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DESCRI PTI ON LASER ANNEALI NG METHOD AND APPARATUS
5BACKGROUND OF THE | NVENTI ON Techni cal Field of the
I nvention [0001] The present invention
relates to a | aser annealing nethod and apparatus for
perform ng an annealing treatnent 10on a workpiece to
be processed by irradiating the workpiece with |aser
light. Description of the Related Art [0002]
Hitherto, in order tolPkeaRiZélaNhi gh-performance
15devi ce such as a liquid crystal display, a nethod
of Lorning ﬁ hi gh- per f ormance sem conduct or devi ce
such as a_thin filmtransistor a n

subst rat &2heh sl iRl M8 "
devel oped. In this sem conductor device, thin-film
pol ycrystalline silicon obtained by 20crystalli zi ng

anor phous i bReRcRYuRDER! rhEeakiBAy by generally

used. [0003] a—rnethod of —manuf acturing a
TecRRl¥STYSI AL LI B8 %hé!EQOeEtLBh a nethod of forming an
anor phous—srirtcon fitm
[0001]

The present invention relates to a laser annealing
methed and apparatus for performing an annealing treatment
on 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
device such as 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
crystallizing amorphous silicon by a heat treatment i1s
generally used.

[0003]

As a method of manufacturing a polycrystalline
silicon film, a method of forming an amorphous silicon film
in 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 phenomencn
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25i n advance on a substrate and crystallizing the
filmby irradiation of laser |ight is generally used.
According to this nmethod, since it utilizes a
crystallization phenomsnon2 - 2 - in the process of
mel ting and solidification“of the sem conductor thin
film it is possible to obtain a high-quality
polycrystalline silicon filmhaving a rel atively
in thegerpaetbcbé meieing[ 8004kolidificatpgnt hé FhSer
anneal ing nmethod that is nost commonly used at ,
sempresdntton peihodiinat itisés popsédleaker obtghe, @ high-
articularly, an_excimer |aser is known. |In recent
qua$é5¥s?0héﬁﬁb§§aﬂﬁéﬁeu§éléCQ%&ﬁFégePaEFnﬁ %Lﬁeﬁagévely
which is 10a solid-state | aser have been devel oped.
largpePRBthodCt A4 uses pul sed | aser |ight invol ves
Iocallﬁ gglting an anor phous silicon filmand heating
the mePPed area to a hi gh tenperature for only a very
short ,periad. _Ear LS F 0 l,AC e:hi
terrpe?‘gt the 2SRk ta:il‘r&%r?é}%ﬁ?t gﬁttﬁgalgthtﬁg §Ebgltgf’§te, i t

comﬁﬁn@?séggheaEopgégeﬁttoﬁfﬁ@%hog|@ﬁétsugébréhﬁséétmﬁéer
t han” using an expensive quartz substrate having

1igR¥cebhent cheat1yeskst aReemeThUissesueh ano®hhodInsrecent
nost suitable for | owtenperature processes of a

yeakal gRe8hBasetratr apieC adewncceas20[ 6008] YLE laser whpach is
general |aser annealing nethod, when an exciner |aser
a sbsidsedatéolasxanpkee baser deivghtpied.shipedmpyhad that
optical systeminto a |linear beam of which the
usebopygisedelbeam Léngtrhingod8ssnmirand lyhBeshore- dide
beam length 25 is 0.4 to 5 mn In the case of a YAG
amoppBens Filisopoddilhl enclonéBtard AP Rearchedntaf =0 2
whi ch the | ong-side beaml|ength is 200 nm.and_t he

higBhEPRPSFABUBEaRFFeRGLN Ps 46Tt 5789 nPerog . FRE this
T R

I"at’i on position o
ol DGEFRRERT BT SLALLAGOUa] sne L bhe-prcsckaion
subg£¥§Eglk5%ﬁEEo€han using an expensive quartz substrate
having excellent heat resistance. Thus, such a methed is
most suitable for low-temperature processes of a large-area
electronic device.

[000C5]

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 mm and the short-side beam length
is 0.4 to 5 mm. In the case of a YAG laser, it is possible

te obtain a linear beam of which the long-side beam length

is 200 mm and the short-side beam length is 40 to 50 um.
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5 of the sem conductor filmis realized. In general,
the overlap ratio is set to about 95% and the sane
area is irradiated with about 20 shots of [|aser
beans. [0006] Figs. | A and. 1B are di agrans
illustrating a 10convent i ofal | aser anneal i ng net hod.
Fig. 1A shows a state in mhlch a substrate 30 is
irradiated with laser light 31 while noving the | aser
Thel Lghtr3liphtt hedshbet ssbdérdireestreonovfdt helbgamr to
relative to a substrate 30. Wien the substrate 30 of
eachhptherheostheti §hpoagerdihahorhBOBéaPNeRft Rpslinear
15processed, first, a first row Rl is irradiated as
bea@h@@ﬁtﬂﬁltngV@AlaVﬁeﬁltPréaﬁaﬂFéﬁdbétﬁﬁe fFPEL TFow'®

| et ed, ht 31 |
shorbyealE mOLFECT ORG. Bai 608, Peetyonebehy PEVRLR ot fation
i di at f 1
of LhEageRiaRuRtr a8 R aQ% PHOSEgHAN! ERMGenEdr Tone

