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-1 LASER ANNEALING METHOD AND APPARATUS BACKGROUND
OF THE INVENTION [0001] 5 1. Field o the Invention The pre sent
invention relates to a laser annealing method and apparatus that anneal
the surface of an object to be irradiated by laser irradiation. [0002] 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-fitm W&%@&&iﬁn@%@ﬁ%rﬁéﬁ&&% thdtis formed on

an insulated substrate such as a glass substrate. A 15 glass substrate is
inexpensive and excellent in terms of machining property as compared to
a quartz substraterthathas Uheerocommoniyusedrinithe past. For this
reason, the glass substrate has an advantage of being formed to have a
{COlarge area. The reason to use laser in crystallizing a semiconductor film
! %Q €iislthat a r’@glltin% oint of a glass substrate is 600C or less but it is
. Fiel e .

possﬁle% tari %%?s allize a semiconductor film without heating the

glassjsubstrate dfusing laser. 00031 Sipeg a grystalline sjlicondfilmformed -

by using laser 25 annealing having high mobility, a thin film transistors for
anddrvipg pixelsand atT Ehfoer=a dtive ckcuit may betfabricated=on one glass

substrate. The crystalline silicon TFTs are used - 2
irradiated by laser irradiation.
[0002]
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 film or a crystaliine semiconductoer £1im that is
formed on an insulated substrate such as a glass substrate. A
glass substrate is inexpensive and excellent in terms of
machining property as compared to a 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.

is that a melting point of a glass substrate is €00°C or less
but it is possible tomelt and crystallize a semiconductor f£ilm
without heating the glass substrate 1if using laser.
[(0003]

Since a crystalline siliceon film formed by using laser
annealing having high mobility, a thin film transistors for
driving pixels and a TFT for a drive clrcuilt may be fabricated

cn one glass substrate. The crystalline silicon TFTs are used
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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 5 laser beam, which is generated from a
source of laser such as excimer laser or solid-state laser, into a linear
beam that has a profile of, for example, 100 to 400mmx0.05 to 0.5mm;
. Irradiates the amorphous silicon film, which is deposijted on. the glass
i R lpsirate, with the NS Beaht - ahd Helte ard 10 Sofiifiés the SorfiRs
=ndnordeto.crystallize the silicon. film.Jf the glass sybstrate is transferred,
it is possible to irradiate the entire surface of the silicon film deposited on
0othe]glass substrate which is the size of, for example, 730x920mm from
amorphous silicon to crystalline silicon. 15 [0005] A laser annealing
method U5 thE lineareamHEssome Sproblsiis: ‘ahtl & particularly -+ 5=d
gerious probiem is that visiple stripes appear in.a direction perpendiaular .
0 a long axial direction-of the Tirear béam and in a direction paralléﬁhfo
ex 820 fang axial dirgction Hereingfter, stripes perpendiciianto- thedangn - s
axial direction of the linear beam are called as "vertical stripes”, and
a pstripes pardllel totheslpagrakial divéction dré Called as>horzantalstripes”.
~ Further, the vertical stripes and the horizontal stripes are collectively 25
1rresliettas>ifradiated Shipes®. [DbO6IRigs’ la dhd 1B 6f the BlloWRIyPatEnt "

tnggument sho

1la

asd 5um§¥£§te, with the linear beam; and melts and
solidifies the gilicon film in order to crystaliize the silicon
film. If the glass substrate is transferred, 1t is possible
to irradiate the entire surface of the silicon film deposited
on the glass substrate which is the size of, for example,
730x%20mm from amorphous silicon to crystalline silicen.
[0005]

A laser annealing method using the linear beam has some
problems, and a particularly sericus problem is that visible
stripes appear in a directilon perpendicular to a long axial
direction of the linear beam and in a direction parallel to the
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
direction are called as “horizontal stripes”. Further, the
vertical stripes and the horizontal stripes are collectively
called as “irradiated stripes”.

[oobe)]

Figs. la and 1lb of the following Patent Document show
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a state where the irradiated stripes appear on the film. if an active matrix
type liquid crystal display or organic EL display is manufactured using the
f.i.Im having the irradiated stripes, there is a disadvantage in that the
same stripes as 5 the irradiated stripes appear on a picture of the display.
In particalar., since the organic EL display is more sensitive to the
irradiated stripes than the liquid crystal display, there is a demand fora _
. SES‘Gﬁte‘i’r%%é%ur‘“e?‘t%at’- ?%%f#éc?i%%“to%é&@e*%hé‘ﬁ?a?cﬁéte%“stﬁ%&s.fclit me s
an 0007} Some methads of redycing iradiated stripes are, propased. jnitheg,
following Patent Documents I to 4. The uniformity of the beam,
d1i sinterferenceathefdeviationiof:laser; shots, fliel ehange: of theprofite of iated
laser, and the like have been mentioned as 15 factors generating the
st riyRstfated Sthpes, but Havediot beend elarified [ [ODOB[ [P ateREDBERAE 17

Japanese Unexamined Patent Application Publication.Ng. 20 10-294288
SO scasrhgal i Seul s et st ol St Savased

parPublication Noy, 200168430, [Ratent Document 3] 25 Japaness sitive to
Unexamined Patent Application Publication No. 10-242073 [Patent

theDocumemnt 4¢<4stripes than the liquid crystal display, there

is a demand for a countermeasure that is effective to reduce

the irradiated stripes.

[0D007]

Some methods of reducing irradiated stripes are proposead
in the following Patent Documents I to 4. The uniformity of
the beam, interference, the deviation of laser shets, the change
of the profile of laser, and the like have been menticned as
factors generating the irradiated stripes, but have not been
clarified.

[0008)

[Patent Document 1]

Japanese Unexamined Patent Application Publication No.
10-284288

[Patent Document 2]

Japanese Unexamined Patent Application Publication No.
2001-68430

[Patent Document 3)

Japanese Unexamined Patent Application Publication No.

10-242073

[Patent Document 4]
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Japanese Examined Patent Application Publication No. 5-41006 [0009]
The presenrinventor_s came to specify factors generating 5 the irradiated
stripes after a process of trial and efror 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 conresnonding to 4 lang axial girection. 10.of alineat beam in g,
homogenizer for hGmogenizing the light - miensity in the 1ong axial

¢ 4 @irgetion 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)

[ 0Othel vertical stripes appeared depending on the 15 profile of a laser beam
emitted from a laser source, or (b) the vertical stripes appeared due to
scattérsti igRe Yeheratee o the Stfface ot aens BHtRE homogénizer -+ 1o

tm[%%}fog Jiha?@ég‘ gﬁdﬁisg% %eg%f@geawg '%@c'a light, the present, 20 inventors
made two kln SO Ta er beams enter the same homogenlzer optlcal

o1 aSysteny andrinvestigated.vertigal stripes:i bgenerals thelight intensity
profile of laser is an intrinsic property of an eachlaseroscillator. Therefore,
if thepattetn dfithe vettical stripessis different) ternay betdeteirhinedahae rn
25 the irradiated stripes depend on the profile of a laser beam. However,

O sra téstit of the investigation, thesanié patterh bF te Vertieat stripes ==
by ?QB%%E¥%JE%@@@ET§§UgDQ¥g§bonding to a long axial direction

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
reason for the change was considered as follows:

(a) the vertical stripes appeared depending on the
profile of a laser beam emitted from a laser source, oOr

(b) the vertical stripes appeared due Lo scattered Light
generated on the surface cof a lens of the homogenizer.
[0010]

Then, 1n order to determine which is right, the present
inventors made two kinds of laser beams enter the same
homogenizer optical system, and investigated vertical stripes.
In general, the light intensity profile of laser is an intrinsic
property of an each laser oscillator. Therefore, 1f the pattern
of the vertical stripes is different, it may be determined that
the lrradiated 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
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- 5 determined that the irradiated stripes were caused by the scattered
light generated on the surface of the lens. That is, it could be concluded
as follows: since a laser beam was scattered on the surface of the leans
and the uniformity of the 5 laser beamthus deteriorated on the irradiated
surface, the irradiated stripes appeared. [0011] In general, the surface
accuracy of alens is 2,/4 or is/10. However, a lens used in laser

S=" gRflealiiy, pafticulaty, a'I6ns 0 rovided bif the'fea? side 1§ °¥ b
Scagﬁ%ﬁ%% e%\@e?gésag& of 10Q mm or. mare..Accqrdingly, since it

[ k the lens and to measure the surface accuracy of the
it lepsithersurfaee acewacy of thel lensssignificantly deteriorates-and may
be k or more. According to the current technology, since there 15 is a limit
scatottheanachiting accuracycof a labge-sizeth lensd it s diffidulttofuitier - the
improve the surface accuracy. For this reason, other countermeasures
UMARY

LaS&Ho G BE thRER t&' hiprove the “Surfdte -dccurdcy” 208U OETHE®
. r INVENTION, [0012] The present invention has been made in

consideration of "the above-mentioned problems, and an object of the
[O0present invention is to provide a laser annealing method and apparatus

25 capable of significantly reducing the appearance of irradiated stripes

accormparied With the detetioration ot tHe uriforhify |6 hotnbderizet 10 -

linear beam on an irr%diateq surface that if -6 < .
However, a lens used 1n laser annealing, particularly, a lens

provided on the rear side is a large~sized lens having a length
of 100 mm or mere. 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 detericorates and may
be L or more. Rccording to the current technology, since there
is a limit to the machining accuracy of a large-sized lens, 1t
is difficelt to further improve the surface accuracy. For this
reason, other countermeasures should be taken to lmprove the

surface accuracy.

SUMMARY OF THE INVENTION
[0012]

The present invention has been made in consideration of
the above-mentioned problems, and an object of the present
invention is to 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
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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 5 long beam direction or. the
irradiated surface, has been made fhe 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
calgtRihges tHedirsction dr<tate?éd ighttohé To gén e?gt%%ao%ethoe'*sﬁ rface”
[mﬁfﬂlens by temporally changing an angle of a laser beam entering a
lens, and removes visible stripes by temporally changing the uniformity of
the beam-om 4he irradiated suiface that is causedsby scattered lightz Since: r
the laser beam is irradiated so as to overlap each other in a 15 short axial
b e adirectionofrasliredreieam  thecuriformity of tive Uindat beamtisahged for <

. _every shot, Therefore, it is ossiblerto gbtain an effect of dispersin
L orgirRE bt e SHiBes ArviShy SonTRant rediced. A & Fesut"°

+nvhen, an qverlap ratioiis, for example, 90% op,more.fhe laser:a0

irradiation’is performed so that stripes are not seen. [0014] Specifically,
deahrembedimentaf thespresentinventjon fincludesdhedelowings inordento:c

reduce vertical stripes. In a lens array t%;%e homogenizer optical systemrﬁ
by the 5tinEiient Afgle SfRtEsHy 6fa [a38r BEan diftefiig a f4fgé-sized®*
lens of a long-axis condenstig% op

ical m, which.is provi n.th
15 rehP §idE: At Changed for every sjth%oa‘f‘:“s%/lsf‘t)%L e
generated on the surface of a lens by temporally changing an
angle 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. 3Since
the laser beam is irradiated so as to overlap each other in a
short axial direction of a linear beam, the uniformity of the
linear beam is changed for every shot. Therefore, it 1s
possible to obtain an effect of dispersing stripes, so that the
stripes are visually significantly reduced. As a result, when
an overlap ratio is, for example, 90% or more, the laser
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 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 systew,

which is provided on the rear side, are changed for every shot
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by performing laser irradiation while long-axis lens arrays are
reciprocated in a direction corresponding to a long axial direction of a
linear beam. Therefore, the uniformj]ty of a beam in the long axial
direction on the surface to be irradiated is 5 changed for every shot, so
that it is possible to obtain an effect of dispersing vertical stripes on the

surface to be irradiatqd that are caused by scattered Iight1 enerated on
by wRe Sarace 6fLa Téris anthvert cal stipes %ré‘%}?&a%%%gn%%ﬁn%ﬁmys are

reduced. Further,_if lati ' "P/ =<\W",."B/ AN :

