DESCRIPTION LASER ANNEALING METHOD AND LASER ANNEALING APPARATUS

BACKGROUND OF THE INVENTION Technical Field of the Invention [0001]

The present

invention relates to a laser annealing method and a laser annealing apparatus that reform a
semiconductor film by irradiating the semiconductar film with pulse laser beam shaped into a

rectangular beam. Description of the Related Art [0002]

Laser annealing is a process of forming

a polycrystalline silicon film by melting and solidifying an amorphous silicon film (hereinafter referred to
as "a-Si film") deposited on a substrate madg ef-low=meHing point glass (typically alkali-free glass) by
irradiating to the a-Si film with a laser beam (For example, see Patent Document 1). Because of their

electric properties supedon

20tothose Bt BSi filmis, crystalizéd siisan filtns:&terbeéify used for

transistors to drive liquid crystal displays, which require high definition display, of portable telephones,
digital cameras and so on. [00031 25The laser annealing is performeo, by scanning a semiconductor

film. (for example, an a-Si film), LeAS%We%@m @or (ﬁpgrteﬂ)\mal%q\ectlon of the beam, on a
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substrate with a rectangular beam having its elongated section. The rectangular beam is shaped from
a pulse laser beam from a l.aser source, using an opticalemin general, the scanning of the rectangular
beam is done by moving the substrate. This scanning is carried out in such a manner that laser
irradiated regions are partially overlapped with each ather. [0004] The following Patent Documents 2
and 3 disclose an 10entire configuration of an optical system of a laser annealing apparatus using an
excimer laser as a laser source (hereinafter referred to as "excimer laser annealing apparatus”). The
shown optical system.ncludes a cylindrical lens,aray.that splits @ laser beaminto 8y urality of
beams ajar (longer) and mincr (shorter) axial directions, and a condense lens that condenses the
beams split by the cylindricat lenszarrayl i thesminor axialk disection; reduction-ptrejectien is performed
by a projection lens after once making an energy profile of the 20beams uniform. [00051 In the
above-desefiiéd exéimet lasetrannealiny apparatdss the dipfension-oftthé beam isl& degree of 365
mm in major axis f"fd Q.4 mm in minor axis. An excimer glq_se;[g§haslqr9eW.V\g‘idtmhmgf&mincr axis and
hence largd Hepth of focls becalise ofits poor quality of TaSer béam “Of this account. positional
varigtion of.a lasey iradiated.surfages .  This scanning is carried out in such
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The following Patent Documents 2 and 3 disciose an
entire configuration of an optical system of & laser

annealilng apparatus using an excimsr lasey as a laser

apparatus”). The shown optical system includes a

cylindrical lens array that splits a laser bheam into a2

tions, and a condense lens that condenses the

beams split by the cvlindrical lens array. In the minor
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axlal direction, reduction-prosecticn is performed by a

in major axis and 0.4 mm in minor axis. An excimer laser
has large width of minor axis and hence large depth of
focus because of its poor quality of laser bsam. On this
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which is cause, by a mechanical error of a substrate transferring apparatus and a machining error of a
substrate surface, has little effect on annealing performance. Here, the positional variation refers to
positional variation in a vertical direction of a semiconductor film. [0006] On the other hand, the
excimer laser annealing has a problem in that carrier mobili y as an annealing property is greatly
changed depending on laser irradiation energy. 10As one of measures against this problem, a great
attention is paid to a laser annealing apparatus (hereinafter referred to as "solid green laser annealing
apparatus ) {Ising pused green @gegbﬁ%@h which.is obtained frem.a second -harmonic wave of an
Nd:YAG laser, as a light source 15(for example, see Patent Documents 4 and 5).use of this pulsed
green laser allews ar pﬁ@czg%gm@rgﬁti@s certainsirradiation energy-whichds wider:than that-of an
excimer laser. [0007] 20However, since the solid green laser has power (below 0.1 J/pulse)
significantlyleweérthan'that fmaxirmant I 37piilse) of AV ComietcialiZed exeinérlasef thére is a need
to narrow a beam size in mlnor axis up to 100 um or below. As a result, the depth of focus in minor
axis is decreased and thus p05|t|onaflvar|at|on of & semicondactor filny maydhave some effect on
annealing perfarmance. [0008] -4 5, - Thefollowing Ratent.Documents 4 to 6 disclose an
auto-focus mechanism applied to laser machining such as perforation and the like. This auto-focus
mechanism monitorgsatiation of - machining surface and keeps a light focusing point constant on the
machining surface by moving an objectlve lens, which focuses laser beam, on the machining surface,
in an optical axis diré¢tibnJ0DOIT - b an atertD GeumHt 1. Japanese se'Pateht No. 8264307 10Patent

Document 2 Japanese Upexamlned Patent
rehlem 1n mobility as an annealling property

|

is greatly changed depending on laser lrradiation energy.

at atiention

il

10 Az one of measures agalinst this problem, a gr

by

s

it
}..3.
)

i3 pald to & laser annealing apparatus (her

)
=

[

A

¢ to as “sollid green laser annealing apparatus”)

b
e
Hh
(]
Fy

¥

O

©

=h!

'_J
3

1¢ pulsed gresn laser beam, which 1s obtained ZIrom a
second harmonlic wave of an Nd: YAG laser, as a light source

15 (for example, see Patent Documents 4 and 3). The use of
this pulsed green laser allows a process margin for certaln
irradiation energy which 1s wider than that of an excimer
laser.
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Application Publication No. 2000-338447  Patent Document 3: Japanese Patent No. 3191702 Patent
Document 4: Japanese Unexamined Patent Application Publication No, 11-58053 Patent
Document 5: Japanese Unexamined Patent Application Publication No 11-23952 Patent Document
6:Japanese Patent No. 2835924 Non-patent Document 1: K. Nishi a et. al., "Performance of
Polycrystallization with High Power Solid 20Green Laser”, AM-FPD 2006. Non-patent Document 2:
OKAMOTO Tatsu "Development of Green Laser Annealing Optical System for Low-Temperature
Polysilicon", RTM-OQhZQS. [DQLLOJ) %5-%8'[@[1@ Qggurggoentd% gQQvgs Ze}mi.:eﬁntge ggr%ficghur%t&inoq gf an optical
system of a solid gréen“’laé%f énnéﬁmg’gﬁﬁératus. Eor‘a‘mhajor‘amé’l wecﬁon,‘tﬁls“op“tléal system
splits laser beam inte aplyrality-of laser-heams in a rectangularwaveguide, made-of guartz glass and
superposes the plurality of laser beams on a semiconductor film on a glass substrate by means of an
image lenspFor aminoraxiahdiredtion] the=optical systemiturnsthedaserdieam into parallel light of
00mm by means of an expander lens and focuses the parallel light on the glass substrate by means of
a focusing Tensid< ars objectivé Iens. fif the &6lichgreer faser anAealing appaiafus shotvr?iGin

Nong%nen%QQS%Q§gt%Q@Q%ngggggygwgﬁ%"¥§§I%a:hining surface by moving

an opjective lens, which focuses laser beam on the
machining surface, in an optical axils direction.
(0009}
Patent Document 1: Japanese Patent No. 3204307

10 Patent Document 2: Japanese Unexamined Patent

Application Publication No. 2000-338447

rFatent Document 3: Japanese Patent No. 3181702
Patent Document 4: Japanese Unexamined Patent
Application Publication No. 131-58053
15 FPatent Document 5: Japanese Unexamined Patenﬁ

Application Publication No. 11-23952

Patent Pocument &:Japanese Patent No. 2835524

Non-patent Document 1: K. Nishida st. al.,
“Performance of Polycrystallization with High Power Solild

20 Green Laser’”, AM-FPD 2006.

Norn-patent Document Z: OKAMOTO Tatsukl et. al.,
“Development of Green Laser Annealing Optical System for
Low-Temperature Polysilicon”, RTM~05-28.
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changed in a direction perpendicular to the machining surface, since the substrate is deviated from a
focus position for the minor axial direction, energy density of the laser beam on a silicon film of the
machining surface is changed. In a case of the optical system shown in Non-Patent Document 2, it is
possible to avoid variation of the energy density_by-correcting a position of the condensing lens as the
objective lens, like the auto-focus mechanism shown in Patent Documents 4 to 6. 20[0011]

However, a condensing lens used for a laser machining apparatus for perforation is relatively small
while an objective leps {condensing lens or projection lens) used for a laser annealing apparatus is

&

typically 25large. for example. hias a dimension of 100 Mm of above ir minor axial direction x about
150 mm inamajer-axiak direction: @n;thisiaceount aholdertohold sueh alens =6.gteup islarge and
very heavy. Accordingly, it is very difficult to move and vibrate the objective lens of the laser annealing
apparatus Wwith aprecisiort pf séveralsraicrorszinzarropticat axis diredtiort inrreal timebin addition,
although it may be considered to move and vibrate a substrate in a direction perpendicular to the
substrate, Sinte a SUbstraté sizeFor ASEFanidaling is §pically FArge (for @kample, idre than 700 mm
x 900 mm), it js, aisg.difficylt 1g, vibrate a stage 19 Sg&%%gmetsybéga&@itﬁ a-high pregision. In
addition, as to the major axial direction, since a depth of focus for the major axial direction is even
larger thanithat.for 4he miaor axial-directionsvatiation of @feeus position has fitile-effeat on the
annealing performance. SUMMARY OF THE INVENTION [0012] The present invention has been
made in consideration sfthe @bdvecreufstancest [0012a) e JAccdrdifgte bheaspett, there is
provided a laser annealing method for shaping pulse-type laser beam, which is emitted from a solid
state laser $otirce, condensing the' €haped laser beam as s fectangudrbeam on a surface of a
semiconductor film, scappingthe semicanductor film with-the rectanguilar beam.relatively in a minor
axial direction, and thereby crystallizing the semiconductor film with laser irradiation, the laser
anhealing methiad eompesingbprojecting the lasesn a machining surface is

changed in a& direction perpendicular to the machining
surface, since the substrate 1s deviated from a focus
pesition for the minor axial diresction, energy density of
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6a beam onto the surface of the semiconductor film in the minor axial direction of the rectangular
beam, using a minor-axis condenser lens to condense incident light in the minor axial direction and a
projection lens to project light, which comes from the minor-axis condenser lens, onto the surface of
the semiconductor film, and detecting positional variation in a vertical direction of the semiconductor
film in a laser irradiated portion of the semicondugtog film, and moving the minor-axis condenser lens
in an optical axis direction based on a value of the detection. [0012b1 According to another aspect,
there is provided a laser annealing apparatus including a solid state laser source that emits pulse-type
ogti%al gxgltem thatﬁgg%es the Iaserr%eam rom the solid state laser

laser beam, a beam shapinqh | ar the solid sta
on &’surfacé of a semiconductor

source and condérsés the s cri%lp%d I4S6r bean as a re%fangui:a?%eam

film, and scanningeans that scaps;thesemicondugtar filmwith the-rectangularbeam relatively in a
minor axial direction to crystallize the semiconductor film with laser irradiation, wherein the beam
shaping optical system mcludesamajeraxisdiontogenizeraandramiroraaxis homegenizer that project
incident laser beam on the surface of the semiconductor film in a major axial direction and a minor
axial 6b directifh, FeSPSctively* of fHerectangiiar bedht SnidwHersih thehinbtBxis horfiogenizer
includes a minot gxis. candenser |ens hat congepses incident liahtin the mingr.axigl irection, and a
projection lens that projects Ilgﬁt, which comes from the minor-axis condenser lens, onto the surface of
the semiconductarfilay; ¢he: laser anrealingiapparatusdfurhercamptising apositionat varation detector
that detects positional variation of a vertical direction of the semiconductor film in a laser irradiated
portion of the seralednRbactor fil I aid a lenganbyernhentmeehanism thaemoves fvd iisoridxis
condenser lens in ancoapltisi:al %xls directj%oon}; Emtloediments ofttRe inv%%ion rovi ea laser annealing

method and a Igsvé?lannea ng ajﬁggra{us, Which afe cépérb?é: of eaéalﬁ‘/ correc mg% ocus position of a

rectangular beam, in a inocaxialdirection depepding Qn pesitienal varatien eba lager irradiated
portion of a semiconductor film in laser annealing using a solid state laser. [00131 In example
embodiments, thedasertarnneating withmethodiandg theclaserannealing apparatos of the present

invention apply the following means. ﬁg}) That is, there is provided a laser annealing method for
shaping pulse-typé 18&F Heaft-wwhic 6&’%@5?@% adblige @ depth of Tocus for

the major axial directicn is even larger than that for
the minocr axial direction, variation of a focus position

has little effect on the annealing performance.