OVQEES Sygﬁagaﬁg gétpeecssée@ BY 5 'réﬁé'%EEOBaBE EWRs is

ne, a sean1porf|on Wof the beamis

lrré&&Q%deQE%ﬁeQbéGtaQ@”EhB@BBo@lmagbg bdamsthe first
row RL and the second row R2). [0007] 25In general

| aser (anneal i ng, the edges of the linear beans of
adjacent rows are irradiated in an overl apping
mannerigwhenebynthaseam pdktgremsWiils uboraedng a 4 -
In this seam portion W the overlap (overl apped
convenadbatilohaekrbeansp lisgexcessilve, Fagd a2 shows a state
crystallization quality thereof is different from
in vhathof shesbrhée aPeas, iwkedébyctheisBakrpoit reaLH 31
is visible to the naked eye. On the 5ot her hand, when
whi{fepaviBdatbfml PS6F Aég8§e?ﬂaﬁnthPhéhBéEn§l@F direction
adj acent rows, the overlaﬁ E i ns %fICI nt ah
§&T trate

of the %aa@sr%%a#hgebéané 5y Horpﬁ
o FERIn, B, FPatet B %e%ﬂgp R g
processed, first, a first row Rl is irradiated as shown in
Fig. 1lA. When irradiation of the first row Rl 1is
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
entire surface of the substrate is processed by irradiation
of two rows. At that time, & seam portion W of the beam is
formed between adjacent rows (in Fig. 1B, the first row RIl
and the second row RZ2}.

[0007]

In 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.
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10[ 0008] Since the beam seam portion Wis
an area which is irradiated with both the beans of
the adjacent rows (for exanple, the first row Rl and
the second row R2), the crystalllnlty of that area is
different fromthat of tRe“15other areas. The
crystallinity fluctuates greatly in the case of the
exci mer |aser, and although the fluctuation becones
Trn 8Bkl swaihhparséeand, hahnonive rape (ofcal ¥AGeHaseradiation
conpared to the excinmer |aser, the crystallinity
of bkaotlatescasewnasvexpected. CZ&FGQGQ}ZathH qualWh#n a
thin filmtransistor is manufactured using an area in
thewhp€hishdiéfgseal| EaPhythetnef GHEf BERFT EXFPESnothereby
possi ble to obtain a_uniform performance of th thkn
thef EEaft PARSESROF. 1PnVaSdP4pl &9 EBBan?8§ §Y%Eh af"a®

I d 25 d EL . di
e R T T
f t f th
T T SR AT G S

thetgs ?ka¥ UBEE aTﬂhéplgﬁ Qﬁ@?khgé§ berbeon
|na at

ure n area t isTlimted to the

remQ?ﬁg]|§Hgt930&aga§§bekkgﬁt thB thescaseinfi-g greeBof is
YAG [aser, since the bean1|ength thereof is short, it

GirkscBAiLT EbeHl tnhe pmNukacbumeraakange-size display
whose size exceeds 20 inches. [0010]

Technijques1f or preventing the non-unifornmty of the
crystallinity in the beam seam portion Was descri bed
10abogénare tties bleogedciam RatrérntonDic dents ateandhich is
for exanple.
irradiated with both the beams of the adjacent rows (for
example, the first row Rl and the second row RZ), the
crystallinity of that area is different from that of the
other areas. The crystallinity fluctuates greatly 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.

[0009]

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

guality thereof is likely to depend on the uniformity of

the performance of the thin film transistor. Therefore, in
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[ 0011] The net hod of Patent Document 1 is to
make the crystallinities uniform between the
over |l appi ng portion and 15t he non-overl appi ng portion
of the laser light by regulating the w dth di nension
and the energy density of Faser |ight when the
irradi ation areas of laser |ight are nmade to overl ap
each other so as to crystallize a | arge-area

ordsentoondioteint hie fHibkmlag20p0812Fky, a displIgerapehodas
of Patent Docunment 2 is to make the crystallinity

to bai henntbytueeti ngthhe BeaArppoftinBPésipnlamsegsm tO the
portion so that the s|lope portions of the beam

beapr bpNPES 6felEaPTeddENbt hedi AN&nCaFBaChWher ETERB YAG

I 25i nt it i 20% hi gh .and. 80% or |
ot s o g g sovr T
. -.6 - | i ti Publ i ti No. 2Q000- 56 .
A5 ppLht DBk G AR E T S a eSS ON S eH pY ahpse 517

lLigati blication No. 2005-243747 [0014]
echggﬁeggr?g?ﬁggﬁethod of Patent Docunent 1 has a

probl ek that it is not easy to regulate the width
di mension and the energy density of the |aser |ight,

and pradugt vty refr bhevdeviieg deer easesnilprbhey of
met hod of Patent Docunent 2, since the
the crystallinity in the beam seam portion W as described
above are disclosed in Patent Documents 1 and 2, for
example.

[0011]

The method of Patent Document 1 is to make the
crystallinities uniform between the overlapping portion and
the non-overlapping portion of the laser light by
regulating the width dimension and the energy density of
laser 1ight when the irradiation areas of laser light are
made to overlap each other so as to crystallize a large-

area semiconductor thin film.

[0012]

The method of Patent Document 2 is to make the
crystallinity uniform by setting the beam profiles in a
seam porticn so that the slope portions of the beam
profiles overlap each other in an area where the laser
intensity is 20% or higher and 80% or lower.

