Title OPERATING METHOD OF EXCl MER LASER SYSTEM Background of the
Invention 1. Field of the Invention The present invention relates to an
operating nethod of an excinmer |aser system and nore particularly, to an
operating nethod of an excinmer |aser systenfor increasing the lifetinme of
the exciner |aser system 2. Description of the Prior Art Due to being able
to generate deep ultraviolet (DUV) or vacuumultraviolet (VW) Iight,

pul sed gas; di scharge |asers, such as excinmer |aser, have been an

i ndi spensabl e device for the photolithographic process. Please refer to
FIG 1, WHEKRATS NG sdhemtd cOdi agCamE Rl LésikRt B¢ T exci mer | aser system
according to the prior art. As shown in Fig. 1, the exciner |aser system
10 includes a chanber 12, two el ectrodes 14, 16 disposed in the chanber 12

and provipdedk wbhag VeEt ages di hferencén a heat exchanger 18 disposed in
t he chanmber 12, and a ggs cycling fan 20 di sposed in the chanber 12. The
chamber 112 Tsefdid 1@ Wheh F1UeRtRe 2 krypton and neon. In the chanber 12,

the fluorinepjys | %iszeﬁﬂtb%’ﬁg%%y%ﬁa%lﬂ%}e’c‘é“%% Retaeen sthe r@é@%&&"des

14, 16, and reacts w Krypton an e neon to formexcited diner of
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di ssoci ategk and rradipé e Ul avieeletmé UV 44 @bt s vy tHomever, whet her the
exci mer | aser system operates or

2. Description of the Pricr Art

Due to being able to generate deep ultraviolet (DUV)
or vacuum ultraviolet (VUV) light, pulsed gas discharge
lasers, such as excimer laser, have been an indispensable

device for the photolithographic process.

Please refer to FIG. 1, which i1s & schematic diagram
illustrating an excimer laser system according to the
prior art. As shown in Fig. 1, the excimer laser system
10 includes a chamber 12, two electrodes 14, 16 disposed
in the chamber 12 and provided with a voltage difference,
a heat exchanger 18 disposed in the chamber 12, and a gas
cycling fan 20 disposed in the chamber 12. The chamber
12 is filled with fluorine, krypton and neon. In the
chamber 12, the fluorine 'is ionized by the wvoltage
difference between the electrodes 14, 16, and reacts with
the krypton and the neon to form excited dimer of krypton
fluoride (KrF), which is called excimer. Because the
excited dimer is in an excited state, which is an unstable
energy state, the excimer will trend toward a mere stable
energy state so as to be dissociated and radiate

ultraviclet (UV) light.



not, the fluorine still will react with krypton and neon because of being
hi gh reactive. Accordingly, the volune of the fluorine in the chanber
gradual |y decreases, so that the fluorine in the exciner |aser systemis
insufficient to be unable to provide the sane output energy of the |aser
light as usual. In order to maintain the sane output energy of the |aser
light of the excinmer |aser system the operating nethod of the exciner

| aser systemwévihe RHOfnhakt thal ses ihervokkage i df enespe r pes wesp two
el ectrodes to increase the reaction of the fluorine in the chanber so as
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between two electrodes to increase the reaction of the

fluorine in the chamber so as toc raise the output energy.
Nevertheless, keeping raising the wvoltage difference
results in the consumption of the electrodes, sc that the
lifetime of the chamber is shortened. Therefore, to
maintain the laser light with stable ocutput energy of the
excimer laser system and simultanecusly to raise the
lifetime of the chamber is an important obijective in the

industry.

Ssummary of the Invention
It is therefore an objective of the present invention
to provide an operating method of an excimer laser system

to extend the lifetime of the chamber.

According to an embodiment of the present invention,
an operating method of an excimer laser system is provided.
The excimer laser system comprises a chamber, a first gas
supply unit for providing a halogen gas and a second gas
supply unit for providing a mixed gas. The mixed gas
comprises a first inert gas and a second inert gas, and
the chamber filled with & remaining reaction gas. First,

the halogen gas with an injection volume is injected into



the chanber until a pressure of the chanber is a total pressure, and the
hal ogen gas in the chanber has a hal ogen pressure. Then, a driving voltage
is provided between two electrodes in the chanber so as to start the
excimer | aser system The hal ogen pressure and a full width half maxi num
(FWHM) of a laser |light generated by the excinmer |aser systemare |limted
to have negative relation, and the hal ogen pressure and the driving

vol tage ame |éRkhedr tenbave Posibiswe F&l affi @he TERaQRRI AL i Bgamidiogiof the
excimer |aser systemof the present invention provides the relations
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increase of the FWHM when the FWHM ri ses. Therefore, .the lifeti f the
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present ppventhAn FNdN) 8@ doults Decorenab\yous rhe ddase oheOokdidany rskill
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pref err ed agrbods Feimtent katei s 1miltisd raped aivie tthegaganiouse t Bguras, agd
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according to a preferred enbodi nent of the present invention. FIG 3 is a

schematic diagramillustrating the excinmer |aser systemaccording to the
preferred enfodi BBRAL Of ing method of the excimer laser system of

the present invention provides the relations between the
halogen gas, the driving voltage and the FWHM so as to
increase the injection of the halogen gas and retard the
increase of the driving voltage when the driving voltage
rises. In addition, when the FWHM rises, the injection
of the halogen gas is reduced so as Tto retard the increase
of the FWHM when the FWHM rises. Therefore, the lifetime

of the excimer laser system can be extended.

These and other objectives of the present invention will

no doubt become obvious to those of ordinary skill in the

art after reading the following detailed description of
the preferred embodiment that 1s 1llustrated in the
various figures and drawings.

Brief Description o©f the Drawings

FIG. 1 is a schematic diagram illustrating an excimer
laser system according to the priocr art.

FIG. 2 is a flow chart illustrating an operating method
of an excimer laser system according to a preferred
embodiment of the present invention.

