaining light through the pupil
by any method. A light transmittance of the 1ight'
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
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
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25 the light sem -transm ssion area are not |ikew se
restricted the above shapes. For exanple, the |ight
sem -transni ssion area A2 may have a circular or 19
rectangul ar shape. A first nethod for manufacturing
the aperture 6e fornms a filmwth a |ight shielding
mat eri al such as chronme on tgs entire transparent
plate of, e.g., glass, 5 a syinfhetic resin and others
into a thickness corresponding to a desired

transm ttance by sputtering or the like, then etches
an§ SF&EREVE a5nF§a§epart of the filmcorresponding to

the |ight Sem,-transm Ssi orr‘naar{ueéactx?nd X oseaspépteure 6e
' Thed | d%t

transpafent plate. hi‘s cdse;

shigldisng mabqrial raefl:il%gxhttts s%&%g%irnger% t]%iiaglhts@&g as

absorbs a part of the IS

absah-BhieOBn( thaN SRS HO B o _ar%@%r_ﬂiat’d'earcjﬂ,y & ., glass,
based on a thickness of the film he chrone fiTmi’s

j ust sgRtexane! eesand ARy Jed alntkd Suth Aged S O
whi ch prevents transm ssion of a part of the |ight

capolbeecgpetddiAgseeond dapdrtad & ramwifiaddiidandpyeddiotktering
formse a nmultilayer film which is designed so as to

papti &hkey 1ikef,| etient ke dhieghtankcb\rieng vee svaordl yergtgattsedf the
to the light 20 sem -transm ssion area A2, on the

enfilla sorfraspooilifige ta rdes Jargdit gHEmt-o rarahitdeion area,
patterns and renoves only a part of the film
coPREsgERESRS tthet Feansprenty Mdsiissi on area Al. As
descri bed abave, in case of the pupil. which reflects

a part &P-t_ Qi%ﬂﬁ?'sﬁqﬁxé%ght 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
such as ZrSiO 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
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
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
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25 material formng the aperture, i.e., a materi al
formng the light sem -transm ssion area does not
absorb unnecessary light rays, there is an advantage
that the 20 aperture does not generate heat. In this
case, it is desirable to consider arrangenent of any
ot her conponent so as to prevent the reflected |ight
fromthe aperture fron1reac@chg any ot her |ens or
Iens barrel 5 which can be a factor of flare (stray
g% As descri bed above, in case of the aperture 6e
eﬁ&“‘t% dasmpingte qqrgemaw et ssi bR BRéd Aﬁsandlithés
%$ transnlss on area A2, it % desirable to

LR (GRRERT LEFARAGIRGRE @ nﬁ’f‘)ér?’éh%r_the
ﬁ&?mpéiﬁ' %atsgd“aosz‘t%&wﬁvﬁe PR89F-SLLCLEREE Fhom cno
U5e3R018, SUMPTAILIN B A1P GBRELVL8pe 0tk Berren,

Rt "Sem -t SSIO 5 3

-ekuhfl‘c%a'i:%?l bEh'aS Alddull 3l ¢ ng, mEANS; £aN bflgnm eved by,

orm ng a part positioned around aperture

of a mRThess SRR tdkdyd Ne; APELE YT §£68nM & e@th'r@htGe
shielding material, and reflectlng or absorbing the

|hghhn@ai&bn@dﬂyléﬂﬂ1If&hﬂ“ﬂﬁin§mﬂ§sﬂéntQﬁeépﬁntEﬁé the
Alternatively, a light shielding preventing area 20

s wighdndiend -threr sngihds isam atd£1%2) St obs adesipaylbeto

formed at a part close to the outer side of the

apentide réedjTisenmmd lof uncth orkmes Hoda geatealby or the

utilizes a fact that a spot dianmeter of inage

f difegt ilon sivsly @dipsarther that a phase difference is not
generated between the both areas Al and A2.

In the above explanation of the aperture 6e, how
the light semi-transmission area A2 is stipulated is
eliminated. This stipulating means can be achieved by,
e.g., forming a part positioned around an aperture of a
member supporting the aperfure 6e with a light
shielding material, and'reflecting or absorbing the
light passing through the outer side of the aperture.
Alternatively, a light shielding prevehting area
surrounding the light semi-transmission 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
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,
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25 if NA of the pupil is large, and apparent NA of the
i ght which has passed through the conplete |ight
transm ssion area Al is decreased. Therefore, 21 an

i nverse peak pattern with a wide width such as

i ndi cated by reference synbol Al in FIG 5B is
generated (light sem -transm ssion area A2 is also
neasured as the |ight t r ansmi%5i on preventing area). 5
Since apparent NA of the |ight which has passed

t hrough the Iight sem -transm ssion area A2 is

i R eHRERE Se aeak nReEEBr PedktPait WAACWWLRER SaCho@S

wi dth, such,as indicated by a reference_synmbol A2 in
FI'& %ﬁ??%da@%nﬁ? ?Eﬁn?Fi@%FbPEaﬁénﬂgsfé§-aﬁ§alﬁs al so
measured a .the lLight, sem -transm ssion_area). .As a
TR EARET Ghi ot ey RSP BRpFP P inaErnPYr enalst

[ ' t] S a sum of f.uncti on

e TS, ER1 L R Y R P TR PR VAR CAY erre )
lig e - } SSLop, area ,. there i s generat a
tm%{q{scfe;g%g%%}%%:%egkpeg?epaf?@%nw %ﬁF’naaﬁ F-"ls§te% %%rough_

fﬁﬂﬁéﬂiﬁdw&cgbmiﬂ€£9g§§i§sP@ﬁka¥§5u§2tEgtiﬂckggggd, an

intensity becomes 0 in such a phase shift part on'the

f daate 584 foeLk gSat SEOMNWI Bht HendEaviingiand Wiceh aiss
positioned on a side where the intensity is low, a
seigoiict padd esyn ahteheren® posbdlonedianracsi de tikere
the intensity is high, and a step portion positioned
betaearatterd flight patamsmiastont Aresetondlpat mensured as
such a manner that a width of the first pattern
bddsrelsl Fhiehsemigeransmhsshan afeahe Becendepatter by

determining the pupil function of the image forming
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
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
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 fhe
second pattern.