[0013]

[Patent Document 1] Japanese Unexamined Patent
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10beans overl ap each other under the conditions of
different energy densities, it is expected that the
crystallinity becones nonuniformin the case of the
exci mer laser with mhich_t%e_crystallinity fluctuates
particularly greatly with variations in energy. 15
SUVMARY OF THE | NVENTI ON [ 0015] The present invention
has been nade in consideration of the above-nenti oned
Zpppt obtens, Pandiant20obpect 2800t RéSpPésent invention is
to provide a | aser anneal i ng nmethod and appar atus
capabll8asentoPricngeate Py st dPPPRE S§e RESATUEEEr FERFRT
filmon the entire surface ﬁé % 39? trate when the
RopgeRTEOABUREBI TEREACR A f 6P red<d e substrate such
as a Elgig is crystallized by laser 25irradiation,
wi t hot? érificing the uniformty of crystallinity
in a seam porti ' l.ong- axi [ [ of e
Iight,oyﬁgggfygggl#%ﬁgOse%%c%égég?opggkhﬁggiFw&%%v%ng
problgm'igoﬁqagrggeﬁg'ﬁ%taegsp'gg YR {ORRLL ¥nk0y8ALh
extent that the seamportion is not visually
dimEES OGN Z2aA! enel BQL6Ly density &€ aghi eMeet-heigheyeand
object, the | aser annealing nmethod and apparatus of
proffietpresentfi aMentieoncenpkeyehbestol | owi ng nmeans.
(1) The present invention provides a | aser annealing
net hodnothpentahmidng famzaenealDongrendatnestinge dhe
wor kpi ece to be processed by irradiating the

beamor kpeetepwethh other under the conditions of different
energy densities, it is 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, and an
object of the present invention is to provide 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 film formed on
the substrate such as a glass is 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 film having
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10a l'i near beam obtai ned by shaping laser light into
a linear shape while noving the linear beamin a
short-side direction relative to the workpi ece,
characterized in that: irradiation of the |inear beam
with the relative novenent 'in the short-side
direction is perforned on two or nore 15rows while
shifting in a long-axis direction of the beam so that
goobeamperadeat fod Riehsuof fadhaggntor ewscphetiabpgt the
overlap each other; and during the irradiation of the
seahj peatipeahf POEt VoRdacolr 68F6HBIAGPLE- edges of the
I i near beam are shi el ded by a mask which is di sposed
on anl8Ptifdal 20path of the laser light, and the mask

oot lgo i eRoTHE GPOdh St [OGLoT or Mnealing
2), | the | i d. . .
el LB PR BERLI L0, st or il o

. £as d 25decreased by oscillating the mask.
fOIPgﬁ%g? fidaRBe (3) In the | aser annealing nethod

as setqfiorhh bgeséng - nkv@ht itohe die$ @SCialskat ed
using a piezoelectric elenent. [0019] (4)

annéheippesenholnyenbeerokwri hieanpaavkdeésng kasetment on a
anneal i ng apparatus that perforns an anneali ng

workpeateent be paoweskpbebe Wyrediadiati hget Werkpiece with
wor kpi ece with a |inear beam obtai ned by shaping _

a lliaser beght obhtdénad bgeahaghage lakere Ldglingthea linear
linear beamin a short-side direction relative to the

shaper kpi.eeemorhapasher Lz8gaiin PEREL 1fhé &ppalrafasc

~conprises: a mask that is di sposed gn an o ticgl.%agg £
dirgfetignh&el-asével tghtngowaS PdSShi eFdepartifongec 11 that:

irrgggggﬁggng%n%hgolinear beam with the relative movement

in the short-side directicon is performed on two or more
rows while shifting in a long-axis direction of the beam so
that beam irradiation areas of adjacent rows partially
overlap each other; and during the irradiation of the
linear beam, portions corresponding to edges of the linear
beam are shielded 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.

[0017]

(2) In the laser annealing method as set forth in
(1), the amount of shielding is periodically increased and
decreased by oscillating the mask.

[0018]

(3) In the laser annealing method as set forth in
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edges of the linear beam and a mask drive unit that
operates the nask so as to periodically increase and
decrease the anount of shielding by the nmask. [0020]
15(5) In the | aser annealigg apparatus as set forth
in (4), the mask drive unit periodically increases
and decreases the anount of shielding by oscillating
the mask. [0021] (6) In the | aser annealing

2) apphcanaskasssetcfiotthed0iini(f) 2 rhezpaskctriivechpinent .
IS a piezoelectric elenment. [0022]
Accor diPfAg®fo the nethod as set forth in (1) and the
apparatus as set forth in (3), since portions
cor r edpondiRgPEE SERE é@g@@ épntﬁérFPﬁéaPrﬁgéﬁﬁéré laser

shi el ded 25by the th k t ed
ann§§1%89p@PP68¥EHPI§ggﬁcP8££8r§ﬁgagg§P8§§%g ﬁéQgﬁﬁﬁﬁgnt on

a w88681|§%? erla R ?kgﬁ %Qew§ghe%d§9ngg?nbeam

omer han t

hi_ el
obtgggggeég gﬁg étﬂggFr Elﬁﬁks % '§1h§a90§ﬁbgbew591e

SS O overl ap at the seam porti on

mov?ﬁg Qﬁgvfﬂﬁegrdggbﬁ|ﬁnog therever hapqbyckehadi akingive
beans so as to overlap each other at adjacent

to FAWSyoPIPEEBEDr Bhalrhcisrpessi hhethotr educapparatus
non-uniformty of the crystallinity at the seam

comp@i kE6n andafrroahtheisedicpoduadt on thi nptikmlhawichgof

high uniformty on the entire surface of the
theslibstral éghf0883hs to shield portions corresponding to
edges of the linear beam; and a mask drive unit that
operates the mask so as to pericdically increase and
decrease the amount of shielding by the mask.

