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Seni conduct or Production Equi pnent 5 CROSS- REFERENCE TO RELATED T1%ns
Thi s appl wanéd/ermes s based on the provisions of 35 U S. C Aptcrar@a/bick( a)
with claimng the benefit of filing dates of U S. provisional application
Serial No. 60/230,811 filed on Septenber 7, 2000 and U.S. 10 provi sional
application Serial No.60/261,265 filed on Decenber 27, 2000 under the
provisions of 35 U S.C. 111(b), to. 35 U S.C. Article 119(e) (1).
TECHNI CAL FI ELD 15 The present i nggh?ggﬁtfrléﬁ’at es a cleaning gas for

sem conduct or production equi pnment. Specifically, the present invention
relates to i as. for i n e i.ts in filmformng
cqui prent _or +rEany S F st e SRR BB sF B et o or
TFT 20 liquid crystal device, which are accunulated at the film formation

or etching Ll j 1 Ltride,  sili i de, tungsten and the
like, to a g#@iﬁr#@%ﬁﬁﬁﬁéﬁ:ﬁﬁﬁéﬁﬁéﬁggcﬁégﬁ#§§969 . and also to a nethod for
producing a senraardugpplidevien el vbdsBa it! enBi Nr&EEPidisd Nt By 25

cl eani ng gas. BACKGROUND ART. In the filmformng equipnment or etching

equi prent  Pof - EheA3tddd& il () ¥5ER ebaduingr the Repefit @f F1590%r yst al

devi ce, thegdepgsi tgraceumll at geodti stilk@dil | rrhb?n%hit%nor SE£hA1g Ho.
silicon, silicon nitride, silicon oxide, tungsten and the |ike cause

generation 6P/238r@8ld esfaAgdhi neRr tIRPERRREL I o of 2§68d faiey U.-B.
10 provisional application Serial No0.60/261,265 filed on

December 27, 2000 under the provisions of 35 U.S.C.
111(b), pursuant to 35 U.S.C. Article 119(e) (1).

TECHNICAL FIELD

15 The present invention relates a cleaning gas for
semiconductor production equipment. Specifically, the
present invention relates to a cleaning gas for removing
unnecessary deposits in film-forming equipment or etching
equipment for the production of a semiconductor or a TFT

20 liquid crystal device, which are accumulated at the film
formation or etching of silicon; silicon nitride, silicon
oxide, tungsten and the like, to aicleaning method using
the cleaning gas, and also to a method for producing a
semiconductor device including a cleaning step using the

25 cleaning gas.

BACKGROUND ART
In the film-forming equipment or etching equipment
for the production of a semiconductor or a TFT 1liquid
30 crystal device, the deposits accumulated at the film-
formation or etching of silicon, silicon'nitride, silicon
oxide, tungsten and the 1like cause generation of

particles and hinder the production of good film,



11 APRIL 2006 WO 02/07194 PCT/JP01/ 06164 therefore, these depogiaprit3bode
renoved on occasion. Heretofore, the deposits in sem conductor production
equi prenwaexmenoved by a nethod of etching the depositsParsipagoeispl asna
excited froma fluorine-type etching gas 5 such as NF3, CF4 and C2F6.
However, the nethod of using NF3 has a problemin that the NF3 is expensive,
and the nethod of using perfluorocarbon such as CF4 and C2F6 has a problem

0 Lhat therRbalidins T3t Fals haoalfst et BaTLaRo B! bel Sap g ow 10

JP- A- 8- 603 used herel'n imeans unexam ned publi shed
Japanese pat ent Hape tatoren” fhe déeposlhes anrreetnmdonﬁuu$loug prodwsniowy gas

where at | east. on as of FZV §?§3 Bngp ad ? §§% in_an amount  of
1 to 50 volTWiHIF Eﬁ TORRVeA BY, 2BeR196- @ %nge % et hod of
usi ng F2 didsitned & bl astha rarctlte:@r Firéf @ASE Rforhite Ctedi BGchang Hpever,
t hese t hods . have a pr en1|nﬁ§hat the etching rate is Iomer and the
cl eani rrn% efichy Ry NFa- | r aPfaifthe nBPHEYSEF eng‘“?\'Fl%O aSta 45 Hhi ng

gas. 20 JPie;3hb46681paesteimdesn atRhke@hgaNICORROSSipOs {06, ah@aning, where
at | east one gas of F2, Cl2 and_a halogen fluoride Is m xed in_an anount of

0.05 to 20M&d QMQﬁ1u$&@9tBeFﬁ%PBF@°PﬁB°BtéHPHgaFaF§4 apdoCaBe Mas il ess

cl eani ng rr%iamelﬁslm enAel eden dtldiar &ase@hl.@&&:}FénaSt%é e Begi Ng gas
i s known. wever, the hal ogen fluori i s very expensive and noreover,

extrenel y ﬁﬁﬂﬂ%}QQﬁXni%elOWtherefore desplte t he excel | ent cleaning

efficighicy, thefpedSgos@508! @i 41l Hp-AFeALUsAPSALPLENC Had $
necessary for the handling. Furthernore, the hal ogen 30 fluoride y damage

the equi pmé®t napereaIinesds; pubilashed Japanese patent application
describes a method of using a cleaning gas where at least

one gas of F,, ClF,;, BrF; and BrFs is mixed in an amount
of 1 to 50 wvol% with CF; or C,F¢. Also, JP-A-10-72672

15 describes a method of using F,; diluted with an inert
carrier gas as the cleaning gas. However, these methods
have a problem in that the etching rate is lower and the
cleaning efficiency is lower than the method of using NF;
as a cleaning gas.

20 JP-A-3-146681 describes a mixed gas composition for
cleaning, where at least one gas of F;, Cl, and a halogen
fluoride is mixed in an amount of 0.05 to 20 vol% with
NF,; to improve the etching rate. Also, a plasmaless
cleaning method using a halogen fluoride such as ClF; as

25 the cleaning gas is known. However, the halogen fluoride
is very expensive and moreover, extremely highly reactive,
therefore, despite the excellent cleaning efficiency,
there is a problem in that the greatest possible care is
necessary for the handling. Furthermore, the halogen

30 fluoride may damage the eguipment material inside the
semiconductor production equipment and therefore, its use
is disadvantageously limited only to some devices such as
CVD device.



sem conduct or production equi pnent and therefore, its use S RIL 200
di sadva @gg&@gly limted only to sone devices such as y/é364 1,2006,
APRI L 20 02/ 07194 PCT/ JPO1/ 06164 That IS, conventlona Iy k

cl eani ng gases have the follow ng problens; (1) the gases having hlgh
cleaning efficiency are expensive; and 5 (2) the gases cannot be used
except for sone devices. |nexpensive cleaning gases have a problemin that
bot h the etchi rMBhatt el sind comvepltdomald yef khowvancleamin@wgaskHse ba¥eent

i nvention Jhas P§§f°“§ﬂ§ ggg%l oifiese 10 circunstances. Accordingly, one of
€ preés

t he objects of rvention is to provide a cl eaning gas and a

cl eani ng net hod(1hhi theergases hhghiiegchigh releaningh efflisaakemyy ehiieci ency
and excel | ent cost perfarmance. One of the objects of the present invention
is to proitRE® i% nePRod for producing a semiconductor device. DI SCLOSURE

OF THEs! NVENTI QN2 As Bheesulkesl e@sdngrsi vibd nussid gadstanst t of 6ol veoinbe 20
above-descyi bed problens, the present inventors have found that a cl eaning
gas obtai %t xi ng SF6 and one or both of F2 and NF3 with an inert gas

at a specific rmékpehsikentskedhing paeesd havé he epﬁdsbnamr atre endt
el evated in the cleanlng efficiency. Nbreover the resent inventors have
found t hattate ERe AFRR1BGF ratendpd jther Glaand ﬁﬁkéi%ﬁcﬁs?ﬁ% iAe.

cleaning gas wifhe arpre3¥fen- LORsRE DoAY HAS %@trﬁl mede! hahaer | fhasgpecific
ratlo10 circumstances. Accordingly, one of the objects of the
present invention is to provide a cleaning gas and a
cleaning method, which ensure high etching rate, high
cleaning efficiency and excellent cost performance. One
of the objects of the present invention is to provide a

15 method for producing a semiconductor device.