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
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25 In this pupil function nmethod, although the
i nverse peak pattern generation principle is simlar
to the NA nethod, the NA nethod controls only a size
of 22 the pattern whereas the pupil function nethod
can also control a shape of the pattern. Wen the
processed substrate 7 is arranged on this focal plane
and the light irradiation is Z&rformed, 5 since the
light intensity has the mninmumintensity of

substantially zero in the inner, i.e., first pattern,
t Hihe poititereodreseas ctlystahphlcfenstibh ©BEhBHt 8kn also
i.e., '"the second pattern, since a tenperature

griaditantl acoark myf ttthe eattghn. i ntensity

distribution is 10 generated, .the crystal growh in

the | at'&ien he exoemssed subbtrabeed as eompaved wint hhis
a case of the sinple inverse peak pattern shown in
FIFGCB P gt altfe et ket | 1 ghadiabiheni §si parfoemed)
and thﬁﬁligpx sem -transm ssion area A2 may have a
cir A\ fiCar-Pe 5 i L R HRRReY D3y Ehanmi ninuhelnbagshtyf of
e r dependi ng on the djrections X and Y |ike an
e%&&ﬁggg%ﬁ%? Wi%ﬁé£i%ﬂe Tty st r biti ol BFtipattern,
t we-: St I Qv e peak pattern c be changed
d\gﬁéﬁd?}%gngn%%%eﬁraeﬁ '365nt36<{ ahtF 1S i rg&tp&ﬁ Yutep,
Agsymin ' [ g[reter the inner, i.e. .
first pg:thttegﬁecgfn dt ﬁ)eaactt\?\éb- st asglen%w%r SRRkt phEt eFadient

D2 cco¥dand aettefe Ofi Jrlte Qi stJhﬁey ﬁdiﬁ%@fb&@fgﬁdis

pattern, 01 is a didmeter o g
S gahelra®RY) THeOR A A r S eSentied PYe &% ANGY fection

and 02 is a dianeter of the
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
shape. However, by changing the length of each area
depending on fhe 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.

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 62 is a diametér of the
complete light transmission area Al, the following

calculations can be achieved.

D1 = kA/sinf1
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25 conplete light transm ssion area A, the follow ng
cal cul ations can be achieved. D1 = k7/sind 23 D2 =
k?/sin62 In this exanple, k is a value substantially
close to 1 although it depends on a specification of
the optical systemwhich irradi ates the mask, a
degree of 5 coherence of the |light source and a
definition of the resolutiom®3As a result, the inner
diameter D and the outer dianmeter D2 of the
two-stage peak pattern are in inverse proportion to
siDes A A3 ght semi transm ssion area A2 and the
conplete Iight 10 transm ssion area Al, respectively.
Ther ef ofm, thabs sévoample, Fk Gis 64, vsineestbstantphele close
light transm ssion area Al has a rectangul ar shape
wHicH iasl Biwrah i it tdepetidectn on Spanifiocagion éfethe
direction Y, the light intensity distribution of its
1Rt s s Yrelzam peh kel ni head bt @s gehe maskj nategree of
d|r ction dﬁélndlcated by D2) and a small width in
g i W Rat e pye 0B)d %tsdiﬁﬁl;{l’lic*at@@ 0y Phe

|n FI GB On _the other hand, ‘since the lig
U s sifth Arkes Uiy hake al%m?%ﬂh?m%%b@ltﬂ@d the

s A .52 AT AR
SN 8 AT ML) %,

A'tr*arﬁ%ll'ékl':n arlRy z{?;%nd ey é&ﬁﬁf‘é&éyl Jgﬁ‘é“ but i on

of the two-stage 1 nver
transmission area Al, respectively.

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
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 ihdicated by Al in FIG. 6B. On
the other hand, since the light semi-transmission area
A2 has a circular shape, the light intensity
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
Ipeak 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.,
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25 peak pattern which is a sumof 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., 24 the second pattern, and has the sane
small widths in the direction X and the direction Y
(D) inthe inner, 1i.e., the %lrst pattern. FIG 7 is
a pl ane view ShOMAng a rel atf nshi p between the
two-stage inverse 5 peak pattern and the pupil in this

t f Fl G h
CoF REspBRBPRGPES ChE- %%ghpaﬂ shenissgieo s Haa YA s 17
11 t ,
pa-Besibraredol b bR S G esRa o & ésﬂa r-t%ﬁé'o
th% f'rSEhBaEE§ égt%% espgﬁﬁlng t% th l%ﬁ
eni <{ f ansmi S3i6n area has 4 circul‘a ape (

degﬁg%g di @ggmnﬁe'@%e%@ Wirgth %ngceag@ fl‘%ﬁ)tér%ré

X an direction Y of the second
a%&gknpgfcté%haadt \e@esb@ggl {RVerSe Reaihdialt el Ahrent

ased on a length in the 15 direction X and a

| ergbh FRGthe, dicheCkicednd @htithen Idoie dgansiiSdPdrthe
area Al, a shape of a crystal to be crystallized and

a mtgﬁh. ekahbaiakiangerenat Aqamake arc @ilrigtied q@sas to
differ depending on the directions X and Y. 20 In
pastitibar (D2 Hecbtelsata megerofaxtie AR elesiignedrese a minor
peak pattern (second pattern) differ depending on the

di p8ds) enen® andressesestioat afndhiendtiinitts Rattafange

of positions-intensities differ in the intensity

di serreaerpAisg tiee thepdtiohite satie teﬁ%“&is%lé?réﬁq%IV

has a circular shape (D1 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
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.

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
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
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25 grows in a direction wth the large inclination,

i.e., the direction of the mnor axis of the outer
inverse peak pattern, and the resultant 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 l ent characteristics cagShe manufactured. 5

Since the pupil function nethod can generate the

two- stage i nverse peak pattern in this manner although

i t ehastrhe chbidditer iist ittm tofditthe tNdATEL od, sd it 115
further effective for crystallization. The

i | HaeRsioos oft acalousyst and i thevienboditmntt rdifsistor to
according to the present invention conbines the

exEPier dirgssionit b thensptsitoal wiytdt emaid @mts t he
illumnation [ight fromthe |aser with which the phase
shFRETRESRTLSLiFPagRAL B¢ MANUfbict Ureth, it is

desirable to assure the honogeneity of the light 15

i nt ensi PyFR ?ﬁ@ PhRdd LWinatLeds medihatk cand gdreerate the

hoppgen itg Ln _the incident angle direction. In
par |cufgg SPREESEhReB%cPREL S Esdn s 5 meeqe mra ttitemigh

| eoghLl phLo, BRsLLL 00 acegy danog i U, cach pulse

pergerfeun EOETLerISERLl LEgL AT, AL e Sare L, 1

b e, PhESE bt bt oGRIt0 AR, U L Soanens

des¢catdiend Ofo t BRe At 86HALMBRDEA 8 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 hdmogeneity of the light
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
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
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
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25 have less diffusions (close to a parallel Iight
ray). Furthernore, in order to obtain a necessary
resolution, assuring NA which is not less than a

