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-1 - DESCRIPTION LASER ANNEALING APPARATUS 5BACKGROUND
OF THE INVENTION Technical Field of the Invention [0001] The present
invention relates to a laser annealing apparatus for performing an
annealing treatment on a 10workpiece to be processed by irradiating the
workpiece with laser light. Description of the Related Art [0002] In
recent years, a thin film transistor (TFT) in which a polysilicon film is used
for a channel layer has been widely useg,ag.a switching element of a
semiconductor device and a I|qU|d crystal display. The polysilicon film
used for the channel layer of the thin film transistor is generally
manufactured using a process called a low- 20temperature polysilicon.
The low-temperature-pél¥silicon’is’ - proce’ss bt farhting an amorphous
silicon film on a glass substrate and irradiating the amorphous silicon film
with a laser light to produce a polysilicon film.

BACKGROUND OF THE INVENTION

Technilical Field of the Invention

0001

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

Description of the Related Art

In recent vyears, a thin film transistor (TET) in
which a polysilicon film is used for a channel layer has
been widely used as a switching element of a semiconductcor
device and a liguid crystal display. The polysilicon £ilm
used for the channel layer of the thin film transistor is
generally manufactured using a process called a low-
temperature polysiliceon. The low-temperature polysilicon
ig a process of forming an amorphous silicon f£ilm 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 polysilticon, the
amcrrhous silicon film is heated, melted, and

recrystallized to produce a polysilicon film using a laser
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[0003] 25In such a low-temperature polysilicon, the amorphous silicon film
is heated, melted, and recrystallized to produce a polysilicon film using a
laser - 2 - annealing apparatus. However, the low-temperature polysilicon
has a problem in that if oxygen is included in the annealing atmosphere,
the silicon is oxidized during heating to have an adverse effect on the
device characteristics. For this reason, an operation of preventing
oxidation of silicon.using an iner S as.nitro IS perf d.
AT Y Paieht Dotmment 1S b o e a oo Lbaubaate is

soplaced is-provided in apracessing.chamber sp astp-supplsnitrogengas n
into the processing chamber, thus preventing oxidation of silicon during an

Lhannedlingtieatmentd aPaent DocUment 2 mittogen isdischatged frori d
15a tip end of a swing nozzle that SW@§5+UP and down so as to create a

oa up er / N
negitrbgen atmasphiera brily i the icinity o i

norcne L2 M2 Ce .
ofacfaser |rra81|at|on portion, thus

nBreventing oxidation of silicon, during anannealing treatment, In,Patent
Document 3, in a state in which a 20cylindrical cell of which the top portion

priswseatad by glaiss=anid-thedottoim. portionuis opgn4s: dispesed ata positionz =
sufficiently close to a substrate, nitrogen gas is filled into the cell, thus
nipreventt.ng oxidationdtsilicon during annealing.

[0004]

In Patent Dcocument 1, a stage on which a glass
substrate is placed is provided in a processing chamber so
as to supply nitrcogen gas into the processing chamber, thus
preventing oxidaticn 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 nitregen atmosphere conly in the vicinity of a
laser irradiation portion, thus preventing oxidatlon of
silicon during an annezling treatment.

Iin Patent Document 3, in a state in which a

L

cylindrical cell of which the top portion is sealed by
glass and the bottom porticn is 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.

[0005]

[Patent Document 1] Japanese Patent No. 3735394

[Patent Document 2] Japanese Patent No. 3081904
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25[0005] [Patent Document 1] Japanese Patent No. 3735394 [Patent
Document 2] Japanese Patent No. 3091904 -3 [Patent Document
3] Japanese Unexamined Patent Application Publication No. 2004-87962
[0006] When the laser annealing using the supply of 5nitrogen as
described above is performed, due toa difference in the flow rate of the
nitrogen gas and variation in the ambient air temperature resulting from
the change of seasons or the like, a problem that the process becomes

unstable 66U 5udiy 88158 becurrente 8 fiifratiatidA UesenhasEn t
apHi& present inventors. haye cairied qutintensiye;investigations into the

cause of the occurrence of such irradiation unevenness and found that a
refraction| pliergmenon of laser light resulting from fluctuation
15(variation) in the temperature of the nitrogen gas was the cause. In
Japanesé Uriexaffined Paterit Applicatich PEbicatioreEN6 “HE11 78730, it

niisrdescgjlbed indregard to a Ia%er interfer%nce eggthdmeasurin%machine
that Variation inThe refractive indices of ir has an influice on the

5 140rrecision qf-an gptical sgnsor, whigh suppartsithejdeaof s ang
variation in the ambient air temperature resulting from the
change of seasons or the like, & problem that the process
bhecomes unstable occurs, such as the cccurrence of
irradiatiocon unevenness.