DISCLOSURE OF THE INVENTION
As a result of extensive investigations to solve the
20 above-described problems, the present inventors have
found that a cleaning gas obtained by mixing SF; and one
or both of F; and NF; with an inert gas at a specific
ratio is remarkably improved in the etching rate and
elevated in the cleaning efficiency. Moreover, the
25 present inventors have found that the cleaning efficiency
is further improved by using the cleaning gas with an
oxygen-containing gas contained therein in a specific
ratio.
The present invention relates to a cleaning gas for
30 cleaning semiconductor production equipment as described
in (1) to (22) below, to a cleaning method as described
in (23) to (32) below, and to a method for producing a

semiconductor device, described in (33) and (36) below.



The presént invention relates to a cleaning gas for 30 cleani ng; APRIL 2006
sem conduct or production equi pnment as described in (1) to (22) below, to a

cl eani ngwgrbe@dsas described in (23) to (32) below, and tperarroridied for
produci ng a sem conductor device, described in (33) and (36) below. - 3 11
APRI L 2006 WO 02/07194 PCT/JP01/06161 (1) A cleaning gas for sem conductor
production equipnment, which is a cleaning gas for renoving deposits in the

equi pnent, conprising an_inert gas _and_at |east t jases _sel.ected fromthe
group consistinéhif gFG?l???lgganaaﬁF3f8§clﬁﬁ?ﬁﬁo?ﬁochEbiHﬁPPBHt&PnFZ and

NF3 al one. efqdipmBatG| &niichy igasa f 81leafithgoREALC T Preatbeihgndepdeiiient as
described in %1) above, conprising SF6, F2, and an inert gas. (3) The
cl eani ng ghR fibe sREILHRERE oCPRFd M Dnan 18 n6dH pFRht 2R Rkc in (1)

above, compgbsighsedrGeNhed affloAn thReldrdfs - céddidbeng! anigw, gas, for
sem conduct or Broductlon_ equi pment _as described in glg above, conprising
SF6, F2, a3 NEnex@luttpe GBS, conbibptiee efedini ARdglEsf 8L0B€ni conduct or

production equipyenihas HRSLAid§d gy aFYr ORemAontludidr 4hralpktioniher ei n
the inert gas is at |least one seleCted fromthe group consisting of He, He,

Ar, Xe, Kreand#pmrent(@s Trseribedngngdd )i crbeesi con@nEisingr dtot in 20
ol coted 1o FcibBEE BasL ) g of |t Ar. and Ne. (5) The ol eaning gac
for sem conduct 68)pr Bbect¢lzaninui gasntfos sepdicondmdtor 1praduedionher ei n
F2 anqkpr equipment as described in (1) above, comprising SFg, NF;,
and an inert gas.

(4) The cleaning gas for semiconductor production
equipment as described in (1) above, comprising SFs. F,,
NF;, and an inert gas. _

15 (5) The cleaning gas for semiconductor production
equipment as described in any one of (1) to (4) above,
wherein the inert gas is at least one selected from the
group consisting of He, Ne, Ar, Xe, Kr and N,.

(6) The cleaning gas for semiconductor production

20 equipment as described in (5) above, wherein the inert
gas is at least one selected from the group consisting of
He, Ar, and N,.

(7) The cleaning gas for semiconductor production
equipment as described in (1) above, wherein F, and/or
25 NF; is from 0.01 to 5 and the inert gas is from 0.01 to
500 in terms of the volume ratio assuming that SFg¢ is 1.
(8) The cleaning gas for semiconductor production
equipment as described in (7) above, wherein F; and/or
NF; is from 0.1 to 1.5 and the inert gas is from 0.1 to

30 30 in terms of the volume ratio assuming that SF¢ is 1.
(9) The cleaning gas for semiconductor production
equipment as described in (1) above, which contains at

least one gas selected from the group consisting of



25 NF3 is from0.01 to 5 and the inert gas is from0.01 to 500 iﬁ}ﬁﬁﬁ?zo%

the volu rati o assumng that SF6 is 1- (8) The cl eaning f

sem cond&‘g’t%fm’&oduction equi pnent as described in (7) aﬂ%ﬁz{m%@rﬁéi n F2

and/or NF3 is fromO0.1 to 1.5 and the inert gas is from0.1 to 30 30 in

terns of the volune ratio assumng that SF6 is 1. (9) The cleaning gas for

sem conduct or production equi pnment as described in (1) above, which

cont ai ns aperfrastooacbgas sdyertctl dormeatizonr oupechhsozbiethheaf -and 11

APRI L 2006? (X\Oog%/ 0719% PCT/ JP01/ 06164 perfl uorocarbon, hydrofl uorocarbon,

per fl uoroe het ‘dorﬂﬁ Pgﬁ‘uoroet her. (10) The cl eaning gas for

sem conduct or p(oojcti ckganpAgnigas fescrddmeictomiSfornbpredudtdioa n t he

5 perfluorocarbon ?nd h%drgfl uor_oca{jbo,n eagg has from1l to 4 carbon atons
he®Snd%efGHtBe )

and the peffftToR or'det he?) ea@PWE frBRFSeL8 4 W% bon

atoms. 5( 1lpee ChERHEARDLBAS Il ISPAF6PNEEELEATBHAT RIS Ma£qEt@IENt torhi ch is
a cleaning gas for, renoving deposits. 10 in the equipnent, conprising an

oxygen- cont ai niGAFRRE, arPtMeFt gPdnd 9 easPeTid YRR ect @&8% rom t he

group Ccongy@tbftudtoskbermdacithd¥ | 210E 504t BregbARBRMEON of F2 and
NF3 al one. (12) The cl eaning gas for sem conductor production 15 equi pnent

as described i n(}¥11)Rap6deandsfpr B3engfar i AEMEcCogductar oRFgancddemai ni ng

Saui prent S e Aot g gas.

an i ndft ghbs, tisFeequARMRRg., ZEOMPERSiTE &) ey ggngasntainiagi gewdudnor

prOdUCtimﬁnert gas and at least two gases selected from the group
consisting of SF¢, F,, and NF; excluding the combination
of F, and NF3; alone.

(12) The cleaning Qas for semiconductor production

15 equipment as described in (il) above, comprising an inert
gas, an oxygden-containing gas, SFy;, and F,.

(13) The cleaning gas for semiconductor production
equipment as described in (11) above, comprising an
oxygen-containing gas, an inert gas, SFgs, and NFj;.

20 (14) The cleaning gas for semiconductor production
equipment as described in (11) above, comprising an
oxygen-containing gas, an inert gas, SFs, F,; and NF;.

(15) The cleaning gas for semiconductor production
equipment as described in any one of (11) to (14) above,

25 wherein the oxygen-containing gas 1is at least one
selected from the group consisting of 0, O3, NO, NO, NO, ,
CO and CO,.

(16) The cleaning gas for semiconductor production
equipment as described in (15) above, wherein the oxygen-

30 containing gas is 0O; and/or N;O.

(17) The cleaning gas for semiconductor production
equipment as described in any one of (11) to (14) above,

wherein the inert gas is at least one selected from the



equi pnent as described in (11) above, conprising an oxygen-contiApRIE 2066
an inert gas, SF6, F2 and NF3. (15) The cl eaning gas for sem conduct or
product i swo oxquespnent as described in any one of (11) to (tA)Iraboses

wherein the oxygen-containing gas is at

25

| east one selected fromthe group

consisting of 02, 03, N2O, NO N02 CO and C®2. (16) The cl eaning gas for
sem conduct or production equi pnent as described in (15) above, wherein the

oxygen-

sem conducP5PYBr 6&

above,

30 containin éﬁﬁs i;ﬁgZ and/or N20 (17)_The cl eaning gas for
&@Si ng Rf phentNgs YescKepeliTi AdnY2one of (11) to (14)

wher ei n (tlgg iTHRY t clidantifgal ga£agbronfemitsed st dr ogsrrbaﬁctl%n 11

APRI L 2006 WO 02/07194 PCT/ JPOL/ 06164 group consisting of He, Ne, Ar,

and N2.

descri bed bas(ig)a%bqg%sﬁMEﬂ@'@ei@été&effomgﬁﬁe

( 18510tRBeRte A7 ndegasibed sk

bhliuabsivepr oliRTEieioh theuilmeast
| e8aki9®e n3elgact ed

Xe, Kr
as

?r@h?
fromthe group consisting of 5 He, Ar, and N2. he cl eaning gas for

sem corRlucter pABdugRfoN2-equi pnent as descrlbed in (11) above,

and/ or

Ointerns 1

wherein F2
NP3 ['s (097 Opdd o ot QXY 98B0 WU 3dy B0 | Brbla@iBe Pl to S

and the inert gas is from0.01 volume ratio

assum ng t kguipmenits as (Q@)SC‘-Fﬁ@e@ etmi hlyasbaye sevtevetmcFor apddduact i on

d d 1 b e
175, Pthe. obygers cortn M o88 14 MESmOUD ST s T ey nda®, a8 (ol i o
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(20) The cleaning gas for semiconductor production
equipment as described in (19) above, wherein F, and/or
NF3; is from 0.1 to 1.5, the oxygen-containing gas is from
0.1 to 1.5 and the inert gas is from 0.1 to 30 in terms
of the volume ratio assuming that SFs is 1.