gi ven val ue and 26 suppressing an aberration quantity
of the optical systemare preferable. In the NA

met hod, as different fromthe defocus nethod,
reducing diffusions (close t& parallel light 5 ray)
is not desired. Moreover, in order to intentionally
remove conponents having a resolution not less than a

prevgteysd eyl aal aleerrdtiondgshnebte b6 tREO¥HEEEN
adj ust mrent mechani smused to set NAto a
preetidiasr mured vafeabll®. A description will now be

given as to a concrete exanple of the inage form ng

opti calInyhedthethodg ashdiféeoens fevhodhaeatifenad

in connection with FIGS, 2A and 2B. In this concrete
eREHCE, maduging Helfesl dnsaéclss@Otcoaspatal bdl ol ight
Kr F excimer |aser, having a wavel ength of 248 nm a

| FGAY ASuRdt degiaes- bg‘mm‘éeéxpmm}udby tohe beam
exp%nd r. 2,.and the light intensity with which the

phas n%ﬁ%a SKSNGYE [GABRATRRES WadV HesrognF eeelbyion not

¥ :1% s@o 'E%]%%n iaZ %rresdet-rehr?nihnoerg)gv@ap i&ee ,r i?> t \Allass orlee g Jl.lra%k?ij e b%/o 2
y-eye 'l éns
provide an adjustment mechanism used to set NA to a
predetermined wvalue. |
A description will now be given as to a concrete
example of the image forming optical system utilizing
the defocus method mentioned in connection with
FIGS. 2A and 2B.

In this concrete example, the laser device 1 was
constituted of a KrF excimer laser having a wavelength
of 248 nm, a light flux of a laser beam was expanded by
the beam expander 2, and the light intensity with which
the phase shift mask 5 is irradiated was homogenized by
the homogenizer 3.

The homogenizer 3 was realized by a fly-eye lens
which is similar to one used in a general exposure. NA
of this illumination device. 10 was determined to be
0.05.

As the image forming optical system 6, a two-side
telecentric system that both an incident pupil and an
outgoing radiation puplil are positioned at infinity was

used. As its basic specification, NA was determined to
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‘10 m Specifically, the phasée s

which is simlar to one used in a general exposure. NA
of this illum nation device. 10 was determ ned to be
0.05. As the inmage formng optical system®6, a
two-side 25 telecentric systemthat both an incident
pupi | and an outgoing radiation pupil are positioned
at infinity was used. As its basic specification, NA
was determned to 27 be.0.2 &l a magnification was
determined to be 1.0. The phase shift mask 5 will now
be described hereinafter with reference to FIG 8. As
déxscrd edtich & heagibbveckbbon exanpebermdpadeiv bs 1.0.
areas having different thicknesses are provided to a
1 anspabe (DHER UPR L BE gRask GUHALE SabsPeatiescaideche
phase shift mask diffracts and interferes a | aser beam

e MSHS P T Hodhiddt y* SFCEERPE EPhAsE-shAirft portions)
bet th - [ i ti.al 10,.
i stri Bt 1R ToCRG 1Rt REi F5OBF FHEvBneBAlY leus dftjacent

iR ihd B8 e T oERL e SUS P PEBFIRRM kg =

gfﬂl%}ﬁsfife@t %eddgﬁ,l alt f”a%g Maf‘EEa%?ggth‘E%Zf afl€the

a secon p a ea ase area

phases ang Ao fhdih SUEPr H@ngﬁﬁiiﬂﬁérﬁgkgge%tlaser beam

patterns are in anti.- phase (shifting of 180). These

St ANRAS (wmqﬁfk'bftstéwe(ﬁhsgé basra woethoak)
i ft mask 5 was

mivefuacirurtgte dy add € nang gives a cyclic spatial
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 élternately arranged phases are T©
and a second strip area (phase area) 5c that phases afe
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
refractive index of 1.5 to a depth that the phase
corresponds to ® with respect to the light of 248 ﬁm,
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 Sc.

In the phase shift mask 5 having suchla structure,

the laser beam which has passed through the thick

second phase area 5c¢ is delayed 180° as compared with
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and etching a rectangul ar quartz substrate having a 20
refractive index of 1.5 to a depth that the phase
corresponds to it with respect to the Iight 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 s%glp area 5¢c. 25 In the
phase shift mask 5 having such®a structure, the |aser
beam whi ch has passed through the thick second phase
area 5¢c is delayed 180 as conpared wth 28 the | aser
besmmﬁtéﬁrhaga&ayéé&m Hlaéué’ﬁstsﬁg threuehy &he figde first

area 5b. As a _result, interf renc d diffraction
ocBlifSBefhBBN° Ehe Pisér T6S geg SLEREN S

di b which i b II
o SUHERULIGR L BoSUBSLRTHLELLL NG SRIE .88 e
Sh?ﬂ@ghg1%&G31%Qr§%ﬂt9%noakﬁb%¢qs E%%Et'%tf%l 4yasame

adj ac ansm ssion | eans mhlch ave

%ugﬂetEﬁt@ﬁ@%%gi@hs%r@%ﬁ%&%ﬂ R tih2 @%@eﬂﬂﬁﬁ%ﬁ §JEh as

|ntenS|ty ones mnimum e.d. zero at a

pO%hbWﬁnlﬁoﬁﬁ%SpQ@db%& b %b&%h%kdbetW%%& h&ﬁs%ﬁﬂdﬁﬂthe
The area where the light intensity is mninmmor an

ar gajhaehite trbgisiky ioh Uhightf s ardaHecorevassed
nucl eus when crystallizing the sem conductor.

Cenatalbl, taesphiase shatft7 dostd ona\ealeengt afi tdiesel5 the
| aser beam a thickness t of a transparent nedi um
havighta ingenadttiyvdeicotes mifndmugi,vieng .a pleage at a
difference of 180 to the transparent nedium

( dPPPéitépbe CheTREPINCHAS ficcla é’toééltaﬁ?@tt"\f?@rt Hihe g expeas -

The area where the light intensity is minimum or an
area in the vicinity of this former area becomes a
nucleué when crystallizing the semiconductor.

Generally, assuming that A is a wavelength of the
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.

t = A/2(n1)

A concrete example of crystallization will now be
described hereinafter.

As the processed substrate 7, there wés used one
obtained by forming an underlying film and an a-Si film
on a liquid crystal display glass plate having a
thickness of 0.6 mm in the mentioned order by a

chemical vapor deposition method.



10

15

20, .

