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

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



Si.nce the electron nobility of the single-Si is higher than that of the
poly-Si _and the electron nmobility of the poly-Si is higher than28h8EP @805
the 2 8 SEP 2005 2 a-Si, the single-Si and the poly-Si have a high

swi tching speed when applied to the transistors and there are advant ages,
e.g., an increase in response of the display, a reduction in a design
margin of any 5 other conponent and the Ig¥e. When peri pheral circuits such
as a driver circuit or a DAC incorporated®in the display are constituted
by the transistors, these circuits can be operated at higher speed. 10

Al t hough the poly-Si is conpgosed of an aggregate ., of crystal grains, its
mobi lity is | oweivhdhe anddre~Shebridts R~ %%Vcﬁq,a éﬁcﬂf}gt has a

problemin irregularities of rai n _baundar nber_ which enters, a
channel when aS% %%gorsﬂefcfé‘glﬁbcf‘f?ﬂi’s‘?‘gego ih el'ﬁ:erraﬁsdrsre]c,ori%éarrbd have been
recently proposed various, kinds of nethods which gener.ate | ycryst.al
silicon or, no'rstg‘eﬂ:reefaerredﬁcvaﬂ Lrorysda TR A arﬁos%r%’es%aorfi cle
size. As one of_,suc t hods, th I no » phase .Qnt r.ol A (exci mer
| aser anneal i ngBhe b)f‘ i%ch ffifﬁ'elqﬁ;ﬁ[cetiloosrbﬁq}c\r/g;sqeg%aq%zeréqslgglq{l]rgr]g I'ated with a
pul se | ager bqﬁq:rﬁet@rc% B hhase shd ty -qpf_k wi th the phase shift mask
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bei ng set para to the sem conduct or This technique is described
in detail in "SurfaGgen peripheral circuits such as a driver circuit

or a DAC incorporated in the display are constituted by
the transistors, these circuits can be operated at
higher speed.

10 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.

15 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, there is known "phase

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

This technique is described in detail in "Surface

25 Science Vol. 21, No. 5, pp. 278-287, 2000" incorporated

herein as a reference. Further, a similar technique is

also disclosed in Japanese patent application



25 Science Vol. 21, No. 5, pp. 278-287, 2000" incorporated herein as a

ref erence. Further, a simlar technique is also disclosed in J anesre 2005
patent application 2 8 SEP 2005 3 No. 2000-306859 (laid open inagbv. 2,
2000) . This phase control ELA is a nethod by which an inverse peak pattern
that a light intensity becomes nininum e.g., substantially zero at a
phase shift 5 portion, i.e., a shift boupdary is generated by alternately
shifting a phase of the light ray passing” through a nask pattern of the
phase shift mask by 0 and 7t, a mininumintensity position of the inverse

peak pattern is set to an area (crystal nucleus), whi is 10 lidifi
first, and th&r f&%-%%ﬁ%ﬁ%vﬁh%yﬁemtln %‘il'Jti)%’n ?@?LZ | at Z?a: fied

direction (lateral growh), th b i di g i
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intensity is rﬁﬂﬁ@;&dty %%C.r,easﬁ%%ﬁ@iéﬁkﬁt/a@@ﬁofaena bRk SepeRkstAn

intensity patt S inverse pea pattern is continuously or

di scont inuously, nasid i oned, 20, isni6f ess@daapy ass agehavatea pgak waveform
patternn this specification. A shape of t%e phase shift mask, a distance

between this npsk aka puWiaceif & fhasetorbenecryghal khgedabahingh will
be referred to as
through a mask pattern of the phase shift mask by 0 and
®, a minimum intensity position of the inverse peak
pattern is set to an area (crystal nucleus) which is
10 solidified first, and the crystal 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
15 intensity pattern such as that a minimum intensity is
positioned at a peak of the minimum intensity and the
intensity is gradually increased with distance from
this peak. An intensity pattern that this inverse peak
pattern is continuously or discontinuously positioned
20 is referred to as an inverse peak waveform pattern in
this specification.

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

25 a semiconductor surface for the convenience sake),
an incident angle distribution of a laser beam to

the semiconductor film are set in such a manner that



25 a sem conductor surface for the conveni ence sake), an incident angle
distribution of a laser beamto the sem conductor filmare set in &8c¥Pa2ll
manner that 2 8 S E P 2005 4 an ideal light intensity profile can be
obtained on the surface of the film This phase control ELA nust hold the
phase shift mask so as to be close to the sem conductor surface as 5 much
as possible or, typically it nust be held with a gap of approxi mately
several pmto several hundred m in order to obtain the light intensity
profile corresponding to the phase shift nmask. If the both nenbers are

cl ose to each other |n 1 cond ctortB|In1|s

abl at ed and shabtéfgald égﬁFolPEgéaﬂgyla%%gﬂqﬁhga%aggfeg%ﬁépg

contami nating the has .nask. Therefore, there is a problemthat the
l'i ght intenS|F9r6§EFeP% %E %éi%ded with a use and 15 crystallization does

not correctly advanﬁﬁégr%h%%%ekoggr%hﬁgﬁg§?§§%r%5qd E%%d%%kﬁ%”shﬂf position

of the sem conducto acé mist be a inan opt axis direction

W th respect tg thes BhgﬁetosglfElggﬁktosk%%es%mﬂ%BnQ%EW%?nshQQaQQa%% shift
mask 20 and a Semi conduct or substrate s very small, there is also a

probllem ghat a,5esqk E)S%rs?%‘lteOBrt he Ra%iahilgnak madituslmpat dokvidhl iaght f1 ux
used for detection can inserted. Disclosure of |nvention
gap of approximately several pum to several hundred pm
in order to obtain the light intensity profile
corresponding to the phase shift mask. If the both
members are close to each other in this manner, a part
10 of the semiconductor film is ablated and shattered due
to irradiation of the laser, thereby contaminating the
phase shift mask.

Therefore, there is a problem that the light

intensity pattern is degraded with a use and
15 crystallization does not correctly advance.

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

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

Disclosure of Invention

25 It is, therefore, an object of the present

invention to provide a technique by which contamination

due to ablation when irradiating a processed substrate



25 It is, therefore, an object of the present invention to provigdg qp 205
techni que by which contam nation due to ablation when irradiating a
processed substrate 2 8 S E P 2005 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 between the phase 5 shift. mask and the processed mask. In
order to achieve this aim according to aTirst aspect of the present
invention, there is provided a crystallization apparatus conprising: a

| i ght source which inits a |ight beam which receives .a |ight

) 0 Kk
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crystallizes ghelgastoachart fhot EBLHGAl e HaGRRSELnS tsigat e, 20

According to a séc aspect present invention, there is provided a
crystal |l gzati ogyfethodsxCQuAr kfleNgrogeReiRt igan inverse peak pattern

havi ng a peak value that a light intensity becones substantially zero
In order to achieve this aim, according to a first
aspect of the present invention, there is provided a
crystallization apparatus comprising:
a light source which emits a light beam;

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

an image forming optical system which is

15 positioned between the mask and a processed substrate,
image-forms a light beam having the inverse peak
pattern onto the processed substrate and crystallizes
aﬁ least a part of a material of the processed
substrate.

20 According to a second aspect of the present
invention, there is provided a crystallization method
comprising:

generating an inverse peak pattern having a peak
value that a light intensity becomes substantially zero

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

crystallizing at least a part of a material of



25 at a phase shift portion of a phase shift mask by using this mask; and
crystallizing at least a part of a material of 2 8 SEP 2005 6 a pgqugﬁgﬁ
substrate by irradiating the substrate with a Iight beam having the 5
inverse peak pattern, wherein an image of a light 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 k and the processed substrate.
According to a third embodi ment of the present invention, there is
proxlde?ta phigehshift mask using a laser beamas a |ight beam wherein a
mask pattern as an intersection consisting, of at. leas hree or.,.15 nor
phase shift |i®eBrOGAASEA PHPé@FéFGVQVuérSFdégééﬁﬁl%Qetfghgﬁfﬁggngétéf a ©
circular area with this intersection at the center i%tsubstantially zero.
i

Brief Descriptfoht8RtDPE&AFNBEVERE “2i $PYSIPdnPSErfe Eal'ry showi ng a
crystallization net hglgg%tr{gl %ﬁvgﬁ{a:g%ﬁ;o%g%% Ii%ixt A s ACeding to an

enbodi ment of the pi is a view schematically

showi ng an_exanpl ¢ 20 Lhalt 2 LoHAL BY AP iGal BYARDOL LR ARRALH S

depicted in FI i s configured 1 n accor e wth a defocus nethod, and

EIme t Zﬁa'g > 2 VLEW; 5GReMBL-GaklyY optewing & tedl friovnsiiep Haeleen a phase
the phase shift mask and the processed substrate.
According to a third embodiment of the present

invention, there is provided a phase shift mask using
a laser beam as a light beam, wherein a mask pattern

10 has 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 this
intersection at the center is substantially zero.

Brief Description of Drawings

15 FIG. 1 is a view schematically showing
a crystallization method and an entire embodied
apparatus according to an embodiment of the present
invention;

FIG. 2A is a view schematically showing an example

20 that a coupling optical system of the apparatus
depicted in FIG. 1 is configured in accordance with
a defocus method, and FIG. 2B is a view schematically
showing a relationship between a phase shift mask of
this apparatus and an intensity pattern on a

25 semiconductor surface;

| FIG. 3 is a view schematically showing an example

of a structure of a positioning device for a processed



this apparatus and an intensity pattern on a 25 sem conductor sur@qg%'F36§
3 is a view schematically showing an exanple of a structure of a Er 2
positioning device for a processed 2 8 S E P 2005 7 substrate; FIG 4Ais
a-view schematically showi ng an exanple that the coupling optical system of
the apparatus depicted in FIG 1 is configured in accordance wwth an 5 NA
met hod, and FIG 4B is a view schematical Ly showing a relationship between
a phase shift mask of this apparatus and an intensity pattern on the

sem conductor surface; FIG SA is a view schematically show ng an exanple
10 that the coupling optical systemof the apparatus depicted in FIG 1 is
configured in seedstdakes with a pupil function nethod, and FIG 5B is a

view schematically showing a relationship bet n a.pupil of thi
apparatus and an inféfisi £§ bﬁt?eVﬁeUnSFES%F§1§£ﬁﬁébﬁﬁﬁ%ﬁﬂﬁ’§%ﬁf%ﬁ§§%%ﬁ(3 6A

n FIG 4B anBhatuaVE] 6P bhIICPRE LAY BVACBrSTs oy ARt et | Cal |y
Cranspar ent arS8PBREERCphLET . ir SEpBRPLYARRErrG Arepg gttt At B
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a relationship between a phase shift mask of this
apparatus and an intensity pattern on the semiconductor
surface;

FIG. 5A is a view schematically showing an example

10 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

15 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

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

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

25 differs depending on X and Y directions;

FIG. 8 is a plane view schematically showing an

example of a phase shift mask in which phase shift



in FIG 6A and has a light intensity distribution which 25 differs
depending on X and Y directions; FIG 8 is a plane view schemati cal?

g, SEP 2006

showi ng an exanple of a phase shift mask in which phase shift 2 8 SEP 2005
8-areas are arranged in lines; FIGS. 9A and 9B are a perspective view
pl ane view show ng an exanple of a phase shift mask in which phase shift
areas area arranged in a lattice form 5 B/G 10 is a light intensity
di stribution graph based on the defocus nmethod according to the present

invention; FIG 11 is a light

net hod accor di

effect of the
per spective vi
mask i n which

views illustrabt

devi ce using
present invent
according to t

10

15

20

25

and a

intensity distribution graph based on the NA

ho ( ng to the present 10 invention; FIG 12 is a view showi ng a
modi fi cation oRTeme 2pRasEreRPLE ARSKITESE 13 is a viewillustrating an

