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- 1 - DESCRI PTI ON LASER ANNEALI NG APPARATUS
5BACKGROUND OF THE | NVENTI ON Techni cal Field of the
I nvention [0001] The present invention
relates to a | aser annealing apparatus for performng
an anneal i ng treatnent on g 10wor kpi ece to be
processed by irradiating the workpiece with |aser
light. Description of the Related Art [0002] In
recent years, a thin PEBGRIPANSNStor (TFT) in 15which
a polysilicon filmis used for a channel |ayer has
been wi dely used as a switching el enent of a
sem conduct or device and a liquid crystal display.
The pol ysi | i coRrPERNPUNEHLFBF %B%A%%ﬁH%el | ayer of
the thin filmtransistor is generally manufactured
us:ng.?.process called a | ow 20tenperature
pol ysilicon. r r iliicon . is a
process of f Stek ﬁ Rl &¥fbkfiln1on a

cecPh 85 spbstyate and trradiating the amorphous silicon
. oduce a polysilicon
film 599o3]

The present invention relates to a laser annealing
apparatus for performing an annealing treatment cn a
workpiece to be processed by irradiating the workpiece with

laser light.

Description of the Related Art

[0002]

Tn recent years, a thin film transistoer (TFT) in
which a pelysilicon film is used for a channel layer has
been widely used as a switching element of a semiconductor
device and a liquid crystal display. The polysilicon fiim
used for the channel layer of the thin film transistor 1is
generally manufactured using a process called a low-
temperature polysilicon. The low-temperature polysilicon
is a process of forming an'amorphous silicon film on a
glass substrate and irradiating the amorphous silicon film
with a laser light to produce a polysilicon film.

[0003]

In such a low-temperature polysilicon, the
amorphous silicon film is heated, nmelted, and

recrystallized to produce a polysilicon film using a laser
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251 n such a | owtenperature polysilicon, the

anor phous silicon filmis heated, nelted, and

recrystallized to produce a polysilicon filmusing a

| aser - 2 - annealing apparatus. However, the

| ow-tenperature polysilicofi has a problemin that if

oxygen is included in the annealing atnosphere, the

silicon is oxidized during heating to have an adverse
anneffécty spothetdevi cBoBelaractiri stWcsemFarathirs

reason, an operation of preventing oxidation_ of ,
polgpliteAnubrAgeaRTPRePT dastaénlasCryErBgen fgcluded 1in

performed. [0004] In Patent cunent 1, a stage on.
theuhneRe AL gPas s BB HESEr af i & placed Fsoprovrdoain 49

rocessi chanber, so as ta supply _nitrogen_gas into

hea ﬁ@gpFSCEggﬁnﬁncﬁgﬁﬁﬁﬁ? Fﬁgécgr§9eﬁ FnaegiFgation of

silicon_during an_apnpeal i ea - Pat ent
chaBgEhieng 2 nit oo ¢ drashar gl FFohIsart op. end
pregénéiEE”BQiHQEEES Lhat i SW-RYS ,URLBNdndQWR r$0 588 EQCP as

reate”a nitrogen atnmosphere only“in the vicinity o
nitgobéﬁeislﬁgﬁgbgﬁbgn portion, thus preventing

oxidation of silicon during an annealing treatnent.

I n PatrentsPocunent 3, in a state in which a

20cylindrical cell of which the top portion is sealed

by gl ass randnthechoirtom gor tai ehags opemhiishdias gosed

at a position sufficiently close to a substrate,
subnttabgensgasasdf ikl pdoivatedt he gebkoceRasnpr eRémbrrigso

oxi dation of silicon during annealing. 25[0005]
as to supply nitrogen gas into the proceéssing chamber, thus
preventing oxidation of silicon during an annealing
treatment.

In Patent Document 2, nitrogen is discharged from
a tip end of a swing nozzle that swings up and down so as
to create a nitrogen atmosphere only in the vicinity of a
laser irradiation portion, thus preventing oxidation of
silicon during an annealing treatment.

Tn Patent Deocument 3, in a state in which a
cylindrical cell of which the top portion is sealed by
glass and the bottom portion i1s open is disposed at a
position sufficiently close to a substrate, nitrogen gas is
filled into the cell, thus preventing oxidation of silicon
during annealing.

[GC05]

[Patent Document 1] Japanese Patent No. 3735394

[Patent Document 2] Japanese Patent No. 3091504
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[ Patent Docunent 1] Japanese Patent No. 3735394
[ Pat ent Docunent 2] Japanese Patent No. 3091904 - 3
-- [ Pat ent Docunent 3] Japanese Unexam ned
Pat ent Application Publication No. 2004-87962 [ 0006]
When the | aser annealing using the supply of
5nitrogen as descri bed above is perforned, due to a
difference in the flowrate of the nitrogen gas and
vari af Peheinh Dheuambicelt ailepbesper Angremiasdl fragnt
fromthe change of seasons or the like, a problem
Appihattihe Prbeéesstbecoles dASEaBi8%6ccurs, such as the
occurrence of 10irradi ati on unevenness. The
presehfYPRventors have carried out intensive
investi%ations into the ciuse of .t he ccurrence %f
P yo

su?h i IQdFQEi&ﬁsﬁﬁe98Hﬁ§ G451 8dnd"Enhat PR
T t s fl i i
nit oGS ohr IR R e OaR APo Sk, LEoBE R b Pika) Pkt £BT.T T O

vari on) ~i e tenpérature of the

. Q] n.ga e S J U }ped
I £ Pt RIS ARSI LI ARUCEE, LA ARRRESEn BEYINARY |

varfeseribed Lnerg@ptdnt 02y 8s8peiatarberenceth aggthom the
nmeasuri ng machine that variation in the refractive

chah§8i 6€ss0ks8hk Bastap imkkyencerepnlthetBOpr eaksponcobs
an optical sensor, which supports the idea of the

becpPhesenhst avent oesurSUWARY €k THE bNYENTEONe] 0607]
irradiaticn unevenness.