FIG. 3 1s a schematic diagram i1lliustrating the excimer

laser system according to the preferred embodiment of



3 the present invention. FIG 4 is a schematic diagramillustrating a
relation between the pressure of the chanber and the injection step
according to the preferred enbodi nrent of the present invention. FIG 5 is

a flowchart illustrating the gas injection nethod according to the
preferred enbodi nent of the present invention. FIG 6 is a schematic
diagramillustrating a lifetine curve of the exciner |aser system using

the operatingy 18 hod0fc thevRResESL . invention and a lifetime curve of the
exciner |aser system according to the prior art. FIG 7 is a flow chart
i | lustrafilfg adgds iaj ecticom récholl aggeor di h§uss wmbiher pr skdrtedon

enbodi nent of the r ent i nvention tal ed De cription er to
FIG 2 and F%&t‘“ée F(sesasuﬁ%m?fc art hﬁlmusetlS 1{18 lag@?moﬂelﬁatledgIl

et hodof ane&@e@frha&@rdﬁﬂgtEima@@l@dpﬂgﬂefrﬁe@r%‘n%djaﬁinﬁfblodblfenﬁhef t he
present invention. FIG 3 is a schematic diagramillustrating the exciner
| aser syst enPEEEHYUFnd NG rReOBr-eferred enmbodi ment of the present

i nventiop. g The509gra§'g@dwéﬁgrtoflﬂﬂ%s%aﬁhgl aseL st el dheo pr esent

inventionis perforned after the exciner |aser 'system’is operated for a
period of timetramd &heocexdimer tlcagere sysedmiscednablbeodinegéenerfatehehe
| aser light with stabl.e output energy. |In addition, the operating nethod
i's perfornedp&%ﬁﬁnghén gﬁplon of the exciner |aser system being shut

down. Agrshows iins FA Gs ch sl FkGd Bagtrhen extiineit f aseh gsyst ems lidhne
i ncludes a chanber 102, a first gas supply unit 104

curve of the excimer laser system using the operating

method of the present invention and a lifetime curve

of the excimer laser system according to the prior art.

FIG. 7 is a flow chart illustrating a gas injection method

according to another preferred embodiment of the

present invention.

Detailed Description

Please refer to FIG. 2 and FIG. 3. FIG. 2 is a flow
chart illustrating an operating method of an excimer laser
system according to a preferred embodiment of the present
invention. FIG. 3 1is a schematic diagram illustrating the
excimer laser system according to the preferred
embodiment of the present invention. The ocperating method
of the excimer laser system of the present invention is
performed after the excimer laser system is operated for
a period of time, and the excimer laser system is unable
to generate the laser light with stable output energy.
In addition, the operating method is performed under the
condition of the excimer laser system being shut down.
As shown in FIG. 2 and FIG. 32, the excimer laser system
100 includes a chamber 102, a first gas supply unit 104
for providing a halogen gas and a second gas supply unit

106 for providing a mixed gas. The mixed gas includes a



for providing a hal ogen gas and a second gas supply unit 106 for providing
a mxed gas. The m xed gas includes a 4 first inert gas and a second inert
gas, and the chanber 102 is filled with a renmining reaction gas. The
operating method of the excimer |aser system 100 includes: Step 510:
exhaust the remaining reaction gas in the chanber 102 until the pressure
of the chanber 102 is a first pressure; Step S20: inject the hal ogen gas

into therghaywelnd02 JHY¥i4nkhe _%reQ,S@HHeiQ;feﬁ@e%&Ba,-”ﬁQfd 19Rei hamisegond
pressure; Step S30: inject the m xed gas into the chanber 102 wuntil the

pressureléf thheféRdebmw iU 4§ semahnia g peessuten FRep BhE: OPAjradti R die

hal ogen ga i th_an j.njectli ol Ln C r jn until a

pressureglgfﬁht % 8%ar#b}£% %%f%q%e% tlégﬁfp%g/ssg%ﬁg, %gﬁé?%gaﬁa ogen gas in

t he chanber sf@phgs taa dahaget prkeesuemaand nS epe S68:1 qor oyade i drhv®i ng
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u
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width half maxi num (GYHMs of & il.aser pligidygenerated by the exciner |aser
system 100 are limted to have negative relation, and the hal ogen

pressure andtér F20vi Ag ot tagbeahe ldgenedast d Havet posthiawo el hPfon. In
order to, desoribe, n.gea e Sess.slothe eRer v 1AL POgOl e
second pressure;

Step $30: inject the mixed gas into the chamber 102
until the pressure of the chamber 102 is a third
pressure;

Step S40: inject the halogen gas with an injection
volume inte the chamber 102 again until a
pressure of the chamber 102 is a total pressure,
and the halogen gas in the chamber 102 has a
halogen pressure; and

Step S550: provide a driving voltage between two
electrodes 108, 110 in the chamber 102 s0 as
to start the excimer laser system 100, wherein
the halogen pressure and a full width half
maximum (FWHM) of a laser light generated by
the excimer laser system 100 are limited to
have negative relation, and the halogen
pressure and the driving voltage are limited

to have positive relation.

In order to describe in detail the steps of the
operating method of the excimer laser system 100, please
refer to FIG. 4, and refer to FIG. 2 and FIG. 3 again.
FIG. 4 is a schematic diagram illustrating a relation
between the pressure of the chamber and the injection step

according to the preferred embodiment of the present



refer to FIG 4, and refer to FIG 2 and FIG 3 again. FIG 4 is a
schematic diagramillustrating a relation between the pressure of the
chanber and the injection step according to the preferred enbodi nent of
the present 5 invention. The pressure of the chanmber 102 of the present
invention takes FIG 4 as an exanple, but is not limted to FIG 4. The
enbodi nent takes KrF exciner |aser system as an exanple. The hal ogen gas

is fluorineedhechiretd perdssgae bs khlahnigad the secend brerdegas is
neon, but is not limted to these. Wien the excinmer |aser system 100 is

i n oper atihvg st ape, tehe shahber 4162 o) faXaBR 1t Ut | Larnpaé, LMt A and
neon, ang t atjon,of fluarj. Kk 0 iS.S i
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FIG 4, bR shepxShp1ef. tihe hAbgdhngat, 1 arf o réxte adthad iappariatest 120
connected to  the chanber 102 exhausts the remaining reaction gas_ in the
chanber 902 do° 4 YBtEAurEd £ hab et RE TUMEI APART T T i bR “§AL i P Y hel Ehanber

102 will pnot af fectd he ratbeeof wilien thuord:nei mkryptde andyReq i nobhe
following injection steps. Until a control device 118 reads the first
pressur elsasimsubgtcar t Ahky sl2aBeKpa;hehehambext rldbt i hg apphtatusyi1R20 does
not stop_.exhausting. The in_step 520 of i.s_ enbaodi , ont r ol
devi ce 1fgus°t%+{1§’tilfgl‘fﬁ)€§fl 6515 rg%%rﬁl’yaﬁln(%&kiﬁfg tlg)rﬁf@%pgﬁr@g)rg&lﬂéﬁsti ng,
and the halygesn gasl imebhe ifd rstbgassupplly ywuri 13104 1:s98 npecteadk i hko the
chanmber 102 until the second pressure is substantially 45.8 Kpa. The first
gas supphptuntimided stel &6 AAGL1Xhe hal ogen gas stops being injected.
Next, in step S30 of this enbodi nent, when the first gas supply unit 104

As shown in FIG. 3 and FIG. 4, in step S10 of this
embodiment, an air-extracting apparatus 120 connected to
the chamber 102 exhausts the remaining reaction gas in
the chamber 102 so as to ensure that the remaining reaction
gas in the chamber 102 will not affect the ratio of the
fluorine, krypton and neon in the following injection
steps. Until a control device 118 reads the first pressure
as substantially 12.8 Kpa, the air-extracting apparatus
120 does not stop exhausting. Then, in step 820 of this
embodiment, the control device 118 starts the first gas
supply unit 102 after stopping exhausting, and the halcgen
gas in the first gas supply unit 104 is injected into the
chamber 102 until the second pressure is substantially
45,8 Kpa. The first gas supply unit 104 is closed, and
the halogen gas stops being injected. Next, in step S30
of this embodiment, when the first gas supply unit 104
is closed, the control device 118 starts the second gas
supply unit 106, and the mixed gas in the second gas supply
unit 106 is injected into the chamber 102 until the third
pressure is substantially 377 Kpa. The second gas supply
unit 106 is closed, and the mixed gas stops being injected.