. t er, Af @ relationship of YR8, SreMin"RI2_S<W, or 1

FESPL8eW 10 _f"sps;tis ied when a movirjfg %ﬁﬁ of ?ﬁe reciprocagilodn g? égch

41 @f the Jongaxis lens-armaysiis represestedrhy, S; laepitoh 6f :stripes pWhicheam

- are parallel to a scanning direction of the linear beam and appear visually

in whenllaser annealing is> peiformed withoGtretigi6cating the fergraxis=d 19
lens arrays, is 15 represented by P; and a width of each cylindrical len

Chatﬁgeff])ﬁ&é)_ﬁé’ ?&%‘éﬁ%ys %Orégégelntieldg b%/%?%hgeﬁgﬁ%?g?/%gf%%rl ﬁ'a{o%?égC€

of gﬁ%%%‘&omtg causing.the vertical stripes is. adeqguately deviated-ingi a ted

irection (horizontal direction in Fig. 2) perpendicular to a substrate
t hAransfer girestionnAs=arasulty 20 the yertical stripescarecpropetlys urface of

] dispersed, so that the occurrence of the visible vertical stripes carne
a leffectively’ ¥adiced. Altdrnatively A FélatsRship g Omm=8ws Feduced.

"1.Smrm<+S<W;', r'3.0mms<_S<W'may atisfi :.25 Furt i
Fufﬁ%?er_{s aray typeHomogen; (_aP 6pti?§“§}§f§\m,’ tr?g/;r%%%%ﬁ\qt a’mé]JI:I(-;J alr%%rgm
;- intensity of a laser,bgam.enterng-a Jargersiced lers-oba long-axis of each

condensing optical system, - 8

of the long-axis lens arrays 1s represented by 3; 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, 1s
represented by P; and a width of each cylindrical lens of the
long-axis lens arrays 1s represented by W, the energy
distribution nonuniformity causing the vertical stripes is
adequately deviated in a direction (horizontal direction in Flg.
2)perpendiculartoeasubstratetransferdir@ction. As a result,
the vertical stripes are properly dispersed, so that the
occurrence of the visible vertical stripes can be effectively
reduced. BAlternatively, a relationship of L OmmES<w’,
WL 5mmsSS<W”, or “3.0mm<S<W” may be satisfied.
(0015}

Further,inailensarraytypehomog@nizeropticalsystem,
the incident angle and intensity of a laser beam entering a

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



i

[
(@2l

20

25

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 afilm to be irradiated is maintained
constant and the relative 5 distances on the optical path between the
long-axis condensing optical system and long-axis lens arrays are

increased or decrgl%sed. Thereféyre, \éer(t)ic%llisérieess are s(iignificantl
i " | i H

which,is .00 T 2ar Si 0 X STem, are %Pan ed
retuced: T this case, ftis possible toLeasEfIy increase or decréase the -

£ rrelative distances onthe qptical path between the 401ongaXiSetween the
condensing optical system and the long-axis lens arrays by reciprocating

lonthealong-axis tens=armays;nwhich are viormed:in @ smallsize, dnancdptical i Lm

axis direction. [0016] Furthermore, in the case of awave}%}uide type |
£ Rémbhehizer 5 opticdl Syaie; the indidérit Hhgle*anld Snéﬁ@f@f“alfé%er

11080 ENIRID.2 arde slzed lans L3 lANgiaxieLcqudensing aPliclens: ng
system, which is provided oh the rear side, are changed for every shot

optWhile longsax., s:fegusingdens are reciprogated ir as directionreased or
corresponding to a long axial direction of a !'.near 20 beam. Therefore,

decvertisalistripesare Sigrificantly rédaded: T[00RFEARGth et eaibodirmient-ofy
the present invention includes the foIIowijr;%s in order to reduce horizontal

redgiate. B NS Arr5 He hEmbGeRRaT UaiCal st thé 2BTRGash: °F
qecangle and intensity of a laser heam.entering a Jarge:sized jens 0f @.cr cre

short-axis condensing optical system, which is set on the rear side of
1longptical systenyare thanged 1 921 system and the long-axis lens
arrays by reciprocating the long-axis lens arrays, which are
formed in a small size, 1in an optical axis directlon.
[0016]

Furthermore, in the case of a waveguide type homogenizer
optical system, the incident angle and intensity of a laser bean
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 recliprocated in a
direction corresponding to a long axial direction of a linear
beam. Therefore, vertical stripes are significantly reduced.
[0017]

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

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

which is set on the rear side of optical system, are changed
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for every shot while short-axis lens arrays are reciprocated in a direct.i.on
corresponding to a short axial direction of a linear beam. Therefore, the
uniformity of a beam in the short_axjal direction on the surface to be
irradiated is changed for 5 every shot, so that it is possible to obtain an
effect of dispersing horizontal stripes on the surface to be irradiated that
s e causecélb sc%;,tiredﬁ igﬁht jgenerated on the surface of alensand .
“*horizontal ?i)éeg' re ViSURNY ‘significantly feduced” 1070018 1 the case
in 9f adens.amay typs homogenizer optical system, the incidentangle.andr 2
intensity of a laser beam entering a large-sized projection lens, which is
1 i nsetrob¢hecrear! 'side=dgf-optical hsystems are: thangédfopevery. shot:alsooy ©
15 performing laser irradiation while a short-ax] s condenser lens, which
axipglsetigtané Fear 6fshoft-axs ferisanayseist Fédprotatéd iradifdetion tor
_._corresponding to a shortaxial direction.of a_linear beam. Therefore,, _ .
eveﬁgrifon?gl’st?%est %ai?ele sTg“niﬁCSarﬁff/Srgaﬁééed. 20 [% Eg]j"gur?ﬁer,e%%%tcid%jht
di spagle and intensity.of & laser beam antering alarge-sized pojectionlenseq
which is set on the rear side of optical system, are changed for every shot
thaalsory ctilting d feflecting mined, whichtisiset enareoptical-paths25 6atkect
upstream side of a short-axis homogenizer, so that a linear beam is
2 1 fetiproBateldin ashbrtaxidl-ditéttion? Fhefeforé Hofizontdl striped dre”

-oqsignificantly reduced. In - 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 cptical system, are changed for every shot alsc by
performing laser irradiationwhile 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.

[0019]

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

on the upstream side of a short-axis homogenizer, so that a

Therefore, horizontal stripes are significantly recuced. In
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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 5 optical
system, the incident angle and inten 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

th fousing lengisTeciprocated T A diretton tofteEpbding'toa SHort Axidi "
ardrection.of.a 10 lipear,beam,, 1 hgr%g%ggﬂa%nt@g@tgpg%ﬁlg??é&gpyg:@nﬂy

reduced. [0021] In addi_ti on, the polarization direction of the Taser beam
[0om@y correspond to S polarization with respect to the surface 15 of the film
to be irradiated. When an amorphous semiconductor film is annealed by
anS-polarizéd ser bea’; apolycrystdlling’ seaticortiuctoP il which Ras
uniform crystal gralns‘ha\zl%% grain sjze I%r#er .coarser thglp crﬁtal b

°PL 4 idinsof & plycryStallifve Semiconductst Him Annéaléd by a B-polarized” "

ent 20 fager beam, is obtained. Forthisreason, tis possible to- obfain an. + o,
effect of reducing visible stripes. 0022] Therefore, according to the laser

whiahnealirg=method ard rapparatus=of thespresentgrverition, itis possibie-te £
obtain 25 an excellent effect of significantly reducing the occurrence of

opLirathlatedestiipes acesnipunied withthedetéridration ot thé GRfomtit 6fa
in,g”%??%%'?é%‘%%E@%@%Sgéyﬂgcgéhgtgﬁé¥E axlal direction of a
linear beam., Therefore, horizontal stripes are significantly
reduced.
(6621

Inaddition, thepolarizationdirectionof the laser beam
may correspond to S polarization with respect to the surface
of the £ilm to be irradiated. When an amcorphous semlconductor
filmis annealed by an S-pelarized laser beam, apcolycrystalline
semiconductoyr film, which has uniform crystal grains having
grain size larger {coarser) than crystal grains of a

polycrystalline semiconductor £ilm annealed by a P-polarized

laser beam, is obtained. For this reason, it is possible to

[(0022]

Therefore, according to the laser annealing method and
apparatus of the present invention, 1t is possible to obtain
an excellent effect of significantly reducing the occurrence
of irradiated stripes accompanied with the deterioration of the

uniformity of a linear beam on an irradiated surface that is
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caused by scattered light generated on the surface of a lens. BRIEF
DESCRIPTION OF THE DRAWINGS [00231 5 Fig. 1A is a view showing
the schematic structure of a 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

caupsst Mné&agm@%%& Bi5 & Giew ifliStrafiiy theniovinlg?width 'S of the -
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 laserwhile the: longraxis eylindricablens arays are not

reciprocated. Fig. 4B is a photograph of a semiconductor film annealed
{0026 by laser while the long-axis cylindr.i.cal lens arrays are reciprocated.

Fig. 5.is a SEM photograph showing the difference of crystal grains

dependifg on'pofarizafioh " Fig BA is%a visw SHOWIRG the scheratic™® ©F @
1aSlPucture of @ .25 laser anpgaling apparatys according.t0.a seeend yent ot

embodiment of “the present invention. Fig. 611 is another view showing
t hetherschematicrsteucturer 12 of the laser annealing apparatus according to
the second

Fig. 1B is another view showing the schematic structure
of the laser annealing apparatus according to the first
embodimaent of the present invention.

Fig. 2 1s a view illustrating a pitch P of wvertical
stripes.

Fig. 3 is a view illustrating the meving width 5 of the
reciprocation of each of long~axis cylindrical lens arrays and
the width W of a cvylindrical 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 18 a photograph of a semiconductor film annealed
by laser while the long-axis cylindrical lens arrays are
reciprocated.

Fig. 5 is a SEM photograph showing the difference of
crystal grains depending on polarization.

Fig. 6A is a view showing the schematic structure of a
laser annealing apparatus according to a second embodiment of
the present invention.