The present inventors have carried out intensive
investigations into the cause of the occurrence of such
irradiation unevenness and found that a refraction
phenomenon of laser light resulting from fluctuation
(variation) in the temperature of the nitrogen gas was the
cause. In Japanese Unexamined Patent Application
Publication No. H11-176730, it is described in regard to a
laser interference length measuring machine that variation
in the refractive indices of air has an influence on the
precision of an optical sensor, which supports the idea of

the present inventors.

SUMMARY OF THE INVENTICN

[0007]
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
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25The present invention has been nmade in

consi deration of the above-nenti oned probl ens, and an

obj ect of the present invention is to provide a | aser

- 4 - anneal i ng apparatus gapable of reducing

irradi ati on unevenness of laser |ight caused by a

refraction phenonenon of |aser |ight due to

fluctuation (variation) in the tenperature of inert
anngasing[ 8pp8raTosachpekéet hé abdueinbjécrﬁd@héibaser

anneal i ng apparatus of the present invention ap
unetvhenésk| oM nhgsaeahsghtlyansedsery anﬁéﬁrﬁﬁﬁlﬁﬁpQBQFG@enon

that perfornms an 10annealing treatnment on a workpiece
of {aspe protéssed by frradiariAg (e WeFkpréce wl Pﬁ a

| aser light, characterized in that the apparatus
temPﬁéPEHé% afgé§e§EpEP§ unit that supplies an inert gas

to at_ @@g a laser irradiation area of the

morkp|8 and a gas tenperature control |l er that

15controls hgg%et epperature of. the Ltﬂ%r t 29as. ~andatheg

gas terrpera ure controller cgntro | s the tenperature

app9£a£9§ Leert-98s.sURP! igdchoitheabaser ther adiabi.9Ag
A P

area so as to decrease the tenperature difference
mezPgtween the tenperature of the inert gas and the

at nospheric tenperature of a space 20that is disposed

out si de)t he1skppl ynakead ioky thearments gastsgpeaforos an

surround an optical path of the |aser Iight. [0009]
annealing treatment on a workpiece to be processed by
irradiating the workpiece with a laser light, characterized
in that the apparatus includes a gas supply unit that
supplies an inert gas to at least a laser irradiation area
of the workpiece, and a gas temperature controller that
controls the temperature of the inert gas, and the gas
temperature controller controls the temperature of the
inert gas supplied to the laser irradiation area so as to
decrease the temperature difference between the temperature
of the inert gas and the atmospheric temperature of a space
that is disposed outside the supply area of the inert gas
so as to surround an optical path of the laser light.

[0009]
According to the configuration cf the present

invention, the temperature of the inert gas supplied to the
laser irradiation area is controlled by the gas temperature

controller so as to approach the atmospheric temperature of

a space {(room} that is disposed outside the supply area of



10

15

20

25

According to the configuration of the present
invention, the tenperature of the inert gas supplied
to the 25 laser irradiation area is controlled by the
gas tenperature controller _so as to approach the
at nospheric tenperature 6f5a"space (room that is
di sposed outside the supply area of - 5 -- the inert
gas so as to surround the optical path of the |aser
thel igbtt WWthsbhhs eenkigupahtonhesbpcéctheptehperatbee
di fference between the roomand the inert gas
lasdeciegses, Whehrehiactbofiighenomeneonsoficthehkaser
l'ight is 5decreased, whereby irradiation unevenness
tempgraeducedifTheeneaplraraee dhff speficenBetWeennehe 9as
roomand the inert gas is preferably as Iow as _ ,
decg@géeﬁ}etaﬁdrﬁérﬁﬁ§ﬂ05r@h@ﬁ@@ﬁQOQeP%.tbeoiefefoézﬂht 1s
The gas supply unit includes a purge box mhi&h [ Th
decaPepuaed iBra8Yt orfaEeSEhaN s HPFAERIOF ot AE REFREFAce The
and jn which_the inert _gas is,introduced, . the. e
tengRga T UHEE T EPARe R SOFER SRR hAT: F AR PE s Fa®
. la i ght _so I d d.th kN
s g e e LB o B T B el Ta gk e T gRe oy
arbherethrough and blows the inside inert gas towards
t he workpi ece, and the gas tenperature controller
contrehgibhe tenperature of the inert gas at a
position | ocated further upstreamthan the purge box.
20[ 0012} The gas sufeQ@r dnng tiactheeeonf pgurat bow ehich
the present invention, since the purge box is
is disposed sn thetopthcal tpat huofathecfasbe Wpghpjicce and
al t hough the laser |ight passes through the inert gas
in whnichetbar geeboxgdar inginhsodnAed) i hje2BEraat REFkt
the tenperature of the inert gas is controlled so as
inciydappr oREANERESEE RBSERBAPY FgﬁﬁeF5€Uﬁ@l€ﬁeﬁB@réﬁa?é

of the roo out si de the purge box before the.ine
ligﬁgsspsas tg)be introducedpthgregn ang an opening %kat

zZ

passes the introduced laser light therethrough and blows
the inside inert gas towards the workpiece, and the gas
temperature controller controls the temperature of the
inert gas at a position located further upstream than the
purge box.

