DESCRIPTION LASER ANNEALING METHOD AND APPARATUS BACKGROUND OF THE
INVENTION Technical Field of the Invention [0001] The present invention relates to a laser
annealing method and apparatus for performing an annealing treatment 10on a workpiece to be
processed by irradiating the workpiece with laser light. Description of the Related Art [0002] Hitherto,
in order to realize a high-performance 15device-suchras a liquid crystal display, a method of forming a
high-performance semiconductor device such as a thin film transistor on an insulating substrate such

as a glass substrate has been developed. In this semiconductor device, thin-film polycrystalline silicon
obtained by DESCRTPTION

LASER ANNEALING METHCD AND APPARATUS

5 BACKGROUND OF THE INVENTION

Technical Field of the Invention

[0CO1]
The present invention relates to a laser annealing
methed and apparatus for performing an annealing treatment
10 on a workpiece to be processed by irradiating the workpilece
with laser light.

Description of the Related Art

[0002]
Hitherto, in order to realize a high-performance
15 device such as a ligquid crystal display, a method of
forming a high-performance semiconductor device such as a
thin film transistor on an insulating substrate such as a
glass substrate has been developed. In this semiconductor
device, thin-film polycrystalline silicon obtained by
20 crystallizing amorphous silicon by a heat treatment is
generally used.
{0003}
As a method of manufacturing a polycrystalline
silicon film, a method of forming an amorphous silicon film
25 in advance on a substrate and crystaliizing tﬁe film by
irradiation of laser light is generally used. According te

this method, since it utilizes a crystallization phenomencn



20crystallizing amorphous silicon by a heat treatment is generally used. [0003] As a method of
manufacturing a polycrystalline silicon film, a method of forming an amorphous silicon film 25in
advance on a substrate and crystallizing the film by irradiation of laser light is generally used.
According to this method, since it utilizes a crystallization phenomenon - 2 - in the process of melting
a_n_d solidification of the semiconductor thin filmrit & possible to obtain a high-quality polycrystalline
silicon film having a relatively large particle size. 5[0004] As the laser annealing method that is most
commonly used at present, a method that uses pulsed laser light, particularly, an excimer laser is
known. In récetitryearsermtisods thee Lisers YAG! [aet bi-al Y EP Tdsst \M#icﬁ}i“lsema solid-state laser

have been developed. The method that uses pulsed laser. light invol ocall It
a _ , _ ( . g an amorphous
silicon film SRBHEYENG the mélted area ' a h?ghltgerﬁﬁg’rsaljft%@foF%n y%:lt%jécg/ éhr(]glrgt%%riod. For this

reason’gn&%éﬁ%*ﬂg@%ﬁ?g§§§%%ﬂ§iﬁgU@@§ﬂﬁ@%ﬂEllm having a relatively
large particle size.
5 [(0004d]

As the laser annealing method that is most
commonly used at present, a method that uses pulsed laser
light, particularly, an excimer laser is known. In recent
years, methods that use a YAG laser or a YLF laser which is

10 a2 solid-state laser have been developed. The method that
uses pulsed laser light involves locally melting an
amorphous silicon film and heating the melted area to a
high temperature for only a very short period. For this
reason, since the high temperaturs is not rransmitted to

15 the substrate, it is possible To use a low-cost glass
substrate rather than using an expensive guartz substrate
having excellent heat resistance. Thus, such a methced is
most suitable for low-temperature processes of a large-area
electronic device. |

20 [GOO5T

In a general laser annealing method, when an
excimer laser is used, for example, laser light is éhaped
by an optical system into a linear beam of which the long-
side beam length is 465 mm and the short-side beam length

25 is 0.4 to 5 mm. In the case of a YAG laser, 1t 1Is possible
to obtain a linear beam of which the long-side beam length

is 200 mm and the short-side beam length is 40 to 50 pm.



15the substrate, it is possible to use a low-cost glass substrate rather than using an expensive quartz
substrate having excellent heat resistance. Thus, such a method is most suitable for low-temperature
processes of a large-area electronic device. 20[0005] In a general laser annealing method,
when an excimer laser is used, for example, laser light is shaped by an optical system into a linear
beam of which the long-side beam length is 465 m¥m-and the short-side beam length 25is 0.4to 5
mm. In the case of a YAG laser, is possible to obtain a linear beam of which the long-side beam length
is 200 rm and the short-side beam length is 40 to 50 p.m. - 3 - The laser light and the substrate are
moved relafiVeta eaetr oltiartso tat thié: frali@tiorr position ©f 19 RiRedCBEédr Parkally overlaps with

the irradiation area in the short-side direction of dj[he%b.eoa}ﬂm whereby cryst IIj%zati?QPSQ of the
semicondu&dFRIn? i FaalsRd i geridlal, thé DVenap 756 i Setto about 95%, and the same area is

irradiated with.abquit 20;shats af{aser heams. {0008l igs rhvane 1Snare-diagrams illustrating a
10conventional laser annealing method. Fig. IA shows a state in which a substrate 30 is irradiated with
laser light 3dhwhite- mioving: theskaisee tigtE3 T irethesshort-siderdikactionystithe beant tefative to a

substrate 30. When the substrate , ) " .
3 of the semiconducteor film is realized. In general, the

overlap ratio is set to about 95%, and the same area is
irradiated with about 20 shots of laser beams.
[0006]
Figs. 1A and 1B are diagrams illusgtrating a
10 conventional laser annealing method. Fig. 1A shows a state
in which a substrate 30 is irradiated with laser light 31
while moving the laser light 31 in the short-side direction
of the beam relative t¢ a substrate 30. When the substrate
30 of which the size is longer than the beam length is
15 processed, first, a first row Rl is irradiated as shown in
Fig. 1A. When irradiation of the first row Rl is
completed, the laser light 31 is relatively moved in the
long-axis directiocn so as to perform irradiation of second
and subsequent rows. Fig. 1B shows‘aﬁréxamﬁle‘in which the
20 entire surface of the substrate is processed by irradiation
of two rows. At that time, a seam portion W of the beam is
formed between adiacent rows (in Fig. 1B, the first row RI
and the second row R2).
[CO07]
25 In general laser annealing, the edges of the
lLinear beams of adjacent rows are irradiated in an

overlapping manner, whereby the seam portion W is formed.