(21) The cleaning gas for semiconductor production
equipment as described in (11) above, which contains at
least one gas selected from the group consisting of
perfluorocarbon, hydrofluorocarbon, perfluoroether and
hydrofluoroether.

(22) The cleaning gas for semiconductor production
equipment as described 1in (21) above, wherein the
perfluorocarbon and hydrofluorocarbon each has from 1‘to
4 carbon atoms and the perfluoroether and
hydrofluoroether each has from 2 to 4 carbon atoms.

(23) A method for cleaning semiconductor production
equipment, comprising use of the cleaning gas described
in any one of (1) to (10) above.

(24) The method for cleaning semiconductor
production equipment as described in (23) above, wherein
the cleaning gas described in any one of (1) to (10)
above is excited to produce plasma and the deposits in

the semiconductor production equipment are removed in the



equi pment as described in (11) above, which contains at |east ofje, 2006

sel ected, fr e group consisting of perfluorocarbon, hygdrofl gar bon,
perfluo?%gvﬁgkhgnd 20 hydrofl uoroether. (22) The cleaninégéas ﬂ@%%

sem conduct or production equipnment as described in (21) above, wherein the
per fl uorocarbon and hydrofl uorocarbon each has from1 to 4 carbon atons and
the perfluoroether and 25 hydrofl uoroether each has from2 to 4 carbon
atons. (23plasmethod for cleaning sem conductor production equipnent,

conpri sing use th | ean s de I be i_n . on A tQ (10)
above. (24) The?égghgﬁﬁ?or @ngﬁghg s%é#con dé?%ﬁfi 0 pgg &géﬁgﬁcgﬁﬁfpnent
as descri bpdodnctidh ampvipmewtr easndeskeibedadimng( 2hy dbsvei batheimeiany one
of (1) to (10) _above.is excited to pr.oduc | aspa and.the deposits in the
Ser conducter) BFORGAEIST ST Sy 5% dr iRt he RenitBSWaT8APRI U 2006 W
02/ 071%4 PCT/ JP02606 1% pl amethod( 25)fdhe nelleathifimy cl eamipgndeieteanduct or
producti on_equi nt as descriped i 24). above, wherein the excitation
sourcef(np¥ﬂ§uggggﬁa?qyﬁpmﬁ% oﬁﬁv&é%?(ﬁﬁf”ﬁﬂaﬂBYh&E?(ﬁpcfgaﬁiﬁf
senm conduc{®s) abeduG! inditRMii PRt c BSaltess ! deddéscaipe@nenOhng2dnd 0 (25)
above, wherein_the cleaning gas described in any one of (1) to 1%%%above
is used at°h “—:Srpépat(&toe) ofs spsed Aoyt etperayIrenLargens
cl eani ng Sﬁgigﬁaq§ctor production equi pnent as described in (23) above,
wherein t cl eani ng gas described in any one of (1) to (10)

10 (27) The method for cleaning semiconductor

production equipment as described in (23) above, wherein
the cleaning gas described in any one of (1) to (10)
above is used at a temperature range of 200 to 500°C in a
plasmaless system.

15 (28) A method for cleaning semiconductor production
equipment, comprising use of the cleaning gas described
in any one of (11) to (22) above.

(29) The method for cleaning semiconductor
production equipment as described in (28) above, wherein

20 the cleaning gas described in any one of (11) to (22)
above is excited to produce plasma and the deposits in
the semiconductor production equipment are removed in the
plasma.

(30) The method for cleaning semiconductor

25 production equipment as described in (29) above, wherein
the excitation source for the plasma is a microwave

(31) The method for cleaning semiconductor
production equipment as described in any one of (28) to
(30) above, wherein the cleaning gas described in any one

30 of (11) to (22) above is used at a temperature range of

50 to 500°C.

(32) The method for cleaning semiconductor



above is used at a tenperature range of 200 to 500C in a pl asnmg &PRIL 2006
system 15 (28) A nethod for cleaning sem conductor production equipnent,
conprisi o aEiaf the cleaning gas described in any one ®fCTIPD)/06164(22)
above. (29) The nethod for cleaning sem conductor production equi pnent as
described in (28) above, wherein 20 the cleaning gas described in any one
of (11) to (22) above is excited to produce plasma and the deposits in the

sem conduct.or -nr tiQ ' rer ed in | gsma Q). The
met hod forbgpggﬁ?%é%sgﬁ%%ggg %ggﬁfggg%t i'oh %%%fp%gﬁt@gésw@(éas%cﬁrbed in
(29) abovetheherlstanindne gescidedcoibedurine dwy one pbAsrdl)s hom(@Dwave
(31) The nethod for cleaning sem conductor production equi pnent as

descri bed PRO¥Ry iSn&isgd @ig)a tempapitapsvEangfePEi #00nd 13 hihd g

descri bed Eﬂa@ﬁl&l@@% %%Sctfe“(_ll) to (22) above is used at a tenperature range
of 50 to 500C. (32) The nethod for cleaning sem conductor 7 11 APRIL 2006

WO 02/ 07194 PCTA3RQI /F06usthed oflact peedygdingment sesidesdurhed iGevizs), above,
whe iy o BEnPERON0 425 cIRaRhDAd S AIREONGhel 1B Kl ceflng AUNE | 3

used at a tenpera range o in-a asmal éss's (33) A
met hod f or cpntdaoing sarseimeohdgetsoramdkvate leasdnpiwesi ggsasclsedmatgpedt ep of
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conbi nat i opcombihAatdoth NFFalamie, NEyGlomec@mbsat decompepition step
10 of decomposing a fluorocompound-containing gas discharged

from the cleaning step.

(34) The method for producing a semiconductor device
as described in (33) above, wherein the fluorocompound is
at least one compound selected from the group consisting

15 of HF, SiF4, SF¢, SF;, SOF,, SOyF,, and WFg.

(35) A method for producing a semiconductor device,
comprising a cleaning step of using a cleaning gas
containing an inert gas, an oxygen-containing gas and at
least two gases selected from the group consisting of SFs,

20 F, and NF3; excluding the combination of F, and NF; alone,
and a decomposition step of decomposing a fluorocompound-
containing gas discharged from the cleaning step.

(36) The method for producing a semiconductor device
as described in (35) above, wherein the fluorocompound is

25 at least one compound selected from the group consisting
of HF, SiF,, SF¢, SF;, SOF,, SO;F,, and WFs.

BRIEF DESCRIPTION OF DRAWING
30 Fig. 1 4is a schematic view of etching equipment

using the cleaning gas of the present invention.