[0011]

According to the configuration of the present
invention, since the purge box is disposed on the opticeal
path of the laser light, although the laser light passes
through the inert gas in the purge box during the annealing
treatment, the temperature of the inert gas is controlled
so as to approach the atmospheric temperature {(temperature

of the room) cutside the purge box before the inert gas 1is
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- 6 - introduced into the purge box. Therefore, a
refraction phenonenon of the laser light in the purge
box is decreased, whereby irradiation unevenness is
reduced. [0012] 5(3) The gas supply unit includes a
paral l el facing body that Ps”di sposed so as to face
the surface of the workpiece in parallel and a purge
unit that sprays the inert gas towards the workpiece
int sedtbat iheoinestpgasei sosupprhedebetween théraction
paral | el facing body and the surface 10of the
phemandpbece! ene theegadigenperatieerevaeriobkers
controls the tenperature of the inert gas at a
decposstd onvidaeby sitvedi ediant ARAVERRSpEr g2 GATECHE -
| ocated further upstreamthan the purge unit. [0013]
15AccbP@iAd to the configuration, although the inert
gas is_sprayed fromthe purge. unit towards
Barngitr

t .
wor kpit éte ' dtir Phg EHBPaMnedtng™t BgFﬁeﬁt?agﬁgﬁﬁ%GfaClng
| i ght_ th the i
oy Chie at & OF EHG FeRt g4s- TS controf | 3 S0°4s 15
h t [ . 2
wor BRPLRGTy %5 8) [REREL' & b evme; gher o ohe o0pheyspee

inesPrayed: tovands, f he workpieseso Thghef Oh8, iRert gas is
refraction phenonenon of the laser light in the

supSHPPh Yo &t L8 Rf thBephpent cgasaksngecheasedd wher ebyface
irradi ati on unevenness i s reduced. 25[0014]

of €K Jhexgascsupphy UnRet ghactudpsratprecesstnglehanber
whi ch accommodat es the workpi ece and in which the -

conflrels the temperature of the inert gas at a position
that is located within the purge unit or located further
upstream than the purge unit.

[C013]

hceording te the configuration, although the inert
gas is sprayed from the purge unit towards the workpiece
during the annealing treatment, and the laser light passes
through the inert gas, the temperature of the inert gas is
controlled so as to approach the atmospheric temperature of
the space outside the purge unit before the inert gas 1is
sprayed towards the workpiece. Therefore, a refraction
phenomenon of the laser light in the supply area of the
inert gas is decreased, whereby irradiation unevenness is
reduced.

[0014]

(4) The gas supply unit includes a processing

chamber which accommodates the workpiece and in which the
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inert gas is introduced, and the gas tenperature

controller controls the tenperature of the inert gas

at a position |ocated further upstreamthan the

processi ng chanber. [0015]_5According to the

configuration, although au?iﬁg t he anneal i ng

treatnent, the laser |ight passes through the inert

gas inside the processing chanber, the tenperature of
inetbeghneit gasrbducedirehflednsogas temppprbach chetroller

at nospheric tenperature outside the processing .
conthahberhdObefipeeatheei aérthgasnesti GeFodlic@dPPRt b1 PRe

processi ng chanber. Therefore, a refraction
locphedohenbhebf UPRETEaBeF R ghbei RTPRESHLBEeSSPHGET -

chanber is_decreased, whereby irradiati on unevenness

is redli€édl [0016] 15According to the present

invention, it is possible _to re i rrhadiatio -

uneveﬁﬁ8§§d6PgI§§e$%Fi§ﬁpfégﬁ§§%%%§’aa%§ Pa%bigﬁrlng

phenonenon of | li 0,f t [ he
thelORPPattn) R ERe Femsrat s of Phorf s, SUBR'ER ©

inepgsggéPIhgkthtﬁgEPPBé$E§§§g EQQ%ELI, the tempgkgtule of
I S us

iagrami |l rating an entire configuration of

the@ih8SEr ganneal Lpgrappacat 4s aecendapgrbacanthe
enbodi nent of the present invention. 25Fig. 2 is a

atmdbpgEam-i Lhypbratipg autkige cosf pyuratisdongexaapberof
a gas supply unit in the |aser annealing apparatus
berfaesotHengntott hasembodnnentiuokdt heto the processing
chamber. Therefore, a refraction phenomenon of the laser
light in the processing chamber is decreased, whereby

irradiation unevenness is reduced.

[0016]

According to the present invention, it is possible
to reduce irradiation unevenness of laser light caused by a
refraction phenomenon of laser light due to fluctuation

{(variation) in the temperature of inert gas.

BRIEF DESCRIPTION OF THE DRAWINGS

[0017]

Fig., 1 is a diagram illustrating an entire
configuration of a laser annealing apparatus according to
an embodiment of the present invention.

Fig. 2 is a diagram illustrating a first
configuration example of a gas supply unit in the laser

annealing apparatus according to the embodiment of the
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- 8 - present invention. Fig. 3is a
diagramillustrating a second configuration exanple
of a gas supply unit in the |aser annealing apparatus
according to the enbodi nent of the 5present
invention. Fig. 4 is a dTaérén1iIIustrating athird
configuration exanple of a gas supply unit in the
| aser anneal i ng apparatus according to the enbodi nent
preefént henpeesent. i nvention. 10 DESCRI PTI ON OF THE
PREFERRED EMBODI MENT [0018] Preferred enbodi nents of
the pFésend imventisarainl Llbesdeséinbed BEFBHC I n
detail with reference to the 15acconpanyi ng draYAngs.
confThguEafeCr ePrBRte Atndrafs ARBPHYvERLt o Rohhpntaser

portions in each of the drawi ngs to avgid redundant
ann%%%%?@pf?%%?afﬁﬁlﬁfc?$g?nﬁ RS gﬁ%i% 6% @??ﬁs??aﬁgﬁg
entire %Oconfiguration of a | aser annealing

an
Pregppar At s 1 %cording to

Fig. 4 1s a diagram illustrating a third
configuration example of a gas supply unit in the laser
annealing apparatus according to the embodiment of the

present invention.