25

Is represented by the follow ng expression. 20t = ?
/2 (nl) A concrete exanple of crystallization wll now
be described hereinafter. As the processed substrate
7, there was used one obtained by formng an
underlying filmand an a-Si film 25 on a liquid
crystal display glass plate hg@ ng a thickness of 0.6
mmin the nmentioned order by cheni cal vapor
deposition nmethod. 29 Wth the above-descri bed

structure, the processed substrate 7 was set at a
def ocus Wid<t thitoh aRSTATRLICT HoRw vk H4CF R atPecRrocessed

e TR Y g S S RS B
et St i R IR R
o EBree s ey 10 M lf! ide B R vas
A Y oy,

Ehi(@arWth0 o fl larf &h 38y HRABI & 00k i and HeS By | Buses a

fornmed an intensity waveform pattern that an 1nverse

pPhage efatdedim itriald it thal to X IS PN 4051 hei 1iPhase the
shift portion 5a of the phase shift mask 5 has a 15

i a-simAintersitfiades Yardmsk idppesoitaneey Woh hdhecn? .

vicinity of the phase shift portion. A distance

bet ween Elfe rldspgoivy e | hivigr's el phasel pat des bsibgtiOnm

in accordance with widths of the strip areas 5b and

Scobtained by a calculation under the above-described
condition. 1In 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 5c.
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 um in both

directions X and Y.

A concrete example using the image forming device
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As a result, when the anorphous silicon filmwas 20..
irradiated with the | aser beamwhile relatively noving
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 polycrysta
poly-Si film having a large particle size that a
crystal particle 25 position B§ controlled with a
pitch 10 min both .directions X and Y. A concrete
exanpl e using the imge form ng device 30 utilizing
t het NAL mehpothei NA mewhbe #esar nadbe BRYGaAlHy . @
light source and an optical systemsimlar to those

i nBatiécabbye sohtgbtesexanpl andene wyﬁicdHWiféﬂéh similar
concrete exanple, however, there was prepared a 5
nekhabiese whilchheaabadpusbnhifetl EkempIRgecier WA, In
optical system by replacing an aperture (circular
opelit gFoRErehe FrRaBRLLor hoWgvepti thlerey stampiebafed a
the image forning optical diameter was adjusted to 0.1
by‘“%%*??fgl?lﬂi‘éh hafl sAflJ NACoNAL Bé ithleurinagtel div rsaistgem
1QN¥¢§ spt_to 0.05 the grocessed substrate 7 simlar
t P THER i AT hE BBV ECROREL B e 2Bx ARPIE Ugs -(Sdtr carl axr
f%%g ; itkon of . the i e.formng optical system®6
an Ihﬂﬁgg %#rgﬁ?af$%ﬂemg§9@éPgi88tgﬁﬁliﬁY§GGW-a NA of
M s fggﬁ-%'ggé gy becones approxi mately :
100 mi/cn® oh 15 %e F§§§;i¥ﬁ9@8£?508?gFP@QuffthGWS0-1
a dy aldidtansd tie dh $h L LRUL RN, FOPL A1 ¢ g DY 8+
calculatf%n under th%é cphd#%!%ﬁ.pb? gg um%gatloé system
unaey Seotkd hatos ) rewle ab+ 9B %6 L8 Eﬁﬁsﬁﬁg%eletgqihﬁ%r 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. TIn 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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waveform pattern as that in the above concrete exanple
20 is perfornmed even if this device was used. In this
exanpl e, there was |ikew se obtained a pol ycrystal
poly-Si filmhaving a large particle size that a
crystal grain position is controlled with a patch 10 m
in both the directions X and Y. 25 In the above
concrete exanple, although th#l phase shift nmask 5
that the phase shift portions are a plurality of
straight lines parallel to each other as 31 shown in
FISBov8! vigs RiE@d, 8 twees puesént thaveneésenti sni8htion is not
restricted thereto. For exanple, the phase shift |ines
c &t e isthied orhdogfomal to each other, and the phases 0

and .n can be 5 arranged in the lattice form In this
case, d&9ateraEPbEeathavbhgsa shyft lnhesstay bk zeto
i s produced al ong the phase shift lines. Therefore, -
siH aglr)):eﬂ HaChiRteems i angeer apdsas @nand 7 can be
R RS O 151 A 4P 0F b1 1| By Shapecaret he Lattice
CORRIBIAD 4 A LTS 1S el B
L e S nndle LB, oL gstols Skl
e A S L Bl O e "
Ty e e
t bosittibe/ishia@rsidly tdle &rystal grain is difficult.
Thus, in order to contfol 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
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 qorresponding to the intersection can be set
to 0 by determining a sum of complex transmittances
around the intersection as zero.

An example Qf this will now be described with
reference .to FIGS. 9A and 9B. As shown in FIG. 9A,
this mask 5 has a plurality of sets each of which
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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position corresponding to the intersection can be set

20 to O by determ ning a sum of conplex transmttances
around the intersection as zero. An exanple of this

will now be described with reference-to FIGS. 9A and

9B. As shown in FIG 9A, this mask 5 has a plurality

of sets each of which 25 consists of a square pattern
constituted of four square at@as 5e, 5f, 5g and 5h
havi ng different thicknesses. 1In each set, as shown

in FIG 9B, the first area 5e has 32 the small est

t Hilek rigvs] kawk atipholsee 95 aedoa Fheséouft herareatbk Hawrth
the |l argest thickness and its phase is shifted from
ttﬁﬁe%ﬁéhrhﬁﬁiﬁhﬂ hegese byickngssPandestsophtbe is
econd and third areas 5f and 5g whose 5 thicknesses
Pgutf@t%efrFQ%é:ftﬁ kheltesfbrstheraneds by 3and.5gPhases
ar e. hifted fromthat of the first area by it/2 and

i & r§§b&ﬁqQR§Kﬁnqu¥&E% A PRaskof aapdr Poavheskch t he
first Lo _fourth areas are_adjacent to each other,
ei?icg??ﬁf%ﬁnﬂﬁ%u ?ﬁwgﬁncﬁh?hghéﬁﬁ%?%sﬁétP@rﬁh?saéﬁas Se

: ere the intensity i _ Therefore, si
TRrl WP de I PR 15aE SOt EErSE ohrRanORn/ 2

ashape of : grain can be readily controlled.
Aﬁthoughi%§§%§%££§lréble that the mask pattern 5