(EeSEaBL bl 4ot (R8s 1 ndd ke
LS BoeEo BABLLCEE, OB WL oA Lyt
il ok R A L
he present 1ig'M@Ntd Al ght intensity distribution graph
based on the defocus method according to the present
invention;

FIG. 11 is a light intensity distribution 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

shift
are

of an electronic

t the Invention An enbodi nent



Wkl now be described hereinafter with reference to the 25 acconp LN
drawings. FIG 1 is a schematic view showing a crystallized seniégﬁghc i
fil mmanufacturing apparatus as 2 8 SEP 2005 9 an enbodi nent of a film
crystallization apparatus according to the present invention. This
apparatus has an exciner |ight beamsource 1 and a |aser irradiation
device 10 which is constituted 5 of a begm expander 2, a honogenizer 3 and
a mrror 4 which are sequentially arrange% on an oscillation side of this
apparatus. This irradiation device may be a |light source which emts |ight

h h I it .
Courc 1 1s oxPANTIOEHRa br Bt of heheh: AL XRRLEF by °PnePFALan Skpander 2,

source 1 is exPan i ame eam expander 2,

t hen itiaLngt?égéfgg% gFéZtQF?ﬁngghéegnggn#ﬁgnhonogenizer 3, and a phase

shift I's beam e phase shift msk 5, an

i mage formng optica igﬁagggkgtﬁgdggslgns%Q%H%%&ef%#ﬂ%mﬂéd%iﬁ&%rce 1

sequentially arranged o aser beamoutgoing radiation side of this

laser irradi a&ﬁﬁf‘adfé{ééﬁ 10radhheisHbaEKAER 3UPRAALHS iisS cop@rgtthiteied of ,
e.g., a vacuum chuck or an electrostatic chuck which can support a

processed 20 sybshrBkemt BependerThe behBmopeatessed smstr atierom 4 this
i nvention neans a substrate consisting of a material which is crystallized

or a substratewhdcwhaeb sagiichmiellg bhayengedviongaa weterdilalt itoe sdde
crystallized

of this apparatus. This irradiation device may be
a light source which emits light rays other than
a laser beam. A laser beam emitted from the laser beam

10 source 1 is expanded to a predetermined diameter 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

15 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

20 substrate thereon. The term "processed substrate" in
this invention means a substrate consisting of a
material which is crystallized or a substrate in which
a film or a layer having a material to be crystallized
is formed on the support. In the present invention,

25 the term "material to be crystallized" means a material

whose structure substantially or actually becomes

a crystal when irradiated with the laser beam.



is formed on the support. In the present invention, 25 the term"pmateri al
to be crystallized" neans a material whose structure substantia13§ SEP 2005
actually becones a crystal when irradiated with the | aser beam 2 8 SEP
2005 10 For exanple, in the case of a material having an anorphous
structure, this terns neans a material which becones polycrystal or single
crystal. Further, in the case of polycryﬁkfl, it means a material in 5

whi ch polycrystal is substantially or actually converted into nonocrystal.
Al t hough an exanple of this material is anorphous silicon or polysilicon,

any other material can .be used. The s rt i . O, , I theti
resin substr at & Fn SRR d‘rb?cheld:aasqu?cgﬁi% Izﬁ&'}s’g/%ﬁa I ol?%f) @San,r fsgp s

exanple, a silicon_ substrate is preferable in the field, o .
seni conduct or . 2R S %Wﬁaéﬁﬁﬁﬁgﬁﬁe%rﬁ l%L&Eﬁ$%ﬂ%§%%$ %d%agéﬁ%?%ularly

i d, h h
manuf actur | ng SR8 IR SRR P o FHEEE et aint FPETH
enbodi ment, a Q%S%g{emaa% Ygafslspﬁgfgé\%’se@aﬂs.fi? oS €y d;w@érm afmpr phous

silicon filmfornmed ona g rate i's conver into polycrystal or

single arystaly,hul ddy fande e?sdiélybwg%ﬁéppg dhatctheL 2P present

invention is not restricted thereto. The substrate support 8 is arranged so
as to mainta raRdrdad tidmesdage of . t el piocgissel esapsieade 7, i.e.,

an incident surface in parallel wth

this material is amorphous silicon or polysilicon, any
other material can be used. The support is, e.g.,
a glass or synthetic resin substrate in the field of

10 a liquid crystal display and, for example, a silicon
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

15 liquid crystal display in this embodiment. 1In 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

20 present invention is not restricted thereto.

The substrate support 8 is arranged so as to
maintain an irradiation surface of the processed
substrate 7, i.e., an incident surface in parallel with
the phase shift mask 5 with a high accuracy, and it is

25 preferably attached on a predetermined drive mechanism
(not shown) such as a triaxial table so as to

selectively move the processed substrate 7 with respect



t he phase shift mask 5 with a high accuracy, and it is 25 preferably
attached on a predeternined drive mechanism (not shown) such as & 8rSERx208)
table so as to selectively nove the processed substrate 7 with respect 2 8
SEP 2005 11 to the phase shift mask 5 in three directions orthogonal to
each other, i.e., directions X (longitudinal direction of the substrate),
Y (wdthwi se direction of the substrate) q d Z (vertical direction 5 of
the substrate, i.e., a direction along an Eptical axis of the imge
formng optical systen). As will be described later, the inmage form ng

optical systemis not restricted to type as long,.as it can image-form a
mask pattern ofto kdepRassesiHitit t @ 12 dﬁ’t(ﬁ’(rﬁ@ %rlrrzfcﬁtdtqrbﬁw surface

(i ncident surface) of he process substrate.,.For .exanple, a single inmge
form ngflens né’;?t%’@ggﬂ%rl 3%?@&, Bt S5 d‘ptq‘daldlsﬁfsc[t&ﬂanh formg an )
i mge of a pattern hased o .def ocus t.hod,_ an u a

net ho;:l an](ctl ahpdgiolngf urd&ﬁ‘@[li 5 S r?er’%ﬁtq%(?nesd&bseq\rlgﬁ(eps’ng e{‘welr agiéﬂ‘%}
exanpl e of the j, form ti te tod | 4.z4 e t hod
wi |l now be desd&%%gt&O?h?rfgg#%tgg%@vﬁﬁ%r)eg&dejnzce(vtzéotr)c%]é(% (g%t an ZIg‘.e The
defocus method s 4 STl g I Whisch the, IdBgR.+ 12 fOIdH NG PRI Eata BYSt €M 6

with a sufficiently large numerical ‘aperture (NA) is inserted between the

phase shift msk S ANdHNamRe eyl i gtiad syskdnocessed surface of
the processed substrate 7 is Held at a

As will be described later, the image forming
optical system is not restricted to a type as long as
it can image-form a mask pattern of the phase shift

10 mask onto the irradiation surface (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

15 function method mentioned below is preferable.

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

The defocus method is a method by which the image

o 20 forming optical system 6 with a sufficiently large
numerical aperture (NA) is inserted between the phase
shift mask 5 and the processed substrate 7, a processed
surface of the processed substrate 7 is held at a
position obtained by defocusing from a focal position

25 of the image forming optical system 6 and a light
intensity distribution is adjusted based on an incident

angle distribution of illumination light rays, a mask



poesition obtained by defocusing froma focal position 25 of the inmge
formng optical system6 and a light intensity distribution is agjgusgrqoos
based on an incident angle distribution of illumnation |ight rays, a nask
28 S EP 2005 12 pattern and a defocus quantity. As shown in FIG 2A, the
image formng optical system6 is constituted of a pair of image formng

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

t her ebetween, i.e., convex | enses 6a and]g%, and an aperture 6¢ which is
arranged between these |lenses and has a predetermned NA In such an

optical system | i ght i ntensi distributjon of an outgoing radiation
si de surface 0@%%%?%%uﬁﬁ§lﬁﬂ$%%$é&ﬁ‘QEP%F}tyapproxinately uniform a
diffraction fringe i ener at ed out - of - focus .posi.tion_of a,phase
shift portion in tHa Theds JarhngécﬁQ%w%Bﬁt IhRge PRI ng; SPEIEaL on

(def ocus irrager?S)See/g]# %1?55%%&?%(&%?&6‘& g %r‘Bft?ﬁgﬁéﬁ%ng@&ﬁ@” oe

obt ai ned. An i nmege © a nask patiern of the phase s is formed

on animge foldHds Syl aesdyid oat JP021 | 06 ME00n0BERER! wiBKSEEM 6. Thi S

i mge form ng rface 1's positione a conjugate surface of the nmask as

i ndi cat ed by an, oM i A MM RGrebdtdhben! i ght .| NnkeAsELkY18Ases 6a
distribution on this inmage form ng surface, although conponents having a

resol uti on whi cthd sshotan®ren theertars esol whion Rs=ak¥ahdedebetwesad based
on NA of the image form ng optical system6 are cut, the intensity

these lenses and has a predetermined NA. In such an
optical system, a light intensity distribution of an
outgoing radiation side surface of the phase shift mask

10 5 is approximately uniform, a diffraction fringe is
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

15 a mask pattern of the phase shift mask 5 is formed on
an image 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. 1In the light intensity

20 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

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

surface in the optical axis direction (away from



is basically uniform In the light intensity 25 distributions (defqcu
images B and C) at two positions distanced forward and backward ¢ oﬁﬁ?ﬁ@5
image formng surface in the optical axis direction (away from2 8 SEP
2005 13 the image form ng surface by a distance substantially equal to a
di stance between the phase shift mask 5 and the defocus inmage A),
conponents having a resolution which is t nore than the resolution R =
k% NA 5 determ ned based on NA of the inmege formng optical systemé6 are
cut, but the intensity basically beconmes equal to that of the defocus

image A. B ' th 3

at oneof |th ﬁé%%é‘?aﬁggssﬁwtﬁiﬁgiﬁﬁ??ft?%{vi??ng?f%%c?%%ﬁﬁéﬁﬁgt??‘é%?f s
shown in i ke the, E [ [

out by using aﬁqpﬁheﬁgi?ygl§g§§§8?§§%g§%8r%ﬁﬁa .%38332?§?O§§?§ Fﬁ&gggélggak

patterns that gﬁgtEQESBEEtXmgsgogﬁg %Eﬁpgh@hﬂgnhabﬂhﬁnﬁiEEsoQuﬁionO or

substantially position”of e pattern on the processed surface

correspondi ng wb%cﬁh?spﬁéﬁeméggfEhQHrEh@nre%oﬁutiénpha%ekﬁhNhI boundary
5a. A width of € inverse peak pattern at this tinme 1is increased in

proportign to ﬁé%@?ﬁ\&ﬁeef pasdalf 8aURA 3@ @Hantinhye Fofmexgnpbeican the inmage
form ng optical system6, an entire |ength (distance between an obj ect
surface and agykwBegecSHibaeak,i butO@Bemintankaty bdisstaidy decones
equal to that of the defocus image A. By arranging the
processed surface of the processed substrate 7 at one
of these two positions and irradiating it with the
10 light, as shown in FIG. 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 O at a position of
15 the pattern on the processed surface corresponding
to the phase shift portion, i.e., a phase shift
boundary 5a.

