-1 - LASER ANNEALING METHOD AND APPARATUS BACKGROUND OF THE INVENTION [0001]
51. Field of the Invention The present invention relates to a laser annealing method and
apparatus that anneal the surface of an object to be irradiated by laser irradiation. [0002] 102.
Description of the Related. Art In recent years, -a. high-performance thin film transistor has been
fabricated by the laser annealing to an amorphous semiconductor film or a crystalline semiconductor
film that is formed on an insulated substrate such as a glass substrate. A 15glass substrate is
inexpensive and excellentrin ¢erms. efimachining propertyasrcompared-+o @ quartz substrate that has
been commonly used in the past. For this reason, the glass substrate has an advantage of being
formed to have a large area. The reason to use laser in crys allizing a semiconductor film 20is that a

melting point of a glass substrate is 600C or less ) o
BACKGROUND OF THE INVENTTION

[0001]

Field of the Invention

n

The present inventionrelatestoa laser annealingmethod
and apparatus that anneal the surface of an obkject to be
irradiated by laser irradiatiocon.

L0602
10 2. Description of the Related Art

In recent years, a high-performance thin film transistor
has been fabricated by the laser annealing to an amorphous
semiconductor £ilm or a crystalline semiconducitor film that is
formed on an insulated substrate such as a2 glass substrate. A

15 glass substrate is inexpensive and excellent in terms of
machining property as compared Lo a gquartz substrate that has
been commonly used in the past. For this reason, the glass
substrate has an advantage of being formed to have a large area.
The reason to use laser in crystallizing a semiconductor film

20 is that a meiting point of a glass substrate ig 600° cor less

fomet

but it is possible tomelt and crystallize a semiconductor film
without heating tThe glass substrate 1f using laser.
[0003]
Since a crystalline silicon film formed by using lassr
25 annealing having high mebility, a thin film transistors for
driving pixels and a TFT for a drive circult may be fabricated

on one glass substrate. The crystalline silicon TFIs are used



but it is possible to melt and crystallize a semiconductor film without heating the glass substrate if
using laser. [0003] Since a crystalline silicon film formed by using laser 25 annealing having high
mobility, a thin film transistors for driving pixels and a TFT for a drive circuit may be fabricated on one
glass substrate. The crystalline silicon TETs are-used - 2 - in a liquid crystal display of a portable or
digital still camera, and has been widely provided as a product. [0004] Currently, a laser
annealing apparatus shapes a pulsed laser beam, which is generated from a source of laser such as
excimer laser prsofid:state Jases, intoslinear beam-that has a prafilg:af sfor-example,L00;to
400mmx0.05 to 0.5mm; irradiates the amorphous silicon film which is deposited on the glass
substrate, with the dinearbeamand nieltsvant:10solidifiestthe silicon film in order to crystallize the
silicon film. If the glass substrate is transferred, it is possible to irradiate the entire surface of the silicon
film deposi&(gc(ij dh'the glass substrate which is the size of, for example,

Currently, a laser anneallng apparatus shapes a pulsed

laser beam, which is generated from a scurce of laser such as

[

excimer laser or solid-state laser, into a linear beam that has
a profile of, for example, 100 to 40C0mmx0.05 to 0. 5mm;
irradiates the amorphous silicon film, which i3 deposited on
the glass substrate, with the linear beam; and melts and

10 solidifies the silicon film in order to crystallize the silicon
film. If the glass substrate is transferred, it is possible
to irradlate the entire surface of the silicon film deposited
on the glass substrate which is the size of, for example,
730x9Z20mm from amorphcus silicon to crystalline silicon.

15 [0005]

A laser annealing method using the linear beam has some
problems, and a particularly serious probliem is that visible
stripes appear 1n a direction perpendicular to a long axial
direction of the linear beam and in a direction parallel to the

20 long axial direction. Hereinafter, stripes perpendicular to
the long axial direction of the linear beam are called as
“vertical stripes”, and stripes parallel to the long axial
directicon are c¢alled as “horizontal stripes”. Further, the
vertical stripes and the horizontal stripes are collectively

25 called as “irradiated stripes”.

(00063

Figs. la and 1b of the following Patent Document show



730x920mm from amorphous silicon to crystalline silicon. 15[00051 A laser annealing method
using the linear beam has some problems, and a particularly serious problem is that visible stripes
appear in a direction perpendicular to a long axial direction of the linear beam and in a direction
parallel to the 20long axial direction. Hereinafter, stripes perpendicular to the long axial direction of the
linear beam are called as "vertical stripes”, and stripes parallel to the long axial direction are called as
"horizontal stripes”. Further, the vertical stripes and the horizontal stripes are collectively 25called as
“irradiated stripes’'=[00061:- gha state\where-thesirragdiated stiipesrappearion the film, ifran active
matrix type liquid crystal display or organic EL display is manufactured using the film having the
irradiated stfipes,there is<a disadvamtage i that the sand stripesrals 5 the irvadiated stfipes appear on
a picture of the ?isgla%/(‘é In particular, since the organic EL display is more sensitive to the irradiated

id cr

stripes thanthe tigdid crySedi dispiay’ théte'is a demafid for & cotntermealtre that is-eftéttive to
reduce thes%@ﬁ;l?é%q %r}@;s@lppoéﬁdisadvantage in that the same stripes as

5 the irradiated stripes appear on a picture of the display. In
particular, since the organic BL display is more sensitive to
the irradiated stripes than the liguid crystal display, there
is a demand for a countermeasure that is effective to reduce
the irradiated stripes.

10 [0007]

in the following Patent Documents 1 to 4. The uniformity of
the beam, interference, thedeviaticn of laser shots, the change
cf the profile of laser, and the like have been mentioned as
15 factors generating the irradiated stripes, but have not been

clarified.

(0008
[Patent Document 17
Japanese Unexamined Patent Application Publication No.
20 10-294288

[Patent Document 27
Japanese Unexamined Patent Application Publication No.
2001-68430
[Patent Document 3]
25 Japanese Unexamined Patent Application Publicaticn No.
10-242073

[Patent Document 4]



Some methods of reducing irradiated stripes are proposed in the following Patent Documents | to 4.
The uniformity of the beam, interference, the deviation of laser shots, the change of the profile of laser,
and the like have been mentioned as factors generating the irradiated stripes, but have not been
clarified. [0008] [Patent Document 1] Japanese Unexamined Patent Application publication
No. 2010-294288 [Patent Document 2] Japanese Unexamined Patent Application Publication No.
2001-68430 [Patent Document 3] 25Japanese Unexamined Patent Application Publication No.
10-242073 [Patent Dogumept 4fxamined Patent Application Publication No.

5-41006
(00091
The present inventors came to speclfy factors generating

5 the lrradiated stripes after a process of trial and error for

of vertical stripes when the positionofa lens array was shifted

py 1 mm in a direction corresponding to a long axial direction

ot
[

of a linear beam in a homogenizer for homogenizing the light
intensity in the long axial direction of the linear beam. As
a result, the pattern of the vertical stripes was changed. The
reascen for the change was considered as follows:

(a) the vertical stripes appeared depending on the

[
o

profile of a laser beam emitted from a laser source, or
{b) the vertical stripes appeared due to scattered light
generated on the surface of a lens of the homogenizer.

[0010]

20 inventors made two kinds of laser beams enter the same
homogenizer optical system, and investigated vertical stripes.
Ingeneral, the light intensity profile of laser is an intrinsic
property of aneach laser oscillator. Therefore, 1f thepattern
of the vertical stripes is different, it may be determined that

25 the irradiated stripes depend on the profile of a laser beam.
However, as a result of the investigation, the same pattern of

the vertical stripes appeared. From this result, 1t was



-4 Japanese Examined Patent Application Publication No. 5-41006 [0009] The present
inventors came to specify factors generating 5the irradiated stripes after a. process of trial and error for
clarifying the cause of the irradiated stripes. First, the present inventors investigated the pattern of
vertical stripes when the position of a lens array was shifted by 1 mm in. a direction corresponding. to
a. long axial direction 10 of a linear beam in a..hemogenizer for homogenizing the light intensity in the
long axial direction of the linear beam, As a result, the pattern of the vertical stripes was changed. The
reason for the change was considered as follows: (a) the vertical stripes appeared depending on

the profile.of a.laser,Beam emitieddram Alasgr Source, 0o () nevedical sifipes gppeared due to
scattered light generated on the surface of a lens of the homogenizer. [0010] Then, in order to
determineswhicteissright] ¢he present:28iniventatsamadertvekintstofdasen beano-enter the same
it could be concluded ag follows: since a laser beam was
scattered on one surface of the leans and the uniformity of the
laser beam thus deteriorated on the irradiated surface, the
irradiated stripes appeared.
(00117
In general, the surface accuracy of a lens is M4or A/10.
However, a lens used in laser annealing, particularly, a lens
provided on the rear side 1s a large-sized lens having a length
of 100 mm or more. Accordingly, since it is difficult to work
the lens and to measure the surface accuracy of the lens, the
surface accuracy of the lens significantly deteriorates and may
be hor more. According to the current technology, since there
isa limit to the machining accuracy of a large-sized lens,
it is difficult to further improve the surface accuracy. For
this reason, other countermeasures should be taken to

improve the surface accuracy.

SUMMARY COF THE INVENTION
(0012}
The present invention has been made in consideration of

the above-mentioned problems.



homogenizer optical system, and investigated vertical stripes. In general,
thelightintensityprofileoflaserisan intrinsic property of an each laser oscillator. Therefore, if the pattern
of the vertical stripes is different, it may be determined that 25 the irradiated stripes depend on the
profile of a laser beam. However, as a. result of the investigation, the same pattern of the vertical
stripes appeared. From this result, it was -5 determined that the irradiated stripes were caused by the
scattered light generated on the surface of the lerds. That is, it could be concluded as follows: since a
laser beam was scattered on one surface of the leans and the uniformity of the laser beam thus
deteriorated on the irradiated surface, the irradiated stripes appeared. [0011] In general, the
surface acgyracyof a lens is A/4or k/10. However, a lens used in laser annealing, particularly, a lens
provided on the rear side is a large-sized lens having a length of 100 mm or more. Accordingly, since it
is difficult to work thectens:ang tameasure thersurface accuracy pfthe-lens, the surfacg.accuracy of
the lens significantly deteriorates and may be 2,.or more. According to the current technology, since
there isainfit to theé mBERMInGEacciirady of & |t5Esitzed fendatis eifficulttd furtherdmprove the

Zecuracy, SUMMARY OF THEVENTION (00131 e rESertimventiod RAE been made in
consideratioriehthe above-mentioned problems. 258 tnear beam on the surface
of an object to be ilrradiated, relatively scans the obiject
to be irradiated with the linear beam in a short axial
direction of the linear beam so that the irradiation of the
laser beam overlaps each other, and anneals the surface of
the object to be irradiated by laser irradiation, the laser
annealing method comprising: dividing the laser beam into
plural beams in a direction corresponding to a long axial
direction of the linear beam by long-axis lens arrays;
making the laser beam, which is divided by the long-axis
lens arravs, condense each other in the long axial
direction on the surface of the object to be irradiated, by
a long-axis condensing optical system; and reciprocating
the long-axis lens arrays in a direction corresponding to
the long axial direction of the linear beam during the
laser irradiation, wherein a wmoving width & of the
reciprocation of the long-axis lens arrays is one thirds or
more of a pitch P of stripes, which appear visually when
laser annealing is performed without the reciprocation, and
the moving width is less than a width W of each cylindrical

lens of the long-axis lens arrays.



[0012a] According to one aspect of the present invention, there is provided a laser annealing
method that shapes a laser beam generated by laser oscillation in order to condense the laser beam
into a linear beam on the surface of an object to be irradiated, relatively scans the object to be
irradiated with the linear beam in a short axial direction of the linear beam so that the irradiation of the
laser beam overlaps each other, and anneals the surface of the object to be irradiated by laser
irradiation, the laser annealing method comprisirig: dividing the laser beam into plural beams in a
direction corresponding to a long axial direction of the linear beam by long-axis lens arrays; making the
laser beam, which is divided by the long-axis lens arrays, condense each other in the long axial
direction on ¢he gurface of the object to be irradiated, by a long-axis condensing optical system; and
reciprocating the long-axis lens arrays in a direction corresponding to the long axial direction of the
linear beam duringthe daseriradiationnwheseipacmoving width $ of the, recipracation of the long-axis
lens arrays is one thirds or more of a pitch P of stripes, which appear visually when laser annealing is
performedWfitfoutthe Fecirotatior and st meving alidthois tessithan awidth ¥ abeachcylindrical

lens of th%gr%g-a%selaezgs arrays. [90%2% Accordinlg to one aspect of the present invention, there
is provided a laser annealing méthod that $hapés & Taseream yehefated by RS&F scillation in order

to condenseterlaseream inte a linearbeam on the surfage qf an object 1g be isr&%d#%tc‘?g’ relatively
scans the object to be irradiated with the linear beam in a short axial direction of the linear beam so
that the ifrddiatiorpbtithetlaser beamiovertapseath other andsannealsthe surface of thecobject to be
irradiatequCJ)y I%ser irradiation, the laser annealir:imethod comprising: dividing the laser beam into

plural beas iica difection Tofespbhidihg 164 loh 584 diteétion b the lirdar bearmbyeldng-axis lens
arrays; making-the Jaserdeam, which.is divided by the long:axis lens arrays, overlap each other in the
long axial direction on the surface of the o%%ect to@éehﬁ?g ia%:}f bjy%rl%éé%&}sogoﬁ enﬁ‘?g optical
system; andsincréasing avdecreasing selative distances onan-eptical path between the leng-axis
condensing optical system and the long-axis lens arrays during the laser irradiation, while a distance
on an oplic&l pitd Betwesh the 16Ag ki EoHenginkreptical sysiermedricbthe surfacezofdhe object to be
irradiated js maintained constant. - Sc -.[0012c] . According to one aspect of the present
invention, tﬁere%%?ovﬁndee?dqg %asgro Aheainghhethod tHatShapdS a (5587 beatigenarated by laser

oscillatiopin rderte seadense the;laser-beam i@@@r@%%%rﬁ?fﬂ&o%heasuﬁfgﬁﬁ Og%rﬂé’?je‘:t o be
irradiated, relatively scans the object to be irradiated with the linear beam in a short axial direction of
the lineaf b&&mtsoothatahie imadiativhrefihe lasembeam overtapssedeh othersandanneajs the surface
of the obd'qe%zﬁto be irradiated by laser irradiation, the laser annealing method comprising: focusing the
laser bear intoa 16 S-aiii@%éileaﬁiﬁ’@'by“éqbﬁé‘-aiié fécusirgFens’ dividisg thellasertieam into plural
beams i irecti rrespnding t ng.axial direction of the linear beam by the Jong-axis
Wavegui%eé-;%afi%%%gg iasger bea%n% v%r%éﬁlgj dﬁéi%%d% tﬁgﬁor%gqgﬁis%{alva%lrﬁdle%%%ﬁ88 each other in
the long amial-direction Dncthe stirface: ofdhe ©bject to be irragiated shy.a long,axis gopdensing optical
system; and reciprocating the long-axis focusing lens in a direction corresponding to the long axial
direction”dftRe lineaPBeamdiding e thsétirradiatidreiwhereimd movingawisth Sof thereciprocation
of the Iogg-@%gafg%%ingrlgf tIS one thirds or more of a gitch P of striﬁes, which appear visually when

I LiLve 1lsTances . )
laser annealing is pefforme without the réciprocation. ©8d “fjo1%y] Path between

the long-axis condensing optical system and the long-axis
lens arrays during the laser irradiation, while a distance
on an optical path between the long-axis condensing optical
system and the surface of the object to be irradiated is

maintained constant.



According to one aspect of the present invention, there is provided a laser annealing apparatus that
shapes a laser beam generated by laser oscillation in order to condense the laser beam into a linear
beam on the surface of an object to be irradiated, relatively scans the object to be irradiated with the
linear beam in a short axial direction of the linear beam so that the irradiation of the laser beam
overlaps each other, and anneals the surface of the object to be irradiated by laser irradiation, the
laser annealing apparatus comprising: long-axisdens arrays that divide the laser beam into plural
beams in a direction corresponding to a long axial direction of the linear beam; a long-axis condensing
optical system that makes the laser beam, which is divided by the long-axis lens arrays, condense
each other;inthe jong axial direction on the surface of the object to be irradiated; and a long-axis lens
array moving device that reciprocates the long-axis lens arrays in a direction corresponding to the long
axial direction of thedineas beamtduring: thedagerdyadiation hwhesew-a moving wadiy 3,0f the
reciprocation of the long-axis lens arrays is one thirds or more of a pitch P of stripes, which appear
visually WhenF aserSanREaTHG Rpefforhied withidit the- teciproeatio s aind tHe moving width is less than
a width W ch,cylindrical lens of the long-axis lens arrays.. - Se - [0012¢] According to one
aspect of t%e%%es]é)%/td%ve telgr?,rtﬁg?eé}s% vided a faser annealing apparatus thafshapes a laser
beam generated: by lases ogcillationjn arderde condensedhe lases.heam intg.a linear beam on the
surface of an object to be irradiated, relatively scans the object to be irradiated with the linear beam
in.. a shorttaxdal divetticiy of thellimear besrescethat thelisradliation of thelasehbeam pvetlaps each
other, angoangeeals.the SéJrface of the object to be irradiated by laser irradiation, the laser annealing

apparatus comprisiig: 10ng-axi3 16h dirays that divfithe BSBr beaminté PRIFAI bdrislin a direction
correspogding to along axal direction of the linear beam; along-axjs.con {‘éﬁ‘%%ﬁ“&%'esyﬁem that
makes the laser beam, which is divided by the long-axis lens arrays, condense each other in the long
axial directior vnithesurface dhthe abject tobediradiated; and e:lopg-exis lens agay regiprocating

apparatus that reciprocates the long-axis lens arrays in a direction corresponding to an optical axis
direction ‘diffingthé fset frridiatidir, WhefdiA A ivvingFibthi S 6F e Fdciprocation dRthreriong-axis lens

arrays is thi r mare of a pitch P of stripes, which appear visually when laser annealing is
performeag%?r%oﬂ%% e%&ig%%ia%%hp T 10012 S o ifg ;Loagr% a&5ER of e present
inventior, ¢hereds provided alaser annealing apparatus M@ﬁﬁgs adaser Q@g\p}ggggrated by laser
oscillation in order to condense the laser beam into a linear beam on the surface of an object to be
irradiated,¥@latively S€ansithedbjedttobe irrddiatet withehedinearbearn in aishert axiah direction of

the linear beam so thgt the irradiatiin of the laser beam overlaps each other, and anneals the surface

of the object t6 Be irradiated By RAserifadiion; the 1as&rdriiealing Gpfaratiséompidny: a long-axis
waveguide t'ﬁt@%@%“&'%%@%@d@@e@u@??ﬂq‘stiﬂé" diregtion, co Eﬁ?p%}ﬁqigﬁ 1 @ long axial

direction of the linear beam; a long-axis focusing lens that introduces the laser beam into the long-axis
waveguide va fbed)-dxis donelensing-optical systenythatenakesdhe Jasee beamowhieh is divided by the
long-axis waveguide, condense each other in the long axial direction on the surface of the object to be

iradiated?dnd 8 16n g 5xi& Yo EUiRgG Teremeting apparatis thattécipiecatds fetlohg-axis introducing

lens in a;directjon coprespanding fo the long axial direction of the linear, beam during the Jaser
irradiatio:h, wherein a r’nov%/ng width S}C‘L’of% é“sr)ecﬁ%é)rgégtﬁiosﬁ 81gthgﬁfotnlgq§>"](is isrpfrso%ﬁ%fngilélndjs is one thirds

or more ota piteh Pxefistipesy whichrappear visually whenylaser-annealing is performed,without the
reciprocation. - Sg - [0012g]

corresponding to the long axial direction of the linear

beam during the laser irradiation, wherein a moving width §

of the reciprocation of the long-axis focusing lens is one

thirds or more of a pitch P of stripes, which appear

visually when laser annealing is performed without the

reciprocation.