30 of which the size is longer than the beam length is 15processed, first, a first row El is irradiated as
shown in Fig. 1A. When irradiation of the first row El is completed, the laser light 31 is relatively moved
in the long-axis direction so as to perform irradiation of second and subsequent rows. Fig. 1B shows
an example in which the 20 entire surface of the substrate is processed by irradiation of two rows. At
that time, a seam portion W of the beam is formed:between adjacent rows (in Fig. 1B, the first row R1

. and the second row R2). [0007] 25In general laser annealing, the edges of the linear beams of
adjacent rows are irradiated in an overlapping manner, whereby the seam portion W is formed. - 4 --
In this seanporticrs Wicthe gvertapdovBrapped iprelidton épPeamalissexdessifl aneca crystallization
quality thereof is different from that of the other areas, Wberﬁbj}’ thg‘seram poitiqcn W is visible to the
naked eye.On Bi& 88ther harid Sitieh therd ia dnfailrio ovérap OF the Beams of adjacent rows, the

overlap be@é@%%%“ﬁé“%%%@&%ﬁ%@&ﬁ the beags. fiuiso anamearhoss partieasemains, and as
was expected, the crystallinity thereof is different from that of the other areas. 10[0008]
the seam portion W is visible to the naked eye. On the
5 other hand, when there is a small or no overlap of the
beams of adjacent rows, the overlap beccmes insufficient at
the edges of the beams. Thus, én amorphous porticn
remains, and as was expected, the crystallinity thereof is
different from that of the other areas.
10 [0008]

Since the beam seam portion W is an area which is
irradiated with both the beams of the adjacent rows (for
example, the first row Rl and the second row RZ), the
czystaliinity of that area is different from that of the

15 other areas. The crystaliinity fluctuates greatly in the
case of the excimer laser, and although the fluctuation
hecomes small with & second harmonic wave of a YAG laser
compared to the excimer laser, the crystallinity fluctuates
as was expected.

20 - {0008}

When a thin film transistor is manufactured using
an area in which the crystallinity is not uniform, it is
not possible to cbtain a uniform performance of the thin
film transistor. 1In a display apparatus such as a liquid

25 crystal_displéy or an organic EL display, the display
quality thereof is likely to depend on the uniformity of

the performance of the thin film transistor. Therefore, in



Since the beam seam portion W is an area which is irradiated with both the beams of the adjacent
rows (for example, the first row R1 and the second row R2), the crystallinity of that area is different
from that of the 150ther areas. The crystallinity fluctuateseatly in the case of the excimer laser, and
although the fluctuation becomes small with a second harmonic wave of a YAG laser compared to the
excimer laser, the crystallinity fluctuates as was expected. 20[0009] When a thin film transistor is
manufactured using an area in which the crystallinity is not uniform, it is not possible to obtain a
uniform performance of the thin film transistor. In a display apparatus such as a liquid 25crystal display
or an organic- Bt displayathetdisplaytriafifys thergofigdike o depErtbes thé ahfermiFof the

performance of the thin film transistor. Therefore, in -5 orderi':to%maintainttgg (ﬁ%plgyéquality, a display
panel has to BenaRarattaRuiEin GhrGrdh fat fEMRitsd 15 the baam Iength of aser light. In the

case of a ggger) YAG, lasgr.singe, thebeamlengthrthereef is shorto it is, Sdifficult topmanufacture a
large-size display whose size exceeds 20 inches. [0010]
laser, since the beam length thereof is short, 1t is
5 difficult to manufacture a largé—size display whose size
exceeds 20 inches.
[C010}
Techniques for preventing the non-uniformity of
the crystallinity in the beam seam portion W as described
10 above are disclosed in Patent Documents 1 and 2, for
examnple.
[0011]
The method of Patent Document 1 is to make the
crystallinities uniform between the overlapping portion and
15 the non;overlapping portion of the laser light by
regulating the width dimension and the energy density of
laser light when the irradiation areas of laser light are’
made to overlap each other sc as to crystallize a large-
area senmiconductor thin film.
20 [0012]
The method of Patent Document 2 is to make the
crystallinity uniform by setting the beam profiles in a
seam portion so that the slope portions of the beam
profiles overlap each cther in an area where the lasex
25 intensity is 20% or higher and B80% or lower.
{6C13]

[Patent Document 1] Japanese Unexamined Patent



Techniques for preventing the non-uniformity of the crystallinity in the beam seam portion W as
described 10above are disclosed in Patent Documents 1 and 2, for example. [0011]
of Patent Document 1 is to make the crystallinitie§ unifoiu between the overlapping portion and 15the

non-over
laser ligh

?ﬁﬁ?—f‘iﬁ%@gg OIL é%illagglt‘g ht t&yoreg%{)ac}@gzstlfg é/\ggth dimension and the energy

€ irradiation areas of laser light are made to overlap each other so as to

large-area semiconduetardhin finb 20@QE2] 21 Tlhepwethed:of Batenidoerine a2 isrto
crystallinity uniform by setting the beam profiles in a seam _portion so that the slope portions of the

beam pr

lower. [0013] [Patenthgeument 1] Japanese Unexamined Patent

However, the method of Patent Document 1 has a
problem in that it is not easy to regulate the width
dimension and the energy density of the lasexr light, and
productivity of the device decreases.

In the method of Patent Document 2, sgince the beams
overlap each other under the conditions of different energy
densities, it 1s expected that the crystallinity becomes
nonuniform in the case of the excimer laser with which the
crystallinity fluctuates particularly greatly with

variations in energy.

SUMMARY OF THE INVENTION

[0015]
The present invention has been made in
consideration of the above-mentioned problems. Herein

disclosed is a laser annealing method and apparatus capable
of forming a crystalline semiconductor thin film on the
entire surface of a substrate when the semiconductor thin
£ilm formed on the substrate such as a glass 1is
crystallized by laser irradiation, without sacrificing the
uniformity of crystallinity in a seam portion in a long-
axis direction of laser light, the crystalline

semiconductor thin £ilm having

The method

density of
crystallize a
make the

Rl dvE P Oadirthe P aR BréwhePP fichdd Isintensity is 20% or higher and 80% or



6 Application Publication No. 2000-315652 [Patent Document 21Japanese Unexamined Patent
Application Publication No. 2005-243747 [0014] However, the method of Patent Document 1
has a problem in that it is not easy to regulate the’width dimension and the energy density of the laser

light, and\;gro%uctivit)éof the device deé%re ses. ., Iri11'ghe @8“‘091 OI;EC Eger% Dgglér@en 2, since the
beams oD SAERtRer-Gidef e chndftions b HFLtEst ehdrgy HeRENES it is dxpectad that the

crystallinigéagp%@& nepunombin theLRaselaf the exginierdaser with which the crystallinity fluctuates
particularly greatly with variations in energy. SUMMARY OF THE INVENTION [0015]
Thepresentinventionh@8B&én madein consideration of the above-mentioned problems. Herein

disclosed is a laser %@{éeal'ggs@gth%qlﬁggﬁmgrambIgﬁ&fog@gg@actrﬁgtalU;fe sgfuconductor

thin film on the entire surface of a substrate when the semiconductor thin film formed on the substrate