[0020]

(5) In the laser annealing apparatus as set forth
in (4), the mask drive unit periodically increases 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 1s 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 pericdically

increase and decrease the amount of shielding, the overlap

ratio at the shielded beam edge portion is lower than that
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10According to the nmethod 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
masKk. According to the nethod as set forth
in (3) and the apparatus as set forth in (6), since
the piezoelectric 15elenent is able to generate a
hi gh-frequency oscillation by controlling an
at appl heatkanevdktiagertiibni.s posshbkewhy,easi iy peakiikee
a fast oscillation of the mask and easily control the
to euppkapsranlQXCEGIRDEFtDES@REPTﬁQNaCthHESBRNMPNGSl0“
[0024] Fig. IAis a diagramillustrating irradiation
andopravehtst feRisdtordi h§ct 6V&TéaRY Lt ERAF Pasaf the
anneal i ng nmethod. 25Fig. 1B is a diagramillustratin
beaﬁssﬁaté5|ﬁowﬁWﬁﬁlﬁﬁeeéﬁplP§h§6rﬁﬁc§ggﬁcﬁn§u5§WPate |g

o BRSSOl

CfYSﬁSi?éPbgyacggigfgg 5n g%ﬁ%ﬁ%ﬁgn?ggﬁakﬁe pr esent

sem&ﬁgﬁahbggr th&n £ilm havingrhd hsﬁnh§o§ka§96ﬁ”hhe
OW Ng a nmas one SConflguratlon exanpl e of a

ent TReKsdriEYeUBEt the substratElg. 3B is a diagram
show ng energy distribution in the |ong-axis

di rectfippn39f a beam edge. Fig. 4is a

di agr am showi ng anot her arrangenent exanple of the

mask. According 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 the piezoelectric
clement is able to generate a high-freguency oscillation by
controlling an application voltage, i1t is possible to

casily realize a fast oscillation of the mask and easily

control the overlap ratio.

BRIEF DESCRIPTION COF THE DRAWINGS

[0024]

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

method.

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.
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10Fig. 5 is a diagramshowi ng the relationship
bet ween an oscillation frequency of the mask and an
overlap ratio of the beam edge. Fig. 6Ais
a diagramillustrating irradiation of a first row by
a |l aser annealing apparatdg)df t he present
15i nventi on. Fig. 6B is a diagram
illustrating a state in which the entire surface of a
subst Faye psiprecessectaby shbheihagsen anméalei ng
apparatus of the present invention. 20DESCRI PTI ON OF
conTHFuPREFERRED EVBOBENENTNeR0025] aPrefetpedaccording to
enbodi ments of the present invention will be
an debodibedtbeflobhenpdesaint whvRNEéPErence to the
acconpanylngodramnngs Sanme reference nunerals are
gi venF25t 0 3EoirfoR FORCITGHS SHRYEaGh aof“"“?ﬁe aéltda\ﬁlnﬁgs to
avoi d redundant description %002 Flg 2is a
confi gy¢ A SRofi AGPAR 8§t?r8385n rgiratfofi-of a | aser
anneal |, ng paratus 1 accor In |
t he p%égen i Averit Cond The S %aggr aﬁ%%g%gﬁgég%g%“?&SH
Iudes S 4k caongtitu -l enents, a
in %aserOpﬁgﬁglgoﬁégécgqgﬁagfeﬁi?Eahagg I'i ght 2, a beam
shapi pg ,opyi cal S)éﬁta%@f‘aﬁ Lhaly i$Rapes thie |a%§%rnglehﬁm:
2 fron19he | aser i1 ght source 3, a reflecting mrror
examplibBabrrefbegtskthe laser light 2 towards a workpiece
7, a condensing lens 6 that condenses the | aser
Fig. 5 is a diagram showing the relationship

between an oscillation freguency of the mask and an overlap

ratic of the beam edge.

Fig. 6A is a diagram illustrating irradiation of a
first row by a laser annealing apparatus of the present
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.

DESCRIPTION OF THE PREFERRED EMBCDIMENT

[0025]

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

[0026]
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10light 2 fromthe reflecting mrror 5 onto the

surface of the workpiece 7, and a novabl e stage 9

that noves while carrying the workpiece 7.

As the laser |ight sourqgjﬁz_an exci nmer |aser, a

solid-state |aser, or a sem conductor |aser can be

used, 15for exanple. As exanples of the solid-state

| aser, YAG YLF, YVO4, and the |like can be used. The

| aser Figght 2smay dBedé&irtthéboptlge 28s i FF-&fed or

conti nuously oscill ated. 0027% The beam shapin .
conépapéarlgys9énﬁ41ﬁ§eéoﬁppéaﬂé8 {BPBOLRAPE thEoTAEEIT ©0

ht 2 so [
) ag %geforn1a |i near beam on the surface of

[
an EﬁgoﬁbmﬁBFee aRd®eanti neirGde*8"beam expander, a
onogeni zer, and_the.l.ik [ | .
ol enents. IPOB8 ST oPkbrece S Tncliqaacy o 1ts
basﬁgbékéQ%ﬁtZ§n9”8+gﬂeﬁﬁgtPﬁoﬂéséﬁnhgaﬂgugbgkcéibﬁh%@t
or ne hereon. e substrate 7a I1s"a glass substrate
emi 5 §a§§91§98g902?ra7%e$% shafhstr apeicihesgapephaushat

sem conductor film is an anorphous silicon film
shab@t exanphger[ 0938}k 2 from the laser light source 3, a
reflecting mirror 5 that reflects the laser light 2 towards
a workpiece 7, a condensing lens 6 that condenses the laser
light 2 from the reflecting mirror 5 onto the surface of
the workpiece 7, and a movable stage 9 that moves while
carrying the workpilece 7.

As the laser light source 3, an excimer laser, a
solid-state laser, or a semiconductor laser can be used,
for example. As examples of the solid-state laser, YAG,
YLF, YVO,, and the like can be used. The laser light 2 may
be either pulse oscillated or continuously oscillated.

[0027]

The beam shaping optical system 4 is configured to
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.