The present inventors have carried out intensive
investigations into the cause of the occurrence of such
irradiation unevenness and found that a refraction
phenomencon of laser light resulting from fluctuation
(variation) in the temperature of tThe nitrogen gas was the
cause. In Japaness Unexamined Patent Application
Publication No. HI1-17673C, 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 INVENTION

[oce7)
The present inventicn has been made in
consideration of the above-mentioned problems, and an

obiect of the present invention 1s to provide a laser



the present inventors. SUMMARY OF THE INVENTION [0007] 25The
present invention has been made in consideration of the above-mentioned
problems, and an object of the present invention is to provide a laser 4
annealing apparatus capable of reducing irradiation unevenness of laser
light caused by a refraction phenomenon of laser light due to fluctuation
(variation) in the temperature of inert gas. {0008] To achieve the
above object, the laser annealing apparatus of the present invention apply
the following means. (1) According to one aspect of the present

anivention, there is provided,a laser annealing apparatusthat.perfornsans o«

annealing treatment on a workpiece to be processed by irradiating the
1 a svarkpiege:witha taserlightreharacterizedhin thattheapparatus includes a
gas supply unit that supplies an inert gas to at least a laser irradiation area

of oftk& Workpieceldnd-a das tempeiatire Contrdler that'Contréls the

. _temperature og the inertcgas, and the gas temperature controller controls
(=) gracture o eyt  gas. - . .
the temperature of the inert gas supplied to the laser irradiation area so as
to decrease theyterperature difference between the temperature of the
inert gas and the atmospheric temperature of a space that is disposed
outside the slipplcarezof the irert gas$o asto suwodadsn aptieal path

of the laser light. [0009] AQCOFdln%éO the copfiguration of one_
APRHBOdImEnt of the presenlt inVeittion, theté 0] QMEnG, Teans .

erature of the ineft §as
supplied to thelasgr.irradiation.areq,is canuplied by the gasIemperaiuig i on,

controller so as to approach the atmospheric temperature of a space
th{reony thabisidisposetheutside the supplyareaafus that performs an
annealing treatment on a workpilece 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 irradiatlion area of the workpiece, and a gas
temperature controller that controls the temperature of the inert
gas, and the gas temperature contreoller contreols 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.

[G009]

According to the configuratiocn of cone embodiment of
the present inventicn, the temperature of the inert gas supplled
to the laser irradiation area 1is controlled by the gas
remperature controller so as to approach the atmespheric

temperature of a space {(room) that is disposed outside the

supply area of



5 the inert gas so as to surround the optical path of the laser light. With
this configuration, since the temperature difference between the room and
the inert gas decreases, the refraction phenomenon of the laser light is
decreased, whereby irradiation unevenness is reduced. The temperature
difference between the room and the inert gas is preferably as low as
possible and is most preferably zere. [p010] (2) The gas supply
unit includes a purge box which is disposed so as to face the surface of
the workpiece and in which the inert gas is introduced, the purge box
rriBcludes ajransipission windewsthat transmiis the lagerlightrsa as tode:r
introduced therein and an opening that passes the introduced laser light
Litherethreugh and blows fhensitednertgas fowarls te-workpieee, and
the gas temperature controller controls the temperature of the inert ga}%gt

dig postist Icﬁ:%ﬁga $trther upStBam than thé piirde Box. [O0TTF 5
rAccarding t9 the confighration of one.embediment of the present whereby

invention, since the purge box is disposed on the optical path of the laser
i rlight; attheughrthe-lases sight passes<hroughdhe dénert gasatin the ptrgence

box during the annealing treatment, the temperature of the inert gas is
Pedoifralled So AP th APProach: theatniespherid tempérdtiive {enpératdre

of t e_,roomzioutside the purge box before the inert gas is -6 introduced
DOSZInie arll S I T rerera ZerG. .
“into the purgejbox. Fherefore, a re faction phenomenon of the laser light

in the purge baoxis decreased, whereby irradiation unevenness is

reduced. [0012] (3) The gas supply unit includes a parallel facing
body that is disposétisaas tefaece thersurface ot e workpieste v pardliet”
and a purge unit that sprays the inert gas towards_}lhe Worﬁgiece SO t?ft'

Ll vt s 7€ stipplied Hetheehthd parkiiel facing body and the strface”
«n300f the workpiece,, and the.gas temperature controlier.gontrols the.s
temperature of the inert gas at a position that is located within the purge
+ ranitof iecatedfurther upsireamdhanithe purgelyrsitr 1ight so as to be
introduced therein and an oﬁéning that passes the introduced
laser light therethrough and blows the inside inert gas towards
the workpiece, and the gas temperature contrcller controls the
temperature of the inert gas at a position located further
upstream than the purge box.