such as aglassiscr/statizeticoy magr Erplation; vathool saerificihgrgrniniformity of crystallinity in a

seam portion in a long-axis direction %f Ia%%r Ii}ght,{he cryg@é@eedseénii%nsdeuctoa{ﬁhinﬂr{]nhaving 7

good properties and |ghol1}r%foarlr%ﬁ§<fo an extent that the seam portion’is nofvisuarl)lﬁl recoanizable.
method of performing an annealing treatment on a workpiece

by irradiating the workpiece with a linear beam having a
linear beam spot obtained by shaping laser 1light into a
linear shape while moving the linear beam in a short-axis
direction of the 1linear beam gpot relative to the
workpiece, characterized in that: irradiation of the linear
beam with the relative movement in the short-axis direction
of the linear beam spot is performed on two or more Yows
while ghifting in a long-axis direction of the linear beam
spot so that beam irradiation areas of adjacent rows
partially overlap each other; and controlling an overlap
ratio of adjacent two rows by shielding during the
irradiation of the linear beam, portions corresponding to
edges in the long-axis direction of the linear beam gpot by
a mask which 1s disposed on an optical path of the laser
light, and the mask is operated so as to periodically

increase and decrease the amount of shielding.



[0016] The laser annealing method and apparatus of the present invention may employ the
following means. In one aspect, there is provided a laser annealing method of perfo ning an
annealing treatment on a workpiece by irradiating #he workpiece with a linear beam having a linear
beam spot obtained ?}{ shapi%%laser Iié;ht irlgo a linear sﬁhage while mo.vén%the Iigear bearen ina
short-axis direction o i)me linEaF beddt Sgtnrelati\ﬁ“él‘t‘{)eﬁ‘leJ’W(151rkpig&‘ﬁef:f"’(rzjr\aéraac‘terizeé1 in thAT irradiation
of the lineanheamuith the Zelative aovementdn theysherk-exisalirestionsé e lingargdearn spot is
performed on two or more rows while shifting in a long-axis direction of the linear beam spot so that

beam irra@itRmldreds oF ERfHCRREFowS Parfally"sveiRibSsth Stherhd BEMFSIRFGEN Rerlap ratio of
adjacent tyq.[ows, by shielding %899#@%8@%@@99 ofthe fnearbeam, portigns cagspopding to
i

edges in the long-axis direction of the linear beam spot by a mask which is disposed on an optical path
of the lasehkghtpgnditheanaskiigbperatetbsozas 16 pesivdicdlyracredse endrdecragsetthe amount of
z?ield;ng%_%gear bg%ghei%resgnt isrﬁ/gggqrégcri%vid sf%le%r%%grrpbo%énfg@ti%a.s%angggling.methold
performing an annealing treatment on a workpiéce 10 be processed by irfadiating the ' workpiece with
a linear bgamghtained hyrshaping lasee tightrinteraslineat shape athilermexing Hee lineazdeam in a
short-side direction relative to the workpiece, characterized in that: irradiation of the linear beam with

the relativee@Bvéihbht inftfie SROAISITE dMCIRIAGE etBriidd of w5 or frde rEwESHileShifting in a
long-axis girection-afthebeam sq,that beam. inadiglian areasof adiacent pows,partialbrguerlap each

other; and during the irradiation of the linear beam, portions corresponding to edges of the linear beam
are shieldedilsy alfraskwikich isldispesedoaman epticdlpathasaie EEEpigiatt apa treask is

operated so .%%Q%E%%'C%%gcﬁ%% and flscrease fne,am g;%‘ Oééﬁtee{d;”?gaﬁ%o%xmg (2) In the
laser annéaling method as set forth in i),th amount of shielding is periodically increased and
decreasedty oseilating the-masie [@0k8] 11ineat3)drdhe laperarirealing methogd@sdsietdorth in 8
(2), the mask is _oscillated using_a piezoelectric element. [00194 ] ,
to edges of the linear beam are shielded by a mask which is
digsposed on an optical path of the laser Ilight, and the
mask is operated so as to periodically increase and
decrease the amount of shielding.
[0017]
(2} In the laser annealing method as set forth in
(1), the amount of shielding is pericdically increased and
decreased by oscilliating the mask.

fo018]

(3) In the laser annealing method as set forth in



In one aspect, there is provided a laser annealing apparatus that performs an annealing treatment on
a workpiece by irradiating the workpiece with a linear beam having a linear beam spot obtained by
shaping laser light into a linear shape while movirgy the linear beam in a short-axis direction of the
linear beam spot relative to the workpiece, characterized in that the aggar_atus comprises: means for

controllind 2hoverBpTatl of AdREEHL 4R FradisEAF ofs Iy A REIRG i Fhe i iation of the

linear beam, portiong ggfrgsponding to edges in the long-axis direction of the linear beam spot by a
mask that is disposed on an optical path of the laser light; wherein a mask drive unit is adapted to
operate the mask so%ds toperid@iRafy incréEEsantiSddeFeaseid@ aPnolmf BF sHEary By the mask.

(4) The presntinvention futher grayides, in ong-embgdiion. & laset.ansaling apparatys that

performs an-annealing treatment'on a workpiece by irradiating the workpiece with a linear beam
obtained by shapigdadey lightintdia inesr shape whitkmicuirg the tihear béameiaa shostsside
direction relative to the workpiece, characterized in that the a paratus_comprszrises: aggfs that is

disposed T A gptRallpdtfiBF thaIaler TG RF s 2 B BRBIa portBhaRordspéiifitg fes of the

linear bearpi-and 2 maskedrive unib that qperates theunagk seras to padedicalhe ingrease and decrease
the amount of shielding by the mask. 8a [0020] (5) In the laser annealing apparatus as set forth

in (4), theSASIE dAve Binifparstiéaly iftkeasts add Beereadefthe RPUNTST Shicldifig B oscillating
the mask[0021] ;... :ﬂaége laseranaealing apparatus as setforth ingg), the,mask driyg unitis a

piezoelectric element. [0022 According to the method as set forth in (1) and the apparatus as
set forth ing8) sirmesportiorsicerrespondingototthe Bdges of #he limsaebeam aresghielded by the mask,

and the mask is o erat%d SO as toaggrlodgglly |ncr%aseband dt%c.rei e the argount of Shl%dlng, the

overlap r@f/ &3R8 shield& beamBuge portion 2 1dwer thanthat =& thé Hon-shielded portion. In

this way, itis-pessibledn sugpressaneaxcess obhgnovepap et thesseasrpestippaitgrevent a deficit of
the overlap by irradiating the beams so as to overlap each other at adjacent rows. Therefore, it is

possible 83888ce-Rorr-uRifdPRE 8rthe cyLammityat (e Jeafn paridRandS Bl T8E Semiconductor
thin film havipg high ynifonity.on {he enticessurface, of the subsiiate,atn  of the laser

light; wherein a mask drive unit is adapted to operate the
mask so as to periodically increase and decrease the amount
of shielding by the mask.