SUMMARY OF THE INVENTION

[0012]

The present invention has been made in consideration
of the above circumstanées.

[0012a] |

According to one aspect, there 1s provided a laser
annealing method for shaping pulse-type laser beam,
which is emitted from a solid state laser source,
condensing the shaped léser beam as a rectangular besam
on a surface of a semiconductor film, scanning the
semiconductor film with the rectangular beam relatively
in a minor axial direction, and thereby crystallizing
the semiconductor film with laser irradiation, the

laser annealing method comprising: projecting the laser



5state laser source, focusing the shaped laser beam as a rectangular beam on a surface of a
semiconductor film, scanning the semiconductor film with the rectangular beam relatively in a minor
axial direction, and thereby crystallizing the semiconductor film with laser irradiation. The laser beam is
condensed onto the surface of the semiconductor film in the minor axial direction of the rectangular
beam, using a minor-axis condenser lens to condense incident light in the minor axial direction and a
projection lens to project light, which comes from the 15nfifor-axis condenser lens, onto the surface of
the semiconductor film. Positional variation of a vertical direction of the semiconductor film id a laser
irradiated portion of the semiconductor film is detected and the minor-axis condenser lens is moved in

an optical axis 20dirgetion:hased.on.a valye of the detection; 0014}, , When the mipor:axis

condenser lens is moved in the optical axis direction, a position of a primary image plane is
accordingly moved irvthezoptichl axisdirection 25 dépending en the amouatof movement of the lens.
in addition, a projection poin,, (focus position) by the projection lens is moved depending on the
amount of _ 8 nibvBfTent bf the"pOSIiSIT6f theBrimary ifag iy H1and " C 1 dEkordinghy: by detecting

the position variation of the vertlcggglr%ﬁl%)gcog ;E%% sg%condu]%gor fgr{] .in ﬁh% (I3aser JCrCr)adlated portion of

the semiconductor ﬁlmméﬁglén?o}inng the minor-axis condenser fehs in the optu?aﬁ axis
project light, which comes from the mincr-axis
condenser lens, onto the surface of the semiconductor
film, and detecting positional variation in a vertical
direction of the semiconductor film in a laser
irradiated portion of the semiconductor film, and moving
the mincr—-axis condenser lens in an coptical axis
direction based on a value of the detection.

[C012b]

According to ancother aspect, there is provided a
laser annealing appraratus inciuding a solid state laser
source that emits pulse-type laser beam, a beam
shaping cptical system that shapes the laser beam from
the solid state laser source and condenses the shaped
Laser beam as a rectangular beam on é surface of a
semiconductor film, and scanning means that scans the
gsemiconductor fiim with the rectanguiar beam relatively
in a minor axial direction to crysta}lize the
semiconductor f£ilm with laser irradiation, wherein the
beam shaping optical system includes-a major-axis
homegenizer and a minor—-axis homogenizer that project
incident laser beam on the surface of the semiconductor

film in & major axial directicon and a minor axial



direction on the basis of a value of the detection, it is possible to set a focus position of the min= axial
direction of the rectangular beam on the surface of the semiconductor film even when there occurs
positional 10variation of the semiconductor film 3 due to a mechanical error of a substrate transferring
apparatus, etc. In addition, the minor-axis condenser lens moved in correction of the focus
position is disposed upstream of the projection lens in the optical axis direction, and is 15smaller and
lighter than the projection lens, and as will be describeék?ater, the amount of correction on position of
the minor-axis condenser lens with respect to the amount of positional variation of a decree of microns
of the semiconductor film is a degree of mm. Accordingly, since 20the position of the small and light
minor-axis conderseklensanay besgortected with precisien of e-degree-of maxiit,is pessible to make
correction on the focus position witn ease. [0015] 25(2) In the laser annealing method, a plurality of
minor- axis cylindficaFIgns affagsiwhieh splitificidentlght imea ploralisfietbearms irvthre minor axial
direction of -9 - the.rec@ggglgrgsbgranhis dis%osgg at intgrvals in the o éiggltaﬁsléjgection at positions

. . axXls . nS, Ll conddense 1NnC 1
of an optlcal axlIS dﬁectlon upstream SICFe of the minor-axisS condenser ens, and I%tdﬁ&:e between

the plurality of mineeaxis eylindrical leng jareays is adjusted hased an. avalye ofthe dstegtion of the
positional variation. [0016]
prejects light, which comes from the minor-axis

condensar lens, onto the surface of the semiconductor
film, the laser annealing apparatus further comprising
a positional variation detector that detects positicnal
variation of & vertical direction of the semiconductor
film in a laser irradiated portion of the semiconductor
film, and a lens movement mechanism that moves the
minor-axis condenser lens in an optical axis direction.

Embodiments of the invention provide a laser
annealing method and a laser annealing apparatus, which
are capable of easily correcting a focus position of a
rectangular beam in a minor axial direction depending
on positional variation of a laser irradiated portion
of a semiconductor £ilm in laser annealing using a
solid state laser.

[GOZ13]

In example embodiments, the laser annealing



A factor to determine a size of an image on a mary image plane of the laser beam that passed through
10the minor-axis condenser lens includes a combined focus distance of the plurality of minor-axis
cylindrical lens arrays disposed at an upstream side. In addition, a factor to determine the combined
focus distance of the plurality of minor-axis cylingric?al lens arrays includes a distance of the optical
axis direction between the lens arrays. Accordingly, by changing the distance between the plurality of
minor-axis cylindrical lens arrays, it is possible to adjust the size of the image of the primary imaging
plane of the laser heam that gassed through the minor-axis 20condenser lens,ch may result in

adjustment of & ¥5&arfi &ize-Aa fotUs position of tHe nfifsraxdal irettion. Acéordmgiy: even when
there occurs positional, variation of;the semiconductor film .by adjusting the beam size at the focus
position of the minor axial direction, it is possible 25to Irradiate the surface of the semiconductor film
with beams:having the same:size-in the minor-axiabdirectione[004:7} «=10i {3)Ehereds previded a
laser annealing apparatus including a solid state laser source that emits pulse-type laser beam, a
beam shapfgEéptical Byistefr thap Shagesthelaser bedm frontiieesolidstatedasér'scurce and
condenses the shaped 5Slaser beam as:af[_ectan%ulgr beam ona% surface og)a semiconductor film, and
scarihing means thaf séans the senicontucior fitm with the réctangtiar beaht Telatively in a minor axial
d”ecnontof@%%@Wé@ﬂ@%S@@gﬁpqggcgwsurface of a semiconductor film,

scanning the semiconductor film with the rectangular beam

relatively in a minor axial direction, and thereby
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6]

nse

[

condense incident light in the minor axial direction and a
proijection lens to proiject light, which comes from the
15 minor-axis condenser lens, onto the surface of the
semiconducter £ilm. Positicnal variation of a vertical
direction of the semiconductor film in a laser irradiated
portion of the semiconductor film i1s detected and the
minor-axis condenser lens 1s moved in an optical axis
20 direction based on a value of the detection.
[0014]
When the minor-axis condenser lens 1s moved in the
optical axis direction, a positicn of a2 primary image plane

is accordingly moved in the optical axis direction
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depending on the amount of movement of the lens. In
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addition, a projecticon point {(focus position! by the
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projection lens is moved depending on the amount of



film with laser irradiation. The beam shaping optical system includes a major-axis homogenizer and a
minor-a homogenizer that condense incident laser beam on the surface of the semiconductor film in a
major axial direction and a minor axial directioh, respectively, ch'the rectangular beam. The minor-axis
homogenizer includes a 15minor-axis condenser lens that condenses incident light in the minor axial
direction, and a projection lens that projects light, which comes from the minor-axis condenser lens,
onto the surface of the semiconductor film. The laser annealing apparatus further includes a positional
20variation detector that detects positional variation of vertical direction of the §gmiconductor film, in a

>

laser irradidted PBHion 6f the' Semicsnductdr fitm, ‘and & fens Moverient mechanisih that moves the
minor-axis condenseyens in.aa pplical ae diceetion, 25100181 {9) In theJaserannealiag apparaus,
the minor-axis homogenizer includes a plurality of minor-axis cylindrical lens arrays that split incident
light into a phusality of beamsdn the minor axiakdirectiem of therectangufaribeam andds disposed at
positions of an optical axis direction upstream side of the minor-axis condenser lens, the plurality of
minor-axis elirfdtical lens ariay3 beiry disposed at itervalsin the epfical axisidifection, The laser
annealing apparatus further includes a distance adjustment mechanism that adjusts a distance
between tHePlurity of -rbr-axis &Ylindrical'lens arrays. Tofooto] ¢ °Fhe taser annealing apparatus
constructed; as described, aboyg. can. cawy out the; laser-annealing method. Ascordingly,laser annealing
apparatus of the present invention, it is possible to make correction on the focus position of the minor
axial directiorewith ase.dnsadditionf even when: therenoccurs pesitionakvariation of the semiconductor
film, by adjusting the beam size at the focus position of the minor axial direction, it is possible to
irradiate theé stiffaceé of thel semiRoRBGEDT fithh Wit ZobBafis haing the" éarfie Size-inthe minor axial

direction. ‘ N - o i s .
semiconductor film sven when there occurs pesitional

10 variation cof the semiconductor film 3 due to a mechanical

M

error of & subpstrate fransferring apparatus, etc.

In addition, ithe mincr-axis condenser lans moved in
correction of the focus pesition 1s disposed upstream of
the projection lens in the optical axis direction, and is

15 smaller and lighter than the projection lens, and as will
be described later, ths amount of correction on position of
-

the minor-axis condenser lens with respect to the amount of

positional wvariation of a degree of microns of the

semiconductor film is & degree of mm. Accordingly, since
20 the position of the small and iight mincr-axls condenser
lens may be corrected with precision of a degree of mm, 1t
is possible to make correction on the focus position with
ease
[0015]
25 (2) In the laser annealing method, a plurality of minoxr-
axis cylindrical lens arrays, which split incident light

into & pluraliity of beams in the minor axial direction of



[0020] (5) The laser annealing apparatus further includes a movement mechanism control part that
controls the lens movement mechanism based on a detected value from the 25positional variation
detector. [0021] With such a movement mechanism control part, by - 12 - controlling driving of the
lens movement mechanism through a feedback coptrol, it is possible to realize correction of the focus
position of the minor axial direction through an automatic control. 10022) (6) The laser annealing
apparatus further includes an adjustment mechanism control part that controls the distance adjustment
mechanism based on the detected value from the %osi,tional variation detector, 10[0023] With

such an adjusiméRtinethdnism E6htfol Part by LontrolliAg driving'of thé distance adjustment

mechanism,., Ifroygh 4 feedpack conial, [1is passible dp realize adiustment of 8 size of an image at
the focus position o 1%ﬁ1e minor axial direction through an automatic control. (7) In the laser
annealin.g apparatus,beam guality of the selid state laser-source is moreithan:20 irterms of an value.

and a distance between the plurality of minor-axis

Fh

ot
-
D

5 cylindrical lens arrays is adjustied based on a value o©

detection of the positional variatilon.