According to one aspect of the present invention, there is provided a laser annealing method that
shapes a laser beam generated by laser oscillation in order to condense the laser beam into a linear
beam on the surface of an object to be irradiated, relatively scans the object to be irradiated with the
linear beam in a short axial direction of the linear beam so that the irradiation of the laser beam
overlaps each other, and anneals the surface of the object to be irradiated by laser irradiation, the
laser annealing method comprising: dividing theddser beam into plural beams in a direction
corresponding to the short axial direction of the linear beam by short-axis lens arrays; making the laser
beam, which is divided by the short-axis lens arrays, overlap each other in the short axial direction on
the surfacf%gig}?]object to be irradiated, by a short-axis condensing optical system; and reciprocating
the short-axis lens arrays in a direction corresponding to the short axial direction of the linear beam
during the laser irradiatien,iwherein agnevingswigdih S of thenecipreeation of the-shert-axis lens arrays
is one thirds or more of a pitch P of stripes, which appear visually when laser annealing is performed
without thé' Feciprotatics, Gritethemeving widthris sy thanzowidts W of bach eylindsicaklens of the

short-axiﬁéesnesrarr%%% - 5he-n[00%t h Acgsordin)g to Oneﬁ}j pect of the present invention, there is
provided & laser annealing method fiat Shapes’a faser Bes ‘ggﬁéﬁ%fbd by} 1aser"Gstillation in order to

condense theilaser beam inteslineas heam-on the surface of an ghject to be irradiated, relatively
scans the object to be irradiated with the linear beam in a short axial direction of the linear beam so
that the ifr&diatiobf thetlaser beani overaps-each othér tandzdnneatsithe stifaceiof thecobject to be

irradiated by laser jrradiation, the laser annealing method comprising: dividing the laser beam into
plural beafs iira difdctioh®otfespording 16 the sHEFEaxidP BifBctioh ofthefiedr béathay short-axis
lens arrays.aking-the jasqr beam, which 13 divided hy.the short:axis lens,arays, congense each
other in the short axial direction on an image plane, by a short-axis condenser lens; decréasing a
short-axisdmage iof the image! plane ak arpredetermingd fatio,ard projecting4he shek-axis image onto
the surface of the object to be irradiated, by a projection lens; and reciprocating the short-axis
condenséf'fensin @direefioR oirespendingdo the Siicre axiakdirectioniofithe tinearlsesm during the
laser irradiation, wherein a moving width S of the reciprocation on tI];e surface of the object is one third
or more 6f a pitch P of Stlipes. which appear vistially What 1aderanheafing s pefformad without the
reciprocafiop: i +[0012i 5 se r Ageordingitorone aspectiof the-present inventign, there s provided a
laser annealing method that shapes a laser beam generated by laser oscillation in order to condense
the lasercsgas imorzdlinearbeam onihe surface df ar object tebe iiradiated:; selatieely: scans the
object to be. irradiated with the linear beam in a short axial direction of the linear beam so that the

irradiatioh of the [&8r Bea GUatRps ®ath otfér- and ahfiBals B¢ shtdieof thE objesttd be irradiated
by laser jreadiation, the Jaser annealing methad comprising; uniformizing light intensity distribution in
the short axial direction of the linear beam by gshort-axis ho ogenéer%a?r%astiIti%é%axéﬁécting mirror,
which is provided en amoptical-path on thetupstream side of the shert=axis hemagenizer, during the
laser irradiation so that the linear beam is reciprocated in the short axial direction, wherein a moving
width S Sfthe¥&€ipracatibicon the SGifaceof #ie chieet sl Grie thirdsbEmere bbaditeh i of stripes,
which appear vi w laser annealing is performed. without the recjprocation. [0012j
According%géonéggs%lgct}}g Yﬁengreggrﬁjiﬁ&enﬁoﬁ?ﬁthé%% fovided & Iaégean 2afing friethod that
shapes a laser beamngengrated by Jaserioscillation-insgrdes 1o gondensedhe laser heamyinto a linear

beam on the surface
direction of the linear beam during the laser irradiation,
wherein a moving width § of the reciprocation of the iong-
axis lens arrays is one thirds or more of a pitch P of
stripes, which appear visually when laser annealing is
performed without the reciprocation, and the moving width

is less than a width W of each cylindrical lens of the

long-axis lens arrays.



of an object to be irradiated, relatively scans the object to be irradiated with the linear beam in a short
axial direction of the linear beam so that the irradiation of the laser beam overlaps each other, and
anneals the surface of the object to be irradiated by laser irradiation, the laser annealing method
comprising: focusing the laser beam into a short-axis waveguide by a short-axis focusing lens; dividing
the laser beam into plural beams in a direction corresponding to the short axial direction of the linear
beam by the short-axis waveguide; making the-lase# beam, which is divided by the short-axis
waveguide, overlap each other in the short axial direction on the surface of the object to be irradiated,
by a short-axis condensing optical system; and reciprocating the short-axis focusing lens in a direction
corresponding;te the short axial direction of the linear beam during the laser irradiation, wherein a
moving width S of the reciprocation of the short-axis focusing lens is one thirds or more of a pitch P of
stripes, which appéarvisdallyoywhen laser anngaling isogerformedwitheutthel reciprocation. [0012K]
According to one aspect of the present invention, there is provided a laser annealing apparatus that

shapes a"laREFbeamRYenetatet 1y 1A86CEscllkiiBR in bPderis thnlEfse fidtlasEeledmanto a linear

beam ont rf a ' e irradiated, relatiyvel ns the object to be irradjated with the
linear be%ir%giﬁya s&ggﬁquirgggg ggt%%ect@% of 1 tﬁgﬁﬁlea? %g%?&)% fhat thé’” frradiaticn of the laser beam
overlaps eachther, and anaeals the-surfacerof the gbjeelte beduadigted-bylaser-rrgdiation, the
laser annealing apparatus comprising: short-axis lens arrays that divide the laser beam into plural
beams irPa ditéctivhicottesponéing 6 Helshcit xiarditedtionof the tinear bdam; @short-axis
condensi@g ogticalislyst%m t@ggmake%the er.beam, which is divided by the short-axis lens arrays,

as
overlap each 6therin‘the short axiaf difec il(%ﬁ on tHe"SUrfabé BFthé dbjéct to'6¢ frrafliatéd: and a
short-axig jens-aray, moving.apparatus:that recinrgcatesthe short-axislens arrays in aydirection
corresponding to the short axial direction of the linear beam during the laser irradiation, wherein a
moving widtte$ of thenreciprodation efihe shoh<axjs lens arrays isl ene:thirds or more of a pitch P of
stripes, which appear visually when laser annealing_is performed without the reciprocation, and the

moving width iSe§Sthahta Width W eAER Cylindricaf fehs of He 8Rbrixis [BAS atra§s1100121]
Accordin .aspect of sent invention, there is provided a laser annealing apparatus that
shapes aglrélt%(eaoﬁpb%%%o gge%%?gg(tjp%% Ia%é{}% olgjgﬁlg}tglgﬁ inigrr(}j r%{ condense thie fasér b%:;%r%ptmto a linear
beam ondheistifacenef anobject tocerirradiated gelatively seanssthe abject tg;he.imadiated with the
linear beam in a. short axial - 51- direction of the linear beam so that the irradiation of the laser beam
overlapsEaeh RN @hdarieats te surfaceaos tHé objdct toibe frradiatedibye lsebirradiation, the
laser annealing apparatus cgggrisin{g.: sho%-.axi lens agra%%s Ig}%{ divide the laser heam into plural
beams i a direction corrésponding tothe Shoft axial Uirechon 6fthe TREG bedH; a &fért-axis
condensgk lens that,makes the laser beam, \@g}ych @gividl%@nggigﬁori-g%ig, Iegjergtdr%s’, overlap
each other in the short axial direction on an image plane; a projection lens that decreases a short-axis
image ofthedmiage planeciat @ predeteiminéd: catio and projeicid the shert:axisiimage ante the surface
of the object to be irradiated; a short-axis condenser lens moving device that reciprocates the

short-axis‘tondehser fen5hi a Qitdétion cofrepondihg 36 iid short &84l ditection @t #ie-inear beam
during thedaser Jradjgtiop. whgtelp amaving, widlh. 3 aline tecipracalipn onthe srfage of the object
. : S

is one thirds or more of a pitch P of stripes, which appear visually when faser annealing is performed
without therrgeipracatiar:{8012mlays in a direction corresponding to an

optical axis direction during the laser irradiation,wherein
a moving width S of the reciprocation of the long-axis lens
arraysg is one thirds or more of a pitch P of stripes, which
appear visually when laser annealing is performed without

the reciprocation.



According to one aspect of the present invention, there is provided a laser annealing apparatus that
shapes a laser beam generated by laser oscillation in order to condense the laser beam into a linear
beam on the surface of an object to be irradiated, relatively scans the object - 5m - to be irradiated
with the linear beam in a short axial direction of the linear beam so that the irradiation of the laser
beam overlaps each other, and anneals the surface of the object to be irradiated by laser irradiation,
the laser annealing apparatus comprising: a short-ais" homogenizer that uniformizes light intensity
distribution in the short axial direction of the linear beam;a reflecting mirror that is provided on an
optical path on the upstream side of the short-axis homogenizer; and a mirror tilting device that tilts the
reflectingjmirrarsso that the linear beam is reciprocated in the short axial direction, wherein a moving
width S of the reciprocation on the surface of the object is one thirds or more of a pitch P of stripes,
which appear visuady-whéntasert anneatingaisperformed withouttheseaiprocatiam [0012]
According to one aspect of the present invention, there is provided a laser annealing apparatus that
shapes atf%\@érebéﬁm%ré?]@gt%é)tﬁ/ |ag6 s cllAtBR A OFdette thhdEfsé fietlagBrBeamanto a linear

t_)eam onltggéyrfalggaq{ 3’];8@5;95@9@%3 ir, gd_iaﬁeadS €[;@Iatigglé( jf?f?n% ;{%% op'ierg:t tg Apégg:radjcaéed with the
linear beam in a short axial direction of the linear beam so that the ifradiation of the laser beam

overlapseach«iber, and anaeals the-surface:of the abjaette beduadiated:ylaser irradiation, the
laser annealing apparatus comprising: a short-axis waveguide that - 5n - divides the laser beam into
plural be@msdn adiretdién e6rresponeiiig tortheshorabdal ditettiors ofithe linear bédmea short-axis

focusingé%nskghat i.n}'_gr_gdggeg gf]f I%secrhbe%@ into the short-axis waveguide; a short-axis condensing
optical system thaf makes the faser beam- which 18 8iVided 5§ the'shoft-axié Wavegtiidé ‘condense

each other incthe shortaxiakdirection on the surfage of the ebject;tp bevirradiated; and.a short-axis
introducing lens moving apparatus that reciprocates the short-axis focusing lens in a direction
correspohdingrtoitheshornt axiad directiorhofdhé dinearsbeana durng the:lasersitradiation swherein a

moving width S of the reciprocation of the short-axis focusing lens is one thirds or more of a pitch P of

stripes, which ppeatvistalPwhér skt Bhfedihg iSsarfotmeddiitiolt the Fédprogatch.
Embodinients of Ihe,preseatveaton provide:a laset, anngaling method ang apparats, apable of

significantly reducing the appearance of irradiated stripes ac Sm%%nie%aﬁiﬁg%he deteriGration of the

uniformityiof achemogenized finear beam ovanirrpdiated susfagadhatis 6 direction
corresponding to a long axial direction of the linear beam;
a long-axis focusing lens that introduces the laser beam
into the leng-axis waveguide; a long-axis condensing
optical system that makes the laser beam, which is divided
by the long-axis waveguide, condense each other in the long
axial direction on the surface of the object to be
irradiated; and a long-axis focusing lens moving apparatus
that reciprocates the long-axis introducing lens in a
direction corresponding to the long axial direction of the
linear beam during the laser irradiation, wherein a moving
width § of the reciprocation of the long-axis introducing
lens 1s one thirds or more of a pitch P of stripes, which
appear visually when laser annealing is performed without

the reciprocation.



caused by scattered light generated on the surface of a lens. [0013] A method, which temporally
changes an angle of a laser beam entering a lens without shifting the linear beam toward 5long beam
direction on the irradiated surface, has been made the close investigation of a method of reducing the
deterioration of the uniformity of a. line beam that is caused by scattered light generated on the
surface of a lens. That is, the method changes the direction of scattered light to be 10 generated on
the surface of a lens by temporally changing an asgte of a laser beam entering a lens, and removes
visible stripes by temporally changing the uniformity of the beam on the irradiated surface that is
caused by scattered Light. Since the laser beam is irradiated so as to overlap each other in a 15short
axial diregtion of a linear beam, the uniformity of the linear beam is changed for every shot. Therefore,
it is possible to obtain an effect of dispersing stripes, so that the stripes are visually significantly
reduced. As a resuiit; wheniamy overlap ratio is; fer-example; 0% 0r 4aeres thedaser2Qiadiation is
performed so that stripes are not seen. [0014] Specifically, an embodiment of the present

invention‘inEides-the FSIBWIRGS incordet 16 FedieRS/tricd sHPEEIR allens arly Bfpe hemogenizer
optical systern, the, g5incident angle. and,igfensity of a laser.oeam, enteringa .. o
condense the laser beam into a linear beam on the surface
of an object to be irradiated, relatively scans the object
to be idrradiated with the linear beam in a short axial
direction of the linear beam so that the irradiation of the
laser beam overlaps each cother, and anneals the surface of
the object to be irradiated by laser irradiation, the laser
annealing method comprising: dividing the laser beam into
plural beams in a direction corresponding to the short
axlal direction of the linear beam by short-axis lens
arrays; making the laser beam, which 1is divided by the
short-axis lens arrays, overlap each other in the short
axlal direction on the surface of the object to be
irradiated, by a short-axis condensing optical system; and
reciprocating the short-axis lens arrays 1in a direction
corresponding to the short axial direction of the linear
beam during the laser irradiation, wherein 2 moving width §
of the reciprocation of the short-axis lens arrays is one
thirds or more of a pitch P of stripes, which appear
visually when laser annealing is performed without the
reciprocaticn, and the moving width is less than a width W

of each cylindrical lens of the short-axis lens arrays.



large-sized lens of a long-axis condensing optical system, which is provided on the rear side, are
changed for every shot 7 by performing laser irradiation while long-axis lens arrays are reciprocated in
a direction corresponding to a long axial. direction ofa linear beam. Therefore, theuniformityof a beam
in the long axial direction on the surface to be irradiated is changed for every shot, so that it is possible
to obtain an effect of dispersing vertical stripes on the surface to be irradiated that are caused by
scattered light generated on the surface of a lens and vertical stripesarevisuallysignificantlyreduced.
Further, if a relationship of "P/35LS<W", "P/25.S<W", or 10is satisfied when a moving width of the
reciprocation of each of the long-axis lens arrays iékﬁeﬁresented by S; a pitch of stripes, which are
parallel to a scanning direction of the linear beam and appear visually when laser annealing is
performed without reciprocating the long-axis lens arrays, is 15represented by P; and a width of each
cylindrical fens2of the long-axis lens arrays is represented by W, the energy distribution nonunifcrmity
causing the vertical stripes is adequately deviated in a direction (horizontal direction in Fig. 2)
perpendicularto a stibstrate transtér diréetiohs ASE resuift, 20te \ertics stripes are pioperly dispersed,
be effectively reduced. Alternatively, a

SO th_at thgh% rrggce of the Q\{ésiblea vzrtailcal stri£es Co ct uCec
relationship of "1.0=5.8<W". "I Bmm<SEW™ of 3 GimSS<Wehiay he ‘Satisfied fo015] &
laser beam generated by laser oscillation in order to
condense the laser beam into a linear beam on the surface
of an object to be irradiated, relatively scans the chiect
to be irradiated with the linear beam in a short axial
direction of the linear beam so that the irradiation of the
laser beam overlaps each other, and anneals the surface of
the object tc be irradiated by laser irradiation, the laser
annealing method comprising: dividing the laser beam into
plural beams 1in a direction corresponding to the short
axial direction of the linear beam by short-axis lens
arrays; making the laser beam, which is divided by the
short-axis lens arrays, condense each other in the short
axial direction on an image plane, by a short-axis
condenser lens; decreasing a short-axis image of the image
plane at a predetermined ratio and projecting the short-
axis image onto the surface of the object to be irradiated,
by a projection lens; and reciprocating the short-axis
condenser lens in a direction corresponding to the short
axial direction of the linear bean during the laser
irradiaticn, wherein & moving width S of the reciprocation
on the surface o©f the object is one third or more of a
pitch P of stripes, which appear visually when laser

annealing is performed without the reciprocation.



