-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 used as a switching element of a
semiconductor device and a liquid crystal display. The polysilicon film used for the channel layer of the
thin film transistor is generally manufactured-yising; a process called a low- 20temperature 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]

LASER ANNEALING APPARATUS

BACKGROUND OF THE INVENTION

[&2]

Technilical Field of the Invention

0001
The present invention relates to a laser annealing
apparatus for performing an annealing treatment on a
10 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

15 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-

20 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]

25 In such a low-temperature polysilticon, the

amcrrhous silicon film is heated, melted, and

recrystallized to produce a polysilicon film using a laser



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 inert gas such as nitrogen is
performed. [0004] In Patent Document 1, a. stage on which a glass 10substrate is placed is provided

i  processing chaber 50,2510 suRPYY iiogen gas fntg the procsssing.chamber, thus preventing

oxidation of silicon ur}%g annealing treatment. In Patent Document 2, nitrogen is discharged from
15a tip end of a.swing hezzle dhatswinps uprand-down so as to.cjeate a pitrogen atmosphere only in
the vicinity of a laser irradiation portion, thus preventing oxidation of silicon during an annealing
treatment. |hiPatent Bedument3,in ardtatesin whieh ai20cylindrical e&li 6f whiththé t8p portion is
sealed by glass and the bottom portion%s oggn is gi§§o§ed at a}Posgion}sufficiently close to a
substrate, nittégen Gas 12 filiedintd'tha ¢&ft, thiis prévinti. g oxidation of Sificon during annealing.

zapqpﬂ[nggﬁg%%¥9§¥gﬂ&§@pmyﬁ¥a%@@QtNQa§Z§§3%$ operation of

preventing oxidation of silicon using an inert gas such as
nitrogen is performed.
[0004]
In Patent Dcocument 1, a stage on which a glass
10 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
Lreatment.
In Patent Document 2, nitrogen is discharged from
i5 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

20 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.

25 [0005]

[Patent Document 1] Japanese Patent No. 3735394

[Patent Document 2] Japanese Patent No. 3081904



[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 to a 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 occurs, such as the occurrence of 10irradiation
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 " T5(G&ratiSHy T EHE- tefnperafiid ot e MitfotEh gue was #id' Eause. In
Japanese Uﬂgﬁr{l@gi%@lte%éggg%agiggnP%i_cag% ,5\_Im()3 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 20precision ©f an optical sensor, which supports the idea of the present inventors.
SUMMARY OF THE INVENTION [0007]
When the laser annealing using the supply of
5 nitrogen as described above 1s performed, due to a
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, & problem that the process
bhecomes unstable occurs, such as the cccurrence of
10 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

15 (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

20 precision of an optical sensor, which supports the idea of

the present inventors.

SUMMARY OF THE INVENTION

[oce7)
25 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



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 invention, there is provided a laser annealing apparatus that performs an
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. andia gas temperature: controller that,contrgls the temperature
of the inert gas, and the gas temperature controller controls the temperature of the inert gas supplied

to the laserlirradiationyarea - so asitdgeereaserthectemperaturendifference between the temperature of
the inert gas and the atmospheric temperature of a space that is disposed outside the supply area of
the inert gassota§ ¥4 stitfdundiaf dptical pathof e 1ds&ight: {0009 *"¢  According to the
configuration of one elm:gogifnqpltegfttheﬂpsresent invention, the temperature of the inert gas supplied to
the laser irradiation area is controlied %i? the gas temperature controller so as to approach the
atmospheric temperature of gyspage (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 roofrandtheineftiastetreases the refractiprephénsniencr of the laser light
is decreased, whereby irradiation unevenness is reduced. 'Ehe E%@p%ﬁ ure difference between the

room and tA&TieR Gas i8 prefsiabiy’ 3816w As possibie A€ most preferably2ére” {0010]

(1) According to one aspect of the present invention,
there is provided a laser anneallng apparatus 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