A width of the inversé peak pattern at this time

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

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

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

excimer laser beam source which radiates in the form



of the lenses 6a and 6b is 250 nmm and a nunerical 25 aperture (NA) of the
aperture 6¢ is 0.2. The light source 1 of the laser illum nation glegpcmgslO
is a KrF exciner |aser beam source which radiates in the form2 8 SEP 2005
14 pul ses a | aser beam having a central wavel ength being 248.55 nm and a
full width at half maxi rumof an oscillation wavel ength distribution being
0.3 nm The phase shift mask 5 is irradiatgd with the 5 |aser beam from
the illum nation device 10, and an imge of the mask pattern is formed on
the processed substrate. As a result, a material to be crystallized which

is an anor phous&iiF:?itsg%E&fa:gglrpyiBrélagnhihsavcl%s oair Scseln%i{)éle%a %%?On@#e@éiﬁé eat nent

and crystalliz@ icon an € Crys icon.” At the

Lime of cfystalll 23l bananky SHM 08 ddie A GELoP SRS (GF Sp L 2

di rection X and/or a predetermned area or an entire area of the film

can be crystal bizgdy Al hhaydieiReldiugbablad i de @ensiat ed from the

processed 15 substrate since tHe inmage formng optical system6 is

posi tioned between the Rase HHftt Mk 5 apgl {headsabsdrati eh7chéhe phase
shift mask 5 is not contam nated. Al though there is a possibility that the

| ens 6b gf theizEREe HeRiMAIGrORHCal1 1Ssirent formdeli &) 1 ; egid yarh aces t he
substrate-7 may be contam nated at this tine, since a distance

(approxi nat el y izgQemafi the hias kexarenn hied vemmddieon etrise Ghramels ¢ e
processed substrate 7 is considerably greater than a distance

substrate. As a result, a material to be crystallized
which is an amorphous silicon film in this case is
subjected to a heat treatment and crystallized into

10 polysilicon and/or single crystal silicon. At the time
of 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

15 substrate 7, since the image forming optical system ©
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

20 directly faces the substrate 7 may be contaminated at
this time, since a distance (approximately 250 mm in
this example) between the lens 6b and the processed
substrate 7 is considerably greater than a distance
(several um to several-hundred pum) between the phase

25 shift mask and the processed substrate in the prior

art, the optical system is rarely contaminated.

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



(several mto several -hundred gn) between the phase 25 shift mask and the
processed substrate in the prior art, the optical systemis rareR)s SEP 2005
contam nated. In FIG 2A, a device used for positioning of the 2 8 SEP 2005
15 processed substrate 7 to a position B or C (positioning in a direction
Z) is elimnated. For exanple, when such an automatic focusing device as
shown in FIG 3 is arranged as a positioping device between the phase 5
shift mask 5 and the processed substrate Q or arranged outside the both
menbers, an inspection beamcan be set so as to pass between the both

b ' Thi oo devi ) ) Y ;
ggpeFLZn; devi BEORESE '%E@sﬁ%%%§e5§a%?§3é5§ﬁt%ﬁs°§8%rr§8é§§%§E§3%§Pﬁate.
is device is, ti.tut f EXARRATINA i i i i
The oy cebeced LEoBatinrbisll 2 ity ehaifdl <Rl oL FEk 8RaARLIEalmBySt o Wi 1D

slit light detegthon opliaal S¥St8MsTRG AEHRE! LAN sHARL! 48! FEXSt amilss
acti §h e, e.g., a 1

constituted of ght “sour ce, hal ogen | anmp , an exposure slit

12 which forns i rays f 4hiLS 1 hikg r i il hia@kt rays, a
T rror 13 whi cATEr PRt B e PRt T he g v PR SR T Phats ceteed

substrat'e, ands@iRtOR@GK &N ankerbelbrisedsta istpgerheemr efd ectreddddaht
rays from20 this mrror as a slit Inage on the processed surface of the

processed substi@ikedeTh@e BSRECHeaDeeR!, i adl isyplenions beans dahubed saft a
detector 15 which detects a slit image reflected by the processed
substrate, a lisghtas to pass between the both members. This
positioning device is required in order to obtain an
excellent device across the entire surface of the
10 processed substrate. This device is constituted of a
slit light 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.,
15 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
20 this mirror as a slit image on the processed surface of
the processed substrate. The inspection optical system
is constituted of a detector 15 which detects a slit
image reflected by the processed substrate, a light
receiving slit 16 provided immediately before the
25 detector, a condensing lens 17 which is subsequently
provided between the light receiving slit and the

detector and condenses a reflected slit image from the



receiving slit 16 provided i medi ately before the 25 detector, a copge &rﬁkw
|l ens 17 which is subsequently provided between the |ight receiving glgf §
and the detector and condenses a reflected slit imge fromthe 2 8 SEP M5
.1 16 substrate onto the detector 1S through the light receiving slit 16,
and a vibration mrror 18 capable of swiveling in such a manner that the
light fromthe condensing |ens passes th %ugh the light receiving S slit.

A position of the processed substrate in ?he direction Z can be adjusted

by a non-illustrated drive mechanism by adjusting an angle position of the

vibration mrror, An exanpl e the i e f 1.ng optical syst 10
utilizing the RBPRELRGE \%FHtlo %&'\ﬁ Ei@tcfgzgt%ﬁ blceg(;?ﬂ%]u ;tfcr}ﬁ e%%%tfe(r)n FI GS. 4A
and 4B. In the_fall.ow ng

Shich are subEESRAVAPRy siRs TReand & BN EIERGE MUE A £ Reohm Shgb el

0sSé in e I'mage rmng optica

systemutilizi %gi&%ﬁ%‘gﬁ]g&u%u%t goﬁhagé@bx;tﬁ#é#ﬁimm I A%t hene

explanation. T i's anme e processed substrate 7

is held at a foeahepagily QurQf J-Re JdMagfoddH MY PRikcalesysipy 6 and a
& I OuU C?

light intensity Istr tion i's adjusted based on an angle distribution 20

of the iklum nati;en | inghos it nTRSK hat tiidtayybNAsubdterat érage €19 ni ng

optical system 6 whose nunerical aperture (NA) can be adjusted being
arranged bet weegn rlhe iRhage cashidd awsls ey thenqr-ocebsetr stbstdatee 7. In

this mechanism by adjusting an angle position of the
vibration mirror.

An example of the image forming optical system

10 utilizing the NA method will now be described with
reference to FIGS. 4A and 4B. In 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,

15 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

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

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

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

optical system 6 capable of changing its aperture



optical system in FIG 4A the mask pattern of the 25 phase shift E 5
is image-formed by the image formng optical system6. An apertur@qgg Br2005
the i mage formng optical system6 capable of changing its aperture 2 8
SEP 2005 17 dinension, 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 gonponents whose 5 resolution is
not nmore than the resolution R = k?,/NA deternm ned based on NA are cut, an
i nverse peak pattern which has a light intensity becom ng mnimm e.g.,

0, and a width substantially t same _as.the,r |yt I i
the phase shi T?‘l’aEPFFBH'%-Sn'sB&ﬂ B 8o Bn U6 180T ale B8 SR5R Th Fi G 4B
I'n I's exanpl g, is.,a.valu ich. is tiall I 1 alth h
g e e e T RN
mask is irradi gr f.; cohere | i ght d
definition of ?hgggfg ﬂgsgﬁggggﬁp58§%§rEgﬁégkékgﬁe L?oce:gggcguggtr:te on

the focal surface and perd YduiRG 1l Gt df,r adindld it alhogaucl eus can
be generated. A width ofIflli tshep{ynlverse%eak' pattern gltp%t his ti mg IS

determngd in PLaRANiiioR L@ HoR AR rectdlau! ithe ResSRYNAn Fhat kKAgNawhen NA
is reduced and the resolutionis intentionally |Iowered, a width of the

inverse peak paki@iriin®d Releaset NA atrki $ut,Man dnweetskogeatk pedueinng NA
is using the aperture having a
which has a light intensity becoming minimum, e.g., O,
and a width substantially the same as the resolution is
generated in the phase shift portion 5a on such a focal
10 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
15 resolution.

By arranging the processed substrate on the focal
surface and performing light irradiation, a crystal
nucleus can be generated. A width of thé inverse peak
pattern at this time is determined in proportion to the

20 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.

25 When such a type of the image forming optical
system is interposed between the phase shift mask and

the processed substrate, the same advantages as those



reduced aperture dinmension as described above. 25 Wen such a type 0 e
image formng optical systemis interposed between the phase smftziége 2005
and the processed substrate, the sane advantages as those 2 8 SEP 2005 18
when utilizing the defocus method can be denobnstrated. An inmage formng
optical systemutilizing a pupil function nethod will now be, described

with reference to FIGS. 5A and 5B. 5 Th upil function nethod is a nethod

by which the image form ng optical system6 having such an aperture

(i.e., a pupil) 6e as shown in the drawing is inserted between the phase

el d al & 10 ToRISEOLTE SR Pt HE PRt P AR e AP e e ey S aaE . and

rmng op system6, and a

light intensity dis ri?ﬂég%gfi%mggbgéé%gcggSEQS@@PI%QiﬁQQH% isStyidut i on of

the illum nation |i S n-and a-pup function. AS shown in

FIG 5B, the aper 6 ist$q0 S4ELEGY ipgt KAt i
constituted ofP%pé€§§95ﬁ%gg§8 @%%%Ié?g P%gﬁ%g??g%gﬁigg?gnngggéﬁﬁegﬁcihe
inner side angd;aglight, sgnkgtransm ssion area A2 on the outer side. The

light sem -transmssion area A2 allows transm ssion of a part of the |ight

and prevents 20 trapggi $§p9n ¢lintheoheneithiody ilsi @hinetthoau@ly e qrupile b
any nethod. A |ight traﬁsﬁittance of the |ight seni-trangﬁ;ssigﬂugiea Az

is selected injRgy wB¥HihH opecondangeteint b heedag andhi tni speatture

necessarily _

(i.e., a pupil) 6e as shown in the drawing is inserted

between the phase shift mask 5 and the processed

substrate 7, the processed substrate 7 is held at a

10 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, a mask
pattern and a pupil function.

As shown in FIG. 5B, the aperture 6e consists of a

15 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

20 transmission of the remaining light through the pupil
by any method. A light transmittance of the light
semi-transmission area A2 is selected in many ways in
accordance with needs, and it is not necessarily
restricted to 50%. A shape of the pupil and a shape of

25 the light semi-transmission area are not likewise
restricted the above shapes. For example, the light

semi-transmission area A2 may have a circular or



restricted to 50% A shape of the pupil and a shape of 25 the Iight

sem -transm ssion area are not |ikewi se restricted the above shapé%a SESr 2005
exanple, the light sem -transm ssion area A2 may have a circular or 2 8
SEP 2005 19 rectangul ar shape. A first method for manufacturing the
aperture 6e fornms a filmwith a light shielding material such as chrone
on the entire transparent plate of, e.g.,,glass, 5 a synthetic resin and
others into a thickness corresponding to a desired transmttance by
sputtering_ or thehlike, then etches and renoves only a part of the film
corresponding to e light sem -transm ssion area, and exposes the

t r anspar ent pIEFE%aT@uh rtﬁﬁgpgase, the |ight shielding na?erial reflects

a part of the lightAa@d RS %ﬁ% &%&ngku&g%tu&h tth% g%%g%tr%f6%his

absorption (transnissi&ﬁf can e arbitrarily set base i ckness of

the film Therohramme ELh L3 chust 138nexamRleq:AR0raRk 1Bl CElah 35 such as

Zr Si O which prévents transm ssion of "a part o e light can be used. A

second apertur e, pBRUf 8R! YheN@nBEROE HOLER rantMelibickayer, &i.bm, whiael,is
designed so as to partially reflect the |light having a wavel ength used to

the 1ight 20 sgmyyhERR$HICS$e@AInah@d ARne@R tiheoeat itheckuekace of the
transparent plate; and then patterns and renoves only a part of the film

ggg;egfonding tertbepbnahhy thansdesdired areashlittAscdedyr isped talrdng, in
or the like, then etches and removes only a part of the
film corresponding to the light semi-transmission area,
and exposes the transparent plate.

