DESCRIPTION LASER ANNEALING METHOD AND LASER ANNEALING APPARATUS
BACKGROUND OF THE INVENTION Technical Field of the invention [00011 The present
invention relates to a laser annealing method and a laser annealing apparatus that reform a
semiconductor film by irradiating the semiconductdr fitm 10with pulse laser beam shaped into a
rectangular beam. Description of the Rel.ated Art [0002] Laser annealing is a process of forming
a polycrystalline silicon_ by melting and solidifying an. 15amorphous silicon film (hereinafter referred to

s "a-Si film") deposited on a substrate madeeflpwrmelting point glass (typically alkali-free glass) by
|rrad|at|ng to the a-Si film with a laser beam (For example, see Patent Document 1)m Because of their
electric properties Stperiot 20t tHoslbf 881 filhs, crystafiizéd Siticon Films ré*being-used forsistors
to drive lig.uid crystal displays, which require high definition display, of portable telephones, digital
cameras and so on. [0003] The laser annealing is performed by scanning a
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The present inventicon relates to a laser annealing

method and a laser annealing apparatus that reform a
semiconductor f£ilm by irradiating the semiconductor film

10 with pulse laser beam shaped into a rectangular beam.

Description of the Related Art
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Laser annealing 1s a process of forming &
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polycrystalline silicon m by melting and sclidifying an

15 amorphous silicen film (hereinafter referred tc as “a-51
film”) deposited on a substrate made of low-melting point

glass (typically alkali-free glass) by irradiating to the

Q

a-5%1i film with a laser beam (For example, ses Patent

Document 1). Because of their electric properties superior
20 to those of a=Si films, crystallized silicon films are

being used for transistors te drive liguid crystal displays

which require high definition display, of portable

w
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telephones, digital cameras and so on.

[CO03]
25 The laser annealing is performed by scanning a
semilcondu r film (for example, an 2-351 film), relatively



semiconductor fil , (for example, an a-Si film), relatvely in a minor (shorter) axial direction of the beam,
on a - 2 - substrate with a rectangular beam having its elongated section. The rectangular beam is
shaped from a pulse laser beam from a laser source, using an optical system. in gene-al the scanning
of the rectangular beam is done by moving the sulistrate. This scanning is carried out in such a
manner that laser irradiated regions are partially overlapped with each other. [0004] The following
Patent Documents 2 and 3 disclose an 10entire configuration of an optical system of a laser annealing
apparatus gsing-areexcimer laser as@a:laser:seurce fheremaften referred 40 as Jexeimer laser annealing
apparatus"). The shown optical system includes a cylindrical lens array that splits a laser beam into a
i_ 15pluralifjz6f-Bedms T tnajerc(foriger)-arnd fiindr (SRorkér) axial diféétionsyanda ecridense lens that
condenses therbegmg,p sp\litpc)l/ tlewg cylindrical lens array. in the minor a?:d\?é direction,
reduction-projettion iS'pérformed by @ projection téns after ohce making an‘energy profile of the
20beams uniform,[000p). . - Jn the,above-described excimarlaser.annealing apparatus, the
dimension of the beam is a degree of 365 mm in major axis and 0.4 mm in minor axis. An excimer
laseb moving the substrate. This scanning 1s carried out in such
a mannear that laser irradiated regions are partially
overlapped with each other,
(00047
The following Patent Documents 2 and 3 disclose an

14 entire configuration of an optical system of a laser

annealing apparatus using an excimer laser as a laser

source {(heveinafter referred to as “excimer laser annealing

apparatus”). The shown cptical system includes a

cviindrical lens array that splits a laser beam intc a

lurality of beams in major (longer) and minor (shorter

ponat
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xial directions, and a condense ilens that condenses the
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beams split by the cvlindrical lens array. In the minor
axial direction, reduction-projection is performed by a
projection lens after once making an energy profile of the

20 beams uniform.
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In the above-described exclmer laser annealing

apparatus, the dimension of the beam is a degree cf 365 mm

in maior axis and 0.4 mm in minor axlis. An exclimer laser
25 has large width of minor axis and hence large depth of

focus because of its poor gquality of laser beam. On this

account, positional variation of a laser irradiated surface,



has large width of minor axis and hence large depth of focus because of its poor quality of laser beam.
On this account, positional variation of a laser irradiated surface, which is caused by a mechanical
error of a substrate transferring apparatus and a machining error of a substrate surface, has little effect
on annealing perform ce. Here, the positional varidtion refers to positional variation in 5a vertical
direction of a semiconductor [00061 On the other hand, the excimer laser annealing has a
problem in that carrier mobility as an annealing property is greahiy changed depending on laser
irradiation gnetgy. 7:0As.ore: of measurescagainstthisproblem; a greatattention:is paid to a laser
annealing apparatus (hereinafter referred to as "solid green laser annealing apparatus") using pulsed
green lasef beam: which'is gbtaingd frotn alsecond hafmbnicvave 6farr Nd2Y AGH4ser: a8 a light
source 15(for example, see Patent Documents 4 and 5). The use of this pulsed green laser allows a
process maryin forcertaiit irradiation energy which is Wider than that of an excimer laser. [0007]
20However,;since the solid.green Jaser has pawer(below 0.1 J){puise)-significantly: lower than that
(maximum  Vpuise) of an commercialized excimer laser, there is a need to narrow a beam size in
minar axis 400Hmiardielew-As aresult,the depth offodus inomieor axis is 25decreased and thus
positional variation of a semiconductor film may have some effect on annealing performance.

(6006}

Or. the other hand, the excimer laser annealing has a
proplem in that carrier mobility as an annealing property
is greatly changed depending on laser irradiation snergy.

10 As one of measures against this problem, a great attention
is paicd to a laser annezling apparatus (hereinafter
referred to as “solid green laser annezaling apparatus’”)
using pulsed green laser beam, which 1s cbtained from a

second harmonic wave of an Nd:YAG laser, &s a light source

i

15 ‘for example, see Patent Documents 4 and 5). The use of
this pulsed green laser allows a process margin for certain

cn energy which is wider than that of an excimer
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irradiat
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However, =ince the solid green laser has power
(below 0.1 J/pulse} significantly lower than that (maximum
1 J/pulse) of an commercialized excimer laser, There 12 2
need to narrow a beam size in minor axis up to 100 um o

ow. As a result, the depth of focus in minor axis 1s

=

be
25 decreased and thus pesitional variation of a semiconductor
film may have some effect on annealing performance.

[CD08]



[0008] The following Patent Documents 4 to 6 disclose an auto-focus mechanism applied to laser
machining such as perforation and the like. This auto -focus mechanism, monitors variation of a
machining surface and keeps a light focusing point constant on the machining surface by moving an
objective lens, which focuses laser beam on the-machining surface, in an optical axis direction. [0009]
Patent Document 1: Japanese Patent No. 3204307 10Patent Document 2: Japanese Unexamined
Patent Application Publication No. 2000-338447  Patent Document 3: Japanese Patent No.

3191702 . Patent Degumenti4..Japanese HUnexamines Patent Application Bublication-No. 11-58053
15. Patent Document 5: Japanese Unexamined Patent Application Publication No. 11-23952 Patent
Document &:Japanese Patent No. 12885924 Nen-patent Docanmient 1+ Ki Nishida et. .,

"Performance of Polycrystallization with High Power Solid 20Green Laser’, AM-FPD 2006.
Non-patenPBoctirient 2" 0KAMOTE Tatshki et Al “Davefophisnt of Green. Laser Annealing Optical
System for Low-Temperature Polysilicon?, RTM:05:28,,0010] 25Non:Ratent Document 2-shows an

entire configuration of an optical system of a solid green laser annealing
5 focusing point constant on the machining surface by moving

an obiective lens, which focuses laser beam on the
machining surface, in an optical axis direction.
[0009]
Patent Document 1: Japanese Patent No. 3204307
10 Patent Document 2: Japanese Unexamined Patent
Application Publication No. 2000-338447
Patent Document 3: Japansse Patent No. 3131702
" Patent Document 4: Japanese Unexamined Patent

Application Publicaticon No. 11-38053

15 tatent Document 5: Japanese Unexaminaed Patent
Application Publication No. 11-23952

Patent Document 6:Japanese Patent No. 2835924

Non-patent Document 1: K. Nishida et. al.,
“performance of Polycrystallization with High Power Sclid

20 Green Laser”, AM-FPD 2006.

Non-patent Document 2: OKAMOTC Tatsuki et. al.,
“Development of Green Laser Annealing Cptical System for
Low-Temperaturse Polysilicon”, RIM-05-28.

[0010]

25 Non-Patent Document Z shows an entire configuration

of an optical system of a solid green laser annealling

L

apparatus. For a major axial direction, this optical



apparatus. For a major axial direction, this optical 5 system splits laser beam into a plurality of laser
beams in a rectangular waveguide made of quartz glass and superposes the plurality of laser beams
on a semiconductor film on a glass substrate by means of ande lens. For a minor axial direction, the
optical system turns the laser beam into paralleklight-ef 80mm by means of an expander lens and
focuses the parallel light on the glass substrate by means of a focusing lens as an objective lens. In
the solid green laser annealing apparatus shown 10in Non-Patent Document 2,machining surface is
changed in.a gdiregtien perpendicular tedhe machiniag surface, sincesthesubstrate:isdeviated from a
focus positjgon for the minor axial direction, energy density of the laser beam on a silicon film of the
machining surface 15ischangeey fva caseof e optical systemcshiown i NoALPatEnt Botument 2, it
is possible to avoid variat'on of the energy density b cprrectiqg a os/iwtiLonwof_ﬁth% condensing lens as
the objective' feris! Uk thé %u?c?—fo"cﬁ%erne@r?fh%mos%oﬁ/ns‘lﬁT@h Bdiiments 44076 20[0011]
However, g condensing lens-ysed for, a laserpachining.apparays for peyforatign is relatively small
while an objective lens (condensing lens or projection lens) used for a laser annealing apparatus is
typically 25large) foriexamplehasadimension bf 100 mam oraboyvetihminaraxial-direction X about

150 mm in Major axial direction. On this account, a holder to hold such a lens
into parallel light of ¢80mm by means of an expander lens

and focuses the parallel light on the glass substrate by

means of a focusing lens as an cbhjective lens.
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In the sclid green laser annealing apparatus shown
15 in Non-Patent Document 2, when a machinlng surface 1s

w3

ged in a direction perpendicular to the machining
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urface, since the substrate is deviated from a focus

i

position for the minor axial direction, energy density of
the laser beam on a silicon film of the machining surface

i5 is changed. In a case of the optical system shown in Non-

h

Patent Document 2, 1t is possible to avoid variation of the

energy density by correcting a position cof the condensin

te

lens as the ¢bijective lens, Like the autoc-Iocus mechani

m
il

n

shown in Patent Documents 4 to &.