{4) The present invention further provides, in one
embodiment, a laser annealing apparatus that performs an
annealing treatment on a workpiece by irradiating the
workpiece with a linear beam obtained by shaping Ilaser
light into a linear shape while moving the linear beam in a
short-side direction relative to the workpiece,
characterized in that the apparatus comprises: a mask that
is disposed on an optical path of the laser light so as to
shield portions corresponding to edges of the linear beam;
and a mask drive unit that operates the mask s0 ag to
periodically increase and decrease the amount of shielding

by the mask.



[0023] 10According to the method as set forth in (2) and the apparatus as set forth in (4), it is possible
to easily control the overlap ratio by oscillating the mask. According to the method as set forth in
(3) and the apparatus as set forth in (6), since th&®iezoelectric 15element is able to generate a
high-frequency oscillsﬁ:i%é)g controlling an application voltage, it is possible to easily realize a fast
oscillation of the ma asily control the overlap ratio. 20BRIEF DESCRIPTION OF THE
DRAWINGS [0024] Fig. |IAis actiagraas dlustegingdiradimtiepphadituewascarding teoamtonventional
laser annealin% method. 25Fig. 1B is a diagram illustrating a state in which the entire surface of a

substratei8 proédssed-B&corfiRfto tHetddhvetfibhal REER ARAERIng methGreaggs  and

decreases the amount of shielding by oscillating the mask.

[0021]

{6) In the laser annealing apparatus as set forth
in (5), the mask drive unit is a piezoelectric element.

[0022]

According to the method as set forth in (1) and the
apparatus as set forth in (3), since portions corresponding
to the edges of the linear beam are shielded by the mask,
and the mask is operated so as to periodically increase and
decreasge the amount of shielding, the overlap ratio at the

shielded beam edge portion is lower than that



Fig. 2 is a diagram showing an entire configuration of a laser annealing apparatus according to an
embodiment of the present invention. Fig. 321 is a diagram showing a mask and one
5configuration example of a mask drive unit. Fig. 33 is a diagram showing energy distribution in
the long-axis direction of a beam edge. Fig. 4 is a diagram showing another arrangement
example of the mask. 10Fig. 5 is a diagram showifig the relationship between an oscillation frequency
of the mask and an overlap ratio of the beam edge. Fig. 621 is a diagram illustrating irradiation
of a first row by a laser annealing apparatus of the present 15invention. Fig. 63 is a diagram
illustrating asstate:in whichsthesdntise spefaceof a sulystiate #s peatessed by thedasérlannealing
apparatus of the present invention. 20DESCRIPTION OF THE PREFERRED EMBODIMENT [0025]
Preferred efrDotHRBAEST tAE pi8s&RInddntiSPwilEe URBcAbed BEIOW H u &3l Wit reference to the

accompa”yié}%i‘?'?}“é@%%ts%méer plerence pumerals.are; giyen 2510 cammen portions in each of the
drawings to avoi
beams so as to overlap each other at adjacent rows.

5 Therefore, it is possible to reduce non-uniformity of the
crystallinity at the seam portion and form the
semiconductor thin film having high uniformity on the
entire surface of the substrate.

[0023]
1¢ According te the method as set forth in (2) and
the apparatus as set forth in (4}, it is possible to easily
control the overlap ratioc by oscillating the mask.

According to the method as set forth in (3) and

the apparatus as set forth in {6), since the piezcelectric

o)
&1

glement is able Lo generalte a high-frequency oscillation by
controlling an application voltage, it is possible to
easily realize a fast oscillation of the mask and easily

control the overlap ratio.

20 BRIEF DESCRIPTION OF THE DEAWINGS

[G0Z24]

Fig. 1A is a diagram illustrating irradiation of a
first row according to a conventional laser anhealing
method.

25 Fig. 1B is a diagram illustrating a state in which
the entire surface of a substrate is processed according to

the conventional laser annealing method.



redundant description. [0026] Fig. 2 is a diagram showing an entire configUration of a laser annealing
apparatus 1 according to an embodiment of the present invention. The laser annealing apparatus 1
includes, as its 5basic constituent elements, a laser light source 3 that emits laser light 2, a beam
shaping optical system 4 that shapes the laser light 2 from the laser light source 3, a reflecting mirror 5
that reflects the laser light 2 towards a workpieee I; a-condensing lens 6 that condenses the laser
10light 2 from the reflecting mirror 5 onto the surface of the workpiece 7, and a movable stage 9 that
moves while carrying the workpiece 7. As the laser light source 3, an excimer laser, a solid-state
laser, or a semiconduateglasgr £an bedises; bfenexampleaseexarmples of the solid-state laser,
YAG, YLF, YVO4, and the like can be used. The laser light 2 may be either pulse oscillated or
Conﬁnuouqugéﬂmﬂgﬂtion of a laser annealing apparatus acccrding to
an embodiment of the present invention.
Fig. 3A is a diagram showing a mask and one
5 configuration example of a mask drive unit.
Fig. 3B is a diagram showing energy distribution
in the long-axis direction of a beam edge.
Fig. 4 is a diagram showing another arrangement
examplie of the mask.
10 . Fig. 5 is a diagram showing the relationship
between an oscillation frequency of the mask and an overlap
ratio of the beam edge.
Fig. 6A is a diagram illustrating irradiation of a
first row by a laser annealing apparatus of the present
15 invention.
Fig. 6B is a diagram illustrating a state in which

the entire surface of a substrate is processed by the laser

annealing apparatus of the present invention.

20 DESCRIPTION QF THE PREFERRED EMBODIMENT

[0025]

Preferred embodiments of the present invention
will be described below in detail with reference to the
accompanying drawings. Same reference numerals are given

25 to common portions in esach of the drawings to avoid |
redundant description.