[0011]

BAccording to the configuration of one embodiment
of the present invention, Siﬁce the purge box 1s disposed on the
optical 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 Lo approachitbe atmospheric Temperature

(temperature of the room) outside the purge box before the

inert gas 1s
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[0013] According to 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 20the”sp§cé outside the purge unit before the
inert gas is sprayed towards the workpiece. Therefore, a refraction
phenomenon of the laser light in the supply area of the inert gas is
indecréased Wiereby iradiation: uREvenndssdis féddced. 25[G0T4Ct+on
4) The gas supply unit includes, a processing chamber which,
ph%ézé}&lﬁﬁw%?ia?eis tﬁé%drﬁﬁ%%eelaln%@% v%iﬁicﬁ?%e E7'iért 9as is introduced,
afnd the gas femperature controller, controls {he, temperature.of the inert

gas at a position located further upstream than the processing chamber.
[0015] Accarding to the configuration, although during the annealing
treatment, the laser light passes through the inert gas inside the

processifg chaffbe? 2the TERpeiatife-of thehef Gasis kdhfrotéd sd 35189
oo35PIopch the amosphierle temneraice putalde fie pipeessing champer

fore the inert gagis introduced into the processing chamber. Therefore,

wod Fefraction: phenamenan ofithe laserJight inithe:progessing ehambetds
decreased, whereby irradiation unevenness is reduced_ [0016]
inAccorging tocembddinients ebtherpresentinvehiion, titis possible s 15
reduce irradiation unevenness of laser light caused by a rffra&%:tion
h

SUBRen6imensh BF fsef lightdtieth fuctdation @angtionfinths t& mf)@f[afiﬁ e
orotinertgas, BRIEE DESGRIRTIQN OF THE DRAWINGS0017] ¢

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

[0013]

According to 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 cutside the purge unit before the inert gas 1s
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 1is
reduced,

(0014}

(4) The gas supply unit includes a processing

chamber which accommodates the workplece and in which the



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

Fig. 2 is a diagram illustrating a first configuxation example of a. gas
supply unit in the laser annealing apparatus according to the embodiment
of the 8 present invention. Fig. 3 is a diagram illustrating a second
configuration example of a. gas supply7unit in the laser annealing
apparatus according to the embodiment of the S5present invention. Fig. 4 is
a diagram illustrating a. third configuration example of a gas supply unit in

14be.Jager annealing apparatus,acconding 1o the embodiment of the, present
invention. 10 DESCRIPTION OF THE PREFERRED EMBODIMENT

cd0018} s the Reefprredrembodiments of.the presentinyentionwiirbe
described below in detail with reference to the 15accompanying drawings.

Lorré sanie Féfetenge HuriieRals e dilenteConmors poftiéhs in each of

the draw.ings [% &vgﬂd redundant descriptions [0019]

According to the configuratlion, although during
the annealing treatment, the laser light passes through the inert
gas inside the processing chamber, the Lemperature of the inert
gas is controlled so as to apprecach the atmospheric temperature
cutside the processing chamber before the inert gas is
introduced into the processing chamber. Therefore, a refraction
phenomenon of the laser light in the processing chamber is
decreased, whereby irradiation unevenness is reduced.

[001¢]

According to embodiments of 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 anentire
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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Fig. 1 is a diagram illustrating an entire 20configuration 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 sodrce 3 that emits laser light 2, a beam
shaping optical system 4 that shapes the laser light 252 from the laser
light source 3 into a desired beam shape, a reflecting mirror 5 that reflects
»rihelaser light 2 towards a workpiece to be processed 7, a condensing
~ lens 6 -9 - that condenses the laser light 2 from the reflecting mirror 5
onto theisugfacé of the:watkpiecen7,iand: atmevable staged-that moves in
a direction (direction indicated by arrow A in the figure) crossing the laser
COlight R while CArYIRtBthE workpiegé 7. 0020} Y UD1As the faser hghte <
source 3, an excimer laser, a solid-state laser, or a semiconductor laser
L T Bl AL A les o g <oy Soath ey yAL e
prdQ¥LE, YVO4, and:the like can be used. The laser light 2 may be either
pulse oscillated or continuously oscillated. The beam shaping optical
system 4 ¢an bé configuretitorshape the dasertlight2 sotasitochave a
linear or rectangular beam in sectional view on the surface of the

“OWoHpiEES 77 8nd i tHis as¥, candficiude dbeam expander. §° +45°*
=nhompgepizer, and theike as ts,constituent elements 002 or the

present invention.