A factor Lo determine a size cof an 1mage on a
primary image plane of the laser beam that passed through
10 the minor-axis condenser lens includes a combined £ocus
distance of the plurality of minor-axis cylindrical lens
arrays disposed at an upstream side. In addition, a factor
to determine the combined focus distance of the pluralit

of minor-axis cylindrical lens arrays includes a distance

ot
(93]
Hy

of the optical axis direction between the lens arrays.
1

Accordingly, by changing the distance between the plurality
of minor-axis cylindrical lens arrays, 1t is possiblie to
adjust the size of the image of the primary imaging plane
of the laser beam that passed through the minor-axis

20 condenser lens, which may result in adjustment c¢f & beam

t a focus position of the minor axial direction.

j+H

1Z8

9]

Accordingly, even when there occurs positional variation of
the semiconductor film, by adiusting the beam size at the
focus position of the minor axial direction, it 1is possible
25 to irradiate the surface of the semiconductor film with
beams having the same size in the minor axial direction.

(00171



[0024] 20If beam quality is too good, an interference fringe is likely to occur. An interference fringe can
be reduced by using a laser with the beam quality more than 20 in terms of an M2 value. [0025] 25(8)
In the laser ahnealing apparatus, the beam shaping optical system includes an interference reduction
optical system that reduces interference of the Lan beam. - 13 - [0026] With such an
interference reduction optical system, since interference of the rectangular beam can be reduced, it is
possible to reduce an interference fringe in a beam 5irradiated portion. [0027] (9) In the laser
annealing afgaratus, the laser beam emitted from the solid state laser source has a Gaussian-shape

I

energy profil-LO[BG2EF (16) RS 14567 annedliiiy apparafus! e rdtiguiatbedmt has 59
GaUSSian_SQaggl%nc?rg¥ ég){%fil% a{% gle @!{@@é"a@ Qg%ct&% *&0?0% lse~-typs lassar beam,
2 beam shaping optical system that shapes the laser beam
from the solid state laser source and condenses the shaped
5 laser beam as a rectangular beam on a surface of a
semiconductor film, and scanning means that scans the

semiconductor film with the rectangular beam relatively in

2 minor axial directicn to crystallize the semiconductor

Fh

ilm with laser irradiation. The beam shaping optical

10 svstem includes a major-axis homogenizer and a minor-axis
homogenizer that condense incident laser beam on the
surface of the semicenductor £ilm in a major ax:zal
direction and a minor axial direction, respectively, of the
rectangular beam. The minor-a=zis hbmoqenizer includes a

15 minor-axis condenser lens that condenses incident light in
the minor axial direction, and a projection lens that

rojects light, which comes from the minor-axils condenser

T

lens, onto the surface of the semiconductor film. The

laser annealing apparatus further includes a positional

20 variation detector that detects positional variation cf a
vertical direction of the semiconductor film in a laser
irradiated portion of the semiconducter fiim, and a lens
movement mechanism that moves the minor-axis condenser lens
in an optical axlis direction.

25 [0018)

(4y In the lasser annealing apparatus, the minor-axis

homogenizer includes a plurality of minor-axis cylindrical



In the laser annealing apparatus, the positional variation detectornon-contact displadement sensor.
[0030] With such a non-contact displacement sensor, it is possible to detect positional variation of
the 20semiconductor film with high precision in real tint-. The non-contact displacement sensor is
suitably a laser type displacement sensor, an eddy;current type displacement sensor, etc. [0031]
25(12)The laser annealing apparatus includes a plurality of solid state laser sources and further
includes means for temporally and/or spatially combining laser beams from the - 14 - plurality of solid

state laser sources. [0032] In_this manngg,ab oconigi(gipg ttﬂ @éurglité{qugsieirggag%s, a pulse

. IS, mar .
frequency oFthe Sombitiad Tg’saetr beanT Ean be'increased Severalfold whén they are’temporally

combined (with.pulse periods deviated: from each ether), and engrgy-densityof the combined laser
beam can be increased severaifoJd when they are spatialiv combined (with pulse periods coinciding
with each ether); Aceardingly.ca 40 scandingspeed Df beamsicareBe incisasédr Whichiay result in
increase of an annealing speed. In addition, for three or more laser heams, a mixture of temporal
combinationrarich §patiat eombitationtmay betuged: 5 condenser lens, tne

5 plurality of minor-axis cylindrical lens arrays heing
disposed at intervals in the optical axis direction. The
ilaser annealing‘apparatus further inciudes a distance
adjustment mechanism that adjusts a distance between the

-

lurality of mino

|

cal lens arrays.

s

-axis cylindr

[0}

10 (00197
The laser annealling apparatus constructad as
described above can carry out the laser annealing method.
Accordingly, with ‘the laser annealing apparatus of the

present invention, it is possible To make correction on the

the minor axial direction with ease. Tn

1y

'4
93]
b

ocus position ©

-

n Oz

O

addition, even when there occurs positional variati
the semiconductor film, by adjusting the beam size at the
focus position of the minor axial direction, it is possible
to irradiate the surface of the semiconductor f£ilm with
20 peams having the same size in the minor axial direction.
[0020]
(5) The laser annealing apparatus further includes a
movemant mechanism control part that contrels the lens
movement mechanism based on a detected valuse Zrom the
25 pcsitional variation detector.

[C021]

(4]

With such a movement mechanism control part, by



[0033] 15(13) The laser annealing apparatus further includes a chamber setting a substrate deposited
thereon with the semiconductor film and having a vacuum or inert gas atmosphere, or inert gas
supplying means for supplying inert gas only to a restricted range of a laser irradiated 20portion of the
semiconductor film and its peripheral portion. [0034} _ In laser annealing, when a semiconductor
film on the substrate is irradiated with the laser beam, if a laser 25beam irradiated portion contacts the
air, there occur problems that unevenness or an oxide film is formed on a surface of the substrate or
crystal_line %rgiiqnts r%rfdi’%%d (l}ﬂJCWZhSq a %rygk%!!izj@éigg p}g%g;a@sz%l% oﬂ%&%ﬂﬁlém “h %@%H‘e chamber
or the inert gas suppILylng’ means, the present invention can prevent the laser beam irradiated portion
from contagting-the:ait; thereby ayoiding the-abeve-mentiored variqus:problems; {0035] (44) The laser
annealing apparatus further includes a substrate stage on which a substrate on which the
semiconductot fifivisfermed is pltaced fthetsubsiraterstagea ! direction through an

sutomatic control.

[l

[0022]
(6} The laser annealing apparatus further inclucess an
adiustment mechanism control part that controls the
distance adjustment mechanism based on the detected value
from the peositiconal variation detector.
10 [00Z23]
With such an adjustment mechanism contrel part, Dy

controlling driving of the distance adjustment mechanism

“through & feedback control, it 1is possible to realize
adjustment of a size of an image at the focus position of
15 the minor axial direction through an automatic control.

(7} In the laser annealing apparatus, beam guality of the

aplid state laser source is more than 20 in terms of an M°

value.
[10024]
20 If beam quality is too gocd, an interference fringe
is likely teo occur. An interference fringe can be reduced

by using a laser with the beam guality more than 20 in
terms of an M° value.

[0025]

(8) In the laser annealing apparatus, the beam shaping

B
n

optical system includes an interference reduction optical

system that reduces interference of the laser beam.



10being heated to a temperature that does not exceed a melting point of the Substrate. [0036] By
heating the substrate stage to the temperature that does not exceed a melting point of the substrate,
15laser annealing can be stably carried out without the substrate being melted. For example, in a case
where the substrate is alkali-free glass, since its ting point is about 600C, the substrate stage is
heated to a temperature that does not exceed 600C. 20[0037] According to the above-described
present invention, in the laser annealing using the solid state laser, it is possible to achieve a
remarkable effect that the focus position of the minor axial direction of the rectangular 25beam can be
easily corrected depéﬁ@ﬁ@on positional variation of the laser irradiated portion of the semiconductor -

16 - BRIEF DESCRIPTIQN.QF, THE DRAVINGS (00381 Eig. 152 sefhariafic copfigupation view of a

since interference of the rectangular beam can be reduced,

it is possible to reduce an interference fringe in a beam

5 irradiated portion.
[0027]
(%) In the laser annealing apparatus, the laser beam
emitted from the scolid state laser source has a Gausslan-

shape enerqgy profile.
10 [G0Zz8]
(10) In the laser annealing apparatus, the rectangular beam
has a Gaussian-shape energy profile in the minocr axial
direction.
(06297
15 {11y In the laser annealing apparatus, the posiﬁional
variation detector is a non-contact displacement senscor.
[C030]
With such a non~contact displacement sensor, it 1is
possible to detect positional variation of the
20 semiconductor film with nigh precision in real time. The
non~contact displacement sensor is suitably a laser type
displacement sensor, an eddy current type displacemant

sensor, etc.

3

[00313

t

laser annealing apparatus includes a plurality cf

[N
£
-
[\
;q
5
D

solid state laser sources and further includes means iIor

temporally and/or spatially combining laser beams firom the



major axial direction of a laser annealing apparatus according to a first embodiment of the present
invention. Fig. 18 is a schematic configuration. view of a beam minor axial direction of Fig

Fig. 2A is a view showing a relationship between the 10amount of variation of a laser irradiated portion
(machining surface) and the amount of movement of a minor- axis condenser lens Fig. 22 is a
view showing the same relationship as Fig. 2A for a different focus distance of the minor-axis
condenser lens. Fig. 3A is a schematic configuration view of a beam major axial direction. of a laser
annealing apparatus according.to a second embodiment of the present invention. Fig. 32 is a
schematic &orfiguratien Viow gf‘é eam 20minor axial diféction of Fig. 3A. Fig. 4A is a view
showing a relationshigd%ej\ﬂveen the amount of variation of a laser irradiated portion (machining
surface) and a change ratio of a size of an image in the laser irradiated portion. 25Fig. 48 is a view
showing the same relationshiprasiirigr4Ader a diffetent:focus distance=0f aminof-xiseendenser lens.

17 Fig. SA is a schematic configuration view of a beam . . ‘
beams, a pulse freguency of the combined laser beam can be

3

increased severalfold when they are temporally combined

(n

(with pulse periods deviated from each other), and energy

density of the combined laser besam can be increased

'}

574

8 1 1fcld when they are spatially combined (with pulse

®

ver

0

periods coinciding with each other). Accordingly, a

10 scanning speed of beams can be increased, which may result
in increase of an annealing speed. In addition, for three
or more laser beams, a mixture of temporal combinaticn and
spatial combination may be used.