1
deser 1300 Se o ory LR TLES, PR Bl iogd 1

conbi nation wth the netho ing t

OTbuGah SYSAMAG Y dibd© {6 pRsEl oL NVenkion, the

present invention is not restricted to an app ita?ion
central point of the square pattern is an area where

s
a

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
described in connection with FIGS. 8 and 9A 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 likewisé used in the
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
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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of this conbination, and it can be |ikew se used in
the 20 conventional phase control ELA nethod. In this
case, the intensity can be set to zero only on the
phase shift Iine or at a point where these lines are
ort hogonal to each other, which is effective. Al though
the phase shift portion of t he_phase 25 shift nmask
has been described as a bound%?y line (FIG 8) or a
boundary point (FIGS. 9A and 9B) between the areas

(phase areas) having different phases in_the
f oﬁaaagﬁgnanﬁaﬁpﬁéﬁﬁn’ct hitsigsig éagésteh&%wtthé‘- abgse

area consi sts. of a transl ucent area, and t

phases SHrF Spor e oREL @hirspsigaen. heEReoR T eﬁ#a phase
res% ted %hereto d can be _forned b sl |ght|

shPPEF gp?F ﬁPPhénbgBﬁdgFfsﬁpﬁelg epﬁé Bo&ﬁha}ﬁ:p0|nt

Thi bed f h
o RShr LEF A, LRRFES R o erﬁ‘s:n? ' ol B I e
paEh??Elnge@sgﬁt%Heaboﬁgﬁb ﬁe f%htﬂre%®UﬂdQﬂyH$01nt

roma focal osition formn

0p%h§§'w§i§t%€‘GE%%kHb%@Sh!&@h%@&%@xby B and Cin
2A) 1s utilized, "blurring” is generated due to

_gaps i f 1an th'éCld‘é%tcu%nQ{eﬂzr@oﬁt rdibdd en 1afgHtheintensity
illTumnation light is large. As a result, a gentle

i npecseraheyhoarskapean htaeshal lgendrmateds e tpeasilihions
(intensity of an inverse peak value is considerably

| awgeh pretletephasedskiafts oo en fiosadbtrmisidd,on of the
irregularities in in-plane intensity of the |aser beam

f r omagke fheaingooptd corl isvisdgm dpasiidsans imddmatsd by B

for
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 gentla
inverse chevron shape with a shallow inverse peak
(intensity of an inverse peak value is considerably
large) in the phase shift portion is obtained,
irregularities in in-plane intensity of the laser beamnm
from the beam source or irregularities in intensity for
each oscillation pulse have.an affect, and there is a
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
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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each oscillation pul se have an affect, and there is a
20 possibility that even crystallization my not be
achieved. In such a case, as shown in FIG 12, this
problem can be solved by providing a |ight shielding
area with a small width to one phase area (second
phase area in 25 this enbodi nent) of the phase shift

mask 5 along the boundary |li®. This reason will be
described with reference to FIG 13. 34 \Wen causing
the parallel light to enter the phase shift mask 5, a

l'ight iwhemscaysthgt thbupkealaelt he ghehase esfticht the phase
portion beconmes 31 a light intensity distribution

olsthai fiedndgk aeldi angl {¢haniatphitl tgedattaibudiibhr aet iter
fringe acquired fromthe first phase area 5b and (c)
arPhagg i shudet gfont ot flpecohes @£imgbi@hﬂuimednsitpn1

the second phase area 5c and squaring its result.

WSt welan erteler inetit bEneddingh@ prasanshi tudansk, a

a final diffraction pattern is obtained by

i RGP Iolnggrcaniepdi fyopather Alasgubhegef roma

t lightsrays at a plurality of different angles.

T%:Z% &’%re@ lesﬁ’mpr]-d'tu[%r%to% & S rart et fairge apduired
i%fayetggf, whenci erforning 'ntegration takin% a fact

t A ST i e or vEd b\L}Cz? ACEHRRYiPA Lhe praNet-

B AN He LBl penely PR ey
e R ge e Ao RDENEY SJoPES ML ing o
|ilﬂ§hﬁ”ﬂdﬂéﬂé¥ky pattern acquired from the light rays at
a plurality of different angles. Therefore, assuming
that 6 is an incident angle and Z is the gap, when
pefforming integrafion taking a fact that shifting is
performed by Ztanf 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 abové if the light shielding
area is 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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area is not provided. If the Iight shielding area s is
20 provided as shown in FIG 12, however, there is

obtai ned 2Q an anplitude of the diffraction fringe of

the second phase area 5c such as shown in FIG 13. As
aresult, 33 a light intensity distribution obtained

by adding an anplitude of the diffraction fringe 25
acquired fromthe first phase3zarea 5b and 2Q an
anplitude of the diffraction fringe acquired fromthe
second phase area 5c and squaring its result is as 35
shelwowh nihhehdr avaRInganentt i¢am 60k

light shielding area gaby setting aé&?ﬁ%%%%nggt%ﬂghe

| i hghehskeldidingr aaeassf bl ewstinhbeney et & RigG e
excel l ent inverse peak pattern having a peak val ue

t hetgh® sheeldtegsaryai assibillanki althy ra@fio op\WBeR ithe the
scattered light enters the phase shift nask, since a
shif¢e hlemt i tyvefsehpeihcpdeheranhbeing aZpase ak1eml Yhat
a hal f, angle of the incident angle, a -pattern

i rdie e RS Y ) L presebobeat apdYE camobe obtai ned 10 i f

the width D of the |ight shielding area s satisfies D
> 27t an® ®A tBRcFERELEXEAPLEIbt eR&epRasbes mbfatsemsiki £t

U RS A Byt o be deper bed her e naren A

B N T RE LN R

}Aﬁé?tteér}%{a 21 erﬁgir%ag@%cg n&a¥1 Id@: R 30%’3{)%% aagféo ‘51?4 2%({}? P %%ﬁa ined

'Sf 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 quaftz substrate with a refractive
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 bhase area 5c¢ which is
a non-etched area were formed. At this time,
patterning was conducted in sSuch a manner that a width
of the first phase area 5b is 14 pm and a width of the
second phase area 5c¢ is 6 pum. Thereafter, a film of
chrome was formed on one surface of the phase shift
mask by spﬁttering, this was patterned, and the light
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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a non-etched area were fornmed. At this tine, 20
patterning was conducted in such a manner that a width
of the first phase.area 5b is 14 .tmand a wi dth of
the second phase area 5c is 6 m Thereafter, a film
of chronme was forned on one surface of the phase
shift mask by sputtering, this was patterned, and the
l'ight 25 shielding area s was3gd ormed on both sides of
the second phase area along the boundary with the
first phase area 5b. A wdth D of the |ight shielding
ardesr enarsi 1361 def &sarigiqdnt o be 4 m The thus forned
phase shift mask 5 was used in the apparatus shown in
FIG 2Atencthuystathed aphosewasirpenhekmedwadt ukBHS in the
time, the processed substrate 7 was 5 placed at a
p@ﬂnﬁnﬂtu§(ﬂhﬂwnu%niEﬁﬁww@ﬁthdronyatébtﬁkap@ﬁhtwQB
of the image form ng optical system6b by 20 m (that

i Performeyl.y AQMﬁhkﬁﬂE*ﬂ@[r%hﬁapIQOeman pebforaed nwas
su h a nanner that the |ight energy on the a-Si film
Gt Bh@riddes & anee@ de¢owesdd0from a focal

a r gxi.mat el 00 m)/cn2. As a result, the anorphous
Eﬁp Eﬂr%?%ﬁl trage Gy &@al%%osmt%r?bﬂay