20 [0011]

However, a condensing lens used for a laser
machining apparatus for perforation is relatively small
while an cbjective lens (condensing lens or projection
lens! used for a laser annealing apparatus ls typically

25 large, for example, has & dimension of 100 mm or abcocve in

minor axial direction x about 130 mm in maior axial

dirsction. On this account, a holder to nold such a lens



- 6 - group is large and very heavy. Accordingly, it is very difficult to move and vibrate the objective
lens of the laser annealing apparatus with a precision of several microns in an optical axis direction in
real time. In addition, although it may be considered to move and vibrate a substrate in a direction.
perpendicular to the substrate, since a substrate size-for laser annealing is typically large (for example,
more than 700 mm x 900 mmis also difficult to vibrate a stage to support the substrate with 10a high
precision. In addition, as to the major axial direction, since a depth of focus for the major axial direction
is even larger-than that for ffxe minoraxial direction, variation of adfocus paesitian has little effect on the
annealing performance. 15 SUMMARY OF THE INVENTION [0012] The present invention has
been madélinféorsidération of the above’ ciFclimstancés, Andn-object'6Fthe invention 20is to provide
a laser annealing method and a laser annealing %Rp%fagug which,)areﬁqapable of easily cing a focus

position of &rectangularbeam in a minor axial — rection depending on positional Variation of a laser
irradiated portion of a;semiconductor filmyinilaser; 25annealing psing & solidstate taser. [0013] To
achieve the above object, the laser annealing

2 addition, although i1t may be cons:idered to move and vibrate

& substrate in direction perpendicular to the substrate,
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or laser annealing 1s Lypically

le, more than 700 mm x 800 mm), it is also

o

10 a high precision. In acdition, as to the major axial

direction, since a depth of focus for the major axial

direction is even larger than that for the minor axial

direction, var:
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of a focus position has littles effect

on the annealing performance.
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SUMMARY OF THE INVENTIORN

(601Z7
The present invention has been made in consideration
of the above cilircumstances, and an object of the invention
20 is to provide a laser annealing method and a laser
annealing apparatus, which are capable of easily correcting

r beam in & minor axial
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b
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a focus position cof a rectangul
direction depending on positional variation of a laser

irradiated portion of a semiconductor film in laser

[

L3

annealing using a solid state laser.

To achieve the above objact, tThe laser annealing



- method ande laser annealing apparatus of the present invention apply the following means. (1) That
is, there is provided a laser annealing method for shaping pulse-type laser beam, which comes from a
solid 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 bean 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: miRor-axis €ondensertens:to-candensedncident lightin the«niner axiat direction and a
projection lens to project light, which comes from t. e 15minor-axis condenser lens, onto the surface of
the semicohduétot fifm. Positionalivariation of a:verticak difection 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 20ditéction basst 6n avaiue df the detection” 1061417 - - Whéi the indttaxis
condenser bens is mqved.in the optical axis direction, 3 position,of a primaryjmage;plane is
accordingly moved in the optical axis direction 25 depending on the amount of movement of the lens.
In addition,za prajectiorepoint (focus pasition)ibytherprojection lens=is moved-depending on the

amount of _
rectangular beam on & surface of a semiconductor film,

scanning the semiconducter film with the rectangular besam
relatively 1n & minocr axial direction, and thereby

stailizing the semlconductor film with laser irradiation.
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The laser beam 1s condensed onto the surface of the
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semiconductor film in the minor axial direction of the
rectanguiar beam, using a mincr-axis condenser lens to
condense incident light in the minor axial direction and a

protection lens to project light, which comes from the
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15 minor-axis condenser lans, cnto the surface of
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semiconductor f£film. Positional variation of a

~

direction of the semiconductor film in a laser irradiated

rt

portion of the semiconductor film is detected and the
minor-axis condenser lens 1s moved in an optical axis
20 direction based on a value of The detection.
00147

When the minor-axis condenser iens 1is moved 1n the
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optical awis directicn, a position of a primary image plane
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addition, a pr

profjection lens is moved depending on the amount of



- 8 - movement of the position of the primary imaging plane. Accordingly, by detecting the position
variation of the vertical direction of the semiconductor film in the laser irradiated portion of the
semiconductor film and moving the minor-axis condenser lens in the optical axis direction on the basis
of a value of the detection, it is possible to set a-foéus-position of the minor 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 Inraddition, the; minor-axis condenser fensmoyed i correationiefthe facus. position is
disposed upstream of the projection lens in the optical axis direction, and is 15smaller and lighter than
the projection lens, &ad asWilt bédesetibed Tatef, the ambunP 6Féorrectionch pésition of the
manor-axis condenser lens with respect to the amount of positional variation of a degree of microns of
the semiconductor film 7§ a detfés of Fim~ Accordingly. sifce 20the positioh of the small and light
minor-axis condenser.lens may.pe.corrected with precision of & degree of mm, itis possible to make
correction on the focus position with ease. 25) In the laser annealing method, a plurality of minor- axis
cylindrical fensiarcaysy which split incidentdightinte a pluralityiof beams-inthe miner:axial direction. of
- 9 - the rectangular beam is disposed at intervals in the opt-cal axis direction at positions of an optical
axis direction Upstrea Sitle of the’fircr-axis Bofidenser fenst afid & distanceé’between the plurality of
minor-axis cylindrical lens arrays s adjusted based on a.valye of the detection, of the positional
variation.

direction of the rectangular peam on the surface oI the

semiconductor film even when there occurs positional

10 variation of the semiconductor film 3 due tTo a mechanical
error of a substrate Transferring apparatus, stc.

In additicen, the minor-axis condenser lens moved 1in

correcticn of the focus position is disposed upstream of

]

[
—

the prejection lens in the optical axis direction, and is

T
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smaller and Llighter than the projectiocn lens, and as will

[

be described later, the amount of correction con positicon of

-~

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

positional variation of a degree of micrens of the

[

semiconductor £ilm 1s a degrese of mm. Accordingly, since
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b

20 the position of the small and light mincr-axis condenser

lens may be corrected with precision of & degree of mm, 1t
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is possible to make correction on the focus position with
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{2y In the laser annealing method, a plurality of minor-

axis cylindrical lens arrays, which split incident light

Fh

into a plurality of beams in the minor axial direction ©



[0016] A factor to determine a size of an image on a primary 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 minos-axis-cylindrical 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. ot thedaserheam thatipassed through the minarsaxis, 20gendenser lens, which
may result in adjustment of a beam size at a focus position of the minor axial direction. Accordingly,
even whendheteseccurs positibnabvariationtofithe seémiconductorfilmpby: adjusting the beam size at
the focus position of the minor axial direction, it is possible 25to irradiate the surface of the
semiconductor fifrhith Béarns Faling the same size T the mirior axial ‘direttion. [0617) - 10 - (3)
There .1s provided a laser, grén%%l]mga%qparaitélsggq%%igg 2 solid state laser squrce that emits
pulse-type Taser beam, a beam shaping optical System that shapes the Taser beam from the solid state
laser, source,and-condenses the shaped lases beam as-a sectangular heamor: a surfaceiof a
semiconductor film, and scannin.g means that scans the semiconductor film with the rectangular beam
relatively irfia minor axialdiredtionte Trystalize the2seémiconductor film with laser irradiation. The beam
shaping optical 10system includes a majr-axis homogenizer and a minor-axis homogenizer that
condense incident laser béar, on the surface of the semiconductor film in a major axial direction and a
minor axial direction, respectively .ot thesegtangular beam. The.minor-axis homagenizer includes a
minor-axis condenser lens that condenses incident lion, in

primary image plane of the laser beam that passed through

10 the minor-axis condenser lens includes a combined focus
distance of the plurality of minor-axis cylindrical lens

arrays disposed at an upstream side. 1In additiocn, a factor

to determine the combined focus distance of the plurality

of minor-axis cylindrical lens arrays includes a distance
15 of the optical axis direction between the lens arrays.

Accordingly, by changing the dlstance between the plurality
of minor-axis cylindrical lens arrays, 1t is possible to
adiust 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 adiustment of a beam
size at a focus pesition of the minor axial direction.
Rccordingly, even when there occurs positional variation of
the semiconductor film, by adijusting the beam size at the
focus position of the minor axial direction, it 1s possible

25 to irradiate the surface of the semiconductor film with

beams having the same size In the minor axial direction.