(0033]

15 (13) The laser annealing apparatus further includes a
chamber setting a substrate deposited thereon with the
semiconductor film and having & vacuum or inert gas

atmosphere, or inert gas supplying means for supplying

4

ot
b

inert gas only to a restricted range of a laser irradiated

20 portion of the semiconductor film and its peripheral
porticn.
[(G034]
In laser annealing, when a ssemiconductor film on the
substrate is irradiated with tThe laser beam, if a laser
25 beam lrradiated portion contacts the zilr, there occur

problems that unevenness or an oxide film is formed on a

surface of the substrate or crystalline grains produced in



major axial direction of a laser annealing apparatus according to a third embodiment of the present
invention. Fig. 5B is a schematic configuration view of a beam minor axial direction of Fig. SA.
Fig. 6A is a view showing a configuration of an -erference reduction optical system for a major axis
of a laser annealing apparatus according to another embodiment of the present invention. 10Fig. 68 is
a view showing a configuration of an terference teduction optical system for a minor axis of a laser
annealing apparatus according to another embodiment of the present invention. Fig. 7A is a view
showing a configuration of a chamber of a laser annealing apparatus according to another
embodimerit of $hé pidseht iriventior.s ©CesFigP 784988 VieW'dhowing a configuration of an inert gas

supplying means of a. laser annealing apparatus. according to gnothpr embodiment of the present
invention 20 DESCRIFTION OF THEPREFERRED EMBODIMENTS 100301° - “Preferred
embodiments of the. present jnyention, will be described below in.defail with.referenes o the

25accompanying drawings. Same reference numerals are given to common portions in each of the
drawings to-avoid sedundant descriptiom FirstEmbodimentleby avoiding the

5 above-mentionad various problems.
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(14) The lasery annesaling apparatus further includes a

0]

sutbstrate stage on whnich & substrate on which th

o

semiconducteor film is formed is placed, the sul

8]
i
ot
[

trate stage
10 being heated to a temperature that does not excsed a
melting point of the substrate.
[0038]
By heating the substrate stage to the temperature

that deoes not exceed a melting point of the substrate,

32

S

laser annealing can be stably carried out without the
substrate being melted. For example, in a case where the

nt is

]

substrate is alkali-free glass, since its melting po
about 600°C, the substrate stage 1s heated to a temperature
that does not exceed 600°C,

20 [0037]

According to the above-described present invention,
in the laser ann=saling using the sclid state léser, it is
possible to achleve a remarkable effect that the focus
position of the minor axial direction of the rectangular

25 beam can be easily corrected depending on positicnal
variation of the laser irradiated portion oi the

semiconducter £ilm.



Figs. IA and 1E show a schematic configuration of a laser annealing apparatus 10 according to a first
embodiment of the present invention. In Fig. IA, a direction parallel to paper and perpendicular to an
optical axis is a major axial direction of a rectanutlar beam, and in Fig. 18, a direction parallel to paper
and perpendicular to an optical axis is a minor axiakditection of a rectangular beam. 10In Fig. 1A, an
optical system operating only in the minor axial direction is indicated by an imaginary line (dashed
line).In Fig. 18, an optical system operating only in the major axial direction is indicated by an
imaginary line 15[0040 The laser annealing apparatus 10 includes a solid state laser source 12
that emits laser beam, | of a pulse type, a beam snaping optical system 13 that shapes the laser beam
1 from the solid state laser sparcerl2and 20eondenses thel shapedilasersbeam | as a rectangular
beam on a surface of a semiconductor film 3, and scanning means that scans the semiconductor film 3
with the rectangularB&aiti relatively in the minor axial direction to crystallize the semiconductor film 3
with laser irradiation,, 25[0041] In this embodjrgeqt, a substrate 2 is a glass substrate, (for example,

alkali-free glass). A Si0Z ff.m, is’

=

SEoemanl CONLIIOdUrgtion " Wwl1aw ; D2 gETh
-19%Formed at thickness of,dfor example, 200 ni on the glass

substrate by.a film deposition method such as a plasmaGCVRmethgd -3 sputtering method o the like,
and an a-Si film is deposited as the semiconductor film 3 at thickness of 50 for example, on the SiO,
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o
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[
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according to a first embodiment of the present invention.

B is a schematic configuration view ol a beam

[0

i

rrj

L
'_5

Fig. 14,

Fh

rection o

E«.; -

minor axial d

el

Fig. 2A is a view showing a relationship between tne
amount of variatiocn of a laser irradiated portion
(machining surface} and the amount of movement of a minor-
axls condenser lens.

Fig. 2B is a view showing the sams relaticnship as

Fig. 2ZA for a different focus distance of the minor-axis

Fig. 3R is a schematlc configuration view of a beam

b

a laser annealing apparatus

D

major axial direction o
according to a second enbodiment of the present invention.

Fig. 3B is a schematic configuration view ¢f a beam

Fig. 4R is a view showing a relationship betwsen the
amount of variation cf a laser irradiated portion
(machining surface) and a change ratic of a size of an
image in the laser irradiated portlion.

Fig. 4B ig a view showing the same relationship as

Fig. 42 for a different focus distance of a mMinor-axis



The substrate 2 is supported by a substrate stage and is transferred in the minor axial direction of the
rectangular beam. Movement of the substrate stage 5 allows the a-Si film on the substrate 2 to be
scanned with the 90rectangular beam relatively in the minor axial direction. That is, in this
embodiment, the substrate stage 5 constitutes laser, scanning means 4. [0042] The substrate stage 5
is heated to a predetermined 15temperature by means of heating means (not shown). At this time, the
substrate stage 5 is heated to a temperature that does not exceed a melting point of the substrate 2.
Thus, laser annealing can be stably carried out without the substrate 2 being melted, For example, in a
case where the 20substrate 2 is alkali-free glass, sifce its melfing point is about 600C . the substrate
stage 5 is heated ta a:temperatire that does not £xceed,600C. [0043]: = The solid state laser
source 12 outputs the laser beam 1 at a pulse frequency of, for example, 2 to 4 kHz. The laser beam 1
has a Gaussian-shape energy ptofitel Tesolid-statelasertsouree 12 issrotparticulary tib.. - 20 - its kind
but may be preferably one of an Nd:YAG laser, an Nd:YLF laser, an Nd:YVO4 laser, an Nd:glass
laser, a Yb:YAG laser,% YBEYLF ldsef, A'YBAVO4 [@Ser afd advh-glasd tader “Fhése’§6iid state lasers

may: be realized with high reliahility .and high s efficiency of stable laser energy. In addition, since

~t

the silicon film has a nign. absorption coefficient'in a range of visible light of 330 nm to 800 nmo the

solid state laser source 12¢qrefesably-emits thedases beam-bofa second-orrthisd hagmonic wave of the
YAG laser,

interference reduction cptical system for & major axis of a

laser annealing apparatus according to ancther smbodiment

e}

cf the present invention.

10 Fig. 6B 1s a view showing a configuration of an
interference reduction optical system for a minor axis of &
laser annealing apparatus according to another embodiment

of the present invention.

B

Fig. 7A is a view showing a configuration of =z

chamber of laser annealing apparatus according to another

pet
|42}
ol

embodiment ¢f the present invention.
Fig. 7B is a view showing z configuration of an
inert gas supplving means of a laser annealing apparatus

according to another embodiment of the present invention.
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00393
Preferred embodiments ¢f the present invention will
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nce numerals are given
to common portions in each of the drawings to avoid

redundant description.



10the YLF laser, the YVOA4 laser, or the glass laser. [0044] If beam quality is too good, an
interference fringe is likely to occur. Accordingly, beam quality of the solid state laser source 12 is
preferably more than 20 in terms itof an M2 value. The interference fringe can be reduced by using a
laser with such beam quality. The laser beam | emitted from such a solid state laser source 12 is
incident into the beam shaping optical system, 13. 20[0045] ‘The beam shaping optical. system 13
includes a neam expander 14 that expands the laser beam | from the solid state laser source 12 in the
major axial, i{gq:tjtonp%@)q Lhiemrgj]n?o{ axial direction, a major-axis direction homogenizer 2519 that
condenses the incident [aser beam 1 on the surface of the semiconductor film 3 in the major axial
direction of the rectangular beamy,and a minet-axishomegenizer 25thaty .+ 24--ieondenses the incident
laser beam 1 on the surface of the semiconductor film 3 in the minor axial direction of the rectangular
beam. [0046]==r aThe betancexpander 14 shoWnzaswnelcorfigurationiexaniple includes a convex

spherical lens 15, aor-axis cylindrical lens 16 expanding J._laser in_the minor axial
embodiment of the present inventiomn. In I'ig ‘ S

[ LM, 4

L

direction parallel to papsr and perpendicular to an optical

v

axis 1s & major axial direction of a rectangular beam, and

The laser annezling apparatus 10 includes & sclid

type, a beam shaping optical system 13 that shapes the

q

lasaer beam 1 from the solid state laser source 12 and

20 condensss the shaped laser beam 1 &5 a rectangular beam on

Fag

a surface of & semiconductor f£ilm 3, and scanning m=ans

r

that scans the semiconductor £ilm 3 with the rectangular
beam relatively in the minor axial direction to crystallize

the semiconductor £1lm 2 with laser irradiation.

b]
n

(00417
T

n this embodiment, =2 substrate 2 1s a glass

substrate (for example, alkali-free glass). A S10; film is



direction, and a major-axis cylindrical lens 17 expanding the laser in the major axial direction. In the
beam 10expander 14 constructed so, expansion ratios of the major axial direction and minor axial
direction can be separately set. In addition, the beam expander 14 may have other suitable
configuration, for example, a combination of a coneave spherical lens and a convex spherical lens.
[0047] As shown in Fig. 1A, the major-axis homogenizer 19 includes a plurality of major-axis
cylindrical lens arrays 20a and 20b that splitse incident laser beam 1 into a plu.rality of beams in the
major axial dirgetion, and,a 20major-axis condenser. lens 22 that condenses the plurality of beams, into
which the laser beam 1 is split in the major axial direction, on the surface of the semiconductor film 3 in
the major axipkdirectionpln thissembodiment; twe major-axis; cyinericallens anrays 20aand 20b are
disposed 25at an interval in the optical axis direction.. [0048] In the major-axis homogenizer 19
constructedesg #ie -Pxputtering method or the like, and an a-51 film

is deposited es the semiconductor film 3 at thickness of 50

[ @y

nm, for example, on the 5i0, film.

The substrate 2 is supported by a substrate stage &
and 1s transferred in the minor axlial direction of
rectangular beam. Movement of The substrate stage 5 allows

the a-5i film on the substrate 2 —o be scanned with the

relatively in the minor awxial direction.
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That is, in this embodiment, the substrats sta

e
®
N

constitutes laser scanrning means 4.

12 substrate stage 5 1s heated to a predetermined
15 temperature by means of heating means (not shown). At this

time, the substrate stage - i1is heated toc a temperature that

)

£

does not exceed & meliting point of the substrate 2.  Thus,
laser anneaiing can ke stably carried out withou
substrate 2 being melted. For example, in a case where the

20 substrate 2 is alkali-free glass, since its me

temperature that does not exceed 600°C.