DESCRIPTION OF THE PREFERRED EMBODIMENT

[0018]

Preferred embodiments ¢of the present invention
will be described below in detall with reference to the
accompanying drawings. The same reference numerals zre
given to common portions in each of the drawings to aveid
redundant description.

[D019]

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 incliudes, 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 bkeam shape,
a reflecting mirror 5 that reflects the laser 1ight Z

towards a workplece tTo be processed 7, a condensing lens ©
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The workpiece 7 includes a substrate 7a and an 20 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] 25With 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

th L';[Ee%o 730 01 Lectang ylar Q?amj%m%bﬁ%ﬁh@fq@g@rm§ﬁ% mirror

shaping optical system 4 and the condensing by the condensing lens 6
5 anddrradiated.onta the workpiecesZrhpthis:state, the workpiece:7is stage
moved in the short-axis direction of the 5beam. by the movable stage 9 so
9 8816 skar overthederitite Siiface of ther&mbiptivus seniconductsr filmrFef’ ©
inthten\évorfkflece Zfat the laser |rta][Q|eat| n %ogtlciq. Ip tth'% way, Irée gmor?{hous

nre b, Cro=ssin T . . i | AW AT
semiconductor film 7bis crystallized. For exah"lqp?e,t e amorphous s icon

t nfilm, is-¢hanged to a 10polysilicon film, [0023] The beam shape of
the laser light 2 irradiated onto the workpiece 7 is not limited to the linear
or rectangulartdeam, and it is possible to effectively perform, 15an
annealing treatment on the workpiece 7 having a large area by scanning

the laser fg[‘ﬁfﬁe.co]rﬁ]%%e& 146 ‘a I7E4r OF rectaffular bedm’in the =7 2
5@?98“5?%%%”%%@Q£be%¥ﬁa semiconductor laser can be used,

for example. As examples cof the solid-state laser, YAG,
YLE, ¥YV0s, and the like can be used. The laser light Z may
be either pulse oscillated or continucusly csclliated.

The beam shaping optical system 4 can be
configured to shape the 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 include a beam
expander, a homogenizer, and the like as its constituent
elements.

[(Go21]

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 amcrphous 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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[0024] The laser annealing apparatus 1 of the present 20invention 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 of the inert gas G. [0025] 25As 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 G is introduced to the gas supply unijt 10 through a | ipe 14 :
or rec%an uf)a%l %earpngé/r %%]g %%gm Eli =] PI[J% g)gf 193‘?% R{%agﬁ %r ing

a gas tank or a gas cyli which is provided outside a room R in whic
opthe-lasesannealing apparatus leisprevided Forthisikeasenthesing lens
temperature of the inert 5gas G is generally different from the temperature
6 ofithelrooml R.1[6026] The gas temperaitreccontrollérl1s tontrelsahe , the
temperature of the inert gas G supplied to the laser 10irradiation area so

“©hé %o GeErehse Thd teffiperature diffSrénte betwden te fempetature of the
peDert9as Gand the atmospheric temperature of g space that is disposed,

outside the supply area of the inert gas G so as to surround the optical
supath-ef the laser light 2 pThe gasd4emperature-cantriollen 16 prefesably has
a function of both heating and cooling the inert gas G.
workpisce 7 at the laser irradiation portion. In this way,
the amorphous semiconductor film Vb is crystallized. For
example, the amorphous silicon film 1s changed to a
polysilicon £ilm.
(00231
The beam shape of the laser light 2 irradiated
onto the workpiece 7 is not limlited to the linear or
rectangular beam, and it is possible to effectively pericrm
an annealing treatment on the workpiece 7 having a large
area by scanning the laser light 2 condensed intc a linear
or rectangular beam in the short-axis direction therecof.
(00247
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 irradliation

area of the workpiece 7 and a gas temperature controiler 15

that controls the temperature ¢f the inert gas G.