25Further, in a lens array type homogenizer optical system, the incident angle and intensity of a laser
beam entering a large-sized lens of a long-axis condensing optical system, 8 which is set on the rear
side of optical system, are changed for every shot while a distance on an optical path between the
long-axis condensing optical system and the surface of a film to be irradiated is maintained constant
and the relative 5distances on the optical path between the long-axis condensing optical system and
long-axislens arrays are increased or decreased. Therefore, vertical stripes are significantly reduced.
In this case, it is possible to easily increase or decrease the relative distances on the optical path
between the 10long-axis condensing optical system and the long-axis lens arrays by reciprocating the
long-axis ﬂ@mgg?ys, which are formed in a small size, in an optical axis direction. [0016] Furthermore,
in the case of a waveguide type homogenizer 150ptical system, the incident angle and intensity of a

laser beam According to one aspect of the present invention,
there 1is provided a laser annealing method that shapes a
laser beam generated by laser oscillation in order to
condense the laser beam into a linear beam on the surface
of an object to be irradiated, relatively scans the object
to be irradiated with the linear beam in a short axial
direction of the linear beam sc that the irradiation of the
laser beam overlaps each other, and anneals the surface of
the object to be irradiated by laser irradiation, the laser
annealing method comprising: uniformizing light intensity
distribution in the short axial direction of the linear
beam by a short-axis homogenizer: and tilting a reflecting
mirror, which 1is provided on an optical path on  the
upstream side of the short-axis homogenizer, during the
laser irradiation so that the linear beam is reciprocated
in the short axial direction, wherein a moving width § of
the reciprocation on the surface of the object is one
thirds or more of a pitch P of stripes, which appear
visually when laser annealing is performed without the
reciprocation.
[00127]
According to one aspect of the present invention,
there 1s provided a laser annealing method that shapes a
laser beam generated by laser oscillation in order to

condense the laser beam into a linear beam on the surface



entering a large-sized lens of a long-axis condensing optical system, which is provided on the rear
side, are changed for every shot while long-axis focusing lens are reciprocated in a directlc_)n 3
corresponding to a long axial direction of a linear 20beam. Therefore, vertical stripes are §|gn|f|cantly
reduced. [0017] Another embodiment of the present inventionincludesthe followings in _ord_er to
reduce horizontal stripes. In a lens array type homogenizer optical system, the 25incident
angle and intensity of a laser beam entering a largéssized lens of a short-axis condensing_ optical _
system, which is set on the rear side of optical system, are changed 9 for every shot Whlle short-axis
lens arrays are reciprocated in a direction corresponding to a short axial direction of a linear beam.

Therefore, ihe yniformity.of a,bgam in the shart axial direction on the surface fo be irradiated is
changed for

to be irradiated with the linear beam in a short axial
direction of the linear beam so that the irradiation of the
laser beam overlaps each other, and anneals the surface of
the object to be irradiated by laser irradiation, the laser
annealing method comprising: focusing the laser beam into a
short-axis waveguide by a short-axis focusing lens;
dividing the laser beam into plural beams in a direction
corresponding to the short axial direction of the linear
beam by the short-axis waveguide; making the laser beam,
which is divided by the short-axis waveguide, overlap each
other in the short axial direction on the surface of the
object to be irradiated, by a short-axis condensing optical
system; and reciprocating the short-axis focusing lens in a
direction corresponding to the short axial direction of the
linear beam during the laser irradiation, wherein a moving
width S of the reciprocation of the short-axis focusing
lens is one thirds or more of a pitch P of stripes, which
appear visually when laser annealing is performed without
the reciprocation.
[0012k]

According to one aspect of the present invention,
there 1s provided a laser annealing apparatus that shapes a
laser beam generated by laser cscillation 1in order to
condense the laser beam into a linear beam on the surface
of an object to be irradiated, relatively scans the ochiect

to be irradiated with the linear beam in a short axial



5every shot, so that it is possible to obtain an effect of dispersing horizontal stripes on the surface to
be irradiated that are caused by scattered light generated on the surface of a lens and horizontal
stripes are visually significantly reduced_ 10[0018] In the case of a lens array type homogenizer
optical system, the incident angle and intensity of a laser beam entering a large-sized projection lens,
which is set on the rear side of optical system, are changed for every shot also by 15performing laser
irradiation while a short-axis condenser lens, which is set at the rear of short-axis lens arrays, is
reciprocated in a direction corresponding to a short axial direction of a linear beam. Therefore,
horizontal stripes are significantly reduced. 20[001@} ~  Further, the incident angle and intensity of a
laser beam entering a large-sized projection lens, which is set on the rear side of optical system, are
changed for every shot also by tilting a reflecting mirror, which is set on an optical path 250n the
upstreamigide of acshostraxia homogenizes=santhat adingar beamiis reciprocated ina shert axial

direction. Therefore, horizontal stripes are significantly reduced. In - 10 -

laser beam overlaps each other, and anneals the surface of
the object to be irradiated by laser irradiation, the laser
annealing apparatus comprising: short~axis lens arrays that
divide the laser beam into plural beams in a direction
corresponding to the short axial direction of the linear
beam; a short-axis condensing optical system that makes the
laser beam, which is divided by the short-axis lens arravys,
overlap each other in the short axial direction on the
surface of the object to be irradiated; and a short-axis
lens array moving apparatus that reciprocates the short-
axls lens arrays in a direction corresponding to the short
axlial direction of the linear beam during the laser
irradiation, wherein a moving width $§ of the reciprocation
of the short-axis lens arrays is one thirds or more of a
pitch P of stripes, which appear visually when laser
annealing 1is performed without the reciprocation, and the
moving width is less than a width W of each cylindrical
lens of the short-axis lens arrays.
[C01217

According to one aspect of the present invention,
there is provided a laser annealing apparatus that shapes a
laser beam generated by laser oscillation in order to
condense the laser beam into a linear béam on the surface
of an object to be irradiated, relatively scans the obiject

to be irradiated with the linear beam in a short axial



this case, the short-axis homogenizer may be any one of a lens array type homogenizer and a
waveguide type homogenizer. [0020] Furthermore, in the case of a waveguide type
homogenizer optical system, the incident angle and intensity of a laser beam entering a large-sized
lens of a condensing optical system, which is set on the rear side, are changed for every shot of
optical system while short-axis focusing lens is reciprocated in a direction corresponding to a short
axial direction of a linear beam. Therefore, horizontal stripes are significantly ...educed. [0021] In
addition, the polarization direction of the laser beam may correspond to S polarization with respect to
the surface of the film to be irradiated. When an arﬂ(]fr_phous semiconductor film is annealed by an
S-polarized laser beam, a polycrystalline semiconductor film, which has uniform crystal grains having
grain size larger (coarser) than crystal grains of a polycrystalline semiconductor film annealed by a
P-polarizéddaseribeam,fis ohtained.dzor thiszieasan, dhistpossible to-abtain-an effeet afireducing visible
stripes. [0022] Therefore, according to embodiments of the laser annealing method and
apparatus®otthe PRESBNPIVERGES itié Possiblectorobtain anrexceiientteffecesrrdigaificarttly reducing

the occugggc%]g.grcaédi%t d.stripes accompanied with the deterioration. of the uniformity of a linear
beam on an irradiate surgfa%:% thatis = 11~ (C:%%s%d Eity”’se"é:attji‘alﬂi%nﬁl ﬁd‘ﬁttd"eonne’rat% eon%\%%urface of a

lens. BRIEBESCRIPHON-OFFHE RRAVINGS [0023} BFigx 1A is @ yiew, showing:thg schematic
structure of a

divide the laser beam into plural beams in a direction
corresponding to the short axial direction of the linear
beam; a short-axis condenser lens that makes the laser
beam, which 1s divided by the short-axis lens arrays,
overlap each other in the short axial direction on an image
plane; a projection lens that decreases a short-axis image
of the image plane at a predetermined ratio and projects
the short-axis image onto the surface of the obiject to be
irradiated; a short-axis condenser lens moving device that
reciprocates the short-axis condenser lens in a direction
corresponding to the short axial direction of the linear
beam during the laser irradiation, wherein a moving width S
of the reciprocation on the surface of the object is one
thirds or more of a pitch P of stripes, which appear
visually when laser annealing is performed without the
reciprocation.
[0012m]

According to one aspect of the present invention,
there 1s provided az laser annealing apparatus that shapes a
laser beam generated by laser oscillation in order to
condense the laser beam into a linear beam on the surface

of an object to be irradiated, relatively scans the object



laser annealing apparatus according to a first embodiment of the present invention. Fig. 18 _is
another view showing the schematic structure of the laser annealing apparatus according to the first
10embodiment of the present invention. Fig. 2 is a view illustrating a pitch P of vertic;al ;tripes.
Fig. 3 is a view illustrating the moving width S of the reciprocation of each of Iong-axis_ cylindrical _Iens
arrays and 15the width W of a cylindrical lens. Fig. 4A is a photograph of a semlcondu_ctor fllm
annealed by laser while the long-axis cylindrieal iens-arrays are not reciprocated_ _ Fig. 48 is a
photograph of a semiconductor film annealed 20by laser while the long-axis cylindrllcal lens arrays are
reciprocated. Fig. 5 is a SEM photograph showing the difference of crystal grains depending on

polarizatiog. 1. ; Fig.£A 153 Vigw,showing the, schemalic structure ofa, 141
direction of the linear beam so that the irradiation of the
laser beam overlaps each other, and anneals the surface of
the object to be irradiated by laser irradiation, the laser
annealing apparatus comprising: a short-axis homogenizer
that uniformizes light intensity distribution in the short
axial direction of the linear beam: a reflecting mirror that
is provided on an optical path on the upstream side of the
short-axis homogenizer; and a mirror tilting device that
tilts the reflecting mirror so that the linear beam 1is
reciprocated in the short axial direction, wherein a moving
width S of the reciprocation on the surface of the object
is cone thirds or more of a pitch P of stripes, which appear
visually when laser annealing is performed without the
reciprocation.

[0012n]

According Lo one aspect of the present invention,
there is provided a laser annealing apparatus that shapes a
laser bDbeam generated by laser oscillation in order to
condense the laser beam into a linear beam on +the surface
of an object to be irradiated, relatively scans the object
to be irradiated with the linear beam in & short axial
direction of the linear beam so that the irradiation of the
laser beam overlaps each other, and anneals the surface of
the object to be irradiated by laser irradiation, the laser

annealing apparatus comprising: a short-axis waveguide that



25laser annealing apparatus according to a second embodiment of the present invention. Flg. 6B is
another view showing the schematic structure 12 of the laser annealing apparatus apcordmg to the
second embodiment of the present invention. Fig. 7A is a schematic view showing the st.ructur'e of
a laser annealing apparatus according to a third embodiment of the present invention. _ Fig. 7B_ is
another schematic view showing the structure of the laser annealing apparatus according to the third
embodiment of the present irwention. Figc8A-is a schematic view shOV\_/ing th_e structure of a
10laser annealing apparatus according to a fourth embodiment of the present invention. _ Fig. BE
is another schematic view showing the structure of the laser annealing apparatus according to the

fourth embodiment of-the present inyention. 15 | plural beams in a direction

corresponding to the short axial direction of the linear
beam; a short-axis focusing lens that introduces the laser
beam into the short-axis waveguide; a short—-axis condensing
optical system that makes the laser beam, which is divided
by the short-axis waveguide, condense each other in the
short axial direction on the surface of the object to be
irradiated; and a short-axis introducing lens moving
apparatus that reciprocates the short-axis focusing lens in
a direction corresponding to the short axial direction of
the linear beam during the laser irradiation, wherein a
moving width S of the reciprocation of the short-axis
focusing lens is one thirds or more of a pitch P of
stripes, which appear visually when laser annealing is
performed without the reciprocation.

Embodiments of the present invention provide a laser
annealing method and apparatus capable of significantly
reducing the appearance of irradiated stripes accompanied
with the detericration of the uniformity of a homogenized

linear beam on an irradiated surface that is



DESCRIPTION OF THE PREFERRED EMBODIMENTS [0024] Preferred embodiments of the
present invention will be described below with reference to the accompanying drawings. 20Same
reference numerals are given to common portions in each of the drawings to avoid redundant
descriptions. [0025] [First Embodiment] Figs. IA and 1B show the schematic structure of a
laser 25annealing apparatus 10 according to a firstembodiment of the present invention_ Fig. IA is a
plan view, and Fig. 1B is a side view. Further, an optical system, which acts only ina - 13 -

caused by scattered light generated on the surface of a lens.
[0013]
A method, which temporally changes an angle of & laser
beam entering a lens without shifting the linear beam toward
5 long beam direction on the irradiated surface, has been made
the close investigation of a method of reducing the
deterioration of the uniformity of a line beam that is caused
by scatiered light generated on the surface of a lens. That
is, the method changes the direction of scattered light to be
10 generated on the surface of a lens by temporally changing an
angle of & laser beam entering a lens, and removes visible
stripes by temporally changing the unifcrmity of the beam on
the irradiated surface that is caused by scattered light. Since
the laser beam is irradiated so as to cverlap each other in a
15 short axial direction of a linear beam, the uniformity of the
linear beam 1s changed for every shot. Therefore, 1t is
possible to obtain an effect of dispersing stripes, so that the
stripes are visually significantly reduced. As a resullt, when
an overlap ratio i1s, for example, 80% or more, the laser
20 irradiation is performed so that stripes are not seen.
[0014]
Specifically, an embodiment of the present invention
includes the followings in order to reduce vertical stripes.
In & lens array type homogenizer optilcal system, the
25 incident angle and intensity of a laser beam entering a
large-sized lens of a long-axis condensing optical system,

which is provided on the rear side, are changed for every shot



short axial direction of a linear beam, is shown by a phantom line (broken line) in Fig. 1A. An optical
system, which acts only in a long axial direction of a linear beam, is shown by a phantom line in Fig.
1B. 5[0026] The laser annealing apparatus 10 is that shapes a laser beam, 1 generated by lamer
oscillation in order to condense the laser beam into a linear beam on the surface of an object 3 to be
irradiated, relatively scans the object 3 to be irradiated 10 with the linear beam in a short axial
direction of the linear beam so that the irradiation of the laser beam 1 overlaps each other, and
anneals the surface of the object 3 to be irradiated by laser irradiation. Meanwhile, the vertical
direction indigates-a tong axjal directionrafibe tihear beanrin &igr-1A; 115 and:the harizontal direction
on the surface to be irradiated indicates a short axial direction of the linear beam in Fig. IB. The
laser annealifi§ Bpparattsd0iwillbe desttibedin Aicredatal Below. 2B[G0271"Y 2¥hé faser beam 1
emits from_%laser source 12 _altia ulsebgg%gen% 87;,% for exan{p{%% g el A kHz.,Th%%yQ_%gf the laser

rect 1o O nea i eIQre ) i
source 12 is ot par%lcularfy“hml“te , Anexcimer aser, a YAP laser, a YL?:ﬁaserB,/a YVO4 laser, a glass

laser, a semicopductar 25 aser; a.CP2Jaser, o therlikesmay be-used jas the Jaserbeam: I particular,
a solid-state laser, such as a YAP laser, a YLF laser, or a YVO4laser, makes it possible to utilize laser
enerdy, whichahas:High refiability andtstatility; at hight efficiendy: Futthersince a sikidorefilim has a
high absorption coefficient in a visible light region of 330 to 800 ma, but wavelength of the YAG laser,
the =laser, the YV&Y&set 'Gr W@éggh%rzpes on the surface to be irradiated

that are caused by scattered light generated on the surface of
a lens and vertical stripes arve visually significantly reduced.
Further, if a relationship of “P/3<8<W”, “P/2£5<W”, or “P=<5<W”
10 is satisfied when a moving width of the reciprocation of each
of the long-axis lens arrays 1s represented by S; a pitch of
stripes, which are parallel to a scanning direction of the
linear beam and appear visually when laser annealing 1is
performed without reciprocating the long-axis lens arrays, 1is
15 represented by P; and a width of each cylindrical lens of the
long-axis lens arrays ls represented by W, the energy
distribution nonuniformity causing the vertical stripes is
adequately deviated in a direction (horizontal directionin Fig.
2)perpendiculartx)asubstratetransferdir@ction. As aresult,
20 the vertical stripes are properly dispersed, so that the
occurrence of the visible vertical stripes can be effectivel
reduced. Alternatively, a relationship of “1.0mm=3<W”,
“1.5mm<S<W”, or “3.0mm<S<wW” may be satisfiied.
[6015]
25 Further, ina lens array type homegenlzer optical system,
the incident angle and intensity of a laser beam entering a

large-sized lens of a long-axis condensing optical system,



5 maybe one converted by the second or third harnonic generator. [0028] The laser beam 1,
which emits from the laser source 12 by pulse oscillation, is sequentially reflected by reflecting mirrors
ha and 11b. Then, the diameter of the laser beam is 10 enlarged by a beam expander 14. The beam
expander 14 shown as one structural example includes a convex spherical lens 15, a short-axis
cylindrical lens 16 that has a curvature plane in a shoft axial direction, and a long-axis cylindrical lens
17 that has a curvature plane in a long axial direction. In the 15 beam expander 14 having the
above-mentioned structure, it is possible to separately set an enlargement ratio in the long axial
direction ariththe’'shcrt akial ditectich. The béarmexpariter 149may havebtherstructare For example,

the beam ex Jz%lngjer may, g%\{e sltlrjlg?ture \g]f%%%e a concave spherical _lf:ns and 20a. convetﬁﬁsapherical

lens are combinéd with éach other. fO(?Z ““fhe ﬁahF fﬁtgﬁé‘ltlycﬁlstr%iu%%nbgfttﬁgﬁgser beam 1, of

which diameterJs eplarged-by:the heam expander. 14 in.theJangraxial direction of thedinear beam is
homogenized by a 25 long-axis homogenizer 19 on the surface to be irradiated, and the light intensity

distributiontthereof in thecshartaxiakdirection:zofthel lineasbeam is homdgenizedddylashort-axis - 15 -
homogenizer 25 on the surface to be irradiated. [0030]

5 distances on the optical path between the long-axls condensing
optical system and long-axis lens arrays are increased or
decreased. Therefore, vertical stripes are significantly
reduced. In this case, it 1s possible to easily increase or
decrease the relative distances on the optical path between the

10 long-axis condensing cptical system and the long-axis lens
arrays by reciprocating the long-axis lens arrays, which are
formed in a small size, in an optical axis direction.