Fig. 6B is another view showing the schematic structure
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embodiment of the present invention. Fig. 7A is a schematic view showing
the structure of a laser annealing apparatus according to a third
embodiment of 5 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 invention. Fig. 8A is a schematic view
showing the structure of a 10 laser annealin ap arat%s according to
of tSirth-8mbodithertor the present i%lﬁ}gnfqi‘&ﬁf% -'8Bis another §¢ eorﬁ‘gtic
empYigWShowing the strycture -of the Jasgriannealing apparatus according to
the fourth embodiment of the present invention. 15 DESCRIPTION OF
THE PREFERREDEMBCGRIMENTS 40024]Rréferrechembodimentszof>£ a
the present, invent.i_on will be described below with reference to the
Lasggcompanyihgdrakiiys? 20 Safmeé rstéfshcehumerals aregive gent °Ff
mmon Eor,tions in each of the drawings to avoid redundant

é‘fc?r‘lspet%ns.lfb‘@%%fﬁlgﬁs't Embodiment] Figs. IA and 1B show the

schematic strugture of araser 2b-annealing apparats 10 according.toau re
first embodiment of the present invention. Fig. |A is a plan view, and Fig.
of 1Bds haside ieweEurther, apmopticabsystemywhichcadts ohhyeinta - 13

short axial direction of a linear beam, is shown by a phantom
embodiment of the present invention.

. Co
tnedg

1y

ig. BA is a schematic view showing TChe structure of a
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.

DESCRIPTION OF THE PREFERRED EMBODIMENTS
(0024}

Preferred embodiments of the present invention will be
described below with reference to the accompanying drawings.
Same reference numerals are given to common portions in each
of the drawings to avoid redundant descriptions.

[0025]
[First Embodiment]

Figs. 1A and 1B show the schematic structure of a laser
annealing apparatus 10 according to a first embodiment of the
present invention. Fig. 1A is a plan view, and Fig. 1B 1s a

side view. Further, an optical system, which acts only in a
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line (broken line) in Fig. "A. 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 appa_rag 10 is that shapes a laser beam 1
generated by laser oscillation in order to condense the laser beam into a
linear beam on the surface of an object 3 to be irradiated, re.Latively

scans th ject 3 to be wrgdla d10 WmQ the Imear b am mba shorth%m%l
Shogiedtion f er fitear“Bedm So that the irradiation of t e‘f]aserf’[:)ear‘%

11 n@veflaps.each ; %@?ﬂﬁ{‘(ﬁ@“ea!@ th%%u@iﬁ@lgébe%@@rﬁ tobe oh acts

irradiated by laser irradiation. Meanwhile, the vertical direction indicates
onla lang axiaddirestiom of ther'inedrdpeam in Fig.rlAa I5anahthe horizontal by
direction on the surface to be irradiated indicates a short axial direction of
a Piheiriéar-beam iPFig: 948. The laser annealing apparatus 10 will be
[0 ? scribed in more detail below. 20 [0027] The laser beam 1 emits from a
“"lasér source 12 at a pulse frequency of, for example, 2 to 4 kHz. The type

of the-laser ;seurcerl2-isnot particulady limited. An exgimerlases & YAGer

laser, a YLF laser, a YVO4 laser, a glass laser, a semiconductor 25 laser,
beaa COR:laser wrdhelikeemay besuséd as the lasercbetam. Sn @@rﬂiﬁﬂ@e ahe

solid-state laser, such as a YAG laser, a YLF laser, or a YVO4 lase
Lasfhakeit possibletd ufilizetlaserBntgy o1 4 Hieh hashigh r%lﬁa&ﬁf“y 3 to

be lgggﬁa wg&atyghéﬁgQSney%cans the object 3 to be irradiated

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
indicates a fong axial direction of the linear beam in Fig. 1A,
and the horizontal direction on the surface to be irradiated
indicates a short axial directicn of the linear beam in Fig.
18,

The laser annealing apparatus 10 wiil be described in
more detail below.
[GOZ27)

The laser beam 1 emits from a laser source 12 at a pulse
frequency of, for example, 2 to 4 kHz. The type of the laser
source 12 is not particularly limited. An exclmer laser, a YAG
laser, a YLF laser, a YVO; laser, a glass laser, a semiconductor
laser, a CO; laser, or the iike may be used as the laser beamn.
In particular, a solid-state laser, such as a YAG laser, a YLE

laser, or a YVO, laser, makes it possible toutilize laser energy,
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Further, since a silicon film has a high absorption coefficient in a visible
light region of 330 to 800 nm, but wavelength of the YAG laser, the YLF
laser, the YVO04 laser, or the glass {aqse_[ 5 may be one converted by the
second or third harmonic generator. 0028] The laser beam 1, which emits
from the laser source 12 by pulse oscillation, is sequentially reflected by

_reflecting mi lla and_11b. Then, the diameter of the | b is 10
03 GRidtEc YA Gkt Expander T4THe e exfiartier L4 thauh a6 Bhe"

OWNn as oneé-

Fu rBituctural example.includes.a gopvex sphetigal Jgns, 15a shortaxis o5 ent
cylindrical lens i6 that has a curvature plane in a short axial direction, and

in a long-axis:cylingricattenscly dhathasacc@vature plane invatengaxiah of
direction. In the 15 beam expander 1.4 having the above-mentioned

thegtrfetdres fttis possibie to separatelfsét dn éntafgement ratodn e 1IoRg ©*

may Bl giection and the shent aial ditection: The beam expander1d may,
EYRAvE other structure. For example, the beam“eipané‘ér maj?%gv’e o

[noStucture where a concave spherical lens and 20 a convex spherical lens
are combined with each other. 10029] The light intensity distribution of
the |a8es beanss: T, frofavhich didmeterds entargedibythe bears expander 12
14, in the Ion%axial direction of the linear beam is homogenized bﬁ a25
I.

DY ghgiaxihidmogénizer 19 o i sitfdce thibe Trfadiatedand e ight™ "
mi riniEnsity, distribution theregf in the short.axial. diregtion of the,linear,heam , .
- is homogenized by a short-axis - 15 homogenizer 25 on the surface to be
eﬁ15@§@§e@y 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 axzial direction. In the
beam expander 14 having the above-mentioned structure, 1t is
possible to separately set an enlargement ratio in the long

axial direction and the short axial directlon. The beam
expander 14 may have other structure. For example, Lhe beam
expander may have structure where a concave spherical lens and
a convex spherical lens are combined with each other.
(00297

The light intensity distribution 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 Dy a
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 is homogenized by a short-axis
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[0030] As shown in Fig. IA, the long-axis homogenizer 19 includes a
long-axis lens arrays 20a and 20b and a long-axis 5 condenser lens 22
used as a long-axis condensing_op{igalwsystem. The long-axis ]ens 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 is divided into
homiEERhE 4 07beatis i theI8hg Axfal ditetfion, CoRdeAsE sach other in the
{OO' g axial direction on the surface of the film 3 to be irradiated. ;0031] In
the long-axis homogenizer 19 having the 15 above-mentioned structure,
the laser branm1 enlarged byzhe beam expanderlsisdivided into pléral
beams in the long axial direction by the long-axis lens arrays 20a and
inc2@bleFhe laser dbear 4, WHich passesthroagh ife fony-axis 1énstaftdys * 15
20a and T20bﬁang is divided into the beams, forms an image or the surface
COTSEOF tHe Fifi 316 be ?r?aﬁlsafaerg,evr\}ﬁicﬁ}% ?o(r:rﬁgé%rﬁsd g@bg%ré e 2 asan
Theracianaular beam elongated inithe; '-eng axjal dirgetion 1y the jongraxis o
condenser lens 22. Meanwhile, a vertical reflecting mirror 24 is disposed
o1uenr anepiical path-between the rlong-axissgendenser lens 22candthe axial
~ substrate 2 so that light 25 emitted from the long-axis condenser lens 22
di rig refiectett toward Lthe substPite 2 TTielighgth ot tieTettiytidr beam, ¢

sy svr%%irﬁ %(I_:\éc:k%?d%%g d.l_a1566 ro %té) a;[ Ib\els,u %%tg%tg %’sl n{ jkL] € 1'%%% %arl 9 i rt%%logyl ural
heams in the long axial direction, condense each other in the
long axial direction on the surface of the fiim 3 to be
irradiated.

[0031]

In the long-axis homogenizer 19 having the
above-mentioned structure, the laser beam 1 enlarged by the beam
expander 14 is divided into plural beams in the long axial
direction by the long-axis lens arrays 20a and 20b. The laser
beam 1, which passes through the long-axis lens arrays 20a and
20b and is divided into the beams, forms an image on the surface
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 mirror 24 is disposed on an optical path between the
long~axis condenser lens 22 and the substrate 2 so that light
emitted from the long~axis condenser lens 22 is reflected toward
the substrate 2.

The length of the rectangular beam, which is irradiated
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example, several tens mrn. [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 determined E))E? the focal lengths of the lens arrays
20a and 20b and a distance of each of the lens arrays i.n. the optical axis
direction. Further, a factor, which is used 10 to determine the length of the

ontfinekebéamiin thé forg akial” Hirettioh, mtiutesthé TompositéFdcar: to*
ength o%gh&lggg-ag& 4et}§ﬂgrrays 20a and 20b. Accordingly, if the laser

exajlnﬁ e, = .
annealing apparatus is formed to have the structure where the distance
ropoebeach of the lens arrays 20a and 20b in the optical axis 15 direction can.
be changed, it is possible to change the Length of the linear beam in the
long axial Hirectioibby thangingthe compositelfdcakieagiraccordimgitoarnd
need. However, onl)é one long-ax.is lens array may be used in the ri—:'sent
Soo5 ;

20bifigéntldri P66353] 20 The SHoME-akishomogen includds Ehort-axis”™
1 I208, Bays26aand 26h and a short-axls.qondensing opticalsyetem. 42,

and 30). The short-axis lens arrays divide an incident laser beam 1 into
ar rphualdreans in thieoshert axiat direetion. b The shortsaxis.cardensing of the
optical system makes the laser beam 25 1, which is divided into the plural
Lenpeafisiby the shoraddd |6ns! arrhys 28a-and D61 Ovétlap leactEotherinay s
in ttlg;% short am?l adlr.ec%g_q_ gnﬂthe surfalggr%ghe fllrg § to be wracﬁtg}q. The -

SHort-aXis cé‘iﬁﬁen&ngcotp]tf?:gl‘system of this em%gctiicr)ﬁfe’n%q 1o tsed
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 of the lens arrays 20a and 20b in the optical axis
direction can ke changed, 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.
[D033]

The short-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 short axial direction.
The short-axis condensing optical system makes the laser beam
1, which is divided into the plural beams by the short-axis lens

arrays 26a and 2€b, overlap each other in the short axial

direction on the surface of the film 3 to be ilrradiated. The
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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 Ign?;\rrgys 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 imag&e onto th§ sugace of the otp)#eci;cs to

ShobE ~friakiated. 16 {6034 17 e Short-axis Hiddgenizer 25 Raving the

e

inc2RQue-mentioned structure, the laser beard eplarged by the beam; on 1ens

expander 14 is divided into plural beams in the short axial direction by the
30 . shoreaxisdens arrays-26aiand 26h.cThernases 45 bedm 4¢ whichrpasses i ch
through the short-axis lens arrays 26a and 26b and is divided into the
is peahts:is cohdensed i the SRErt> Hxidl difdefion by the shortagigrays 26a

C p%enserl ns 29 and then .forms an image on the image.plane S.. _, _ .
ands%% éqﬁgﬁﬁf‘éﬁ‘t%r?ﬁec ﬂla%%?%éar%nisar%ﬂé%%g%og\/a?n%é‘ substrate 2 by

a2 x 1 the yertical 20 reflegting mirror 24, the shod-axis image formedsonthe- 2 xi s

image p ane S is decreased in the short axial direction at a
imapredeterminedatiolamd: themtprojectettontorthe surfaceiof thenohject3:to- =
be irradiated that is formed on a substrate 2, by the projection lens 30.
theTREBYerigih b the TectangUtarbéain, 95 WhicHistifradiated Brtothe” ©° P
irrg,l%lbstrhat 2, in the short axial direction may be, for example, several tens
. 10t - 18 In this embodiment, two short-axis lens arrays 26a and

{0034}

In the short-axis homogenizer 25 having the
above-mentioned structure, the laser bearm 1 enlarged by the pbeam
expander 14 is divided inteo plural beams in the short axiail
direction by the short-axis lens arrays 26a and 26p. The laser
beam 1, which passes through the short-axis lens arrays 26a and
76 and is divided into the beams, 1s condensed in the short
axial direction by the short-axls condenser lens 29 and then
forms an image on the image plane S. Subsequently, after the
laser beam is reflected toward the substrate Z by the vertical
reflecting mirror 24, the short-axis image formed on the lmage
plane S is decreased in the short axial direction at a
oredetermined ratio and then projected onto the surface of the
object 2 to be irradiated that 1s formed on a substrate Z, by
the projection lens 30. The length of the rectangular beam,
which is irradiated onto the substrate 2, in the short axilal
direction may be, for example, several tens um.