10 of deconposing a fluoroconpound-contai ni ng gas di scharged frﬁ'ﬂﬁﬂﬁzo%
cleaning step. (34) The nethod for producing a sem conductor device as
descri beWOi%/078¥3) above, wherein the fluoroconpound is atPGTEReI0YfkE
conmpound sel ected fromthe group consisting 15 of HF, SiF4, SF6, SF4, SOF2,
S02F2, and WF6. (35) A nethod for producing a sem conductor devi ce,
conprising a cleaning step of using a cleaning gas containing an inert gas,
an oxygen-containing gas and at |east two gases selected fromthe group
consisting of SF6, 20 F2 and NF3 excl uding the conbination of F2 and NF3

al one, anBEBALEEBNPESCRIST LN P TR THNa 1 uoroconpound- contai ni ng

di schar ged 0} 1 S ] ! .
gas di scharged &hamd.hes&leanhigndti®h (%lé@l%:—&e WR %éﬁinﬁregggﬁ:)%gnpound

sem conduct or devicé as descri b_ed in (3 above, wherein t
is 25 at femsconductompmrrivetieneceduipmentic gvbiphcorsi ot icdgangndiF,

S P F0 okt st Sty Qfégptygzﬁts SR sBrecBhialld L AN Fio- 1
IS a sche Ic view of etching equi pnent using the cleaning gas o he
present i neguipwentll cahiRitiPDOG anDiﬂE/IfJ:?]@S P@FAP@IVQJGQM oBE'deﬂIED
DESCRI PTI O O, THE ! Wﬂ“'k&}'e@%v%%‘%%%?} e u !Pi‘r@%o‘éi%%%in% Geg8ni ng gas
for senicondugtor production equi pment, ich isTa cleanng g?as or
renovi ng déposileanimegegasofiirct sempeoddatior parpdyarehén eoupipn&ntg an
i nert gas, SF6hand one or é)th.nof F2 and. NF3" e&%ge. i nve 1éi on . f the first
cl eani ng g&83CB &Sc| &ni PRI or 988 FEFdudTBIOHHRAucEPBRSEESi pright |
whi ch 16 aséhfashdgctgas fmrodecbiong etppigmdet | ncdpsasionndant dngyrtoduct i on
equi pnent, conprising an inert .Iqas an _oxygen-cont ai ni n]c:[ %a% SF6 and one
or both of9&S. an oxygen-contai ing gas, s and one o oth of F,
and NF3;" (the invention of the second cleaning gas), "a
method for cleaning semiconductor production equipment,
comprising use of the above-described cleaning gas" and
15 "a method for producing a semiconductor device,
comprising a cleaning step of using the above cleaning
gas, and a decomposition step of decomposing a
fluorocompound-containing gas discharged from the
cleaning step".
20 The present invention is described in detail below.
The first cleaning gas for semiconductor production
equipment of the present invention comprises an inert gas
with any one of the three combinations,
SF6 and FZI
25 SF¢ and NF;, or
SFG, F, and NF;.
(Hereinafter, the components other than the inert gas in
the cleaning gas is referred to as “active gas”.
The inert gas is at least one gas selected from the
30 dgroup consisting of He, Ne, Ar, Xe, Kr and N,. Among
these, the inert gas 1is preferably at least one gas
selected from the group consisting of He, Ar and N;,

because the cleaning gas can exhibit high etching rate



and NF3" (the invention of the second cleaning gas), "a nethodiapPreleeds N9
sem conduct or production equi pnent, conprising use of the above-descri bed
cl eani ng wasgloand 15 "a nethod for produci ng a sen conduct PCT/APM/BEG4
conprising a cleaning step of using the above cleaning gas, and a
deconposition step of deconposing a fluoroconpound-containi ng gas

di scharged fromthe cleaning step”. 20 The present invention is described
in detail t%ﬂéngcglféﬁ%régs%l§%Q%%gm%%%é[or sem conduct or production

equi pnrent o he present rnvention conprises an inert gas wth any one of
t he t hree conbi rEhe omeixPhgSFoathd F3f SEbe angadF3ompon&hts F2nanthalF3.
(Hereinafter, the co onegt other than.the inert .gas in _the, cleaning gas
s ref or r e 1RTNG FE7 Bt 1S PRg e tpRL Ten 45 el PRREIgHLE o ct od
fromthe 30ingied, CRBFeved)g e Heathe, o ,the€, okhednNdd¥. cHipdentbese,
the inert gas is %feferabl at least one gas selected fromthe group

consi stPng GfF3e, Far 9Rd N¥3  tbechabe e MWWy M cah- %hi BPt Righ
etching rat@efdradily ARRDm 26006 W8 02/ §71%haPEhd PiHe2a164adnd sexegbient

cost performance. The m xing ratio of the gas conponents In the c|eaning
gas of the Prtseh® PROenPrEFaratet B0 @ul aFPy 300 niMAIE PHHESERP Y he

rati o of tha-giher19as CBGRONENT ePmcN\Fee EReOrvd¥uing FakilcS alss@hidgfrom
0.01 to 5,  preferably fromO0.1 to 1.5, and the inert gas is from
that SF¢ in the active gas components is 1. When used in

10 production process of semiconductor production equipment
or ligquid crystal devices, it is preferable that the gas
contains the active gas components in a large amount.
However, 1if these gases are activated moreover in plasma
on use, the equipment material in the plasma atmosphere

15 may be damaged. On the other hand, if the amount added
is too small, the effect is disadvantageously low. These
gases may be mixed 1inside the semiconductor production
equipment or in the pipeline leading to the semiconductor
production equipment, or the gases may be previously

20 mixed in a gas cylinder.

In the cleaning gas for semiconductor production
equipment of the present invention, when F, and/or NF;
gas capable of dissociating particularly at a low energy
level and producing an active species is mixed, the

25 effect brought out surpasses the effect by conventionally
used cleaning gas or etching gas, such as CF,; or CyF¢.
The synergistic effect by the mixing is presumed to occur
because the active species produced at a low energy level
acts on undissociated molecule in a chain-reaction manner

30 and accelerates the dissociation.

The cleaning gas of the present invention may
contain at least one gas selected from the group

consisting of perfluorocarbon, hydrofluorocarbon,

- 10 -



0.01 to 500, preferably fromO0.1 to 300, nmore preferably from Oyl pRr135bo6i N
terns of ume ratjo assumng that SF6 in the activ nents is
1. Wen %@@/O\Gﬁ; 0 productlon process of sem conduct or pro ?Pgn e63U| prment
or liquid crystal devices, it is preferable that the gas contains the
active gas conponents in a large anount. However, if these gases are
activated noreover in plasma on use, the equipnent material in the plasm
at nospher e PeFfinpree thigemgand Ohydmefdueamoeiiiyed;, i fint hehanovwixedddsms is too

small, the gfr@ i"sm %lr?aﬂi’éﬁ{a SQUSLY. | Yy JHieser 988 Soﬁarﬁ%ﬁa&”ﬁfd | nsi de

t he sem con uctron ui prent or i T he pr pe |ne ading tv the
sem conducflbe plemfuammcuimlprmand OhYthf@RQEQCﬂEjDOlne eaehi ouid y a 20
m'xedinagascl der. \Fthe c]h as. for mcond ctor §odut|on
equi pment  SPTPRE %H’n?n &t o rgﬂaloar TRA5S

di ssocimt i mgepaiaﬁxm&ﬁédyp@trﬂdmmgy cbmpehnan(ixwmacl 0B4 ANCaE} i Ve
species is m.xed, the 25 effect ht out r asses t he_ef f ect

convent i on&Pfiy Cifed & ]n%fg cHPﬁ edicRe ?1619250&& . The

syner gi sti eofpbaaid ané:hﬁdgl <, g, legmsr wwhmo mrex&ﬁpmeotha:tﬁﬁt ive
speci es produced_at a | ow energy |evel acts on ungl ssocjated nolecule in a

chai n- r eac Y EROMANREOCATP YN atReledet esChle di ci d&ta8R4- The cI™&hi ng gas

of the pregenifludrtHiT Mand CRPaRALA18brb&ERErosad@as ise! £CiRehdoia t he
group _consi sting of perfluorocarbon, hydrofluorocarbon, - 10 11 APRIL 2006

WO 02/ 97 108apERE] PEFPB6161 bér f I4qu’6€PHEr akemfydr off%ARRAR% et | Fhthe ni xed
gas conpriparRgudtdetldr Jasinciinand cece; baidy of dRoerde™N 3. ana

examples of the hydrofluoroether include CHF;0CHF, and .
CHF,0CH,CF;. The mixing ratio of the gas such as
perfluorocarbon is from 0.01 to 1, preferably from 0.01

15 to 0.5, more preferably from 0.01 to 0.2, in terms of the
volume ratio assuming that the mixed gas comprising SF¢,
F,, NF; and an inert gas is 1.