[0617]



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 a 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. 25[0018] (4) In the
laser annealing apparatus, the minor-axis homogenizer includes a plurality of minor-axis cylindrical
lens arrays that split;iacidentlight inte @ plunalit-ef heams. inithe minex axial direction ef-the
rectangular beam and is disposed at positions of an optical axis direction upstream side of the
minor-axis ¢ondénserdens,aheé Spturality of pindraxis eylindrical lehs-artays betig disposed at
intervals in the optical axis direction. The laser annealing apparatus further includes a distance

adjustmenfmegraniShrhat ddjusfs & Bistance 58tweeH the pitirality 'of mindriaxis ¢yiifdrical lens
arrays. 10003} Thed asgt agneaing.anparaus con stuicked;as deserherLanaye canpany out the
laser annealing method. Accordingly, with the laser annealing apparatus of the present invention, it is
possible to:make- cereetion:on the: 3 bfocus positioa of the.miner.axial direction with ease. In addition,
even when there occurs positional variation of the semiconductor film, by adjusting the beam size at
the focus positioncafibée hiinor axial difettion it IS possible 16 iradiate thesurfacé of the
semiconductor film with o ‘ , . . e

semiconductor film with the rectangular beam relatively 1n

a minor axial direction to crystallize the semiconductor

film with laser irradiaticn. The besam shaping coptical

10 system includes a major-axis homogenirer and a mincr-axis

homogenizer that condense incident laser beam on the

F

surface ¢f the semiconducter f£ilm in a major axial

irecticn and a minor axial direction, respectively, of thne
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mincr-axis condenser lens that condenses lncident lignt in

i

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 f£ilm. The

includes a positiconal
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20 variation detector that detescts positional variaticn of a

vertical direction of the semiconductor fiim 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.
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{4}y in the laser annealing apparatus, the minor-axis

nomogenizer includes a plurality of minor-axis cyiindrical



20beams having the same size in the minor axial direction. [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 control, it is possible to realize correction of the focus position of the minor axial direction
through an automatic control. [00221 (6) The laser annealing apparatus further includes an
adjustment mechanismy sontrolipartthat contralsdhe distance adjustment mechanism based on the
detected value from the positional variation detector. [0023] ~ With such an adjustment mechanism
control parteyreonitrollifigs driving of e distahceradjustient miethanfnt BrBugt & fB&dback control, it
is possible to realize adjustment of a size of an image at thoe fpgg% pogi}tjg)g of ll?gh,_ew rirliqor axial.

direction tHrBtigh an‘autbimatic cdntral” (7Y i the faser annealing apparatus, beam quality of the solid
state laser source is more;than20 integms of a-viivalue, {0024 - » 1ens, the

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

10 (6G19]

described above can carry out the laser annealing method,

W

Beccocordingly, with the laser annealing apparatus 0of the
present invention, it is possible to make correcticon on the

15 focus position of the minor axial direction with ease. In
addition, even when there cccurs positional variation cof
the semiconductor film, by adiusting the beam size at the
focus position of the mincr axial direction, it 1s possible
to irradiate the surface of the semiconductor Tfilm with

20 beams having the same size in the minor axial direction.

(06201

(5} The laser annealing apparatus further includes &

ct
e

movement mechanism control par hat centrols the lens
movement mechanism based on a detected value from the

positional variation detector.

3]
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[0021]

With such a movement mechanism control part, by



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 annealing apparatus, the beam shaping optical system includes an interference reduction
optical system that reduces interference of the taser beam. - [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 Lrradiated por on. [0027] (9) In the laser annealing apparatus,
the laser beam:emitted-from the selid state taser source-hasa Gaussiansshape energy profile.
10[0028] (10) In the laser annealing apparatus, the rectangular beam has a Gaussian-shape energy
profile in thie ivriotaxial directiorn J0029] I5the taset anhealingrapparatust tHe pésiticrial Variation

detector is a non contact dlsplacemen sensor

focus posit minocr axial direction through an

automatic control.
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{6) The laser annealing apparatus further includes an
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adjustment mechanism control part
distance adlustment mechanism based on the detected valiue
from the positiocnal varlation detector.

(0023}
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With such an adjustment mechanism control part, by
controlling driving of the distance adiustment mechanism
through & feedback control, it is possible to realize

ize of an image at the focus peosition of

n

adijustment of a
15 the minor axial direction through an automatic control.
(7% In the laser annealing apparatus, beam guallty of tThe

)

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

If beam guality is too good, an interference fringe

.
L]

is likely to occur. An interference fringe can be reduced

by using & laser with the beam guality more than 20 in

25 (§) In the laser annsaling apparatus, the beam shaping

optical system includes an interference reduction optical

system that reduces interference of the laser beam.



[0030] With such a non-contact displacement sensor, it is possible to detect positional variation of
the 20semiconductor film with high precision in real time. The non-contact displacement sensor is
suitably a laser type displacement sensor, an eddy current type displacement sensor, etc. [0031]
25(1.2) The laser annealing apparatus includes-apturality of solid state laser sources and further
includes means for temporally and/or spatially combining laser beams from the - 4 - plurality of solid
state laser sources. [00321 In this manner, by combining the plurality of laser beams, a pulse
frequency of the combined;laser ‘beam can be Sincreased severalfold when they are temporally
combined (with pulse periods deviated from each otwer), and energy density of the combined laser

beam can be increasgédiseveraifoldwhen the\eare spatiatiy corhbined (Withipulse pefisds coinciding

with each other). Accordingly, a ‘ ‘ ) ‘
since interferance of the rectangular besam can b
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it is possible to reduce an interference fringe 1n a beam
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irradiated porti

(%) In the laser annealing apparatus, the laser beam
emitted from the solid state lasery source has a Gaussian-
shape energy profile.

10 [(002¢]
{10y In the laser annealing apparatus, the rectangular beam

has a CGaussian-shape energy profile in the minor axial

15 {11) In the laser annealing apparatus, the positional

variation detector i1s & non-contact displacement sensor.

wWith such & non-contact displacement sensor, it is
possible to detect positional variation of the
20 semiconductor film with high precisicon in real time. The
non~contact displacement sensor is suitably a laser type
displacement sensor, an eddy current type displacement

sensor, ato,
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annealing apparatus includes a pluraliiy o
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eolid state laser sources and further includes means for

temporally and/or spetially combining laser beams from th

4



33 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 combination 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 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, ﬁ/gherba gmlg@%jerdfllm%ngw 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 surfacel 6f:thelsubstrate or crystalline grains produced in - 15 - a crystallization process
becomes small. With the chamber or the inert gas sup Iylng means the present |nvent|on can
prevent the laser besin frradiated Portion fontc C’Bma@tilnggthg ir, théreb *av&a‘?rig e ="

Sabove'nennqn?gvanousiwoblLQ%m:ncv of the combined laser beam can be
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5 ncreased severalfold when they are temporally combined

ulse pericds deviated from each other), and energy
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combined laser beam can ba ilncreased

iy
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density o©
severalfold when they are spatially combined (wilith pulse
periods coinciding with each other). Acceraingly, a

scanning speed of beams can be Increased, which may resuit

[
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in increase of an ann=saling spesd. In addition, for three

or more laser beams, a mixture of temporal combinaticn and
spatizl combination may be used.
[0033]

further includss a
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15 {13} The laser annealing appara
chamber setting a substrate deposited thereon with the
semiconductor £ilm and having a vacuum cr inert gas
atmosphere, or inert gas supplying means

icted range of a laser lrradiated

t
i

inert gas only to a res

20 portion of the semiconductor film anc its peripheral

in laser annealing, when a semiconductor fLilm on the
substrate is irradiated with the laser beam, 1if a laser

25 beam irradiated portion contacts the alr, thers occur
proplems that unevenness or an oxide film 1s formed on a

surface of the substrate or crystaliine grains produced in



[0035] (14) The laser annealing apparatus further includes a substrate stage on which a substrate on
which the semiconductor film is formed is placed, the substrate stage 10being heated to a.
temperature that does not exceed a melting point of the substrate. r0036] By heating the substrate
stage to the temperature that does not exceed -a melting point of the substrate, laser 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 meitinp point is about 600C, the substrate stage is heated to a temperature
that does not.exceed 600C; {0037] 1 - o cAeeonding-tothe 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 mino axial directioncofihe rectangalar 25béarmcaneoeasilyrcorrectad depending on
positional variation of the laser irradiated portion of the semiconductor film. - 16 - RIFF

DESCRIPTION BF FRE-DRAWINGS [0638] Fig JATS a schiemitic configfatioh view bf abeam

portion from contacting the alr, thereby avolding tne

5 above-mentioned various problems.
0035]
{14y The laser annealing apparatus further includes a
substrate stage on wnich a substrate on which the
semiconducter film is formed 1s placed, the substrate stage

10 being 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 a2 melting polnt of the subsitrate,

15 laser annealing can be stably cerrised cut without the
substrate being melted. For example, in a case where the
substrate is alkali-free glass, since its melting point 1is
apout 600°C, the substrate stage i1s heated to a temperature
that doss not exceed 600°C,

20 [CO37]

Rcocording to the above-described present ilnvention,
in the laser annealing using the solid state laser, 1t is
possible to achieve a remarkable effect that the focus
pesition of the minor axial direction of the rectangular

25 beam can be easily corrected depending on positional

Ao

variation of the laser irradiated portion of the

semiconductor film.



¢ ,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. 1A.

2A is a view showing a relationship between the amount of variation of a laser irradiated portion
(machining surface) and the amount of movement éf a minor-axis condenser lens. Fig. 25is a
view showing the same relation.ship as Fig. 2A for a different focus distance of theor-axis
15condenser 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. 38 is a

schematic configuration view of a beam 20m|nor aX|aI dlrectlon of Fig. 3A.
showing a relati.onship betwgen the adiric ' ( :

showing the same rel

Fig. 4A is a view

Vilz ifrddfiated portion (machining
surface) and a chan § gﬁo of a size of an |mage in the laser irradiated portion_ 25Fig. 45 is a view
tionship as Fig. 4A for a different focus distance of a minor-axis condenser lens.

-17 - Fig. 5A |s:a§cher;gat|g cgnguggg%uolncvm\grojfaggeiaénmor@mgl directiop0fa laser

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

Fig. 5B is a

schematic eanfiguration: view of=a:héam minar akiad eireetioreef Eigg5Anparatus

ol

according to a first embodiment cf the present invention.

Fig. 1B is a schematic configuration view of
minor axial direction of Fig. 1A.

Fig. ZA is & view showing a relationship bet

fod
o2

ation of a laser ilrradiated portion

ot -
P g

amcunt of wvarx

a2 beam

ween the

(machining surface) and the amount of movement ¢f a minor-

axlis condenser lens.

Fig. 2B is a view showing the same relations

1

k4

Fig. 2A for a different focus distance o
bl

1o condenser lans.

Fig. 38 is 2 schematic configuration view of

I"lr. a5

the minor-axis

major axial direction of a laser annealling apparatus

second empodiment cf the

jA3l
3

according Lo
Pig. 3B is & schematic configuratiocn view oOF

20 mincr axial direction of Fig. 3A.
Fig. 4A is a view showing a relationship bet

amount of variation of a laser irradiated pcrtion

resent invention.

ween Lhe

(machining surface) and a change ratio of a size of an

image in the laser lrradiated portiocn.

25 Fig. 4B is a view showing the same relationsl

noas

Fig. 4A for a different focus distance of a minor-axls

condenser lens,.

Fig.