The solid state laser scource 12 outputs the lassr

2
(S

beam 1 at a pulse frequency of, for example, 2 to 4 kHz.
The laser besam 1 has a Gaussian-shape energy profile. The

solid state laser source 12 is not particularly limited in



laser beam 1 expanded by the beam expander 14 is split into the plurality of beams by the major-axis
cylindrical lens arrays 20a and 20b in the major axial direction. The laser beam 1 split through the
major-axis cylindrical lens arrays 520a and 20b is imaged as an elongated rectangular beam on the
surface of the semiconductor film 3 on the substrate 2.in the major axaal direction by the major-axis
condenser lens 22.addition, a reflecting mirror 23 is interposed between the major-axis condenser lens
22 and the substrate 102 for reflecting light, which comes from the major-axis condenser lens 22,
toward the, subsirate;2,,,, . Lengih of the-majgr-axial direction.of the regtangular beamwith which the
substrate 2 Is irradiated may be, for example, several tens of millimeters. An 15energy profile of the
major axial direction.eftbe reetangular beam shaped by the majaraxis homogenizer 19ris equalized
to change the rectangular beam, from a Gaussian shape into a flat top shape. [0049] 20The minor-axis
homogenizeérs25 inciudés afinokzexis coridenser 1ers 29:fat céndersesthé incidentiaser beam. 1 in
the minor axial direction, and a projection lens 30 }ghat p’r\ojectmsﬁljght,r which comes from the minor-axis
condenser 181§ 297 8nito the Surface of the semicdnductor filnt 3°In 25this émbodiment, the minor-axis
homogenizer,25 further includes two minor-axis-cylindrical lens arrays 26a and-26b for splitting the
i.ncident light into a plurality of beams - 23 -

In addition, since the silicon film has a high absorption

coefficient in a rangs of visible light of 330 nm to 800 nm,

s

s}

the solid state laser source 12 preferably emits the laser

heam 1 of a second or third harmonic wave o0f the YAZ lassr,
10 the YLF laser, the YVO, laser, or the glass laser.
rg044)

If beam guality is too good, an interference frings
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iz likely to occur. Accordingly, beam quality
state laser source 12 is preferably mere than 20 in terms

The interference fringe can be reduced by
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using a laser with such beam guality.

The laser beam 1 emitted from such a solid state

The beam shaping coptical system 13 includes a beam
expander 14 that expands the laser beam 1 from the soiid
state laser source 12 in the major axizl direction and the
minor axlal directicn, a meicr-axis direction homogenizer

25 1% that condenses the incident laser beam 1 on the suriace

of the semiconductor film 2 in the major axizl direction oI

the rectangular beam, and a minor-axis homogenlzer 22 tha



in the minor axial direction, which are located at an optical axis direction upstream side of the

_ minor-axis condenser lens 29 and are disposed at an interval in the optical axis direction. [0050]

~ In the minor-axis homogenizer 25 constructed so, the laser beam 1 expanded by the beam expander
14 is sri it into the plurality of beams by the minor-axis_cylindrical lens arrays 26a and 26b in the minor
axial. direction. The laser 10beam 1 split through the minor-axis cylindrical lens arrays 26a and 26b is
condensed in the minor axial direction by the minor-axis condenser lens 29 and is imaged on a
primary imaging.plane S, and.then is.incident by the projection lens.3Q. An image, en the primary
imaging plane S is reduction-projected on the surface of the semiconductor film 3 on the substrate 2 in
the minor axial directionty:the prejestion lens=30: imadditien the daserbeamm 1 drom the minor-axis
condenser lens 29 is reflected toward the substrate 2 by the reflecting mirror 23. 20Length of the minor
axial directier ofrthereetangerdr beam with which the substrate 2 is irradiated may be, for example,
several tens of micrometers. An energy profile of the minor axial direction of the rectangular beam

H

shaped by the minoppé&f]s%omogenizer 25 is 25equalized to change the rectangular beam from a
Gaussian shape into;a.flattop shape. 0051} ; . yAs,shown in.Eig. 13cthe laser. annealing apparatus

10 further includes a positional variation detector 31, a lens movement mechanism 32 and a controller
34. The positionatvdriation detector 31 detectsrpasitionat variation ef a: verticakditection of the
semiconductor film 3 in a laser irradiated portion of the semiconductor film 3. Accordingly, by the
positional variatiohtdétéétor 31 it IpGSSitle to detect the! ositional vari&tion: 'of the*surface of the
semiconductor 10fiim 3, which is cauﬂs/ggml:é}( amechanical errorofa - _ .. _
wirectlon, and & major-axls cyllincrical lens 1/ expanding

the laser in the major axial dirsction. In the beam

"}
<

expander 14 constructed so, expansion ratiocs of the major
axial direction and minor axial direction can be separately
set. In addition, the beam sxpander 14 may have other
suitable configuration, for example, a combination o

concave spherical lens and a convex spherical lens.
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As shown in Fig. 1A, the major-axis homogenizer 19

includes a plurality of major—axis cylindrical lens arrays
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beams in the major axial directicon, ana a

20 major-axis condenser lens 22 that condenses the plurality
of beams, into which the laser beam 1 is split in the major
axial direction, on the surface of the semiconductor film 3

xial direction. In this embodiment, two

Y

in the major

major-axis cylindrical lens arrays 20a and 20b are disposed

83

at an interval in the optical axis direction.

B

[oose]

In the major-axis homogenizer 19 constructed so, The



substrate transferring apparatus and a machining error of a substrate surface. [0052] The number of
positional variation detectors 31 may 15be one or more. In a case of a single positional variation
detector 31, it can detect variation of a central position of the major axial direction of the rectangular
beam in the laser irradiated portion of the semiconductor film 3 and set the detected value as
representative positional 20variation. In a case of a plurality of positional variation detectors 31, they
can detect positional variation of a plurality of points of the major axial direction of the rectangular
beam in th?JasAer i%rgd_iat(?d gqrtio‘n Of the, 5’6@‘3@0%'128%” film 3 and set {1 average of 25the detected
values as pésitional Variation. [0053] The positional Variation detector 31 is preferably a - 25 -
non-contactdisplacement sensor:By. ysing.such-a aenscontact displacement $ensak itds possible to
detect positional variation of the semiconductor film 3 with high precision in real time. In this
embodimeant; the noh(-=contact displacement sensorisshowh asia taser type displacement sensor but

may be an eddy current type displacement sensor, an ultrasonic wave type dispJcement sensor, etc.
beam 1 split through the major-axis cylindrical _ens arrays

5 20a and 20b is imaged as an eslongated rectangular beam on
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in the major axial

Q.
T

lens 22. In addition, a reflecting mirror 23 1s 1lnterpocsed
betwean the major-axis condenser lens 22 and the substrate
10 2 for reflecting light, which comes from the major-axis
condenser lens 22, toward the substrate 2.
Length of the major axial direction of the

rectangular beam with which the substrate 2 is rradiated

may be, for example, several tens of millimeters. An
15 energy profils of the major axial direction of the
rectangular beam shaped by the major-axis homogenizer 19 1is

[0049]
20 The minor-axis homogenizer 25 includes a minor-axis

conderser lens 29 that condenses the incident laser beam |
in the minor axial direction, and a prejection lens 30 that

prejects light, which comes from the minor-axis condenser

lens 29, onto the surface of the semiconductor film 2 in
25 this embodiment, the minor-axis homogenizer 25 further

includes two minor-axis cylindrical lens arrays 26a and 26b

for splitting the incident light into a plurality oI beams



[00541 10The lens movement mechanism 32 serves to move the minor-axis condenser lens 29 in the
optical axis direction_ The controller 34 has a movement mechanism control part 35 for controlling the
lens movement mechanism 32 based on a detected value from the positional variation detector 31.
When the minor-axis condenser lens 29 is moved g the optical axis direction, a position of the primary
image plane S is accordingly moved in the optical axis direction depending on the amount of
movement of the lens 29. addition, a projection point (focus position) by the 20projection lens 30 is
moved depending on the amount of mavement of the paosition.of th imary imaging plane S. 100551
Accordingly, by ¢ etgbﬁfﬁé‘thgﬁbgfﬁocnq}v%%%q%ér? of th“(;;n\?e\‘rt%i'cacirld%e(L:t(?oc%r 6% j'[%’Ee“sLen%clonductor film 3 in
the laser igradiated partion of the. semiconduetor filim, 3-by-means ofthexpositional variation detector 31,
and moving the minor-axis condenser lens 29 in the optical axis - 26 - direction by means of the
movementmechasism ¢emtrol partz=35ion: the basis otadetdcted: valuesit ispossible’ts set a focus
position of the minor axial direction of the rectangular beam on the surface of the semiconductor film 3
even wherrthere occlirs positiorial vafiation of the semiconductor film 3 due to a mechanical error of a
Substrate ransferringg aratus, etc. In this manner, by controlling driving of the lens movement
mechanism 32 through a feedback control, it is possible to realize 10correction of the focus position of
the minor axial direction through an agtoreaticeenteolizer 25 constructed so, the

iole]

rt
i,r
o)

laser pbeam 1 expanded by the beam expander 14 is spli

N

the plurality of beams by the minocr-axis cylindrical len
arrays 26z and 26b in the minor axial direction. The laser

18 beam 1 split through the minor-axis cylindrical lens arrays
26a and 26k is condensed in the minor axial direction by
the minor-axis condenser lens 2% and is imaged on & primary
imaging plane S, and then is incident by the projection
lens 30. An image on the primary imaging plane S is

i5 reduction-projected on the surface of the semiconductor
film 3 on the substrate 2 in the minor axial directiocon by
the projection lens 30. In addiiion, the laser beam 1 from
the minor-axis condenser lens 2% is reflec
substrate 2 by the reflecting mirroxr 23.

20 Length of the minor axial direction of the
rectangular besam with which the substrate 2 is irradia
may be, for example, several tens of micrometers. An
energy profile of the minor axial direction of the
rectangular beam shaped by the minor-axis homogenizer 25 1s

25 egualized to change the rectangular beam from a Gaussian

shape Iinto a flat top shape.

[0031)



[00561 Pigs. 2A and 28 show views showing a relationship between the amount of variation of a laser
irradiated portion (machining surface) and the amount of movement of the minor-axis condenser lens
29. Fig. 2A shows a case ere focus distances of the minor-axis condenser lens 29 and the projection
lens 30 are 650 mm and 300 mm, respectively, and,Fig. 28 shows a case where focus 20distances of
the minor-axis condenser lens 29 and the projection lens 30 are 750 mm and 300 mm. [0057] In
Fig. ?A, when a laser irradiated ',portion is varied by 0.5 mm, by moving the minor-axis condenser lens
2529 by 30 TM, itis possible 1o set the focus, position of the minor axial direction. of the rectangular
beam on the surfacé of the semiconductor film 3. - 27 - Inelf:lg, 29, When a |laser rradiated portion A
varied by +0;5 mm: Ry maving the-minor-axis eandenser lens: by 40 mmeitis,possible to set the
focus position of the minor axialrection of the rectangular beam on surface of the semiconductor film 3.
lens movement mechanism 32 and a controller 34.

5 positional variation of & vertical direction of the
semiconductor film 3 in a laser lrradiated porticn of the
semiconductor f£ilm 3. Accordingly, by the positional
variation detector 31, 1t 1s possible to detect the
positiconal variation of the surface of the semiconductor

180 film 3, which 1s caused by a mechanical errcr of a
substrate transferring apparatus and a machining error of a
substrate surface

[0052]
The number of positional variation detectors 31 may

15 be one or more. In a case c¢f a single positional variation
detector 31, i1t can detect variation of a central position
of the major axial direction of the rectangular beam in the
laser ilrradiated porticon cof the semiconductor film 2 and
set the detected value as representative positional

20 variaticn. In & case of a plurality of positicnal
variation detectors 31, they <an detect positional
variation of & plurality of points of the major axial
direction of the rectangular beam in the laser irradiated
portion of the semiconductor film 32 and set & average oI

25 the detected values zs positicnal variation.



inis manner, the amount of correction on position of the minor-axis condenser lens 29 with respect to
the amount of positional variation of a degree of microns of the semiconductor fHIm. 3 is a degree of
. mm. 10[0058] The minor-axis condenser lens 29 moved in correction of the focus position is
disposed upstream of the projection tens 30 in the eptical axis direction and is smaller and lighter than
the projection lens 30. Accordingly, according to this embodiment, since the position of the small
and light minor-axis condenser lens 29 may be corrected with precision of a degree of mm, it is
possible tonrqua 88@3@&0% ngﬂi% gngygrposggms\glth ease, QF%SQ] £0[Second Embodiment] Figs.
3A and 33 are schematic conflguratlon views of a laser anniealing apparatus 10 according to a second
embodimentof:thepresentinvention: Theldaser annealing apparatus=1Q of this-embodiment 25includes
a distance adjustment mechanism 37 for adjusting distances between a plurality of minor-axis
cylindrical lens arkays26a and 26b2In this émbodinfeht, Bydmoving the 728 - mindr-axis eylindrical
lens array 26a at an upstream side of the optlcal axls direction in the optical axis direcLmon, a
distance bé&fveenwd m%rh%cwmdflcal lehs arr&;?s 584 gﬂd%ﬁ‘dan“fe agjugted Alternatively,
th.isdistance,may be adjusted by moving the minqr-axis.cylindrical lens;array 26b atdownstream side
of the optical axis

displacement sensor bul may be an eddy current type

displacement senscr, an ultrasonic wave type displacement
sensor, etc.
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10 The lens movement machanism 22 serves to move the

mincr-axis condenser lens 29 in the optical axis direction.
The controller 34 has a movement mechanism control part 35
for con*%oln¢pg The lens movement mechanism 32 based on a

detecrted value from the positiconal variation detectcor 31.