Thereafter, in step $40, when the second gas supply unit



is closed, the control device 118 starts the second gas supply unit 106,
and the m xed gas in the second gas supply wunit 106 is injected into the
chanber 102 until the third pressure is substantially 377 Kpa. The second
gas supply wunit 106 is closed, and the m xed gas stops being injected.
Thereafter, in step 540, when the second gas supply unit 6 106 is cl osed,
the control device 118 starts the first gas supply unit 104 again, and the

hal ogen wigtdh 28 ciRjecd | oanwold®Li-g i jesied int9 Lthe chambge 102 yatil
the total pressure in the chanber 102 is substantially 380 Kpa. In step
550, thegexci pwrdhgerusyst ehd 4002 ¢81ist.ar eed! téwd hspguigenvoltale sburce

112 connect.ed between the twy .electraodes 108, 0 i C er 102 is
used to Brov e ol KRB 68 Ji fEGEeRnRs the arbbiEaed ¥ 1hs 5o
as to generateothichargs 8g rpul Se. t Aecadhmpky, 1z ikl ywarb seaand 4 hey
krypton react._ with electrical particles fromsurfaces of the el ectrodes
108, 110388 dP#o generate the laser light. A wavelength stabilization
nodul e (WBM) 114 di sposed at the laser |ight output of the chanber 102
can neasure the spectrumand the energy of the |aser |ight generated by

t he exci ner Jraserepy8§68m 100 exditiee MEBMetladyaricm 100elsastevi trgdnodul e

LNV 116 di h her side.af, the ch i he WM
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condi tioslefcft¥beg the out potignehgycabrther 1aseislhghld generaieddby the
exci mer | aser system 100.. The driving voltage and the FWHM of the | aser
li ght caf DIy Deélfeadiit b2 Ien beddf Fon t the® EBATTRAQeViLEéS 11810 so

el ectricald y conneatefai e the JML1LE Apd ShesWEM B4 8RB ng1y, the

fluorine and the krypton react with electrical particles
from surfaces of the electrodes 108, 110 so as to generate
the laser light. A wavelength stabilization module (WSM)
114 disposed at the laser light output of the chamber 102
can measure the spectrum and the energy of the laser light
generated by the excimer laser system 100, and the WSM
114 and a line narrowing module (LNM) 116 disposed at the
other side of the chamber opposite to the WSM 114 can
optimize the bandwidth of the excimer laser system 100
under the condition of fixing the output energy of the
laser light generated by the excimer laser system 100.
The driving voltage and the FWHM of the laser light can
also be measured. In addition, the control device 118
electrically connected to the LNM 116 and the WSM 114 can
receive information of the spectrum and the output energy
cof the laser light, and according to the information, the
control device 118 can control the ON/OFF of the
alr-extracting apparatus 120 and the supplies of the first

gas supply unit 104 and the second gas supply unit 106.

It should be noted that the halogen pressure, the FWHM

and the driving voltage of this embodiment are limited



receive information of the spectrumand the output energy of the |aser
light, and according to the information, the control device 118 can
control the OV OFF of the air-extracting apparatus 120 and t he supplies of
the first gas supply unit 104 and the second gas supply unit 106. It
shoul d be noted that the hal ogen pressure, the FWHM and the driving

vol tage of this enbodinent are limted 7 to have a first relationa

equati ont o 130=- 80B+0r 41 V+160; Where 1018Qukg ide: hal ogen pressure, which
has the unit of kilopascal (Kpa) ; Bis the FWHM which has the unit of
nanomet er (&M30=86 GFst Q. filvstl €defficient, which has the unit of Kpa/nm

Vis the drivi | t.age i |.t. _of L ( ;0. 11 is.a
second cgg‘fefrlécing%t\éfa ﬁnasgcﬁhghhgght%gganitpp?%%lgk%ae/’v; ‘y@%%%i sh\Qas cgﬁset glunrﬁtmhi ch
has t he cuiniki bbépKpa:a TheKgwi)vi ng vel tdge FWhEMe phlisé uod ¢ agee didference
provi ded hetween the el ectrodes. 108, 11Q in the _chanber 102, .and the FWHM
i's a banBWwi B AURCREM (Ofki nuifi AfeAsity Bf TRETITasere T Fght' Jt2d by

the WEM 1344508 @fangae/nfﬁ@_elv tihe ik viRg Mol §age 1hasybeepniadi usigd to
1000V, and the nmeasured FWHMis 0.5 nm the halogen pressure is linmted to
230 Kpa. tHewevdrt ofhedSfitst(Veoed fiLdi eAta Ihecsscond bt tfesitentvhaheht he

constant,are . .not li.mte 0_t/hes | ues, re in ti can
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const ant udependf ngpan. dirhfeer@nt vliaser vodysdeas i sl ntladdiptu e  tlad g al
pressure of the present invention also requires having positive re|ation
wi th thedidfisFRgCfolRagEldatt RREVESR™I T pFesdifiet ARG Shel BRy vilnd 7

the chamber 102, and the FWHM is a bandwidth at half
maximum intensity of the laser light measured by the WSM
114. For example, when the driving voltage has been
adjusted to 1000V, and the measured FWHM is 0.5 nm, the
halogen pressure 1s limited to 230 Kpa. However, the first
coefficient, the second coefficient and the constant are
not limited to these values, and the present invention
can adjust the values of the first coefficient, the second
coefficient and the constant depending on different laser

systems.