[0035]
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26b are disposed with a distance therebetween in an optical axis
direction. Further, if the laser annealing apparatus is formed to have the
structure where the distance of gaﬁré 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 axial direction by
changing the composite focal length according to need. However,l%ly

07 and

one SHortthxis Teha Artay May be Used in the present invent1.on”
26b [99%631 I QE &Qé%cﬁé {o, %e&ngi%%%v\@%%ﬂé%%fe@?%lajﬁ @eical axis

amorphous semiconductor film, and is formed on the substrate 2 by a film
d1irdepasited methad:suchias @h€ VR methodh Anld-Si filpp or atcompeuhdrmed
semiconductor film (amorphous silicon-germanium 15 film or the like)
to havifg ‘ditorphéis stricture i5 exemplifietPasi #hé aforphslis ©F the

semiconductor film. 0037] The substrate 2 is held by. a substrate stage 4
ShOZR & transtafretfin the ér%‘rf‘af&’“f‘af é%ejc%o%gf ﬁ%éll%nceaaﬁ: ﬁé’:alr%.c%(g %%t ton

canthe-subsirate staged isamoved,;thedilm 3 to-he, ircadiated;,which is formed
on the substrate 2, can be scanned in the short axial direction. The

homtrgasferring speed of théxsubstrate stagel 4ds centrolted so thattheing the
irradiation is performed several times per unit region of the surface to be

comjpratiatad Cthat is, 25t rradiation of the finésrBeamGVErAps edeh Y one

other. For example, the irradiation is performed, so that an overl Lo}
h ?”';E— g STr > i 2] He | g =3an L%B’eg%t& .
*"Checomas 90% or morg.yMgSXwﬁﬁ]e?t e o&élrlap ratio indicates - 19 a o
rogragio of the moving distance of the substrate 2 for every laser

The obiject 3 to be irvadiated with the laser beam 1 is
an amorphous semiconductor £ilm, and is formed on the substrate
2 by a filmdeposited method such as a CVD method. An a-8Si film
or a compound semiconductor film (amorphous silicen-germanium
film or the like) having amorphous structure is exemplified as
the amorphous semiconductor fLilm.

[C0377

The substrate 2 is held by a substrate stage 4, and is
transferred in the short axial direction of the linear beam.
As the substrate stage 4 is 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,
the irradiation of the linear beam overlaps each cother. For
example, the irradiation is performed so that an overlap ratio

bacomes 90% or more. Meanwhile, the overlap ratio indicates
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shot to a flat region (half width in the case of a Gaussian shape) of the
light intensity distribution in the short axial direction of the linear beam. 5
[0038] The substrate stage 4 of th:j..s embodiment is set in a processing
chamber 40 of which atmosphere can be controlled to be vacuum or a
non-oxidizing gas atmosphere. Since the atmosphere of the processing
chamber 40 is controlled to be 10 vacyum or,a non-oxidizing gas .. .

a ra&tﬁfb?ﬁhﬁ%d&?ﬁﬁb%%ﬁéﬁlﬁ%?ﬁ?eogx% atioi of tﬁ%tseu(r;ra?:ce)%o ’%%“gbjle%f 3"

=110 e eradiated.is; prevented. Hydragen o inert gas, (nifrogen gas-akgorbe )
gas, helium gas, neon gas, or the like) may be used as the non-oxidizing

of tgas.Menowhiles at the pracessing:chamber 40 <15Hrarismissionddindow on
41 through which the laser beam 1 is transmitted is put in. [0039] Instead

of ghthelabirmeniioned structure where the substrate 2 on which the

) Ofiqu 3 to be irradiated is processed 20 in the processing chamber 40,

{O0there may be used a method of blowing inert gas only on portions

iradiated with, the linear sbgam withoutusing thepracessing chamber 40. a

This may also be applied to second to fourth embodiments to be
prodescribed dietovr<25 {0040] Asistiown i Figh B ahedaser anmealing L=< Lo

apparatus 10 further includes a long-axis lens arrag moving, alpépear%ues 32

be fRatLR0 fecigtobatestifd forg-axisIéns arrdy$ P and 200 tha

atmosphere of the processing chamber 40 ig controlled to be
vacuum 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 (nitrogen gas, argon gas,
helium gas, neon gas, or the like) may be used as the
non-oxidizing gas. Meanwhile, at the processing chamber 40
fransmission window 41 through which the laser beam 1 isg
transmitted is put in.

[0D39]

Tnstead of the above-mentioned structure where the
substrate 2 on which the film 3 to be irradiated is processed
in the processing chamber 40, there may be used a method of
blowing inert gas only on portions lrradiated with the linear
beam without using the processing chamber 40. This may also
pe applied to second to fourth embodiments to be described
nelow.

(0G40]
As shown in Fig. 1A, the laser annealing apparatus 10

furtherincludesaﬁimg—axislensarraymovingapparatus32tnat
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direction corresponding to the long axial direction of the linear beam
(X-direction in Fig. 1A) during the laser irradiation. The long-axis lens
array moving apparatus 32 is 5 gut%n@ically controlled by a control unit
(not shown) [0041] 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 condensirlgéo tical stem,c?.o2 ich is set
recR IRE féarside  f OptichT Systent, Hré ch ﬁgé@ f§¥8V€& sh(;@ whilé the

. _long-axis le r nd 20b,are reciprocated in, ¢l ifeGlion £ +he
air ggr‘?é%éon%ﬁ%%é%@%?%%x?a% (g?g:ti%%@g#)thﬁr%far@bggﬁ a%s%escribed
11inaheve; dherefore; i the-uniformity of the beam inthe tang-axialdisection on

the 15 surface to be irradiated is changed for every shot, so that it is .
i rrpgssibleto obtiircan effectstidispersing Vericdl'sipes SRR Shifacédo’ S

be iqadiated that are cqtijfe by scattere Eigr}lt %gplqratgrqoqn the surface
2UtGfeiERs aMd VeRtichl stripesare vistally signific '

T OSOWTLH)
cantly reduced. As a
{OOI@}?WL when the 20 overlap ratio is, for example, 90% or more, the laser
irradiation is performed so that stripes are not seen. 0042] A moving
widthmof4¢he reciprocatiem of eachof the: dorg=axis denstarrays:26a andam 1
20b is represented by S; a pitch 25 of the vertical stripes, which are

entparaliél o the'seanAing directivh of the liheaFbedm (the traRSfing ="* <~
which is set on the rear side of optical system, are changesd
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 peam as described above. Therefore,
the uniformity of the beam in the leng axial direction on the
surface to be irradiated ieg 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
1light generated on the surface of the lens and vertical stripes
are visually significantly reduced. As a result, when the
overlap ratio 1ls, for example, 90% or more, the laser
irradiation is performed so that stripes are not seen.
[0042]

A moving width of the reciprcocation of each of the
long-axis lens arrays 20a and 20b is represented by S; a pitch
of the vertical stripes, which are parallel to the scanning
direction of the linear beam (the transferring directicn of the

substrate 2 in this embodiment) and appear visually when laser



[y
o)

15

20

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 5 S and the width W will be
described below. [0043] Fig. 2 is a ‘chematic diagram illustrating the pitch
P of the vertical stripes. As shown in Fig. 2, the vertical stripes are

composed of bright and dark parts L and D that appear 10 alternately.
ARNGrce Big NS A SCHefatic didgranm “hodidarias " bétwéén the bright parts™

aArr fg%@g %@{5 %§,Dla§e LCJB%QEQ/SF&J?Q%% %EfigP,z' lﬂ‘?éﬁ."%’%ﬂ@@?%@ gach
stripes , the bright and dark parts L and D gradates and appear

cyalternately. Distances Rk, Ph2, PL3g-zbetweenrbe genters of the bright 0b
parts L have deviation, 15 and distances distance Pm, P;52, PD3 ... =
Ls trweenthe eenters of the Hark parts Dihbve deviation C0648 P Fathis W 1o th

specification, the pitch P_of the vertical . stripes means any one of an
S 2GVerage Vatie EAﬁo Weﬁéispa%c 5520 ﬁ}?s%én%)eﬁg(z)l‘fplz, PL3 ... between

“pothe centers of the bright parts L, an average value PDA of the distances
distance Pm, Ps2, PD3 ... between the centers of the dark parts D, and
an average value -ofsthesum of:PLAcgnci DAL 0045} 2251 Rig. Bhs govienh P
illustrating the moving width S of the reciprocation of each of the long-axis
of [gn’ arfaysi20e afnd 20BSand the wilith' W bfthe'dlindricalténs’ 8t Lo !

Strégésst‘]%vg% Igoﬁrll 'o%’et eorg ng%k\{vtldAQ§ 8!2,1;[” eparts L and D that appear

alternately. Since Fig. 2 is a schematic diagram, boundaries
between the bright parts L and the dark parts D are clearly shown
in®ig. 2. However, inactual stripes, thebright anddarkparts
L and D gradates and appear alternately. Distances Pr., Puz, Puz
. between the centers of the bright parts L have deviation,
and distances distance Ppy, Pnz, Pp3 ... between the centers of
the dark parts D have deviation.
[0044]

In this specification, the pitch P of the vertical
stripes means any one of an average value Pyx of the distances
distance Pr;, Pio, Pz ... betwsen the centers of the bright parts
L, an average value Ppy of the distances distance Ppi, Poz, Pos
... between the centers of the dark parts D, and an average value
of the sum of Pz and Ppa.