The second cleaning gas for semiconductor production
equipment of the present invention comprises an inert gas,

20 an oxygen-containing gas, and any one of the three
combinations,

SF¢ and F,,
SF¢ and NF;3, or
SF¢, F2 and NF;.

25 (Hereinafter, the components, other than the inert gas
and oxygen-containing gas 1in the cleaning gas, are
referred to as “active gas”.)

- The oxygen-containing gas is at least one selected
from the group consisting of 0O,, 03, N,O, NO, NO,, CO and

30 CO,. Particularly, it 1is preferable that the oxygen-
containing gas is 0O; and/or N;O, so that the etching rate
of the cleaning gas is increased and thus the cost-

performance is improved.

- 11 -



The perfluorocarbon and hydrofl uorocarbon each is a conpound haypgif, besg 1
to 4 carbon atons. Exanples of 5 the saturated perfluorocarbon conpound
i ncl ude ®ap2/€AF6 and C3Fe, exanpl es of the unsaturated peETARMAO6LEr bon
conmpound i ncl ude C2F4, C3F6 and C4F6, and exanples of the hydrofl uorocarbon
I ncl ude CHF3 and C2H2F4. The perfluoroether and hydrofl uoroether each is a
conpound 10 having from2 to 4 carbon atons. Exanples of the perfluoroether

i ncl ude CF30CF3 mrul (eEFgab3isant 1xa®l &fe Ofakheehsdt@id wrsaet fiee
i ncl ude CHF2OCHF2 and, CHF20CH2CF3. The m.xing_ratio of the gas such as
per f | uor oc VI | SORFIFTANG1L o He . p% er ABl-y X¢ om¥E 03795 Neo 0.AMORG e

preferably tHeyB 0. @hel OifleZt idaseril Prdftqapis) URR 2kl taseH8l Ngathat the
m xed gas conprising SF6, F2, NF3 and an inert gas is 1. The second

cl eani ng g&ekasteadnifeomdutrer FFIRcIGBFiIsddRDnedt Be .t AL paasenNz,

i nventi gn GIBIISEStAB Id1dnidRF gad0 Gih OX¥HERICOHAINI BEcHIRg aulany one
of the three conbinations, SF6 and F2, SF6 and NF3, ©or SFo, EZ and NF3. 25
(Her ei naf t @nd taxcebigheeest RRREPTMARASthe inert gas and

oxygen- cont ai ni i Jasiyh dd1e LAEAN Yk Odthe Aifhs ' Lfhfeied 5 a5in aCHAYE
gas".) The oxygen-contalnihg gas I1s at |east one selecte ?romthe gr oup
consi sti ng dfeaRin@®Ja\2of NG NCRse@O dnyenddooOxonewistud asFy ,withis

Dy o S A WA LB H8 Tl 0 A5G, 13010 el e
perfor hnceis s notpr qr@edticulldrly limited. However, the ratio is
usually such
that F, and/or NF; is usually from 0.01 to 5,
preferably from 0.1 to 1.5,
that the oxygen-containing gas is from 0.01 to 5,
15 preferably from 0.1 to 1.5, and .
that the inert gas is from 0.01 to 500, preferably
from 0.1 to 300, more preferably from 0.1 to 30,
in terms of the volume ratio assuming that SF¢ is 1.
When used for cleaning gas of manufacturing semiconductor
20 production equipment or 1liquid crystal devices, the
oxygen-containing gas, SF¢, F, and NF; are active, which
are preferably contained in a large amount. However, if
these gases are activated moreover in plasma on use, the
equipment material in the plasma atmosphere may be
25 damaged. On the other hand, if the amount added is too
small, the effect is disadvantageously low. These gases
may be mixed inside the semiconductor production
equipment or in the pipeline leading to the semiconductor
production equipment, or the gases may be previously
30 mixed in a gas cylinder.
The cleaning gas of the present invention may
contain at least one gas selected from the group

consisting of perfluorocarbon, hydrofluorocarbon,

- 12 -



11 APRIL 2006 WO 02/07194 PCT/JPOI/ 06164 The inert gas is at Ieaﬁt%\pﬂﬁ%g

selected fromthe group consisting of He, Ne, Ar, Xe, Kr 2. ng
these, tMOIEIH gas is preferably at |east one gas sel ec]?(gﬂ% m‘{lﬁe group

consisting of He, Ar and N2, 5 because the cleaning gas can exhibit high
etching rate and excellent cost performance. The mxing ratio of the gas
conponents in the cleaning gas of the present invention conprising SF6 with

F2 and/or Ne%fiddroetdRir candi hiyiad Rt @ier Neliln J@helOmiigelot gas
particularly limted. However, the ratio is wusually such that F2 and/or NF3

i s usual | y SPFRFRIGIRI t 3n5 OXYFeR eFABLFiniBeh @3S ¢ o2k, 5iNQKgt IAe and

oxygen- coniggi ni g t§as w5 f4048y8r01 NP%.& hdr eherabinprbearrdnl tand- 5. and
that the inert gas is fromO0.01 to 500, preferably from0.1 to 300, nore

pr ef er abl y hdzatd.upnasamon nepshsl of at fempeknde haating aE5eHi Ag that SF6 is
L Wen Usedyldr AIGRN NOpAafodb oI 868 UL ARG SR sk firod@eprgduct i on

equi pnent or liquid cryst | ces, the oxygen-containling gas, F2 and
NF3 are actdommound chincduglepr &k ablCeFeorardl n€dFs n ae¥ampbeanowfit . thiewever ,

if these ti (TolV i o] fh equi nt
material i gﬁt %Z:ug{agts??ca g%é%o%?&d(ﬂ rraﬁgl&tl)e%fgd arrageg'.n%a?dt%e%élt?ﬁ'er cﬁgﬁd, i f
t he anmount aadideChFles tzondl eramplesheoff fihet hyddoEfhdomntagboos|intbude These

Cee oo S RS, BB LA OO oAHEL O S eE (1 L1
may bel@r eviaabs| ¥s 30 wompeburmd ahgasimgyl ifmdmr .2 to 4 carbon atoms.
Examples of +the perfluoroether include CF;0CF; and
CF30CF,CF;, and examples of the hydrofluoroether include
CHF,0OCHF, and CHF;0OCH,CF,. The mixing ratio of the gas
such as perfluorocarbon is from 0.01 to 1, preferably
15 from 0.01 to 0.5, more preferably from 0.01 to 0.2, in
terms of the volume ratio assuming that the mixed gas
comprising an oxygen-containing gas, an inert gas, and
SF¢ with F; and/or NF; is 1.
The cleaning gas for semiconductor production
20 equipment according to the present invention, comprising
an oxygen-containing gas, an inert gas, and SFs with F,
and/or NF,, can exhibit effects superior to those
provided by a conventional cleaning gas such as CF, and
C2F¢, by containing
25 (1) F, and/or NF3;, gas which dissociates at a low
energy level and produces an active species,
and
(2) oxygen atoms which are effective in producing
and maintaining active species.
30 The effect involved by containing F, and/or NF; as a
component in the mixed gas is presumed to occur because
the active species produced at a low energy level acts on