When the minor-axls condenser lens 29 is moved in

I
o

the optical axis direction, a pesition of the primary imags

plane S is accerdingly moved in the optical axls direction

depending on the amount of movement of the lens 29. In

addition, a projection point (focus position) by the
T .

projection lens 30 is moved depending on the amount ©

]
<

movement of the pesition of the primary lmaging plane 5.

Accordingl py detecting the position variation of

=

the vertical direction of the semiconductor fiim 3 in the

™o
L
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o
97}
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irradiared portion of the ssmiconductor film 3 by
means of the positional variation detector 31, and moving

The minor-axis condenser lens 29 in the opticeal axis



direction or both of the two minor-axis cylindrical lenp arrays 26a and 26b in the optical axis direction.
controller 34 has an adjustment mechanism control part 36 for controlling the distance adjustment
mechanism 37 based on a detected value from the positional variation detector 31. Other portions are
the same as in the first embodiment. [0060] Figs.4& and 48 are views showing a relationship between
the amount of variation of a laser irradiated portion (machining surface) and a change ratio of a ize of
an image in the laser irradiated portion when distances between a plurality of cylindrical lens arrays
are set to be constant. Fig. 4A shows:a case whete-focus distances 9f 20the minor-axjs. condenser
lens 29 and the projections 30 are 650 mm and 300 mm, respectively, and Fig. 48 shows a case
where focas distances ¢fthe mindr-axid condensertens.29 and the projectionllens 30s¥e 750 mm and
300 mm. In either Fig. 4A or Fig. 48, when a laser 25irradiated portion is varied by 0.5 mm, a change
ratio of a sizé 6far image is'less tharr 15960061 % 29 <1 & Hactot t6 defetmine a size P of an
image on a Qrmqgtémggelglaqpe %fnthgg%seﬁr beam 1 that passed through the minor:axis condenser
lens 29 inélides a‘tonibined focus distance fa of the plurality of minor-axis cylindrical Iéns barrays 26a
and; 26b disposed at an-upstreantside sSpegificallythe size ID of the image:an the primary image
plane is expressed by the following eauation (1). In the equation (1), w represents width of the minor
axi.al direction-ofceathcafithe mihor-axis eylindrical teastagraysa L error of a

substrate transferring apparatus, etc. In this manner, by

controlliing driving cf the lens movement mechanism 32
through a feedback control, it i1s possible to reallize
10 correction of the focus position of the minor axial
direction through an autcomatic control.
[0058]
Figs. ZA and 2B show views showing a relationship

between the amount of variation of a laser irradiated

15 portion (machining surface) andlthe amount of movement of
the minor-axis condenser lens Z9. Fig. ZA shows a case
where focus distances of the minor-axis condenser lens 28
and the projectiocn lens 30 are 6530 mm and 300 mm,
respectively, and Fig. 28 shows a case where focus

20 distances of the minor-axis condenser lens 2% and the

projtection lens 30 are 750 mm and 300 mm.
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when a lasser irradiated portiocn is
varied by #0.5 mm, by moving the minor-axis condenser lens

tion of
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29 by 30 mm, it is possible to set the focus pos
P

the minor axial direction of the rectangular beam on the

ace of the semiconductor £ilm 3.
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1026a and 26b, and fa represents a focus distance of the minor-axis condenser lens 29. D=w.(fl/f0) ...
(1) [0062] In addition, a factor to determine the combined 15focus distance 1.0 of the Oity of minor-axis
cylindrical lens arrays 26a and 26b includes a distance d of the optical axis direction between the lens
arrays. Specifically, the combined focus distancefe, is expressed by the following equation (2).In the
equation (2), fo' 20represents a focus distance of each of the minor-axis cylindrical lens arrays 26a
and 26b. fO--(f0'xf0")/(2f0r(2) [0063] Accordingly, by changing the distance between the
25plurality of mlnor-a,glsgcghnd_j_slgal lens arrays it is-possible; tq adjustthe:sizerof:the image of the
primal imaging plane of the laser beam 1 that passed through the

varied by 0.5 mm, by moving the minor-axis condenser lens

2% by £40 mm, it 1S ibie to set the focus position of

8]
&
w
o))
1

the mincr axial direction of the rectangular beam on ths

P

5 surface of the semiconducteor £ilm 3.

Tn this manner, the amount of correction on position
of the minor-axis condenser lens 2% with respect to the
amount of positional variation of a degree of microns of
the semiconductor film 3 is a degree of mm.

10 [0058]

The minor-axis condenser lens 29 moved in correction
of the focus pesition is disposed upstream ol the
projection lens 30 in the optical axis direction and 1s
smaller and lighter than the projection lens 30.

1z Accordingly, according to this embodiment, since the
position of the small and light minor-axis condenser lens
29 may be corrected with precision of a degree of mm, 1t 15
possible to make correction on the focus position with ease.

10029]

20 [Second Embodiment]

Figs. 3A and 3B are schematic configuration views of
a2 laser annealing apparatus 10 according to a second
embodiment of the present invention.

The laser annealing apparatus 10 of this embodiment

25 includes a distance adjustment mechanism 37 for adjusting

distances between a plurality of minor-axis cylindrical

itens arrays 2%6a and Z26b. In this embodiment, by moving the



- 30 - minor-axis condense ; lens 29, which may result in adjustment of a beam size at a focus
position of the minor axial direction. [0064] Accordingly, according to this embodiment,by
detecting the position variation of the vertical direction of the semiconductor film 3 in the laser
irradiated portion of the semiconductor film 3 hy means of the positional variation detector 31, and
controlling the distance 10adjustment mechanism 37 by means of the adjustment mechanism control
part 36 on the basis of a detected value to move the minor-axis cylindrical lens arrays 26a, 26b in the
optical axis directian, thereby adjysting;the distance hetween the cylindrical lens-arcays.and hence
adjusting the beam ‘size at the focus position of the minor axial direction, it is possible to irradiate the
semicondugctor filsm 3with-heams having:tbe same size inthesparieraxial-direction even when there
occurs positional variation of the laser irradiated portion on the semiconductor film 3. 20In this manner,
by controlbngdriving of the distaiice atjustment niechanisi 37 thretigh aféedbackicontrol, it is
possible tq realize ad;u,sr'gment of a size of an ifgnagepaftd_ttlg focus Vpgfjtion:“,%the Clinirhl%r‘_@)gjgl direction
through art AditoPiatic control. [00B5 C I Ho-eC -~ Acterietavaly, th-s nostance

ay be adjusted by moving the minor-axis cylindrical lens
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Z6b at a downstream side of the optical axls
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direction or both of the two minor-axis cylindrical lens
arrays 26a and 26b in the optical axis direction. A
controller 34 has an adjustment mechanism control part 36

10 for controlling the distance adiustment mechanism 37 based
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rom the positicnal variation detector
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O

on a detected value
31. Other portions are the same as in the first embodiment.
[0060]
Figs. 4& and 4B are views showing a relationship
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an image in the laser irradiated porticn when dist

between a plurality of cylindrical lens arrays are set Lo
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be constant. Fig. 4A stows case where focus distances of

20 the mincr-axis condenser lens 29 and the projectlon lens 30
are 650 mm and 200 mm, respectively, and Fig. 4B shows a
case where focus distances of the minor-axils condenser lans

In either Fig. 4A or Fig. 4B, when a laser
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[Third Embodiment] 5A and 58 are schematic configuration views of - 31 - a. laser annealing
apparatus 10 according to a third embodiment of the present invention. This embodiment is not
provided with the minor-axis cylin.drical lens arrays 26a and 26b shown in the first embodiment. Other
portions are the same as in the first embodiment_, ., _Accordingly, in this embodiment, although an
energy profile of the minor axial direction has a Gaussian shape, by moving the minor-axis condenser
lens 29 in the optical 10axis direction based on a detected value from the positional variation detector
31, like the first emprd;Lrl_]gnt 1':t is go %ilglgrt%sne; tge chuse pgsitign oj th_e ‘m(i\‘ré)or a;ﬂxiaal di. rection of the
rectangular beam oh the Strface of the semiconductor fitm 3. 15[0066] {Other Embadiment 1] In
the above-deseribed emhodiments,dt is preferabledhat the beam shaping gptical system;has an
interference reduction optical system for reducing interference of laser 20beam. Figs. 6A and 69 show
examples of-configuration-of suchrarsinterfereérce: redtctiorropticad systemm-The intérderence reduction
optical system includes a major-axis interference reduction optical system 18 for reducing interference
of the majo?*a&?&lﬂ%@cﬁ@n%la&é@béﬁrﬁra*‘*ty Ol minor-axis cyviindrical lens

5 arrays 26a and 26k dispcsed at an upstream side.
Specifically, the size [ of the image on the primary image
plane iz expressed by the Zollowing eguation (1}. In the
eguation (1), w represents width of the minor axial

direction of each ¢f tThs minor-axis cylindrical lens arrays

he

o

10 26a and 26b, and I; represents a focus distance of

minor-axis condenser lens 29.

In addition, a factor to determine the combined
15 focus distance fy of the plurality of minor-axis

cylindrical lens arrays 2ba and Z26b includes a distance d

ot

of the optical axis directicon betweesn the lens arrays.