DESCRIPTICN COF THE PREFERRED EMBODIMENT

[c018]

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

[0019]

Fig. 1 is a diagram illustrating 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 basic 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 into a desired beam shape,
a reflecting mirror 5 that reflects the laser light 2

towards a workpiece to be processed 7, a condensing lens 6
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an enbodi ment of the present invention. The | aser
anneal i ng apparatus 1 includes, as its basic
constituent elenments, a laser light source 3 that
emts |laser light 2, a beam shaping optical system4
that shapes the laser light 252 fromthe laser |ight
source 3 into a desired beam shape, a reflecting
mrror 5 that reflects the laser light 2 towards a
thawockpiiessetotbe preeesdedh?, 2afcomdehsi ngfleasipyg migror
- that condenses the laser light 2 fromthe
5 onefl ebei pyrimeeop5tbat gorkelsurf dceabf RhBOWBPKEI 8IS
7, and a npvable.sta%e 9 that noves in a direction
9 thakreerPeninndi €AFEECHY arl FORCAT ANt RBAEFaRE) DY arrow A

. crossing the laser light whil e.carrying.5the .
in GorkpianEey croosopo e 2afSa TifBY BR: PrgRpreving
h sourge.s ag exciner |laser, a solid-state |laser, or a
©SBAFEBhAURt Ot | aser can be used, for exanple. As
exanplgg 9 the solid-state |aser, YAG 10YLF, YVO4,
and the FI e can be used. The laser |ight 2 may be

ei thep .pulse1gseird hated abugent Bnuauskycoseil hated., a
The beam shaping optical system 4 can be confi gured

201t 9-8hape theeclaser Lighti2osauasctrolhave aahi peauset,
rectangul ar beamin sectional view on the surface 15

forObxbip1wor kpkeeeaifplandofnthbi socadestean lackudeYas,
beam expander, a honogeni zer, and the like as its
YLFCOUSDI t uani tenehts. cf002d] udheé. wofkpi bzee? }helhudésnay
a substrate 7a and an 20 anorphous seni conductor film
be ZbthernedlshereonllThedsabsepaténraupdvacgraddated.
substrate or a sem conductor substrate. The_ anorphous
sem céhaubesn EPERITE o9 tds3dnSYSR6Ts siBre ST fil m
for exanple. [0022 .
configuredngo shgpe tLe laser light 2 so as to have a
linear or rectangular beam in sectional view on the surface
of the workpiece 7, and in this case, can inciude a beam
expander, a homogenizer, and the like as its constituent
elements.

[0021]

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
substrate. The amorphous semiconductor film 7b is an
amorphous silicon film, for example.

[0022]

With the laser annealing apparatus 1 configured as

above, the laser light 2 is emitted from the laser light

source 3, and the laser light 2 is condensed into a linear
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25Wth the | aser annealing apparatus 1 configured as
above, the laser light 2 is emtted fromthe |aser
light source 3, and the laser light 2 is condensed
into a linear - 10 - or rectangul ar beam by the beam
shapi ng by the bean1sha§iﬂé)dbtical system 4 and the
condensi ng by the condensing lens 6 and irradiated
onto the workpiece 7. In this state, the workpiece 7
or rschdNgdlin bhemshorthaxbsadi seepiong bf the Bbeanshyping
the novabl e stage 9 so as to scan over the entire
opt soaf agesobmt heaadorphoasndenstoadogt bref fpndensing lens
wor kpi ece 7 at the laser irradiation portion. In this
6 an@yi rtheiareephotie BRI ¢OREBEESR Til m7bthés state, the
crystallized. For exanple, the anprphous silicon film
Workﬁl%ﬁ%nbeﬁst%oﬁe@ObﬁlEE?IFE%ﬁtF?Fﬁ? Fbﬁﬁgfl?ﬂeogegh?
shape of the Ifser Ii%P% 2 irraﬂiated ont o tQE ntire
beafof ¥k prlee "9V R Fof LA fed®t 8%t h8 PFnBal’of “"'° "t
ect angul ar bea and Lt i Lhle-to_efteciive
Sur%%??o?ﬁwﬁ%%na%%ﬁ 4 Fﬁgs%?éé ﬁ§§§£§% £ gmm%%kgﬁéce ¥

worg€¥é8§ alar %eaﬁﬁgepyi§9§8@59905hﬁoké§8ﬁ.|igﬂttgis way,

ndéensed 1 n a Irnear or rectangular beamin the

the SARELpR%LS HiheCbhancther eofim [8024] ciherhasered. For
anneal I ng apparatus 1 of the present 20i nvention

exafpldhernhé nghydescasgas1 suppl ¥iuni ts10hkhgtdstpphi es
an inert gas Gto at least a laser irradiation area

pol@filheomor kphece 7 and a gas tenperature controller
15 that controls the tenperature of the inert gas G
[ 0025]0023]

The beam shape of the laser light 2 irradiated
ontc the workpiece 7 is not limited to the linear or
rectangular beam, and it is possible tc effectively perform
an annealing treatment on the workpiece 7 having a large
area by scanning the laser light 2 condensed into a linear
or rectangular beam in the short-axis direction thereof.

[0024]

The laser annealing apparatus 1 of the present
invention further includes a gas supply unit 10 that
supplies an inert gas G to at least a laser irradiation
area of the workpiece 7 and a gas temperature controller 15
that controls the temperature cf the inert gas G.

[0025]

As the inert gas G supplied from the gas supply
unit 10, nitrogen, helium, neon, argon, krypton, xenon,

radon, ununoctium, and the like can be used. The inert gas
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25As the inert gas G supplied fromthe gas supply

unit 10, nitrogen, helium neon, argon, Kkrypton,

xenon, radon, ununoctium and the |ike can be used.

The inert gas Gis int[pqﬁgqg to the gas supply unit

10 through a gas pipe 14 froma gas tank or a gas

cylinder which is provided outside a roomR in which

the | aser annealing apparatus 1 is provided. For this
G iseasbnpdthedt enpehat gre ofipphg bnékt 18gakraipl a gas

generally different fromthe tenperature of the room
pipR 1f0bR6l a gas tankTRs gagaﬁeﬁggaaﬁaFeWEéﬁbréﬁ|@FOIsded

controls the tenperature of the inert gas G suggl%ed 1
outggdeha FaserR10Pr vhdrht FBR APEETsB A8 o HetPBaSE the

t er at differ bet t t t th
15 Phertighs FaRd:OhS SCASSBhOFNE FENBEFaLUrs Bf ' t1ert
t hat is.di d out si
sasiHert §AaTE LY ne bebarFouhit RecoptTEST “balh f Fhe
roo%a er light 2. The gas 15tenperature controller 15

preferably has a function of both heating and cooling
t he i@@bg6935 G [0027] Here, the space
that i's diSposed outside the inert gas Gso as to

surround yhe epkibeakhtpathcohttbe leaser lkoghtrc2@2 ths
generally the roomR (for exanple, a cleanroom in
tempbighutbecFaspe anseal bag appapafisdltbstpeotided,
and the tenperature thereof is the inside tenperature
irreflitheéonoaneR sThest enperatarecoththéempempRULS
detected by a tenperature sensor 17 provided in the
diffoornie D6[9628] the temperathset eApEr&t GPerfepdst 8dand
by the tenperature sensor 17 is converted.intQ a
thet ehperabareCskgRRR @R8I er QhsAi FPege that is disposed

outside the supply area of the inert gas G so as to
surround the optical path of the laser light 2. The gas
temperature controller 15 preferably has a function of both
heating and cooling the inert gas G.