[001&]
Furthermore, in the case 0of a wavegulde type homogenizer

15 optical system, the incident angle and intensity of a laser beam
entering a large-sized lens of a longr-axis condensing optical
system, which is provided on the rear side, are changed for every

shot while long-axis focusing lens are reciprocated in a

direction corresponding to a long axial direction of a linear

b

i
<

beam. Therefore, vertical stripes are significantly reduced.
FO017]

Ancther embodiment of the present invention includes the
followings in order to reduce horizontal stripes.

In a lens array type homogenizer optical system, the
25 incident angle and intensity of & laser beam entering a
large-sized lens of a short-axis condensing optical system,

which 1s set on the rear side of optical system, are changed



As shown in Fig. 1A, the long-axis homogenizer 19 includes a long-axis lens arrays 20a and 20b and a
long-axis condenser lens 22 used as a long-axis condensing optical system. The long-axis lens arrays
divide an incident laser beam 1 into plural beams in a direction corresponding to the long axial
directionof the li. ear beam. The long-axis condensing optical system makes the laser beam 1, which is
divided into the plural 10beams in the long axial diréction, condense each other .1..n the long axial
direction on the surface of the film 3 to be irradiated_ [0031] In the long-axis homogenizer 19 having
the 15above-mentioned structure, the laser beam 1 enlarged by the beam expander 14 is divided into
plural beamsiih thedsng axial difeétion BYIHE forig-axisdens afrays 20aahd 206.Te laser beam 1,
which passes through the long-axis lens arrﬁ}/s 20a and 20b and is divided into the beams, forms an

[

image on the 'strface 20 of the filth 316158 ifradifated, Whichis foftied bna Sstratd 22 hstan
rectangulanheam elgngated in the long axial directior by, the long-axis condensey, lens, 22.. Meanwhile,

a vertical reflecting mirror 24 is disposed on an optical path between the long-axis condenser lens 22
and the substrate 2isothatilight@5emitted framdhetlongeaxis condenser lens2Xisgeflectad toward the
substrate 2. The length of the rectangular beam, which is irradiated.

5 every snot, so that 1t 1is possible to obtain an effect of
dispersing horizontal stripes on the surface to be irradiated
that are caused by scattered light generated on the surface of
a lens and horizental stripes are visually significantly
reduced.

10 [0018]

In the case of a lens array type homogenizer optical
system, the incident angie and intensity of a laser beam
entering a large-sizedprojection lens, which is set on the rear
side of optical system, are changed for every shot also by

15 performing laser irradiationwhile a short-~axis condenser lens,
witich 1s set at the rear of short-axis lens arravs, is
reciprocated in a direction corresponding to a short axial
directicn of a linear beam. Therefore, horizontal stripes are
significantly reduced.

20 [(0019]

Further, the incident angle and intensity of a laser beam
entering a large-sized proijection lens, which is set on the rear
side of optical system, are changed fcr every shol alsc by
tilting a reflecting mirror, which 1s set on an optical path

25 on the upstream side of a short-axis homogenizer, so that a
linear beam is recipreocated in a short axial direction.

Therefore, horizontal stripes are significantliy reduced. 1In



- 16 - onto the substrate 2, in the long axial direction may be, for example, several tens mm. [0032] In
this embodiment, two long-axis lens arrays 20a and 5 20b are disposed with a distance therebetween
in an optical axis direction. A composite focal length of the long-axis lens arrays 20a and 20b is dpte
mined by the focal lengths of the lens arrays 20a and 20b and a distance of each of the lens arrays in
the optical axis direction. Further, a factor, which ? used 10 to determine the length of the linear beam
in the long axial direction, includes the composite focal length of the long-axis lens arrays 20a and
20b. Accordingly, if the laser annealing apparatus is formed to have the structure where the distance
of each ofthé Telis afrays! Z0# and 20 irbtHecoptisal eads Isdirectiemgantbe clfangédyritis possible to
change the length of the linear beam in the long axial direction by changing the composite focal length

according 1 nesd. However Siiy ohe TongLaxis IBRY aftay Hiay BBUsed i 9ré brésent invention.

[0033] 20Theyshart-axis homogenizer 25 includes short-axis lens arrays 26a and 26b and a short-axis
condensing optical system (29 and 30). The short-axis lens arrays divide an incident laser beam 1 into

plural beams in the shontt@xaldirectioniithe shert-axisseondenstng opiigaksystem makes.the laser
beam 251, which is divided into the plural beams by the short-axis lens arrays 26a and 26b, overlap

each othePTEEERGR 2 difEtlion BRitHR suFfaRe BITHEIEIH 3H0DEEiNatihted TEhe ity

of a laser beam entering a large-sized lens of a condensing
optical system, which is set on the rear side, are changed
for every shot of optical system while short-axis focusing
lens is reciprocated in a direction corresponding to a short
axlal direction of a linear beam. Therefore, horizontal
stripes are significantly reduced.

00211

In addition, the polarization direction of the laser
beam may correspond to § polarization with respect to the
surface of the film to be irradiated. When an amerphous
semiconductor film is annealed by an S-polarized laser beam,
a polycrystalline semiconductor film, which has uniform
crystal grains having grain size larger (coarser) than
crystal grains of a polycrystalline semiconductor film
annealed by a P-pelarized laser beam, is obtained. For
this reason, it 1s ©possible to obtain an effect of
reducing visible stripes.

[0022]

Therefore, according to embodiments of the laser
annealing method and apparatus of the present invention, it
is possible to obtain an excellant effect of significantly
reducing the occurrence of irradiated stripes accompanied
with the deterioration of the uniformity of a linear beam on

an lirradiated surface that is



- 17 - short-axis condensing optical system of this embodiment includes a short-axis condenser lens
29 and a projection lens 30. The short-axis condenser lens makes the laser beam. 1, which is divided
into plural beams by the short-axis lens arrays 26a 5 and 26b, condense each other on an image
plane S in the short axial direction. The projection lens decreases the short-axis image of an image
plane S at a predetermined ratio, and projects the short-axis image onto the surface of the object 3 to
be irradiated. 10[0034] In the short-axis homogenizer 25 having the above-mentioned structure,
the laser beam 1 enlarged by the beam expander 14 is divided into plural beams in the short axial
direction by tHe>short-axis fehs & iy s' 264 and 26br Thedasar dsheam T wvhich passessthrough the
short-axis lens arrays 26a and 26b and is divided into the beams, is condensed in the short axial
direction by the short-axis condenser lens 29 and then forms an image on the image plane S.
Subsequently, after the laserhearn is reflected-toward the substrate 2 by the vertical. 20reflecting
mirror 24, the short-axis image formed on the image plane S is decreased in the short axial direction at
a predetermiiedsratio and then projected onto the surface of the object 3 to be irradiated that is formed
on a substrate 2, by the projection lens 30. The length of the rectangular beam, 25which is irradiated
onto’the substrate Z ¥ the’*é‘héﬁ axidl direclion may bel foriexstipie | Sevéraltensigmo f0085]

r

laser annealing apparatus according to a first embodiment of
the present invention.
Fig. 1B is another view showing the schematic structure
of the laser annealing apparatus according to the first
10 embodiment of the present invention.
Fig. 2 is a view illustrating a pitch P of vertical
stripes.

Fig.

]

Ll

is a view illustrating the moving width S of the

I

reciprocation of each of long-axis cylindrical lens arrays and
15 the width W of a cylindrical lens.

Fig. 4A is a photograph of a semiconductor film annealed
by laser while the long-axis cylindrical lens arrays are not
reciprocated.

Fig. 4B is a photograph of a semiconductor £ilm annealed

20 by laser while the long-axis cylindrical lens arrays are
reciprocated.

Flg. 5> 1s a SEM photograph showing the difference of
crystal grains depending on polarization.

Fig. 6A 1s a view showing the schematic structure of a

25 laser annealing apparatus according to a second embodiment of
the present inventicn.

I'ig. 6B 1s another view showing the schematic structure



-18 - In this embodiment, two short-axis lens arrays 26a. and 26b are disposed with a distance
therebetween in an optical axis direction. Further, ifthelaserannealingapparatuslb formed to have the
structure where the distance of each of the 5 short-axis lens arrays 26a and 26b in the optical axis
direction can be changed, it is possible to change.the width of the homogenized beam in the short
axidd direction by changing the composite focal Iéngth according to need_ However, only onb
short-axis lens array may be used in the present invention. 10[0036] The object 3 to be irradiated
with the Iasoefr l;)t%amil igé:lp %mo%)a us semic%rjlfd%ctor ﬁlmé agg S forpedt%n the §ubsérate 2 by a film
deposited metho suéh as aCv me{h%d:i PRA aSsitiimora’ éor:ﬁrﬁguné) semicondactor film

(amorphous;siliconsgermanium, 15 ilm.or.the like)-having amorphous structure is exemplified as the
amorphous semiconductor film. [0037] The substrate 2 is held by a substrate stage 4, and is
transferred in the shortaxiahdirection of the:linearteam s 120+As the: substtate stage=4dg$ moved, the
film 3 to be irradiated, which is formed on the substrate 2, can be scanned in the short axial direction.

The transfeftifig speed 6fthe SubRirate’stage U is Controtied Sorthat thedirrathidhig perfofmed several

times per L&rﬁigre%g}%r% gg@ei%q;gal% Atglp_.e irrgd@ate_d, that is, 25 the irradiation of the I_inear beam
overlaps each other. For example, the irradiation is performed so that an overlap ratio becomes 90%
or more. Meanwhiles the overlap ratio-indicates erdB- c view showing the structure

of the laser annealing apparatus according to the third
embodiment of the present invention.

Fig. BA is a schematic view showing the structure of a

10 laser annealing apparatus according to a fourth embodiment of
the present invention.

Fig. 8B is another schematic view showing the structure
of the laser annealing apparatus according to the fourth
embodiment of the present invention.

15
DESCRIPTICON OF THE PREFERRED EMBODIMENTS
(0024

Preferred embodiments of the present invention will be

described below with reference to the accompanying drawings.
20 Same reference numerals are given to common portions in each

cf the drawings to aveild redundant descriptions.

[0025]

[First Embodiment]

Figs. 1A and 1B show the schematic structure of a laser

25 anrnealing apparatus 10 according te a first embodiment of the

present inventicn. Fig. 1A 1s a plan view, and Fig. 1B is a

side view. Further, an optical system, which acts only in a



a ratio of the moving distance of the substrate 2 for every laser shot to a flat region (half width in
thooase of a Gaussian shape) of the light intensity distribution in the short axial direction of the linear
beam. [0038] The substrate stage 4 of this embodiment is set in a processing chamber 40 of
which atmosphere can be controlled to be vacsum®r-a non-oxidizing gas atmosphere. Since the
atmosphere of the processing chamber 40 is controlled to be 10vacuum or a non-oxidizing gas
atmosphere during annealing, the oxidation of the surface of the object 3 to be irradiated is prevented

Hydrogen or inert gas 4nitrogen gas-argon gas; hellimigas,neon gas, o the like)-mayheused as the
non-oxidizing gas. Meanwhile, at the process-frig chamber 40 15transmission window 41 through

which the laset b&arny kisitransmitted:igput-inl J0039]: op tinstead:ofstherabovieimentiohed structure
where the substrate 2 on which the film 3 to be irradiated is processed 20 in the processing chamber

40, there M3y be'dsetl a hethod 6f bIowiry ineit gds ofly o péttiohs ifadiaedWith the linear beam

without usgﬂ%ﬁhgﬂgﬁeﬁsj%%Ckll%mp§5{10.lgl‘]is may also be applied to second to fourth embodiments
to be described below. 25[0040]
5 [0026]

The laser annealing apparatus 10 is that shapes a laser
beam 1 generated by laser oscillation in order to condense the
laser peam intoc a linear beam on the surface of an object 3 to
be irradiated, relatively scans the cobject 3 to be irradiated

10 with the linear heam in a short axial direction of the linear

beam sc that the irradiation of the laser beam 1 overlaps each

by laser irradiation. Meanwhile, the vertical direction
indicates a long axial direction of the linear beam in Fig. 14,

15 and the horizontal direction on the surface to be irradiated
indicates a short axial direction of the linear beam in Fig.
1B.

The laser annealing apparatus 10 will be described in
more detall below.

20 [0027]

The laser beam 1 emits from a laser source 1Z at a pulse
frequency of, for example, 2 to 4 kHz. The type of the laser
source 12 ig not particularly limited. 2An excimer laser, a YAG
laser, a YLI laser, a YV0; laser, a glass laser, a semiconductor

25 laser, a CO; laser, or the like may be used as the laser beam.
In particular, a solid-state laser, such as a YAG laser, a YLI

laser, or a ¥YVO, laser, makes it possible toutilize laser energy,



- 20 - reciprocates the long-axis lens arrays 20a and 20b in a direction corresponding to the long axial
di ction of the linear beam (X-direction in Fig. 1A) during the laser irradiation. The long-axis lens array
moving apparatus 32 is 5automatically controlled by a control unit (not shown). [0041] The
inci.dent angle and intensity of the laser beam 1 entering a. large-sized lens (the long-axis condenser
lens 22 in this embodiment) of the long-axis condensing optical system, 10 which is set on the rear
side of optical system, are changed for every shot while the long-axis lens arrays 20a and 20b are
reciprocated in irection corresponding to the long axial direction of.the linear beam as described
above. Thzgéfgﬁg, tg{eg u%ﬁgrmf;[)? of ﬁ%(jalgég% i%r%ﬁeﬁéﬁié% 5%5 é]i?eg‘tltor% of the %lgdrfgb(éytb be

irradiated is:changed for every shot,;so-thatit is pessible o obtain-an.effect of-dispersing.vertical
stripes on the surface to be irradiated that are caused by scattered light generated on the surface of
the lens andvertica¥ stripeslareivisually significanth reducedl Asra result, when!the2010vérlap ratio for
example, 90% or more, the laser irradiation is performed so that stripes are not seen_ [0042] A

moving width“of the réciprbcation of 8ach ofthe IdHy-akis!lers arrays 204’ 4nd 2bbtis représented by S:
a pitgh 25 gf insyefical siripep. whigh arp parglielp dhs scanning digetion ol e ineag beam (the
transferring direction of the substrate 2 in this embodiment) and appear visually when laser
[0028]
The laser beam 1, which emits from the laser source 12
by pulse oscillation, is sequentially reflected by reflecting
mirrors 1la and 1lb. Then, the diameter of the laser beam is
10 enlarged by a beam expander 14, The beam expander 14 shown as
one structural example includes a convex spherical lens 15, a
short-axis cylindrical lens 16 that has a curvature plane in
a short axial direction, and a long—axis cylindrical lens 17
that has a curvature plane in a long axial direction. In the
15 beam expander 14 having the above-mentioned structure, it is
possible to separately set an enlargement ratic in the long
axial direction and the short axial direction. The beam
expander 14 may have other structure. For example, the beaan
expander may have structure where a concave spherical lens and
20 a convex spherical lens are combined with each other.
[0029]
The light intensity distributicn of the laser beam 1,
of which diameter is enlarged by the beam expander 14, in the
long axial direction of the linear beam is homogenized by a
25 long-axis homogenizer 19 on the surface to be irradiated, and
the light intensity distribution thereof in the short axial

direction of the linear beam 1s homogenized by a short-axis



- 21 - annealing is performed without reciprocating the long-axis lens arrays 20a. and 20b, is
represented by P; and a width of each cylindrical lens 21 of the long-axis lens arrays 20a and 20b is
represented by W. Preferable conditions of the moving width S and the width W will be described
below. [0043] Fig. 2 is a schema 1c diagramyiljustrating the pitch P of the vertical stripes. As
shown in Fig. 2, the vertical stripes are composed of bright and dark parts Land Dthdt appear 10
alternately. Since Fig. 2 is a schematic diagram, boundaries between the bright parts L and the dark

parts Dare, clearly shown in Fig, 2. However, in actyal sfripes, the fright and darkparts L and D

gradates and appear alternately. Distances PL2 PL3 ... between the centers of the bright parts L have
deviation, 16and distances distance m,P -13°2, between the centers of the dark parts D have
deviation. [0044]
As shown in Fig. 1A, the lcocng-axis homogenizer 19
inciudes a long-axis lens arrays Z0a and 20k and a long-axis
5 condenser lens 22 used as a long-axis condensing optical systen.
The long=-axls lens arrays divide an incident laser beam 1 into
plural beams in a direction corresponding to the long axial
direction of the linear beam. The long-axis condensing optical
system makes The laser beam 1, which 1s divided into the plural
10 beams in the long axial direction, condense each cocther in the
long axial direction on the surface cof the film 2 to be
irradiated.
[0031)
In the long-axis homogenizer 19 having the

15 above-~mentioned structure, the laser beam 1 enlarged by the beam

direction by the long-axis lens arrays 20a and 20b. The laser
beam 1, which passes through the long-axis lens arrays Z20a and
20b and is divided into the beams, fTorms an lmage on the surface
20 of the film 3 to be irradiated, which is formed on a substrate
2, as an rectangular beam elongated in the long axial direction
by the long-axis condenser lens 22. Meanwhile, a vertical
reflecting mirvor 24 is disposed on an optical path between the
long-axis condenser lens 22 and the substrate 2 so that light
25 emitted fromthe long—-axis condenser lens 22 1s reflected toward

the substrate 2.