(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 includes a 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 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 one embodiment of the present
invention, since the purge box is 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 gonirolled s0.as:to;approach stheratmaspherie temperapurer{temperature of the room)
outside the purge box before the inert gas is -6 introduced into the purge box. Therefore, a refraction
phenomenohigfithe lagerlightinsthecpdrgaibexisdecreased, \WReredpitradiation unevenness is
reduced. [0012 (3) The gas supply unit includes a parallel qucir&%goggf tpgt is disposed so as to

face the surface 6f fHe W \l?ﬁi‘é?:@r]n araliePEnd A plrde bRt thaldrays the inert gas fowards the
workpiece s that the inerf gas is supplied betweenthe paraliel facingbedy and the-susface 100f the

workpiece, and the gas temperature controller controls the temperature of the inert gas at a position
that is located withia the:purge«nit of docated:=furthet .upstreamcthaerthiesparge. danit. [0013]
According to the configuration, although the inert gas is sprayed from the purge unit towards the
workpiece dofifigatie afedliigtreatment, and fhe faseright] ‘Cs%%%mﬂ#oﬁﬁh%ﬁé? iffért gas, the
temperature of tshebiyeer'ga gas is controlled Sp.astq ap%ggch the atmospheric temperature of 20the

¥

pOogs1 5 moOSL DI . )
space outside the purge unit before thé inert gas is sprayed towards the workpiece. Therefore, a
refraction phenomenon of thedaser light in the supply area of the inert gas is decreased, whereby
irradiation unevenness is reduced. 25[0014]

(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 includes a

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 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



(4) The gas supply unit includes a processing chamber which accommodates the workpiece and in
which the -7 inert gas is introduced, and the gas temperature controller controls the temperature of

~ the inert gas at a position located further upstream than the processing chamber. [0015] According to
the configuration, although during the annealing treatment, the laser light passes through the inert gas
inside the processing chamber, the temperature of theinert gas is controlled so as to approach the
atmospheric temperature outside 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 Wwheribysiffadiation UnevBHAESs RIeducedCovise: 2 TeAce6rding'to embodiments

of the present invention, it is_possible to reduilce i rad%argioghuenevegnes%pgilafgr light caused by a
refraction pRENGHIBGIT Of [aSef light du to fluickiation (variatibny in the temperature of inert gas.
BRIEF DESGRIPTION OF THE DRAWINGS: [0017), :neverfigsl is @ diagrameillustrating anentire

configuration of a laser annealing apparatus according to an embodiment of the present invention.
Fig. 2 is a diagram illustrating ia first configuxation example of a. gas supply unit in the laser annealing
apparatus according to the embodiment of the 8 present invention. ig. 3 is a diagram

1

F
illustrating a second coh?ibu?ét%n%én%l@%%é. gas Supply UiiER the 1adet arfealif apParatus
acaxdmgt%ggaeQ%gg”g%mégég%sed 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
suppliied between the parallel facing body and the surface

10 of the workpiece, and the gas temperature controller
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]

15 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

20 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,

25 [0014]

(4) The gas supply unit includes a processing

chamber which accommodates the workplece and in which the



Spresent invention. Fig. 4 is 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. 10
DESCRIPTION OF THE PREFERRED EMBODIMENT [0018] Preferred embodiments of the
present invention will be described below in detail with reference to the 15accompanying drawings.
The same reference numerals are given to common portions in each of the draw.ings to avoid
redundant descriptions [0019] Fig. 1 is a diagram ilustrating 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 source 3 that emits laser light 2, a

beam shaping opticalsystem 4.thatshages he laser light 232, from.the Jaser light sauree 3 into a
desired beam shape, a reflecting mirror 5 that reflects the laser light 2 towards a workpiece to be
processed 7¢arcondensing lersyb=rO-ure of the inert gas at a position
located further upstream than the processing chamber.
[0015] |
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.
[coiel
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