Fig. in is a view showing a configuration of an interference reduction optical system for a major axis of
a laser annealing apparatus according to another embodiment of the present invention. 10Fig. 6B is a
view showing a configuration of an interference reduction 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 15chamber of a laser anneaiing apparatus according to another
embodiment of the present invention. -. 7B is a view showing a configuration of: an inert gas
supplying means of a;laser-annealing-apparatus aceerding;to-anather embodiment of the, present
invention. 20 DESCRIPTION OF THE PREFERRED EMBODIMENTS [0039] Preferred
embodiments:af:ithe present inventionrwitl bezdestribed belownsin detait wieference to the
25accompanying drawings. Same reference numerals are given to common portions in each of the
drawings té aveittediindantdeseriptioi ™ 18 + 18 EmBodimentf © == Eigs. TA ahd 18'show a
schematic configurafion of 2 Jaser annealing.apparatus 10 ageording t afifstor - nean

mincr axial direction of Fig. G5A.

i

Fig. 6& i1s a view showing a configuration of an
interference reduction optical system for a major axis of 2
laser annealing apparatus according to another embodiment
of the present invention.

Fig. 6B 1s a view showing a configuration of an

ot
[

interference reduction optical system for a mincr axis of a
laser annealing apparatus according tTo another embodiment
of the present invention.

Fig. 7A 1s a view showing a configuration of a

chamber of a laser annealing apparatus according to ancther

(]

ot

empodiment of the present Invention.

Fig. 7B is a view showing a configuration of an

—

inert gas supplving means ©f a laser annealing apparatus

according to another embodiment of the present invention.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

[(0038]
Preferred embodiments of the present invention will
he described bhelow in detail with reference tco the

accompanying drawings. Same reference numerals are gilven

ra
(&)

to common portions in each of the drawings to avoid

redundant description.



embodiment of the present invention_ In Fig. 1A, a 5direction parallel to paper and perpendicular to an
optical axis is a major axial orection of a. rectangular beam, and in Fig. 1E, a direction parallel to paper
and perpendicular to an optical axis is a minor axial direction of a rectangular beam _ In Fig. 1A,
an. optical system operating only in the manor axiakdirection 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 12t
that emits laser beamy 1, of; -a-pulse type, a beam shaping optical system 13 that shapes the laser
beam 1 from the solid state laser source 12 and 20condenses the shaped laser beam. 1 as a
rectangular beam of azsurface efralsériconducter filn:8rand scarming meansithat séarks the
semiconductor film 3 with the rectangular beam relatively in the minor axial direction to crystallize the
semiconductorFIm?S Witk 1aser iffadiation [B04t] MIAIS EmBGdintent, & sabstrate 2 is a glass
substrate (for example. alkali-free glass) A SIO2 filmis 19 - formed at thikness of, for example, 200
mm on the glass substrate by a film depoGition method such as a plasma CVD method, a sputtering
method or the-like, and an: a-Sifilm is depogited as.the;semdconductos film3 atthigkness of 50 5nm,
for example, on the 51C2 film-

o

axis is 2 maior axial direction of a rectangular beam, and

]

Q.

in Fig. 1B, & direction parallel to paper and perpendicular

a

to an optical axis 1s a minor axial direction of a

In Fig. 1A, an optical system operating only in the

minor axial direction 1is indicated by an imaginary line
{dashed line}. In Fig. 1B, an optical system operating

only in the major axial direction is indicated by an

5

imaginary line.

-

The laser annealing apparatus 10 includes a solid

state laser source 12 that emits laser besam 1 ©

condenses the shaped laser beam 1 as a rectangular beam on
a surface of a semiconductor film 3, and scanning means
that scans the semiconductor film 3 with the rectangular
beam relatively in the minor axial direction to crystallize
the semiconductor film 3 with laser irradistlon.

[0041]

ITn this embodiment, a substrate 7 158 & glass

substrate (for example, alkali-free glass). A 510, film is



The substrate 2 is supported by a substrate stage 5 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 10rectangular bean 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 ittemperature 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 ean.he-stably:caried, eut-withoutthe substrate-2 being melted, For example, in a case
where the GOsubstrate 2 is alkali-free glass, since its melting point is about 600C, the substrate stage
5 is heatedstova temperaturezthat doesinotexceed 608C.[{0043]uclh  Thessalidstate |asér 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-8R4pE Enefgy profiles Thesofid state 1aser Sotirce' 171s fdtparticiarty limited in - 20 - its
kind but may be preferably o f.an Nd:Y aser YLEJaser, an Nd;YVYO4 laser, an Nd:glass
laser, a Yb%l%)A%epéste%fé‘: %b%?.lc:& éi”se%!gél 0%%%@6& ?ags&hpéﬁ}& ai"'Lﬁc:rglé%syg{se}r/.Q 'I%'hegse sgfliid state
lasers may-be realized.with, high reliability andhigh: use. efficiency of stable laser energy.  addition,
since the silicon film has a --gn absorption coefficient in a range of visible light of 330 nm to 800 nmg
the solid state laser’$ouree 12 prefetably efmitsthedaserbearm 1 of atsecbndorifird hafmonic wave of

the YAG laser, the Il laser, the 11104 laser, or the glass Jaser. ‘ .
and 1s transferred 1n Che minoY axlel direction oi the

rectangular beam. Movement of the substrate stage 5 aliows

the a-5%i film on the substrate 2 to be scanned wilth the

10 rectangular beam relatively in the minor axial direction.
That 1s, 1n thilis embodiment, The substrate stage 5
constitutes laser scanning means 4.

100423
The substrate stage 5 1s heated te a predetermined
i5 temperature by means ¢ heating means (not shown). At this

time, the substrate stage - 1s heated te a temperature that

the substrate 2. Thus,

@
h

does not exceed a melting point

laser annealing can be stably carried out without the

substrate 2 being melted. For example, 1in a case where the
20 substrate 2 is alkali-free glass, since its melting point

out 600°C, the substrate stage 5 is heated to a

£
o)

i8
temperature that does not exceed 600°C.
r0c43]

The sclid state laser source 12 outputs the laser

o
wn

beam 1 at & puise freguency of, for example, Z to 4 kHz.
The laser beam 1 has 2 Gaussian-shape energy profile. The

solid state laser source 12 is not particularly Iimited in



100441 If bean 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 150f an 552value. 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-isimcident into the beam shaping optical system 13.
20[0045] The beam shaping optical system 13 includes a beam expander 14 that expands the
laser beam | from the solid state laser source 12 in the major axial direction and the or axial direction,
a major-axis: direction hemogenizer-2519-that sondenses the ingident Jaser beam I onthe surface of
the semiconductor film 3 in the major axial direction of the rectangular beam, and a minor-axis
homogenizet :25.that =217~ condendes the incidert laser beany A orsthessurfacesof the sémiconductor
film 3 in the minor axial direction of the rectangular beam. [00461 The beam expander 14 shown
as one configiffatiorexampleinciidés a convex Sphirical Terls 15 a fhinor:akis &lindtical lens 16
expandingthe laser in.the minor.axialdirection, and a,majpt-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-directionand,minor axialdirection canbeseparat€lystable laser energy.

T
L

i

dditionr, since the silicon f£ilm has a high absorption

coefficient in a range of visible light of 330 nm to B00 nm,

the solid state laser source 12 preferably emits the laser
peam 1 of a second or third harmonic wave of the YAG laser,
10 the YLF laser, the YV0O; laser, or the glass laser.

If beam guality is too good, an interference fringe
is likely to occur. Accordingly, beam quality of the solid

state laser source 12 1s preferably more than 20 1n terms

15 of an M? value. The interference frings can be reduced by
using a laser with such beam guality.

The laser peam 1 smitted from such a scolia state
laser source 12 1s incident into the beam shaping optical
system 13.

20 (00451

The beam shaping optical system 13 1ncludes a beam
expander 14 that expands the laser beam 1 from the solid
state laser source 12 in the major axial direction and the
minor axial direction, a maicr-axis direction homogenizer

25 19 that condenses the incident laser beam 1 on the surface

cf the semiconductcr film 3 in the maijor axial direction of

the rectangular beam, and a minor—-axis homogenizer 25 that



set. In addition, the beam expander 14 may have other suitable configuration, for example, a
combination of a concave 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 splits the incident laser beam | into a pluralityzaf beams in the major axial direction, and a
20major-axis condenser lens 22 that condenses the plural-- 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 axial direction.
22 this embediment =two- majar-axisieylindrigaklens amays 20a and:-20h.are=dispased:25at an interval
in the optical axis direction. [004,81 In the major-axis homogenizer 19 constructed so, the - 22 - laser
beam | expaded-byithetbeam expanderil4 isssplit inte theplafality: 6EBéams bythé miajor-axis
cylindrical lens arrays 20a and 20b in the major axial direction_ The laser beam 1 split through the
major-axis ‘cyfindricht téifs &frays 520a and 20b is imaged as an elongated rectangular beam on the
surface of the semicqondugtor film 3 on the substrate 2 in the major axial direction by the major-axis
condenser lens 22. In addition, a reflecting mirror 23 is Interposed between the major-axis condenser
lenss22 and the substrate-:02:forreflecting light,swhich comes:from the majorsaxis condenser lens 22,

toward the substrate 2. S o . |
example includes a convex spherical lens 15, a minor-axis

cylindrical lens 16 expanding the laser in the minor axial

bar]
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direction, and a major-axis cylindrical lens expanding
the laser in the major axial direction. In the beam

10 expander 14 constructed so, exXpansion 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 &

Le;

concave spherical lens and a convex spherical lens.

1o (0047

As shown in Fig. 1A, the major-axis homogenizer 19

includes & plurality of major-axis cylindrical lens arrays
20a and 20b that splits the incident laser beam 1 into a
plurality of beams 1n the major axial direction, and &

26 major-axis condenser lens 22 that condenses the plurality
of beams, into which the laser beam 1 1s split in Tthe major

axial direction, on the surface of the semiconductor film 3

in the major axiel direction. In this embodiment, two

4

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

at an interval 1n the optical axis direction.