The length of the rectangular beam, which is lrradliated



In this specification, the pitch P of the vertical stripes means any one of an average value FLA of the
distances 20 distance P44, PL, P53 -. between the centers of the bright parts L, an average value
PDA of the distances distance PD, PD2, PD3 ...between the centers of the dark parts D, and an
average value of the sum of PIA and FDA. [0045].25Fig. 3 is a view illustrating the moving width S of
the reciprocation of each of the long-axis lens arrays 20a and 20b and the width W of the cylindrical
lens 21. - 22 - As shown in Fig. 3, the moving width S of the reciprocation of each of the
long-axis lens arrays ZQ%and the) i?a moqug stroke of the cylin_dricalJens 21 in the X direction, and

the width \R/nbﬁcfhgic‘?/liﬁarlgﬁ 16ns 21 is the width of i ‘tﬁe%%bﬁ'ﬁdﬁééﬁ Tens'in'a réciprocating direction (X

direction). {0046} », Considering-that the non-uniformity of the energy distribution of the beam in the
long axial direction, which causes vertical stripes, is dispersed by reciprocating the 10 long-axis lens
arrays 20aland 20b, the moving width S of the reciprocation of each of the long-axis lens arrays 20e
and 20b may be at least P/3 or more. Further, the moving width S is preferably smaller than the width
W of the cylindrical {éhs-§6 thatthe moVing: stroké ot 836 Bfthie [0RGaxis fehgarrals 204

5 20b are dispesed with a distance therebetween in an optical axis
directicon. A composite focal length of the long-axis lens

arrays 20a and Z0b is determined by the focal lengths of the

in the optical axis direction. Further, a factor, which is used
10 to determine the length of the linear beam in the long axial
direction, includes the composite focal length of the long-axis
lens arrays 20a and 20b. Acccrdingly, if the laser annealing
apparatus is formed to have the structure where the distance
of each of the lens arrays 20a and 20b in the optical axis
15 direction <can be c¢hanged, it is possible to change the length
of the linear beam in the long axial direction by changing the
composite focal length according to need. However, only one
long=axis lens array may be used in the present invention.
[0033]
20 The short-axis homogenizer 2% includes short-axis lens
arrays 26a and Z6bk and a short-axis condensing optical system
{29 and 30). The short—axis lens arrays divide an incident
laser beam 1 into plural beams in the short axial direction.
The short-axis condensing optical system makes the laser beam
25 1, which is divided into the plural beams by the short-axis lens
arrays 26a and Z6b, overlap each cother in the short axial

directlion on the surface of the f£ilm 3 to be irradiated. The



15and 20b does not exceed the lens width W. [0047] Accordingly, it is preferable that the moving
width S and the lens width W be set so as to satisfy the condition of "P/35-S<W". For this reason, the
energy distribution causing 20the vertical stripes is deviated in a direction (horizontal direction in Fig.
2) perpendicular to a substrate transferring direction by a distance corresponding to at least 1/3 of the
pitch P of the stripes. Therefore, it is possible to effectively reduce the occurrence of the visible vertical
25stripes by properly dispersing the vertical stripes. Further, if the condition is P/2<s<w or PS<W, it is

possible ta;fusther .»23;- passibledo.obtaipa larger stipe-feducing effect;[0048} -~ Furthermore, it
has been identified that the pitch P of the vertical stripes is set to about 3 to 4 mm. Therefore, in
includes a short-axis condenser lens 29 and a projection lens

30. The short-axis condenser lens makes the laser beam 1, which
is divided 1nto plural beams by the short-axis lens arrays 26a

5 and 26b, condense each other on an image plane 3 in the short
axial direction. The proiection lens decreases the sheort-axis
image of an image plane S at a predetermined ratio, and projects
the short-axis image onto the surface of the obiect 3 to be
irradiated.

10 [0034)]

In the short-axis homcogenizer 25 having the
above-mentioned structure, the laser beam 1 enlarged by the beam
expander 14 1is divided into plural beams in the short axial
direction by the short-axis lens arrays Z6a and Z6b. The laser

15 beam 1, which passes through the shert-axis lens arrays 26a and
26bh and 1s divided into the beams, is condensed in the short
axial direction by the short-axis condenser lens 29 and then
forms an image on the image plane 3. Subsequently, after the
laser beam is reflected toward the substrate 2 by the vertical

20 reflecting mirror 24, the short-axis image formed on the image
plane 3 is decreased in the short axial direction at a
predetermined ratio and then projected onto the surface of the
object 3 to be lrradiated that is formed on a substrate 2, by
the projection lens 30. The length of the rectangular beam,

25 which is irradiated onto the substrate 2, in the short axia:l
direction may he, for example, several tens um.

[0035]



5 particular, the moving width S is preferably 1.0 mm or more, more preferably 1.5 mm or more, and
most preferably 3.0 mm or more. Even in this case, it is preferable that a. condition of "S<W" be
satisfied. [0049] 10It is preferable that the frequency F of the reciprocation of the long-axis lens arrays
20a and 20b be 5 Hz or more. Fig. 4A is a photograph of a semiconductor film annealed by laser while
the long-axis cylindrical lens arrays 20a and 20b are not reciprocated_ Fig. 43 is a photograph of 15a
semiconductor film annealed by laser while the long-axis cylindrical lens arrays 20a and 20b are

reciprocated at a fre,qﬂu%rglc%/gofezﬁgOl-ézl.nﬁlite can be ngec[‘lnfr(]):rgmlzailg..43 ]ﬂ'éal{[slf ghgrfge u%[llcay Eyi%increased,

horizontal stripes as well as the vertical stripes are feduced o“njlf/s by r'ecipr("icat%ﬁg the 25Fong-axis lens

arrays 20zand-20b (The reason, farthisds guessed:as-follews: there is amastion whetre.the energy
distribution of the laser beam I, which enters a large-sized lens (projection lens 30) set on the rear side
of optical systemfinthe shorraxiakdirettionds!chamged dae o teaeciprocation: 2566 theefong-axis
lens arrays 20a and 20b. The action becomes significant by setting preferable con(ljﬂitéions of the moving

width S andthBWwidth-\Farid inéreakifig thefréquericy F .S dothat -4 £ach of ¢

~

5 short-axis lens arrays 26a and 26b in the cptical axis direction
can ke changed, it is possible to change the width of the
homogenized beam in the short axial direction by changing the
composite focal length according to need. However, only one
short-axis lens array may be used in the present invention.

i0 [0036]

The object 3 to be irradiated with the laser beam 1 is

2 by afilmdeposited method such as a CVD method. An a-51 film
or a compound semiconductor film {amcrphous silicon-germanium
15 film or the 1ike) having amorphous structure is exemplified as
the amorphous semiconductor film.
[CO37]
The substrate 2 12 held by a substrate stage 4, and is
transferred in the short axial direction of the linear besam.
20 As the substrate stage 4 13 moved, the film 3 to be irradiated,
which is formed on the substrate 2, can be scanned in the short
axial direction. The transferring speedof the substrate stage
4 is controlled so that the irradiation is performed several
times per unit region of the surface to be irradiated, that is,
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example, the irradiation is performed so that an overlap ratic

becomes 90% or meore. Meanwhile, the overlap ratio indicates



the horizontal stripes are also reduced. [0050] Further, the polarization direction of the laser beam
1 may correspond to S polarization with respect to the surface 5of an amorphous semiconductor film
3. S polarization corresponds to the polarization direction perpendicular to the incidence plane (the
surface of the amorphous semiconductor film3-in tite present invention), and P polarization
corresponds to thh polarization direction parallel to the incidence plane. 10 Fig. 5 is an SEW
photograph of crystal grains when the amorphous semiconductor film is annealed by a P-polarized
laser beam, and-whenrthe,amerpheysisemicenductot fiknds annealed byran S-pelayizedslaser beam.

When the amorphous semiconductor film is annealed by the S-polarized laser beam, a
15po|ycry§élﬁﬁet3emiﬁbﬁ@Ui:wif@m, \kich hé@éhifbiﬁni %@/ﬁaﬁgréiﬁsﬂ h’é@/ﬂfggg‘tr%ﬁh%ﬁz‘é?%)rg_er
boam, 24 ShoWPAr LU0, 16 CBLiat Rof I FAASBLL K pOBSTIY 10 Gotai o St faduoing
20visible stripes., [0051] . - If P, polarization components are lesser, the effect of reducing visible
stripes is more excellent. Accordingly, the irradiation of an S-polarized laser beantthat is most
preferable,l 2531he alternate irradiation of P- and S-polarized laser beams, the random polarization,
and the irradiation of a P-polarized laser beam are preferable in this order. Further, from the
The substrate stage 4 of this embodiment is set in a
processing chamber 40 of which atmosphere can be controlled to
be vacuum oy a non-cxidizing gas atmesphere. Since the
atmosphere of the processing chamber 40 is controlled to be
16 vacuum or a non-oxidizing gas atmosphere during annealing, the
oxidation of the surface of the object 3 to be irradiated 1is
prevented. Hydrogen or inert gas (nitrogen gas, argon gas,
helium gas, neon gas, or the like) may be used as the
non-cxidizing gas. Meanwhile, at the processing chamber 40
15 transmission window 41 through which the laser beam 1 is
transmitted 1is putbt in.
[0039]
Instead of the above-mentioned structure where the
substrate 2 on which the film 3 to be irradiated is processed
20 in the processing chamber 40, there may be used a method of
blowing inert gas only on portions irradiated with the linear
beam without using the processing chamber 40. This may also
be applied to second to fourth embodiments to be described
below.
25 [0040]

As shown in Fig. 1A, the laser annealing apparatus 10

further includes a long-axis lens array moving apparatus 32 Chat



- 25 - standpoint of the influence of the polarization direction, it is preferable that a solid-state laser
apparatus for generating a linearly polarized laser beam be used as the laser source 12. Meanwhile,
as for second to fourth embodiments to be described 5below, it is also preferable that the polarization
direction of the laser beam 1 correspond. to S po%izgtion. [0052] As shown. in Fig. 1B, the laser
annealing apparatus 10 further includes a short-axis lens array moving apparatus 33 10that
reciprocates the short-axis lens arrays 26a and 26b in a direction corresponding to the short axial
direction of the linear beam .Qi(l-gir(?%tri}on in Fig. J{A gurir%%the Ia§§r irrad(ilatE)@ijlje short-axis lens

array moviﬁ%%pbp%?gtﬁg%ﬁ is autdmat(?c_afh}f/lcon”% ed %y a control device (not shonwr%. 15[0053]

The incident angle;and intensity,of the: lager beamcl entesing.a largersizediens, (the projection lens 30
in this embodiment) of the short-axis condensing optical system, which is set on the rear side, are
changed farievery shetwhilethel rection in Fig. 1A} during the laser
irradiation. The long-axis lens array moving apparatus 32 is
5 automatically controlled by a control unit (not shown).
o041
The incident angle and intensity of the laser beam 1
entering a large-sized lens (the long-axis condenser lens 22
in this embodiment) of the long-axis condensing optical system,
10 which is set on the rear side of optical system, are changed
for every shot while the long-axis lens arrays 20a and 20b are
reciprocated in the direction corresponding to the long axial
direction of the linear heam as described above. Therefore,
the unifermity of the beam in the long axial direction on the
i5 surface to be irradiated is changed for every shot, so that it
is possible to obtain an effect of dispersing vertical stripes
on the surface to be irradiated that are caused by scattered
light generated on the surface of the lens and vertical stripes
are visuallv significantly reduced. As a result, when the

20 overlap ratio is, for example, 90% or nmore, the laser

irradiation is performed so that stripes are not seen.
[0042]

A moving width of the reciprocation of each of the
long-axis lens arrays 20a and 20b is represented by 5; a pitch

of the vertical stripes, which are parallel to the scanning

[
on

direction of the linear beam {the transferring direction of the

substrate 2 in this embediment) and appear visually when laser



20 short-axis lens arrays 26a and 26b are reciprocated in the direction corresponding to the short axial
direction of the linear beam as described above. Therefore, the uniformity of the beam in the short
axial direction on the surface to he irradiated is changed for every shot, so that it is possible 25 to
obtain an effect of dispersing horizontal stripes-on the.surface to be irradiated that are caused by
scattered light generated on the surface of the lens. As a result, the - 26 - horizontal strips are visually
significantly reduced. Meanwhile, as described above, the horizontal stripes as well as vertical

stripes aresreduiged by reciprogatingthe,long-axislens arays 20aand 20b, Accordingly, the laser

5annealing apparatus may have strubture where the short-axis lens arrays 26a and 26b are not
reciprocated andthé only long-axis lerss arrays:2@a and 20b are reciprecated;and maereduce both
vertical stripes and the horizontal stripes by using the structure. 10[0054] In this embodiment,

even though the'[Ehs Eirays"204, 201 264 Gnd26b &ré réciprocated ‘thépositiort ofthe“beam
radiated oqto fhe surface 1o be. irradiated.is not changed, [0053] 15[3econd Embodiment],

5 5 and the width W will be described below.
[0043]
Fig. 72 1s a schematic diagram illustrating the pitch P
of the wvertical stripes. As shown in Fig. 2, the vertical
stripes are composed of bright and dark parts L, and D that appear

10 zlternately. Since Fig. 2 is a schematic diagram, boundaries

in Fig. 2. However, in actual stripes, the bright and darkparts
L and D gradates and appear alternately. Distances Fri, Pz, P
. between the centers of the bright parts L have deviation,
15 and distances distance Ppi, Pps, Pns ... hetween the centers of
the dark parts D have deviaticn.
[0044]
In this specification, the pitch P of the vertical
stripes means any one of an average value Py, of the distances
20 distance P1i, Puz, Pr3 ... between the centers of the bright parts
L, an average value Ppy of the distances distance Ppi, Pre, Pos
. between the centers of the dark parts D, and an average value
of the sum of P;x and Ppa.
[0045]
25 Fig. 3 is a view illustrating the moving width S of the
reciprocation of each of the long-axis lens arrays 20a and 20b

and the width W of the cylindrical lens 21.



Figs. 6A and 6B show the schematic structure of a laser annealing apparatus 10 according to a
second embodiment of the present invention_ As shown. in Fig. 6A, instead of the long-axis lens array
20moving apparatus 32 of the first embodiment, a laser annealing apparatus 10 according to this
embodiment includes a long-axis lens array reciprocate apparatus 34, which reciprocates long-axis
lens arrays 20a and 20b in an optical axis direction (Z-direction in Fig. 6P.,) during the laser irradiation,
as a unit 25for increasing or decreasing relative distances on an optical path between a long-axis

condensing optical system. and lgpgﬂ)&g I%nfs qrﬁ%y%%%ggdvggge%hi@ maintaiping a distance - 27 -

on the optical path between the long-axis condensing optical system (a long-axis condenser lens 22 in
this embodiment)-anc the-sudace of the object 3 to:be irradiatedheonstant; <The longraxisilens array
reciprocate apparatus 34 is automatically 5controlled by a control device (not shown). [0056] The
incident angleand intensity of thelaser beam Trertéfifg a fargeldized Teis {thie longtaxis condenser

lens 22) ot thg long-axis cpndenging optical system, which 1s setondng, . wiaen of the
5 cylindrical lens in a reciprocating direction (¥ direction).
(00461
Considering that the non-uniformity of the energy
distribution of the bheam in the long axial direction, which
causes vertical stripes, is dispersed by reciprccating the
10 long-axis lens arrays 20a and Z0b, the moving width S of the
reciprocation of £ach of the long-axis lens arravys Z20a and 20b
may be at least P/3 or more. Further, the moving width 5 is
preferably smaller than the width W of the cylindrical lens so
that the moving stroke of each of the long-axis lens arrays 20a
15 and 20b does not exceed the lens width W.
(00473
Accordingly, it is preferable tThat the moving width 8
and the lens width W be set g0 as to satisfy the condition of
“P/3<S<W”. For this reason, the energy distribution causing
20 the vertical stripes is deviated 1n a direction (horizontal
direction in Fig. 2) perpendicular to a substrate transferring
direction by a distance corresponding to at least 1/3 of the
pitch P of the stripes. Therefore, it 1s possible to
25 stripes by properly dispersing the vertical stripes. Further,
if the condition is P/2<5<W or P<S<W, it is pessible to further

increase an effect of dispersing stripes. Therefore, 1t Is



10 rear side, are changed for every shot while a distance on the optical path between the long-axis
condensing optical system and the surface of the object 3 to be irradiated is maintained constant and
the relative distances on the optical path between the long-axis condensing optical system and the
long-axis lens 15 arrays 20a and 20b are increased or decreased as described above. Therefore, it is
possible to obtain an effect of dispersing vertical stripes on the surface to be irradiated that are caused
by scattered light generated on the surface of the lens, so that the vertical stripes are significantly

reduced. _E}u{)rtshse{bﬁse 20 de; C{'%)Eg in this re%eblpdémg% Jtis 83@3@%@@@;& increase or decrease the
relative distances on the optical path bétween the Tong-axis condensing opfical system and the

long-axis lens agrays 20a and 20b by reciprocating the long-axis lens arrays 20a and 20b, which are
formed in a small size, in the optical. 25axis direction. [0057] Furthermore, as shown in Fig. 63, instead
of the - 28 - short-axis lemsarrayemoving appatatusiofahs fifstembodimendtetive faser anriealing
apparatus 10 according to this embodiment includes a short-axis condenser lens moving apparatus 35
that reciprb6atedthé shor-a%is 1é1siin'a divettibh ¢orfespondiflg 5t6he shoft@xidl direction of the
linear beam. (¥-direction in,fig- §B),duting, the-laser iradiation, Jiﬁ%h%ft.'@x}%ﬁoc!?%{ﬁé% lens moving