[0027]

Here, the space that is disposed outside the inert
gas G so as to surround the optical path of the laser light
2 is generally the room R (for example, a cleanrocm) in
which the laser annealing apparatus 1 is provided, and the
temperature thereof is the inside temperature of the room
R. The temperature of the room R is detected by a
temperature sensor 17 provided in the room R.

[oozs]

The temperature detected by the temperature sensor

17 is converted into a temperature signal and transmitted
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- 12 - to a control unit 16. The control unit 16
controls the gas tenperature controller 15 so that
the tenperature of the inert gas G approaches the
tenperature of the roomR__[0029] 5According to the
above-descri bed configufaﬂi n of the present
invention, the tenperature of the inert gas G
supplied to the laser irradiation area is controlled
to bycthergasuhenpéfat uFeeconhtoblennis $6 asntools the gas
approach the atnospheric tenperature of the space
tempepauRy thatrpslendi Spesethatt shdetehacsappry af el
~of the inert gas G so as to surround the optical path
inept ¢he FaseprPpghes2thpopgoperature of ERe ExgfpRe,
when the tenperature of the roomR is relatively |ow
by anl8P¢%¢ondi ti oner, and the tenperature 150f the

' t . i f Kk ' .

R R e A

1S _COO . L .
el B ES0F Bl oo heTpSReL e AL g gos

SupéEgQ¥F%5Stﬁglﬁgg¥gl%ﬁPESBaQXOEnaééé ¢ondihtioneledapgd the

enperature o e 20inert gas G supplied froma
gas?@émﬁ@@gtﬁfgvbgﬁgréilérdﬂgf§6eﬁé pbagppksatel ahkvel y

ow, the inert gas Gis heated by the gas tenperature
atm69Phedl betembO03thire of the space (room R) that is
disposed outside the supply area of the inert gas G so as
to surround the optical path of the laser light 2.

[0030]

For example, when the temperature of the room R is
relatively low by an air conditioner, and the temperature
of the inert gas G supplied from a gas tank provided at a
different place is relatively high, the inert gas G 1is
cooled by the gas temperature contrcller. Moreover, for
example, when the temperature of the room R is relatively
high by an air conditioner, and the temperature of the
inert gas G supplied from a gas tank provided at a
different place is relatively low, the inert gas G Iis
heated by the gas temperature controller.

[0031]

In this way, since the temperature difference
between the room R and the inert gas G is decreased, a
refraction phenomencn of the laser light 2 is decreased,

whereby irradiation unevenness is reduced. The temperature
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In this way, since the tenperature difference

25between the roomR and the inert gas Gis

decreased, a refraction phenonenon of the | aser |ight

2 is decreased, whereby irradiation unevenness is

reduced. The tenperature -3 I3 - difference between

the roomR and the inert gas Gis preferably as | ow

as possible and is nost preferably zero. Therefore,
difEéréscpreterabhethe eonmr Rl ahbethenperatupgesof the

inert gas Gso as to be the sane as the tenperature
predérabhe soohvR Wit hothébjasatdnperavatepcoherabler zero.

15. [0032] The gas supply unit 10 nmay enpl oy
Theyafpoas forhs msefengbas o ﬁ@@tﬁoﬂuﬁb€|6ﬁmﬁﬁrature of

supplying the inert gas Gto at |east the |ase
thel¥$%ﬁ?a@@%nGa$@aa§ftPhEeMEFRp?é@§ 73 EBFEFEWHEFFEPIG of

several configuration exa ly unit
thelgag T Be beler Ben. taNACERb pReSBHE =P AgBht Eor i o

not Hbégg to these configuration exanples. [0033]

Fig. i diagran1i||ustrating a gas supply unit

1510A3%000f Qgpgﬁgpuk'%SﬁoC%gk %H@@B ogexamRl ekl as

“t he ga 'y unit 1 es a purge box

lon 1anl@hth 5h§uhe%§BnSHEf@Eﬁpﬂ?lhaetﬁbggﬁgrtsgas G to
i sposed so as to face the surface of the workpiece 7

at ?@QstntM@|§Qséhelk9§ﬂia9@§ncékéalBEVQH@Cﬁdrkﬁhécﬁuﬂge
box 11 includes a transm ssion 20w ndow 12 (for

Her&Xaapter, asghrass1wepdowyutrhat ohr aranplisst hé kasepas
light 2 so as to be introduced therein and an openi ng
suppByt bat tpassesltihbei desodiubed, | asdr thieghtegent invention
t her et hrough and bl ows the inside inert gas G towards

is tbhe M@mkpééceo7thpe@34pnfiguration examples.

[G033]

Fig. 2 is a diagram illustrating a gas supply unit
10A according to a first configuration example. In Fig. Z,
the gas supply unit 10A includes a purge box 11 of which
the lower surface in the figure is disposed so as to face
the surface of the workpiece 7 and in which the inert gas G
is introduced. The purge box 11 includes a transmission
window 12 {(for example, a glass window} that transmits the
laser light 2 so as to be introduced therein and an opening
13 that passes the introduced laser light 2 therethrough
and blows the inside inert gas G towards the workpiece 7.