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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[0027] Here, the space that is disposed outside the inert gas G so
as to surround the optical path of the laser light 202 is generally the room
R (for example, a cleanroom) 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. 25[0028] The temperature

¢ detected by the.temperatiyre sensar 14 is conyertedinto.a lemperature s

signal and transmitted - 12 -to a control unit 16. The control unit 16
pigenttals thegas temperature controller $5sp thatthe temperature pfithei cded
inert gas G approaches the temperature of the room R. [0029]
oupRESIding forthié dbove-déseribed tonfigiation of thie- preserbinvention:
. .the temperature of the inert gas G supplied tq the laser irradiation area is . .
15 O by th Gas {Emperatiie SOmubIer 16 5 o 16 boproach e, <"
ga tmospherictemperaturg ef-the-space(reom:R) thatdsdOgdispesed outside

the supply area of the inert gas G so as to surround the optical path of the
rotasek light 2. [0030]

[oGzZe]

The gas temperature controller 15 controls the
temperature of the inert gas G supplied to the laser
irradiaticon area so as to decrease the temperature
difference bhatween the femperature of the inert gas G and
the atmospheric temperature of a space that 1s disposed
cutside the supply area of the inert gas G so as to
surround the optical path of the laser light Z. 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

sas G 30 as to surround the optical path of the laser light

')

2 is generally the room R (for example, a cleanrccom) In
which the laser annesaling apparatus 1 is provided, and the
temperature thereof 1s 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.

[0028]

The temperature detected by the temperature sensor

17 is converted into a temperature signal and transmitted
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For example, when the temperature of the room R is relatively low by an
air conditioner, and the temperature 150f the inert gas Gplied from a gas
tank provided at a different place is relatively high, the inert gas G is
cooled by the gas temperature contrpller. Moreover, for example, when
the temperature of the room R is relatively high by an air conditioner, and
the temperature of the 20inert gas G supplied from a gas tank provided at

+ o adifferent place is relatively lovy, the inert gas Giis heated by the gas ne gas
temperature controller. [0031] In this way, since the temperature

t edifferemce: 25between the roém R andihe inertgas Geis decreasedf athe
refraction phenomenon of the laser light 2 is decreased, whereby

inftddiation Gnévenhieds isreducad “THE Témperatural - 135 difféténce
between‘, £Joom R and the inert gas G is preferably as low as possible
and is most preferably zero. Therefore, it is preferable to control the

temperature of the inert-gas G so-as/to-be the-same asdthe temperature oft
the room R with the gas temperature controller 15. [0032] The gas

thsupply umittl Olmayemploy varieus forntsras-long astit has afurdtiordsfs ©
supplying the inert gas C to at least the laser irradiation area ofwthe .

SUiiorkpiecd 7. T0Fereiatter, Sevetardorfiguration examples of the"gas’™ ™"

atmospheric temperature of the space (rcom R) that 1s

to surround the cptical path of the laser light Z.

(00307

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 is
cooled by the gas temperature controller. Moreover, for
example, when the temperature cof 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 is

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 phenomenon of the laser light 2 1s decreased,

whereby irradiation unevenness 1is reduced. The temperature
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supply unit 10 will be described, and the present invention is not limited to
these configuration examples. [0033] Fig. 2 is a diagram
illustrating a gas supply unit 1510A accord.ing to a first configuration
example. the gas supply unit 10A inclydes 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
di%‘%&urd&?c% trgn%mission Owindow :Ifg ggrde@jrgplehg rgéass Winﬂogvg that

transmits the Fase(r%ﬁght $o as 1o be introduced therein a%(a:lsanbopenlng R

inert gas G towards the workpiece 7. [0034] 25With this configuration, a
Thpurgecarea is forntedby: therimeftcgascC between tHelowetsorface of theo £
purge box 11 and the workplace 7. For this reason, the lower surface - 14

N2 of the' purg box T isbreferabl§ a'fit siitfice hat'is pardiiebfo the ' e ©F
e n8urface; ofthewarkpiece 7, and the distance between,the lowee surface of

the purge box 11 and the workpiecCe 7 is preferably sufficiently small (for
5example) within 5 mm) within a range where they do not come

The gas supply unit 10 may emnploy various forms as
long as it has a function of supplying the inert gas G to
at least the laser irradiatiocon area of the workplece 7.
Hereinatfter, several configuration examples of the gas
supply unit 10 wiil be described, and the present invention
is not limited to these configuration examplies.

[0033]

Fig. 2 is a diagram illustrating a gas supply unit
108 according Lo a first configuration example. In Fig. 2,
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 pox 11 includes a transmission
window 127 {(for example, a glass window) that transmits the
laser light 2 so as to be introduced therein and an opening
i3 that passes the introduced laser light 2 therethrough
and blows the inside inert gas G Towards the workpiece 7.