BN

apparatus 35 is automatically controlled by a control device (not shown). [0058
more preferably 1.5 mm cr more, and most preferably 3.0 mm or

more. Even in this case, 1t is preferable that a condition of
“S<W be satisfiled.
(00491

10 It is preferable that the frequency F of the
reciprocation of the long-axis lens arrays 20a and 20b be 5 Hz
or more. Fig. 4A is a photograph of a semiconductor film
anneaiaed by laser while the long-axis cylindrical lens arrays
20a and 20b are not reciprocated. Fig. 4B i1s a photograph of

15 a semiconductor film annealed by laser while the long-axis
cylindrical lens arrays 20a and 20b are reciprocated at a
frequency of 7.5 Hz. It can be seen from Fig. 4B that 1T the
frequency F 1s increased, horizontal stripes as well as the
vertical strives are reduced only by reciprocating the

20 long-axis lens arrays 20a and 20b. The reason for this is
guessed as follows: there is an action where the energy
distribution of the laser beam 1, which enters a large-sized
lens (projection lens 30) set on the rear side of optical systemn,
in the short axial direction is changed due to the reciprocation

25 of the long-axis lens arrays 20a and 20b. The action becomes
significant by setting preferable conditicns of the moving

width 5 and the width W and increasing the fregquency I, so that



10The incident angle and intensity of the laser beam 1 entering the projection lens 30, which is set on
the rear side, are changed for every shot also while the short-axis condenser lens 29, which is set at
the rear of the short-axis lens arrays 26a and 26b, is reciprocated in a direction corresponding to 15the
short axial direction of the linear beam. Thereforey it is possible to obtain an effect of dispersing
horizontal stripes on the surface to be irradiated that are caused by scattered light generated on the
surface of the lens, so that the horizontal stripes are significantly reduced. 20[0059] Other
structure of thisiembodiment isithe same as that of the first embodiment. [0060] [Third Embodiment]
25Figs. 7A and 76 show the schematic structure of a laser annealing apparatus 10 according to a third
embodiment of the present invention.

n

10

20

Further, the polarization direction of the laser beam
1 may correspond to S polarization with respect to the surface
of an amorphous semiconductor film 3. & polarization
corresponds to the polarization direction perpendicular to the
incidence plane (the surface of the amorphous semiconductor
film 3 in the present invention), and Ppolarization corresponds
to the polarization direction parallel to the incidence plane.

Fig. 5 is an SEM photograph of crvstal grains when the
amorphous semiconductor filmis annealed by a P-polarized laser
beam and when the amcrphous semiconductor f£ilm is annealed by
an S-polarized laser beam. When the amorphous semiconductor
film is annealed by the S-pelarized laser beam, a
polycrystalline semiconductor f£ilm, which has uniform crystal
grainsg having grain size larger (coarser) than crystal grains
of a polycrystailine semiconductor film annealed by the
P-polarized laser beam as shown in Fig. 5, is obtained. For
this reason, it is possible to obtaln an effect of reducing
visible stripes.

[0051]

If P polarization components are lesser, the effect of
reducing visible stripes is more excellent. Accordingly, the
irradiation of an S-polarized laser beam that is most preferable,
the alternate irradiation of P- and S-polarized laser beams,
the random polarization, and the irradiation of a P-polarized

laser beam are preferable in this order. Further, from the



-29 - As shown in Fig. 7A, a long-axis homogenizer 19 of a laser annealing apparatus 10
according to this embodiment is composed of a waveguide type homogenizer using a waveguide 39.
That is, the long-axis homogenizer 19 of this embodiment includes a 5 long-axis waveguide 39, a
long-axis introducing lens 38, and a long-axis aptical system 23 used as a long-axis condensing
optical system, which projects the edge face of wave guide 39 to the surface of the film. The long-axis
waveguide divides a laser beam 1 into plural beams in a direction corresponding 10 to the long axial

direction of,a linear beam, The longaxis focusing lensintroduces ihe taser beart 1 infp the long-axis

waveguide 39. The long-axis condensing optical system makes the laser beam 1, which is divided into
the plural heamsdn:thedong:axis waveguities39; icondense avera eachicthier ontthé “15 $urface of
the object 3 to be irradiated. The long-axis optical system 23 of this embodiment is > comp sed of two
cylindrical feRses=23a dng23b: Thedongsaxi s]?ﬁji‘ﬂ@a)é Qysfe éhiarges Al6ig-axis image formed on the

emitting surface %f the Ion |s Wave% éget[ an%t&;g@%%gg@lmg?g@gotgng then projegtsthe

20image onts the surfaace fo & irradi As shown in Fig. 7A, the laser annealing

apparatus 10-according fo this %n@q@mm%&a leng-axisifacusing lens movingtapparatus 36,
which remprocates the long-axis focusing 25 lens 38 in a direction corresponding to the long axial

direction of-thetlinear beam PédiredtiorriniEig o7AY diring tHedasériifradiation. The long-axis focusing
lens movin?G%pszaratus 36 - 30 - is automatically controlled by a control device (not shown). [0062]

As shown in Fig. 1B, the laser annealing apparatus 10

further includes a short-axis lens array moving apparatus 33
10 that reciprocates the short-axis lens arrays 26a and 26k in a

direction corresponding to the short axial direction of the

linear beam (Y-direction in Fig. 1A) during the laser

irradiation. The short-axis lens array moving apparatus 33 is

zutomatically controlled by a control device (noit shown) .
15 [0053]

The incident angle and intensity of the laser beam 1
entering a large-sized lens (the projection lens 30 in this
embodiment) of the short-axis condensing optical system, which
ig set on the rear side, are changed for every shot while the

20 short-axis lens arrays 26a and 26b are reciprocated in the
direction corresponding to the short axial direction of the
linear beam as described above. Therefore, the uniformity of
the beam in the short axial direction on the surface to be
irradiated is changed for every shot, so that it is possible

25 to obtain an effect of dispersing horizontal stripes on the

surface to be irradiated that are caused by scattered light

generated on the surface of the lens. As a result, the



The incident angle and intensity of th.e laser beam. 1 entering large-sized lenses (the cylindrical
lenses 23a and 23b 5in this embodiment) of the long-axis condensing optical system (the long-axis
optical system 23 in this embodiment), which is set on the rear side, are changed for every shot while
the long-axis focusing lens 38 is reciprocated in a d%rection corresponding to the long axial direction of
the linear beam 10as described above. Theref6re,2| is possible to obtain an effect of dispersing
vertical stripes on the surface to be irradiated that are caused by scattered light generated on the
surface of the lens, so that the vertical stripes are significantly reduced. 1§§g63; s shown in Ti.73,

instead of ﬁfér%?ta%ds fens drfay moving apparatts 33°0t the first embodiment; the laser annealing
apparatus 10 accorging, to this embadiment includes.a mipor filting.apparatys 37 . The:mireor tilting

apparatus 37 tilts 20 the reflecting mirror ilb during the laser irradiation so that a li.near beam is
reciprocategsintheishost axdalk: directien. ;The-mirertilting apparatys 3Z4s automatically controlled by a
control device (not shown).
long-axis lens arrays 20a and 20b. Accordingly, the laser
5 annealing apparatus may have structure where the short-axis

lens arrays 26a and 26b are not reciprocated and the only

iong-axis lens arrays 20a and 2Z0b are reciprocated, and may

the structure.
10 [0054]

Tn this embodiment, even though the lens arrays 20a, 20b,
26a, and 26b are reciprocated, the position of the beam radiated
onto the surface to be irradiated is not changed.

[0055]
15 [Second Embodiment]

Figs. 6A and 6B show the schematic structure of a laser
annealing apparatus 10 according to a second embodiment of the
present invention.

As shown in Fig. 6k, instead of the long-axis lens array

20 moving apparatus 32 of the first embodiment, a laser annealing
apparatus 10 according to this embodiment includes a long-axis
lens array reciprocate apparatus 34, which reciprocates
long-axis lens arrays 20a and 20b in an optical axis direction
(z-direction in Fig. 6A) during the laser irradiation, as aunit

25 for increasing or decreasing relative distances on an optical
path between a long-axis condensing optical system and

long-axis lens arrays 20a and 20b while maintaining a distance



[0064] 25The incident angle and intensity of the laser beam 1 entering large-sized lenses (the
projection lens 30 and the cylindrical lenses 23a and 23b in this embodiment), which is - 31 - set on
thb rear side, are changed for every shot by tilting the reflecting mirror lla, which is provided on the
optical path on the upstream side of the short-axis, homogenizer 25 as described above. Accordingly,
the linear beam is reciprocated 5 in the short axial direction. Therefore, it is possible to obtain an
effect of dispersing horizontal stripes on the surface to be irradiated that are caused by scattered light

generated on the surface of the lens, so.that the horizontal stripes are significantly reduced. In this
case, the s%%rt“-g%sof%hloﬁog&ﬁéf o5 m%(i"/ebne 5?11)? oﬁ%n(% alens arra‘y%fype 6%0%@272% and a

optical path on the upstream side of the short-axis homogenizer 25, any reflecting mirror may be used.
Alternativety, ¢he reffecting d5niiirer ha heaybettilted instehdof the refléctrror{0065]. The

long-axis lens array reciprocate apparatus 34 is automatically

controlled by a control device {(not shown).

on

[0058]

10 rear side, are changed for every shot while a distance on the
optical path between the long-axis condensing optical systen
and the surface of the object 3 to be irradiated is maintained
constant and the relative distances on the cptical path between
the long-axis condensing optical system and the long-axis lens

15 arrays 20a and 20b are increased or decreased as described above.
Therefore, it is possible to obtain an effect of dispersing
vertical stripes on the surface to be irradiated that are caused
by scattered light generated on the surface of the lens, so that
the vertical stripes are significantly reduced. Further, as

20 described in this embodiment, it is possible to easily increase
or decrease the relative distances on the optical path between
the long~axis condensing optical system and the long-axis iens
arrays 20a and 20b by reciprocating the long-axis lens arrays
20a and 20b, which are formed in a small size, in the optical

25 axls direction.

[0057]

Furthermore, as shown in Fig. 6B, instead of the



Other structure of this embodiment is the same as that of the first embodiment. [0066] 20[Fourth
Embodiment] Figs. HA and 86 show the schematic structure of a laser annealing apparatus 10
according to a fourth embodiment of the present invention. As shown in Fig. 86, a short-axis
homogenizer 25 of a 25 laser annealing apparatus: 10 according to this embodiment is composed of a
waveguide type homogenizer using a waveguide 44. That is, the short-axis homogenizer 25 of this
embodiment - 32 - includes a short-axis waveguide 44, a short-axis focusing lens 43, and a short-axis
optical systemA81axandi3ib) usetasia-short-axis condensing eptcal systeamithe: short-axis
waveguide 44 divides a laser beam 1 into plural beams in a direction corresponding to the short axial
direction of ddinea? bearm. Fhe shortaxisfoetsing lens 43 ntrodaces thé lasermbeam 19nto the
short-axis %avF‘g(lF{idg 4»'4?5qu t'sborti,a“g(isé pggdensing .ogical system makes the laser beam 1, which is
divided into'plural beams’By the Shiort-axid Waveguide44: cbndense BakA’6thél"106 the surface of
the object 340 he irragiated, Theshort-axis face optical system af this embogiment is gpmposed of two
cylindrical lenses 31a and 31b. The short-axis face optical system decreases a short-axis’ image
formed onttheemittiig-surfacei efithe ishert=axis waveguide 44 at a predetermined-ratio; on
in Fig. 6B) during the laser irradiaticn. The short-axis
condenser lens moving apparatus 35 is automatically controlled
by a control device (not shown).
[0058]
19 The incident angle and intensity of the laser beam 1
entering the projection lens 30, which 1s set on the rear side,
are changed for every shot also while the short-axis condenser
lens 29, which is set at the rear of the short-axis lens arrays
Zfa and Ztb, 1s reciprocated in a direction corresponding Lo
15 the short axial direction of the linear beam. Therefore, 1t
iz possible tocohtain an effect of dispersing horizontal stripes
on the surface to be irradiated that are caused by scattered
light generated on the surface of the lens, so that the
horizontal stripes are significantly reduced.
20 [0059]
Cther structure of this embodiment is the same as that
of the first embodiment.
(00607
[Third Embodiment]
2h Figse. 7A and 7B show the schematic structure of a laser
annealing apparatus 10 according to a third embodiment of the

present invention.



15and than projects the image onto the surface to be irradiated. [0067] Further, as shown in Fig.
8B, the laser annealing apparatus 10 according to this embodiment includes a short-axis focusing lens
moving apparatus 45 that reciprocates the 20 short-axis focusing lens 43 in a direction corresponding

to the short axial direction of the linear beam (Y-dirgction in Fig. 8B) during the laser irradiation. [0068]
The incident angle and intensity of the laser beam 1 25entering large-sized lenses (the cylindrical lens
31b and the long-axis condenser lens 22 in this embodiment) of the short-axis condensing optical

system, which is Seﬁg%%ev{é?%rn £33, Side, are changed fof 81\6%%{.@%% while,the Sﬁhei’g'sa@@ focusing

lens 43 is reciprocated in a direction corresponding to the short axial. direction of the linear beam as

described abave. Aecordingly it is{possibie to-abtaintan effect of dispersing horizentaksteiges on the
surface to be irradiated that are caused by scattered light generated on the surface of the lens, so that
the horizontal stripes are sigriificanth redueed 2[0069] 1 ng a waveguide 39. That is,

the long-axis homogenizer 1% of this embodiment includes a
o long~axis waveguide 29, a long-axis introducing lens 38, and

a2 iong-axis optical system 23 used as a long-axis condensing

to the surface of the film. The long-axis waveguide divides
a laser beam 1 into plural beams in a direction correspending
10 to the long axial directicon of a linear beam. The long-axis
focusing lens introduces the laser beam 1 into the long-axis
waveguilde 39, The long-axis condensing optical sysiem makes
the laser beam 1, which is divided into the plural beams by the
long-axis wavegulde 39, condense overlap each other on the
15 surface of the obiect 3 tobe irradiated. The long-axis cptical
system 23 cf this embodiment is composed of two cylindrical
ienges 23a and 23b. The long-axis optical system enlarges a
long-axis image formed on the emitting surface of the long-axis
waveguide 39 at a predetermined ratio, and then projects the
20 image onto the surface to be irradiated.
[0061]

As shown in Fig. 7A, the laser annealing apparatus 10
according to this embodiment includes a long-axis focusing lens
moving apparatus 36, which reciprocates the long-axis focusing

25 lens 38 ina direction corresponding to the long axial directieon
of the linear beam (X-direction in Fig. 7A} during the laser

irradiation. The long-axis focusing lens moving apparatus 36



Meanwhile, the combination of the structure for reducing 10the vertical stripes and the structure for
reducing the horizontal stripes is not limited to the structure described in each embodiment.The
structure for reducing the vertical stripes and the structure for reducing the horizontal stripes may be
combined while being freely interchanged betweefthe 15embodiments. [0070] The embodiments
of the present invention have been described above. However, the above-described embodiments are
illustrative in all aspects, and the scope of the present 20 invention is not limited to the embodiments of
the present invention, The scope of the present invention is defined by the appended clajms, and all
changes and modifications that fall within meets and bounds of the claims, or equivalences of such
meets andildaurids are therefore intended to be embraced by the 25claims. - 34 -

The incident angle and intensity of Lhe laser beam 1

in this embodiment} of the long-axis condensing optical system

[

(the long-axis optical system 23 in this embodiment), which is
set on the rear side, are changed for every shcot while the
leng~axis focusing lens 38 1is reciprocated in a direction
corresponding to the long axial direction cf the linear beam

10 as described above. Therefore, 1t is possible to obtain an
effect of dispersing vertical stripes on the surface to he
irradiated that are caused by scattered light generated on the
surface of the lens, so that the vertical stripes are
significantly reduced.

15 [0063]

moving apparatus 33 of the first embodiment, the laser annealing
apparatus 10 according to this embodiment includes a mirror
tilting apparatus 37. The mirror tilting apparatus 37 tilts
20 the reflecting mirror 11b during the laser irradiation so that
a linear beam is reciprocated in the short axial direction. The
mirror tilting apparatus 37 1s automatically contrelled by a
control device (not shown).
(0064}
25 The incident angle and intensity of the laser beam 1
entering large-sized lenses {the projecticn lens 30 and the

cylindrical lenses 23a and 23b in this embodiment), which 1s



WHAT IS CLAIMED IS: 1. A laser annealing method that shapes a laser beam generated by laser
oscillation in order to condense the laser beam into a linear beam on the surface of an object to be 5
irradiated, relatively scans the object to be irradiated with the linear beam in a short axial direction of
the linear beam so that the irradiation of the laser heam overlaps each other, and anneals the surface
of the object to be irradiated by laser irradiation, the laser annealing method comprising: 10 dividing
the laser beam into plural beams in a direction corresponding to a long axial direction of the linear
beam by Iongt-axis Iqéls arrays; making the laser beam, which is divided %/ the long-axis lens

C f

arrays, condensé each dthar ir thelory axial diréétion 150n the Sutfite btthe objebftd BE irradiated,
by a long-axis condensing optical system;.and.p, isr%%r\%a@fag the long-axis lens;arrays,in a

direction corresponding to the long axial direction of the linear beam during the laser irradiation,
20whereincar mavinguwidth S=of theé deciprocatien ©f the long:iaxis tensarrays4s one thikds or more of a
pitch P of stripes, which appear visually when laser annealing is performed without the reciprocation,
and the m&ViAg widthis1eSs than AW 6f-&ach §lihdAEal Tens of the foRgladscated

5 in the short axial directicn. Therefore, it 1s possible to
cbtain an effect of dispersing horizental stripes on the surface
toc be irradiated that are caused by scattered light generated
cn the surface of the lens, so that the horizontal stripes are
significantly reduced. In this case, the short-axis

10 homogenlzer 25 may be any one of a lens array type homogenizer
and a waveguide fype homogenizer. Further, as long as the
reflecting mirror to be tilted is provided on the optical path
on the upstream side of the short-axis homogenizer 25, any
reflecting mirror may ke used. Alternatively, the reflecting

15 mirror 1la may be tilted instead of the reflecting mirror 11b.
[00s85]

Other structure of this embodiment is the same as that
of the first embodiment.
[0D&66]

20 [Fourth Embodiment}

Figs. BA and 8B show the schematic structure of a laser
annealing apparatus 10 according to a fourth embodiment of the
present invention.