[oozeg]

The workpiece 7 includes a substrate 7a and an
amorphous semiconductor film 7b formed thereon. The

substrate 7a is a glass substrate or a semiconductor
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The novabl e stage 9 is configured to be novable in
5the direction indicated by arrow Ain the figure.
Therefore, by noving the workpiece 7 in the
short-side direction (A dQ%ﬁction) of the |inear beam
usi ng the novabl e stage 9 ile irradiating the |aser
light 2, it is possible to nove the irradiation
portion of the laser light 10 1 in the short-side
subgdtretei onThel arbvehtost hemwopkpiieter 7f1iMor éovér, athe
novabl e stage 9 is configured to be novable in a
amodphees| ohl perpehdiBul &PTt 8X8HEISheet plane of Fig. 2,
which is the sane direction as the | ong-axis
di recfPBA?6f the linear beam 15[ 0030] The

I I 1 of th :
e BInCal 00,200 a1 us L oL LhE.BLESTRL LYELSN <o
th_of t I h | d
oo LR BT Blghe LA oo P A

Thepg§£}§8 %Qﬂﬁ ?hgﬁévﬁoyﬁba?&g ﬁh é PH§f§F8§tLQ§de

anount of shielding by the mask

dlrégtiénp?AI99£§§£I¥n neEeéﬁ@dl@ﬂgageﬁésﬁ8§gingoeﬁél
3A is a diagram showi ng the mask 10 and one

movzéﬁ@nétggéagl@Hlﬁéaﬂekgdeétth@ aasklgskyelught 22, it is
and the lTeft-right direction of the figure

pos€Oprespondsviothbei hoagiaxisndpoeciooncof thhelbeam ofght
the laser light 2. Inthis - 13 - exanple, the mask

1 iAOths shsposeddatdarposithonethghveabovehehworkpiece 7.
substrate and shields the laser light 2 at this

Morpostti obhe Mbpeabee, siagehPsiexanpfegurae haskelooygole

di sposed at both edges in the |ong-axis direction,of
in @h@l5¢@§é@n|p@ﬁpeadlppéar3§OsﬁBasS?ﬁ@teﬁé@@@ of Fig. 2,

distribution in
which is the same direction as the long-axis direction of

the linear beam.

[CO30]

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
& mask drive unit 12 that operates the mask 10 so that the
amount of shielding by the mask 10 is pericdically
increased and decreased.

[0031]

Fig. 3A is a diagram showing the mask 10 and one
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. 1In this
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the long-axis direction of a beamedge (only the |left
edge in the figure). Wien the light is shielded by
the mask 10 in this manner, a gradient portion
resulting froma diffracted |light 2a is fornmed at the
position of the energy 10di$tTi bution A correspondi ng
to the beam edge. The mask 10 can be forned
by subjecting a netal plate or a glass plate, for
exaeganpl ehet napkt a0 pkatiingoard eanabpotokmed ofight above
monocrystalline silicon. [0032] 15The mask drive unit
thelguhayrbeccantli ghieddeotper ledegalighinér éhséhafid
decrease the anount of shielding by oscillating,the
poswﬁsﬁnlo.Mpﬁepﬁ@reohﬁignﬁét?5ﬁm@3§oneeoPa@kg?03}sthe
. mask drive unit 12 oscillates the mask.10 in the
dispgpgdaxFsParfectPeA of Hhe Eggﬁraé§Sog&FFFt%PHgOFhEhe
20mask, 10, it _is pgssible t asi.| ont . : -
1a5800r THBt T At o UdserTbed At oFe oosay LrotriBlrigg in
dr | af h seLlla t S 0
the R gt on By 5 bracoal eat Fré of oaent Gnea the ® Chue

in EQQ!f%gﬁk@?tfiﬁh@heﬂﬁetlgeﬁtggeeeaﬁelaeaigp-Eh@qﬂggﬁylo
osci tion through control of an application

in VRLtagennkt,i s gesasibhe pereashl yeseakizg arbasth
oscillation of the - 14 - mask 10. Moreover, the
difmaskcdei veguni tal2smayrhedcanf iiger edshyiannofothandnargy
nmechani smthat converts a rotational novenent of the
dismptibntinotoAacpeckeppoodinggtorovbrehtan5p0084)
The operation node of the mask 10 may include a
rot at fCor agskelll asnakeoseirkiegt on SURPGE CXafpEe e Rd
sanme effects can be obtai ned when the nask 10 is
plakenprgaredaas alpbtat FRY praFeLGr t RoamgtpdupLiating and

correspondin% to the . R
can be formed of monccrystalline silicon.

[C032]

The mask drive unit 12 may be configured to
periodically increase and decrease the amount of shielding
by oscillating the mask 1C. 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
mask 10, it is possible to easily centrol 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
piezoelectric element can generate a high-frequency
oscillation through contrel of an applicaticn veoltage, it

is possible to easily realize a fast oscillation of the
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10oscillation width of the mask (the rotating plate
may be made of netal or ceramics or may be a gl ass
plate coated with a shielding filmsuch as a chrone
film. For exanple, when an overlap ratio is set to
95% using a pul sed | aser” of* vihi ch t he pul se frequency
is 2 kHz (for exanple, a case 15where irradiation is
performed at a transfer speed of 5 Rmpulse with a
masheam wi Hbheofe1Q0the sast dreéaci sniikr adi mbgdbai th 20
shots of |aser beans), if the rotation frequency of
confhguretiabyng pbave ksdsynwhrbanzen &ha2 RARVEELEhat
the | aser beam passes through the cutout, the overlap
rot20iankd WreEmeakalrh 40e989¢-oonifke 6tﬁ€?lﬁéﬁ8at&ﬁ8n
the rotation frequency of the rotating plate is set
movegedtkHz, since the |aser beamis shiel ded once every
t wo rptﬁé ?ns by the rotating plate, the beam edge is
i rradit8Pddiwith 10 shots anong the 20 shots. Thus,
S noerhicoARRALIN, SRLLANS ShoSRERd REY Py SPc%ce -