In addition, the total pressure o©of the present
invention alsoc requires having positive relation with the
driving voltage, and the total pressure and the driving
voltage are limited to a second relational equation:

Cl32=0.83V+2050
where C1l32 is the total pressure, which has the unit of
Kpa; V is the driving voltage, which has the unit of V;
0.83 is a third coefficient, which has the unit of Kpa/V;
2050 is a constant, which has the unit of Kpa. The third
coefficient and the constant are not limited to these
values, and the present invention also can adjust the

values depending on different laser systems.



voltage are limted to a second relational equation: 0132=0.83V+2050 where
0132 is the total pressure, which has the unit of Kpa; Vis the driving
vol tage, which has the unit of V; 0.83 is a third coefficient, which has
the unit of Kpa/V; 2050 is a constant, which has the unit of Kpa. The
third coefficient and the constant are not limted to these values, and
the present invention also can adjust the values depending on different

| aser systens. 8 Wien the excinmer |aser system 100 has been started for a
period of tinme, the operating nethod of the present invention further

i ncl udes pefloe i Migeacgad may daason sHettrid ‘o ¢ €rastlepense t agnfe e hec Exci mer
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refer to FI (a and refer tgo FIG again. Fl G 5isaf|owchar{
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enbodi nent, P5ct B PresentsH Vet PNaohs ShPM el &t Sormidftehd "Ngas
excimer | aser system 100 operates for a period of tine, the gas injection
met hod ofi ntirg st enbodiemdyntd | 701 usles: aSBeph 860t hpugige Wheekdrl an drd i ag
vol t age between the. el ectrodes 8, 110.after g first I nper. is
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plus a piedes et Aigned awod | agee 0863} fayr nad FIauddge, awhetiefea corBsU@pti on
(D205) of the halogen gas is lar %er than a product of the injcecti on
vol ume of t3e2h&A-0gehCgas® ard & preddf eFRidddd 11llustrating the gas

injection method according to the preferred embodiment
of the present invention. As shown in FIG. 5, after the
excimer laser system 100 operates for a period of time,
the gas injection method of this embodiment includes:
Step S60: judge whether a driving voltage between the
electrodes 108, 110 after a first pulse nunber
'is larger than aminimum driving voltage (D213)
after the first pulse number plus a
predetermined voltage (Cl63) or not, judge
whether a consumption (D205) of the halogen gas
is larger than a product of the injection
volume of the halogen gas and a predetermined
proportion (Cl67) or not, and judge whether a
duration {(D212) without injecting the halogen
gas is larger than a predetermined time {(Cl62)

or not; and
Step 870: when the driving voltage i1s larger than the
minimum driving voltage plus the
predetermined voltage, and the consumption of
the halogen gas is larger than the product of
the injection volume and the predetermined
proportion, or when the driving voltage is

larger than the minimum driving voltage plus



proportion (0167) or not, and judge whether a duration (D212) w thout
injecting the halogen gas is larger than a predetermned tinme (0162) or
not; and Step S70: when the driving voltage is larger than the m ninum
driving voltage plus the predeterm ned voltage, and the consunption of

t he hal ogen gas is larger than the product of the injection volume and the
predeterm ned proportion, or when the driving voltage is |larger than the

m ni mum driving voltage phHsde? dhe: peedet &1 aked vahtiage « and tdei gHration
wi thout injecting the halogen gas is larger than the predeterm ned tine,

inject the halogen Hashqitb ke epbiber UD2 Agdi TgeRhardes niswlar e

driving voltage rise i.hcr e i pLect. VO of o] gas,
and when the FWHM rfs'géasr{1 re %ceb{}ﬁeed%ﬁ}eggﬁllrg%dvofkg%’of £Fﬁeer&ﬂéal g@@% gas.

In step S60, the firaklpdse quahbert oft Hbich enbedi it agedm behteeret housand
times, but is not limted to this value. _1n addition, the consunptjon of

the hal ogen gas can B&SQ H Qufrdf P 9rB8dd2 ¥ Hifierst WAF6§EF TonkEinpti on

(C166) per mllion puhse-hughercAndna secend pulissyaHnhers (RRP)yhapd a
product of a second halogen consunption (Cl65) per ~hourf w thout injecting
t he hal ogen gas and the Wit irxdree o t hod dajtdee iiny] € RéE vl ogehugass fwhi ch
can be represented Q}l(learh&?ﬂg%ti on; D205=D150x0166/ 1000+D212xC165/ 1000

where the unit of thé 'Second pul'se’ Atifber is mllion pul se

In step 8560, the first pulse number of this embodiment
can be ten thousand times, but isnot limited to this vaiue.
In addition, the consumption of the halogen gas can be
the sum of a product of a first halogen consumption {Cl66)
per million pulse number and a second pulse number (D1i50)
and a product of a second halogen consumption (Cl65) per
hour witheout injecting the halogen gas and the duraticn
without injecting the halocgen gas, which <can be
represented by an equation:

D205=D150xCl66/1000+D212xC165/1000
where the unit of the second pulse number ismillion pulse

numbers.

In step 370, when the fluorine in the chamker 102 is
decreased so as to lower the output energy ¢f the excimer
laser system 100, the <control device 118 of this
embodiment will increase the driving voltage to maintain
the output energy of the laser light generated by the
excimer laser system 100. When the driving voltage is
larger than the minimum driving voltage plus the
predetermined voltage, and the consumpticn of the halogen
gas is larger than the product of the injection volume
and the predetermined proportion, or when the driving

voltage is larger than the minimum driving vcltage plus
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nunbers. In step S70, when the fluorine in the chanber 102 is decreased so
as to lower the output energy of the exciner |aser system 100, the control
device 118 of this enbodinment will increase the driving voltage to
maintain the output energy of the |aser |ight generated by the exciner

| aser system 100. When the driving voltage is l|arger than the m ni num
driving voltage plus the predeterm ned voltage, and the consunption of the

hal ogen tgas sy d@egerdhandt heopreduct ofnghech o ectign vl uRe 1 @Pdct he
predeterm ned proportion, or when the driving voltage is larger than the
m ni mum érilg Aagivel tagelplegen@a he Hrlededer rihed Vot tkigededsdnheed
duration . w t hou inj i t o] j r . n e

or edet or ST e het Bantral L device The BRend The T P Eog as HRhPYy

unit 104 ural & nj @ét tbhe nhiad ®gehhgakailld@e hhgachdmiss t102. chkwidder hoee, when
the driving voltage is not larger thapn the nininun1drivin%ﬁéflta e glus

the predétBr i REFO Lol tHgEn &P Y hBIc 8T £ ohSof Ofhd 3 ©Fehl §8s i s

not | argemd hani & hRuRr oduct v o gt he Jinj £6L1 op1vial ume and, - £ he LRy Seeheym ned
proportion and the duration w thout injecting the hal ogen gas is not
| ar ger t Wanl-thee pratevbem rdet cawsuhetigirogeh ghs ilss hogeimjaetsedsi nto

t he cha r. 1 |t oul d,_he nat ed t hat n the.driVving valtage rises,
t he gasn?ﬁ?écf%g eﬁétnggnfEBFh@F“?%%F&dégMgﬁl?eéggeéﬁélogfVglfﬁﬁ?dan%

rel ati onalhequatidst ¢ hmewgid apsioddr £ ebat | Dnal tmeguatireit Senas iftthpuevent
the lifetine of the electrodes from being shortened due to the sustained
i ncrease 16¥J $REI TG i ilhgy VBRLRGED | ni9BFder 5t o "itoi d # REedusttdided FREr ease

predetermined time, the hailogen gas is not injected into

the chamber 102.