As shown in Fig. 8B, a short-axis homogenizer 25 of a

25 laser annealing apparatus 10 according to this embodiment is
composed of a waveguilde type homogenizer using a waveguide 44.

That is, the short-axis homogenizer Z5 of this embodiment



25lens arrays. - 35- 2. The laser annealing method according to claim 1, wherein the pitch P of
stripes is 3.0mm or more, and the moving width S of the long-axis lens arrays is 1.0mm or more.

3. A laser annealing method that shapes a laser beam generated by laser oscillation in order to
condense the laser beam into a linear beam on the surface of an object to be irradiated, relatively
scans the object to be irradiated with the linear beam in a short axial direction of the linear beam 10 so
that the irradiation of the laser beam overlaps each other, and anneals the surface of the object to be
rradiated by laser iagiatien, the.laser apealing nathod camprising. . . ¢ diding he daser beam into
plural beams in a direction corresponding to a long axial direction of the linear beam by 15long-axis
lens arrays;3, =#making the-lasexbeamywhichiisdividech by the longsaxis lens.arrays; overlap each
other in the long axial direction on the surface of the object to be irradiated, by a long-axis condensing
optical systémrand 20incredsing 6f decreasingrrelative ‘distancés onarapticar path between the

long-axis condensing optical syst
g wa vegulé% p4 y1xpk:a,Laser beam 1 into plural beams in a
5 direction corresponding to the short axial directionof a linear

beam. The short-axis focusing lens 43 introduces the laser beam
1 into the short-axis waveguide 44. The short-axis condensing
optical system makes the laser beam 1, which is divided into
plural beams by the short-axis wavegulde 44, condense each other

10 on the surface of the object 3 to be irradiated. The short-axis
face optical system of this embodiment 1s composed of two
cylindrical lenses 3la and 31lb. The short-axis face optical
system decreases a short-axis image formed on the emitting
surface of the short-axis waveguide 44 at a predetermined ratio,

15 and then projects the image onto the surface to be irradiated.
[0067]

Further, as shown in Fig. 8B, the laser anneallng
apparatus 10 according to this embodiment includes a short-axis
focusing lens moving apparatus 45 that reciprocates the

20 short-axis focusing lens 42 in a direction corresponding to the
short axial direction of the linear beam (Y-direction in Fig.
8B) during the laser irradiation.

[0068]

The incident angle and intensity of the laser beam 1

25 entering large-sized lenses (the cylindrical lens 31b and the
leng-axis condenser lens 22 in this embodiment) of the

short-axis condensing optical system, which is set on the rear



- 36 - and the long-axis lens arrays during the laser irradiation, while a distance on an optical path
betyveep the long-axis condensing optical system and the surface of the object to be irradiated is
mamtamgd constant. 5 4. The laser annealing method according to claim 3, wherein the
relatlve_dlstances on the optical path between the.leng-axis condensing optical system and the
Iong-aX|s _Ien; arrays are increased or decreased b§/ 10reciprocating the long-axis lens arrays in an
optical axis direction. 5. A laser annealing method that shapes a laser beam generated by laser

oo ; : .
oscillation in,order toé:oc”?aev??%@;h%?»s%r 15be§?@o'9t%@i'TS%@@%!H&P@%>§yéfa§@cojga1h@bject to be

. . 1 T nat . i SR £
irradiated, fdgﬁ\ie@/ scans thé object to be irfadiated with the linear beam in a short axial direction of

the linear beam sg thatthe rradiation ot theilaser heamcoverlaps each otherdand ahnealsthe surface
of the object to be irradiated by laser 20irradiation, the laser annealing method comprising:

focusing therlaser heam intoia fongiaxis wavegtide by alofgakisifoctisingiensd 2007
Lccordingly, it is possible to obtailn an ceffect of dispersing

horizontal stripes on the surface to be irradiated that are

N

caused by scattered light generated on the surface of the lens,
so that the horizontal stripes are significantly reduced.
[0069]
Meanwhile, the combination of The structure for reducing
10 the vertical stripes and the structure for reducing the
horizontal stripes is not limited to the structure described
in each embcocdiment. The structure for reducing the vertical
stripes and the structure for reducing the horizontal stripes
may be complned while being freely interchanged between the
15 embodinents.
roc703
The embodiments of the present invention have been
described above. However,theabove—describedembedimentsare

ive in all aspects, and the scope of the present

o

illustra
20 invention is not limited to the embodiments of the present
invention. The scope of the present invention is defined by
theappendedclaims,andallchangesandnmdiﬁicationsthatfall
within meets and bounds of the claims, oOr equivalences of such

mects and bounds are therefore intended to pe embraced by the

25 claims.



dividing the laser beam into plural beams in a direction corresponding to a long axial direction of the
linear beam by 25the long-axis waveguide; making the laser beam, which is divided by the
long-axis waveguide, overlap each other in the long axial direction on - 37 - the surface of the object
to be irradiated, by a long-axis condensing optical system; and reciprocating the long-axis
focusing lens in a direction corresponding to the long;axial direction of the linear beam 5during the
laser irradiation, wherein a moving width S of the reciprocation of the long-axis focusing lens is
one thirds or more of a pitch P of stripes, which appear visually when laser annealing is performed
without the regipracation-1Q1 e 67 A.laser annealing apparatus that shapes a laser beam generated
by laser oscillation in order to condense the laserbeam into a linear beam on the surface of an object
to be irradiated, relativély séans:therobject:te loenigradiatedwitm 45 thedinear beamswra shart axial
direction of the linear beam so that the irradiation of the laser beam overlaps each other, and anneals
the surface ofth&bjéctdote ifadiatstrby laset iratlibtion?: fifelldser anmdaling apparatusscomprising:

long-axis lenso%rg%ysitz&aédri;tVini%%ea?sgégr%a@nm%%e surface of an object fo be
5 irradiated, relatively scans the obiject to be irradiated with
the linear beam in a short axial direction of the linear beam
50 that the irradiation of the laser beam overlaps each other,
and anneals the surface of the object to be irradiated by laser
irradiation, the laser annealing method comprising:

10 dividing the laser beam into plural beams in a direction
corresponding to a long axial direction of the linear beam by
long-axis lens arrays;

making the laser beam, which is divided by the long-axis
lens arrays, condense each other in the long axial direction

on the surface of the obiject te be irradiated, by a long-axis

ot
[ 831

condensing optical system; and

reciprocating the long-axis lens arrays in a direction
corresponding to the long axial direction of the linear beam
during the laser irradiation,

20 wherein a moving width § of the reciprocation of the
long-axis lens arrays is one thirds or more of a pitch P of
stripes, which appear visually when laser annealing is
performed without the reciprocation, and the moving width is
less than a width W of each cylindrical lens of the long-axis

25 lens arrays.



20plural beams in a direction corresponding to a long axial direction of the linear beam; a
long-axis condensing optical system that makes the laser beam, which is divided by the Iong-ax!s lens
arrays, condense each other in the long axial direction on the surface 250f the object to be wraqhatgd;
and a long-axis lens array moving device that reciprocates the long-axis lens arrays in a direction
corresponding to the - 37a - long axial direction af the linear beam during the laser irradiation,
wherein a moving width S of the reciprocation of the long-axis lens arrays is one thirds or more of a
pitch P of 5stripes, which appear visually when laser annealing is performed without the reciprocation,

and the moving width is less than a width, W of each, eyingtical lens. of the long-axis lens arrays. 10

wherein the pitch P of stripés is 3.0mm or more, and the

moving width S of the long-axis lens arrays is 1.0mm or more.

5 3. A laser annealing method that shapes a laser beam
generated by laser oscillation in order to condense the laser
beam into a linear beam on the surface of an object to be
irradiated, relatively scans the object to be irradiated with
the linear beam in a short axial direction of the linear beam

10 g0 that the irradiation of the laser beam overlaps each other,
and anneals the surface of the cbiect to be irradiated by laser
irradiation, the laser annealing method comprising:

dividing the laser beam into plural beams in a direction
corresponding to a long axial direction of the linear beam by

15 long~axis lens arrays;

making the laser beam, which is divided by the long-axis
lens arrays, overlap each other in the long axial direction on
the surface of the object to be irradiated, by a long-axis
condensing optical system; and

20 increasing or decreasing relative distances on an

optical path between the long-axis condensing optical system



- 38 - V. The laser annealing apparatus according to claim 6, wherein the pitch P of stripes is 3.0mm or
more, and the moving width S of the long-axis lens arrays is 1.0mm or more. 8. A laser annealing
apparatus that shapes a laser beam generated by laser oscillation in order to condense the laser
beam into a linear beam on the surface of an object to be irradiated, relatively scans the object to be
irradiated with the linear beam in a short axial directief of the linear beam 10 so that the irradiation of
the laser beam overlaps each other, and anneals the surface of the object to be irradiated by laser
irradiation, the laser annealing apparatus comprising: long-axis lens arrays that divide the laser
beam into plurahbeams inadirection cerresponding taia langaxiak 15directionof the linearbeam; - 39
- a long-axis condensing optical system that makes the laser beam, which is divided by the
long-axis lens"attays, Bofdénse’ eScly btiiet IREid fong @daldirsctionson thessurface-ofthe object to be

irradiated; and . e . - . .
condensing optical system and the surface of the object to be

irrvadiated is maintained constant.

93]

4. The laser annealing method according to claim 3,
wherein the relative distances on the optical path
between the long-axis condensing optical system and the
long-axis lens arrays are increased or decreased Dy
10 reciprocating the long-axis lens arrays in an optical axis

direction.

5. A laser annealing method that shapes a laser beam
generated by laser oscillation in order to condense the laser
15 beam into a linear beam on the surface of an object to be
irradiated, relatively scans the obiject to be irradiated with
the linear beam in a short axial direction of the linear beam
$0 that the irradiation of the laser beam overlaps each other,
and anneals the surface of the object to be irradiated by laser
20 irradiatiocn, the laser annealing method comprising:
focusing the laser beam into a long-axls waveguide by
a long-axis focusing lens;
dividing the laser beam into plural beams in a direction
correspoending to a long axial direction of the linear beam by
25 the long-axis waveguide;
making the laser beam, which is divided by the long-axis

waveguide, overlap each other in the long axial direction on



5a long-axis lens array reciprocating apparatus that reciprocates the long-axis lens arrays in a
direction corresponding to an optical axis direction during the laser irradiation., wherein a moving width
S of the reciprocation of the 10long-axis lens arrays is one thirds or more of a pitch P of stripes, which
appear visually when laser annealing is performed without the reciprocation. 9. A laser annealing
apparatus that shapes a laser beam 15generated.byslaser oscillation in order to condense the laser
beam into a linear beam on the surface of an object to be irradiated, relatively scans the object to be
irradiated with the linear beam in a short axial direction of the linear beam so that the irradiation of the
laser beam ovatlaPs each-ather, 20and anneals the surface ot the.ohjecttg be ,'5@9!;&1%(% by laser
irradiation, the laser annealing apparatus comprising: a. long-axis waveguide that divides the
laser beam Intooplialbieamsin-a diréction cerespoending to a long axial direction of the linear beam;

25a long-axis focusing lens that introduces the laser beam
reciprocating the long-axls focusing lens in & direction

corresponding to the long axial direction of the linear beam

o

during the laser irradiation,

wherein a moving width S of the reciprocation of the
long-axis focusing lens is cne thirds or more of a pitch P of
stripes, which appear visually when laser annealing is
performed without the reciprocation,
10

6. A laser annealing apparatus that shapes a laser beam
generated by laser oscillation in order to condense the laser
beam inte a linear beam on the surface of an object to be
irradiated, relatively scans the object to be irradiated with

15 the linear beam in a short axial direction of the linear beam
so that the lrradiation of the laser beam overlaps each other,
and anneals the surface of the object to be irradiated by laser
irradiation, the laser annealing apparatus comprising:

long-axis lens arrays that divide the laser beam into

20 piural beams in a direction corresponding to a long axial
direction of the linear beam;

a long-axis cbndensing cptical system that makes the
laser beam, which is divided by the long-axis lens arrays,
condense each other in the long axial direction on the surface

25 of the cobject to be irradiated; and

a long-axis lens array moving device that reciprocates

the long-axis lens arrays in a direction corresponding to the



into the long-axis waveguide; a long-axis condensing optical system that makes the - 39a - laser
beam, which is divided by the long-axis wavegbide, condense each other in the long axial direction on
the surface of the object to be irradiated; and a long-axis focusing lens moving apparatus that - 40 -
reciprocates the long-axis introducing lens in a direction corresponding to the long axial direction of the
linear beam during the laser irradiation, wherein.a moving width S of the reciprocation of the
5long-axis introducing lens is one thirds or moreof a pitch P of stripes, which appear visually when
laser annealing is performed without the reciprocation.

long axial direction of the linear beam during the laser
irradiation,
whereln a moving width S of the reciprocation of the
long-axis lens arrays is one thirds or more of a pitch P of
5 stripes, which appear visually when laser annealing is
performed without the reciprocation, and the moving width is
less than a width W of each cylindrical lens of the long-axis

lens arrays.

1G



10. A laser annealing method that shapes a laser beam 10generated by laser oscillation in order to
condense the laser beam into a linear beam on the surface of an object to be irradiated, relatively
scans the object to be irradiated with the linear beam in a short axial direction of the linear beam so
that the irradiation of the laser beam overlaps each other, 15and anneals the surface of the object to
be irradiated by laser irradiation, the laser annealing sethod comprising: dividing the laser beam
into plural beams in a direction corresponding to the short axial direction of the linear beam by
short-axis lens arrays; 20making the laser beam, which is divided by the short-axis lens arrays,

overlap each other in the sheitaxial directian onithe surface.ofitheobject1o.be irradiated, by a
short-axis condensing optical system; and reciprocating the short-axis lens arrays in a direction
25corresponding to thershor Bxialdiredtionhofthe linean beami duting:thedasenireadiatiant wherein a

moving width S of the reciprocation of the ,
moving width 5 of the long-axis lens arrays is 1.0mm or more.

5 8. A laser annealing apparatus that shapes a laser bean
generated by laser coscillation in order to condense the laser
beam into a linear beam on the surface of an cbject to be
irradiated, relatively scans the object to be irradiated with
the linear beam in & short axial direction of the linear beam

10 so that the irradiation of the laser beam overlaps each other,
and anneals the surface of the object to be irradiated by laser
irradiatign, the laser annealing apparatus comprising:

long—axis lens arrays that divide the laser beam into
plural beams in a direction corresponding to a lcng axial

15 direction of the linear beam:



- 40a - short-axis lens arrays is one thirds or more of a pitch P of stripes, which appear visually when
laser annealing is performed without the reciprocation, and the moving width is less than a width W of
each cylindrical lens of the short-axis 5lens arrays 11. A laser annealing method that shapes a laser
beam generated by laser oscillation in order to condense the laser beam into a linear beam on the
surface of an object to be 10irradiated, relatively scans the object to be irradiated with - 41 - the linear
beam in a short axial direction of the linear beam so that the irradiation of the laser beam overlaps
each other, and anneals the surface of the object to be irradiated by laser irradiation, the laser

annealing method comprising; 5, dividing the laser beam intq plural.heams jn.a diregtion  ,
corresponding to the short axial direction of the linear beam by short-axis lens arrays;
laser beam, which is divided by the long-axis lens arrays,
condense each other in the long axial direction on the surface
of the object to bhe irradiated; and
5 a long-axis lens array reciprocating apparatus that
reciprocates the long-axis lens arrays in a direction
corresponding to an optical axis direction during the laser
irradiation,
wherein a moving width S of the reciprocation of the
10 long-axis lens arrays is one thirds or more of a pitch P of

stripes, which appear visually when laser annealing is

performed without the reciprocation.

9. A laser annealing apparatus that shapes a laser beam
15 generated by laser oscillation in order to condense the laser
beam into a linear beam on the surface of an cbhiject to be
irradiated, relatively scans the object to be irradiated with
the linear beam in a short axial direction of the linear beam
so that the irradiation of the laser beam overlaps each other,
20 and anneals the surface of the object to be irradiated by laser
irradiation, the laser annealing apparatus comprising:

a long-axis waveguide that divides the laser beam into
plural beams in a direction corresponding to a long axial
direction of the linear beam;

25 a long-axis focusing lens that introduces the laser beam
into the long-axis waveguide; |

a long-axis condensing optical system that makes the



making the laser beam, which is divided by the short-axis lens arrays, condense each other in the
short axial direction 10on an image plane, by a short-axis condenser lens; decreasing a
short-axis image of the image plane at a predetermined ratio and projecting the short-axis image onto
the surface of the object to be irradiated, by a projection lens; and 15reciprocating the short-axis
condenser lens in a direction corresponding to the shgtt axial direction of the linear beam during the
laser irradiation, wherein a moving width S of the reciprocation on the surface of the object is one
third or more of a pitch P of stripes, 20which appear visually when laser annealing is performed

without the regi tion. 12. nneali ethod that shapes a laser beam . generated by
(iQrs%Cla BQaH’L, ’% \32&! ?ﬁgl cﬂ@ﬁz céag .ane thPno* AX1S W dg

. . VeI .
laser oscillation in order to condense the lase info a linear beam on the surface of an object
to be condense each other in the long axial direction on the surface

of the object to be irradiated; and

a long-axis focusing lens moving apparatus that



irradiated, relatively scans the object to be irradiated with the linear beam in a short axial direction of
the linear beam - 41a - so that the irradiation of the laser beam overlaps each other, and anneals the
surface of the object to be irradiated by laser irradiation, the laser annealing method comprising:
uniformizing light intensity distribution in the short - 42 - axial direction of the linear beam by a
short-axis homogenizer; and tilting a reflecting mirrar, which is provided on an optical path on the
upstream side of the short-axis homogenizer, 5during the laser irradiation so that the linear beam is
reciprocated in the short axial direction,

reciprocates the long-axis introducing lens in a direction

corresponding to the long axial direction of the linear beam
during the laser irradiation,
wherein a moving width $ of the reciprocation of the
5 long-axis intreoducing lens is one thirds or more of a pitch P
of stripes,  which appear visually when laser annealing is

performed without the reciprocation.