[0034]

With this configuration, a purge area is formed Dby

the inert gas G between the lower surface of the purge box

11 and the workpiece 7. For this reason, the lower surface
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25Wth this configuration, a purge area is formed by
the inert gas G between the | ower surface of the
purge box 11 and the workpiece 7. For this reason,
the I ower surface - 14 - of the purge box 11 is

preferably a flat surface that is parallel to the
surface of the workpiece 7, and the distance between
the | ower surface of the purge box 11 and the .
of woekpiege Bokslpreébepablfyrsbufifii i Enebyssmakkbe(£6RL 15
Sexanple, within 5 m) within a range where they do
parabietohe Ehtosvoheaet of[ 0bgsyorkpiece 7, TRBAghs®

~ tenperature controller 15 controls the tenper tur? of 4
disthecenertvgas Bhat &7EEsPHEEACFoLAt efS1BFaPEREPX 11 an

upstream than the purge box 11. .In Fig. 2 e ,purge
thebUQIE91?§QC6nﬁ§cP§8fF%aQ §a§uéﬁﬁ§lfﬂt23rswﬁ§?o %gfng

t he iner as_Ginto.the _pur X a h
exapiserat breh oo irll fap i e e 2EaBE" it ol NB0As) come
. _.the S pipe 14. 15[0036] As the gas tenperature
lntgoﬁ?ggFFefp15, for gxanp%e, heat gunpingp

heatimgnggqling equi pnent and el ectronic
heat i ng-cool i ng equi pnent using a Peltier device can

be usede gﬁ%ntb cGa% trenpRematrile «gontr ebnercds ithe
configured 20as heating equi pnent only, it nmay be

temﬁ@ﬂétguéedfbyh@ ihbken gheatentandpasheathngotartedce.

n this regard, the sanme statenents can be applied to
furthersependcamdthhinr d heopfirger &bixod lexawpl §8g5. 2, the
purge box 11 is connected to a gas pipe 14 for introducing
the inert gas G into the purge box 11, and the gas
temperature controller 15 is provided in the way of the gas
pipe 14.

[0036]

As the gas temperature controller 15, for examples,
heat pumping heating-cooling equipment and electronic
heating-cooling equipment using a Peltier device can be
used. When the gas temperature controller 15 is configured
as heating eguipment only, it may be configured by a ribbon
heater and a heating furnace. In this regard, the same
statements can be applied to the second and third
configuration examples.

[0037]

In the first configuration example, since the

purge box 11 is dispocsed on the optical path of the laser

light 2, although the laser light 2 passes through the
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[0037] 25In the first configuration exanple, since
the purge box 11 is disposed on the optical path of
the laser light 2, although the laser |ight 2 passes
through the - 15 - inert s Gin the purge box 11
during the annealing treatment, the tenperature of
the inert gas Gis controlled so as to approach the
atmospheric tenperature (tenperature of the roomR)
ineoutgadeGt e puegeubox Bexbet oderihg th@r@nsgaélﬁﬁls
introduced into the purge box 11. Therefore, th
treginért entlec betMeeR2t hEC ap AoEPRet TR E eAPRI At UP eC%IfltF%led
space surrounding the optical path of the |aser P
SO 25 ah PR PeFPek ?u%maﬁpbﬁél?nwff@aég%f?néFa%P?ﬁ% ure

box_11 and. in t d
ot P Pt o phenohiRon of L10TReCP aob ?e”gﬁfgsthg”%ﬁgrt

b 1 d d
o PHLEE POl FQUERLETe R pUpBEeR 1100 Bhig e, o
difg%%?fg t#@éﬁ %95 QQ&?EHhQQlEOtémégggﬂgre of the space

uration exanp e gas supply

Suf%ﬁ%ﬁ@%ﬂ%oﬁmén@ﬁgg§§lapgéﬁabke£héaﬁéﬁgrb@ﬂMh&820§nd the

| oner surface in the figure is disposed so

tem@Srd Outacer thge suntacegat thenwoukpteeepirye pakaklehnd
and a purge unit 22 that sprays the inert gas G

in tedesdsgd herswripteeesdssoahtiab théraneibngase®msnon of
suppl i ed between the parallel facing 20body 18 and

thet hessurfaget o2 {hether kpregeebdx ﬂ@ogg]decreased Whareby
this configuration, a purge area is forned by the

irrpdeatigasuGherneen therfowetdsurface of the paralle
facing bod¥ 18 and the workpiece 7. For this reason,
the 26P8Wer surface of the parallel facing body 18 is

Preferallys chows a gas supply unit 10B according to a

second configuration example. In Fig. 3, the gas supply
unit 10B includes a parallel facing body 18 of which the
lower surface in the figure is disposed so as to face the
surface of the workpiece 7 in parallel and a purge unit 22
that sprays the inert gas G towards the workpiece 7 so that
the inert gas G is supplied between the parallel facing
body 18 and the surface of the workpiece 7.

[0039]

With this configuration, a purge area is formed by
the inert gas G between the lower surface of the parallel
facing body 18 and the workpiece 7. For this reason, the
lower surface of the parallel facing body 18 is preferably
a flat surface that is parallel toc the surface of the

workpiece 7, and the distance between the lower surface of
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a flat surface that is parallel to the surface of the
wor kpi ece 7, and the di stance between the | ower
surface of - 16 - the parallel facing body 18 and
the workpiece 7 is prefer Q!x_sufficiently smal | (for
exanple, within 5 nm within a range where they do
not cone into contact. Moireover, in the configuration
exanple of Fig. 3, the 5parallel facing body 18
thei petatiesl aftacangnbsdiyoh8whndoW20WPESP LeRENDPI &5 a
gl ass wi ndow) which is formed on a bottom portion 19
prethatblor astheironey surtacéfPacErg Phe  wirkpiBee 7V
~so as to transmt the laser |light 2, 0040h 10The
withifge GARTS2YNRES ADGYI HOSPPGCEGRE FRSGhFERTERS i nert
gas Gis introduced and_has a_di scharge eni,ng
MOfﬁﬁV%ﬁ'ié“fBPﬁeaoaﬁlgﬁﬁaﬁﬁPPoﬁ?ﬁgpgﬁoﬁgtﬁggéoP’sgggs
to. bl ow t he inert S. r.d - kpi:ece
oart R bohfrOUPar o RatBr e ot Frg 3t he bor s Bart
22 i unt - |.ge i par al bektom
(fofy xgmgggn A ggaggoﬁgﬁdgkg wReEh ?@ efrhbe a