undissociated molecule in a chain-reaction manner and

- 13 =~



The cl eaning gas of the present invention may contain at |east jpR®RIES006
sel ected fromthe group consisting of perfluorocarbon, hydrofluorocarbon, -
12 11 ARR b2/@Q96 WO 02/07194 PCT/ JP01/ 06164 perfl uor oet heet/awd/o6164
hydr of | uoroether, in the m xed gas conprising an oxygen-containing gas, an
inert gas, and SF6 with F2 and/or NF3. The perfluorocarbon and
hydr of | uor ocarbon each is a conpound having from1 to 4 5 carbon atons.
Exanpl es of the saturat er.fl uoraqcarbon c ound _i ncl ude 4, F6 and
C3F8, exanpiC&&SF4Re Eg’segt GF‘&IS&?J‘&%’IHDUOI‘ o%gf%oﬁgt%ﬁ%ouﬁﬂvgﬁgﬁege%%zM,
C3F6 and GéntaidichExaxglgeh cdst he ypapohlendr ogar g | kdkede geBF3iand
C2H2F4. Therperfl or get her and drofl uorgether 10 each is a conpound havi ng
from2 to & @5’%‘8@# at®hs S mitesawse h@%er?’?%ﬂﬁ’betl}f’e]rpsr ndafRt B OocF3
and CF30Ch2eR%it3nd oxx agdtasref é{@cfwr fdalormelhatd nddate ikdER6HF2 and
CHF2OCH2CF3. The m xing ratio of the gas such as perfluorocarbon is from
0.01 tod1, GFMEEE R A% adHhgo. 01 to 0.5, nore preferably from0.01 to 0.2,
in terms of thepolkuee £akk0 88SUB1BANIAEL dIRidBrE-088 HYMILEisg an
oxygen-contai ning gas, an inert gas, and "SF6 with F2 and/or NF3 is 1. The
cl eani ng g&gUuipmeddniwRActle pleanindosas20fedlicpPigsendcdnientieni he
present inueliply HAYPHeS| ibd AAn@XYIHE P Ltk NBoHAT 18R Ioher , and
SF6 with F2 and/or hgg,ehan exhiBit e??%cﬁ%isuperggr toltﬁoég %ﬁ%%?ded by
a convent i dhgl pdlasmalrsyaeondthien-CF4 and C2F6, by containing 25 (1) F2

. 1 ' s n t [5) onditi p
:gf‘{ \C/”e 6:52C| ggs Wl el S§081 PLedsah @nkRY +BRELIhshEY Yot i RIPIUGES an

excitation source is not particularly limited as long as

plasma 1is excited from the cleaning gas of the present
invention, but a microwave excitation source is preferred
because good cleaning efficiency can be attained. Also,

15 the temperature and the pressure when the cleaning gas of
the present invention 1is used are not particularly
limited as long as plasma can be produced, but the
temperature range is preferably from 50 to 500°C and the
pressure range 1is preferably from 1 to 500 Pa.

20 In the case of plasmaless condition, the cleaning
gas is introduced into a chamber, the inner pressure of
the chamber is preferably set to 1 to 67 Pa and at least
a part of or either one of the inside of chamber and the
cleaning gas is heated at 200 to 500°C to generate free

25 fluorine having reactivity from the cleaning gas. Then,
deposits are etched and removed from the chamber and from
other regions where deposits are accumulated, and thereby
the semiconductor production equipment can be cleaned.

Fig. 1 is a view showing one example of the etching

30 equipment using the cleaning gas of the present invention.

The cleaning gas is introduced into a chamber 1 set at a

constant temperature from a cleaning gas inlet 6 and at

- 14 -



and (2) oxygen atons which are effective in producing and mai ntgi {pf9. 2006
active species. 30 The effect involved by containing F2 and/or NF3 as a
conponentV® 9M& i xed gas is presumed to occur because thelAR % speci es
produced at a | ow energy |evel acts on undissociated nolecule in a

chai n-reaction manner and - 13 11 APRIL 2006 WO 02/07194 PCT/JPO /0616-t
accel erates the dissociation. The effect involved by containing oxygen as a

conponent ifhife tined Gafe | Yadr §HIMBLCiReQCOHY RECAMTY IO X YAl PS
mai ntain activi t%/_of active species and prevents deactivation 5 caused by
rebi ndi ng. $¥CihatéaBe §OUHEanihg 3BHi cBRAUEESF pPéASEEI-on &8EG pBAR using

the cleani ng,asn88 LEGeR' @3RN ct Al 9P, a 4RI 868 WR¥ePe2UsRd shhgale t he
pl asma condition or under the plasnmal ess condition. 10 When the gas iIs used

under the pftdae cdnditi Hsahrrgedciat BondEpurR@mp s hotanshr rieadieameld,
limtedgas | ong 8Ss Hls?é)% d SdééS}nPSQiB O@gtelﬁf% ‘%Jc%l‘&%@a@%ofzhhh%iﬁ’hezem

i nvention, but a mcrowave excitatifon sour¢e is preferred because goo
cl eani ng eféfci they @asde aconitadadedAl sterksin.he t dipetheummerand the

pressur ¢ wheg Lheeg! eanl g, 025.8" ofer PLERenle LIKEDtIAN. | 8e38Y cfkg 0!
particularly Imted as Iong as plasiha can be produced,” bu e
t enper at ur erérmogedi dypredépeabingf rdme Sane® 608€atndnt lees thesetchingnge i s

oot er o0l 8T\ Aek BpRoR bt e L 088 LB RERY cpteiRRd L oL
chanbenoi s pref erhbl meddtod ofdrt prddkrReimnda acendedhductor device of
the present invention is described below.

As described above, according to the present
invention, the cleaning of sgmiconductor production
equipment can be efficiently performed. However, the gas

15 discharged from the cleaning step using the cleaning gas
of the present invention contains fluorocompounds such as
HF, SiF,, SF., SOF,, SO,F;, and WFs;, in addition to SFs, F»
and NF; used as the c¢leaning gas. If these compounds
including SFgs, F, and NF; are discharged intact into

20 atmosphere, they greatly affect the global warming or
generate an acid gas by decomposition, therefore, each
compound must be completely rendered harmless. In the
method for producing a semiconductor device, the present
invention provides a production method of a semiconductor

25 device, comprising a cleaning step of cleaning
semiconductor production equipment and a step of
decomposing a flu.orocompound—containing gas discharged
from the cleaning step.

The step of cleaning semiconductor production

30 equipment can be efficiently performed by using the
method described above. The method for use in the step
of decomposing the fluorocompound-containing gas

discharged from the cleaning step is not particularly



a part of or either one of the inside of chanmber and the cl eani{iQ\p3as, 2066
heated at 200 to 500C to generate free 25 fluorine having reactivity from

t he cl earwogzgass Then, deposits are etched and renoved fromrhtigccdanber
and from other regions where deposits are accunul ated, and thereby the
sem conduct or production equi pnment can be cleaned. Fig. 1 is a view show ng
one exanple of the etching 30 equipnent using the cleaning gas of the

present in J e anj S i u into et at a
Conat ant Ao, ahe” ChE At ot | RUERE BN (BLY BB FRLE1E" o
02/ 07194 PGCE1XROEAD6464dorfingt itwe thiehékiges o thei tenpoynd manxttadvedpl asm
excitation ,sour.ce 4 _and produces .pl asma. The.gas _ohtai ned aft t he et ching
of a silicol \L/!\t/e{?%re ﬁgﬁsgarﬂﬂse' sl{)oe{"beev%r‘i sh%ﬁiggﬂﬁpg%guﬁf%edr ﬁ%ﬂn%n% and
rendered 5 thay nldss asengrefédsadlpodixgdganta attaodidg ba taheswifadteof the
gases contained therein. Furthernore,. the depqsits, accunmul ated after the
Ot ohi ngSar Sfer M | And o RAFRPTDy hobp BREEAF A o HE RIS orPBEST he
etching, auhglhareby ddeorposbry caniheoethibbantlivxalseaned. 10 The net hod

for producing a sem conductor device of the present invention is described
bel ow. As descri bed above, according to the present invention, the cleaning

of sem ConHETOMOBE Gk | GRRREING POBD TRANINYERTTON ently performed.
However, the gas 15 discharged fromthe cleanlng step using the cleaning gas

of the present iThRRTeReRENLAVABLLPNOLECEABETANSs doh areatqr dptallsry,
SOF2, $ePFHAad, ViG, 'f‘eﬂgfii“ihgn £8 SEfe FRxafpdelF3 atrd @mgdieatl#ani ng

gas. If these conpounds including SF6, F2 and NF3 are_discharged intact
into 20 at fExaNREkes. t Reyeyerat |theafpeeser he igVepdionarks ngodr 1imited

to these Examples.