Specifically, tThe combined focus distance fy is expressed

by the following sguation (Z2). In the squation (2},

20 represents a focus distance of each of the minor-axis
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possible to adiust the size of the image of the primary

imaging plane of thne laser beam 1 that passed through the



250f Fig. 6A, and a minor-axis interference reduction optical system 24 for reducing interference of the
minor axial direction of Fig. 68. [0067] The major-axis interference reduction optical system 18
as shown in Fig. 6R is disposed at an upstream side of the optical axis direction of the major-axis
cylindrical lens arrays 20a and 20b. The major-axigqinterference reduction optical system 18 includes a
plurality of transparent glass plates 18a. Each transparent glass plate has the same width as that of
each of cylindrical lenses constituting the major-axis cylindrical lens arrays 20a and 1020b. The
transparen%b;glna% p%tﬁag I%g yhg%a g%apegg%% oggjjcalW iilsmirecgion L%@}@%Whrinh are different from
each other by a predetermined length larger than'a cohé”reniﬂle%gtlh of the Icier beam 1 and are
arranged in the.major-axial directien.Sipee opticalpaths-ofthe daser beams:1 1hthat passed through
the transparent glass plates 18a become long by a glass length by the major-axis interference
reduction opticalsystemci8, he laser beams 1 have respective optical path differences of distances
longer than the coherent length, thereby alleviating an effect of 20coherence and thus providing no
interference with each btfie [0068] The minor-axis interference reduction optical system 24 as
sh(_)\,_fyn_in Fig. 63 is disposed pfgair}y ups ,v%qméjq{egqft%aleg PQ“%%!}%"_; g]ié%q;_ipnk%; the mino_r-axis
cylindric lens arrays 26a and 26b. The minor-axis interference reduction optical system 24 includes a
plurality ofdetecting the position variation of the vertical direction

of the semiconductor film 2 in the laser irradiated porticn

+=

by means of the
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cf the semiconductor Lilm

8]

4

variation detector 31, and controlling the distance

10 adiustment maechanism 37 by means of the adjustiment
mechanism control part 36 on the basis of a detected valus
o move the minor-axis cylindrical lens arravs 26a, Zéb in
the cptical axis direction, thereby adijusting the distance
bertween the cvlindrical lens arrays and hence adiusting the

Tog

beam size at the focus position of the minor axial

},A
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direction, it is possible to irradiate the semiconductor
o~

f£iim 3 with beams having the same size in tThe minor axial

e

ional variation o

ot
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direction even when there ooccurs po
the laser irradiated portion on the semiconductor film 3.
20 In this manner, by controlling driving cf the distance
adijustment mechanism 37 through a feedback control, it is
possible to realize adjustment of a size of an image at the

focus position of the minor axia: dirsction through an

dtomatic control,
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IThird Embodiment]

Figs. bA and 5B are schematic configuration views of



- 33 - transparent glass plates 24a.Each transparent glass plate 24a has the same width as that of
each of cylindrical lenses constituting the minor-axis cylindrical lens arrays 26a and 26b. The
transparent glass plates 24a have 5respective optical axis direction lengths which are different from
each other by a predetermined length larger than a-coherent length of the laser beam | and are
arranQed in the minor axial direction. Since optical paths of the laser beams 1 that passed through the
transparent glass 10plates 24a become long by a glass length by the minor-axis interference reduction
optical systae ng the Igge[ be%ms 1 %%vgargspeqtpve %igagg%tb differences of distances longer than
the cohereft etﬁg%h“, thereby alleviafing an‘effect of coherence and thus providing no interference with
each other. {00691~ - I additionthednterference redygtion optical system, may be configured by a
depolarizing apparatus having a function of converting passing liinto random 20polarized lignt or may
employ other configtirationsrkmowiiarthe agt. For examplesithe mterference reduction:optical system
may employs a configuration disclosed in Japanese Unexamined Patent Application Publication No.
2002-321081 ‘or'd éantfyuratidndiecbaed it Biy. 26 Japanese25Unéxdmined Patént Application
Publication. Ng. 2004341299, [0070L [Other Erobodiment 2] ..o 2o in the fire:

embodimant.

Accordingly, in this embodiment, although an energy

|-

profile of the minor axial direction has a Gaussian shape,
by moving the minor-axis condenser lens 29 in the optical
10 axls direction based on a detected value from the

-

positional variation detector 31, like the first asmbodiment,

it

it is possible te set the focus position of the mincor axial

“ <

e rectangular besam on the surface of the

=

direction of t

semiconductor f£ilm 3.
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in the above-described embodiments, it is preferable

that the beam shaping cptical system has an interference

reduction optical system for reducing interference of laser
20 beam. Figs. 6A and 6B show examples of configuration of

such an interference reduction optical system. The
interference reduction optical system includes a major-axis

interference reduction optical system 18 for reducing

interference of the major axial directiocon of the laser beam
25 of Fig. €A, and a minor-axis interference reduction optical

system 24 for reducing interference of the minor axial



-34 - In the above-described embodiments, it is preferable to further include a plurality of soLd
state laser sources 12 and means for temporally and/or spatially combining laser beams from the
plurality of solid state laser sources 12. Such combining means may be configured by a.combination of
a reflecting mirror and a polarizing beam splitter. = = _In this mannei., by combining the plurality of
laser beams, a pulseeguency of the combined laser beam can be Ipincreased severalfold when they
are temporally combined (with pulse periods deviated from each other), and energy density of the
combined laser beam can ]be Increased severalfold when they are spatially combined (with pulse
periods coinciding with each other). Accordingly, a 15 scanning speed of beams can be increased,
which may result ininerease of an-anneating speed: tn additionfot threeor mere lasertheams, a
mixture of temporal combination and spatial combination may be used. [0071] 20[Other Embodiment
3] Inthe abovédescribed embodiimerits Sit iSprefstalle t6 furthet indtdde a'dHanier setting a
substrate on which a semiconductor film,is formed and used. for genggatigg avacuum or inert gas
atmosphere i S8tting Spade o the 25substrate; or inert gas-supplying means Tor s‘u“p“pjlying inert gas
onlyto a restricted range of glaserdrradiated portion or the substrate and jts-peripheral portion. An

reducticn optical system 18 includes a plurality of

transparent glass plates lEa Bach transparent glass plate
has the same width as that of each of cylindrical lenses

constituting the mejor-axis cylindrical lens arrays 20a and

10 20b. The transparent glass plates 18a have respective
optical axis direction lengths which are different Irom

each other by a predetermined length larger than a coherent

length of the laser besam 1 and are arrangsd in the major

@
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axial direction. Since optical paths of the laser beams 1
15 that passed through the transparent glass plates 18a become

-

long by & glass length by the major-axis interference
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reduction optical system 18
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respective optical path di

+han the coherent length, thereby alleviating an eiffect ol

[006g]
The minocr-axis interference reduction cpticel system

24 as shown in Fig. 6B is dispoesed at an upstream side of

25 the optical axis direction of the minor-axis cylindrical
lens arrays 26a and 26b. The minor-axis interference

reduction optical system 24 includes a plurality of



?5 example of configuration of the chamber and the inert gas supplying means is shown in Figs. 7A
and 78. A chamber 40 shown in Fig. 7A contains a substrate stage 5 to support a substrate 2,
and is configured such that inside atmosphere of the chamber 40 is a vacuum or inert gas
atmosphere. The substrate stage 5 is configured to-be_movable in a minor axial direction in order to
scan the substrate 2 with laser beam 1 shaped into a rectangular beams. The laser beam 1 is
irradi.ated on the substrate 2 10through a transmission widow 41 provided in the chamber 40. [0072]
Inert gas supplying.means 43.shown in.Fig. 78 includes a-parallel facing body 464uhich has a bottom
side' 44 closely facing in parallel to the substrate 2, forms a 15 flow path of inert gas 47 between the
bottom side 44 andsthe~suhstrate 2; anch has atransmissien widavs 45 through which the laser beam 1
is transmitted, and gas ejecting means 48 that ejects the inert gas 47, which has a fl.ow rate equalized
in a beam nfdjéreaxial-direction “orite 20strfaés of thesubstratel2 at a positiofiwita predetermined
interval froEn a Iaseg1 bfg_m 1 irr;%ghia;ewg @ortigg in a beam minoy axial dgg%tion. 0073] In laser
annealing, w fer'a Semiconductor filfh"on the 25substrate 2 is iffadiated with the laser beam 1,ifa
laser beam ircadiated.portion contacts.the airre.occut-problems that pnevenngss or an oxide film is
formed on a - 36 - surface of the substrate or crystalline crams produced in a crystallization process
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becomes smdlkcrent from seach other by a predetermined length larger
than a coherent length of the laser beam 1 and are arranaged
in the minor axial direction. Since optical paths of the
laser besams 1 that passed through the fTransparent ¢
10 plates Z4a bscome long by & glass length by the minor-axis
interference reduction optical system 24, the laser beams )
have respective optilcal path d
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In addition, the interference reduction optical
system may be configured by a depclarizing apparatus having
tight into random

a funcition of converting passing

polarized light or may emplcoy other configurations known in

[N
o

—

he art. For example, the interference reduction optical
system may employs a configuration disclosed in Japanese
Unexamined Patent Application Publication No. 2002-321081
or a configuration disclosed in Fig. 4 of Japangse

Z25b Unexamined FPatent Application Publication No. Z004-3412992.



The above-constructed chamber 40 or inert gas supplying means 43 can prevent the laser beam
irradiated portion from contacting th.e air, thereby avoiding the above-mentioned various problems. In
addition, the inert gas supplying means 43 is not limited to the configuration shown in Fig. 78 but may
have other configurations as long as they can have;a function of supplying inert gas only to 10a
restricted range of a laser irradiated portion of the substrate 2 and its peripheral portion. For example,
the inert gas supplying means 43 employs a configuration shown in Fig. 2 or 4 of Japanese Patent No.
3502981 [0074] 181hils, preferted embodingnts oLfis-prasent lovention.hays bean desribed and
shown above, the disclosed embodiments have been provided for the purpose of illustration but the
present inventign-is met limited te; thesdisclosed embodiments: Fhe-scepe of therinvention:is 20defined
as set forth in the appended claims and is intended to encompass all modifications, changes and
alternationsiwhich falkwithinthe appended claimsa o ther equivalents thefSoT> LI37ICLAIMS . A laser
annealing method for shaming pul se-type laser beam, which is emitted from a solid state laser
5source, condensing e shaped [as8r Bedm®as'a Yectangliar bedm on a sdrface of a sémiconductor
film scanning the, semiconductor film with.the rectangulat beam, relatively in

combination of a reflecting mirror and a polarizing beamn
splitter.

in this manner, by combining the plurality of laser
beams, a pulse freguency of the combined laser beam can be

increased severalfold when they are temporally combined

o
(a5 ]

fwith pulse periods deviated from each other), and energy
density of the combined laser beam can be increased
severalfold when they are spatially combined (with pulse

periods coinciding with each cother). Accordingly, a

by

peams can be increased, which may resuit

[
[3]

scanning speed o
in increase of an annealing speed. In addition, for three
or more laser bsams, 2 mixture of temporal combination and
spatial combination may be used.
(o071l
20 [Cther Embodiment 3]
Tn the above-described embodiments, it 1s preferable
to further include a chamber setting a substrate on which a
semiconductor film is formed and used for generating a
vacuum or inert gas atmecsphere in setting space of the
25 substrate, or inert gas supplying means for supplying inert
gas only to a restricted range of a laser irradiated

portion of the substrate and its peripheral portion. An



a minor axial direction, and thereby crystallizing the semiconductor film with laser irradiation, the laser
annealing method comprising: projecting the laser beam onto the surface of the semiconductor film in
the minor axial direction of the rectangular beam, using a minor-axis condenser lens to condense
incident light in the minor axial direction and a 15pkojection lens to project light, which comes from the
minor-axis condenser lens, onto the surface of the semiconductor film, and detecting positional
variation in a vertical direction of the semiconductor film in a laser irradiated 20portion of the
semiconductor film, and moying the mingr- axjs conde s in an aptical.axis direction based on a
value of the detection. 2. T ‘é‘légé*r*a%%n%%gﬁné}g&;ét %d Q@cgzgr%i%g %%:%a?r%% fg?v%%érelgr% &%O plurality of
minor-axisseylindricalJens arrays.-whichsplit incideptlight inte-asplurality of beams in the minor axial
direction of the rectangular beam, - 38 - are disposed at intervals in the optical axis direction at
positions of an optiéal@xsdirectivh wistrean, side of thé/minor-axis'condeAsérlens,tand

wherein a distance between the plurality of minor-axis cylindrical lens arrays is dgd'éus(ged based on a
value of the"détéctior of theitsitioral varatior =€ <+ @nd 18 coniigured such

that inside atmosphere of the chamber 40 is & vacuum or

o

inert gas atmosphere. The substrate stage 5 is configured
to be movable in a minor axial direction in order to scan

the substrate 2 with laser beam 1 shaped into a rectangular
beams. The laser beam 1 i1s irradiated on the substrate 2
10 through a transmission widow 41 provided in the chamber 40.