%lng oty "1 n the configuration

por@%@ﬁph? ool Gordes the gasclesperatur €aeonyr ehker 15
controls tﬁe tenperature of the inert gas G at a

worR@sktEOn Lacatedof urbheniupsheeaasthanityhe 20purge
unit 22. The purge unit 22 is connected to a gas pipe
14 fornoicapnoducing the inert gas Ginto the purge
unit 22, and the gas tenperature controller 15 is
provi dee pnrgke wdy G the gayopidpetracture in which
Alternatively, instead of this configuration, the gas
thet enpetataseGeont Eoltrecurgy BE2EpE0d GédCRsidGe SPRENY

purge unit 22 so as to heat or cool, the
23 which is formed on the bottom portion thereof so as to

blow the inert gas G towards the workpiece 7. 1In the
configuration example of Fig. 3, the purge unit 22 is
mounted con the side portion of the parallel facing body 18.

[0041]

In the configuration example of Fig. 3, the gas
temperature controller 15 controls the temperature of the
inert gas G at a position located further upstream than the
purge unit 22. The purge unit 22 is connected to a gas
pipe 14 for introducing the inert gas G into the purge unit
22, and the gas temperature controller 15 is provided in
the way of the gas pipe 14. Alternatively, instead of this
configuration, the gas temperature controller may be
provided inside the purge unit 22 so as to heat or cocol the
inert gas G inside the purge unit 22.

[0042]
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inert gas Ginside the purge unit 22. [0042] - 17 -
In the second configuration exanple, although the
inert gas Gis sprayed fromthe purge unit 22 towards
t he wor kpi ece 7 during th%pnpealing treatnent, and
the laser |light 2 passes t'hrough the inert gas G the
tenperature of 5the inert gas Gis controlled so as
to approach the atnospheric tenperature of the space
(a room Rheostsidd thefpgngetdnint cXarefer é L-heupghekfie
gas Gis sprayed towards the workpiece 7. Therefare
inerhegd#f Fet BnBRTBEENRERORNEN At RBSPRePRE Lt BRPEPURGFE bR

t he space surroundi ng the_10opti cal Eath of th I?ser
workpgpec 2’ afldir the tRRperatarensf “FRE“'RBFt §as Eﬁﬁn £R8"

. d d f [ h f
1ioPhed BERR O] GRECRI n P Ro BaBhI §°ar 6 bPCt RS PRERE Gas°"
G i g : L :
the rifsbas - Sarontal CrEEo LbET B AL Ry
atm?@b%@%?g:@gﬁﬁégéegréoo§ EhérgpgeefngE@BmOQ)eéaﬁeh@e the
nFg. 4, the g

as supply unit 100 includes a

pur@éoﬁﬁf§i@9 gchagber +2a ﬂhé%ﬁmﬁégoﬂnﬁgabﬁ§a95@ towards the
wor kpi ece 7 therein and in ich the inert 20gas Gis

workpteedueed. THbecproegsshagdehanbencabhesweenneated to
an exhaust unit (not shown) for exhausting inside

atm@@shef 0044imbarbherpr ofessengprehanberr2ndanpgovhbl e
stage 9 is 25provided therein, and a transm ssion

opttadopalB ¢forhexaapkbe, laghFadsanintbw) temprprevidedot
on the top portion thereof so as to transmt the

the| asert| gght G2iphehet ApsUgharea decreases, and a

refraction phenocmenon of the laser light 2 in the supply
area of the inert gas G is decreased, whereby irradiation
unevenness 1is reduced.

[0043]

Fig. 4 shows a gas supply unit 10C according to a
third configuration example. In Fig. 4, the gas supply
unit 10C includes a processing chamber 25 which
accommodates the workpiece 7 therein and in which the inert
gas G is introduced. The processing chamber 25 is
connected to an exhaust unit (not shown) for exhausting
inside gas.

[0044]

In the processing chamber 25, a movable stage 9 1is
provided therein, and a transmission window 26 (for
example, a glass window) is provided on the top portion

thereof so as to transmit the laser light 2 therethrough.
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- 18 - Thus, the laser light 2 can be introduced into
t he processing chanber 25 through the transm ssion
wi ndow 26 and irradiated onto the workpiece 7. [0045]
5The gas tenperature contrgller 15 controls the
tenperature of the inert ‘G at a position |ocated
further upstreamthan the processi ng chanber 25. The
processi ng chanber 25 is connected to a gas pipe 14
Thufpr that tedaci hgghhe2i nent bgasnGridtoetthénprotéssi ng
chanber 25, 10and the gas tenperature controller 15
progespinyi dednbart BB WayooEnt ABSgAEaRFRESI40N] BOREPY 26
In the third configuration exanple, by exhausting air
andihgrﬁélﬁh@dp@@E@sEgﬁgW@ﬁéﬁ%@Fez -and introducing the
15inert gas G into the processing chanber 25, the

i nsi déY 8 “t he processing chanber 25 is filled with
the i G.__Al t hough durl e.an | i
{r eat NER STEnsSTEEar T anE b SRedel hr Sooh ieRE hert

temge aghk S&Qetbg ﬁQEQEeééén E?Hb558g§1okh§ocated

npera ure o I's 20controlled so as

p heypatmosphethbe<587REN ahURB0f 2the space
fur%96§ g nggﬁﬁtgu de the gr00255|ng chanbgr 25 before

pro&8§sm§f LheAsc© bs kAt reddHeedchinte thgapr pegssingfor
chanmber 25. Therefore, the difference between the

int abaBSPher tEet eAperayusecofintbetapapeosussoundchgmbhe 25,
250ptical path of the laser light 2 and the

andt enpegatutempértherenepttgadl6ri A5t he purgeédardean the
decreases, and a refracti on phenonenon of the | aser

wayl pghth2 gasthepe 14.