[002¢8]



[0027J The beam shaping optical system 4 is configured to 20shape the laser light 2 so as to form a
linear beam on the surface of the workpiece 7, and can include a beam expander, a homogenizer, and
the like as its constituent elements. [0028] 25The workpiece 7 includes a substrate 7a and an
amorphous semiconductor film 7b fotmed thereon. The substrate 7a is a glass substrate or a
semiconductor - 12 - substrate. The amorphotis sémiconductor film 7b is an amorphous silicon film,
for example. [0029] The movable stage 9 is configured to be movable in 5the direction indicated by
arrow A in the figure. _
Fig. 2 is a diagram showing an entire
configuration cf a laser énnealing apparatus 1 according tec
an embodiment of the present invention.
The laser annealing apparatus 1 includes, as its
5 basic constituent elements, a laser light source 3 that
emits laser light 2, a beam shaping ocptical system 4 that
shapes the laser light 2 from the laser light source 3, a
reflecting mirroxr & that reflects the laser light 2 towarcs
a workpiece 7, a condensing lens & that condenses the laser
190 light 2 from the reflecting mirrcr 5 onte the surface of
the workpiece 7, and a movable stage 9 that moves while
carryving the workpiece 7.
As the laser light source 3, an excimer laser, a
solid-state laser, or a semiconductor laser can be used,
15 for example. As examples of the solid-state laser, YAG,
YLF, YVOs4, and the like can be used. The laser light Z may
be either pulse oscillated or continuously oscillated.
[0027]
The beam shaping optical system 4 is conligured to
20 shape the laser light 2 so as to form a linear beam on the
surface of the workpiece 7, and can include a beam
expander, a homogenizer, and the like as its constituent
elements.
[0028]
25 The workpiece TIincludes a substraﬁe 7a and an

amorphous semiconducteor film 7b formed thereon. The

substrate 7a is a glass substrate or a semiconductor



Therefore, by moving the workpiece 7 in the short-side direction (A direction) of the linear beam using
the movable stage 9 while irradiating the laser light 2, it is possible to move the irradiation portion of
the laser light 10 1 in the short-side direction relative to the workpiece 7. Moreover, the movable stage
9 is configured to be movable in a direction perpendicular to the sheet plane of Fig. 2, which is the
same direction as the long-axis direction of thelirgarbeam. [0030] The laser annealing
apparatus 1 of the present invention further includes a mask 10 that is disposed on the optical path of
the laser light 2 so as to shield portions corresponding to the edges of the linear beam and 20a mask
drive unit 12uhatspémtes HemsRIONSH that tHé aPciR gt shididing By the Mask 10 is periodically
increased andoge%%egsegi@:psg F%J_L 3A isﬁ%dia%gm ﬁréowing the mask 10 and one 25configuration
example of the mask arivé tnit 1 , an]dnfhe ef%—rig fdirection of the figure corresponds to the long-axis
direction of the beam obtheslaser light 2. In this - 13 - example, the mask 10 is disposed at a position
right above the substrate and shields the laser light 2 at this position. Moreover, in this example, the
mask 10 is disposed dtsoth@dgessn fehglaxis direelid of the TP fighe ke 3Bshows the
energy distribution in the long-axis direction of a beam edge (pnly the left edge in the figure). When the
light s shichFéed By ti5& hadk 10" ﬁwlt%?sg%%onlﬁ%r,ag ﬁ?gdizgn por %% rgéﬁ’fﬁﬁa from a diffracted light 2a is
formed at the ppskion0f the energ¥ig the workpiece 7 in the short-szide

direction (A direction} of the linear beam using the
movable stage % while irradiating the laser light 2, it is
poésible to move the irradiation portion of the laser light
190 1 in the short-side direction relative to the workpiece 7.
Moreover, the movable stage 2 is configuréd to be movable
‘in a direction perpendicular to the sheet plane of Fig. 2,
which is the same direction as the long-axis direction of
the linear beam.
15 (00301
The laser annealing apparatus 1 of the present
invention further includes a mask 10 that is disposed on
the optical path of the laser light 2 so as to shield
portions corresponding to the edges of the linear beam and
20 a2 mask drive unit 12 that operates the mask 10 so that the
amount of shielding by the mask 10 is perilodically
increased and decreased.
[0C317
Fig. 3A is a diagram showing the mask 10 and one
Z5 configuration example of the mask drive unit 12, and the
left-right direction of the figure corresponds to the long-

axis direction of the beam of the laser light 2. In this



10distribution A corresponding to the beam edge. The mask 10 can be formed by subjecting a
metal plate or a glass plate, for example, to metal plating and can be formed of mcnocrystalline silicon.
[0032] 15The mask drive unit 12 may be configured to periodically increase and decrease the amount
of shielding by oscillating the mask 10. In the configuration example of Fig. 3, the mask drive unit 12
oscillates the mask 10 in the long-axis directior of the beam. By oscillating the 20mask 10, it is
possible to easily control an overlap ratio described later. [0033] The mask drive unit 12 that
oscillates the mask 10 can be configured by a piezoelectric element. Since the 25piezoelectric element
can generagEartigh-fregenes Dscilation thrbtighsashtidt of aR%pplieation VEkdge Pi&possible to
casily realize a fast oscillaion of the, - 14 ; Trask 10, Moregyey, the mask diive unit 12 may be
position. Morecver, in this example, the mask 10 is
disposed at both edges in the long-axis direction of the
5 laser light 2. Fig. 3B shows the energy distribution in
the long-axis direction of a beam edge {only the left edge
in.the figure). When the light is shielded by the mask 10
in this manner, a gradient portion resulting from a
diffracted light 2a is formed at the positibn of the energy
10 distribution A corresponding to the beam edge.
The mask 10 can be formed by subjecting a metal
plate or a glass plate, for example, to metal plating and
can be formed of monocrystalline silicon.
[0032]
15 The mask drive unit 12 may be configured to
periodically increase and decrease the amount of shielding
by oscillating the mask 10. In the configuration example
of Fig. 3, the mask drive unit 12 oscillates the mask 10 in
the long-axis direction of the beam. By oscillating the
20 mask 10, it is possible to easily control an overlap ratio
described later.
{0033]
The mask drive unit 12 that oscillates the mask 10
can be configured by a piezoelectric element. Since the
25 piezoelectric element can generate a high-frequency

oscillation through control of an application veoltage, it

is possible to easily realize a fast oscillation of the



configured by a motor and a mechanism that converts a rotational movement of the motor into a
reciprocating movement. 5[0034] The operation mode of the mask 10 may include a rotation as
well as an oscillation. For example, the same effects can be obtained when the mask 10 is configured
as a rotating plate with a cutout corresponding to the 10oscillation width of the mask (the rotating plate
may be made of metal or ceramics or may be a gléssplate coated with a shielding film such as a
chrome film). For example, when an overlap ratio is set to 95% using a pulsed laser of which the pulse
frequency is 2 kHz (for example, a case 15where irradiation is performed at a transfer speed of 5
pm/pulse with skbédm witith ©f 1600 1 2prsthessime aieg isrvadistédWdth 26 shots of laser beams), if

the rotation frequency of the rotating plate is synchraonized at 2 kHz so that the laser beam passes
through the"Qtod & dveHaf i@?ét?orwﬁpr% aiﬁea%q%‘/%.san%t Aol