doublg ratlo i's decreased t

rot?gggﬁegs Q¥lgeggegﬁ'Bgcﬁﬁﬁa%xeﬁhrO@b%aEkgﬁpE%taEh@nsame
requency, the overlap ratio can - " "be decreased

eff%HEEhgén fhe pyerhap Lakho R hssdefibned Byntthgured as a
| om ng fornul a. OR=(1-VVWx 100

rocbwhgrepWits @:beam wudbhtandr¥Yekpobaihgansf ehespeed
(per pulse)) [ 0035] Mor eover, as anot her

oscexapplenotitiba affr angemastk nmhetmomaoﬁngh@lﬂagkmgg,be
as shown in Fig. 4, a configuration in which the

madedgesmefad benperamilcy Por mad bei Aage asce PRitel geathy

the mask 10, and the imge is imged
with a shleldlng £ilm 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
where irradiation is performed at a transfer speed of 5
pum/pulse with a beam width of 100 um: the same area is
irradiated with 20 shots of laser beams), if the rctation
frequency of the rotating plate is synchronized at 2 kHz so
that the laser beam passes through the cutout, the overlap
ratio will remain at 95%. On the other hand, when the
rotation frequency of the rotating plate is set to 1 kHz,
since the laser beam is shielded once every two rotations
by the rotating plate, the beam edge is dirradiated with 10
shots among the 20 shots. Thus, since the apparent
transfer speed per pulse is doubled, the overlap ratio 1is
decreased to 9%90%. Further, by decreasing the

synchronization rotation freguency, the overlap ratio can
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on an irradiation surface by an optical system 14 may
be possible. In this case, the mask 10 nay be
di sposed at both edges in the |long-axis direction of
the laser light 2 sinilquﬁsyp Fig. 3. 15[0036]
Fig. 5 shows changes in the overlap ratio of a | aser
beamirradiated to a beam edge by the oscillation
frequency of the nask 10 when the overlap ratio is
be detre¢os98% usthgra pul se | aser of which the pul se
frequency is 2 20 kHz (for exanple, a case where
i rradiBEi BACF$ apeERbiRedRat SadelanefePyspbad et 15wing
nifulse with a beamw dth of 100 mthe sane area is
forpy+adi ated with 20 shots of |aser beans).

Uhe bBAm oagem & APPadiiten B if anroeTovERbiazER 1 ts
a tggA%%%%|ggggghéégﬁesggggfgt transfer speed per pul se

I's overlap ratio is changed from 95%
to 90%@0g@?n the oscillation frequency is changed to
500 Hz, sinhce - 16 - as is clear fromFig. 5, the

beam gdgecvkkl he bhbadiat edawibtB oml ynd sheksgehent
| aser beans, the overlap ratio can be reduced to 80%

pos {3 Vven thecaboreskbyocoatr shbingihheigscillation
5frequency so as to be lower, it is possible to

con flegi easech hen oviet Eapthat €édgas dheabeampedgeil Théormed

- overlap ratio ORis defined by the follow ng forml a.

ima@R={1e VMY %1460 bwhere Wbk albeandwidehimadeVipsinggaed
transfer speed (per pulse)) [0037]

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.

[0036]

Fig. 5 shows changes in the overlap ratioc of a
laser beam irradiated to a beam edge by the oscillation
frequency of the mask 10 when the overlap ratio is set to
95% using a pulse laser of which the pulse frequency is 2
kHz (for example, a case where irradiation is performed at
a transfer speed of 5 um/pulse with a beam width of 100 um:
the same area is irradiated with 20 shots of laser beams).

When the oscillation frequency 1is set to 1 kHz,
since the beam edge is irradiated with only 10 shots of
laser beams, the apparent transfer speed per pulse is

doubled, and the overlap ratio is changed from 95% to 90%.

When the oscillation frequency 1is changed to 500 Hz, since
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Next, a description of the operation of the |aser
anneal i ng apparatus 1 configured as above will be
provided. In Fig. 2, the laser light 2 is emtted
fromthe 15l aser |ight source 3, and the |aser |ight
2 is condensed into a |linear beam by the beam shapi ng
by the beam shaping optical system4 and the
condensi ng by the condensing lens 6 and irradiated
as batolehe WopkpFéoe 7. [DO38aROPAdEhislst AEeirzgciated
shown in Fig. 6A,_the |linear beam (an irradiation
withopeiwnd BSRAEF e6f) LRSCROVEEATFN FHE SHBFt2Bj gatic can be
direction relative to the workpiece 7 by the novenent
redgfed henbVabl e stage 9, whereby an anor phous
sem canduct filmis crystall.i t e | .
irradgéYFBngégpg i’ON éy E8Pt5Q§§%P§,t%%eO§%§§% Gus”
silicon_fi ' a to, l ysiLi N ]
e e R A N
| 0 t han.{,he gt.hgkn the long-axis direction
Ove%?a%hggfg%egﬁ %égnPkgﬁpggggssed, after irradiation of
the firpst cHewW1kg campbebed. st Berkaser bhi ght ZollSowing
noved relatively in the long-axis 5direction by the
form@ygnment of the novabl e stage so as to perform
irradiation of the second and subsequent rows. At
that OReel-VH@)kr ladi dwhemei § per Bobred sodthatndhy is
beamirradi ati on areas of the adjacent rows overl ap
a teachfethepcetln (pPhirsewage)the entire surface of the

substrate is 10irradi ated. Fig. 6B shows an exanple
in whilBRA3the

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
laser light source 3, and the laser light 2 is condensed
into a linear beam by the beam shaping by the beam shaping
optical system 4 and the condensing by the condensing lens
6 and irradiated onto the workpiece 7.