[0045%]
Fig. 3 is a view illustrating the moving width S5 of the

reciprocation of each of the long-axis lens arrays 20a and 20b

and the width W of the cylindrical lens Z21.
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reciprocation of each of the long-axis lens arrays 20a and 20b is a
moving stroke of the cylindrical lens 21 in the X direction, and the width W
of the cylindrical lens 21 is the width.of the 5 cylindrical lens in a
reciprocating direction (X direction) T0046] 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 Ioﬁﬁ-a’?ﬁ?l‘@ﬁslaq}ra%gzt)a%an& 50b " the Movillg gvg&hsrs %f trtlae% ©

recﬁeg?{%@g%tm of each.of the lopg-axis lens.arrays 20a-and:2Qb  may-pe aton

east P/3 or more. Further, the moving width S is preferably smaller than
i s dheowidthy \Mefdhe eyindricallens soithat the movihg stroke Bf€achof the
long-axis lens arrays 20a 15 and 20b does not exceed the lens width W.
and[0047[uictordihgly, it epreferabie friat the Fhoving widtth 3% andthe 1ehs ¢
widih W be set 5o as o satsfy the condifion of 'PI3SSEW, Fr s . .

Cylrle%%%)ﬁ,c e enerséylé}sﬁibﬂ%gﬁ%ausmg 20 the vertical stripes is deviated

[ 0oipaa 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-ofthe stripes. Therefore; itisrpossibietoreffectivélytreduce ter v
occurrence of the visible vertical 25 stripes by properly dispersing the

A1 sygrtigalstApes. Further > ftfe EonditioniSPRESEW ot B ES<W it ig -1
Rssible [0 further, Inclegse an gffeqt ol dispersing stripas, Thetefere, i
©a353 possible to of i ?éct_ -

1pes,
0 obtain %ﬁarger stripe-reducing ef
long~axis lens arrays 20a and 20b, the moving width S of the

reciprocation of each of the long-axis lens arrays 20a 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 lens so
that the moving stroke of each of the long-axis lens arrays 20a
and 20b does not exceed the lens width W.

[(0047]

Zecordingly, it is preferable that the moving width 3
and the lens width W be set so as to satisfy the condition of
“p/3<S<W”. For this reason, the energy distribution causing
the 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
stripeskgfproperlyfdispersingtﬁm&vertical,stripes. Further,
if the condition is P/2<S<i or P<S<W, it is possible to further

increase an effect of dispersing stripes. Therefore, 1T is
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[0048] Furthermore, it has been. identified that the pitch P of the
ve'rt:i_cal stripes is set to about 3 to 4 mm. Therefore, in 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 to this case, it is
preferable that a condition of "S<W" be satisfied. [0049] 10 Itis
preferable that the frequency F of the reciprocation of the long-axis lens
PoSZlrRyS 2b8 and208'bé Siﬁgégrf more. Fig. 4A 5 & ﬁﬂgto%grﬁa%hggf a
[Ooﬁ%miconductor film annealed by laser while the long-axis cylindrical lens
arrays 20a and 20b are not reciprocated. Fig. 4B is a photograph of 15 a
semiconductarfilme=annealed:by taseriwhite:the leng:axis cyindricallens of
arrays 20a and 20b are reciprocated at a frequency of 7.5 Hz. It can be
thesgen o Eig.H4B Bt ifthe Hrequercy B s increased horiZzortardtripgs 1
as well as the,_vertical stripes are reduced only by reciprocating the 2
parl%‘h%yaixﬁlsr [entzhgrrgﬁg 204 a%ﬁ%.grhlesré)a%%g?gdt |f isgg%eggsne és%ore'
mo :J:L'D”IQEA@f thers l'%/ an action where the energy, distribution-ef:thelasembeant r
1, which enters a large-sized lens (projection lens 30) set on the rear side
mo rof.optical rsystem; iin the short.axiat direefienr ischarigedidaetothe tion of
reciprocation 25 of the long-axis lens arrays 20a and 20b. The action
"S<Yecéifies ignificant by setting preferable conditions of the moving width
{OO§§1 d the width W and increasing the frequency F, so that - 24 the
horizontal stripes are also reduced.

It is preferable that the frequency F of the
reclprocation of the long-axis lens arrays Z0a 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. 4B is a photograph of
a semiconductor film annealed by laser while the long-axis
cylindrical lens arrays Z20a and 20b are reciprocated at a
frequency of 7.5 Hz. It can be seen from Fig. 4B that if the

—

freguency F is increased, horizontal stripes as well as the
vertical stripes are reduced conly by reciprocating the
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 system,
in the short axial direction is changed due to the reciprocation
of the long-axis lens arrays 20a and 20b. The action becomes

significant by setting preferable conditions of the moving

width S and the width W and lncreasing the freguency I, so that
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[0050] Further, the polarization direction of the laser beam 1 may
correspond to S polarization with respect to the surface 5 of an
amorphous semiconductor film 3. %on_arization corresponds to the
polarization direction perpendicular to the incidence plane (the surface of
the amorphous semiconductor film Sin the present invention) , and P
.. polarization corresponds to the polarization direction parallel to the
“heidiidencepiane “10 FigS S i§ an éﬁopﬁoﬁé\&r%% ‘of crystal grains when
{OO% amorphous semiconductor film is annealed by a P-polarized laser
"~ beam and when. the amorphous semiconductor film is annealed by an
S-polarized daseriheam Vhen:the amorphous: semicanductor filsisr beam
annealed by the S-polarized laser beam, a 15 polycrystalline
1 magnriesAcuctorfln owhigty has baifbrA erystal gramsaving grain sizéface
larger (coarser) than crystal grains_of apolycrystalline, semiconductor film
°F Zhnédled %%/C%Hg Ig?p%}a%r?z%%%l%gribeEalr%mas%shovgva;} T noll—'%F 5,Z fjégolbc%gined.

corFO this feason, itispossible to obtainian effect ofsedueing ; 2Q visible, the
stripes. 0051] If P polarization components are lesser, the effect of

incretiicing visibtesstripes ismofe excelfenthAccondingly; the dradiationioftor
an S-polarized | aser beam that is most preferable, 25 the alternate

£ 1 1jfradidtion dFPLaRd Spolatizetaser bedms; tha randdmBolarizafich,°" s
ro B0d thejivadiation of & P-polarzed agen beam are preferanlg in tis, 1 . e .
orﬁeip.?gurtlﬁer, from the - 25 standpoint of the influence of the polarization
directiony it 5 is an SEM photograph of crystal grains when the
amorphous semiconductor film is annealedby a P~pelarized laser
beam and when the amorphous semiconductor film 1s annealed by
an S-polarized laser beam. When the amorphous semiconductor
film is annealed by the S-polarized laser beam, a
polycrystalline semiconductor f£ilm, which has uniform crystal
grains having grain size larger (coarser) than crystal grains
of a polycrystalline semiconductor film annealed by the
P-polarized laser beam as shown in Fig. 5, is obtained. For
this reason, it is possible to obtain an effect of reducing
visible stripes.
fO051]

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 ismost preferable,
the alternatre irradiation of P- and S-pcolarized laser beams,
the random polarization, and the irradiation of a P-polarized

laser beam are preferable in this ocrder. Further, from the
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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 bf' described 5 below, it is also
preferable that the polarization d“irec%loﬁ of the laser beam 1 correspond
to S polarization. 00521 As shown in Fig. 1B, the laser annealing

apparatus 10 further includes a short-axis lens array, moving. apparatus .
st 23310 tHattecipt6catesthe shorkaxis1ens Anays 26a and ?%ag% B

. . direction corresponding to.the sh ial.directi : linearfeamat i

=5 Ry w%%ﬁ%g?n?ﬁ)g. 1 %&ﬁﬁg tﬁé ngaLE;Efaar)i %r?agcﬁ%%%}lgﬁgfﬁowffxis Iénéatmnq

4 18/ay movingiapparatys 33 is- autematicallycontroliéd:byereontrol-device” -
(not §hown). 15 [0053] The incident angle and intensity of the laser beam

Me zhventdring aclafge-sized fehs GhEProjdetiBhIens B0t this® enmbodintent)’ ©
of the short-axis condensing

« S CC optical syst hich is s ar o
v e SOl ordena i e a3 e D o

: / hile 1 lens arrays 26a and
o JaRareecipracatedin (e ditgetion copesponling to:theishort axial
irection of th_e linear beam as described above. Therefore, the uniformity
[0 @fsthe 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:herizonital stiipes bathblEutaceto B ifathated tRaFark™ TS -°

SRS A e o e st gl el B o
; y reduced.

that reciprocates the short-axis lens arrays 26a and 26b in a
direction correspending to the short axial directicn of the
linear beam (Y-direction in Fig. 1A) during the laser
irradiation. The short-axis lens array moving apparatus 33 1is
automatically controlled by a control device {not shown).
[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
short-axis lens arrays 26a and 26b are reciprocated in the
direction corresponding te 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, soO that 1t is possible
to obtain an effect of dispersing horizontal stripes on the
surface to be irradiated that are caused Dy scattered light

generated on the surface of the lens. As a result, the
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Meanwhile, as described above, the horizontal stripes as well as vertical
stripes are reduced by reciprocating the long-axis lens arrays 20a and
20b. Accordingly, the lase --5 annealing apparatus may have structure
where the short-axis lens arrays 264 and 26b are not reciprocated and
the only long-axis lens arrays 20a and 20b are reciprocated, and may
reduce both vertical stripes and the horizontal stripes by using, the .

hordtrgetiife: 10 OOBEFINtARs emboditleht>éddh thotgh the Iens altays 20a,

20b, 26a, and 26b are r g (o] %tgg, g]go%sitioghgf Wgﬁ%g{gqiawipes
onto eeas]’,lu‘“?Palcjéze‘[(’) baegirg\d%;fé is not changed. [0055] 15 [Second

2= Embpdiment] Figs:-6A and 6B-shewdhe sghematie gtructure of adasery the
annealing apparatus 10 according to a second embodiment of the

longresentinventiort A sown in Eigd 620 instedd of thit-ohgaxis [ehs arayf
20 moving apparatus 32 of the first embodiment, a laser annealing . ___ .

2NTg5aratls 0 aécording 1o thi ermbsdiment includes a long-axis lens

1 -rray.reciproeate apparatys 34, which reciprogates, long-axis lenscarsays,
20a and 20b in an optical axis direction (Z-direction in Fig. 6A) during the

1ordaserdiradiation, as ainit 2% fordncreasing:ordeceeasing relative and may
distances on an optical path between a long-axis condensing optical ,

redsystehrand’ foriglaxis [ehs ey s 20d-&Rd P0b RIS afmtdiniiga®y 1S+ 09
distance - 27 on the optical path between the long-axis condensing

thgxﬁ%apcture.
(0054

Tn this embodiment, even though the lens arrays 20a, 23k,
26a, and Z26b are reciprocated, the position of the beam radiated
ontc the surface to be irradiated is not changed.