It should be noted that when the driving voltage rises,
the gas injection method further includes at least one
of a third relational equation through a sixth relational
equation so as to prevent the lifetime of the electrodes
from being shortened due to the sustained increase of the
driving voltage. In order to avoid the sustained increase
of the driving voltage and to produce the laser light with
stable output, the injection volume of the halogen can
be raised. For example, the third relaticonal equation is:

Cl1l357=1.1xC135
where C135’ is an injection volume of the halocgen gas after
the driving voltage rises; C1l35 is an injection volume
of the halogen gas before the driving voltage rises; 1.1
is a proportional constant. The present invention is not
limited to this value. It should be noted that when the
injection volume of the halogen gas 1is increased, even
though the driving voltage is reduced, the excimer laser
system still can produce the laser light with the same
ocutput energy and the same FWHM so as to avoid the

sustained increase of the driving voltage.

11



of the driving voltage and to produce the laser light with stable output,
the injection volunme of the hal ogen can be raised. For exanple, the third
rel ational equation is: 0135 =1.1xCl135 where 0135" is an injection volune
of the hal ogen gas after the driving voltage rises; 0135 is an injection
volume of the hal ogen gas before the driving voltage rises; 1.1 is a
proportional constant. The present invention is not Ilimted to this value.
It should be noted that when the injection volune of the hal ogen gas is

i ncreased, even though the driving voltage is reduced, the exciner |aser
system stil Trcad¢ibdyce theskdssr dngheawiitthg t heesams € dul pit vendigy and

the same EVHM sq as to avoid th sust ained | ncr e of -t dri_vi
voltage.oflﬁ eﬁﬁ%??ﬁ&{ qﬁ%fdggqrﬁ%%%gFﬁfqkﬁpﬁﬁﬁénQENPSSI&%ggg%nthe

hal ogen gas, d4heoi ajzectbonraumded ohetrhe: thal agens i ggs vallsoa gan rides ¢ @l sed
when the driving voltage rises. In qother words, the condition aof the
driving 98l tagBe T df §&F SuhahheheS AR ARMIM Yoltage hsl LR e N edEtdrad Red

vol tage ¢an S@Bia%fitﬁgefﬁ\ﬁh%rmtfﬁh%oilrﬂ@&éi grwyn@ﬁe gfr_eca@@e&%liqg@a gas
can be rais so as to nore easily perform the step of injecting the

hal ogen gad.tdlhe peedbeesmitiesif iedl fage ®©f ,t hhs émicdpenn camiper adfust ed
as the fﬁﬁrtg rel ati onal eﬁugtion; 0163' =0163-10 where 9&63'3 Se @1
pr edet er hi'fed 37519 30e7 88t ° PR PRe’ BdritTDI5° devitce MIIs® a1 &F “th8 Sdri VY Hg
vol tage thses;t HI63fiSndecpriegeter i nad omd & agesserhid piihed 60atrmol ndevi ce

118 before_ the driving voltage rises; 10 is a constant. The present
i nvent i oficils 3¢ Pinthéd rnkpdimgdituecan be adjusted as the fourth

relational equation:

Cle37=C163-10
where C1637 is a predetermined voltage set in the control
device 118 after the driving voltage rises; Clé3 is a
predetermined voltage set in the control device 118 before
the driving voltage rises; 10 is a constant. The present

invention is not limited to this wvalue.

Furthermore, this embodiment alsc can increase the
consumption of the halogen gas for Jjudging when the
driving voltage rises. Although the consumption of the
halogen gas read in the control device 118 does not change,
the value of the first halogen consumptiocon stored in the
control device 118 and used for judging can be increased.
The consumption of the halogen gas for judging can be
easily larger than the product of the injection volume
of the halogen gas and the predetermined proportion so
as to more easily perform the step of injecting halogen
gas. The first halogen consumption of this embodiment can
be adjusted as the fifth relational equation:

Cl66"=Cl66+50
where Cl66’ is a first halogen consumption used for

judging by the control device 118 after the driving

12



Furthernore, this enbodi mrent al so can increase the consunption of the

hal ogen gas for judging when the driving voltage rises. Although the
consunption of the halogen gas read in the control device 118 does not
change, the value of the first hal ogen consunption stored in the control
device 118 and used for judging can be increased. The consunption of the
hal ogen gas for judging can be easily |arger than the product of the

injectiopoval gE iefcAdeshal,ogensgas sandd §he spr edet spinesds REARY LI &R SO
as to nore easily performthe step of injecting hal ogen gas. The first
hal ogen &&®shnpeiror] wigiRiss evbédiarenenddirl bdeadjast éd Sash ¢ he rfd fihe

rel ational.. i : "= +50. . where. Q166" i LTS a e
consunpt?gﬁgﬁgﬁé ?ggt%%ﬁgg%%é§%ffi %’cggt%%lgd%@b%gﬂfag'a?pgrbgﬁgﬂ%?Fving
12 vol t agevenct tases;s G166 ilsimiterdstt hakbden cohsenpti on used for judging
by the control device 118 before the driving voltage increases; 50 is a
constant. The present invention is not limted to this value. Moreover,

this enbodi R c8kee cancheducehheq Riedet enmdied paportign et 4 pethe
control device 118 when the driving voltage rises. Accordingly, the

product Ppafedaeeirnjienad opreglameion twet hahoddre gagnamd t hée vpredet 88 ned
proPor (1 B HeSaNES: SUBLLSY g A e SUPUIBLLEN G 4 19, ol 0B g
pr edet er gifnedh epr Opdrdd 0No 80 @S 1ehgperffor mhienj Betlidwgehheghal agea gelse The
predeterm ned propaortion can be adjusted as the sixth_relational equation:
Cl67' =018festetermined proportion Dbecomes smalier, and the
consumption of the halogen gas is easily larger than the
product of tThe injection wvolume and the predetermined
proportion so as to perform injecting the halogen gas.
The predetermined proportion can be adjusted as the sixth
relational equation:
Cle7"=Cl67-50
where C1l67’ is a predetermined proportion set in the
control device 118 after the driving voltage rises; Cl67
is a predetermined proportion set in the control device

118 before the driving voltage rises; 50 is a constant.

The present invention is not limited to this wvalue.