[0
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0048

in the major-axis homogenizer 19 constructed sc¢, the



Length of the major axial direction of tho rectangular beam with which the substrate 2 is irradiated may
be, for example, several tens of millimeters. An 15energy profile of the major axial direction of the
rectangular beam, shaped by the major-axis homogenizer 19 is equalized to change the rectangular
beam from a Gaussian shape into a flat top shape.J0049] 20The minor-axis homogenizer 25 includes
a minor-axis condenser lens 29 that condenses the incident laser beam in the minor axial direction,
and a projection lens 30 that projects light, which comes from the minor-axis condenser lens 29, onto
the su.rface of the semjiconductory,film 3. iy 25this embediment;, the-minor-axisspomegenizer 25 further
includes two minor-axis cylindrical lens arrays 26a and 26b for splittThg the incident light into a
plurality of bieams! = 23.-iinithe mineraxiakdirectionwhich-ara located atdn optical axis direction
upstream side of the minor-axis condenser lens 29 and are disposed at an interval iq the optical axis
direction:. f0050Y ¢ <O the‘minof-akis Hdrfodéhizer 25 ¢anistiutted so; the laser beaitt Féxpanded by
the beam expander 14 s split into the plurality_of heans by the mingr-axis cylindrical Jens arrays 26a
and 26b in(?fé)é;t I?nir&:or& Sxia di%éjét%lﬁ?ﬁhé?fagsﬁaﬁoﬁgar%% %plti}tﬁtﬁrﬁo%ﬁﬁtég fr:nihr%)grt-éacxis cylindrical lens
arrays 26azand 26hiis:condensed-in the minor-axial slirgstien: by ¢he: mineriaxis cendenser lens 29 and
is imaged on a primary imaging plane 3, and then is incident by the projection lens 30. An image on
the primary:imsaging plare Sis réductioniprojedtedtort thel Stitface of the SeficGHdUEESH fim 3 on the
substrate 2 in the minor axial direction by the projection lens 3Q. In addition, the laser beam 1 from the

minor-axis tond8fiséiiens 29'is Teflected toward the slibstrate 2 by fhe reflécting mirror 23.
lens 22. In addition, a reflecting mirror 23 is interposed

between the major-axis condenser lens 22 and the supstrate

10 2 for reflecting light, which comes from the major-axis
condensey lens 22, toward the substrate 2.
Length of the major axial directlon of the
rectangular beam with which the substrate 2 1s irradiated
may be, for example, several tens of milliimeters. An

vofile of the major axial direction of the

—t
o

energy

73

rectangular beam shaped by the major-axis homogenizer 19 1s

[t

equalized to change the rectangular beam from a Gaussian
shepe into a flat top shape.
[0048]
20 The minor-axis homogenizer 25 inciudes a minor-axis
condenser lens 2% that condenses the incident laser beam I
in the minor axial direction, and a projection lens 30 that
projects light, which comes from the minor-axis condenser

lens 29, ontoc the surface of the semiconductor film 2. In

further

(gt

25 this embodiment, the minor-axis homogenizer 2

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

H

beams

—

for splitting the incident light into a plurality ol



20Length of the minor axial direction of the rectangular 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 shaped by the minr-axis homogenizer 25 is 25equalized to change the rectangular
beam from a Gaussian shape into a flat top shape.qJ0051] As shown in F g. 13, the laser annealing
apparatus 10 further includes a positianal vari.ation detector ji lens movement mechanism 32 and a
controller 34. The positional variation detector 31 detects positional variation of a vertical direction
of the semiconductor film,3 ina lasex irnradiated:portion efthe:semicendustorfilme3. Accordingly, by the
positional variation detector 31, it is possible to detect the positional variation of the surface of the
semicondustor t6filme3, .which iscaused by a mechanical errof of-a substratétransferring apparatus
and a machining error of a substrate surface. [0052] The number of [?Qsitignelll garia;@n detectors 31
may 15be BRE%t Hisre. i Atase of Asifgie positionafVariation detéctor 31, it éan detect variation of a
cent.ral poscgti(%r:lL ofa Ehearyggor 2xial direction of the rectangular bgam in t_h_e laser Irradiated portion of the
semiconductor film 3 and set the detected value as representative positional

5 rocso;
In the minor-axis homogenizer 25 constructed sc, the
laser beam 1 expanded by the beam expander 14 is split int

the plurality of beams by the minor-axis cylindrical lens

arrays 26a and 26b in the minor axial direction. The laser
10 peam 1 split through the minor-axis cylindrical lens arrays
26a and 26b is condensed in the minor axial direction by

4

the minor-axis condenser lens 29 and is imaged on a primary

imaging plane S, and thern is incident by the projection

=

lens 30. An image on the primary imaging plane S 1s

®
Tt

15 reducticn-projected on the surface of the semiconductor

te Z 1n the minor axial direction by

©
n
o
o
in
3

film 3 on th

e

ol

4

0. In addition, the laser beam 1 from

L)

the projection lens
the minor-axis condenser lens 29 is reflected toward the
substrate 2 by the reflecting mirror 23.

20 Length of the minor axial direction of the
rectangular beam with which the substrate 2 1s irradiated
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 is

|

25 equalized to change the rectangular beam from a Gaussia

shape into a flat top shape.



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 the laser
irradiated porrion of the semiconductor film 3 and set a average of the detected values as positional
variation. [0053] The positional variation detector 31 is-preferably a - 25 - non-contact displacement
sensor. By using such a non-contact displacement sensor, it is possible to detect positional variation of
the semiconductor film 3 with high precision in real' time. In this embodiment, the non-contact
displacement sensof ds shewn as-a laser type, displacement-sensor but mayhe-an eddy current type
displacement sensor, an ultrasonic wave type displacement sensor, etc. [00541 10The lens movement
mechanism 32servés:to move the minoraxis contenserdens: 29 inthesdpticabaxis direttion. The
controller 34 has a movement mechanism control part 35 for controllin the lens movement
mechanism 32°bd58UGiEE detsctad VafiR fromIRE positiohal Variation detector 31. When the
minor-axis condenser lens 29,is;moved in,the.aptical 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 tens 29;dn addition; a-prejestian point (fecus pesitian) by the-2Qprojection tens 30 is moved
dependlng on the amount of movement of the posmon of the primary |mag|ng plane S. [0055]

semiconductor film 3 in a2 laser irradiated portion of the
semiconductor film 3. Accordingly, by the positional
variation detector 31, it 1s pessible to det the

positional variation of the surface of the semiconductcr
10 film 3, which is caused by a mechanical error of a
suhstrate transferring apparatus and a machining error cof &
substrate surface.
(00521

The number of positicnal variation detectors 31 may

15 be one or more. In a case of a single positional wvariation

detector 31, it can detect wvariation of a central position
of the major axial direction of the rectangular bheam in ths
iaser irradiated portion of the semiconductor film 3 and
set the detected value as representative positicnal

20 variation. 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 the laser irradiated

a1

portion of the semiconductor fiim 3 and set a average of

8D
(&)

the detected values as positional variation.

[CO53]
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Thne positional varlation detector 31 is pret



Accordingly, by detecting the position variation of the vertical direction of the semiconductor film 3 in
the 25laser irradiated portion of the semiconductor film, 3 by means of the positional variation detector
31, and moving the minor-axis condenser lens 29 in the optics - 26 - direction by means of the
movement mechanism control part 35 on the basis ©f a detected value, it is possible to set a focus
position of the minor axial direction of the rectangular beam on the surface of the semiconductor fill a
even when there occurs positional variation of the semiconductor film 3 due to a mechanical error of a
substrate transferring apparatus, ete:this manper: by controling drivingrofthe dens movement
mechanism_ 32 through a feedback control, it is possible to realize 10correction of the focus position
of the mincraxial directicw throagh an atromatic controls[0056F Figss 2Aand=2F show views showing a
relationship between the amount of variation of a laser irradiated portion émachinjng surface) and the
amount of Hovemetit of the miror-aXis Condetiser s 29! Fig. 2A showd a case ' where¥focus
distances of the mingzaxis condenser;lens 29.and the projection;lans 30.are §30.mm. and 300 mm,
respectively, and Fig. 29 shows a case where focus 20distances of the minor-axis condenser lens 29
and the projeetion-tens 39-are#b=mm and 300 mm. f[oosé: as 4n Figs 2A, whea a laser irradiated
portion is varied by 0.5 mm, by moving the minor-axis condenser lens 29 by 30 mm, it is possible to
set the focds positiehBEtHe minoraxial diretfioh bEthe retfahgulds beam on e surface of the

semiconductor film 3 ‘ . . o
displacement sensor, an ultrascnic wave type displacement

pe g

sensor, Stc.

ot

[0054]
10 The lens movement mechanism 2Z serves Lo move the
minor-axis condenser lens 29 in the optical axis directiion.
The controller 34 has a movement mechanism control part 35
for controlling the lens movement mechanism 32 based on a

1

detected wvalue from the positional variation detector 31.

5

{

When the minor-axis condenser lens 29 i1is moved in

Iz

o

the optical axis direction, a position of The primary image
nlane S 1s accordingly moved in the optical axis direction

a

depending on the amount of

—h

movement of the lens 29, in

A

addition, a projection point (focus position) by the
20 projection lens 30 is moved depending on the amount of
movement cf the position of the primary ilmaging plane 3.
[0055]
Accordingly, by detecting the position variation of

the vertical direction of the semiconductor film 3 in the

25 laser irradiated portion of the semiconductor film 3 b

<

means of the positional variation detector 21, and moving

the minor-axis condensger lens 29 in the cptical axlis



- 27 - In Fig. 23, when a laser: irradiated portion Is varied by 0.5 mm, by moving the minor-axis
condenser lens 29 by 40 mm, it is possible to set the focus position of the minor axial direction of the
rectangular beam on the surface of the semiconductor film 3. In this 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 ot. the semiconductor film 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
lens 30 in the aptical axis.directionr apd is smaller, and lightae than-therprejection lens-36.
15Accordingly, according to this embodiment, since the position of the small and light minor-axis
condenseriéns29hay becotrectechwitls peecision vf adegred of mnvdtisipossible te: Alake correction
on the focus position with ease. [0059] 20[second Emb,odjmenj Figs. 3A and 33 are schematic

configuratibn Visiws of & Tadet Annealing apparatis 3" aécording o a §&cohd émbBodiment of the
present invention, The |aser annealing apparatys, 10, of this gmbodiment 25includes:a distance

adjustment mechanism 37 for adjusting distances between a plurality of minor-axis cylindrical lens
arrays 26a-and26b.2n this-ambediment, memovingrthe variation of the

semiconductor film 3 dus to a mechanical error of a
substrate transferring apparatus, etc. In this manner, by

controlling driving of the lens movement mechanism 32
through a feedback control, it 1s pessible Lo realize
10 correction of the focus positicen of the minor axial

direction through an automatic control.

r
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Figs. 2A and 2B show views showing a relationship

ser lrradiated

01

hetween the amount of variation of a 1

[@al

)

pertion {(machining surface) and the amcunt of movement of

ry
J

shows a case

i

the minocr~axis condenser lens 29.