[0038]

In this state, as shown in Fig. 6A, the linear
beam (an irradiation portion B thereof) 1s moved in the
short-side direction relative to the workpiece 7 by the
movement of the movable stage 9, whereby an amorphous
semiconducteor film is crystallized at thé laser irradiation
portion B. TFor example, the amorphous silicon film is
changed to a polysilicon f£ilm.

[0039]
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wor kpi ece 7 is processed by irradiation of two rows,

and RL is the first row and R2 is the second row.

Moreover, Wis an overlap portion (seam portion) of

the first and second rows., -15[ 0040] In the

present invention, during:&he irradiation of the

i near beam portions corresponding to the edges of

the |linear beam are shielded by the mask 10 which is

di spo8kdnon shestpeitealbipahhchf thResiased s| ilghpcg, than

and the 20mask 10 is operated so as to periodically )
theih%m@%%el@nahaeé@@a§QX%ﬁedaﬁﬁaﬁﬁoafOéhrgﬁd#h@?thﬁéam is

decreasing t he, overl a _ratig. én %he case where thf
Srogyertap FAFT BoRtr 81 60SasiFRct Ra" 1 completed,

b 1ETAGEE
ti hnij th a ' .
the PRYaR ot S8l £ SnOr Lol Tag5r Bhank” 2608r t 83PoRH fig
diré?t%%@ %gm§he $@¥ﬁéntbX{dﬁﬁéeﬂébQElEhth¥8rEépa53£b°
a e béam edgés as I'n the present invention, it Is

perP@ﬁﬁiPffa&?agfgﬁe§§etBQes@88H@taﬁ& sub38guent rows. At
Irradiation at the seamportion W and accordi ngly,

that Ot PreVentcan-exgessioh thepeveskapdr abi enabbtBEVEEaN
by irradiating the adjacent rows with

irrQ¥est appi Agehaser bransdihtehs possi blertappeewknbther.
5deficit of the overlap. [0041] Here, the

In Cloht reohypf thbecovértapurétce af the beastedgesiby the
mask 10 may be performed on a beam edge at the side

irrzoiaespondrhg. t OBt heoweamnpoertitphe W nhehigh Fbkast one
10of the adjacent two rows is irradiated. For

workRbapte] iRePfPESESpOwHayrbadiftkAglaPedtwpt iBE, and RI

_ being_shielded by the.
is the first row and R2 is the second row. Moreover, W is

an overlap portion (seam portion) of the first and second
TOWS .

[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 1s
diﬁposed on the optical path of the laser light 2, and the
mask 10 is operated so as to perijodically increase and
decrease the amount of shielding, thus decreasing the
overlap ratic. In the case where the overlap ratio 1s not
controlied zs in the cenventional technique, the seam
portion W is irradiated with shots of laser beams
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
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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 beam edge
may be 15controlled durin éhg irradiation of the
first row Rl, and the second row may be irradiated
W t hout being shielded by the mask 10. In this case,
since the control of the overlap ratio at the beam
irredgettan be peef ecawdrontonhyWenenddgecortinglgnl yo
necessary to di spose the mask 10 at only 20one side
prepenthen| axeesEi ght the PUOLRRPArREftfAati vely, the
control of the overlap ratio at the heam edges on,tge
si de UBFREEBENdPHg 1F6afjﬁét§é‘§mt58rFﬁéﬁcﬁﬁﬁagoﬁé wit

f d, wh th of .the_adj two 25
ovePrtatt Ateds “Th PRFLocabe, L8 RRGSLRLCHRt For TBf“t o

over | [ e beam edges needs to be perforned
def%%l%ogg {6é1§v$£éégés, it is necessary to dispose the

mask 1QpQpniboth sides in the long-axis direction of
the | aser Hight 2 simlarly to the configuration

exanphgeref Ehg. <3ntl8043k BhheceseihbbathenoWadt Rhef beam
the mask 10 may be set in accordance with the overlap

edg®b dbh e thesseam payt benp¥W fEoncexanphepenfieadge at the
pi ezoel ectric elenent is used as the
side corresponding to the seam portion W when at least one
of the adjacent two rows is irradiated. For example, the
first row may be irradiated without being shielded by the
mask 10, and the overlap ratic at the beam edge may be
controlled during the irradiation of the second row.
Conversely, the overlap ratio at the beam edge may be
centrolled 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 ¢f the
overlap ratic at the beam edge can be performed on only one
edge, it is only necessary to dispose the mask 10 at only
one side of the laser light 2.

[0042]

Alternatively, the control of the overlap ratic at
the beam edges on the side corresponding to the seam
portion W may be performed when both of the adjacent two
rows are irradiated.