However, when the injection veclume of the halogen gas
is overly large, the FWHM will increase accordingly. In
order to prevent the critical dimension from being larger
due to the increase of the FWHM, the gas injection method
of this embodiment further includes at least one of a
seventh relational eguation through a tenth relational
equaticon so as to retard the increase of the FWHM. The
seventh rational equation of the gas injection method can
reduce the injection volume of the halogen gas to retard
the increase of the FWHM. For example, the seventh

relational equation is:
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where Cl167' is a predeterm ned proportion set in the control device 118
after the driving voltage rises; Cl67 is a predeterm ned proportion set in
the control device 118 before the driving voltage rises; 50 is a constant.
The present invention is not limted to this value. However, when the

i njection volune of the halogen gas is overly large, the FWHM wi | |

i ncrease accordingly. In order to prevent the critical dinension from

bei ng | argercidge=tho ¢ heiimcrease of the FWHM the gas injection nethod of
this enbodi ment further includes at |east one of a seventh relational
equat i onVirerRigh 30t et By dngits ohabn Bgdatmior Sohashed axtardh ¢ ke  @er ease

of the FYHY plngy Seventhofakional eanatian of {8g.gas kgl Lan feLhod can
reduce the injection volune of the halogen gas to retar the increase of
t he FWHWyakob ecaanplteh e tRIEHMeweatkl ; Delttiisoaab r eguati oonks: cdBstant.

0135' =0. 9x0135 where 0135' is an.injection volume of the hal ogen gas after
the PUEM PSS dRTeE 8 | SRERN T ¥Rt +én %Fuﬁ'é“b]ft?ﬂe toal oy e Vgaagu%ef ore the
FWHM rises; 0.9 is a proportional constant. The present invention is not
limted to this value. Besides reducing the injection of the hal ogen gas,
the injectiBs hdeiser esfuaheghhegénigast tan dé thdubed agenratar dthhe

| nor ease ofs Lhe; EUAM Bt her s, b0 Jstard . the, conditign of, the
driving vo k age Parger Fan e 'm ni rumdr v?ng volt age plf us the
pr edet er renedryaliagencean s 0 reiardime injecheenwol ddhe dwlregenrgo as

to reduce the injection nunber of the hal ogen gas. The predeterm ned
vol tage &6F% h?@né’fd‘dbjd?ﬁerﬂf cah DedFdiist @d Vs  £HE et YRPR I ef BEonahe

equatiONpinimum driving voltage plus the predetermined voltage
can alsc retard the injecticn of the halogen so as to
reduce the injection number of the halogen gas. The
predetermined voltage of this embodiment can be adjusted
as the eighth relational equation:

Cle3’=C163+10

where C163’ is a predetermined voltage set in the control
device 118 after the FWHM rises; Cl63 is a predetermined
voltage set in the contrel device 118 before the FWHM rises;
10 is a constant. The present invention is not limited

to this wvalue.

Furthermore, this embodiment also can reduce the
consumption of the halogen gas for judging. This means
that the value of the first halogen consumption stored
in the control device 118 and used for judging can be
reduced, so that the consumption of the halogen gas for
judging can not be easily larger than the product of the
injection volume of the halogen gas and the predetermined
proportion sc as to retard the injection of the halogen
gas. The first halogen consumption of this embodiment can
be adjusted as the ninth relational equation:

Clee"=Cle6-50

14



0163 =0163+10 where 0163' is a predeterm ned voltage set in the control
device 118 after the FWHMrises; 0163 is a predeterm ned voltage set in
the control device 118 before the FWHMrises; 10 is a constant. The
present invention is not limted to this value. Furthernore, this

enbodi nent al so can reduce the consunption of the hal ogen gas for judging.
This neans that the value of the first hal ogen consunption stored in the

control ¢ewece Eh8sand used fen Haudginng £a8nbe-ocheduGedi 080 tHal ther
consunption of the hal ogen gas for judging can not be easily larger than
t he prodiétc®inghky itijecepdl niol uevelce el hapbgerr gdse ahiithgises:

pr edet er m . proparti to pnjectio f. . n
gas. Theﬁpﬁfgtl%agogé%%ggHﬁﬁﬁggﬁghcggﬁgﬁgg%gﬁgngﬁg% %%% jggﬁﬁgﬁégggd as
t he ni nt lhhreel abhanal 1 eqeatiicon: 10866 =0 bat 50h &4 FuEM erQkG6s ; | S0a fsrat

hal ogen consunpti on used for judging by the control devjce 118 after the

§’;n5%§ eh‘g ogéwecrb

FWHM ri s& B6 i ST PESS $OmptiH 88ed o L PHddihg BYS t he
control device, 118 before the FWHM rises; 50 is a constant. The present
invention is not limted to this value. Mreover, this enbodi nent al so can
increase the predetermned proportion set in the control device 118.
Accor di ngl y’McEPSanreordUCt’%l%f_st he b £ehLQR vahure O{%ﬁhein%%'e°$§8 gagcand
t he predeternined proportion bécomes arger, and € consunption of "t he
hal ogen gasds&teeimireasdi by oparget ohhar i hien ptvduebnafr ¢ hedkerjiecd iongvol une
and t he %redetetnined proportion so as to retard the
ccordingly, the product of the injection volume of the
halogen gas and the predetermined proportion becomes
larger, and the consumption ¢f the halogen gas 1is not
easily larger than the product of the injection veclume
and the predetermined proportion sc as to retard the
injection of the halogen gas. The predetermined
propcrtion can be adjusted as the tenth relaticnal
equation:
Cle7’'=Cl67+ 50

where Cl67’ is a predetermined proportion set in the
control device 118 after the driving voltage rises; Cl167
is a predetermined proportion set in the control device
118 before the driving voltage rises; 50 1s a constant.

The present invention is not limited to this value.

As the above-menticned description, when the driving
voltage rises, the present invention uses the third
relational eguation through sixth relational eguation to
increase the injection of the halogen gas. When the FWHM
rises, the present invention uses the seventh relational
eguation through tenth relational equation to retard the
injection of the halogen gas. Furthermore, the present
invention can reuse the third relational egquation through

the tenth relaticnal equation in the following steps using
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injection of the hal ogen gas. The predeterm ned proportion can be adjusted
as the tenth relational equation: 0167' =0167+50 where 0167' is a
predeterm ned proportion set in the control device 118 after the driving
voltage rises; 0167 is a predeterm ned proportion set in the control
device 118 before the driving voltage rises; 50 is a constant. The
present invention is not limted to this value. As the above-nentioned

descri ptit@ysy yWgnihhe i ¥hnge M 42868 EiosBSr oL he nRr esent 1 hverdl ©aguses
the third relational equation through sixth relational equation to

i ncr ease atitfe tihg eB¥HYn Gthahefhalcogdm gasi Fakeme hef FWHM chiagdze rt he”
present 1 %e’gd§ﬂd“88§ﬁ£%§8¥§ﬁh%é %eaé{aﬂgael ofe%éai[%i)ﬁ thrugh {e0hG

rel ational "equation to retard € 1njectron of the hal dgen gas.