183

29

z

9]

where focus distances of the minor—axlis condenser len
and the projection lens 30 are 650 mm and 300 mm,

respectively, and Fig. 2B shows a case where focus

20 distances of the minor-axis condenser lens 29 and the
projection lens 30 are 750 mm and 300 mum.
[0057]
In Fig. 2A, when a laser irradiated portion is
varied by 0.5 mm, by moving the minor-axis condenser lens
25 29 by *30 mm, it is possible to set the focus position of

By
m

¢

the minor axial direction of the rectangular beam on th

surface of the semiconductor film 3.

I



- 28 - minor -axis cylindrical lens array 26a at an upstream side of the optical axis hrrecticn in the
optical axis direction, a distance between two minor-axis cylindrical lens arrays 26a and 26b can be
adjusted. Alternatively, this distance 5may be adjusted by moving the minor-axis cylindrical lens array
26b at a downstream side of th.e optical axis direttion or both of the rwo minor-axis cylindrical lens
arrays 26a and 26b in the optical axis directions A controller 34 has an adjustment mechanism control
part 36 10 for controlling the distance adjustment mechanism 37 based on a detected value from the
positional variation detecter 31: OQther partionssare the. same iastiadthe first embadiment. [00601 Figs.
4R and 48 are views showing a relationship 15between the amount of variation of a laser irradi.ated
portion (maehihmg surfade) andia chahgecfatio®ofid siz8 5P & image irf the 1a8éfitratftéd portion
when distances between a plurality of %ylipgg&cgl !:ens arrays,are set to b% gonstant, Fig. 4A shows a

case where TofUs distaltes of 20tHe iror-axis condénser lens 29’ and the orojection lens 30 are 650
mm and 30Q mm, respectively, and.Eig. 42,shows.a case.wherefocys distances-of:the minor-axis
condenser lens 29 and the projection lens 30 are 750 mm and 300 mm. In either Fig. 4A or Fig. 4E,
when a laser 2birradiated-portierisi variet:by 0:5 mat,xa change ratio of a size of an image is less than
1.5%. ‘

i In this manner, the amount of correction on position

h

of the mincor-axis condenser lens 29 with respect to the
amount of peositional 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 position is disposed upstream of tne
projection lens 30 in the optical axis direction and is
smaller and lighter than the projection lens 30.

15 Accordingly, according to this embodiment, since the

csition of the small and light minor-axis condenser lens

o]

29 may be corrected with precision of a degree of mm, it is
possible to make correction on the focus position with &ase.
[0059]
20 [Second Embodiment]
Figs. 3A and 3B are schematic configuration views of
a laser annealing apparatus 10 according to a second
embodiment of the present invention.
The laser annealing apparatus 10 of this embodiment

includes a distance adjustment mechanism 37 for adjusting

3]
o

distances between a plurality of minor-axis cylindrical

lens arrays 26a and 26b. In this embodiment, Dy moving the



[0061] - 29 - A factor to determine a size 0 of an image on a primary image plane of the laser
beam 1 that passed through the minor-axis condenser lens 29 includes a combined focus distance fo
of the plurality of minor-axis cylindrical lens arrays 26a and 26b disposed at an upstream. side.
Specifically, the size 0 of the image on the primary #mage plane is expressed by the following equation
(2). in the equation (1), w represents width of the minor axial direction of each of the minor-axis
cylindrical lens arrays 1026a and 26b, and fl represents a focus distance of the minor-axis condenser
lens 29. EA+WHO14Q) =.(2),[0062] In-additien, - tagtes fo determinesthe.gombined 15fecus distance fo
of the plurality of minor-axis cylindrical lens arrays 26a and 26b includes a distance d of the optical
axis directioh between the:fenszatiaysd Specifically, e ébrbinet f6eds distahcé s expressed by
the following equation (2).in the equation 2) 20re re_sents a focys distance of each of the minor-axis
cylindrical ferf&‘artays~264 and 28b. foiSA lf‘(?r)/( 2d) 5 1’(2)1[?)‘(“({)"6§Tﬂécgr%lrilnsgI;‘?,”c)rydé"hsanging the

(nganceb§9%§%g$9e26b can be adjusted. Alternatively, this distance

5 may be adjusted by moving the minor-axis cylindrical lens

O

array 26b at a downstream side of the optical axis
direction or both of the two minor-axis cylindrical lens
arrays 26a and 26b in the optical axis direction. A

as an adiustment mechanism control part 30

controllier 34
10 for controlling the distance adjustment mechanism 37 based
on a detected value from the positional variation detector

31, Other pocrtions are the same as in the first embodiment.

Figs. 42 and 4B are views showing a relationship

15 hetween the amount of variation of a la
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portion {machining surfac d & change ratic of a size of

Qs
o

)

O

an image in the laser irradiated DO"th“ when distances

petwean a plurality of cylindrical lens arrays are set to

be constant. Fig. 4A shows a case where focus distances of
20 the minor-axis condenser lens 29 and the projection lens 30
are 650 mm and 200 mm, respectively, and Fig. 4B shows a
case where focus distances of the mincr-axis condenser lens
29 ancd the projection lens 30 are 750 mm and 300 mm.
In either Fig. 4A or Fig. 4B, when a laser
25 irradiated porticn i1s varied by 0.5 mm, a change ratioc of

a size of an image is less than 1.5%.

r0oel]



25plurality of minor-axis cylindrical lens arrays, it is possible to adjust the size of the image of the
primary imaging plane of the laser beam 1 that passed through the - 30 - minor-axis condenser 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 embediment, by detecting the position variation of the
vertical direction of the semiconductor film 3 in the laser irradiated portion of the semiconductor film 3
by means of the positional variation detector 31, and controlling the distance 10adjustment
mechanism, 37 by means-oef-the:adjustment mechanism gontro) past-36 @a the basis of a detected
value to move the minor-axis cy--yorical lens arrays 26a, 26b in the optical axis direction, thereby
adjusting tier distancelbetween the cyliddricat lehs=arrayssand Hericesadjusting:thetIBbeam size at the
focus position of the minor axial direction, it is possible to irradiate the semiconductor film 3 with
beams having tHeS4mmhe ize”inIRE MRor axialdirection &ven Wieh theré Becurs positiohial variation of
the laser irradiated portion on the semiconductor film 3, 201n.this manner,by,controlling. driving of the
distance adjustment mechanism 37 through a feedback control, it is possible to realize adjustment of a
size=of an image at the focusiposition: otthe=ainos axiah ditection=through:an automatic control.
25[0065] [Third Embodiment] Figs. 57\ and 58 are schematic configuration views of

Specifically, the size D of the image on the primary 1mage
plane is expressed by the following eguatlicn {(1). In the
equation (1}, w represents width of the minor axial

direction of each of the minor~axis cylindrical lens arrays
10 Z6a and 2éb, and £, represents a focus distance of the
minor-axis condenser lens 29,
D=w- (/55 ... (1)
[0062]
In additicen, & factor to determine the combined

focus distance fy of the plurality of mincr-axis

=
n

" 1

cylindrical lens arrays 26a and Z26b includes a distance <
cf the optical axis direction between the lens arrays.
Specifically, the combined focus distance Ly 15 expressed

s

by the following eguaticon (Z2). In the eguation (Z), Iy’
20 represents a focus distance of each of the minor-axis
cylindrical lens arrays Zéa and 26Dbh.
fo= (£ xEg7 ) /{257 =d) .. (2]
00e3]
Accordingly, by changing the distance between the

plurality of mincor-axis cylindrical lens arrays, it is

B2
on

possible to adjust the size of the image of the primary

imaging plane of the laser beam 1 that passed through the



- 31 - a laser annealing apparatus 10 according to a third embodiment of the present invention. This
embodiment is not provided with the minor-axis cylindrical lens arrays 26a and 26b shown in the first
embodiment. Other portions are the same as in the first embodiment. Accord-19-1y, in this
embodiment, although an energy profile of the minar axial direction has a Gaussian shape, by moving
the minor-axis condenser lens 29 in the opi_tal 10axis direction based on a detected value from, the

positional variation detector 31the first embodiment,

is possible to set the focus position of the minor

axial directionef-therestangulas beam on the surface.of-thersemieenductorifilm 3. [0066] ;Other
Embodiment the above-described embodime s,is preferable that the beam shaping optical system has
an interferencereduetion opticalsystens forreducing interferanceof lager20beam. Figs1B6A and 69
show examples of configuration of such an interference reduction optical system. The interference
reduction Gptical systém-incitides a major-axis interference reduction optical system 18 for reducing
interference of the n@@j@gﬁdal direction of the laser beam 25of Fig. 6A, and a minor-axiserference

reduction ootical

detecting the position var

[N

5 Accordingly, according to this embodiment, by

0f the wvertical direction

0of the semlconductor film 3 in the laser irradiated portion

-~

of the semiconductor f£il

variation detector 31,

m 3 by means of the positional

and controlling the distance

10 adiustment mechanism 37 by means of the adjustment

mechanism control part

6]

to move the minor-axi

the optical axis direction,

the basis of a detected value

thereby adjusting the distance

e

berween the cylindrical lens arrays and hence adjusting the

15 beam size at the focus position of the minor axial

direction, it is possible fto irradiate the semiconductor

11

1
N

i

PIRY
Lo

ctd

|8
D
foi
O

3 with besams having fThe same size in the minor axial

n even when Chere occurs positional variation of

the laser irradiated portion on the semiconductor film 3.