In this case, since the control of the overlap

ratio at the beam edges needs to be performed on both
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mask drive unit 12, since the oscillation wdth of
the piezoelectric elenent is generally 100 m or
smaller, it is 10preferable to set the oscillation
width to be within this r e. [0044] Even
when the workpiece 7 is irradiated wwth a | aser beam
in a positional relationship such that the seam
15portions of the adjacent rows do not overlap each |
edgethet twhennprradpayi 60 04 spesrolthedmpfkal8t ghePofthngides
' beinE shiel ded by the mask 10, if the_seam portions W
in gher LapdeashsofhEECEGENt 8Tt hBSdi-PERacLédlli ght-Falarly
caused Eg the mask 10 in th tate_of being shielded
to pyet RENARSRTEHIO8UEKBaR rgagatﬁon node i s al so
possi?lg.4 @0045] The oscillation frequency of the
mask 8 ig determ ned by the pul se frequency of the

pul Se%'eagggigﬁgtqo%em%%g%xgggivcl I 30 i@l i0malN®e set in

rel ationshi etween the [Tation frequency of
acchbb8afBsk,10nhapdet Re0vaLl aRakat b ahet BeaReanr-edgasi.

are as described above (see Fig. 5). [0046] - 20 -
Forl bxhsppeef grabl 8 pochoemtheimaskehOndsiBgused as the
mask drive unit 12, since the oscillation width cf the
piezoelectric element is generally 100 pm or smaller, it is
preferable 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 the seam
portions of the adjacent rows do not overlap each other
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
an irradiation mode is alsoc possible.

[0045]

The oscillation frequency of the mask 10 is
determined by the pulse frequency of the pulsed laser and a
necessary overlap ratio. The relationship between the
oscillation freqguency of the mask 10 and the overlap ratio

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

[0046]



nmonocrystalline silicon or the Iike so that the
energy intensity at the beam edges does not increase
due to the diffracted Iight 2a at the nask 10 and to
regul ate the 5energy in[pgﬁity while nmonitoring the
energy distribution in thé1long-axis direction of the
beam using a profile nonitor. [0047] Wile preferred
enbodi nents of the present 10i nventi on have been
descr iibedsandes§honhlabbve fothe tiesER6Sed CeHbodPment s
have been provided for the purpose of illustration
monpgtyshel piegent LiA9RNPToRNESLAGE FPnibed toStRRETIY

~ discl osed enbodi nrents. The scope of the invgnti n %ﬁ
1ntﬁ%¥%ﬁéd355t§%tb?6WtﬁdgﬁstHEeﬁpE8ﬁdéHcE?%Fﬁs 4Rd-Ps-¢

. .Lntended. 150 enco s all ﬂifi ation hapges
dlfgﬁﬂCB?ge}ég?Bn amﬁggﬁﬁ?awﬁsﬁpg i%n%héoaﬁégﬁggggc?a?ns
or the equiyval t . ng 2her g%é$pg 1. A Laser
r Yyodist n
e“eﬁ%%eéPF%ﬁsﬁ%¥h§§£gf %gﬁﬁggn%ﬂa an annealing treatment
in ?Healﬁﬁgkgkfged?¥eb£EQQ'QE'@HetB@aQWQEKﬁbegepbeBlé
I near beam obt ai ned by shaping laser light into a
moni EHgar shape while noving the |inear beamin a
short-side direction relative to the workpi ece,
charagtenizzed in that: irradiation of the |inear beam
with the relative
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 limited to
the disclosed embodiments. The scope of the invention is
defined as set forth in the appended claims and is intended
to encompass all modifications, changes and alterations

which fall within the appended claims or the equivalents

thereof.
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10nmovenent in the short-side direction is perforned
on two or nore rows while shifting in a |long-axis
direction of the beamso that beamirradi ati on areas
of adjacent rows partially,overlap each other; and
during the irradiation of %%e | i near beam 15portions
correspondi ng to edges of the linear beam are
shi el ded by a nmask which is di sposed on an optica
path of the laser |ight,CldWd’3 he mask is operated so
as to periodically increase and decrease the anount
of shielding. 202. The | aser anneal i ng net hod

' t laim1, ' h t .of shieldi

o pert odFcAPFy T REFEALeq O Bt BheBl 5y o of O
Lllati t h K. . :

ann g fap ThoeRELRGE Bhodr APREPEECE BY msEa  Shhand HEhe

wor JBRE-L S, 031 L1 8 80 uShRGnABLEZ0ELeslT Lol aReL e -

aser anneal i ng apparatus that

1igPeriQEs, an; poneakinget {82L BBALYPAgaLWBr KPheE® B¥am in a
Irradiating the workpiece with a |inear beam obt ai ned

shoBY-shapi agrbasesnl rghtcintota theeaprgpapeephil e
noving the linear beamin a 5short-side direction
chafetetiveedioithehwer kpi ece, characterized in that the
appar at us conpri ses: a mask that is disposed
on anioptilcakipat bfofhehe ihaser beaghtvist &bet gedhitevg
portions corresponding to edges of the |inear beam
movanen10an npbk dhove-ahie Hhaecépenat esPERECKASK 8B YO OF

to periodicallﬁ_increase and decrease .t he anount of
morghievdi gl by thefrasg. 1n & long-axis direction of the

beam so that beam irradiation areas of adjacent rows
partially overlap each other; and

during the irradiation of the linear beamn,
portions corresponding to edges of the linear beam are
shielded 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.

3. The laser annealing method according to claim
2, wherein the mask is oscillated using a piezocelectric

element.
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5. The | aser annealing apparatus according to 15cl aim
4, wherein the mask drive unit periodically increases
and decreases the amount of shielding by oscillating
t he mask. -5';Jh? | aser anneal i ng
apparatus according to 208%ain15, wherei n the mask
drive unit is a piezoelectric elenent.

4. A laser annealing apparatus that performs an
annealing treatment on a workpiece by irradiating the
workpiece with a linear beam obtained by shaping laser
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 so as to
periodically increase and decrease the amount of shielding

by the mask.

5. The laser annealing apparatus according to
claim 4, wherein the mask drive unit periodically increases
and decreases the amount of shielding by oscillating the

mask.

6. The laser annealing apparatus according to
claim 5, wherein the mask drive unit is a pilezoelectric

element.