EBL: on |ghcgﬁ+agglegﬂ{%ﬂ®le 3 e tha%ofﬁg f%gi@%ewas

phace el ULHRICS bttt Ul oareéﬁ%‘%?' SSrbiA P the
f et ey E’fﬂéé SERE TR S R
aBeRroximaRaVi dod Yy Qe phage 5 result, the amorphous
silicon was able to be crystallized into bolycrystal
silicon with a large particle size that a crystal
position is controlled.

The technique to provide the light shielding area
S8 can be also applied to a phaée 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 ﬁrovided in one phase
area of the square phase areas along the boundary line
of the adjacent phase areas. 1In 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

film consisting of a material such as chrome which
absorbs the light, and it can be also formed by using

various Kkinds of techniques. For example, the light
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area of the square phase areas al ong the boundary line
20 of the adjacent phase areas. In this exanple, a
sharp inverse peak pattern having a point-like peak
val ue can be obtained at a position slightly shifted
froman intersection of the four phase areas. The
Iight shielding area can be forned by using a 25 film
consisting of a material such3ds chrome which absorbs
the light, and it can be also forned by using various
ki nds of techniques. For exanple, the light 37
shisblig¢ildg ngr @x egayraye Heorfagdndsy isivring nulnel aybayer film
film corresponding to a wavel ength of an jncident

| aSerreseeRding it égiiadia st eyl R f o eEdeRb 1haeT

N T

L, I t dt t
TR BB GO T Ther T E oy be a.
Conpos'%ﬁm?ﬁg} m1%ng$§h§ t c+ @Eglﬁ n%ﬁéogﬁage Bormlng

met hod for urlng an ronlc evi ce

facl
t*ﬁ'e%%#e%éln??’%#vzﬂﬁﬁ.‘%% eé%riéﬂ??@%eéfé’égh%&@m
rebeenee ey B n{]i%dro %eﬁ?‘s shoMmé P, Fl G ndpMve a
an underlying film31 (e.qg. a lamnated film

CORDInploisN@ eOfs vt el N drindB hewi ngLénd Sakdl| a0 fhiekness
of 50 nmand an SiQ2 filmhaving a film thickness of

100 nm) zamck taiodants P hodisu Seat epitgcanreléctrod2c( degice by

Si, G, SiGe or the like having a film thickness of

appusdxigrethel yast frao ttur 1200 apyamatud fmekod 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
film thickness of 50 nm and an SiOp 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
thickneés of approximately 50 nm to 200 nm) are formed
on an entire rectangular insulating substrate 30 (e.g.,
alkalli 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
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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on an entire rectangul ar insulating substrate 30
(e.g., 20 alkali glass, quartz glass, plastic,
polyi m de and others) by using a chem cal vapor
deposition nmethod, a sputtering nmethod or the |ike.
Subsequently, a part or all of the surface of the
anor phous sem conductor film_32 is irradiated with an
exci mer laser 33 (e.g., KrF 079825 XeCl). Here, the
appar atus and net hod described in the foregoing
enbodi nent are used in the exciner |aser beam, ,
i raadrbersal as ﬁh?eémpFPhSESSﬁ@WﬁCPHdPFéPrlgé}négzals
mat eri al _of the, anorphou seni%ggductor film32 i

$L9§¥?Fﬁiféaeggﬁat? BoP?iV?gyél eﬁi@&ﬁ&&gﬁﬁtQQIﬁ%%ﬁm34'
o t . ( 58
coﬁk}%rfgasi FDEngBopbTLYRY Bl aTe FerdROREl ech! Tt 36 1

\ AR . I ( !
T OLERRTRE knt bl i PBR VB vERRa® o IhBcE el Mo |

a s88H¥8£MﬁF%ErS%Epﬁ°QQEﬁt%f1%&' %&Qgchﬂﬁsize whose

conventronal”  “manufacturing apparatus. Then, the

MoppEGLYsh al -8R 68RA¥GHAr ikl lbin34013 edl A PIRERISRH with a

into” an |s!and-s%aped sem conductor film 35 by using
t hgo Phet9kichhogeaR kyndake otrh € i SinOR sfiingntbay idthven tfidmal

thickness of 20 nmto 100 nmis formed as a gate

| nfghatasguiiheg 3ppamrathe .underlying film 31 and the

sem conductor film 35 by using the chem cal vapor 15

deposi t iTennettied nonddrey ssadt tsemimpndbtdionr £ilm 34 is

Subsequently, a gate electrode 37 (e.g., silicide or

Mopyoreskedmidtat aa pediandoshemadespandiangiuataheiln 35

sem conductor film35 on the gate film36. Wth this .
by using the photolithography, and the SiOp 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
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
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
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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gate el ectrode 37 being used as a mask, as shown in 20
FIG 15D, inpurity ions 38 (phosphor in case of an N
channel transistor, boron in case of a P channe
transistor) are inplanted into the sem conductor film
35, and this filmis changed into an N type or a P
type. Thereafter, the entire device is annealed in a
.25 nitrogen atnosphere (e.g.39for one hour at 4500,
impurities in the sem conductor film 35 are acti vat ed.
As a result, the sem conductor film 35 becones a
sdur od t30 a4 h Mgt himgount Phy | spneehyreeneant kabirain a2 and
drain 42 and a channel area 40 with a fOM/inpurity
cencdvtnretll area Wi ohi tls pokowi bmpdrhetweencthe raguese
41 and the. drain 42. 5 Then, an interlayer insulating
f MWhrhcdo diss dasridedonesh béewegan ethel ap86ceSdbsegdenthky,
contract holes are forned to the gate film 36 of the-
i freriaye- insulating film 39 at positions
corresponding' to the source 41 and the drain 42.
Ther eaft1/ @othteer bagesrbasulstang 41lm dPails formed
connected to the source 41