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

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

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

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

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

unnecessary light rays, there is an advantage that the



tlhe pupil which reflects a part of the light, since a 25 naterialzmogﬁiqm5
the aperture, i.e., a material formng the |ight sem -transm ssion arfea
does not absorb unnecessary light rays, there is an advantage that the 2 8
SEP 2005 20 aperture does not generate heat. In this case, it is desirable
to consider arrangenent of any other conmponent so as to prevent the
reflected light fromthe aperture fromregaching any other lens or |ens
barrel, 5 which can be a factor of flare %stray light). As described above,
in case of the aperture 6e having the conplete light transm ssion area Al

dih li aht L oo Pre X )
2d) ust ﬁeg,t f §f SDERFERROO0E arRal BEPBFa5F PRETT0 LIk SOSR’a Sanier ¢ hat
a ase differenc .at ed

T e beve bxpl GRSErARLAS to, BEARIARE RERHBRICLRS IO ALHR B i o

area A2 is sti i.S - -elLi.m.na i ti i
achi eved by, 1ggé§ésgn%ofﬁihsnggpgggvg§§i?P%nggqg%%ﬁggigﬁggﬁéﬁﬁﬁqugEEa

menber SUpportEggrEﬂgeaE?BhU&%a@%intQn%|dﬂﬂ@r 1€selod NeRiRrAL, and
reflecting or absorbing the |ight passing through the outer side of the

apertures Al tghaahi ¥ahypedal irgltoshiog! dilagepr@antyi g ortga 20 surroundi ng
the light sem-transm ssion area may be forned at a part close to the

Stllt |e|r Zzi de of the apedesc®ibrd H®veypiin fammt ich thet ek ganes obd v
> having the complete light transmission area Al and the
light semi-transmission area A2, it is desirable to
consider adjustment of a thickness, a material or the
10 like in such a manner that a phase difference is not
generated between the both areas Al and AZ.

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,

15 e.g., forming a part positioned around an aperture of a
member supporting the aperture 6e with a light
shielding material, and reflecting or absorbing the
light passing through the outer side of the aperture.
Alternatively, a light shielding preventing area

20 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

25 if NA of the pupil is large, and apparent NA of the
light which has passed through the complete light

transmission area Al is decreased. Therefore,



fact that a spot diameter of inmage formation is reduced 25 if NA of the
pupil is large, and apparent NA of the |ight which has passed thr @ugISEPhZ05
conplete light transmssion area Al is decreased. Therefore, 2 8 SEP 2005
21 an inverse peak pattern with a wide width such as indicated by
reference synbol Al in FIG 5B is generated (light sem-transm ssion area
A2 is also neasured as the |ight transni§ ion preventing area). 5 Since
apparent NA of the Iight which has passed ?hrough the |ight

sem -transm ssion area A2 is increased, an inverse peak pattern with a
narrow wi dt h such .as indicated a reference synbal, A2 in.FIG 5B is
generated (IigRP LRYFEFSsH &agéqrgl A ety 4% 35 ght

sem -transm ssi.on.area), .As a result, b eter m ni t il function of
It_hehi mage for nit lc@%tel}dczﬁy ﬁ?éeérﬁné:ea 3énbsong‘ﬂgT rnT]nunc |'o@ o%ot he conpl ete
i ght transm ssion area and t i <5 4 ansdy s A2, there
i/v?l' gﬁney at Fddagte\ﬂ?-rsattféieﬁ:lslqh%\/esggnel p%%@tr%selror{{ havi nzﬂaq’f@i ?a;lt%%pat tern
iC i ncl ude \. t hat | I ; i %%ﬁ&@%ﬁ iy such a
phase shift pa?ﬂe%gnqrtaeﬁie afaéo::%e rs?%r aceergig{srir%ﬁnw :‘?/rt e draw %gréaégd' which is
posi tioned on %i?lic%e.aé}gl\frre%tt hey idyt ensd tiy drsc vV crR rec gk Sl tafrbudl ch is

20 positioned on a si there the intensity is-T~igh, and a step portion
posi tioned betwean itihtf ideti Patdrsml SWihn tdvee S aconics patdwaasdd) sich a

manner that a wdth of the first pattern becones nmuch |arger than that of
t he inverse peak pattern with a narrow width such as

indicated by a reference symbol A2 in FIG. 5B is
generated (light transmission area is also measured as

10 the light semi-transmission area). As a result, 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

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

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

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

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



second pattern. 25 In this pupil function nethod, although the inyersgP 2005
peak pattern generation principle is simlar to the NA nethod, the NA

met hod controls only a size of 2 8 SEP 2005 22 the pattern whereas the
pupi | function nmethod can also control a shape of the pattern. \Wen the
processed substrate 7 is arranged on this focal plane and the |ight
irradiation is performed, 5 since the i intensity has the m ni num
intensity of substantially zero in the inner, i.e., first pattern, this
poi nt beconmes a crystal nucleus. In the outer, 1i.e., the second pattern,

since a tenperature gradien i to,t Light | i i i i

}Z ;P_?e?egateEpetﬂ@gEz§épﬂteﬁgg§fﬁg%28PﬁgllgﬁgFggoéi#ggﬁpghEgpgbigBlbUtlon
cilitated as coppate t ' i

Shown i1 FI G SBCBITNA: AB"BBnBr oL°! PAE SR nam ssi on area Al and | the

l'i ght seni-transnis%k%g ay agé%cgggega§%b§t§5%%uha&s 13 5haper Jiowevey . by

changi ng the | ength o1 'eac rea depending on the directionns X and Y |ike

an ellipse, thg.LioRy Lot engi t¥edhshhibytiraniak ibhe ikWpesiragtied,nver se
peak pattern canc%e E%gngea gepeﬁding on the ldi#ectﬁoﬁgi ang@fhé di rection

Y. 20 Asguminggthat Phei $18ndi aReLaEi0h hhe ithBeminim@m infbenstityatafern of
the two-stage I nverse peak pattern, D2 is a dianeter of the outer, i.e.,

tAge second pat t8p8+an@iailgvazdiraneherhef ihher, i ghte.sefiirtstapatitesinon ar ea
this point becomes a crystal nucleus. 1In the outer,
i.e., the second pattern, since a temperature gradient
according to the light intensity distribution is

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

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

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

20 Assuming tHat D1 is a diameter of the inner, i.e.,
first pattern of the two-stage inverse peak pattern, D2
is a diameter of the outer, i.e., the second pattern,
91 is a diameter of the light semi-transmission area A2
represented by an angle, and 02 is a diameter of the

25 complete light transmission area Al, the following
calculations can be achieved.

D1 = kA/sinfl



represented by an angle, and 02 is a dianeter of the 25 conplete |ight
transm ssion area Al, the follow ng calculations can be achieved. 8 SEP 2005
k% sinOl 2 8 SEP 2005 23 D2 = k2/sin62 In this exanple, k is a value
substantially close to 1 although it depends on a specification of the
optical systemwhich irradiates the mask, a degree of 5 coherence of the
light source and a definition of the re;g&utlon As a result, the inner
dianmeter DI and the outer diameter D2 of the two-stage peak pattern are in
inverse proportion to sizes of the light sem transm ssion area A2 and the
conplete |light__10 té?ns 1Ssion area Al, respectively. Therefore, as shown
in FIG 6A, sifeeth bﬁ%fete | i ght transnission area Al has a

rectangul ar shape .Eﬂtgpﬁ%2ﬁ2?ﬁ§E8|S# %u @%ﬁh‘°@u§s%§9t1%ﬂ9¥g%1%@%

direction Y, the |i i OROF i nver peak

pattern has h
Wdth in the difett FoR gt hii aspehthy Ofisp, “RETRar asten by AlSin FiG 6B

el L nggca g stgﬁewhaahtl§§ah15&@@5%h%smg@kargadeezeeaafa
ci rcul ar shape, Intensity 20 distribution of its inverse peak

pattern fas th@oﬁ@?@nc@”@k'tﬂbdkhéhtnsbﬁkﬁetEﬁddbraéﬁuﬁﬁth&ndfthﬁe
direction Y (indicated by Dl1) as indicated by A2 in FIG 6B. Therefore, as
i ndi cated by Aregofdtionfl GAs6B, reBelt, the inner diameter D1 and the
outer diameter D2 of the two-stage peak pattern are in
inverse proportion to sizes of the light semi-
transmission area A2 and the complete light
10 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

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

— 20 distribution of its inverse peak pattern has the same

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

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

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



light intensity distribution of the two-stage inverse 25 peak pattern
which is a sumof the both inverse peak patterns has a width in the 8 SEP 2009
direction X (D2) greater than a width D3 in the direction Y in the outer,
i‘e., 2 8 SEP 2095 24 the second pattern, and has the sanme snmall widths in

the direction X and the direction Y (D) in the inner, i.e., the first
pattern. FIG 7 is a plane view show ng rel ati onshi p between the
two-stage inverse 5 peak pattern and the pupil in this manner. As apparent
fromFI G 7, the second pattern corresponding to the |ight transm ssion

area Al has an elliptic cro ti D2 hOf :ax|s, s
designategia nim%rig%%T%LPagﬁﬁréfg?%gghéachgzgéggt%%g?#?g%ggggiégﬁ 10
corresponding to the L g t_sem-tr m ég@- eq @51 hag fp&i seHLar shape
(D1 denot es aﬁ?%n%%ﬁ?‘f.l%’??gean%hgﬁ%n%fﬁ l?ﬁ di ekt & g E’ i
inthe directionyY fetPfr$§C gﬁtggﬁterp IP §ugg éreggggP@ggzninbe?sgngégk
pattern are set " Pased on & eﬁg rnh the i@'directloh X and a length in the

direction ¥ Ofs%@ﬁinéi9hfe%5@?3H§ﬁ§goﬂe@%@@nAkheat§BaB€a9E angeyskal to be
ap |

crystallized an tch o S arrangenent can be controlled so as to

differ dependi Qaﬁn?£9€egﬁr§ﬁaigﬁ§ ¥%b§mdix-tﬁ@s'ﬂaﬁﬂékLCUh@rappaﬁaﬁt t hat
axes of the outer nverse peak pattern (second pattern) differ dependi ng

on the directiepsmXrand ¥, reagssébehdi pettbahi cosrespontdngetof the
positions-intensities differ in the intensity
light transmission area Al has an elliptic cross
section (D2 denotes a major axis, D3 designates a minor
axis), and a cross section of the first pattern

10 corresponding to the light semi-transmission area A2
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