H% other ’ﬁran ~'when the rotation

frequency qf ibe fotafing RItR.IRSeL Q.1 khz sinaetheslaser beamds shialded ggce every two

rotations by the rotating plate, the beam edge is irradiated with 10 shots among the 20 shots. Thus,
since the apparent2btransfer speed per pulse is doubled, the overlap ratio is decreased to 90%.
Furth5er, by decreasing[tohoeﬁ%nchronization rotation frequency, the overlap ratio can - 15 -

The cperation mode of the mask 10 may include a
rotation as well as an oscillation. For example, the same
effects can be obtained when the mask 10 is -configured as a
rotating plate with a cutout corresponding to the

10 .oscillation width of the mask (the rotating plate may be
made of metal or ceramics or may be a glass plate coated
with a shielding film such as a chrome f£ilm}. For example,
when an overlap ratioc is set to 95% using a pulsed laser of
which the pulse frequency is 2 kHz (for example, a case

15 where irradiation is performed at a transfer speed of 5
pm/pulse with a beam width of 100 pm: the same area is
irradiated with 20 shots of laser beams), if the rotation
frequency of the rotating plate is synchronized at 2 kHz so
that the laser beam passes through the cutout, the overlap

20 ratio will remain at 95%. On the other hand, when the
rotation frequency of the rotating plate is set te 1 kHz,
since the laser beam is shielded once every two rotations
by the rotating plate, the beam edge is irradiated with 10
shots among the 20 shots. Thus, since the apparent

25 transfer speed per pulse is doubled, the overlap ratio is
decreased to 90%. further, by decreasing the

synchronization rotation frequency, the overlap ratic can



be decreased further. The overlap ratio OR is defined by the following formula. OR=(1-V/W)x
100 (where W is a beam width and V is a transfer speed (per pulse)) [0035] Moreover, as
another example of the arrangement position of the mask 10, as shown in Fig. 4, a configuration in
which the edges of a temporarily formed 10image are shielded by the mask 10, and the image is
imaged on an irradiation surface by an optical SysténT14 may be possible. In this case, the mask 10
may be disposed at both edges in the long-axis direction of the laser light 2 similarly to Fig. 3. 15[0036]
Fig. 5 shows changes in the overlap ratio of a laser beam irradiated to a beam edge by the oscillation
frequency dfaheerasie 36 Whighrtieegverlap ratio is set to 95% using a pulse laser of which the pulse

frequency is 2 20 kHz (for example, a case where irradjation is. performed at a transfer speed of 5
gm/pulse with a beamév{/li%tk?gF f%@ ?n%:a%leosg)enfgela%%?sg irradia v%ﬁﬁ Zgos ots of faser beams).
When the osgillatiog frequency is set to 1 kHz, since the beam edge is irradiated with only 10 shots of
25laser beams, the apparent transfer speed per pulse is doubled, and the overlap ratio is changed
from 95% to 90%. WheR=thé oééilation fieqirehey ¢s tharged weB00 HAlBincend V is

3 a transfer speed (per pulse))

[0035]

Moreover, as_aaother example of the arrangement
position of the mask 10, as shown in Fig. 4, a
configuration in which the'edges of a temporarily formed

10 image are shielided by the mask 10, and the image is imaged
on an irradiation surface by an optical system 14 may be
possible. In this case, the mask 10 may be disposed at
both edges in the long-axis direction of the laser light 2
similarly to Fig. 3.

15 [0036]

Fig. 5 shows changes in the overlap ratio of a
laser beam irradiated to a beam edge by the oscillation
frequency of the mask 10 when the overlap ratioc is set to
95% using a pulse laser of which the pulse frequency is 2

20 kHz (for example, a case where irradiation is performed at
a transfer speed of 5 um/pulse with a beam width of 100 pm:
the same area 1is irradiatad with 20 shots of laser beams).

When the oscillation fregquency is set tce 1 kHz,
since the beam edge is irradiated with only 10 shots of

25 laser beams, the apparent transfer speed per pulse is
doubled, and the overlap ratio is changed from 95% to 90%.

When the oscillation frequency is changed to 500 Hz, since



- 16 - as is clear from Fig. 5, the beam edge will be irradiated with only 5 shots of laser beams, the

overlap ratio can be reduced to 80%. Given the above, by controlling the oscillation frequency
S0 as to be lower, it is possible to decrease the overlap ratio at the beam edge. The overlap ratio OR is
defined by the following formula. OR-(1-V/W)x 100 (where W is a beam width and V is 10a
transfer speed (per pulse)) [0037] Next, a désciption of the operation of the laser annealing

~apparatus 1 configured as above will be provided. In Fig. 2, the laser light 2 is emitted from the 15laser
light source 3, and the laser light 2 is condensed into a linear beam by the beam shaping by the beam

shaping opticalisystrmarrand tie Ediderising by theFBnaeAsint & hs Bard FRsHidtet onto the
workpiece Z\fi[i(:)qusgl&?zlnSthis%%tg%e'oats S.L%Osvgr}i%ggghgﬁ’éﬁ%“Q%@Eﬂap ratio can be
reduced to BO0%.
Given the above, by controlling the oscillation
5 frequency sc as to be lower, it is possible to decrease the
overlap ratio at the beam edge.
The overlap ratio OR is defined by the following
formula.
OR=(1-V/W)x 100 (where W is 2 beam width and V 1is

1¢G a transfer speed (per pulse)) .

[(0037]

Next, a description of the operation of the laser
annealing apparatus 1 configured as above will be provided.

In Fig. 2, the laser light 2 is emitted from the

15 laser light source 3, and the laser light 2 is condensead
into & linear beam by the beam shaping by the beam shaping
cptical system 4 and the condensing by the condensing lens
6 and irradiated onto the workpiece 7.

[0038]

20 In this state, as shown in Fig. 6A, the linear
beam (an irradiation portion B thereof) is moved in the
short-side directicn relative toc the workpiece 7 by the
movement of the movable stage 9, whereby an amcrphous
semiconductor film iz crystallized at thé laser irradiation

25 portion B. Foi example, the amocrphous silicon film is
changed to a pelysilicon film.