[0072]

Inert gas supplving means £3 shown in Fig. 7B

.

includes a parallel facing body 46 which has a bottom side -

44 closely facing in parallel to the substrate 2, forms &

s
(&)

flow path of inert gas 47 between the bottom side 44 and
the substrats 2, and has & transmission widow 45 through

which the laser beam 1 is Transmitted, and gas ejecting

[

means 48 that ejects the inert gas 47, which has a fiow

rate equalized in a beam major axial direction, onto &

20 surface of the substrate 2 at a position with a

-l

am 1 lrradiated

i
Q

predetermined interval from a laser D

v

portion in a beam minor axial direction.

|

00737

aser annealing, when a ssmiconductor film on the

[

In
25 substrate 2 is irradiated with the laser peam 1, if a laser
beam lrradizted porticn contacts the air, there cccur

problems that unevenness or an coxide film is formed on 2



3. A laser annealing apparatus including a solid state laser source that emits pulse-type laser beam, a
beam 13shaping optical system that shapes the laser beam from the solid state laser source and
condenses the shaped laser beam as a rectangular beam on a surface of a semiconductor film, and
scanning means that scans the semiconductor film sith the rectangular beam relatively in a minor axial
15direction to crystallize the semiconductor film with laser irradiation, wherein the beam shaping
optical system includes a major-axis homogenizer and a minor-axis homogenizer that project incident

laser bear, og fhe surface of the.g0semicondyctor fir.Jn a ualor axial dicegtion and g migor axial

direction, respectively, of the rectangular

eam, and wherein the minor-axis homogenizer

includes a miner;axis condenserdens that eendensasdncidentlight in the minor axial direction, and a
projection lens that projects 25light, which comes from the minor-axis condenser lens, onto the surface
of the semiconductéifitmz the'laseraniealing<appaiatus furthér comprisingta ©<39 - positional variation
detector that detects positional variation of a vertical direction of the semiconductor film

290

supplylng means 43 can prevant the laser beam lrradlated
portion from contacting the aiyry, thereby avolding the

above-mentioned various problems. In addition, the inert

gas supplyving means 43 is not limited to the configuration

6

shown in Fig. 7B but may have other confilgurations as ng
as they can have a function of supplying inert gas oniy Lo
a restricted range of a laser irradiated portion of the

substrate 2 and its peripheral portion. For esxample, the

onfiguration shown

[§]

inert gas supplying means 43 employs a

2

(V]

g1,

(B2l
)

in Fig. 2 cr 4 of Japanese Patent No. 3

[0074]

While preferrsed embodiments of the present invention
have been described and shown above, the disclosed
embodiments have beesn provided for the purpoese of
illustraticon but the present invention is not limited to
the disclosed embodiments. The scope of the invention is

and is 1intended
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defined as set forth in th
to encompass all modifications, changes and alternations
which fall within the appended claims or the eguivalents

thereoi.



in a laser irradiated portion of the semiconductor film, and a lens movement mechanism that moves
the minor-axis condenser lenh in an optical axis direction. 4. The laser annealing apparatus according
to claim wherein the minor-axis homogenizer includes a 10plurality of minor-axis cylindrical lens arrays
that splits incident light into a plurality of beams in.the minor axial direction of the rectangular beam
and are disposed at positions of an optical axis direction upstream side of the minor-axis condenser
lens, the plurality of minor-axis 15cylindrical lens arrays being disposed at intervals in the optical axis
direction, the laser annealing apparatus further comprising a distance adjustment mechanism that
adjusts a distance between the plurality of min&#%éylindrical lens arrays. 20 5. The laser annealing
apparatus according to claim 3, further comprising a movement mechanism control part that
controls the lens movement mechanism based on a 25detected value from the positional variation
detector. 6. The laser annegling-apparatts acgordingtoclam: shaping pulse-type

laser beam, which is emitted from a solid state laser

v : q

source, condeénsing the shapesd laser beam as a rectangu.

[y}

heam on a surface of a ssmiconductor film, scanning the
semiconductor film with the rectangular beam relatively in
2 minor axial direction, and thereby crystallizing the

semiconductor film with laser irradiation, the lasex

-
[}

annealing method comprising:

projecting the laser beam onto the surface of the
semiconductor film in the minor axial direction of the
rectangular beam, using a minor-axis condenser lens to
condense incident light in the minor axial direction and a

projection lens to project light, which comes from the

[
&3]

minor-axis condenser lens, onto the surface of the
semiconductor film, and
detecting positional variation in a vertical
direction of the semiconductor film in a laser irradiated
20 portion of the semiconductor film, and moving the minor-
axis condenser lens in an optical axis direction based on &

L “

value of the detection.

2. The laser annealing method according to ciaim 1,
25 wherein a plurality of minor-axis cylindrical lens
arrays, which split incident light into & plurality of

heams in the mincr axial direction of the rectangular beam,



- 40 - 4 further comprising an adjustment mechanism control part that controls the distance adjustment
mechanism based on the detected value from the positional variation 5detector. 7. The laser
annealing apparatus according to claim 3, wherein beam quality of the solid state laser source 10is ~
more than 20 in terms of an M2 value. 8. The laser annealing apparatus according to claim 3, wherein
the beam shaping optical system Includes an 1§inf§rférence reduction optical system that reduces
interference of the laser beam. 9. The laser annealing apparatus according to claim

re disposed at intervals in the optical axis direction at
positions of an optical axis direction upstream side of the

mincr-axis condenser lens, and

wherein a distance between the plurality of minor-

}w

5 axis cylindrical lens arrays is adjusted based on a value

of the detection of the positional variation.

3. A laser annesaling apparatus including a solid
state laser source that emits pulse-type laser beam, & beam
10 shaping optical system that shapes the laser beam from the
solid state laser source and condenses the shaped laser
beam as a rectangular beam on a surface of a semiconductor
f£ilm, and scanning means that scans the semiconductor film
with the rectangular beam relatively in a minor axial
15 direction to crystallize the semiconductor Iilm with laser
irradiation,
wherein the beam shaping optical system includes a
major-axis homogenizer and a minocr-axis homogenizer that

project incident laser beam on the suriace of the

20 semiconductor film in a major axial direction and & minor
axial direction, respectively, of the rectangular beam, and

wherein the minor-axis homogenizer includes a minor-
axis condenser lens that condenses incident light in the
minor axial direction, and & projection lens that projects
25 light, which comes from the minor-axis condenser lens, onto

ne surface of the semiconductor £ilm,

(i

the lasar annealing apparatus further comprising a



3, 20wherein the laser beam emitted from the solid state laser source has a Gaussian-shape energy
profile. 10. The laser annealing apparatus according to claim 25wherein the rectangular beam
has a Gaussian-shape energy profile in the minor axial direction. - 41 - H. The laser annealing
apparatus according to claim 3, wherein the-pgsitional variation detector is a non-contact

displacement sensor. 12. The laser annealing apparatus according to claim

comprising a plurality

of solid state laser sources and further comprising means for temporally and/or spatially combining
laser beams from the plurality, of solid state laser sources. 13, The laser anpegling apparatus

L

according®6 &idirh “IBturtiér comprising a cham er setting a substrate formed thereon with the

- semicondugtor film and having.a vacuum of inestgas.atmosphete, osirtert gas supplying.-means for
supplying inert gas only to a restricted range of a laser irradiated portion of the sgrqiconductor film and
20its per .pheral padion. : rradiated portion of the semiconductor Il o,

and a lens movement mechanism that moves the mincr-axis

4

5 condenser lens in an optical axis directlion.

4. The laser annealing apparatus according to claim

3

fad

wherein the mincor-axis homogenizer includes

i0 niurality of minor-axis cylindrical lens arrays that splat

14

¥z

- L . et
incident light into a plurality of heams in the minor axial

direction ©

Fh
i

‘he rectancular beam and are disposed at

3 1 = 4 1 - £ 1 t Rel=) - he
positions of an optical axis direction upstrean side of the

minor-axis condenser lens, the plurality OI MINOr-axils

i5 cylindrical lens arrays being disposed at intervals

optical axis direction,

the laser annealing'apparatus further comprising &

' : - - 1= + -~
distance adjustment mechanism that adjusts a cistance

n

-

between the p

urality of minor-axis cylindricad ler

s arrays.

20
5. The laser annealing apparatus according to clalm
3,
further comprising a movement mechanism control part
that contrcls the lens movement mechanism based on a
25 detected value from the positional variation detector.

4

6. Trne laser annealling apparatus according to clalim



14. The laser annealing apparatus according to claim further comprising a substrate stage on
which a 25substrate on which the semiconductor film is formed is placed, the substrate stage being
heated to a temperature that does not exceed a melting point of the substrate. - 42 - LASER
ANNEALING METHOD AND LASER ANNEALING,APPARATUS ABSTRACT In laser annealing
using a solid state laser, a focus position of a minor axial direction of a rectangular beam is easily
corrected depending on positional variation of a laser irradiated portion of a semiconductor film. By
using a minor-axis condenser lens 29 condensing incident 10light in a minor axial direction and a
projection fers 36 projecting light, which comes from the minor-axis condenser lens 29, onto a surface
of a semiconductor film.3, Iaser heamis copdgnsedon thersurface-of the semiconductar film 3 in the
minor axial direction of a rectangular beam. 15The positional variation of a vertical direction of the
semicondugtorfilm, 3 in adaserdiradiated portionrof ¢the semiconduetondiin 3is Hetéctéd by a positional

variation detector 31, and the minor-axis condenser lens 29 is moved |rj an optlcal axis direction based
on a valuecof thee detectad wvalue from the positional variat

5 detector.

39 iR ~— o - r«W 3
7. The laser anneallng apparatus according to claim

3
wherein beam guality of the solid state lasey source
2 S H
10 is more than 20 in terms of an M° value.
4 . .
8. The laser anneallng apparatus accoraind to claim
3,
wherein the beam shaping optical system includes an
15 intrerference reduction optical system that reduces

interference of the laser beam.

G. The laser annealing apparatus according to claim

. . . e
20 wherein the laser beam emitted from the solid state

. £
laser source has a Gaussian-shape energy profile.

14l

10. The laser annealing apparatus according to claim

25 wherein the rectangular beam has a Gaussi tan-shape

energy profile in the minor axial direction.



20detection. Fig. 13

apparatus according

rion detector is

wherein the positilonal wvaria

contact displacement sensor.

(93]

12. The laser annealing apparatus according

comprising a plurality of solid state laser

/

I
Li

d/o

4

and further comprising means for temporally a

spatially combining laser beamsg from the plurality

ot
o]

state laser sources.

13. The laser annealing apparatus according

[

formed thereon with the semiconductor film

vacuum or inert gas atmosphere, or

means for supplying inert gas only to a restricted

the semiconducter

r irradiated portion of

20

laser annealing apparatus according

further

substrate on which the semiconductor fiim 1s

(93]

the substrate stage being heated to a

placed,

that does not exceed a melting point of the subst

film

a tenmpe

o claim

a noen-

sources

!41.
2

—t

further comprising a chamber setting a substrate

supplying

range of

anda

laim

TO .

comprising a substrate stage on which a