Examples 1 to 3

15 A testing apparatus shown in Fig. 1 was adjusted to
an apparatus inner pressure of 300 Pa. A cleaning gas
having the composition shown in Table 1 was excited by a
microwave plasma excitation source of 2.45 GHz and 500 W
and then introduced into the testing apparatus to etch a

20 silicon wafer placed in the testing apparatus. The
etching rate was determined from the loss in volume of

the silicon wafer after etching and the results are shown

in Table 1.
25 [Table 1]
Gas Used and Mixing Ratio
Example (Volume Ratio) Etching Rate
(nm/min)
SFG F, He
1 1 1 200 200
2 1 0.5 170 180
3 1 1.5 250 190




generate an acid gas by deconposition, therefore, each conpound @Sﬁ% bfo
conpletely rendered harmess. In the nethod for producing a se et
device, MHROMIHEEnt invention provides a production net hoBCHPPH/06164

sem conductor 25 device, conprising a cleaning step of cleaning

sem conduct or production equi pnent and a step of deconposing a

fl uor oconpound- cont ai ni ng gas di scharged fromthe cleaning step. The step
of cleaning sem conductor production 30 equiprment can be efficiently
performed by using the method described above. The nethod for use in the
step of deBsapddesg 4 e & uor oconpound- containing gas discharged fromthe
cleaning step is an it dC 1 PRI 00. 0

PCrs PO 06164 | PiES arIn% ﬁéégég‘éﬁp%&"% ééleRn%l%anﬁ b‘)é‘%p%r gé%%;étdeltyo

sel ect ed acaor c&mgarta)tmlelmm @reheucerrmfunw&oﬁaal neéd cleanhngedasist

gas. Howeve enf d n l.ike ef y.fixed as a
fluori d\(,a?orflg §‘¥1 gi% AIFS %Ef‘Of? 5‘% ar bon ab]p e?e‘iy%g Xg:igg arba(eda after
conpl etely ndﬁ:crnnspasnengpllasmmt@xcathmmodl eovutee BHEST2 J\@E(;Eﬂ?aﬁlﬂRB\doN@ ouT

THE | NVENTI ON_T resent Lnvention i escrl bed in grea etail _ 10 bel ow
by referring® o Hird %%?é‘écﬁadl%ﬁp nppRlra 'Eﬁ\/e 8r eHFe Hresent
invention isil@toh Nvager t plabese Emrmhes tEs&ﬁmbeSaﬁphﬁaﬁu§5 A tmasd i ng
apparatus sh Fi 1 was d ust ed tus i nner pressure of
300 Pa. A cPEARIAG GHRte e L RERBOeTrCh howiors bt €0 &hci t ed

by a niccrovaee sqlaim exarbet aFtsoutke etcRifg G arwk 508sWits are

shown in Table 2.

[Table 2]
Gas Used and Mixing Ratio
Example (Volume Ratio) Etching Rate
(nm/min)

SFG NF3 He

4 1 1 200 200

5 1 0.5 170 180

6 1 1.5 250 190

15
Comparative Examples 1 to 5
The etching rate of each cleaning gas was determined
in the same manner as in Examples 1 to 6 except that the
cleaning gas was changed to a gas having the composition

20 shown in Table 3.
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and then introduced into the testing apparatus to etch a 20 sil i{GpPriRf2966

pl aced in the testing apparatus. The etching rate was determ ned fromthe

l oss in walewe1ef the silicon wafer after etching and t hecmrepol/psiéar e shown
in Table 1. 25 [Table 1] Etching Rate Gas Used and M xing Ratio (

Exampl e(Vol une Ratio)/ i ) nm SF6F2Hem n 111200200 210. 5170180 311.5250190 -
16 11 APRIL 2006 WD 02/07194 PCT/JPOLl/ 06164 Exanples 4 to 6 A testing
apparatus shown in Fig. 1 was adjusted to an apparatus inner pressure of
300 Pa. A cleaning gas 5 having the conposition shown in Table 2 was
excited by a mcrowave plasma excit dttablesd)y ce of 2.45 Gz and 500 W and

t hen i nt redueed—into—thetesti-nrg—apparatys—to—eteha—siHcon—water—placed
in the testing apparatys. GHwe Usédhang MakengaRatdeber mined fromthe lopgs in
vol une of @Oémpheasitecqn waf er Fhodrnih®Raaticd) ng and tlheetesuhgsrare phown
I n Tabl e| 2. afpte? i
kX, ge?] Gas Used Mixing Ratio (nm/min)

1 NF;/He 1/100 190

2 SF¢/He 1/100 70

3 F,/He 1/100 170

4 CF4/He 1/100 17

5 C,Fs/He 1/100 6

Among the c¢leaning gases mixed with He shown in
5 Table 3, the etching rate was highest in the case of

using NF,.

Comparative Examples 6 to 8
The etching rate was determined in the same manner
10 as in Examples 1 to 6 except that the cleaning gases were

changed to the gases each having the composition shown in

Table 4.
[Table 4]
Gas Used and Mixing Ratio
Comparative (Volume Ratio) Etching Rate
Example NF, F, He (nm/min)

6 1 1 200 175

7 1 0.5 170 170

8 1 1.5 250 170

15

All of the etching rate of the mixed gases shown in

- 18 -



Et ching Rate Gas Used and M xing Ratio ( Exanpl e(Vol une Rati o)/ 11 APRII2006
SFENF3He ) 41y Aok 1200200 510. 5170180 611. 5250190 15 Conpar at i Mer/fxamglas 1 to 5
The etching rate of each cleaning gas was determned in the sane manner as
in Exanples 1 to 6 except that the cleaning gas was changed to a gas having
the conposition 20 shown in Table 3. 11 APRIL 2006 WD 02/ 07194 [Tabl e 3]
PCT/ JPOLl/ 06164 Conpar ati veGs Used and M xing Ratio Etching Rate (Vol une

Rat i 0) ExardempGsatuses] MExamplRst io (e & WwpreNAywesl/ tigan 9GheSpsite 19£0070

372 Hell 10GLE0 dRdhlinl 188845 E0/ ! PR NIntRA 17N AGwAAER M xed

with He shown i
Examples 1 to 6.

5 Comparative Examples 9 to 11
The etching rate was determined in the same manner
as in Examples 1 to 6 except that the cleaning gases were

changed to the gases each having the composition shown in

Table 5.
10
[Table 5]
Gas Used and Mixing Ratio
Comparative {(Volume Ratio) Etching Rate
Example CF., F, He (nm/min)
9 1 1 200 140
10 1 0.5 170 120
11 1 1.5 250 155

All of the etching rate of the mixed gases shown in
Comparative Examples 9 to 11 were lower than the rate of
15 the cleaning gases of the present invention shown in

Examples 1 to 6.

Comparative Examples 12 to 14
The etching rate was determined in the same manner
20 as in Examples 1 to 6 except that the cleaning gases were
changed to the gases each having the composition shown in
Table 6.
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5 Table 3, the etching rate was highest in the case of using NRJ.APRIL 2006
Conparative Exanples 6 to 8 The etching rate was determned in the sane
manner MO#YOTIA4 Exanpl es 1 to 6 except that the cl eani ng BabdBoisiet
changed to the gases each having the conposition shown in Table 4. [Table
4] ConparativeGas Used and M xing Ratio Etching Rate (Volunme Rati o)

Exanpl eNF3F2He(nm mi n) 611200175 710.5170170 811.5250170 15 Al of the
etching rate of the m xed gases showg 1e i 11 APRIL 2006 WO 02/ 07194
PCT/ JP01/ 06164 Conparative Exanples to 8 were |lower than the rate of the
cl eani ng gases of the pres [ t [ anplfes 1 to 6. 5
Conpar ati e Exanpl es 9t ?%s]_ﬁ;é’e:@(: |%gﬁgg¥@gwggt etermined in the sane
manner ag Compxatpl es 1 to 6 exé¥ptlunteatRathieo)cl eani ng dasBtchéng Rettanged

to the gases Exanplavi ng t congosi tin shown in, Tabl g 5. l\e 5]
Conpar ati yeGas Used andg MQ?F Rqti o EtThi ng Rat e mmw&?‘)

12 1 200 50

13 1 0.5 170 30

14 1 1.5 250 100

All of the etching rate of the mixed gases shown in
Comparative Examples 12 to 14 were lower than the rate of
5 the cleaning gases of the present invention shown in

Examples 1 to 6.

Comparative Example 15
The etching rate was determined in the same manner
10 as in Examples 1 to 6 except that the cleaning gas was

changed to a gas having the composition shown in Table 7.