[0055]
[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. 6A, instead of the long-axis lens array
moving apparatus 32 of the first empodiment, a laser annealling
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
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
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system (a long-axis condenser lens 22 in this embodiment) and the
surface of the object 3 to be irradiated constant. The long-axis lens array
reciprocate apparatus 34 is auto_mgt;ca_lly 5 controlled by a control device
(not shown). [0056] The incident angle and intensity of the laser beam 1
entering a large-sized lens (the long-axis condenser lens 22) of the
long-axis condensing optical system, which is set on thecf'o rear side ﬁ:%al

on th&nged torevery shotWwhilE A distince O thée” optical path betwee i
sys !Pé\%‘.?’éis“;coq{‘é@_ QQIPQ optical system and the syrface of the.object3 {0 bend

irradiated is maintained constant and the relative distances on the optical
t hePath-hetween rtherlengaxis-condensimg: opticah systemdanc the: long-axishe
]..ens 15 arrays 20a and 20b are increased or decreased as described
Longheve. sTherefora it is possblOshtaln an eifedfof didperding e L LY
stripes on the surface to be irradiated that are ﬁa%sed by scattered light

cordéerated O the gl?r?at[geoc]eift 2'ens so'that ihe ver

e vertical stripes are

[OO%ig@ificantly reduced. Further, as 20 described in this embodiment, it is
possible to easily increase or decrease the relative distances on the
opticalipath betweert: the i0rmg-axis condensing opticalidystera amd thean 1
long-axis lens arrays 20a and 20b by reciprocating the long-axis lens

entgrraysl 20a and 20b1WhTCH &R tdriisd iP5 S sizé TR TR Bpticalf 28 7~
o IS direction, [0057] Furthermorg @%é&@‘%’%@t’é&g; 6f, Insead otthe, - 28,
- sHOrt-axis Tens drray moving a%p ratus of the first embodiment,
rear side, are changed for every shot while a distance on the
optical path between the long-axils condensing optical system
and the surface of the chbject 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

arraysZOa,and20h>areincreasedcnfdecreasedamsdescrib@dabove.

Therefore, it is possible to obtain an effect of dispersing

by scattered light generated on the surface of the lens, so that
the vertical stripes are significantly reduced. Further, as
described in this embodiment, it is possible to easily increase
or decrease the relative distances on the optlical path between
the long-axis condensing optical system and the long-axis lens
arrays 20a and 20b by reciprocating the long-axis lens arrays
20a and 20b, which are formed in a small size, in the optical
axis direction.

roos7]

Furthermore, as shown in Fig. 6B, instead of the
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the laser annealing apparatus 10 according to this embodiment includes

a short-axis condenser lens moving apparatus 35 that reciprocates the

short-axis lens in a direction corresponding 5 to the short axial direction of

the linear beam (Y-direction in Fig. 6B) during the laser irradiation. The

short-axis condenser lens moving apparatus 35 is automatically

controlled . by a control device (not shown). [00 10_The incident angle .
Sho GO U b Al BEA T ERa e e rolBcto ISnecdts e
sneSeton therearside , arg,changed for eyeryshot alse while thesshortaxisn «

condenser lens 29, which is set at the rear of the short-axis lens arrays
inc26aand26hpistrecipiccated dr asdirectionscorresponding tor 5 the shottat

axial direction of the linear beam. Therefore, it is possible to obtain an
receRector dispérsing horizortal strigess ob te Surfaceto™Be frradiated thdt ¢
, e caused by scattered_light.generated on the surface of the lens that,
e ﬁ%lé:’ hgd?szlé%ta%i }éfr?piesdeé'rreesg@ﬁ%gaﬁt%ecr%(? uced. 20 IO(%)E%%&Ot ér%ﬁﬁ%%ﬁ%agn
in ©f this empodimentis the.same-as that -ef the first embodiment.{006Q} s

[Third Embodiment] 25 Figs. 7A and 7B show the schematic structure of a
conlases cannealing appamatas i0radcordiig te athirderibodimentofitheclled

present invention. - 29 As shown in Fig. 7A, a long-axis homogenizer 19
by 6f§%%£ﬁol device (not shaown).

[0058]

The 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 recipreocated in a direction corresponding to
the short axial direction of the linear beam. Therefore, 1t
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.

[0059;

Other structure of this embodiment is the same as that
of the first embodiment.
[0060]

[Third Embodiment]

Figs. 7A and 7B show the schematic structure of a laser
annealing apparatus 10 according to a third embodiment of the

present invention.
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annealing apparatus 10 according to this embod. ent 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 optical
system 23 used as a long-axis condensing optical system, which projects

the edge face of waveguide 39 to the surface of the film. Th? %ong-ax{s
waveguite divides “a faser beam 1 1Rts pitiral 84S in 4 direction = ~=°°F
annggr‘f§§@0§9mrjag to.the long axial direction, of alinear beam: Thecomposed

long-axi.s focusing lens introduces the laser beam 1 into the long-axis
of avavegujde 39.cFhesiongraxisicondensing gpticaksystemdnakes thelkasers,
beam 1, which is divided into the plural beams by the long-axis
thewhyagaieke 39, coRdenrse 6verldpy eaéh ofhet oWthe A5 $UHace bT tHees 2
object 3 to be irradiated. .The lgng-axis optical system 23 of this .
Lo OB R LN oS of g ST eal 16 Soscai oH=rRgr 20
a 1long-axis optical:system.enlarges-a \|arg-axis imageformed on-theiensing
emitting surface of the long-axis waveguide 39 at a predetermined ratio,
optand thexy ptejectsithe <20 jmage onto theeserface tobeirradiateds {00615 39
As shown in Fig. 7A, the laser annealing apparatus 10 according to this

Lo embodlimietchites dlong axis 1Bctising 16hs* novifig Apparats 3677

which recipracates the bng- xig focusing 25 Ig{w 3 tmc%dié%‘?fkoé‘s i
B 1%8%588%&% tjbntsﬁg |8ri]5 a‘?(?al direction of the I?n%ar beam (X-dire%ﬁc?n in®
ro Fig: TAYuringithe laser-irradiation: The long-axisfogusingriens mevingxi s
apparatus 36 - 30 is automatically controlled by a control device (not
focshown) lens introduces the laser beam 1 into the long-axis

waveguide 3%. The long-axis condensing optical system makes
the laser beam 1, which is divided into the plural beams by the
long-axis waveguide 39, condense cverlap each other on the
surface of the object 3 tobe irradiated. The long-axis optical
system 23 of this embodiment is composed of two cylindrical
lenses 23a and 23b. The long-axis optical system enlarges 2
long-axis image formed on the emitting surface of the long-axis
waveguide 39 at a predetermined ratio, and then projects the
image onto the surface to be ilrradiated.

[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
lens 38 in a direction corresponding ©o the long axial direction
of the linear beam (X~direction in Fig. 7A) during the laser

irradiation. The long-axis focusing lens moving apparatus 36
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0062] The incident angle and intensity of the laser beam 1 entering
large-sized lenses (the cylindrical lenses 23a and 23b 5 in this
embodiment) of the long-axis co_ndBe(?sj_ng optical system (the long-axis
optical system 23 in this embodimént) , which is set on the rear side, are
changed for every shot while the long-axis focus.i.ng lens 38 is
reciprocated in_a direction corresponding to the Jong axial direction of the

18 filéarBeamat0'ds dBEcbEd -ghove. Théretors it ishdssibie &S%Btgﬁoa“h“ :

[Qogggct 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 stripesiarersignificantlysreduced.c 15 {0063} As:showreinerig. iBym 1
instead of the short-axis lens array moving apparatus 33 of the first 7

entembodlimertsthelasest arnealing “asparatus 10 Betording 16 this 2 and 23D

. embodiment includes a_mirror tilting apparatus 37. The mirror tilting

o %%b%rﬁtt%géfﬁr‘?&’z fRe reflecting %ﬁr%%lbc(?ur}%%pﬁtﬁéhigsgp ci%frlaC iation 56

(- nthat g lingar beam isreciprocated inthe,short axial.direction.chhe mireer 1 s
tilting apparatus 37 is automatically controlled by a control device (not

setShownh 0064} 25 Thie incident @ngleyand fintensitysof the laser beahel the

entering large-sized lenses (the projection lens 30 and the cylindrical
longnags 230HHEEI3W i thisSembodiérity -whichs £ 31" Sefort thiefeat °

cor?ggp%ﬁiﬁQEEQEg‘PESVEQQBh%&H%Huﬁgég%tion_of The linear beam
as described above. Therefore, i1t 1s possible to cobtain an
effect of dispersing vertical stripes on tThe 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.

[00e3]

As shown in Fig. 7B, instead of the short-axis lens array
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
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 is automatically controlled by a
control device (not shown).

(0064]

The 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 1s
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reflecting mirror Ila, 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 did ersing horizonta' 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

selragubd. irffhis tase, the ShoRHEEE 10 HomBgénizer 28 may e ahy ohe-"©
ref%%%elnﬁ%a ray. type homogenizer, and a waveguide type hom g_%re%%r-path

“Further, as long as the reflecting mirror to be tilted is provided on the
on eptical path omtheiupstream sidenf dhe shart-axischemegenizer 25, any
reflecting mirror may be used. Alternatively, the reflecting 15 mirror lie
de s majretited stealicof ke reflecting-mirrot 1197 T0DE5] Othef Sfruttire df =
this embodiment is the same as that ,oithe first embodiment. [006910 é) o

L [Esurth Embodimént] FigsS BAaHY 8B St5ow the ‘Schematic structire of a
ootl@??rafﬁ@%@g %W@E@{Hé ﬂQlaF&Qfgﬁng%%fﬂJ@Q ﬁﬂMB@%P@@B@ face
present invention. As shown in Fig. 8B, a short-axis homogenizer 25 of a
to 25 lasermannealingrapparatus 1 Qu:aecordingstosthissembodiment isenerated

composed of a waveguide type homogenizer using a waveguide 44. That
on ig1¢hé shar-axis homegeizer 25t this efmbodifent o33 dhclidesiys 27¢
sig?ﬂofrg_géig’tvg?fverge%'gge‘lé.’ a fploré-ﬁ%%s fggg%i?gilz S short-axis
nomogenizer 25 may be any one of a lens array type homogenizer
and a waveguide type 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 be used. Alternatively, the reflecting
mirror 11la may be tilted instead of the reflecting mirror 11b.
00651

Other structure of this embodiment is the same as that
of the first embodiment.
[0066]

[Fourth Embodiment]

Figs. 8A 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
lager annealing apparatus 10 according to this embodiment is

composed of a waveguide type homogenizer using a waveguilde 44.

That is, the short-axis homogenizer 25 of this embodiment
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43, and a short-axis optical system (31a and alb) used as a short-axis
condensing optical. system. The short-axis waveguide 44 divides a laser
beam 1 into plural.. beams in a 5 d'rgct_ion corresponding to the short
axialdirection of 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, whichi's divided into

Lnophifralbeams by the'sholaxi Swalequide'4d, Eandétise eaci other 107"
13,00 e surface of the;objegt 3 lasbe inadiated. The shod-axis, face,eptica) -

" system of this embodiment is composed of two cylindrical. lenses 31a
shoand alb, Theshortaxis faes optical systemrdecreases:a snorzaxisimage
formed on the emitting surface of the short-axis waveguide 44 ata
wavpedeternided tatioids and-thenrprojetts the limageronts the SGdce tdbé

., irradiated. 0067] Further, as shown in Fig. 88, the Jaser annealing . ;. .,
A1rgpparatus 107 cdordinig 16 this enbodiment inciides a short-axis focusing

peafNS MAVINg apparajus. 45 that reciprocatessthe 20 shoraxisfocusing-leas
43 in a direction corresponding to the short axial direction of the linear

1 ibeam (¥-direction:n FigwBB)during the.laseh kradiation.g0068FFheensing
incident angle and intensity of the laser bean;| 1 25 entering large-sized,
optlensds fhe CylinBAca ferts 31b Afidthes Bhglaxi¥ ofdenseriens 92Gn > H 10

o1 i Lt o i, SPOL S oD SRR N By
ont@ﬁygﬂgface of the obiect 3 tobe irradiated. The short-axis
face optical system of this embodiment is composed of two
cylindrical lenses 3la and 31b. 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,
and then 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—-axils
focusing lens moving apparatus 45 that reciprocates the
short-axis focusing lens 43 in a direction corresponding to the
short axial direction of the linear beam (Y-direction in Fig.
8R) during the laser irradiation.