Furt her morce, t 4be preSeatreriawentingh the retseithel tBimerel ahi efal tBguati on
through the tenth relational e%t%ition in the foll ow ng steps using f15 t he

gas i nj eSS ONCREL AGF Y ToAt P thd M FGRFG Vot ade® GG LRETRARE ©

Thereforend heshidhetd g of tdgechanher 10%ncan avoid being shortened
because of raising the driving voltage difference, and the critical

di rension of the devices can avoid being increased due to the increase of

the bandwi dthy of jthe daser \jaht. (Lt should e noted thal the oper afing
met hod of the  excirner Taser system otf 1% € presen imventron i s no

limted taxdinabudel peetoryipgeanl yrfornehéi pr-d bengasinirepectdonirethod, and
t he operating nmethod of the exciner |aser systemcan inc¢lude performng a
pl ural ity itthesdoft ot He gad dichj BEL I FafHod  RPIYeaSe S eF &M% ot REG 985 whi ch

injection method, and the operating method of the excimer
laser system can include performing a plurality times of
the gas injection method. Please refer To FIG. 6, which
is a schematic diagram illustrating a lifetime curve of
the excimer laser system using the operating method of
the present invention and a lifetime curve of the excimer
laser system according to the prior art. As shown in FIG.
6, a first curve 130 represents the lifetime of the excimer
laser system operated by repeating the operating method
of the present invention. Each coperating method includes
performing a plurality of gas injections. A plurality of
sections 132 represent repeating a plurality of the
operating method of the excimer laser system. A second
curve 140 represent the lifetime of the excimer laser
system operated by human experience according to the priocr
art. As compared with the prior art, the excimer laser
system operated by using the operating method of the

present invention can effectively extend the lifetime.

The gas injection method of the present invention is
not limited to be used after the excimer laser system have
been operated for a period of time, and the gas injection

method can be used after the excimer laser system does
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is a schematic diagramillustrating a lifetine curve of the exciner |aser
system using the operating nmethod of the present invention and a lifetine
curve of the excimer |aser systemaccording to the prior art. As shown in
FIG 6, a first curve 130 represents the lifetine of the excinmer |aser
system operated by repeating the operating nethod of the present

i nvention. Each operating nethod includes performng a plurality of gas

injectiongt Aopbiizald ty¥o0f o SeCtiors B2tk gRresent skepeal tag aplurelity of
the operating nmethod of the ‘exciner |aser system A second curve 140
represent/ t hiehliictieti freaoff the eboner Llldses t reysitneim sparat ed nhye hiuhan

experience r di .t he. priqr rt. r i .the prior_art, the
exci mer aestgrggasggi%n%%h}elgag@d abnyoﬁféleﬁg p?flef%gg%éf%r%&hg%%&%féfh%ﬁe
present prwenéhenicareref feat.i vwal wrextvandnt Fed.i fet it eThe hgas s & eetri on
met hod of the present invention is not |limted to be used after the

exci mer H&¥F L sHEFEAThAVRS BBENPEGET ARUTAGE R [T i P 6F Ih& L dntMEhe gas

i nj ecti onndreghad ;Gans be susednat ey the %qigreémhé%%ﬁir?méx%_t AR EPE8e L0 ot

operate for a period of tinme. Please refer to Fl , Which is a flow

chart ill ust¥taebn§8d gabsud geeethonhemeehod razenpdiing t of ahbehdra e eter r ed
enbodi nent of the presSer_]LtS i navlgnti th %st%heovgnni n Eli%‘n Z},Off}ngr %h? %xci mer
| aser system has not I5een o&era?%ﬁ of a peri otf of “tite, He g%s Fllj ection
met hod of this enbodhmEdgéncl gdes: oSt epc380: dudge]wagtdhern ioe €pBSUNMAL I ON
of the halogen gas is larger than the injection volunme of the hal ogen gas
or not, and judge wh&tHe&t A°ndiifdth Rt wi PHGRT I Rfebheng RO BRI 986nigas is

l'arger than a predeteryined tin® o PPLyenined time or not; and
Step 890: when the consumption of the halogen gas is

larger than the injection volume of Tthe halogen

gas, and the duration without injecting the

halogen gas is larger than the predetermined

time, inject the halogen gas in the chamber.

In step S80, because this embodiment is used in the
condition that the excimer laser system does not operate,
the consumption of the halogen gas of this embodiment is
equal to a product of a second halogen consumption per
hour without injecting the halcgen gas and a duration
without injecting the halogen gas, and the consumpticn
of the halogen gas of this embodiment does not include
the first halogen consumption during a certain pulse
number. The consumption of the halogen gas can be
represented by an equation:

D205=D212xC165/100C
In step 590, because the excimer laser system does not
ocperate, the halogen gas can be injected after a period

of time.

In summary, the operating method ¢f the excimer laser

17



Step 590: when the consunption of the halogen gas is |larger than the

i njection volune of the halogen gas, and the duration w thout injecting
the halogen gas is larger than the predetermned tinme, inject the hal ogen
gas in the chanber. In step S80, because this enbodinment is used in the
condition that the exciner |aser system does not operate, the consunption
of the hal ogen gas of this enbodinent is equal to a product of a second
hal ogen consiumptinn Refe HOHE sWithouts b ectdmng dhey hakeger ngas rand-@
duration “without injecting the hal ogen gas, and the consunption of the
hal ogen gad adfithid enbedi hentt does: glots i nehude 1 atthieo Rpdse avgltogen to

consunpti.on during cert.ain,_pul se nber ., The caons ;0 f | ogen
gas can E'Jélcrree%? %stéﬁtee&nﬂye %Flgé)(ﬁlué)tfi onﬁhhe %ﬁ%ls96%&%1%g$§%ogeglur§g;&e%3590,
because ghe vexed Me¥olasere sysiem does netivdpey atws 1theehalkkdgans gasigan be

injected after a period of tine. In sunmary, {he operati ng‘{_rret hod of the
exci mer PESEtian, sykhemREeERE thr 8EFAN T hoBntT oAtV BES T Hee Bhitlye

relationglyequati an. 1 heouslh 1y ehatd opal- SRl LA Jogbeasmd e

i njection of the ogen gas and reduce the driving voltage when the
driving eghtaggeoni ses.reducadditte onp jtehet presert T heehtalongor viker peovi des

the seventh rel ational, equati on thro t rel ati onal at.ion to
reduce t fAié lEﬁj Jé(e,?‘iaotné%fh? haFdgen < a?}%eo%q'%@t@l?gt E& ngﬁ)lrjﬁclrse%ss'e of
the FWHVrwhan: thecFVWHMd i Beset itherefotee thaclmbet imsof thetexcia®n | aser

system can be extended.
be extended.