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

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

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

peak pattern, and the resultant crystal has the high



di stribution on the substrate, the crystal selectively 25 grows in
direction with the large inclination, i.e., the direction of the Rlsnéﬁp 2005
axis of the outer inverse peak pattern, and the resultant crystal has the
high 2 8 S E P 2005 25 electron nobility in that direction. By setting
directions of a source and a drain of the transistor to this direction, a
transi stor with excellent characteristics £an be manufactured. 5 Since the
pupi | function method can generate the t Vo> stage inverse peak pattern in
this manner although it has the characteristics of the NA nethod, it is

further effective for cryst zatio il lumnation optical systemin
t he enbodi nent e]ﬁFEﬁRﬁw%ﬁ iﬂ%Eyth% %Eeﬁ%r?ﬁgéﬂPronBEOﬁﬁFﬁé§gthe exci mer

| th th t | t d t | ht th
aver wih i PSR S PR S 3 ?r?’éaitat8§?Ek§n{£ﬁﬁﬂswﬁei%hies
d bl t 15 | ity i t

e He Zﬁ%ﬂﬁﬁf e PORReTE LYapl k08, WOk, dRcELgR 1Y, 1D (e Phase

particular, singe 5 m‘%ﬁPeacﬁgﬁr?gaﬁaﬁufggybgéat|es in oscillation

position in accor assuring the honogeneities is

desirabl g in order t§1§9ep€ﬁéoﬁﬁbyﬂ'EQBHE95M5h@£hbéaEhH”geﬁ%rh@@ $gQe tine,
in order not to reduce the contrast of def ocus 1 mage of e phase shift
mask (not to rgisestdee CEMNEFsd %@Qﬁlﬁé{t@érﬁhﬁnlBM@&SﬁaﬁﬁéK although
it has the characteristics of the NA method, it is
further effective for crystallization.
The illumination optical system in the embodiment
10 according to the present invention combines the excimer
laser with the optical system and emits the
illumination light from the laser with which the phase
shift mask is irradiated. At this time, it is
desirable to assure the homogeneity of the light
15 intensity in the phase shift mask plane and the
homogeneity in the incident angle direction. 1In
particular, since the excimer laser has irregularities
in oscillation position in accordance with each pulse,
assuring the homogeneities is desirable in order to
20 perform uniform crystallization.
At the same time, in order not to reduce the
contrast of a defocus image of the phase shift mask
(not to raise the center intensity of the inverse peak
pattern), it is desirable for the defocus method to
25 have less diffusions (close to a parallel light ray).
Furthermore, in order to obtain a necessary resolution,

assuring NA which is not less than a given value and



pattern), it is desirable for the defocus nethod to 25 have | ess diffusions
(close to a parallel light ray). Furthernore, in order to obtai® & SEP 2005
necessary resolution, assuring NA which is not |ess than a given val ue and
2°8 S E P 2005 26 suppressing an aberration quantity of the optical system
are preferable. In the NA nethod, as different fromthe defocus nethod,
reducing diffusions (close to a parall el é%ght 5 ray) is not desired.
Moreover, in order to intentionally renove conponents having a resol ution
ng; | ess thanha predeterm ned value, it is desirable to provide an

adj ust mrent mechani smused to set NA to_a redeternm ned value. .10 A
?escription mﬁFPpﬁﬁﬁﬁﬁéngi98naggrfatéOBOHBEQEé%yeggLBﬁg 8Pt#%81inage

orm ng optical systemutilizin t he defocus nethod nentioned in

connecti on mﬁtﬁyﬁ¥€%.a§ﬁ Bﬁa%ﬁégbﬁﬁ'this concrete exanple, the |aser device

1 was 15 constitut?g ﬁ&ggy ngﬁﬁ%ggegsl%igggq%éknqr%mgqﬁ%lggqgg of 248

nm a |ight flux of expan the beam expander 2, and

the |ight inteﬁg%hgdmﬁEggggﬁggrdgg@ggg$ag gghggenggka5§g§ah&quﬁgb%q was

honogeni zed by "the honn_ _ e honogeni zer was realized by a
fly-eye kens Y’Qk?hilsfsné'tnﬁlegﬁréa.Onﬁo_&*%%@e'rr,‘ angepeeal texposure. NA of

this illumnation device 10 was determ ned to be 0.05.
intentionally remove components having a resolution not
less than a predetermined value, it is desirable to
provide an adjustment mechanism used to set NA to a
predetermined value.

10 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

15 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.

20 The homogenizer 3 was réalized 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

25 telecentric system that both an incident pupil and an
outgoing radiation pupil are positioned at infinity was

used. As its basic specification, NA was determined to



As the image formng optical system6, a two-side 25 telecentric system
that both an incident pupil and an outgoing radiation pupil are pagsitioned
at infinity was wused. As its basic specification, NA was det er m dcdl SEB 20%
S'E P 2005 27 be 0.2 and a nagnification was determned to be 1.0. The
phase shift mask 5 will now be described hereinafter with reference to FIG
8. As described in the above known exanpl g, adj acent 5 areas having
different thicknesses are provided to a transparent nmedium e.g., a quartz
substrate, and the phase shift nmask diffracts and interferes a | aser beam

entering a boug%$gxég%¥§%F %@ E;#%iﬁﬂgﬁ ngtéégggm.gggm$§q%%hf§§ ar eas,

and gives a cy I'on 10 e i ntensi he’ ent er ed

| aser beam FIG 8ﬁ&ogﬁ}alag}lst S-r’g)é qnapsfksy h}oﬂ%g@%ebéh&%%ﬁ%ﬂgég. Thi s

phase shift mask 5 has rip area se area) t alternately

2T anged phases, A1 dder AR Had AR (phase area) o that phases

! €
are 15 0 in such a nmanner that acent patterns are in anti- phase

(shifting of 180). HesMFided HASHPNASSve SHhdin! éREnBIER) adfgcani dth
of 10 m Specifically, the phase shift mask 5 was manufactured by

patterni gy and QLhiGrihd QEIENGHERT Ok iz SIS 14184 €p a1 ded 320z
refractive index of 1.5 to a depth that the phase <corresponds to it with

respect to the dda¥paferddGdtiium, .€.g. a depidriod 248stmatdn ateachior med
thin by this etching is the first strip area 5b, and an area which

phase shift mask diffracts and interferes a laser beam
entering a boundary of steps (phase shift portions)
between these areas, and gives a cyclic spatial

10 distribution to the intensity of the entered laser
beam. FIG. 8 shows an example of such a phase shift
mask. This phase shift mask 5 has a first strip area
(phase area) 5b that alternately arranged phases are 7
and a second strip area (phase area) 5c that phases are

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

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

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

second phase area 5c is delayed 180° as compared with



is not etched is the second strip area Sc. 25 In the phase shift mask 5
havi ng such a structure, the |aser beam whi ch has passed through t eB tSEPCc RoDS
second phase area 5c is delayed 180 as conpared with 2 8 SEP 2005 28 the

| aser beam whi ch has passed through the thin first phase area 5b. As a
result, interference and diffraction occur between the |aser beanms, and an
intensity distribution which is substantig]ly the same 5 as the intensity
distribution of the |aser beamsuch as shown in FIG 10 can be obtained.
That is, since the adjacent transm ssion |ight beans which have passed

through the phase fggg; $%éLﬁﬁ%éﬁ%h%%sggééégheﬁgou%oﬁahé ohLnl Biepeity

becones m ni mu Ion corres Ing to a polnt

bet ween t hese a?%?%ya%%gf reay where Lh ftl'Qﬁﬁekﬁéfgﬁbéyahé m ni mum or an

area in the vil i s forner ar ea becones a nucl eus when

crystalllzing §iee3eot eORIYELOLE . HCRRELR! LHe @§§HFTBQaﬁB?taRdI§na wavel engt h

of the 15 |aser ean1 at ness t of a transparent nedium having a

refractive index.gnt EygﬁYéﬂﬁlﬁuﬁbéﬁewhﬂtﬁf@éeﬁﬁﬁseén&BQlEQ the semasparent
medi um (difference ween the thick area and the thin area) is

represeni ed byagh@héOhh@@hggt?xaigeﬁi@atiaﬁ bf=tRe/ 2abot) bAamonurht es
exanpl e of crystallization w now be described hereinafter. As the
processed substrgif Tn rherelvasansed obeained. That is, since the
adjacent transmission light beams which have passed
through the phase shift portion are in anti-phase, the
light intensity becomes minimum, e.g., zero at a
10 position corresponding to a point between these areas.
The area where the light intensity is minimum or an
area in the vicinity of this former area becomes a
nucleué when crystallizing the semiconductor.
Generally, assuming that A is a wavelength of the
15 laser beam, a thickness t of a transparent medium
having a refractive index n for giving a phase
difference of 180° to the transparent medium
(difference between the thick area and the thin area)
- is represented by the following expression.
20 t = A/2(n1)
A concrete example of crystallization will now be
described hereinafter.
As the processed substrate 7, there was used one
obtained by forming an underlying film and an a-Si film
25 on a liquid crystal display glass plate having a

thickness of 0.6 mm in the mentioned order by a

chemical vapor deposition method.



obtained by form ng an underlying filmand an a-Si film 25 on a 12 §1\gg¢ 2005
crystal display glass plate having a thickness of 0.6 mmin the nentioned
order by a chem cal vapor deposition nethod. 2 8 SEP 2005 29 Wth the
above-described structure, the processed substrate 7 was set at a defocus
position distanced downwards froma focal position of the image formng
optical system6 by 10 pm and pul se irra?bation was s carried out in such
a manner that a light energy (capacity of an energy which instantaneously
fuses a |aser beamirradiated portion of the a-Si film on the a-Si film

surface becones appl,0xi ely, 100 mj/ o F WS i i it
diséribution 1ﬁ obpéﬁhggkﬁyzgogglg%ﬁ%?&&?%ﬁ%ﬁ;Hﬁﬁﬁgéﬂxﬁhéléggﬁ% é%PSI Y
condition. In i i Bg,, Lt n.be_u r 0 t: At j d
ntensi ty vaveP PR BAE bl R ERaP e i | Ay ree Al S e et AT s art

corr espondi ng &?wﬁ@grdg.hﬁﬁ? mSH FbcRAM bbeA t33 0% £ heiePharg s HddnitRpk S5 has

ais mninumintensity is forned in accordance with the vicinity of the

phase shift popfiepa)Asgssbaneepybebnasn bhe HRIRRCHINM@dIMAIGE wiase
patterns is 10 ~tm 1n accordancé with widths of the strip areas 5b and Sc.

As a resglt, whgprihg auer phodscsi bi @@nnkid mMhaas 2Q lightadindedy wi th the
| aser beamwhile relatively noving the processed substrate with respect to

the phase shiftcapaskt$ bii andeneetiyowhdichhdgertan ttameaches lpagspace of
FIG 10, there was obtained a polycrystal poly-Si film
laser beam irradiated portion of the a-Si film) on the
a-Si film surface becomes approximately 100 mJ/cm?.
FIG. 10 shows a light intensity distribution

10 obtained by a calculation under the above-described
condition. In this drawing, it can be understood that
there is formed an intensity waveform pattern that an
inverse phase pattern that a part corresponding to the
phase shift portion 5a of the phase shift mask 5 has a

15 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

20 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

25 position is controlled with a pitch 10 pm in both
directions X and Y.