that condenses the laser light 2 from the reflecting mirror 5 onto the surface of the workpiece 7, and a
movable stage 9 that moves in a direction (direction indicated by arrow A in the figure) crossing the
laser light 2 while carrying 5the workpiece 7. [0020] As the laser light source 3, an excimer laser,
a solid-state laser, or a semiconductor laser can begused, for example. As examples of the solid-state
laser, YAP, 10YLF, 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 can be configured to shape the laser light
2 so as to have a.linear of Lectangular 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.
[0021] The workpiece Tincludesia substiate zamand ans2@ amorpheus:semiconductor film 7b formed
thereon. The substrate 7a is a. glass substrate or a semiconductor substrate. The amorphous
semiconductetfilny 2B 35 afi ‘antorphibus sicort filfi Sfof BXErmMPle1 100221 25With theSlaser annealing
apparatus 1 configured as above, the laser light 2 is emitted from the.laser light spurce 3, and the laser
foht 2 is CorLNSar b SHmeat - 10 - 12Eiandtiar beamy by 1e bansa dhaping by the beam
shaping optical system 4.andithe condensing by the condensing lens 6 and irradiated onto the
workpiece 7. In this state, the workpiece 7 is moved in the short-axis direction of the

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.

10

DESCRIPTION OF THE PREFERRED EMBODIMENT

[0018]
Preferred embodiments ¢of the present invention
will be described below in detall with reference to the
15 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
20 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
25h 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 ©



5beam. by the movable stage 9 so as to scan over the entire surface of the amorphous semiconductor
~ film of the workpiece 7 at the laser irradiation portion. In this way, the amorphous semiconductor film
7b is crystallized. For example, the amorphous silicon film is changed 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
rectangular beam, and it is possible to effectively perform, 15an 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 dirgetion. thereol, [0024] The Jaser annealing apparatus 1 ofdhe present 2Qinveption 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-gastemperature comntrolter kbsthap centtols the temperaturelof ¢he irerkgas G.
[0025] 25As the inert gas G supplied from the gas supply unit 10, nitrogen, helium, neon, argon,
krypton, xefiory, radloficuiiuhoktiumh, @héthé liké can betudet The'ifert §as “GY introdiited to the gas
supply unit 10 t@roeLJgtI]ia %%sérﬁ)ipgrlg%ggrry a gas tfiréksgrwa ggs?c%/li d%hvxihi%h (i:s_ p:rgvildred outside a
room R in which the lasér an ealihg appa atus 1 is proVid'ed.glgort is reason, the tér—nb%rature of the
Inerts the workpiece 7.

[0020C]

As the laser light source 3, an excimer laser, a
solid-state laser, or a semiconductor laser can be used,
for example. As examples cof the solid-state laser, YAG,

10 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

i5 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

20 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]

25 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



5gas G is generally different from the temperature of the room, R. [0026] The gas temperature
controller 15 controls the temperature of the inert gas G supplied to the laser 10irradiation area so as
to decrease the temperature difference between the temperature of the inert gas G and the
atmospheric temperature of a space 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 Lj)nrer; %%% gsn%r?nl )?g fo surrou %d tt}%gp%ceaal\i [Raghhg%t{]]g %Ia%? Iyg@é 28% %smg%%%?yx (Ijhe room R
aratu ,and t

: 1S .
(for example, a cleanroom) in w ich the faser annea Ing ap s 1 is provide

e temperature

thereof is the insidetemperatyre;ofthe ropm Rolhe temperaiyre-ofdhe saemR is.detectad by a
temperature sensor 17 provided in the room R. 25[0028] The temperature detected by the
temperaturé sensoril7 isctonvertedirito a-tempearature sighal and transhitteds -272=tot@ €ontrol unit
16. The control unit 16 controls the gas temperature controller 15 so that the ter?p%rr]a(teure of the inert

gas G appr8adhes thetemperatlife’6f the'tobp RS MCT L -axis direction o

5 beam by the movable stage 9 sc as toe scan over the entire

workpisce 7 at the laser irradiatlion porticn. In thi

the amorphous semiconductor film Vb is crystallized.

example, the amorphous silicon film 1s changed to a
10 polysilicon £ilm.