[0039]



beam (an irradiation portion B thereof) is moved in the short-side direction relative to the workpiece 7
by the movement of the movable stage 9, whereby an amorphous semiconductor film is crystallized at
the laser irradiation 25portion B. For example, the amorphous silicon film is changed to a polysilicon
film. [0039] - 17 - When a substrate of which the size is longer than the length in the long-axis
direction of the linear beam is processed, afterirradiation of the first row is completed, the laser light 2
is moved relatively in the long-axis 5direction by the movement of the movable stage so as to perform
irradiation of the second and subsequent rows. At that time, the irradiation is performed so that the
beam irradiation aread’dfthesadjaberittons cvertdpledichbthed Liatthisswagrererittésurface of the

substrate is Olrrfgxllat%g. F.I% I@E’E’e?#gws an example in %vh(i}%h E,h§ \J/[\é%kpiece 7£S.Q£0(%§ssed by

irradiation of tW0'to ~and Firdt Féw and R2 s the secon row.ll\ﬁlgraeover,a\/\/ isan overlap

portion (seyppartiar)of theditst and secand IOWS. the first row is completed,
the laser light 2 is moved relatively in the long-axis
5 direction by the movement of the movable Sﬁage.so as to

perform irradiation of the second and subseguent rows. At
+hat time, the irradiation is performed so that the beam
irradiation areas of the adjacent rows overlap each other.
In this way, the entire surface of the substrate is

10 irradiated. Fig. 6B shows an example in which the
workpiece 7 is processed by irradiation of two rows, and Rl
is the first row and R2 is the second row. Moreover, W is
an overlap portion {seam portion) of the first and second
TOWS .

15 [0040])

In the present invention, during the irradiation
of the linear beam, portions corresponding te the edges of
the linear beam are shielded by the mask 10 which is
diéposed on the optical path of the laser light 2, and the

29 mask 10 is operated so as to periodically increase and
decrease the amount of shielding, thus decreasing the
overlap ratioc. In the case where the overlap ratio is not
controlled as in the conventional technique, the seam
portion W is irradiated with shots of laser beams

25 corresponding to two rows. However, by decreasing the
overlap ratio at the beam edges as in the present

invention, it is possible to decrease the amount of



15[0040) In the present invention, during the irradiation of the linear beam, portions
corresponding to the edges of the linear beam are shielded by the mask 10 which is disposed on the
optical path of the laser light 2, and the 20mask 10 is operated so as to periodically increase and
decrease the amount of shielding, thus decreasing the overlap ratio. In the case where the overlap
ratio is not controlled as in the conventional techni§ue, the seam portion W is irradiated with shots of
laser beams 25corresponding to two rows. However, by decreasing the overlap ratio at the beam
edges as in the present invention, it is possible to decrease the amount of - 18 - irradiation at the
seam portior- Ve dcgordinglyl 2o préevemcart-éeceds ofthé cverlaptatig Morésver, by irradiating
the adjaceng rrg\\/’,rv’z'esnv%ithan eo}élgélggpgg I;E\}slgr g%%rpfag i§: Qg§%iple to prevent a 5deficit of the overlap.
Morecover, by irradiating the adjacent rows with
overlapping laser beams, it 1s possible to prevent a
5 deficit of the overlap.
[0041]
Here, the control cof the overlap ratio at the beam
edges by the mask 10 may be performed on a beam edge at the
side corresponding to the seam portion W when at least one
10 of the adiacent two rows is irradiated. For example, the
first row may be irradiated without being shielded by the
mask 10, and the overlap ratio at the beam edge may be
controlled during the irradiation of the second row.
Conversely, the overlap ratic at the beam edge may be
15 centrolled during the irradiation of the first row Ri, and
the second row may be irradiated without being shielded by
the mask 10. In this case, since the contrel of the
overlap ratio at the beam edge can be performed on only one
edge, it is only necessary to dispcese the mask 10 at only
20 one side of the laser light Z.
{0042}
Alternatively, the control of the overlap ratio at
the beam edges on the side corresponding to the seam
portion W may be performed when both of the adjacent two
25 rows are irradiated.

In this case, since the control of the overlap

ratio at the beam edges needs to be performed on both



[0041] Here, the control of the overlap ratio at the beam edges by the mask 10 may be
performed on a beam edge at the side corresponding to the sear, portion W when at least one 100f the
adjacent two rows is irradiated. For example, the first row may be irradiated without being shielded by
the mask 10, and the overlap ratio at the beam edge may be controlled during the irradiation of the
second row. Conversely, the overlap ratio at the be€am edge may be 15controlled during the irradiation
of the first row R1, and the second row may be irradiated without being shielded by the mask 10. In
this case, since the control of the overlap ratio at the beam edge can be performed on only one edge,

it is only ne8eg§sHy tbdidfoseetRTRAEN 10tbhiy286nE R 8rthelilsEridit D! [6645F Alternatively,
the control of the gverlap ratio.at the heam gdaes opyfbe side, correspanding {n fhe seam portion W
. £ Lioe

may be per%or}mecfwﬁengo-oafﬁlo? the agjacent two 25rows are Irradiated.
to the configuraticn example of Fig. 3.
{00431
5 The oscillation width of the mask 10 may be set in
accordance with the overlap width of the seam portion W.
For example, when a plezcelectric element is used as the
mask drive unit 12, since the oscillation width of the
piezcelectric element is generally 100 pum or smaller, it 1is
10 preferable to set the oscillation width to be within this
range.
f0C44]
Even when the workpiece 7 isg irradiated with a
laser beam in a pesitiongl relationship such that the seam
15 portions of the adﬁacent rows do not overlap each other
when irradiation is performed in a state of not being
shielded by the mask 10, if the seam porticns W overlap
each other due to the diffracted light 2a caused by the
mask 10 in the state of being shielded by the mask 10, such
20 an irradiation mode is also possible.
[0C45]
Theroscillation freguency of the mask 10 is
determined by the pulserfrequency of the pulsed laser and a
necessary overiap ratio. The relationship between the
25 oscillation frequency of the mask 10 and the overlap ratio

at the beam edges are as described above (see Fig. 5).

[004¢8]



In this case, since the control of the overlap ratio at the beam edges needs to be performed on both -
19 - edges, it is necessary to dispose the mask 10 on both sides in the long-axis direction of the laser
light 2 similarly to the configuration example of Fig. 3. [0043] 5The oscillation width of the mask 10
may be set in accordance with the overlap width of the seam portion W. For example, when a
piezoelectric element is used as the mask drive it T2, since the oscillation width of the piezoelectric
element is generally 100 pm or smaller, it is 10preferable to set the oscillation width to be within this
range. [0044] Even when the workpiece 7 is irradiated with a laser beam in a positional
relationship such that Itte s8ant e5561EBAS of the 48JAcERE IS o Hot b¥EREp each other

monocrystalline silicon or the like so that the energy
intensity at the beam edges does not increase due to the
diffracted light 2a at the mask 10 and to regulate the
5 energy intensity while monitering the energy distribution

in the long-axis direction of the beam using a profile
moniter.