A concrete example using the image forming device



having a large particle size that a crystal particle 25 position is
controlled with a pitch 10 ~tmin both directions X and Y. A conQ@r8SEP 2005
exanpl e using the imge formng device 2 8 SEP 2005 30 utilizing the NA
nmet hod will now be described. Basically, a |light source and an opti cal
systemsimlar to those in the above concrete exanple were used. In this
concrete exanple, however, there was prepared a 5 nechani sm whi ch can

adj ust NA of the image formng optical géten1by repl aci ng an aperture
(circular opening) of the inmage forning optlcal system NA of the inmage

form ng optical dianeter was_adjuste by usin i s, mechani sm NA
of the |Ilun1nHFF6hzé9§tEﬁFl3 gthe lg 8" %ﬁe %Eég &4 substrate 7

simlar to that in Ee aboiggﬁgncrete exa

of the image fBRAY ﬁti@a t 8RH6Caft SBISQ%l 43 <3 0%8ly 1 1RQST L on

tion was carried

out in such a ganper Lhat, chbe LLont SHELAY PEGONES APRLOXLITALE! Y 1100

mJ/cn2 on 15 t Pm-8ar f3R¢. Ilght intensity

di stribution QREQ'@ c?gtg gﬁ%ﬁﬂh%t'ﬂgw%Qg?r %ﬂe%ec%%%'gk%?arﬁﬁ.%an be

under st ood t hat |rra é same infensity wav m pattern as

that in ghe abﬁgghgﬁggﬁeﬁﬁléﬁaggheadggshsNﬂ?%&o%%%d1%%%@'ﬂbﬁﬂﬂd@ device was

used.-In this exa ere was |1 kéw se obtained a pol ycrystal™ poly-Si
filmhaving a bawea@agyb%ﬁ siZeebhatiag GhYSiRlrtairdl N daeshilian is

controlled with a patch

opening) of the image forming optical system. NA of
the image forming optical diameter was adjusted to 0.1
by using this mechanism, NA of the illumination system

10 was set to 0.05, the processed substrate 7 similar to
that in the above concrete example was set at a focal
position of the image forming optical system 6, and
pulse irradiation was carried out in such a manner that
the light energy becomes approximately 100 mJ/cm? on

15 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

20 is performed even if this device was used.” In 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.

25 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



i both the directions X and Y. 25 In the above concrete exanple, although
the phase shift mask 5 that the phase shift portions are a pluralid§ 2005
straight lines parallel to each other as 2 8 S E P 2005 31 shown in FIG 8
was used, the present invention is not restricted thereto. For exanple,

t he phase shift lines can be set orthogonal to each other, and the phases

0 and it can be 5 arranged in the latticg;form In this case, a lattice
area having a light intensity of zero is produced along the phase shift
lines. Therefore, since the crystal nucleus is generated at an arbitrary

oSt Lo o LR b 8, FYETB aa YRR Bkt Sopiiolpuer g

posi ti on/ shape di hus, 1 n or

control occurrence of ,the. cr I nucl eus, it is desirable that the area
havi ng t he infgﬁgfi§t85 %é?%zﬁg’a dot. Ac.cordingly, the intensity does

not conpletely becorg%r_z%rx%@tl G %ngjiMf]tS PO d 1 ofe the: phase

shift lines (although it Is ecreaséd) by setting phase shift quantities

of the phase ghifibgbhRes teof thesoRdher) @aeh thh@Phadse P loms n tdzan b0
and, at the same time, the intensity at a position corresponding to the

intersection caprffgedt i20 the Qalyidet @ormi ngm this afasegnd eattice
transmttances around the intersection as zero. An exanple of this wll
now be describadew havinef er aigdtt d nEleGS.1it9A @B iAs mstwvtdd dlaBg 9A,
the phase shift lines. Therefore, since the crystal
nucleus is generated at an arbitrary position on this
line, there is a problem that the control over a
10 position/shape of the crystal grain is difficult.
Thus, in order to control occurrence of the crystal
nucleus, it is desirable that the area having the
intensity of zero is a dot. Accordingly, the intensity
does not completely become zero at a corresponding
15 position of the phase shift lines (although it is
decreased) by setting phase shift quantities of the
phase shift lines orthogonal to each other to be less
than 180° and, at the same time, the intensity at a
position corresponding to the intersection can be set
20 to 0 by determining a sum of complex transmittances
around the intersection as zero.
An example of this will now be described with
reference to FIGS. 9A and 9B. As shown in FIG. 94,
this mask 5 has a plurality of sets each of which
25 consists of a square pattern constituted of four square
areas 5e, 5f, 5g and 5h having different thicknesses.

In each set, as shown in FIG. 9B, the first area 5e has



this mask 5 has a plurality of sets each of which 25 consists of &5 KR 4
pattern constituted of four square areas 5e, 5f, 5g and 5h having 205
di fferent thicknesses. |In each set, as shown in FIG 9B, the first area 5e
has 2 8 SEP 2005 32 the smallest thickness and a phase of zero. The fourth
area 5h has the largest thickness and its phase is shifted fromthat of
the first area Se by 3it/2. Phases of thg,second and third areas 5f and 5g
whose 5 thicknesses are between the thicknesses of the areas 5e and 5g are
shifted fromthat of the first area by n/2 and it, respectively. In such a

other, e g, atEB CBALIARCpblAC BRoPna SataPboRRt Pér ACLE an APed HAT

ot her, e e pattérn’is an area ere the

ntensity i's zgrg, THerelotf. $hAGestniainekabs BAGOTES fugkisial nucl cus

a position and®4%8 cf grain can be'r controll ed.

Al't hough it issgﬁgkgﬁagkgmt@ﬁgttg? PRSK FRRLkeLR e 15 d83CHed | BhagRRect | on

with FIGS 8 an Irs"used 1n conbination wth the méthod utilizing the

proj ection ophicCahSysbepyaaaar ¢hagdt arkhe Bresent signvewliscon, the present
invention is not restricted to an application of this conbination, and it

can be | kkew senhysdeisBekhar20peeneent icaral hphdse seest bdl theAareidwode | n
this case, the intensity can be set to zero only on the phase shift line

g][fgt(‘-: t ?ng)i nt wher eqt hese shiifesdareomorthhagoifalthieo feach eideer bywi/éh i s
and m, respectively.
In such a mask, a part at which the first to
fourth areas are adjacent to each other, e.g., a
10 central point of the square pattern is an area where
the intensity is zero. Therefore, since this point
becomes a crystal nucleus, a position and a shape of a
crystal grain can be readily controlled.
Although it is preferable that the mask pattern
15 described in connection with FIGS. 8 and 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 likewise used in the
- 20 conventional phase control ELA method. In this case,
the intensity can be set to zero only on the phase
shift line or at a point where these lines are
orthogonal to each other, which is effective.
Although the phase shift portion of the phase
25 shift mask has been described as a boundary line
(FIG. 8) or a boundary point (FIGS. 9A and 9B) between

the areas (phase areas) having different phases in the



A though the phase shift portion of the phase 25 shift nask has been
descri bed as a boundary line (FIG 8) or a boundary point (FIGS. 9A3aﬁﬂ°dmﬁ
between the areas (phase areas) having different phases in the 2 8 SEP
2005 33 foregoing enbodinment, this is a case that the phase area consists
of only a translucent area, and the phase shift portion in the present
invention is not restricted thereto and n be formed by slightly 5
shifting fromthe boundary Iine or the boundary point. This will be

descri bed hereinafter. In the defocus nmethod, since a light intensity

pattern (i k patt d L : _

gaps I_rofn' i éﬁéﬁ%ﬁgi SR e AR OB hRe et B RrRE S Re et BEERE o M e
posi tions indicat B in El i i Li " Do

gener at ed due??%aS%%gg%?tgﬁggné%%gng g%aﬁéhakéng%EF?Eﬁag b#ﬁgrbm%sels

| I'1um nation |[ght, | okgﬁgﬁ'iésfﬁﬁgg%gggntaﬁﬂgghkgoni@%e%%Q chevron shape

with a shall owinvérsé pea nsity of an inverse peak value is

consi derably  }acgelctiy! BRePBESCaAll EhnPBet irlimea B dll0emhtly
irregularities inin-plane intensity of the |aser beam fromthe beam

source of irregylarihhesrbi EH_EaeBé:hhMafrgr 1ieachroseid batuinaiamyulped ntave an
affect, and there is a 20 possibility that even crystallization nay not be

achieved. In sgghsawge@sebeadesbewbBetdnhklr@inkZtetrthi s probl em can be sol ved
by providing a light shielding area with
In the defocus method, since a light intensity

pattern (inverse peak pattern) generated at positions
with predetermined gaps from a focal position of the

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

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

20 possibility that even crystallization may not be
achieved.

In such a case, as shown in FIG. 12, this problem

can be solved by providing a light shielding area with
a small width to one phase area (second phase area in

25 this embodiment) of the phase shift mask 5 along the

boundary line. This reason will be described with

reference to FIG. 13.




a small width to one phase area (second phase area in 25 this eanpgqﬁptﬂm5

of the phase shift mask 5 along the boundary line. This reason wll be
described with reference to FIG 13. 2 8 S E P 2005 34 Wen causing the
parallel light to enter the phase shift mask 5, a light intensity

distribution at the phase shift portion becones (I a light intensity

di stribution obtained by adding (1) an ampjitude of a 5 diffraction fringe
acquired fromthe first phase area 5b and (2) an anplitude of a
diffraction fringe acquired fromthe second phase area Sc and squaring its

result. Wen th tt d h

SLEL{?géi?p paztgrz%ﬁg g%g&?ﬁBg %9%ph§é§%g?§ng QE?O%P htg?z?engltysﬁﬁltern
om rays .

Ther ef or e, assﬁﬁfﬁg Iq?ﬁatg% |2Eé Fﬁ%ﬁé Pégg%ggg%%én? glgﬁﬁ, when

per formi ng i nt gacali gn; kakp0gcaq Bastecbmeg @1 ' pont Sineeriorged by 7tan0

only in the pI ne rn onsi eratlon t he Intensity pattern of the

light based 081%EE1bBE%B%BE%naadbyhsdehafgr@té@narh;aﬁt@@@tbﬁ hnverse
chevron shapes wth the boundary thefebetweén as described above if the

light shigel ding;rargatisnngtipgeviedadirkl Ehenl ikpbt fikisel ghageareeas is 20
provided as shown in FIG 12, however, there is obtained (2) an anplitude

of the diffrackboantlr @gen cdmpl heudeconda phiaseracehobcf sinhe agcghbnadi n
FIG 13. As aresult, (Ma light intensity distribution obtained by
from the second phase area 5c and squaring its result.
When the scattered light enters the phase shift mask, a
final diffraction pattern is obtained by integrating a
10 light intensity pattern acquired from the light rays at
a plurality of different angles. Therefore, assuming
that O is an incident angle and Z is the gap, when
performing integration taking a fact that shifting is
performed by Ztan® only in the plane into
15 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 abdve if the light shielding
area is not provided. If the light shielding area s is
20 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
25 acquired from the first phase area Sb and @ an

amplitude of the diffraction fringe acquired from the

second phase area 5c and squaring its result is as



adding (D an anplitude of the diffraction fringe 25 acquired fromthe fi

P

phase area 5b

the second phase area 5c and squaring its result

and (2) an anplitude of the diffraction fringe acq@

is as 2 8 SEP 2005 35

f

shown in the drawing, and it can correspond to the 1light shielding area s
by setting a wwdth D of the |I|ight shielding area as follows, thereby

obt ai ni ng the
the intensity

at only a half

he le, a
ment i oned abovETOXR HE MSITEY IRF i fAhet Wi h PP oFeiReeti it

area s satisfi
showmn in FIG

phase correspon

248 nm i.e.,
phase area 5c

patterni Bg was gRNAWGSLE ity SUChs @ JBiefal btz &y dth

area 5b is 14

excel l ent inverse peak pat t gfn havi ng a peak val ue that

5

is substantially zero. Wen ghe scattered light enters the
phase shift mask, since a shift quantity of the incident angle is Ztane

ngl e .of j nci dent an pattern in icatgg by (r)

fi el di ng
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pmand a width of the second phase area 5c is 6 m

engt h of

of the first phase

Thereafter, a film afherthituresygist d 0sdredi gt osgtsusf ege phatbesphase shift

10

15

20

25

mask, since a shift quantity of the incident angle is
Ztan® at only a half angle of the incident angle, a
pattern indicated by @ mentioned above can be obtained
if the width D of the light shielding area s satisfies
D > 2Ztanb.

A concrete example of the phase shift mask shown
in FIG. 12 will now be described hereinafter.