I od , i call .
SR LHE b o Hq‘if}]g HHREEIRRALY. nopBSEarE Hpasanare
he | I ' ti ' , in t he ,
KRS T P b R et i e
F 1 .t I the us forne
tE?ﬁmf?Ehﬁfr %%?S 2¥H%g%%$éqgg%édgggyg?yEFSIS8Prce 4t°ana

TORACCS 401 Ao et oL skac BLORER0%sg g o
byirbhe leagei RRRM4S radi &t 00, 1 26 hob e FE§CEL el Bource
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
thin film transistor consists of polycrystal or
monocrystal with a large particle size since the
semiconductof forming the channel 40 area.is processed
by the laser beam irradiation technique described in
connection with FIGS. 15A and 15B. Therefore, such a
transistor has a higher switching speed than that of a'
transistor-using an amorphous semiconductor which is
not subjected to laser béam processing. Circuit
designing can be performed so that the polycrystal or
monocrystal transistor can have a liquid crystal drive
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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connection with FIGS. 15A and 15B. Therefore, such a
20 transistor has a higher switching speed than that

of a transistor using an anor phous seni conduct or
which is not subjected to | aser beam processi ng.
Crcuit designing can be perforned so that the

pol ycrystal or nonocrystal transistor can have a
liquid crystal drive 25 funct4d®n, a function of an
integrated circuit such as-a nenory (SRAM DRAM or a
CPU. Acircuit requiring a dielectric strength is

f oremeicendudieoandi phpuand0ib §§%@Q§)dk‘?§s@élﬁh'z@d and
it is polycrystallized or nonocrystallized wt
réspEeriotaliizedivion oéspecy. to a debMeisEbiCYt, e.q.,
mhlch requires an increase in speed of the nDblllty
FEE e Abirrthoiticly yeqdésesi bedinboeeseadnokgierd of
the present invention, since the filmlike a phase
s%hz deﬂé W ch perforns patterning of a |ight .
intensity and the _ processed substrate are distance
from each other by %ﬂq%ﬁﬁ;ﬁﬂf#4ﬁ?b#&&ﬁyfornlng

0 tlcal tem..t her ebet ween, mask i s not
cgnt ani n%?%ds%vké%(?a? o) o mﬁ?%ﬂrgéEGrEOV\EBﬁ present
ilm with the |aser

t emn,con f
Ibre<21m ur er%cze [Eah se%:]g? OJVr/\}#%ha n%%%%? e§hbeo@P§FlolCh .

%eqqgfgfkégiﬁﬂg strate rﬁ?g)f#& %%b5¥f%? Fﬁn
S @rBRe sGY éﬂbéﬁ%&%ﬂj4féeﬁﬂ§¥aﬁggdw¥¥bﬁr@%%h other by

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
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
invéntion has the following four advantages as compared
with the conventional phase controi 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
semiconductor film is moved forward and backward due to
undulations.

At second, even if a degree of scattering of the



10

Besi des, the NA nethod according to the present
i nvention has the follow ng four advantages as
conpared 20 with the conventional phase control ELA
met hod or the defocus nmethod according to the present
invention. At first, changes in a pattern are reduced
even if the processed substrate noves forward and
backward with respect to thedbptical axis or the
surface of the 25 semiconductor filmis noved forward
and backward due to wundulations. At second, even if a
deigrlamiofatsioen t kiglny wértde, 4¢hibhbysi nat kB8 bh@bbrn are
varies, changes in the pattern are snmall. In
p&maldul ar, even if scattering is large, the contrast
of the pattern is_not deteriorated |like the 5 defocus
met hod. 1 TatPaRtieulane ¢veht ifnsensiteyidigstisi hutrigen hase
| ess undul atj ons at positions other than the phase
M55 i, thmdPattern cd seot odaher eantpdt Léka. tAE

S

fourth, as t sitioning of the processed 10

sg%ng%anﬁﬁgFﬁg'optical axis direction, sinply

hol di n an. ocessed. substrate on a focal_ plane can

suffic%i\m ﬁéﬁﬁ fﬁ% *5%5 b?ﬁ%ﬂ?}sv gvaFrabaétepubas

qyanti tygdii8 . ocus. et hod', thereb

facili ta.tdl ng t c;erh“:'ecaotﬁﬁjroo * l&ni (P_g}l\éﬁf ﬁl@lgh% phase

CeYS Rl HoARLIR! SRRATAL USs COMPLL SLNG L §geal pattern.

At fourth, as to positioning of the processed‘

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.



a light source which emts a light beam a mask which
receives the light beamfromthe 5 |ight source and
makes an intensity distribution of the |ight beam
into an inverse peak pattern that a peak value has a
mnimumintensity; and an image formng optical system
which is positioned between the mask and a processed
substrate, 10 and forms an ifldge of the |ight beam
havi ng the inverse peak pattern on the processed
substrate, thereby crystallizing at |east a part of a
substance of the processed gubstate. . 2. The
crystalllzatlon apparatus according to 15 claim 2,
wher ei nlt-he Amgsly sitad 1d 25tdan SRR Helsk FPPIhF I+

adj acent areas have different thlckness nd a hase
shift pér tilehth&PUFgea Wy nat]hje%é 3?%%{%’ Ios

S§f LPZFﬁh%faak?e i Sir%@éalzé‘%#a%’éed-"? e st

0
p i‘élglagagéug:c%orgxﬁi ?(fest 23?1 \Cﬁﬁxsé%ﬂ{]héﬁl nfen%l?it)utlon of the
SUEﬁgg@t babhy 1 5E¥ On ‘!i.n U}gec P’é&]@'éd@tﬂéfﬁ%k@é’@a& R aigK

according to cIa m 1 further conprising a

SUPReLE WaiCh FUPAGKES iiedysessadi substrate at a

defocus position separated froma focal position of
the i mage figfaga Aol | Gt i SyBteps bym awipt €llel er mi ned

di stance. 5. The crystallization apparatus according

tOpositioned 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
zero.