[0Ce8]

The incident angle and intensity of the laser beam 1
entering large-sized lenses (the cylindrical lens 31b and the
long-axis condenser lens 22 1n this embodiment) of the

short-axis condensing optical system, which is set on the rear
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Ie_ns 43 is reciprocated in a direction corresponding to the short axial
direction of the linear beam as described above. Accordingly, it is
possible to obtain an effect of di§p%r ing 5 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. 0069] Meanwhile, the combinatign of the str_uctu r |
3 St : ) - ¢ '
51010 thé Vertical Stipes And the Structlird’ fﬁo*rqrgdﬁgi% g%ﬁ%y%oﬁgg r%taT %ltér%!egéng

ieA%n %"T@egé%}%%éggﬁ%@eQﬁsgﬂﬁﬁk@&@a@%e@@@ﬂaﬂgmmaheq to bhe
structure for reducing the vertical stripes and the structure for reducing

sndhe horizental stripes: may becombined whilebeing fredlysintereranged e -
_betwe_en the 15 embodime_r]ts. [0070] The embodiments of the present _ .
Acdnveritionlhave.beén. rigstiibed dbove? Howevet, the dbove-desciibed °* 7

embodiments are illustrative in all aspects, and.the. .of

SR 340Dl eRaNnts -

honiriléftior ismdtfimitéd _t% %e_%ﬁggtﬁ%e%%é %f%]hé presér%gigr}%gﬁtiﬁ{] o

cand1e;Scope af the, presentinventon is:defined. by the appendedclaims; ens,
and al _changes and modifications that fall within meets and bounds of

so the glaimscorequivalenees of sucte meets andBouhdsHe Wereforeced-
intended to be embraced by the 25 claims. - 34 - WHAT IS CLAIMED SS.:

(0% Allaser annealing method that shapes a laser beam generated by laser

oscillation i
&gg#%gg(%}%Egpgggﬁﬁggi@ggkﬁfthestructure for reducing

the vertical styipes 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 between the
embodiments.

[0070]

The embodiments of the present invention have been
described above. However,theabove—describedembodimentsare
illustrative in all aspects, and the scope of the present
ipvention is not limited to the embodiments of the present
invention. The scope of the present invention is defined by
theappendedclaims,andallchanqesandnwdificationsthatfall
within meets and bounds of the claims, or equivalences of such
meets and bounds are therefore intended to be embraced by the

claims.
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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 sp that the irradiation of the laser beam
overlaps each other, and anneals %e 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

WHAZ |drig axialldifetion of the linear beam by long-axis lens arrays; making

the laser bﬁaﬁ{‘ﬁsv‘ifahricgf%x%?(gqler‘?g%@@n'%gﬁé% lens.ajLays, condensesan
e

each other in ong axial direction 15 on the surface of the object to be
serivadiated by along-axis: congensing: opticati system camd reciprocatinga se

the long-axis lens arrays in a direction corresponding to the long axial .
begirection of the linear Beam durirg thelagérifiadiation262; The 1aser”©

~annealing method according to claim 1, wherein when a moving width of; . 1,
i r the redipfocatioh ot e4chy of tHa fong axid 1dns grr%}ig ré%resented by S:

., & pitch of_stripes, which are parallelto a;scanning directionof the.25 bean
finear beam an appear visually when laser annealing is performed

<o Without esipreeating: theslongraxis-lens srrayss: it represeritsd by P; and ar -
width of each cylindrical lens of the - 35 long-axis lens arrays is

2n depresented By W e retationship 6f *PASSSWs CBRIS AR | G ELWR 55T
15 satisfied. 3. The laser annealing method acsord 10g g claimg

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

making the laser beamn, which is divided by the long-axis
lens arrays, condense each other in the long axisal 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.

5. The laser annealing method according to claim 1,

wherein when a moving width of the reciprocation of each
of the long-axis lens arrays is represented by 3; a pitch of
stripes, which are parallel to a scanning direction of the
linear peam and appear visually when laser annealing 18
performed without reciprocating the long-axis lens arrays, 1s

represented by P; and a width of each cylindrical lens of the
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5 wherein when a moving width of the reciprocal ion of each of the
long-axis lens arrays is represented by S and a width of each cylindrical
lens of the long-axis lens arrays is _represented by W, a relationship of
"1.0mm<S<W", "1.5?7cnn<S<W", ot '3.0mm<_S<W" is satisfied. i0 4. 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 .
Lorsurfacesoflam Sbjett fo/be Lifradratea SratativelyScdhs the shjgct o ba -+ ©

irradiated with 15 the linear b in & short axial direction of the linear

"P/geam so tﬁa{t%ﬁé’ T?%diaﬁcj):n g? %hgﬁase? ﬁe%%gv%ﬁ% 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 arditectione 20correspondingableiong axial dirgeticrPof thet™ -
linear beam by long-axis lens arrays; makin%thelslﬂase.r beam,tvy%ilghoig ach
dividee 5y thie 10ryEaxis TeRs Aray s bllenap erch it i the long axial

£ ditectipn.on the surface of ihe onjectto.be iadiated by, 4 landraxis: 25 dex
con%lensm% O&ICEU system; and increasing or decreasing relative

- £ distances,on an,-optical path between:thedong-axisscangensingroptical s
system - 36 and the long-axis lens arrays during the laser irradiation, .

repwhileca distaince 6n an oplicalipathbetwesdn the 1oryEaxE” condendiigs <" -

optical system and the surface of the object to be irradiated is maintained
orcaﬁsgﬁm§S<W” is satistied.

4. A laser annealing method that shapes a laser Deam
generated by laser sscillation 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 the laser beam into plural beams in a direction
corresponding to a long axial direction of the linear beam Dy
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

increasing or decreasing relative distances on an

optical path between the long-axis condensing optical system
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5 5. The laser annealing method according to claim 4, 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
by 10 reciprocating the long-axis | arrays in an optical axis direction.
6. A laser annealing method that shapes a laser beam generated by laser
oscillation in order to condense the laser 1.5 beam into a linear beam on

andiidi§uraselofan Bbjeebid Be Irfadiated: télgtively sdans the dhject 18 'be”™”
whi 'Treadeig‘:f{d with, the linear beam in a,short axial direction of the lipear beam

50 that the ifradiation of the faser beam overlaps each other, and anneals
conthe-surface, o the-objectdode irradiated by laser 20 irradiation, thedaser be

annealing method comprising: focusing the laser beam into a long-axis
irrwadvegeide by adong-axisfocusingtiens; dividing the laser beam into

plural beams in a direction corresponding 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 gach otherin the, 4,
long axial direction on - 37 the surface of the object to be irradiated, by a
long-axis reandensing-entical system; and-reeiprocating the tangraxisath
focusing lens in a direction corresponding to the long axial direction of the
betlinear beam Bodarimgthe wEsetfradiafionP tical system and the
long-axis lens arrays are increased or decreased by

reciprocating the long-axis lens arrays in an optical axis

direction.

§. A laser annealing method that shapes a laser beam
generated by laser oscillation in order to condense the laser
heam 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 sach other,
and anneals the surface of the obiect to be irradiated by laser
irradiation, the laser annealing method comprising:

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

dividing the laser beam into plural beams in a direction
corresponding to a long axial direction of the linear beam by
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
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7. 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 1%rr§diated, 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 bééss r irradjation, the
i

Lhe|gief ShhBaling apfarafisCompfising: 1% 16HGEaXiS fens arrays that divide’
Conm&l ggbggrpiiggol pwgltl%%mgrilraa direction corresponding to a long

axial direction of the linear beam; a long-axis condensing optical system
that makes the- daser beam, which is:divided by the/lorg-axis ‘kehsrarrays;n
20 condense each other in the long axial direction on the surface of the
cor objeettoiba rradiatée: ahel s IotiglaNisIens airay dving devitetRar ©eam
reciprocates_the long-axis lens arrays in a direction corresponding to the

e

duT kg axial difection of the finear beam during the laser 25 irradiation. 8.
The laser annealing apparatus according to claim 7, - 38 wherein when a
moving width of the reciprocation of each of the long-axis lens arrays is
represented bys8;rapitch:of istripess whichzaréparallel te:a scannmiag beam
direction of the linear beam and appear visually when laser annealing[is 5

JengEdbrfied Witiotft Fe€ipfdcating thE IdRgEIBns Arra¥ K Fepleentdd & -
pealy D 2nd a widih of each gylindrical lens of ihe, long-axis g3 Arays g,
represented yWa relaﬁonshlp 0
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 obiect to be irradiated by laser
irradiation, the laser annealing apparatus comprising:
long-axis lens arrays that divide the laser beam into
plural beams in a direction corresponding to a long azxnial
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 in the long axial directicon on the surface
of the obiject 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 the linear beam during the laser

irradiation,.

8. The laser annealling apparatus according to claim 7,
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"P/3<_S<W", "P/2<S<W", or "P<_S<W" is satisfied. 10 9. The laser
annealing apparatus according to claim 7, wherein when a moving width
of the reciprocation of each of the long-axis lens arrays is represented by
S and a width of each cylindrical lens of the -long-axis lens arrays is
represented by W, a relationship of "1.0 n<_S<W", ".Smm<S<W", 15 or

"3.0mm<_S<W"is satisfied. 10. A,Igg,ﬁr agncel%leing apparatus that shapes

a lasé %Faeﬁwngwefﬁ%}’r}a?eav' %Wél%F osciflation in order tﬂlbpgoenﬁa'égfqégr%h%Wa%ae%

of beaminto,alinear beam on the surface of,an objectto be 29 iradiatedy, o
relatively scans the object to be irradiated with the linear beam in a short

st raxiakdiredtionofzhe linearhéam so thattherradiationofthelaserdieams
overlaps each other, and anneals the surface of the object to be

Linpragidted by iaser frsdidtion: the tdser S aliig apparattis compridinig:

5 long-axis lens arrays.that divide the laseibearp_.i %o |lérI;§lLb§§ ina.
o e R M R E AR

rep@dongraxis eopdensingiopticalsystem that makes the daser beamswhich he
is divided by the long-axis lens arrays, condense each other in the long
1 onaxiakdirectionson thexswrface 1ofithre object tO be iffadiated; bngi®aship of
... long-axis lens arrayrrgfciprocagjng apparatus that reciprocates the
B/ I%ﬁgfﬁ&is lenis array<in a direction’ ?@rre]s?)oﬁ&iﬁbsté Hn'bptical axis
direction during the laser irradiation. 10 11. A laser annealing apparatus
that shapes a laser beam

9. The laser annealing apparatus according te claim 7,

wherein when a moving width of the reciprocation of each
of the long-axis lens arrays is represented by 8 and a width
of each cylindrical lens of the long-axis lens arrays 1s
represented by W, a relationship of M™1.0mm<S<W”, “1.5mmsS<W”,

or “3.0mm<sS<W” is satisfiesd.