&

In this manner, by controlling driving of the distance

feedback control, it is

ossible to realize adjustment of a size of an image at the

20
adiustment mechanism 37 through
8] 3
focus position of the minor axial direction through an
automatic centrol.
25 [CCe5]

[Third Embodiment]

Figs. LSA and 5B are schematic confilguration views of



system 24 for reduci.ng interference of the minor axial direction of Fio. 69. - 32 - [0067] The
major-axis interference reduotion optical system 18 as shown in Fig. 6A is disposed at an upstream
side of the optical axis direction of the major-axis cylindrical lens arrays 20a and 20b. The major-axis
interference reduction optical system 18 includes ajplurality of transparent glass plates 18a. Each
transparent glass plate has the same width. as that of each of; cylindrical Tenses constituting the
major-axis cylindrical lens arrays 20a and 1020b. The transparent glass plates 18a have respective
optical axis.direction lengths which are, different fiom each other.by-a. predetermined length larger
than a coherent length of the laser beam 1 and are arranged in the major axial direction. Since optical
paths of therdaset beams 1 15that passed through ¢he: transparent glass plates 18a become long by a
glass length by the major-axis interference reduction optical system 18, the laser beams 1 have
respective optical pé‘tﬁ%ff@ﬁéﬁ@@é%ﬁaféta?rfce’éqénéé?ctﬁéﬁ?’r% tohérent fength: therebyalleviating an
effect of 20(9\9{1@;@{1&3&@? thus providing no, interference with each other. [0068] . The minor-axis
interferencé reduiction optical System 24 as ‘shown in Fig. 65 is disposed at an upstream side of 25the
optical axis.direction-0f.the mjnaeaxis cylindrical lens arrays-26a-and 26h. The mineraxis interference
reduction optical system 24 includes a plurality of

embodiment.

Accordingly, in this embodiment, although an ensrgy

rofile of the minor axial direction has a Gaussian shape,

ie;

by moving the mincr-axis condenser lens 29 in the optical

10 axis direction pased con & detected value from the
pogitional variation detector 31, like the first embodiment,
it is possibkble to set the focus position of the minor axial
direction of the rectangular beam on the surface of the
gsemiconductor film 3.

15 0056}

[Other Embodiment 1]

-

In the above-described embodiments, it is preferable
that the beam shaping optical system has an interferencs
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 svstem includes a major-axis
interference reduction coptical system 18 for reducing
interference of the major axial direction of the laser beam

25 of Fig. €A, and a minor-axis interference reductlon optical
system 24 for reducing interference of the minor axia.l

direction of Fig. 6B,



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 26a26b. 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 1 and are arranged 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 system
24, the laser beams Iphave respective optical path differences of distances longer than the coherent
length, thereby alleviating an effect of coherence and thus providing no interference with each other.
[0069] In additiore the: interference retactionceptical systemtmay beconfiglretsy atlepolarizing
apparatus pavipg a function of converting passjpg Iight into qgnplorq gOQoIaned light or may employ
other configarations RAéWin the ate Forexampte; The ttériérencé rédiction dpticarsystem may
employs a configuration disclosed in Japangse Unexamined Ratent Application Rublication No.
2002-321081 or a configuration disclosed in Fig. 4 of Japanése bbexamibed Patent Application
Publication Ne <2004-34%299: {007Q] [Other Embediment 2} =+34- i nt clnithe above-described
embodiments it is preferable to further include a plurality of solid state laser sources 12 and means for
temporally andiot ispatialypEombiniriy laset beams frony te plurality 6f $olid/state laser sources 12.
SUCh:“mnggggggggg%%bzggggﬁg?ggggi18a. Each transgarent glass plate
has the same width as that of each of cylindrical lenses
constituting the major-axis cylindrical lens arrays 20a and
10 20b. The transparent glass plates 18a have respectilve
cptical axils direction lengths which are different from
each other by a predetermined length larger than a coherent
length of the laser beam 1 and are arranged in the major
axial direction. Since cptical paths of the laser beams 1
15 that passed through the transparent glass plates 18a become
long by a glass length by the mejor-axis interference
reduction optical system 18, the laser beams 1 have
respective optical path differences of distances longer
than the coherent length, thereby alleviating an effect of
20 coherence and thus providing no interference with each
other.
[0068]

The minor-axis interference reduction optical system

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

[
Ln

the optical axis direction of the mincr-axis cylindrical

lens arrays Z26a and 26b. The minor-axis interference

ty

r

reduction optical system 24 includes a plurality o



combination of a reflecting mirror and a polarizing beam splitter. In this manner, by combining the
plurality of laser beams, a pulse frequency of the combined laser beam can be Increased several fold
when they are temporally combined Niith pulse periods deviated from each other), and energy density
of the combined laser beam can be increased sevetalfold 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 in increase of an annealing speed. In addition, for t ci O or more laser
beams, a mixture of temporal combinationzand spatiat gembinationpaay he used =071} 26[Other
Embodiment 3] Ir the above-described embodiments, it is preferable t.o further include a
chamber sétting & subisteate oncwhieh @ semicbhdictorfilarisformed dnd Uséd $6rigenerating a
vacuum or inert gas atmosphere in se;tl'}n% sgpj,acepj the 25§uqS;raég,ic;j,jrﬂer¢ gas sgpglying means for
supplying in8f Ya% 6niy to-a réstricted range of a1aser irradiated portion of the substrateé and its
peripheral pottion. An, z 35 - example of configyration. gf.the chamberand the inert gas supplying
means is shown in Figs. 7A and A chamber 40°shown in Fig. 7A contains a substrate stage 5 to
support a. substrate 2;andqds configured such thatinside atmosphererof the elamber 40 is a vacuum
or inert gas atmosphbre. The substrate stage 5 is configured to be movable in a minor axial direction in
order to scén fhe 5apstrate Tth $aser beaht Fsiapetl iRtc 4 FeGangiar be&ms “Fhe fasef beam 1 is
irradiated on the substrate 2 through a transmission.widow 41 provided in the chamber 40,,[0072]
Inert gas sﬁqﬁﬁlr&inag Reans i@%hggv%giﬁ{kig.%?gﬁ%luﬁaegva['péjrtéﬁgll facing body 46 W fig: %js a bottom
side 44 closgly:facing in paralle] to the;substrate, 2, for= a5 flow bath ofjner gas 47 between the
bottom side 44 and the substrate 2, and has a transmi.ssion widow 45 through which the laser beam 1
is transmitted s and igasrejecting means: 48 thatejects tie inett gasazwhieh has afiow rate equalized
in a beam major axial direction, onto a ) , .
iRy plates 24a become long by a glass length by The minor-axis

interferance reduction optical system 24, the laser beams 1

have respective optical path differences of distances
longer than the coherent length, thereby alleviating an
effect of coherence and thus providing no interference with

esach other.

fund
en

[0069]

Tn addition, the interference raduction optical
system may be configured by & depclarizing apparatus having
a function of converting passing light into random

20 polarized light or may employ other configurations known in

the art. For example, the interference reductlion optical
system may employs a configuration disclosed in Japanese
Unexamined Patent Applicaticen Publication No. 2002-321081

or a configuration discleosed in Fig. 4 of Japanese

te:

AN
N

Unexamined Patent Application Publication No. 2004-3412%95.
(00740

‘Other Embodiment 2]



20surface of the substrate 2 at a position with a predetermined interval from a laser beam 1 irrad'ated
portion in a beam minor axial direction. [007.3] In laser annealing, when a semiconductor film, on the
25substrate 2 is irradiated with the laser beam 1, if a laser beam irradiated portion contacts the air,
there occur problems that unevenness or an oxide4film is formed on a - 36 - surface of the substrate
or crystalline grains produced in a crystallization process becomes small. The above-constructed
chamber 40 or inert gas supplying means 43 can prevent th.e laser beam irradiated portion from co
acting the air, therepy avoiding the.above-meantionech varaus-problens. In=addition; theinert gas
supplying means 43 is not limited to the configuration shown in Fig. 73 but may have other
configurationsfasriong asithey car have a-fantton ofSupplying ingregés onlytd 10aréstitted range of
a _Laser irradiated portion of the substrate 2 and its peripheral portion. For gxa}mglg, the inert gas

supplying frieats 43 "8fploysH corfitiiration $héWi in Eig™® ‘oF 4 of Japanase Patent No. 3502981,
[0074] 15\hile prefered emboiments.gidhe present inuention have feen.daseribed andishown
above, the disclosed embodiments have been provided for the purpose of illustration but the present
invention is not limited te the disclosed embodiments: Therstope of theoinvention is 20defined as set
forth in the appended claims and is intended -

combination of a reflecting mirror and a polarizing peam
splitter.
Tn this manner, by combining the plurality of laser
beams, a pulse freguency of the combined laser beam can be
10 increased 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). Lecordingly, a

scanning speed of beams can be increasad, whnich may result

[EY
i

in increase of an annealing speed. In addition, for three
or more laser beams, & mixture of temporal combination and
spatial combination may be used.
[0071]
20 [Other Embodiment 3]
in the above-described embodiments, it is preferable
o further include a chamber setting & supstrate on which a
semiconductor film is formed and used for generating a
vacuum or inert gas atmosphere in setting space of the
25 substrate, or inert gas supplying means for supplying irert
gas only to & restricted range of a laser irradiated

portion of the substrate and 1ts peripheral porticon. An



to encompass all modifications, changes and alternations which fallw ithin the appended claims or the
equivalents thereof. - 37 - CLAIMS I. A laser annealing method for shaping pulse-type laser beam,
which is emitted from a solid state laser source, condensing the shaped laser beam as a rectangular
bear, on a surface of a semiconductor film, scanming the semiconductor film with the rectangular beam
relatively in a minor axial direction, and thereby crystallizing the semiconductor film with laser
irradiation, the laser 10annealing ,od comprising: projecting the laser beam onto the surface of the
semicondugtor, film.in the miner gxial.directioncof.the re¢tapgular heams wsing,a-mingyaxis condenser
lens to condense incident light in the minor axial direction and a 15projection lens to project light,
which comes:fram the minaraxis contlenserilens,:anto théisurfatce’df the semiconductor film, and
detecting positional variation in a vertical d.irection of the semiconductor film in a laser irradiated
20portion of the semicOnAUELSF fithy, aitPifioviry the mindr: &3€ Erdenser fehisSihan Gptical axis
direction based on.a yalug of the detection. 2. The laser annealing methed, according fo claim 1,

5 that inside atmosphere of the chamber 40 1s a vacuum oOr
inert gas atmosphere. The substrate stage 5 is configured
to bhe movable in a minor axial direction in order to scan

the substrate 2 with laser beam 1 shaped intc a rectanguiar

beams. The laser beam 1 is ilrradiated on the substrate 2
10 through a transmission widew 41 provided 1in the chamber 40.
(0072}

Inert gas supplying means 43 shown in Fig. 7B

includes a parallel facing body 46 which has a bottom side

44 ¢losely facing in parallel to the substrate 2, forms a
15 flow path of inert gas 47 between the bottom side 44 anc

the substrate 2, and has a transmission widow 45 through
which the laser beam 1 is transmitted, and gas ejecting
means 48 that eiects the inert gas 47, which has a flow

rate equalized in a beam major axial direction, onto a

20 surface of the substrate 2 at a position with a
predetermined interval from a laser beam 1 irradiated
porfion in a beam minor axial direction.