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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claiml, 2 or 3, further conprising a support which
supports the processed substrate at a focal position
of 5 the image formng optical system wherein the
image formng 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 accof ing to 10 claimb5,
wherein assunmng that X is a wavel ength of the |ight

beam and NA is a nuneri cal aperture of the erture
a wogthcBlof yshenm RYeds ®Leekd it iﬁ%%h by the

foll = k9 '
o2 1 ?X%%Zscérﬁ%aau:rzzaa@@@h(%k 2 aa*f%é" dtebramng to

o @a'a%wa;ogf;l{@z pé»brur;gefe“f U5 SRR £ SUBEL s
lpngt nt posqﬁet i é)l’ﬁ% (ﬂq d:E V\%é ere an I n]tfen3| tl)}el ]émage
e
| Nt @RS gééd sdigh + 2Bk %éﬁ@@l@%fl@dﬂj@%ihgoaemdth of the

betmeen the first pattern and the 25 second pattern

SO tllgla,terq-,é/vl;;gatk Hatitherd i rst pattern is greater than
a width of the second pattern. 8. The crystallization

appar at uss accrhali agy$ vaBichhion7apphertin eheogddng to
of the image fornming optical systen1has a light
t r ansrdissi Hn vérewe omca ssWihy that-A is a wavélength 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 = kAM/NA (k is a value from 0.5 to 2).

7. The crystallization apparatue according to
claim 1, 2 or 3, further comprising a suppert which -
supperts 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-
stage peak pattern having a first pattern positioned on
a side where an intensity is low that an inverse peak
patternlhas 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
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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transm ssion area surrounding the [ight transm ssion
area and, assumng that DI is a width of the first 5
pattern of the two-stage inverse peak pattern, D2 is a
wi dth of the second pattern of the sane, 01 is a

di aneter of the |ight sem -transm ssion area

represented by an angle and 02 is a dianeter of the
light transm ssion area represented by an angle, a

size 10 of a distribution of an outgoing radiation

pupil function of the pupil of the image form ng
optliadal 7,syéteaszattl'sé imspiheof otlhev\imggexﬁbeﬁjsngnsptlcal
D1 = k?/sin0l1 (k is a value from0.5to 2) D2 =

k S¥F&ieHO ek a & ightal ueansohs9icGn tarey . add 9. lil'l;ht semi-
crystallization apparatus according to claima1,
WhERBSALE SHIK A3Ra eFUE UGN grailke hhsolat phasesmihsion
mask havi hg an |ntersect|on consisting of at |east
tﬁF@@ 6P %0 P8 S dHhat DY ks andidbhi of egal fivatue
EfaQ§Qgttance of a circular area 20 with

I
A S AR AR g B ieshRtintra§2 Lo o
1 t t
ZfifengBr, ThE SOh ISt al SPRANE S e Bl L% 1
|b15!§§1e'ﬂ@§ /P ERe \hdleranne felinl eefod Nap£2 160

degrees ( crysta on appara

age F:@'s@ﬁt(e@ o0, %'dﬂa%glv@%{ eac%nh&f %’H’lea{p é’JechﬁﬁetEhe

shift lines is ™45 four, t he ase

Llmgﬁth@iaﬁsﬁh@%@odmﬁﬁéﬁw¥8§%égeﬁ%@@t@@té@Jéﬂg?g a size
ggr2631str1bution of an outgoing radiation pupil
function of the pupil of the image forming optical
system satisfies the following expressions:

D1 = kA/sinBl (k is a value from 0.5 to 2)

D2

It

kA/sinB2 (k is a value from 0.5 to 2).

9. The crystallization apparatus according to
claim 1, wherein a mask pattern of the mask has a phase
éhift 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
with the intersection at the ¢enter 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
180 degrees (m).

11. The crystallization apparatus according to

claim 9, wherein the number of phase shift lines is
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12. A crystallization nmethod conprising: generating

an i nverse 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
havi ng the inverse peak pattern, thereby 10
crystallizing at |least a part4bf a substance of the
substrate, wherein an inmage of the |ight beam of the
phase shift mask is formed on the processed substrate
byfowsjn@n@neauhgeffbhaipnasptEﬁ@EtslihQ@‘B%%Vhd%%ase
bet ween 15 the phase shift mask and the processed
subsfference 18f Jhestaysialliyzadi aagrekked accor di ng

to claim12, wherein an inmage of the |light beamis
formed 2 wi th ¢hespablesatiiosubsthatiecbaprgshayd at a
defocus -position separated froma focal position of
the | megRSO2FbR&i Ay SPVEEak pypekepaliyeanpheddner i pedk
di_st.ance, therepy achieving crystallization. 14. The
cﬁﬁﬁ%ﬁIq%ﬁﬁi%n#%%h%oHn%%%%gHYnéSt§Ubetahhﬁa3lywhemeiat a
t?ﬁFE&QC ssed substrate_is held at. a focal position

o FHE i RN opt i 2 4Pha§et Bl ftoBagkdby wedpl this
of _t i.nverse peak pattern is adjusted by changing
NE%§p%tﬁ£Kfnage formng optical system and 46 an

Lhs, Sl Leanatenmetr Ll pLogesetds
beam having the inverse peak pattern, thereby
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
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 thé image
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,
and
a width of the inverse peak pattern is adjusted by

changing NA of the image forming optical system, and
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15. The crystallization nmethod according to claim12,
wherein the processed substrate is held at a 5 foca
position of the image form ng optical system and the

i nverse peak pattern is made into a two-stage inverse
peak pattern in such a manner that an outgoing

radi ati on pupil function of the inmage form ng optica
system beconmes a sum of two t4Mpes of |arge and snmal

10 distributions of an outer area and an inner area,

and the processed substrate is irradiated wth the

| i gt imdeanyft tiee ebyglthbesmngscfyshatl ozathenprdbeshed
phase shift mask for a |light beam wherein a nask
pastles hrabs, abhéneleysachieningnsikgstaglotabtions | east
three or nore phase shift lines, and an integra

val ue b$.a Toeptexstabhimdtianceethod stcoutlangakea

with the intersection at the center is substantially
zetbain7l2Thehphate thefprafsksadcepbphgate érahmldeat a
20 wherein each of the three or nore phase shift |ines
hakocal phastt #PRf of chlke BERHS f@§§lﬁﬁaﬁp§89aée§V§§§mr and

it 1 Th h hift k di t I
Chor oi rengponvBRER Bk bR o R0 b2 L e age

o5l Epsee| Phak PaPLERS, gnt.§Fﬁ S on2hagrcingt hogREREng
Phags: sPiLh gmsky oo Leghgfbsggglmggapgb§hagg 47:3kan

ar eas aV|ng di ren ases
system becomes a sum of two types of large and small

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
least three or more phase shiftjlines, and an integral
value of a complex transmittance of a circular area
with the intersection at the center is substantially
zZero.

17. The phase shift mask according to claim 16,
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
shift lines is substantially 90 degrees.

19. A phase shift mask for a light beam,

comprising:



a boundary line defined between the adjacent phase
areas, and a light shielding area forned in one phase
5 area al ong the boundary i ne.

47

at least two phase areas having different phases;
and

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

area along the boundary line.