10. A laser annealing method that shapes a laser beam

10 generated by laser oscillation in order to condense the laser

- beam intec a linear beam on the surface of an object to be
irradiated, relatively scans the object to be irradiated with
the linear beam in a short axial direction of the linear beam
so that the irradiation of the laser beam overlaps each other,

15 and anneals the surface of the object to be irradiated by laser
irradiation, the laser annealing method comprising:

dividing the laser beam into plural beams in a direction
corresponding to the short axial direction of the linear beam
by short-axis lens arrays;

20 making the laser beam, which is divided by the short-axis
lens arrays, overlap each other in the short axial direction
on the surface of the object to be irradiated, by a short-axis
condensing optical system; and

reciprocating the short-axis lens arrays in a direction

25 corresponding to the short axial direction of the linear beam

during the laser irradiation,

wherein a moving width S of the reciprocation of the



wherein a moving width S of the reciprocation on the surface of the object is one thirds or more of a
pitch P of stripes, which appear visually when laser annealing is performed without 10the
reciprocation. 13. A laser annealing method that shapes a lase, beam generated by laser
oscillation in order to condense the laser beam into a linear beam on the surface of an object to be 15
irradiated, relatively scans the object to be irradiated wjth the linear beam in a short axial direction of
the linear beam so that the irradiation of the laser beam overlaps each other, and anneals the surface
of the object to be irradiated by laser irradiation, the laser annealing method comprising: 20focusing
j[he laser bea@k{'gtﬂ:@ $ gg-gp(é%\é/aé/%gidg l:iyS a OS‘rjece)rt:%)](ti% C1§1oscusi.rl%:h(ljeffnes;O : adivlj(%ig% tEeOI ser beam
into plural beams in a direction correspor\{alng to the short axial direction offthe linear bean y the
short-axis waveguige;s25makingtheslaser bean, svhich is divided by-the shost-axis waveguide, overlap
each other in the short axial direction on the surface of the object to be irradiated, by a short-axis
performed without the reciprocation, and the moving width is

less than a width W of each cylindrical lens of the short-axis

5 lens arravys.

11l. A laser anncaling method that shapes a laser beam
generated by laser coscillation in order to ceondense the laser
beam intc a linear beam on the surface of an object to be

10 irradiated, relatively scans the object to be irradiated with



- 42a - condensing optical system; and reciprocating the short-axis focusing lens in a direction
corresponding to the short axial direction of the linear beam during the laser irradiation, 5wherein a
moving width S of the reciprocation of the short-axis focusing lens is one thirds or more of a pitch P of
stripes, which appear visually when laser annealing is performed without the reciprocation_ - 43 -

14. A laser annealing apparatus that shapes a laser peam generated by laser oscillation in order to
condense the laser beam into a linear beam on the surface of an object to be irradiated, relatively
scans the object to be irradiated with 5 the linear beam in a short axial direction of the linear beam so
that the irradiation of the-lasge hgamoyeraps eagh other; and anneals,the gurfage of the object to be
irradiated by laser irradiation, the laser annealing apparatus comprising: short-axis lens arrays that
divide the laserch&amtintbe irradiation of the laser beam overlaps each other,

and anneals the surface of the ohject to be irradiated by laser
irradiation, the laser annealing method comprising:

dividing the laser beam into plural beams in a direction

N

corresponding to the short axial direction of the linear beam
by short-axis lens arrays;
making the laser beam, which is dividedby the short-axis
lens arrays, condense each other in the short axial direction
10 on an image plane, by a short-axis condenser lens;
decreasing & short-axis image of the image plane at a
predetermined ratio and projecting the short-axis image onto
thesurfacetﬂftheobjectTx)beirradiat@d,by&aprojectionlens;
and
15 reciprocating the short-axis condenser lens in a
direction corresponding to the short axial direction of the
linear beam during the laser irradiation,
wherein a moving width $ cf the réciprocation on the
surface of the object is one thirdor more of a pitch P of stripes,
20 which appear visually when laser annealing is performed without

the reciprocation.

12. A laser annealing method that shapes a laser beam
generated by laser oscillation in order to condense the laser

25 beam into a linear beam on the surface of an object to be
irradiated, relatively scans the obiject to be irradiated with

the linear beam in a short axial direction of the linear beam



10plural beams in a direction corresponding to the short axial direction of the linear beam; a short-axis
condensing optical system that makes the laser beam, which is divided by the short-axis lens arrays,
overlap each other in the short axial direction on the surface 150f the object to be irradiated; and a
short-axis lens array moving apparatus that reciprocates the short-axis lens arrays in a direction
corresponding to the short axial direction of the linear;peam during the laser irradiation, 20wherein a
moving width S of the reciprocation of the short-axis lens arrays is one thirds or more of a pitch P of
stripes, which appear visually when laser annealing is performed without the reciprocation, and the

moving width isJessthap.a width.W.of each gylindricalJens of the shorkaxds 25lens arrays,
and anneals the surface of the object to be irradiated by laser
irradiation, the laser annealing method comprising:

uniformizing light intensity distribution in the short



15. A laser annealing apparatus that shapes a laser - 43a - beam generated by laser oscillation in
order to condense the laser beam into a linear beam on. the surface of an object to be irradiated,
relatively scans the object to be irradiated with the linear beam in a short axial direction of the linear
beam 5so0 that the irradiation of the laser beam overlaps each other, - 44 - and anneals the surface of

the object to be irradiated by laser irradiation, the lasgf annealing apparatus comprising: _
short-axis lens arrays that divide the laser beam into plural beams in a direction corresponding to the
short axial 5direction of the linear beam; a short-axis condenser lens that makes the laser beam,

which is divided by the; shorl-axs lons aTays,, gveria eagh other,In the short axial direction on an
Image plane; a projection lens tﬁat ecreases a snort-axis }/mage 0]
and
tilting a reflecting mirror, which is provided on an
optical path on the upstream side of the short-axis homogenizer,
3 during the laser irradiation so that the linear beam is
reciprocated in the short axial direction,
wherein a moving width S of the reciprocation on the
Surfacecaftheobject;hsonethirds<n:moreofeapitchE’ofstripes,

which appear visually when laser annealing is performed without

10 the reciprocation.

13. A laser annealing method that shapes a laser beanm
generated by laser oscillation in order to condense the laser
beam into a linear beam on the surface of an object to be

15 irradiated, relatively scans the object to be irradiated with
the linear beam in a short axial direction of the linear beam
so that the irradiation of the laser beam overlaps each other,
and anneals the surface of the object to be irradiated by laser
irradiation, the laser annealing method comprising:

20 focusing the laser beam into a short-axis waveguide by
a short-axis focusing lens;

dividing the laser beam into plural beams in a direction
corresponding to the short axial direction of the linear beam
by the short-axis waveguide;

25 making the laser beam, which is dividedby the short-axis
waveguide, overlap each other in the short axial direction on

the surface of the oblject to be irradiated, by a short-axis



10the image plane at a predetermined ratio and projects the short-axis image onto the surface of the
object to be irradiated; a short-axis condenser lens moving device that reciprocates the short-axis
condenser lens in a direction 15corresponding to the short axial direction of the linear beam during the
laser irradiation, wherein a moving width S of the reciprocation on the surface of the object is one
thirds or more of a pitch P of stripes, which appgau visually when laser annealing is performed
without 20the reciprocation. 16. A laser annealing apparatus that shapes a laser beam generated
by laser oscillation in order to condense the laser beam into a linear beam on the surface of an object

to be 25 irradj gge[}%qt}v ly scans the_object to be irradiated with the linear beam in a short axial
direction of th?ﬁnear éaﬁe 385,[ at tghﬁé in é?a%%h oafr%ﬁ‘e laser beam overlaps each other,

reciprocating the short-axis focusing lens in a
direction corresponding to the short axial direction of the
linear beam during the laser irradiation,

5 wherein a moving width $ of the reciprocation of the
short-axis focusing lens is one thirds or more of a pitch P of
stripes, which appear visually when laser annealing is

performed without the reciprocation.



- 44a - and anneals the surface of the object to he irradiated by laser irradiation, the laser annealing
apparatus comprising: a short-axis homogenizer that uniformizes light intensity distribgtion in the
short axial direction of the - 45 - linear beam; a reflecting mirror that is provided on an optical path on
the upstream side of the short-axis homogenizer; and a mirror_tiltin_g de_vice that tilts the
reflecting mirror 5so that the linear beam is reciprqﬂcag%d in the short axial direction,

14. Alaser annealing apparatus that shapes a laser beam
generated by laser oscillation in order to condense the laser
beam into a linear beam on the surface of an object to bhe
irradiated, relatively scans the object to be irradiated with

5 the linear beam in a short axial direction of the linear beam
s0 that the irradiaticn of the laser beam overlaps each other,

and anneals the surface of the object to be irradiated by laser

short-axis lens arrays that divide the laser beam into

10 plural beams in a direction corresponding to the short axial
direction of the linear beam;

a short-axis condensing optical system that makes the
laser beam, which is divided by the short-axis lens arravs,
overlap each other in the short axial direction on the surface

15 of the object to be irradiated; and

a short-axis lens array moving apparatus that
reciprocates the short-axis lens arrays in a direction
corresponding to the short axial direction of the linear beam
during the laser irradiation,

20 whereln a moving width S of the reciprocation of the
short-axis lens arrays is one thirds or more of a plitch P of
stripes, which appear visually when laser annealing is

~performed without the reciprocation, and the moving width is
less than a width W of cach cylindrical lens of the short-axis

25 lens arrays.

15. A laser annealing apparatus that shapes a laser



wherein a moving width S of the reciprocation on the surface of the object is one thirds or more of a
pitch P of stripes, which appear visually when laser annealing is performed without 10the
reciprocation. 17. A laser annealing apparatus that shapes a laser beam generated by laser
oscillation in order to condense the laser beam into a linear beam on the surface of an object to be 15
irradiated, relatively scans the object to be irradi@teg ﬂjthﬂthe linear beam in a short axial direction of
the linear beam so that the irradiation of the laser beam overlaps each other, and anneals the surface
of the object to be irradiated by laser _radiation, the laser annealing apparatus comprising: 20 a
short-axis wayegude Ihat diyides he-jaser beam Into plura) beams in & direction gortespanding (o the
short axial direction of the linear beam; & short-axis T%cusmg lens that introduces the 1aSer beam
into the short-axisawaveguiden25a.short-axs condensing:optical system that makes the laser beam,
which is divided by the short-axis waveguide, condense each other in the short axiaﬁdirection on the
surface be irradiated, relatively scans the object to be irradiated with

the linear beam in a short axial direction of the linear beam

5 so that the irradiation of the laser beam overlaps each other;



- 45a - of the object to be irradiated; and a short-axis introducing lens moving apparatus that
reciprocates the short-axis focusing lens in a direction corresponding to the short axial direction of the
linear beam - 46 - during the laser irradiation, wherein a moving. width S of the reciprocation of
the short-axis focusing lens is one thirds or more of a pitch. P of stripes, which appear visually when
laser annealing is performed without the reciprocations - 18. The laser annealing method according
to any one of claims 1 to 5, wherein the polarization direction of the laser beam corresponds to S
polarization with respect to the surface of the object to be irradiated. 19. The Ia§er annealing
method according 10,30 00e 9fL1aifs: 1040,13. .. opieraindbe,nolaization dietion ot e laser
beam corresponds to S polarization with respect to the surface of the object to be irradiated. 20.
The laser annealing apparatys aceording:to amnene of glaims H:19:%s comprising:

short-axis lens arrays that divide the laser beam into
plural beams in a direction corresponding to the short axial

direction of the linear beam;

3]

a short-axis condenser lens that makes the laser beam,
which is divided by the short-axis lens arrays, overlap each
other in the short axial direction on an image plane;

a projection lens that decreases a short-axis image of

190 the image plane at a predetermined ratic and proiects the
short-axis image onto the surface of the object to be
irradiated;

a short-axis condenser lens moving device that
reciprocates the short-axis condenser lens in a direction

15 corresponding te the short axial directiocn of the linear beam
during the laser irradiation,

wherein a moving width S of the reciprocation on the
surface of the ocbject is one thirds ormore of apitch P of stripes,
whichappearvisuallywhenlaserannealingisgmmformedwithout

20 the reciprocation.

16. A laser annealing apparatus that shapes a laser beam
generated by laser oscillation in order to condense the laser
beam into a linear beam on the surface of an object to be

25 irradiated, relatively scans the object to be irradiated with
the linear beam in a short axial direction of the linear beam

so that the irradiation of the laser beam overlaps each other,



wherein the polarization direction of the laser beam corresponds to S polarization with respect to the
surface of the object to be irradiated. 21. The laser annealing apparatus according to any one of
claims 14 to 17, - 46a - wherein the polarization direction of the laser beam corresponds to S
polarization with respect to the surface of the object to be irradiated. - 47 - ABSTRACT OF THE
DISCLOSURE In the case of a lens array type hgmogenizer optical system, the incident angle
and intensity of a laser beam 1 5entering a. Large-sized lens (long-axis condenser lens 22) of a
long-axis condensing optical system, which is provided on the rear side, are changed for every shot by

performing laser rradiation.while longsaxis lens arrays,20a and 200 &@Lfeﬁ'f’g%aée&t) %Qg%ct'on
ica

corresponding to a long axial 10direction of a linear beam (X-direction) Therefore, ver
irradiation, the laser annealing apparatus comprising:

a short-axls homogenizer that uniformizes light

intensity distribution in the short axial direction of the



stripes are significantly reduced. Further, the incident angle and intensity of a laser beam 1 entering a
large-sized lens (projection lens 30) of a short-axis condensing optical system, which is provided on
the rear side, are changed for every 15shot by performing laser irradiation while short-axis lens arrays
26a and 26b are reciprocated in a direction. corresponding to a short axial direction of a linear beam
(Y-direction). Therefore, horizontal stripes are signifigantly reduced.

10

15

20

25

linear beam;
a reflecting mirror that is provided on an optical pat
on the upstream side of the short-axis homogenizer; and
amirror tilting device that tilts the reflecting mirror

80 that the linear beam 1s reciprocated in the short axial

direction,

surface of the cbject is one thirds ormore of apitch P of stripes,
which appear visually when laser annealing is performed without

the reciprocation.

17. Alaser annealing apparatus that shapes a laser beam
generated by laser oscillation in order to condense the laser
beam into a linear beam on the surface of an object to be
irradiated, relatively scans the object to be ilrradiated with
the linear beam in a short axial direction of the linear beam
so that the irradiation of the laser beam overlaps each other,
and,annéals the surface of the cbject to be irradiated by laser
irradiation, the laser annealing apparatus comprising:

a short-axis waveguide that divides the laser beam intce
plural beams in a direction corresponding to the short axial
direction of the linear beam;

a short-axis focusing lens that introduces the laser beam
into the short-axis waveguide;

a short-axis condensing optical system that makes the
laser beam, which is divided by the short-axis waveguide,

condense each other in the short axial direction on the surface
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cf the chiect to be irradiated; and
a short-axis introducing lens moving apparatus that
reciprocates the short-axis focusing lens in a direction

corresponding to the short axial direction of the linear beam



during the laser irradiation,

wherein a moving width S of the reciprocation of the
short-axis focusing lens is cone thirds or more of a pitch P
of stripes, which appear visually when laser annealing is

performed without the reciprocation.

18. The laser annealing method according to any one
of claims 1 to 5,

wherein the polarization direction of the laser beam
correspends to S polarization with respect to the surface

of the object to be irradiated.

19, The laser annealing method according to any one
of claims 10 to 13,

wherein the polarization direction of the laser beam
corresponds to S polarization with respect to the surface

of the object to be irradiated.

20. The laser annealing apparatus according to any
one of claims 6 to 9,

wherein the polarization direction of the laser beam
corresponds to S polarization with respect to the surface

of the object to be irradiated.

21. The laser annealing apparatus according to any

one of claims 14 to 17,
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wherein the polarization direction of the laser beam
corresponds to S polarirzation with respect to the surface of

the cobiject to be irradiated.
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ABSTRACT OF THE DISCLOSURE

In the case of a lens array type homogenizer optical
system, the incident anglie and intensity of a laser beam 1
entering a large-sized lens {long-axis condenser lens 22) of
a long~axis condensing optical system, which is provided on the
rear side, are changed for every shot by performing laser
irradiation while long-axis lens arrays 20a and 20b are
reciprocated in a direction corresponding to a long axial
direction of 2 linear bheam {(¥~direction}. Therefore, vertical
stripes are significantly reduced. Further, the incident
angle and intensity of a laser heam 1 entering a large-sized
lens (projection lens 30) of a short-axis condensing optical
system, which is provided on the rear side, are changed for every
ghot by performing laser irradiation while short-axis lens
arrays 26a and 26b are reciprocated in a direction corresponding
£0o a short axial direction of a linear beam {(Y-direction}.

Therefore, horizontal stripes are significantly reduced.