[00Z235]

The beam shape of the laser light 2 irradiated

onto the workpiece 7 is not limlited to the linear or

Wavy,

For

rectangular beam, and it is possible to effectively pericrm

1h 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
20 invention further includes a gas supply unit 10 that

N

upplies an inert gas G to at least a laser irradiation

area of the workpiece 7 and a gas temperature controiler 15

that controls the temperature ¢f the inert gas G.

25 s bthe 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



[0029] According to the above-described configuration of the present invention, the temperature
of the inert gas G supplied to the laser irradiation area is controlled by the gas temperature controller
15 so as to approach the atmospheric temperature of the space (room R) that is 10disposed outside
the supply area of the inert gas G so as to surroungdithe 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 150f the inert gas Gplied from a gas tank provided at a different place is relatively high,
the inert gas G is qopled by the,gas temperature.controller, Moreoyer, forexample when the
temperature of the room R is relatively high by an air conditioner, and the temperature of the 20inert
gas G supptied from a gasrtank provided-at a differentsplage iswetativelyilow, thre imertgas=G is heated
by the gas temperature controller. [0031] In this way, since the temperature difference 25between the
room R and’thesihéft gase i'décreasad ‘& feffaction prehomiendn-of the et fight"2is'decreased,

whereby Irr%gslaglq%xypg\é%nnesfol%r% Hcsedférgs‘e,c}%r,nptelrx%tug;eemperature of the ilnert
5 gas G is generally different from the temperature of the
room K.
[oGzZe]

The gas temperature controller 15 controls the
temperature of the inert gas G supplied to the laser
10 irradiation 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

[
N

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

')

20 2 is generally the room R (for example, a cleanrccom) In

which the laser annesaling apparatus 1 is provided, and the

25 [0028]
The temperature detected by the temperature sensor

17 is converted into a temperature signal and transmitted



- 13 - difference between the room 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 as the temperature of the room R with the gas temperature controller 15. [0032] The gas
supply unit 10 may employ various forms as long asit has a function of supplying the inert gas C to at
least the laser irradiation area of the workpiece 7. 10Hereinafter, several configuration examples of the
gas supply unit 10 will be described, and the present invention is not limited to these configuration

examples. [0033] ...t o1 Fig 2 is@ diagram ilustrating a.gas supphy, Hhit 4510Aaccorgking to a
first configuration example. the gas supply unit 10A includes a purge box 11 of which the lower surface
in the figuretisrdisposed:so as to face the sufface of thecworkpiecenpand im whichfthelirert gas G is
introduced_ The purge box 11 includes a transmission 20window 12 (for example, a glass window)
that transmit§ #1€" 1a%8F light86 a8 £ Be intrGducEtRherdin afd dh opening Rthat passes the
introduced laser light 2,@5599tlj1rough and blows the inside inert gas G towards the workpiece 7. [0034]
25With this configuratié)n, a purge area is formed by the inert gas C between the lower surface of the

purge box 11 and the werkplace ¢ Ror thisdeasen;dhadeweriswfaceonfiguration of
the present invention, the temperature of tLhe inert gas G
supplied to the laser irradiation area is controlled by the

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

to surround the cptical path of the laser light Z.
[G030]
For example, when the temperature of the room R is
relatively low by an air conditioner, and the temperature
15 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
20 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.

[O%]
[

jon

L0031]
In this way, since the temperature difference
25 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



- 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 lower surface of the purge box 11 and the workpiece 7 is preferably
sufficiently small (for 5example, within 5 mm) within a range where they do not come 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
15is providgtjn_l Ft]g g}:e way f ér%ew gas p'@qeelé}p.éomg] %% yetgaes temperature cgntiroller 15, for example,