10. 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 cbject to be irradiated with
the linear beam in a short axial direction of the linear beam
so that the irradiaticn 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
plural beams in a direction ccrresponding to a long axial

direction of the linear beam;
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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 inear beam in a short axial direction of
the linear beam 15 so that the |rrad3 ation of the laser beam overlaps each
other, and anneals the surface of the object to be irradiated by laser
irradiation, the laser anneahngéfp aratus comprising: a Ion% axis

Wave@ugo%“f%a‘f‘ﬁﬁﬁde%ofﬁ%eiﬁ am rﬁt%aﬁ‘lu?e?f%e%ms A dirédion -°
14:801e8pONding t0.3 long axial 20 direction of the,linear heam.,alongraxjs,,

focusing lens that introduces the laser beam into the long-ax's
conwaveguige:a lengesaxis condensing;optical lsysterathatmakesithe faseface
beam, which is divided by the long-axis waveguide, 25 condense each
of Gther irthedbng axist direEfiéh ohtHe safface of the object to be

irradiate g and a Iong aX|s focusmé? lens movmcqaapparagus thgtatég h
reciproc ?e%qthe}iong % introdi ng?en?m a direction 1[():grrespondlng ?o

reCQ};Jeea%@' direction, gt theilinear beam dyring the laser irradiation. 5

A laser annealing method that shapes a laser beam generated by

corlaseposcillatipntin ardento-candense the ddser dieam intoal linedrtbeahe ser

~onthe surface of an object to be irradiated, relatively scans the object to

Lrrgelirpddiated with the linear beam in a short axial direction of the linear
bear. 10 so that the irradiation of the laser beam overlaps each other, and
anneals the surface of the object to be irradiated by laser

11. A laser annealing apparatus that shapes a laser bean
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:

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;

a long-axis focusing lens that introduces the laser beam
into the long-axis waveguilde;

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 obiject to be irradiated; and

a long-axis focusing lens moving apparatus that
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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 15 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 surface of the object to be irradiated, by
a short-axis condensing optical system; and 20 reciprocating the

reCShoftexisTans diraysTA a direction “Eorrespohding tothe Short axidl™ ™ o
corigaianatibe neas beam during thedaser yadiaion. 1818560, pean

annealing method that shapes a laser beam 25 generated by laser
durosgcillation in-order to-eendensedhe laser beam into a linear beam on the

surface of an object to be irradiated, 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
anneél%‘thep’sdﬁfceerofzﬁ{é@@b?é&gtonﬁet#Pa%iéimgaiby%%gre ?rrgd%%%ﬁ?tﬁ)eeam

gem%'és&@anse"ﬂ% method comprising; 5 dividing the Jaserheam intoplutal s e

eams in a direction corresponding to the short axial direction o the linear
heabedmt by shott-axis lens=arrays; making:the:laserdfeam, whithds divided:
by the short-axis lens arrays, condense each other in the short axial =~
irraipéctionio bR ‘EhtinTaye plie) Byt 8nor-EX i coRdBRséreRs ated with

en<LEEEASIY 01D 190p L1 1308 413 B PIFSTINEH oo
so that the irradiation of the laser beam overlaps each other,
and anneals the surface of the obhject to be ilrradiated 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;

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
corresponding to the short axial direction of the linear beam

during the laser irradiation.

13. 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 obJject to be irradiated with
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the surface of the object to be irradiated, by a projection lens; 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.
14. A laser annealing method that sEaﬁes a laser beam 20 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 Ecans the obr'%act to

the phlifaaiated With thé IMeaF beaiia Shoft Gkial Hirection of thé findal <™
so Peam.sg thatthe irradiatiop.of the laser.beam.overlaps.each other, 25,c+,

and anneals the surface of the object to be irradiated by laser irradiation,
andthe laser annealing:method cormprising= ¢miformizingdight intessityy 1aser
distribution in the short - 42 axial direction of the linear beam by a
ir rgHér-akiz-horhbgenizeE rand tikting d reffeeting mirtei Which-s%provided
on an, optical path on.the uPstream.si(Ee of the shart-axis homogenizer, 5

during the TasY irfAdiafion so that the'finear beam sCs feciproca sdinthe "

cor §|3:%r55 axial direction 15..A laser-annealing method,that shapes alaser heam
beam generated by laser oscillation in order to condense the laser 10

Ly beamtdntoxa linearbeam omthe surface of an object to be irradiated,
relatively scans the object to be irradiated with the linear beam in a short

axial ‘irEétich St theiteartedm €otht thedrradiafion of theladet beant =
1endvElians gach olfer, A04.aReale g sUfAcR o1 M8 PRSI P& rect son
wracﬁateésdy aser
on an image plane, by a short-axls condenser lens;
decreasing a short-axis image of the image plane at a
predetermined ratioc and projecting the short-axis image onto
the surface of the object to he trradiated, by a projection lens;
and
reciprocating the short-axis condenser lens in a

direction corresponding to the short axial direction of the

linear beam during the laser irradiation.

14, 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
irradiated, relatively scans the obJject to be irradiated with

the linear beam 1in a short axial directicon of the linear beam

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
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15 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 élozb)“/ 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

ax1 pradiatéd: bydishort-A%is ‘CoriBASig optical BystemZand 25 nogen s zer/
reciprocating the short-axis focusing lens in a direction corresponding to
the short axial direction of the linear beam during the laser irradiation. -

43 16: Adasgy apnealing apparatys that:shapes arlaser beam i generatedchn

by laser oscillation in order to condense the laser beam into a linear
optbeam pathessutface ofanr ebjecttdche 5 ifadizted, rekitively s6ass theze ¥

object to be irradiated with the linear beam in a short axial dilgzction of the

duTndarbEam “dirthat tHe ifratliatioh 6f the'18der Beam oliéfiaps €ach dther,
---3nd anneals the surface of the abject to e iradiated by laser iradiation,
the laser annealing apparatus comprising: 10 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’systém!thaemakesahe Lager BEAAT WHICH isSdivided 1By tieser Peam
ger IO 2As lens arrays, 1 oyerlap each othey.in the shortarialdirggtion, ...

irradiated, relatively scans the object to be irradiated wilh
the linear beam in a short axial direction of the linear beam
so that the irradiation of the laser beam cverlaps sach 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-axls 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
py 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 cbiject 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.
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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 20 during the
laser irradiation. 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 25 irradiated, relatively
scans the object to be irradiated with the linear beam in a short axial

directjon of the Jinear heam 5o that the irradiation.of the.laser.beam » hear

overlaps each other, - 44 and anneals the surface of the object to be
genitradiatedy laset drradiation; theslaser annealing apparates coniprisingser

short-axis lens arrays that divide the laser beam into plural beams in a
beadirdction cortespondingethe shbftaxial” 5 #irdction of thelliear beanta

_ short-axis condéenser lens that makes the laser beam, which. is divided by.

tr r%%l?ntp‘?gaxi]%ﬁ RS aﬁ%?é{ veriap g&%ho% eF in Oem'g ojr“tra%éﬁ lgéi\r%gc%ovr? -

0N AnJmage.plane; aprojectiondens thatdecreasas a shor=axis imageefan
10 the image plane at a predetermined ratio and projects the short-axis

so irhageonto the sdrface ohthef objectitodse- ilvadiated;sar short-axds:h other,

condenser lens moving device that reciprocates the short-axis condenser
anderisinaldireBion 5 é6itesponting 1o the shortaxiaf direbtivh st thé * ==~
ir!gﬁ?ﬁ%@ggld%ﬁﬁgQE%@%eggggﬁﬁkgg apparatus comprising:
short-zxis lens arrays that divide the laser beam into
plural beams in a direction corresponding to the short axiai
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
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.

17. A laser annealingapparatus 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
the linear beam in a short axial direction of the linear beam

so that the irradiation of the laser beam overlaps each other,
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18. A laser annealing apparatus that shapes a laser beam generated by
laser oscillation in order to condense the laser 20 beam into a linear
beam on the surface of an object tg Lf)e_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 2

5
andjfhdiation, teIaser anhBaling apparatis cohiprising” a shotais Y 25~
ircSATI000IEr Rt urifoupizes, Lo ntensity disiisiond the shorg axial

irection of the - 45 - linear beam; a reflecting mirror that is provided on an
optical-path--er the upstteam-side ofithe shottsaxs homagenizer;and anto
mirror tilting device that tilts the reflecting mirror 5 so that the linear beam
plujgreciprocatetiinthd sheftaxial dirseton A9JA ldsérCainealiger ™ axial
. _apparatus that shapes a laser beam generated by laser oscillation in
91 r8ider 16 condense the1agér 10™BEam into a linear beam on the surface of

an ohject.to, be irradiated, relatively scans:the, ebject to,be iwadiated with. -,

the linear beam in a short axial direction of the linear beam so that the
whilrradiation of thedaser heam-overtaps:eachlether, aand gnnealsdhé ap cach
surface of the object to be irradiated by laser 15 irradiation, the laser
othgmnedling @pparatiis comiprisifg: & shortiaxiswavegtidel that divides the
laser beam into, plural.beams in,a direcfion comresponding to the shert.. -
axial “direction otf"tﬁe linear béam;

the image plane at a predetermined ratioc 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
corresponding to the short axial direction of the linear beam

during the laser irradiation.

18. A laser annealing apparatus that shapes a laser beam
generated by laser oscillation in crder 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 cach other,
and anneals the éurface 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
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a short-axis focusing lens that introduces the laser beam 20 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 25 a short-axis introducing lens moving apparatus that
_reciprocates the short-axis focusing lens in a direction corresponding to
Lingid skt axial direction of the linear beam - 46 - during the laser

i”%digti;%f%M@%éaﬁﬁfmaémgwéhgg899%{9&19;}9 apyoneof. s path

claims 1to 6 and 12 to 15, 5 wherein the polarization direction of the laser
on beamigerrespends to-S polarizationavith-respecttorthe sutfaee of the
object to be irradiated. 21. The laser annealing apparatus according to
any ong110 of cldinis!7 o 49 vand 16101 9 whérdin thesgolérization m 1 ror
direction of 'E?e laser beam corresgonds to S p()clat.izatigrrl] with respect to
ed LN the short axial

50 e surtatie of U dbject o be irradiated. =~

directiocn.

19. A laser annealing apparatus that shapes a laser beam
generated by laser oscillation in order Lo 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 directicn of the linear beam
so that the irradiation of the laser beam overlaps each cther,
and anneals the surface of the object to be irradiated by laser
irradiation, the laser annealling apparatus comprising:

2z short-axis waveguide that divides the laser beam into
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 Lhat 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 shorf-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 lasey irradiation.

20. The laser annealing method according to any one of

4

claims 1 to € and 12 to 15,
wherein the polarization direction cof the laser beam

5
polarization with respect to the surface of

corresponds to S

the object to be irradiated.

21. The laser annealing apparatus according to any one

of claims 7 to 11 and 16 to 19,
f the laser beam

10
wherein the polarization direction o©

corresponds to S peolarization with respect to the surface of

the object to pe lrradiated.