[C046]

In the third configuration example, by exhausting
air inside the processing chamber 25 and introducing the
inert gas G into the processing chamber 25, the inside of
the processing chamber 25 is filled with the inert gas G.
Although during the annealing treatment, the laser light 2
passes through the inert gas G inside the processing
chamber 25, the temperature of the inert gas G isg
controlled so as to approach the atmospheric temperature of
the space (a room R) outside the processing chamber 25
before the inert gas G is introduced into the processing
chamber 25%. Therefore, the difference between the
atmospheric temperature of the space surrounding the
optical path of the laser light 2 and the temperature of

the inert gas G in the purge area decreases, and a

refraction phenomenon of the laser light 2 in the
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- 19 - processing chanber 25 is decreased, whereby
irradi ati on unevenness i s reduced. [0047] Wile
preferred enbodi nents of the present 5invention have
been descri bed and shown ve, the disclosed
enbodi nents have been provided for the purpose of
illustration but the present invention is not limted
to the disclosed enbodi nents. The scope of the
pro¢aveht§ ophigbdef Phedsadeseeatott hwhArehs appeddagion
clainms and is intended 10t o enconpass al
unewedne s eat § oasduehdnges and al terations which fal
within the appended cl ai ms or the equivalents
theredéf9471 20 - cLAIMB 1. A laser

. t th rf I
e aﬁ@&%&ﬁ%& ehoRSRLaT g3 BT e e
lnve {89'ﬁgvgg @gggggﬁgs ﬁﬁghsﬁo&ﬁssgobgghkhe

aract eri ze € apparatus conprises a gas

dis?f@@éa Qﬂﬁ&diﬁéﬁt%uﬂQbéeEe@H pg@eadgasfbg abel pashode of

aser irradiation area of the workpiece, and a gas
111 L PPt b Mr g eont. LokbkeEshhat neentiehsikhgor limited to

10t enperature of the inert gas, and
the disclosed embodiments. The scope of the invention 1s
defined as set forth in the appended claims and i1s intended
to encompass all modifications, changes and alterations

which fall within the appended claims or the equivalents

thereof.
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the gas tenperature controller controls the
tenperature of the inert gas supplied to the | aser
irradiation area so as to decrease the tenperature

di fference between the te rature of the inert gas
and the 15atnospheric tenperature of a space that is
di sposed outside the supply area of the inert gas so
as to surround an optical path of the l|aser |ight.

2. The laser anneal i ng dggarM4t us according to 20cl ai m
1, wherein the gas supply unit includes a
purge box which is disposed so as to face the surface
of the morkglece and in . which the |nerb as is
introaucea' ﬁﬁ@Fe?ﬁnﬁﬁélBGrSBPBSQt“ﬁcF Ggspﬁr OrLms an

d t t t t the |
anngf PR SRL oM 2P b ol b bR P e R SRk OSRE 328 by

lrrgggé%fggssgﬁgﬁsrkp%589U&ggh'QS?gsgkghﬁ k@ersgggggggrized

nert gas-tohar

in YWOLKPLERECpBRHAtus conprBELei N the gas tenperature
controller controls the tenperature of the inert gas

at a 90§hglQﬁpbmgahﬁgtf@hbhe&uppgﬁégaahtma@rthgaQUtgeat
box. . The | aser anneal i ng appar at us
1ea@EC@rﬂa®@rtDrﬁbanﬂtion area of wherebnkphecgasasdpply
unit includes a parallel facing body that is di sposed
so asatgafatempheasurtacenvfclOthetwetkppeteoils the
paral l el and a purge unit that sprays the inert gas
tempowarese t he Woekphete gasthandthe inert gas is
supplied between the parallel facing body and the
surfaééeogaﬁhéemﬁﬁkﬁFéée CaRdrhéréi ROPRECGEsThe

qurature controll er controlf
tempe ture of the inert gas supplied to the laser

irradiation area so as to decrease the temperature
difference between the temperature of the inert gas and the
atmospheric temperature of a space that is disposed outside
the supply area of the inert gas so as to surround an

optical path of the laser light.

2. The laser annealing apparatus according to
claim 1,

wherein the gas supply unit includes a purge box
which 1s disposed so as to face the surface of the
workpiece and in which the inert gas is introduced,

wherein the purge box includes a transmission
window that transmits the laser light sc as to be
introduced therein and an opening that passes the

intreduced laser light therethrough and blows the inside
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15the tenperature of the inert gas at a position that
is located within the purge unit or |ocated further
upstream than the purge unit. 4. The
| aser anneal i ng apparatus .according to 20cl aim 1,
wherein the gas supply dhfﬁ‘includes a processing
chanber whi ch accommbdates the wor kpi ece and in which
the inert gas is introduced, and wherein
inetheggastteapdrsatbeewoorpiolbker agdntrol s 25t he

tenperature of the inert gas at a position located

f urt heheupstr ehm Chan LERESPRGEESs CRG LeRantser controls

the temperature of the inert gas at a position located

further upstream than the purge box.

3. The laser annealing apparatus according to
claim 1,

wherein the gas supply unit includes a parallel
facing body that is disposed so as to face the surface of
the workpiece in parallel and a purge unit that sprays the
inert gas towards the workpiece so that the inert gas is
supplied between the parallel facing body and the surface
of the workpiece, and

wherein the gas temperature controller controls
the temperature of the inert gas at a position that is
located within the purge unit or located further upstream

than the purge unit.

4. The laser annealing apparatus according to
claim 1,

wherein the gas supply unit includes a processing
chamber which accommodates the workpiece and in which the

inert gas is introduced, and

wherein the gas temperature controller controls
the temperature of the inert gas at a position located

further upstream than the processing chamber.