. e LEIC Te r OT : ) t gas . S ; .
heat pumping heating-cooling equipment and electronic heatlng-cooﬁlng equipment using a Peltier

only, it may be configured by a ribbon heater and a heating furnace. In this regard, the same
statements ‘Canhefappliedito the secorid:and third configuration Examplesrfo037}25Incthe first
configuration example, since the purge box 11 is disposed on the optical path of the laser
the inert gas G S0 as to be the same as tge temperature of
5 the room R with the gas temperature controller 15.
t0032]
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.
10 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
15 108 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
20 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.
[D034]
25 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



light 2, although the laser light 2 passes through the - 15 - 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 of the inert gas C
inside the purge box 11 and in the purge area decreases, and a refraction phenomenon of 10the laser

light 2 in th%eur@@eb%%%és decreased, whereby jrradiation ynevenness is.reduced. 0038 Fig.
3 shows a gas supply unit 10B according to a second configuration example. In Fig. 3, the gas supply
15unit 10B includesa parallehfacingiady=18 of which.the tpwer-surfacezindhe 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 thelwéikpicee 786 tiatthé iert §46 € i§ sUpphicd Bétwesh thepdralist facing %%ody 18 and
the surface of the workpiece 7.[0039 With this configuration, a purge area is formed by the inert
gas G betwgogre} the’ Ifo’f/vrglrescu?faz:e of tk]?ergéf%ﬂgioﬁa%insg‘%édlﬁ 1 gﬁg Et/heg Wor lpiegfeoi For this reason,

the 25lower.surfaceOf the parallel faging hady, 18 ispreferably.a flatsurface that isparalieldo the
surface of the workpiece 7, and the distance between the lower surface of
into contact.

(00351

The gas temperature controller 15 controls the
temperature of the ilnert gas G at a position located

10 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.

15 10036}

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

20 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]

25 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



- 16 - 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. transmission window 20 (for example, a
glass window) which is formed on a bottom portion; £9 that forms the lower surface fai.ng the
workpiece 7 so as to transmit the laser light 2. [0040] 10The 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

portion theregf se as 1 blow the-inert gas G towards,the warkpiece./ . in the,ganfiguration example of
Fig. 3, the purge unit 22 is 15mounted on the side portion of the parallel facing body 18. [0041]

In the configuratitom=examplecof g3, the gas temperatureeontralles 15 controlsthedemperature of
the inert gas G at a posit on located further upstream than the 20purge unit 22. The purge unit 22 is
connected fa §as pipe* Bk Foritfodueing’théiRelt gasG intbithe puryeunit 28 arid the as

temperaturg conroller 15,s,provided in the way of the.aas pipe, 14, Altenatively, instead of this

configuration, the gas temperature controller may%e fSprowdegi inside the purge unit %2 S0 as to heat

or cool the ineet gas G inside dhe pUrge URit22he purge box 11. Therefore, the
difference bhetween the atmospheric temperature of the space
surrcounding the optical path of the laser light 2 and the
temperature of the lnert gas G inside the purge box 11 and
in the purge area decreases, and a refraction phenomencn of

10 the laser light 2 in the purge hox 11 is decreased, whereby
irradiation unevenness is reduced.
[0038]
Fig. 3 shows a gas supply unit 10B according to a

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

15 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

20 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

25 lower surface of the parallel facing bedy 18 is preferably
a flat surface that is parallel to the surface of the

workpiece 7, and the distance between the lower surface of



[0042] - 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 is controlled so as to approach the
atmospheric temperature of the space (a room R) @utside the purge unit 22 before the inert gas G is
sprayed towards the workpiece 7. Therefore, the difference between the atmospheric temperature of
the space surrounding the 10optical path of the laser light 2 and the temperature of the inert gas G in

the purge area.decreases, and a refragtion,phenomenon.ef the laser dight 2 in the supply area of the
inert gas G is decreased, whereby irradiation unevenness is reduced. 15[0043] Fig. 4 shows a
gas supply unit 100 gctording to a third cgnfiguration éxamplez it Fig. 4y thegas Supply unit 10C
includes a processing chamber 25 which accommodates the workpiece 7 therein and in which the inert
20gas G is intfodiiced. THe Processing chafmbét251s connétted toan éxhatist unit (not shown) for
exhausting rip@sjvdeeogaes_{. [0%4%{(] th% 85%.esspgqhamber 25 fem8¥ql§lg tage 9 s, 25provided therein,

and a transmission wiridow 26 (for examlp?éf a jl?fs)g window) is provided on the top portion thereof so

as togransmit the, lager light 2therethkough. i nc1udes 2 transmission window 20

(for example, a glass window) which is formed on a bottom

workpiece 7 =so as to transmit the laser light 2.
(00401

10 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

15 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

20 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

25 provided inside the purge unit 22 so as to heat or cool the
inert gas G inside the purge unit 22.