[0034]

With this configuraticn, a purge area is formed by
the inert gas G ketween the lower surface of the purge box

11 and the workplece 7. For this reason, the lower surface
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into contact. [0035] The gas temperature controller 15 controls the
temperature of the inert gas G at a position located 10further upstream
than the purge box 11. In Fig. 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 example, heat pumping

o rheating;coaling equipment.and electronic heating-coaling equiprent.using

a Peltier device can be used. When the gas temperature controller 15 is
paeanfigured 20as heating equipstentionlydtrnay desconfiguretl by:a ribbon
heater and a heating furnace. In this regard, the same statements can be
d1 gpplicehtothe seesnd and thifd Eoffiguratibn ekamples> [0057] 251 the @nd

Rt R e L R L
exgﬁbié5'within 5 mm) within a range where they do not come
into contact.

(00351

The gas temperature controller 15 controls the
temperature of the ilnert gas G at a position located
further upstream than the purge box 11. In Fig. 2, the
purge box 11 1s 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 example,
heat pumping heating-cooling equipment and electronic
heating-cooling equipment using a Peltier device can be
used. When the gas temperature controller 15 1s configured
as heating equipment only, 1t may be configured by a ribopon
heater and a heating furnace. In this regard, the same
statements can be applied to the second and third
configuration examples.

[0637]

In the first configuration example, since the
ourge box 11 is disposed on the optical path of the laser

light 2, although the laser light 2 passes through the
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inert gas G in the purge box 11 during the annealing treatment, thb
temperature of the inert gas C is controlled so as to approach the
atmospheric temperature (temperature of the room R) outside the purge
box 11 before the inert 5gas G is introduced into the purge box 11.
Therefore, the difference between the atmospheric temperature of the
space surrounding the optical path of the laser light 2 and the temperature

in@fthejinert.gas C inside the,purge;box;11,and in, the purge arga : 14
decreases, and a refraction phenomenon of 10the laser light 2 in the

trparge=bax 11 lisdeereased,whereby irradiation unevennessiis reduced: 1 1 ed
[0038] Fig. 3 shows a gas supply unit 10B according to a second
50 cofigutafion example: 1 Fig-™3; e §as SuppREISURit 0B incfiides e ture

parallel facing body 18 of which the lower surface in the figure s disposed
ot ngéES tf)%gcr:negﬁ?e g&rfascegoef tﬁ%’%vd?ﬁﬁi%ge%%ﬁ parar}l)e a%gea 5uir%eluh€|t322

gz that spraysthednert gas G tewards the woskpiege Y150 thahthednertgasiGe
is supplied between the parallel facing 20body 18 and the surface of the

di{pMotkpiece 7P[0089¢ 1 thewithithisidonfigarationy a purge areafis formedace
by the inert gas G between the lower surface of the paralle| facing body 18

SUahdthe wotkpiete 75 Fofthis Feason®the 25lower Sarface’of the pardliel ™
red@cing bady, 18 4s preferably a flat sudace thatis parallel to the surface of,
the workpiece 7, and the distance between the lower surface of - 16 -
in the purge area decreases, and a refraction phenomencn of
the laser light 2 in the purge hox 11 is decreased, whereby
irradiation unevenness is reduced.
[C038]

Fig. 3 shows a gas suppliy unit 10B according to a

second configuration example. In Fig. 3, the gas supply

unit 10B includes a paraliel facing body 18 of which the

surface of the workpiece 7 in parallel and a purge unit 272
that sprays the inert gas G towards the workplece 7 so that
the inert gas G 1s 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 to the surface of the

workpiece 7, and the distance between the lower surface of
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the parallel facing body 18 and the workpiece 7 is preferably sufficiently
small (for example, within 5 mm) within a range where they do not come
into contact. Moreover, in the configuration example of Fig. 3, the 5parallel
facing body 18 includes a. transmissign window 20 (for example, a glass
window) which is formed on a bottom portion 19 that forms the lower
surface fai.ng the workpiece 7 so as to transmit the laser light 2. [0040]