[0047]

While preferred embodiments of the present

invention have been described and shcwn above, the

}ed
o

disclosed embodiments have been provided fer the purpose of
illustration but the present invention is not limited to
the disclosed embodiments. The scope of the invention is
defined.as.set forth in the appended claims and is intended
15 to encompass all modifications, changes and alterations
which fall within the appended claims or the eguivalents

thereof.



when irradiation is performed in a state of not being shielded by the mask 10, if the seam portions W
overlap each other due to the diffracted light 2a caused by the mask 10 in the state of being shielded
by the mask 10, such 20an irradiation mode is also possible. [0045] The oscillation frequency of the
mask 10 is determined by the pulse frequency of ﬁi’e’pulsed laser and a necessary overlap ratio. The
relationship between the 25oscillation frequency of the mask 10 and the overlap ratio at the beam
edges are as described above (see Fig. 5). [00ZBLEIMD - It is preferable to form the mask 10 using
monocrystalline silicon or the like so that the energy intensity at the beam edges does not increase
due to the diffracted light 2a at the mask 10 and to regulate the
1. A laser annealing method of performing an
annealing treatment on a workpiece by irradiating the
workpiece with a linear beam having a linear beam spot
obtained by shaping laser light into a linear shape while
moving the linear beam in a short-axis direction of the
linear beam spot relativé to the workpiece, characterized
in that:
irradiation of the linear beam with the relative
movement in the short-axis direction cof the linear beam
spot is performed on two or more rows while shifting in a
long-axis direction of the linear beam spot so that beam
irradiation areas of adjacent rows partially overlap each
other; and
contreolling an overlap ratio of adjacent two rows by
shielding during the irradiation of the linear beam,
portions corresponding .'tﬁ edges in the long-axis
direction of the 1linear beam spot by a mask which is
disposed on an optical path of the laser iight, and the

mask is operated so as to periodically increase and

decrease the amount of shielding.

2. The laser annealing method according to claim 1,
wherein the amount of shielding is periodically increased

and decreased by oscillating the mask.



5energy intensity while monitoring the energy distribution in the long-axis direction of the beam using a
profile monitor. [0047] While preferred embodiments of the present invention have been
described and shown above, the disclosed embodiments have been provided for the purpose of
illustration but the present invention is not limited4d3he disclosed embodiments. The scope of the
invention is defined as set forth in the appended claims and is intended 15to encompass all
modifications, charmges arntkalleratenswhichlfal avithet thedppeaded Claymsor dhe equivalents
thereof. -21- CLAIMS 1. A laser annealing method of performing an annealing treatment on a
workpiece byhksadiatingithe warkpieceiwith adinehl beamh havihga lireandeamspetobtamed by
shaping laser light into a linear shape while moving the linear beam in a short-axis direction of the
linear beamespeteelative to the workpiece, characterized in that: irradiation of the linear beam with
the relative movement in the short-axis direction of the linear beam spot is performed on two or more
rows while shifting in a long-axis direction of the linear beam spot so that beam irradiation areas of
adjacent rows partially overlap each other; and controlling an overlap ratio of adjacent two rows by
shielding during the irradiation of the linear beam, portions corresponding edges in the long-axis
direction of the linear beam spot by a mask which is disposed on an optical path of the laser light, and
the mask is operated so as to periodically increase and decrease the amount of shielding. 2. The
laser annealing method according to claim 1, wherein the amount of shielding is periodically increased
and decreased by oscillating the mask.



-2la- 3. The laser annealing method according to claim 2, wherein the mask is oscillated using a
piezoelectric element. -22- 4. The laser annealing method according to claim 1, wherein the
control of the overlap ratio at the beam edges by the mask is performed on a beam edge at the side
corresponding to a seam portion when at least oneé<f the adjacent two rows is irradiated. 5. The
laser annealing method according to claim 1, wherein the control of the overlap ratio at the beam
edges on the side earregpendizgstara searsiartion meyhelperdameti when bothl afihe adjacent two
rows are irradiated. 6. A laser annealing apparatus that performs an annealing treatment on a
workpiece byheadiatingtthe workpieceiwithia linbar beasriayingratinear beam:ggot bletained by
shaping laser light into a linear shape while moving the linear beam in a short-axis direction of the
linear beamespot selative:toeetheadrkpe cpecifaractedzed irathiat the apheratus domprisede means
for controlling an overlap ratio of adjacent two irradiated rows by shielding during the irradiation of the
linear beamspaxtrergcamie sgondingato seige s ithieilong-ekesrdirectidre abthedineacifearhspot by a
mask that is disposed on an optical -22a- path of the laser light; wherein a mask drive unit is
adapted to eptratesthie rhask s0@s to petivdidily ireease and decrease the amount of shielding by
the mask. 7. The laser annealing apparatus according to claim

5. The laser annealing method according to claim 1,
wherein the control of the overlap ratio at the beam
edges on the side corresponding to a seam portion may be
performed when both of the adjacent two rows are

irradiated.

6. A laser annealing apparatus that performs an
annealing treatment on a workpiece by irradiating the
workpiece with a lineér beam having a linear beam spot
obtéined by'shaping.laser light into a linear shape while
moving the linear beam in a short-axis direction of the
linear beam spot relative to the workpiece, characterized
in that the apparatus comprises:

means for controlliing an overlap ratio of adjacent
two irradiated rows by Shielding during the_irradiation
of the linearxr beam,ﬁérﬁiohs.corresponding to edges in the
long-axis direction of the 1linear beam spot by a mask

that is disposed on an optical



6, wherein the mask drive unit periodically increases and decreases the amount of shielding by
oscillating the mask. 8. The laser annealing apparatus according to claim 7, wherein the mask drive
unit is a piezoelectric element. The laser annealing apparatus according to claim 6, wherein the
mask is disposed at only one edge in the long axié<firection of the linear beam spot so that the control
of the overlap ratio is performed on a beam edge at the side corresponding to a seam portion when at
least one ofhe Ad@EEenhivd mves-islitradm|ied. 10. The laser annealing method according to claim
6, wherein the mask is disposed on both sides in the long-axis direction of the linear beam spot so that
the control of the owvirae tatiosat thesheadmiadgesohithe s 22baside dotrespassliag to theeseam portion
is performed when both of the adjacent two rows are irradiated.

mask so as to periodically increase and decrease the

amount of shielding by the mask.

7. The laser annealing apparatus according to claim
6, wherein the mask drive unit periodically increases and

decreases the amount of shielding by oscillating the mask.

8. The laser annealing apparatus according to claim

7, wherein the mask drive unit is a pilezoelectric element.

9. The laser annealing apparatus according to
claim 6, wherein the mask is disposed at only one édge in
the long axis direction of the linear beam épot so that
the control of the overlap ratio is performed on a beam
edge at the side cprresponding to a seam portion when at

least one of the adjacent two rows is irradiated.

10. The laser annealing method accoxding to claim 6,
wherein the mask is disposed on both sides in the long-
axis direction of the 1linear beam spot sc that the

control of the overlap ratio at the beam edges on the 7



-22b-

side corresponding to the seam portion is performed when

both of the adjacent two rows are irradiated.