[0042)



- 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 position 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 25, 10and the gas temperature controller 15 is provided in the
way of the gas pipe 14. [0046] In the third configuration example, by exhausting air inside the

processing chamber 25 and,jatrodycing, the, 15inert gas; G,into.the pracessing 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-inertgas-Grinside the precessing clramber:25; the temperature of
the inert gas G is 20controlled so as to approach the atmospheric temperature of the space (a room R)
outside the prodessing charmbér 25/ befote e et gas GLs irtfoducedintd thBrocessing chamber
25. Therefore, the difference between the atmospheric temperature, of the space surrounding the
250ptical patﬁ%ffthdg |&8er fight Zvéﬁa the' tenger%f‘uer‘ezofgag E0hE TERPRTS RHTR B

—~

5 the inert gas G 1g controlled so as to approach the
atmospheric temperature of the space {a room R} ocutside the
purge unit 22 before the inert gas G 1s sprayed Towards the
workpiece 7. Therefore, the difference between the
atmospheric temperature of the space surrounding the

10 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,

15 [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

20 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

25 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.



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 present invention is
not limited to the disclosed embodiments. The scope of the invention is defined as set forth in the
appended claims and is intended 10to encompass all modifications, changes and alterations which fall

within the appgnded clais or the equivalents thereof; 7:20. GLAIMS A laser,annealing apparatus

that performs an annealing treatment on a workpiece to be processed by 5irradiating the workpiece

with a laserdight,ccharaetetizech inzthat the-apparatustecomprisessaigas supply iunit-that supplies an inert
as to at

o and irradiated onto the workpiece 7.

[0045]

temperature of the inert gas G at a positicn located

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,
10 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
15 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 1s
20 controlled so as to approach the atmospheric femperature 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
25 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



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 1batmospheric 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 20claim 1, wherein the gas supply unit includes a
purge box which Is.disposed,sq as o face;the surface of the workniece and inywhich the inert gas is
introduced, wherein the purge box includes a transmission 25 window that transmits the laser light so
as to be introduced thereiniand-anopening that passes the introduced laser light therethrough and
blows the inside - 21 - inert gas towards the workpiece, and wherein the gas temperature
controller controls the teftderature of the inert gas at a position located further upstream than the
purgebox. 3. The laser annealing apparatusaceordin claim 1, . . . wherein the gas supply
unit includes a parallel ?acmg b%dy that'is disposed 'so asto face %he surface o

5 invention have been described and shown above, the
disclosed embodiments have been provided for the purpose of
illustration but the present invention is not limited Lo

the disclosed embodiments. The scope of the invention is

10 to encompass all modifications, changes and alterations
which fall within the appended claims or the aquivalents

Thereof.



10the 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 15the temperature of the inert gas at a position that is
located within the purge unit or located further upsggarp than the purge unit. 4. The laser
annealing apparatus according to 20claim 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 25the temperature of the inert gas at a position located
further upstream than the processing chamber. CPASER ANNEALING APPARATUS ABSTRACT
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 1includes-agasssupphounitdo farsupplying inert gas:fsta:at least a
annealing treatment on a workpilece to be processed by
5 irradiating the workpiece with a laser light, characterized
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
10 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
15 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
20 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
25 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



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 outside the supply area of the'inert gas so as to surround the optical path of
the laser light. Fig. 1

inert gas towards the workpiece, and

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

further upstream than the purge box.

(@2}

3. The laser 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
10 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
15 the temperature of the inert gas at a position that 1s

located within the purge unit or located further upstream

than the purge unit.

4. The laser annealing apparatus according to
20 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
25 the temperature of the inert gas at a position located

further upstream than the processing chamber.