20T he purge unit, 22 has,a woid siructie in which. the inert gas Giis
introduced and has a discharge opening 23 which is formed on the bottom
prpodionthereof s6 asitorbiow theinelt gas G tewards the workpiece=7.mn )
the configuration example of Fig. 3, the purge unit 22 is 15mounted on the
W iside pottici P the"patafiel Facing Body's. 0041 1 " ° [ithe?=* -

configurati.on exgmple of Fig. 3. the gas, temperature con oller 13
MOoxY b LI H Ti ITATLC 3 2. he
wgcgr?tro Sthe ¥err%peera?u% of the inert. gase “ata Sosn on To%ated further

paYRstream than the 20purge ainit-22. Thespurge tit22iis-copnecteddea 20
gas pipe 14 for ntroducing the inert gas G into the purge unit 22, and the

{ £gas temperaturecontrofier $3 isiprovidediinithe wayofithel gas pipeop4.tom
Alternatively, instead of this configuration, the gas temperature controller

PORfal Bl 25provided ifdide the pulgd’arit 25 Soasto teat oF codithe inert
WQQ%%§%@§m?tQSF&%Q%gnﬁggng%M@]the laser light 2.

(00401

The purge unit 22 has a void structure in which
the inert gas G is introduced and has a discharge opening
23 which is formed on the bottom porticn therecf so as to
blow the inert gas G towards the workpiece 7. In the
configuration example of Fig. 3, the purge unit 22 is
mounted on 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

s G into the purge unit

joH

pipe 14 for introducing the inert g
22, and the gas temperature controller 15 1s provided 1in
the way of the gas pipe 14. Alternatively, instead of this

configuration, the gas temperature controller may be

inert gas G inside the purge unit 22.

[0042)
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-17 - In the second configuration example, although the inert gas G
is sprayed from the purge unit 22 towards the workpiece 7 during the
annealing treatment, and the laser light 2 passes through the inert gas G,
the temperature of 5the inert gas G iscantrolled so as to approach the
atmospheric temperature of the space (a room R) outside the purge unit
22 before the inert gas G is sprayed towards the workpiece 7. Therefore,

the difference, petween the atmespherictemperature ottheSpace .on che

surrounding the 10optical path of the laser light 2 and the temperature of
inthe inest-gas G4n the pyrge areandecreasesy andarrefraction phenamenon

of the laser light 2 in the supply area of the inert gas G is decreased,
woyketebyEirradiation Uhevenness isretiiged FE5[0043]t - 2" Fig-"Pshows ™

. a gas_supply unit 100 according to. a third configuration example. In Fig. 4
e g SUpply Ut T0C Eludes a processing chamber 25 which” =~

rh@ccommodates the;workpjece 7 thereinandkinahigh the, inert 20gas G is
introduced. The processing chamber 25 is connected to an exhaust unit

a tifnatrshown) forsexhrausting inside gas. [6044¥in the processingctamber the
25, a movable stage 9 is 25provided therein, and a transmission window

PUDB o Exanmple 2 §RES wififow) R prodided on'the 1Bp poftion-therest so™ "¢
wo? éﬁgggsmﬁth?ﬁ§¥%ﬁg?égt@ﬁ@”H?%@@r@nce 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 Z in the supply
area of the inert gas G is decreased, whereby irradiation
unevenness is reduced,

(00431

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 1s introduced. The processing chamber 25 is
connected to an exhaust unit {(not shown) for exhausting
inside gas.

(00447

In the processing chamber 25, a movable stage 9 1s
provided therein, and a transmission window 26 (for
example, a glass window) 1is 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 the processing
chamber 25 through the transmission window 26 and irradiated onto the
workplace 7. [0045] 5The gas temperature controller 15 controls the
temperature of the inert gas G at a ppsition located further upstream than
the processing chamber 25. The processing chamber 25 is connected to a
gas pipe 14 for introducing the inert gas G into the processing chamber

22, 10and the.gas temperature gontroller 15 is provided in the way of the
gas pipe 14. [0046] In the third configuration example, by

or @xhausting ainsidertheproeessing chamber 25 and«streducing.the: 26
15inert gas G into the processing chamber 25, the inside of the

angrodessing ciambert2s istiled WithPtheSnert gas G. Although during the
annealin tﬁq_tguent, the laser light 2 passes through the inert gas G
inside the processing chamber 25, the temperature of the inert gas G is

20contrelled so.as ta-approach the atmespheric temperatyre-of theispace
(a room R) outside the processing chamber 25 before the inert gas G is

tenntroduceddntoithe iprodessing chiambera25 2T herefore,the difference
between the atmospheric temperature of the space surrounding the
further upstream than the processing chamber 25.° The
processing chamber 25 1s connected to a gas pipe 14 for
introducing the inert gas G into the processing chamber 25,
and the gas temperature controiler 15 is provided in the

=

way of the gas pipe 14.