A rectangular quartz 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 phase area 5c which is
a non—etched area were formed. At this time,
patterning was conducted in such a manner that a width
of the first phase area 5b is 14 um and a width of the
second phase area 5c is 6 pm. Thereafter, a film of
chrome was formed on one surface of the phase shift
mask by sputtering, 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



mask by sputtering, this was patterned, and the light 25 shieldi
was fornmed on both sides of the second phase areagalong t he bouﬁ%%?¥#§ﬂ$%
the first phase area 5b. A width D of the light shielding area was 2 8 SEP
2005 36 determined to be 4 m The thus forned phase shift mask 5 was used
in the apparatus shown in FIG 2A and crystallization was perfornmed. At
this time, the processed substrate 7 was pl aced at a position C distanced
downwards froma focal position of the image formng optical system 6b by
20 m(that is, Z =20 m, and pulse irradiation was perfornmed in such a
manner that the |ight energy on the a-Si filmsurface of the processed
substrat e becof€SerHIBSEr &6 K&t & V™00 mi/cnR. As a result, the amorphous

il bl i i ' i :
port o 328 1R "4 VAU ool B 04 © SO
rovi de the t i i . )
PRk o o heABbe ISR 5B %0 A0ME At A s o T

example is an gppldCaldon b e JashShauy i Jldds @ sudidk die gy

shi el ding area®s’i’s provi in one phdse ea of the square phase areas

al ong thg boundary.dd ng 20 R dihe ROIACEN RRase RBARrdd fiw Lx@rle, a

sharp inverse“peak pattern having & point-like peak value can be obtained
at a position gdafitilon Y¥ flrrd ifl=8 abroifErsirtidon Hfstidie dwuwy phase

ar eas.
20 um (that is, Z = 20 pm), and pulse irradiation was
performed in such a manner that the light energy on the
a-Si film surface of the processed substrate becomes
10 approximately 100 mJ/cm?2. As a result, the amorphous
silicon was able to be crystallized into polycrystal
silicon with a large particle size that a crystal
position is controlled.
The technique to provide the light shielding area
15 s can be also applied to a phase shift mask of another
conformation as shown in FIG. 14, for example. This
example is an application to the mask shown in FIG. 9A,
and the light shielding area s is provided in one phase
area of the square phase areas along the boundary line
20 of the adjacent phase areas. In this example, a sharp
inverse peak pattern having a point-like peak value can
be obtained at a position slightly shifted from an
intersection of the four phase areas.
The light shielding area can be formed by using a
25 film consisting of a material such as chrome which
absorbs the light, and it can be also formed by using

various kinds of techniques. For example, the light



The light shielding area can be fornmed by using a 25 filmconsisting of a
mat eri al such as chrone which absorbs the light, and it can be algg P A8
by using various kinds of techniques. For exanple, the light 2 8 SEP 2005
37 shielding area may be fornmed by using a nultilayer film correspondi ng
to a wavel ength of an incident |laser beam or irregularities may be forned
so that the incident light is scattered L diffracted. 5 The opti cal

el enent constituting the i mage form ng ogtical systemis not restricted to
the lens system and it may be a mrror system Further, it may be a

conposite systemformed of a lens and. a myrror. A nethod for. manufacturin
an el ectroni c §8¢PLEIBY 2FGauTNg btengfoﬁé‘?ﬁ# £t Y a?ppf?i‘fiﬁ 3 ¥et hgﬂim °

according to the present, i nyention w.l|l w be described with reference
fo Pl GS. “15A t GOTERSPRECHGMES 1 PRESLADE b @ kufiort YT HOSHT | FST (oo g, a

| am nated filmconsisting of an _Si.N fil m havi 1 | i ess of 50
nm and an Si OZmDFfafnm RAViTAE SF AT A5 Weg)se 0 }%be(&ngré tEz;?rll%lj@a‘ff;lll%z;rmrphous
sem conductor  fil. (8. G S, e S / i aving a film

t hi ckness of aﬁéfégkﬁétéﬁf%goﬁgnﬁé?%ﬁﬁ?%ﬁ%&gnég (%%éﬁ%gbn an entire

rectangukar insul at i,l:ri:% %quﬁtcraalt & 13ndrft gcong,%igllgﬁll& ghassmaQUaEL Znehgss.

plastic, polyimde a Others) by using a chem cal “vapor deposition
nmet hod, a Spufo%:%rilcﬁg Risheeh Qs e Idde:rithsequently, lénPagysoem, al | of

the surface of the anorphous sem conductor film
and it may be a mirror system. Further, it may be a
composite system formed of a lens and a mirror.
A method for manufacturing an electronic device by
10 using the manufacturing apparatus/method according to
the present invention will now be described with
reference to FIGS. 15A to 15E.
As shown in FIG. 15A, an underlying film 31 (e.g.,
a laminated film consisting of an SiN film having a
15 film thickness of 50 nm and an 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
thickness of approximately 50 nm to 200 nm) are formed
on an entire rectangular insulating substrate 30 (e.g.,
20 alkali glass, quartz glass, plastic, polyimide and
others) by using a chemical vapor deposition method, a
sputtering method or the like. Subsequently, a part or
all of the surface of the amorphous semiconductor film
32 is irradiated with an excimer laser 33 (e.g., KrF or
25 XeCl). Here, the apparatus and method described in the
foregoing embodiment are used in the excimer laser beam

irradiation. As a result, as shown in FIG. 15B,



32 is irradiated with an excinmer laser 33 (e.g., KrF or 25 Xed ). Here, the
apparatus and nethod described in the foregoing enmbodinent are ugeglSep 2008
excinmer | aser beam irradiation. As a result, as shown in FIG 15B, 2 8 SEP
2005 38 a material of the anorphous sem conductor film32 is crystallized
into a polycrystal sem conductor film34. The thus forned polycrystal

sem conductor film34 is converted into §8polycrystal or nonocrystal 5

sem conductor filmwth a [arge particle Sfze whose crystal grain position
is controlled as conmpared with a polycrystal sem conductor filmusing the

??Fﬁf?%;??a'h ?gﬁﬂf‘iﬁé‘iié 'h”ﬁt Eﬁgagﬁé‘#ﬁmﬂgﬁﬁs@%@égﬁl‘i%%%%y?ﬁi““ e
usi n e otol 1l

20 i to- 100 niFv S Rornetashl8 a Bt s ket s M PorgRet ra T ARy ﬁL
film 31 and thﬁgasgghgoeg%bgtg k@rﬁgtﬁi %%&ng%ohﬁﬁc%%mf%h %apgrk 15

deposition net hé~“spu ubsequently, a gate el ectrode

37 (e.g., Sili?&ﬂ@eggédwgﬂko'ﬁ FQ&&E#x?Ea@ BeShbheRr&ethgsponding to the

sem conduct or on the gate 36. Wth this™ gate el ectrode 37

being usgd as eH@EEndﬁ%té?OW@lhnngthG&a¥@@ plafRylciliey sii@rs whd sephosphor
in case of an channel transistor, boron in case of a P channel

transistor) ar@r%gﬁhﬁnbgﬂ1hnb@shhﬁo&eﬁb0@@d&6b0ﬂeﬁlb@lc&&pa&@d thith @i Imis
changed into an type or a P
polycrystal semiconductor film using the conventional
manufacturing apparatus.
Then, the monocrystal semiconductor film 34 is

10 processed into an island-shaped semiconductor film 35
by using the photolithography, and the 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

15 deposition method or the sputtering method.

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

or Mow) is formed at a position corresponding to the
semiconductor film 35 on the gate film 36. With this
gate electrode 37 being used as a mask, as shown in

20 FIG. 15D, impurity ions 38 (phosphor in case of an N
channel transistor, boron in case of a P channel
transistor) are implanted into the semiconductor film
35, and this film is changed into an N type or a P
type. Thereafter, the entire device is annealed in a

25 nitrogen atmosphere (e.g., for one hour at 450°C),
impurities in the semiconductor film 35 are activated.

As a result, the semiconductor film 35 becomes a source



t.ype. Thereafter, the entire device is annealed in a 25 nitro

1 vice is gen 2BNHSPhR e
(e.g., for one hour at 450C), inpurities in the sem conductor fi?g135 2?%
activated. As a result, the sem conductor film 35 becones a source 2 8 S E
P 2005 39 41 with a high inpurity concentration, a drain 42 and a channel
area 40 with a low inpurity concentration, which is positioned between the
source 41 and the drain 42. 5 Then, an ipferlayer insulating film39 is
formed on the gate film36. Subsequently,” contract holes are formed to
t he gate L!In136 OL the interlayer insulating film39 at positions
corresponding to the source 41 and  _the drain 42. There , rce
gl)ﬁ(r:'ér od2143 aﬁi?r‘:é-tgl) i SMRUT e 99?%?%‘&%?%%:%?1 ygl cgﬁég%t ég ?gat he
: e an e drain 42 throu t he, con e : on the
|tnt ﬁr! ayer i nsauch{qr}{@eaﬂf i3 W&k}? nagel?‘geh&g‘}lﬁ??%r?noﬁgggﬁ Qggtggér ni ng
echnique, as shown in_ FIG. 15 b n ogqt t hus f

S]t%rp(ﬁ']c%s.c%t%els%ok#é%vg o DEnd dgusteody bab the or med

15 thin filmthar . . crystal or nonocrystal with a

| arge particle size since the sem conductor form ng the channel 40 area is
rocessed by 5t aser b [ di ati [ [ [ [

p y S eam irradiation techni que described in connection

with FIGS. 15A and I\éﬁ& Tgﬁr?ﬁgéﬁla§é|9hiﬁsa@aﬁ:ﬁ.ﬁﬁsifS.‘LlQLr 39ad sa foirgleer

swi tching speed t-Mn that o ~ transistor using an anorphous
sem conduct or %@'Eﬂb'éat@ofiﬁﬂbﬁéctegub@ehaéﬁtlyeaﬁbﬁt@ae$shngesOam@uit

desi gni ng can performed so that the polycrystal or

formed to the gate film 36 of the interlayer insulating
film 39 at positions corresponding to the source 41 and
the drain 42. Thereafter, a source electrode 43 and a

10 drain electrode 44 electrically connected to the source
41 and the drain 42 through the contact holes are
formed on the interlayer insulating film 39 by using
the film forming and patterning technique, as shown in
FIG. 15E. It can be understood that the thus formed

15 thin film transistor consists of polycrystal or
monocrystal with a large particle size since the
semiconductor forming the channel 40 area is processed
by the laser beam irradiation technique described in
connection with FIGS. 15A and 15B. Therefore, such a

20 transistor has a higher switching speed than that of a
transistor using an amorphous semiconductor which is
not subjected to laser beam processing. Circuit
designing can be performed so that the polycrystal or
monocrystal transistor can have a liquid crystal drive

25 function, a function of an integrated circuit such as a
memory (SRAM, DRAM) or a CPU. A circuit requiring a

dielectric strength is formed to the amorphous




nonocrystal transistor can have a liquid crystal drive 25 function, a
function of an integrated circuit such as a menory (SRAM DRAM 38 SERCI05
A circuit requiring a dielectric strength is formed to the anorphous 2 8 S
E P 2005 40 sem conductor film and it is polycrystallized or

nonocrystal lized with respect to a transistor of, e.g., a driver circuit
which requires an increase in speed of t mobility. 5 Industrial
Applicability As described above, according to the present invention,
since the filmlike a phase shift mask which perfornms patterning of a

light int it nd th d b i

by 10 ;PrSRZEnéjﬁﬁgomiﬁaeg¥gfﬁiﬁé ohtl 2l Thy el ir VAL AR RSP RAeRT the mask | <
not cont am nat i whi, i Lati

Comi conduct or FRGRr GPEALL hBer aloFRpBERPeRh, PRopnbr BRCISLAR BEY ke

meas Pt 15 ' : [
tho. processedt subLYPhr s EBreE IERD BEaRTrSr PR ichaare 2n SBs®Banted to
enter between %ﬁgn%oﬁﬁ§kg s, the NA nethod according to the present

e TolTowm

invention has g four advantages as conpared 20 with the
conventignal phase control ELArn®tbed: 91 Abs1 defwcustyet hod according to

the present invention. At first, changes in a pattern are reduced even if

the processed subst pat geRRvesctionware,anddoacknwer dowithle present
invention, since the film like a phase shift mask which
performs patterning of a light intensity and the
processed substrate are distanced from each other by

10 arranging the image forming optical system

therebetween, the mask is not contaminated by ablation
which occurs when irradiating the semiconductor film
with the laser beam.