[G073]
Tn laser annealing, when a semiconductor £ilm on the

25 substrate 2 1is irradiated with the laser beam 1, 1f a laser

beam irradiated portion contacts the air, there occur

oroblems that unevenness or an oxide film is formed on &



25wherein a plurality of minor-axis cylindrical lens arrays, which split incident light into a plurality of
pea= in the minor axial direction of the rectangular beai - 38 - are disposed at intervals in the optical
axis direction at positions of an optical axis direction upstream side of the minor-axis condenser lens,
and wherein a distance between the pluralify of minor-5axis cylindrical lens arrays is adjusted
based on a value of the detection of the positional variation_ 3. A laser annealing apparatus
including a solid state laser source that emits pulse-type laser beam, a beam 10shaping optical system
that shapes the laser beapyrom theselid state laser spurceiand gondensesthe shapedlaser beam as
a rectangular beam. on a surface of a semiconductor film, and scanning means that scans the
semiconductarfifmuwith the:tectanguiardsesm relativiedy ircaiaminor axial 15direction to crystallize the
semiconductor film with laser irrahiation, wherein the beam shap_in% optical system includes a

major-axis homogeniZ&r &hd AFRnor-akis Hormogenizet that [Froject indident 1856t beam on the surface
of the ZOsecmico?(\j]gj%tgr H'égﬁ%a &ajgggxigL@i%qipn?a,pg a minor axial. direction,:respgctively, of the
W A 1 S Pl ol ke € R st s iRty vl =L

G“gg VR - : : .
rectangular b m; and erein the minor axis homogenizer includes a minor-axis condenser
lenst condenses;ingideptlightdAthe cing the air, thereby avoiding the

above-mentioned variocus problems. In addition, thes inert:
gas supplving means 43 is not limited to the configuration

shown in Fig. 7B but may have other configurations as iong

as they can have a function of supplying inert gas only to

a restricted range of a laser lrradiated portion of the

[
<

substrate 2 and its peripheral porticn. For example, the
inert gas supplying means 43 employs a configuration shown
in Fig. 2 or 4 of Japanese Patent No. 3502281.

[0074]

fot
(S

While preferred embodiments of the present ilnvention
have been described and shown above, the disclosed
embodiments have been provided for the purpcese of
sent inventionrn is neot limited to

tratlon but the pr

iy

®

illu

¢4

the disclosed embodiments. The scope of the invention 1s
20 defined as set forth in the appended claims and is intended
to encompass all modifications, changes and alternations

which fall within the appended claims or the egquivalents

thereof.



minor axial direction, and a projection lens that projects ght, which comes from the minor-axis
condenser lens, onto the surface of the semiconductor film, the laser annealing apparatus further
comprising a - 39 - positional variation detector that detects positional variation of a vertical direction
of the semiconductor film, in a laser irradiated poriipn-of the semiconductor and a lens movement
mechanism that moves the minor-axis 5condenser i s 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 cylindrical lens arrays being disposed
at intervals in the optical axis direction, the laser annealing apparatus further comprising a distance

adjustment mechanism/thaf &8jisfs & Gistance BEtwaen the pIUFAIit of fiRcr-axis cyiifdrical. lens
arrays. 20 5. The laser annealing appargfys according foclaifth ; 4 state laser
5 source, condensing the shaped laser beam as a rectangular
neam on a surface of a semiconducter film, scanning the
semiconducter film with the rectangular beam relatively in
a minor axial direction, and thereby crystallizing the
semiconductor film with laser irradiation, the laser
10 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
15 projection lens to project light, which comes from the

minor-axis condenser lens, ontoe the surface of the

3

semiconducter 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-

in an optical axis direction based on a

o}

n

axis condenser len

value of the detection.

-

2. The laser annealing method according o claim 1,

N
(o2l

wnerein a plurality of minor-axils cylindrical lens
arrays, which split incident iight Inte a plurality of

heams in the minor axial direction of the rectangular beam,



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 annealing apparatus
according to claim -40 -4 or 5, further comprising an adjustment mechanism control part tnat
controls the distance adjustment mechanism baséd on the detected value from the positional variation
detector. 7. The laser annealing apparatus according to claim wherein beam quality of
the solid state laser source 10is more than 20 in terms of an M2 value. 8. The laser annealing
apparatus gceorging-to-claim + 1 n+awherein the beam sbaping opticalsyster includes.an
15interference reduction optical system that reduces interference of the laser beam. 9. The laser
annealing apparatus according Swelaim 8, 20wherekT te [asér bedrh Eiifted fotn tHe S61id state laser
source has a Gaussian-shape energy proflle 10 The laser annealing apparatus according to
claim TiHeréincthe feCtangafar beamhas aBaussian-shape energy profile in the minor axial
direction. wherein a distance between the plurality of mincr-
) axis cylindrical lens arrays is adjusted based on a value

0of the detection of the positicnal variation.

3. A lasery annealing apparatus including a solid
state laser source that emits pulse-type laser bpeam, & beam
10 shaping optical system that shapes the laser beam from the
splid state laser source and condenses the shaped laser
peam as a rectangular beam on a surface of a semiconductor
film, and scanning means that scans the semiconductor film

with the rectanguiar beam relatively in a minor axial

15 directicon to crystaliize the semiconcuctor fiim with laser
ilrradiation,
wherein the beam shaping optical system includes a
major-axis homogenizer and a minor-axis homogenizer that
project incident laser beam on the surface of the
20 semiconductor film in a major axial direction and a minor
axial direction, respectively, of the rectangular beam, andc
wherein the minor-axis homogenizer 1lncludes a minor-
axis condenser lens that condenses incident light in the
minor axial direction, and a prcjectiocon lens that projects
25 iight, which comes from the mincr-axis condenser lens, Onto

the surface of the semiconductor film,

the laser annealing apparatus further comprising a



-41 - 11. The laser annealing apparatus according to claim iT wherein the positional
variation detector is a non-contact displacement sensor. 12. The laser annealing apparatus
according to claim 3, comprising a plurality of solid state laser sources and further comprising
means for temporally and/or 10spatially combining daser beams from the plurality of solid state laser
sources. 13. The laser annealing apparatus according to claim 3, 15further comprising a
chamber setting a substrate formed thereon with the semiconductor film and having a vacuum or inert
gas atmosphere, of inert gas-s means for supplyingnert gas eahyto g restrcted range of a laser
irradiated portion of the semiconductor film and 20its peripheral portion. 14. The lase_ anneal ing
apparatus aecargingto claine 3 further edmpiisingta substrate stageson which-a 25subistiate on which

the semiconductor film is formed is _ 4 , _ -
in a laser irradiated portion of the semiconductor film,

-

and a lens movement mechanism that moves the minor-axis

5 condenser lens in an optical axis direction.

4. The laser annealing apparatus acceording to claim

wherein the minocr-axis homogenizer includes a

10 plurality of minor-axis cylindrical lens arrays that s

]

LR

e}

=

incident light intc a plurality of beams in the minor axia
direction of the rectangular beam and are disposed at
positions of an optical axis direction upstream side of the
minor-axis condsnser lens, the plurality of minor-axis

15 cylindrical lens arrays being disposed at interxvals in the
cptical axils direction,

the laser annealing apparatus further comprising a

distance adjustment mechanism that adjusts a distance

between the plurality of minor-axis cylindrical lens arrays.

20
5. The laser annealing apparatus according to claim
31
further comprising & movement mechanism control part
that controls the lens movement mechanism based on a
25 detscted value from the positional varliation detector.

6. The laser annealing apparatus according to claim



placed, the substrate stage being heated to a temperature that does not exceed a melting point of the
substrate.

further comprising an adjustment mechanism control
art that controls the distance adjustment mechanism based

on the detected value from the positicnal variaticn
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7. The laser annealing apparatus according to claim

wherein beam gquality cof the solid state laser source

10 igs more than 20 in terms of an M? value.

im

o3

9. The laser annealing apparatus according to ¢l

wherein the beam shaping optical system includes an

i5 interference reduction optical system that reduces
interference of the laser beam.
5. The laser annealing apparatus according to claim
3,
20 wherein the laser beam emitted from the solild state
laser source has a Gaussian~shape energy proille.
10. The laser anneallng apparatus according fto claim
3r
25 wherein the rectangular beam has a Gaussian-shape

energy profiie in the minor axial direction.
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11. The laser annealing apparatis according to claim

Lad

wherein the poesiticnal wvariaticn detector is a non-

contact displacement sensor.

annealing apparatus according to clal
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comprising a plurality of solid state laser sources

and further comprising means for temporally and/or

1

spatially combining laser beams from the plurality of solld
state laser sources,.

12. The laser annealing apparatus according to claim

further comprising a chamber setting a substrate

formed therecn with the semiconducter film and having a

.t

I

vacuum or inert gas atmosphere, or inert gas supp

means for suppliying inert gas only to a restricted range of
T
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radiated portion cof the semiconductor

14, The laser annealing apparatus according to claim

further comprising a substrate stage on which a
ubstrate on which the semiconductor film is formed is
placed, the substrate stage being heated to a temperature

N

that does not exceed & melting point of the substirate.