[C046]

n 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 & 1s
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 inte 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

refracticn phenomenon of the laser light Z in the



&

25o0ptical 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 processing chamber 25 is decreased, whereby irradiation
unevenness is reduced. [0047] While preferred embodiments of the
present 5invention have been described and shown above, the disclosed
embodiments have been provided for the purpose of illustration but the

p rRresent invention js.notJimited todhe disclosed, embodiments..The, sqope
of the invention is defined as set forth in the appended claims and is

unintendedst0toencompass all modifications, changes and alterations which
fall within the appended claims or the equivalents thereof. - 20 - CLAIMS
A laser ahiriealidg apparatus that performs an annealing treatment on a
workpiecg {o be processed by Siradiating the workpiece with a faser light

invention have been described and shown above, the
disclesed embodiments have been provided for the purpose of
illustration but the present invention is not limited Lo
the disclosed embodiments. The scope of the invention is
to encompass all modifications, changes and alterations
which fall within the appended claims or the aquivalents

Thereof.
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in that the apparatus comprises 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 10temperature 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
15atmospheric temperature of a Sﬁig&e that is disposed outside the supply
area of the inert gas so as to surre A optical path of the laser light. 2.
The laser annealing apparatus according to 20claim 1, wherein the
gas supply unit includes a purge box which is disposed so as to face the
surface af the avarkpieee amnd-in Whieh the inest-gas isriatroguced; wherein
the purge box includes a transmission 25 window that transmits the laser
anfighitlsoras torlie intfoduced therein &kd @nfopehimg that passés the>y
ir'g%"v aﬂgg%ﬁ%&g@ggﬁ}‘&u%ﬁd blows the inside, - 2171061t 083 ,.q

in that the apparatus comprises

a gas supply unit that supplles an inert gas to at
least a laser irradiation area cof 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 decresase the temperature
difference between the temperature of the inert gas and the
atmospheric temperature of a space that 1s disposed outside
the supply area of the inert gas sc 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 is disposed so as to face the surface of the
workpiece and in which the inert gas is introduced,

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

introduced laser light therethrough and blows the inside
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wherein the gas temperature controller controls the temperature of the

inert gas at a position located further upstream than the purge box.

3. The laser annealing apparatus accordin claim 1, wherein the gas

supply unit includes a parallel facing body that is disposed so as to face

the surface of 10the workpiece in “pa?éﬂeT 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
ingas tempgerature ontrollér E6HIEN $5the t&htberature of the inert gas at a

position that is located within the purge unit or located further upstre

than the PUrgeait. =" 92° 5" he ﬁe?s%lf%mﬁ8gI#nrgogﬁpearrat(:fJBSmtE 28
-raccording 19.20claimd, 1. 1 Whereindbe gas supplyiunitincludes e

processing chamber which accommodates the workpiece and in which the

fuiner«gasis dntreducedyandthe puwmgwereinthe gas temperature
controller controls 25the temperature of the inert gas at a position located
further upstream than the processing chamber. LASER ANNEALING
APPARA{US @J}B@STRACT

1aser annealing apparatus accoraing 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.
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Provided is a laser annealing apparatus capable of reducing irradiation
unevenness of laser light caused by a refraction phenomenon of laser
light due to fluctuation in the temperature of inert gas. A laser annealing
apparatus 1 includes a gas supply unit 10 for supplying inert gas G to at
least a laser irradiation area of a workpiece 7 to be processed, and a gas
temperature controller 15 for regulating the temperature of the inert gas G.

The gas temperaturecontrolles; 52 £onttols the temperature of the inert
gas G supplied to the laser irradiation area so as to decrease the

temperature difference between the temperature of the inert gas G and

the atmospheric temperature of a space (a room R) that is disposed
outside the supply area of the i as to surround the optical path
of the laser light. Fig. 1

Provided is a laser annealing apparatus capable of
reducing irradiation unevenness of laser light caused by a
refraction phenomencn of laser light due to fluctuation in
the temperature of inert gas.

A laser annealing apparatus 1 includes a gas
supply unit 10 for supplying inert gas & to at least a
laser irradiation area of a workpiece 7 to be processed,
and a gas temperature controller 15 for regulating the
temperature of the inert gas G. The gas temperature
controller 15 controls the temperature of the inert gas G
supplied to the laser irradiation area so as to decrease
the temperature difference between the temperature of the
inert gas G and the atmospheric temperature of a space {(a
room R) that is disposed cutside the supply area of the
inert gas so as to surround the optical path ¢f the laser

light.

Fig. 1