Furthermore, a sensor which measures a position

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

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

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

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

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

At second, even if a degree of scattering of the



respect to the optical axis or the surface of the 25 sem conductaor filmis
noved forward and backward due to wundul ations. At second, even ﬂﬂ3§58e6$%e
of scattering of the 2 8 S E P 2005 41 illum nation |light varies, changes
in the pattern are small. In particular, even if scattering is large, the
contrast of the pattern is not deteriorated |like the 5 defocus nethod. At
third, the light intensity distribution s less undul ations at positions
ot her than the phase shift portion, and is close to an ideal pattern.
At fourth, as to positioning of the processed 10 substrate in the opti cal
axis direction, sinply holdjing  the processed substrate on_a focal plane
can suffice witHBUNGERR ri EiYﬁﬁi%%d %@%?g%sdé?ogﬁg aﬁgﬁ?FFyngike t he
"def ocus nmethod", thereby facilitating the control. 2 8 S E P 2005 42 CL
Al MS 1. A P&t lization apparatus conprising: a |ight source which

o o ang e bear 12 SRekid0igh, TEGELVER LhgeLEIIhGDEIMLEGY, { RS | Nt

source and makes an rstribution o the Tight beaminto an
inverse peak pafteri{ gt f,068K: + ¥k UEs NASt 2Bt BETYPLEBLENSKEY thand
-5 defocus method.

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

At fourth, as to positioning of the processed

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

control.



an image formng optical systemwhich is positioned between the ypsk _and. a
processed substrate, 10 and forms an image of the Iight beanlhaéfﬁdﬁphgﬂS

i nverse peak pattern on the processed substrate, thereby crystallizing at
|'east a part of a substance of the processed substrate. 2. The
crystallization apparatus according to 15 claim2, 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 20 claim2, wherein the a phase
difference of the phase shift portign_of bh sk is 180 so as to produce
a pearlyalue of which the intensitygié’gh s?%g$ially zero. 4. The
crystallization apparatys accordin Q 25 clai . r..3,; further
conprising a suppor?'mh cﬁrgﬁgﬁg}fga%ﬁging g%ggéégﬁﬁgﬁ%gﬁén " a defocus
position separatedafﬁg 2 Egﬁghep Eﬁhp%nﬂkstgglh$ﬁ&?b%%&ﬁi”9 2 8 SEP 2005

43 optical system by a predeterm ne i stance. e crystallization

appar at us accordingatgasﬁl%hqb%’r%c%&v%s ﬂﬂméfragn&o&&&hs&&%maﬁ%%pport whi ch
supports the processed substrate at a focal position of 5 the image formng
optical system ;yherghlirtheahRBf8kekORM N6 teRlsiey dS¥tiraBultadnan fapelet ure
whose NA can be “changed so as to be capable of adjusting a width of the

light beam into an inverse peak pattern that a peak

value has a minimum intensity; and
an image forming optical system which is
positioned between the mask and a processed substrate,
10 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
15 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
20 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
25 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



inverse peak pattern. 6. The crystallization apparatus according t 0
claimb5, wherein assuming that ? is a wavel ength of the |ight beagzéﬁﬁﬁWm%
is a nunerical aperture of the aperture, a width D of the inverse peak
pattern is given by the follow ng expression: D= k?/NA (k is a value from
0.5to 2). 15 7. The crystallization apparatus according to claim1l, 2 or
3, further conprising a support which s pports the processed substrate at

a focal position of the image form ng optical system wherein the inage
form ng optical systemhas a pupil which sets a two 20 stage peak pattern
having a first patter n side where

n Pt q . . :
:nS: g\e/e\rlvﬁe pefﬁ’tlﬁt]t e?%’fé%lbgy:saeﬁr%ﬁ thn%%c%%%g%%éf?é?ﬂsbggi !t?ol]g\év tgﬁt
ere e intens S : . i Wt |
(he fTrst pattern g dhtméf ﬁ%@%@%ﬁ%ﬁ%@%ﬁ%ﬁ&?@%ﬁ%°§C%8§F%h§f“%?h26¥ irst
attern is r er 4 dt : -
crystalIizat?dﬁﬁﬁﬂ%arh?ﬂéﬁﬁg%br%H%EF%%e%§§§§£§}gggée%§p%§gFl??}caherein t he

pupi | of the inmgge form0g OPlicaleqSysherrhes aclhobbchlapsBissbanoar ea

and a light sen™"transnission area surrounding the light transm ssion
area andy assumlng; b BrhSng ¥heiPadf stbeeh rehebepat tReNiNbgthe

two-stage inverse peak pattern, D2 is a wdth of the second pattern of the
same, 01 is a rghipimyespPicdhesysigbh 551 ahrapsptaseonhaseaNA can be
changed so as to be capable of adjusting a width of the
inverse peak pattern.
6. The crystallization apparatus according to

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

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

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

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

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

8. The crystallization apparatus according to



rrepresented by an angle and 02 is a dianeter of the |[|ight transm,ssi
area represented by an angle, a size 10 of a distributign of an gg S&Q&MS
[ad!at!on pupi | function of the pupil of the image form ng optical system
satisfies the follow ng expressions: D = kX/'sinOl (k is a value fromO0.5
to 2% ”D_z = kX/'sin& (k is a value fromQ S to 2). 15 9. The
crystallization apparatus according to laim1l, wherein a nask pattern of

t he mask has a phase shift nmask having 3 i ntersection consistiﬁg of at

| east three or nore phase shift lines and an int
egral value of a ¢
transmttance of a circular area 20 with t ) onpl ex

bei ng subst antilaliny 7,zehereim thfe RYRA aﬁ’%1 %nltﬁﬁ;(g%t%é’%?ﬁig ac%htgr%;n;e':o

claim9, wherein each of the three or npre, phase Shlf h
di fference beisigtieasfashan I3Ng0- RIYTRERS J(é}b angad E'I'rI'11e cr ysﬁ?l%&% ggase

apparatus according to, kB claim9, wh t h
28 SEP 2oo$r@51%ﬁ5100{hc?re%rﬁ%¥re‘§‘ﬁ% eeﬁésjﬁﬁhﬁ%g alségi%alsianes 'S

di fference of substaqﬁl%gﬁylnfh egl e llgs £\@{%§ﬁa$flg@élgpr§ethod

conpri si ng: Hvet se peak pattern having a peak 5 value that

2h: :c ?hnélsﬂt g;sl?tstltnerr% ho:"é;%l'?@ttkv% 1 é’tczr&é 0; RreRAsPhBegK SPhttepRf tDRNisfaa phase
width of the second pattern of the same, 01 is a
diameter of the light semi-transmission area
represented by an angle and 02 is a diameter of the
light transmission area represented by an angle, a size
10 of a distribution of an outgoing radiation pupil
function of.the pupil of the image forming optical

system satisfies the following expressions:

D1 = kA/sin®l (k is a value from 0.5 to 2)

i

D2 kA/sinf2 (k is a value from 0.5 to 2).

15 9., The crystallization apparatus according to
claim 1, wherein a mask pattern of the mask has a phase
shift mask having an intersection consisting of at
least three or more phase shift lines and an integral
value of a complex transmittance of a circular area

20 with the intersection at thé center being substantially
zero.

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

25 180 degrees (&) .

11. The crystaliization apparatus according to

claim 9, wherein the number of phase shift lines is



i.rradi ating a processed substrate with a light beam having the inverse
peak pattern, thereby 10 crystallizing at | east a part of a subs2ah SEP A8
the substrate, wherein an inage of the |light beam of the phase shift mask
i's formed on the processed substrate by wusing an inage form ng optical
system provi ded between 15 the phase shift nmask and the processed
substrate. 13. The crystallization nethodg.according to claim 12, wherein
an imge of the light beamis formed wth™the processed substrate being
held at a defocus position separated froma focal position of the inage 20

form ng optical_ system py a. predeterm,ned distance, thereb chi evi ng

\(/:\;]yst al l'i zati orfOUf4. e@r‘:);’stogl I%lthfatﬂh@r‘?err&m OGS t p%tqsaq m 13,
erein the prog ed substrate i.s _held.at ocal position of the image

forming opti caldl?&r@rﬂce f’gre?r‘r‘g)sé:a\ﬂ di Lot gtcﬁéif‘ai%?eersge peak pattern is

adj usted by changi of .1 he i form t] Sy.stem and 2 8 SEP

2005 46 an i nmage oflr}?'hgé'l icd:msqﬁelélm%%g g‘r@ee %8(%pt oﬁﬁrlcsj%l} sed substrate,

t hereby achi evi ng cr%eﬁ,{%ealﬂ'pir ian. surbsl{%aﬁwﬁiﬁhe% tﬂmr{%@%@gcordi ng

to _c! aiml2, wh_erei processe e at a f ocal
posi tionsof theditR0& -4 1 NG WY 1iGAlersisEMs AFHbdthaditvanseeakatat tern

is nmade into a two-stage inverse peak pattern in such a manner that an
out gol ng phase shift portion of a phase shift mask by using this
mask; and
irradiating a processed substrate with a light
beam having the inverse peak pattern, thereby
10 crystallizing at least a part of a substance of the
substrate,
wherein an image of the light beam of the phase
shift mask is formed on the processed substrate by
using an image forming optical system provided between
15 the phase shift mask and the processed substrate.
13. The crystallization method according to
claim 12, wherein an image of the light beam is formed
with the processed substréte being held at a defocus
position separated from a focal position of the image
20 “forming optical system by a predetermined distance,
thereby achieving crystallization.
14. The crystallization method according to
claim 13, wherein the processed substrate is held at
a focal position of the image forming optical system,
25 and

a width of the inverse peak pattern is adjusted by

changing NA of the image forming optical system, and



of tao {ypes of Iarge and smal| 10 di stributions of an outer ares anyai
i nner ar ea, and the processed substrate is irradiated with the |ight
ngm tggreby ach! eving crystallization. 16. A phase shift mask for a light
nprising: 15 at [east two phase areas having different phases; and
a boundary line defined between the adjacent phase areas, and a |ight
shielding area fornmed in one phase area a‘i%ng t he boundary |i ne.
an image of the light beam is formed on the processed
substrate, thereby achieving crystallization.
15. The crystallization method according to
claim 12, wherein the processed substrate is held at a
5 focal position of the image forming optical system, and
the inverse peak pattern is made into a two-stage
inverse peak pattern in such a manner that an outgoing
radiation pupil function of the image forming optical
system becomes a sum of two types of large and small
10 distributions of an outer area and an inner area, and
the processed substrate is irradiated with the light
beam, thereby achieving crystallization.
16. A phase shift mask for a light beam,
comprising:
15 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.