Those skilled in the art will readily observe that
numerous modifications and alterations of the device and
method may be made while retaining the teachings of the

invention.
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Those skilled in the art will readily observe that nunerous nodifications
and alterations of the device and nethod may be nade while retaining the
teachings of the invention. 18 Wat is clainmed is: 1. An operating nethod
of an exciner |aser system the excinmer |aser system conprising a chanber,
a first gas supply unit for providing a hal ogen gas and a second gas
supply unit for providing a m xed gas, the m xed gas conprising a first
inert gagiad assecopndyhkhperits gas, and the chanber filled with a remaining
reaction gas, the operating nethod conprising: injecting the hal ogen gas
with an injection volume into the chanber until a pressure of the chanber

s a toval pressune. and Lhehalogen gas.inLhe, chather . haying a pal ogen
pressure; and providi ng riving vol tage between two €l ectiodes’ in the
chanber soeas-imest dblsdihe excemedrgset sSyst emchavheeei,n & e hat oges

pressure and a full wdth half maxi nunm( FWHM. of a | aser |ight generated by
the exci nEMARGEr Ueyist ehPar @49V tdd e of hBFd At P¢e 3ofafi FECAAE the

mﬂ09@1prg%%”§u954§fﬁh9&iﬁéw p¥ohiagengr ¢ M tad 05 have Ppasi fiye
relation. Z. The operating nethod of claiml1l, whereinthe total pressure
and t he dr gvisng o r ageé ntave fpasit iivee recog el atidoa. s8coThk igper Aitdag, net hod

of Chal T Zopthel L LG hLosn BN 7S L S SRR bt BeaRucty o e FYe
driving voktageopadaa isegone taoefl f keinght 1 phing @
injecting the halogen gas with an injection volume into
the chamber until a pressure of the chamber is a
total pressure, and the halcocgen gas in the chamber
having a halogen pressure; and
providing a driving voltage between two electrodes in
the chamber s0 as teo start the excimer laser system,
wherein the halogen pressure and a full width half
maximum{FWHM) of a laser light generated by the
excimer laser system are limited to have negative

relation, and the halogen pressure and the driving

voltage are limited to have positive relation.

2. The operating method of claim 1, wherein the total
pressure and the driving voltage have positive

correlation.

3. The operating method of claim 2, wherein the halogen
pressure is equal to a product of the FWHM ¢f the excimer
laser system and a first coefficient plus a product of
the driving voltage and a second coefficient plus a
first constant, and the total pressure is equal to a
product of the driving voltage and a third cocefficient

plus a second constant.
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first constant, and the total pressure is equal to a product of the
driving voltage and a third coefficient plus a second constant. 19 4. The
operating nethod of claim?2, further conprising performng a gas injection
met hod after starting the excimer |aser system wherein the gas injection
met hod conprises: when the driving voltage gained after providing a first
pul se nunber is larger than a mninumdriving voltage after providing the

first pulbse mhebepepldising Rieades ar simed ¥ oht age, f@ﬁ@h@@%@ﬂ@&tﬂ@n@f t he
hal ogen gas is larger than the injection volume multiplying a

pr edet er ni R fR BRSO oh, IBF W@héomrm%tﬁ@d/oafbgé |Sst¢éfigélrg tthaa t he
m ni mum drb&'é}%e}“—"’iﬁ %e: %dé’sﬁtéfae %eedféfﬁnke ng \ré%' 4306, - A0Y 2 me ﬁ' on

wi t hout injecting hj ectin ogen gas imto th amber
5. The opecaMunglﬁeBhod of cIa|n14 mhereln when the dr|V|ng voltage
rises, incre se t ection vQ | une  of thg_%glo en The_ operating

met hod of cl Je’i’hn\%hgﬂ 7 © #3 Vi € gBr sJe%lane%l the

predet er m ned Fgllts@epu?nbe-rfe mer;aéfﬁgrne{hg@h 0f Gh2hMnhm WAGTG) I ¥hen
the driving voltage rises, increase the consunption of the hal ogen gas

for judging. 8.VPR&asperait ay meeNed 01 gdl aen 4T shhereise wyerbehee 1 @si vi ng

‘r’Tg't ngeo][i Lol jﬂ%&%eeﬁé;?erﬂa%dee& e‘%(gl E%\ﬁ ProRarLl 03 im iR QP ALLAG
halogen gas 1s larger than the injection volume
multiplying a predetermined proportion, or when the
driving voitage is larger than the minimum driving
voltage plus the predetermined voltage, and a

duration without injecting the halogen, injecting

the halogen gas into the chamber.

5. The operating method of c¢claim 4, wherein when the
driving voltage rises, increase the injectiocon volume

of the halogen gas.

6. The operating method of claim 4, wherein when the
driving voltage rises, reduce the predetermined

voltage.

7. The operating methcd of c¢laim 4, wherein when the
driving voltage rises, increase the consumption of the

halogen gas for judging.

8. The operating method of claim 4, wherein when the
driving voltage rises, reduce the predetermined

proportion.

9. The operating method of claim 4, wherein when the FWHM

rises, reduce the injection volume of the halogen gas.
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rises, reduce the injection volune of the hal ogen gas. 20 10. The
operating nethod of claim4, wherein when the FWHM rises, increase the
predeterm ned voltage. 11. The operating nmethod of claim4, wherein when
the FWHM rises, reduce the consunption of the hal ogen gas for judging.
12. The operating nethod of claim4, wherein when the FWHM rises, increase
the predeterm ned proportion. 13. The operating nethod of claim1, wherein
the halogen gas is fluorine, the first inert gas is krypton, and the
second inert gas is neon. 14. The operating method of claim1, wherein
before ihj-efticmgrdeahanayars tidgasd @ he bpémat i nghAeeHod Whe v Here E®RYri ses:
exhausti ng_t.he remai_ni act,j on i C I il the pressure of
t he chanbefcjit]sse %1' rﬁﬁgfg%rggsgcuﬂree; pig%]%eéc ?%g&tnh%ﬁﬂgﬁéé’ea%%és into the
chanber until the pressure of the chanber is a second pressure; and
injecting the m xed gas,into t he chapber until the pressure of the chanber
is a thi &Jppéggmgf asing method of claim 4, wherein when the FWEM
rises, reduce the consumption of the halogen gas for

judging.

12. The coperating method of claim 4, wherein when the FWHM

rises, increase the predetermined proportion.

13. The operating method of claim 1, wherein the halogen
gas 1s fluorine, the first inert gas 1is krypton, and

the second inert gas is neon.

14, The operating method of claim 1, wherein before
injecting the halogen gas, the operating method further
comprises:

exhausting the remaining reacticn gas in the chamber
until the pressure of the chamber is a first
pressure;

injecting the halogen gas into the chamber until the
pressure of the chamber is a second pressure; and

injecting the mixed gas into the chamber until the

pressure of the chamber is a third pressure.
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