[Table 7]
Gas Used and Mixing Ratio
Comparative (Volume Ratio) Etching Rate
Example Gas Used Mixing Ratio (nm/min)
15 NF;/He 1/10 1,900

It is seen that when the concentration of NF; was
15 increased to ten times that of Comparative Example 1, the

etching rate also became ten times higher.

Example 7
The etching rate of the cleaning gas of the present
20 invention was determined in the same manner as in

Examples 1 to 3 except that the cleaning gas was changed
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(Vol umre Ratio) Exanpl eCF4F2He(nm min) 911200140 1010.5170120 111iy SPRft1ife
Al of thesefehipg rate of the mxed gases shown in  Conpapagindddsx@npl es 9
to 11 were I'ower than the rate of 15 the cleaning gases of the present

i nvention shown in Exanples 1 to 6. Conparative Exanples 12 to 14 The
etching rate was determned in the same manner 20 as in Exanples 1 to 6
except that the cleaning gases were changed to the gases each having the
conposi ti orfSFoWRs havapfetbe £rmRoRytinypEhawn A ¢ T&bl e 6]

PCT/ JP01/ 06164 ConparativeGas Used anerddpd Rati o Etching Rate (Vol une
Rati o) Exanpl eCF6F2He(nm min) 121120050 1310.517030 1411. 5250100 All_of the

etching rate of the m xed Qﬁﬁfsuég&“QanMi§PH§aﬁ jye Edanples 12 to 14 were
; t

| ower than the rate of |5 the cle a e preségntyj [ hown
in Exanplies Examp le Conpar at.rvc?@fg%;&csk%% fre—etehitng ra%%%\%};gggigém ned
C

in the sarfe manner 10{as i®F&xangl es Fito 6 jexceple that) the eani hg gas
was

7 1 1 20 2,200

The etching rate of the cleaning gas of the present
5 invention shown in Example 7 was more excellent than the

rate of NF; shown in Comparative Example 15.

Example 8
The etching rate of the cleaning gas of the present
10 invention was determined in the same manner as in
Examples 4 to 6 except that the cleaning gas was changed

to a gas having the composition shown in Table 9.

[Table 9]
Gas Used and Mixing Ratio
Example (Volume Ratio) Etching Rate
SFs NF; He (nm/min)
8 1 1 20 2,200
15 The etching rate of the cleaning gas of the present

invention shown in Example 8 was more excellent than the

rate of NF; shown in Comparative Example 15.

Examples 9 to 11

20 A testing apparatus shown in Fig. 1 was adjusted to
an apparatus inner pressure of 300 Pa. A cleaning gas
having the composition shown in Table 10 was excited by a
microwave plasma excitation source of 2.45 GHz and 500 W

and then introduced into the testing apparatus to etch a
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changed to a gas having the conposition shown in Table 7. (Tablig AHRIE2906
Used and M xing Ratio Conparative(Volume Ratio)Etching Rate Exanpl eGas
UsedM xi WP BRI (nnf ni n) 15NF3/ Hel/ 101,900 It is seen thaf GIHEAIPHE4
concentration of NF3 was 15 increased to ten tines that of Conparative
Exanple 1, the etching rate also becane ten tinmes higher. Exanple 7 The
etching rate of the cleaning gas of the present 20 invention was determ ned
in the sangj r ' esy ani n S was
changed -n§6m§§E§02?%$%gﬁ ?IagggRlL 2006 PCT/JPdﬁ/Oé?%%E?gﬁi gasgﬁgslng t he
conposi t i oftshéna iTAtmbrasg detierabined] fran Whed hods Migi n*gokameo of

Exanpl e(VoltH@Esti&'c@rﬁt&& %Eersﬁﬁfe?'@é Nhp 5113%2 EQQngg I ng
rate of the cleaning gas o e present |n nt1on own anple 7 was
nor e excel Ebhawnt han Tald e rléJte of NF3 shown in Conparative Exanple 15.

Exanpl . 8 The etching rate of the cleaning gas of the present 10 invention
was determned in the sane manner as in Exanples 4 to 6 except that the

cl eaning gas was changed to a[Jedleaulioilg the conposition shown in Table 9.

[ Tabl e 9}
Gas Used and Mixing Ratio
Example (Volume Ratio) Etching Rate
SFs Fy 02 He (nm/min)
9 1 1 0.5 200 300
10 1 0. 0.5 170 260
11 1 1. 0.5 250 290

Comparative Example 16 to 18
The etching rate of the cleaning gas of the present
10 invention was determined in the same manner as in
Examples 9 to 11 except that the cleaning gas was changed

to a gas having the composition shown in Table 11.

[Table 11]
Gas Used and Mixing Ratio
Comparative (Volume Ratio) Etching Rate
Example NF, F, 0, He (nm/min)
16 1 1 0.5 200 170
17 1 0.5 0.5 170 160
18 1 1.5 0.5 250 160

15
All of the etching rate of the mixed gases shown in
Comparative Examples 16 to 18 were lower than the rate of
the cleaning gases of the present 1invention shown in

Examples 9 to 11.

- 22 -



Gas Used and M xing Ratio Exanpl e(Volunme Ratio)Etching Rate SF6ENp3t&tyioghn)
811202, Zog%éﬁﬁTge etching rate of the cleaning gas of the ﬁﬁﬂ&ﬁmlnventlon
shown in% 8 was nore excellent than the rate of N

Conpar ati ve Exanple 15. Exanples 9 to 11 20 A testing apparatus shown in
Fig. 1 was adjusted to an apparatus inner pressure of 300 Pa. A cleaning
gas having the conposition shown in Table 10 was excited by a m crowave

pl asma excitation source of 2.45 GHz and 500 W and then introduced into the
testing ap lﬁ.%F etch a - 21 11 APRIL 2006 WD 02/07194 PCTIJPO /06164
silicon vva aced in the testing apparatus. The etching rate was

det er mi ned fronThheatmhiﬂg1naﬁ&umfothetbée@hﬁhgngamﬁef aheemnﬁaemnching

and the re 0..5 [ Gas, Us and
M xi ng Rat ?}(#’%ﬁt%l ng em | oJ)n S OZié‘?lﬁrdEﬁlngg?‘ %11(?3528'0"3
1010. 5. 517R26P1441 9. 5:& %@m;@mmttm Exeampi rg 1§abowhs Ehaxrggexhi ng

rate of the,clegRiN 930t e RS ion shown in Table 12.

[Table 12]
Gas Used and Mixing Ratio
Example (Volume Ratio) Etching Rate
(nm/min)
SFG Fz 02 He
12 1 1 0.5 20 3,000
10 The etching rate of the cleaning gas of the present

invention shown in Example 12 was more excellent than the

rate of NF; shown in Comparative Example 15.

Example 13

15 In place of a silicon wafer, a quartz piece having
accumulated thereon deposits of amorphous silicon,
silicon nitride and the like was used for the cleaning.
The cleaning gas used in Example 1 was excited by a
microwave plasma excitation source of 2.45 GHz and 500 W

20 and introduced into a chamber of a testing apparatus
adjusted to an inner pressure of 300 Pa, and the quartz
piece was cleaned and then taken out. As a result, it

was confirmed that deposits were completely removed.

25 Example 14
In place of a silicon wafer, a quartz piece having
accumulated thereon deposits of amorphous silicon,

silicon nitride and the like was used for the cleaning.
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10 invention was determned in the sane manner as in Exanpl es 91a®rIL 2006
except that the cleaning gas was changed to a gas having the conposition
shown i nWiag/&1%1. [Tabl e 11] ConparativeGas Used and M xi Hgr/iRMi061¢k chi ng
Rate (Volunme Ratio) Exanpl eNF3F2QZHe(nm m n) 16110.5200170 1710.50.5170160
1811. 50. 5250160 15 All of the etching rate of the m xed gases shown in
Conparative Exanples 16 to 18 were |lower than the rate of the cleaning

gases of tit@epresenhingvegasonusd@Win NExEnpTR €8 Wwd® bkcite® YO 82/ 07194
11 APRIL 2006 PCT/JPQ /06164 Exanple 12 The etching rate of the cleaning

gas of the WHCESHAVE iPIRFIR ofXGAL A4 AMLS ot hé - danfima et 2O W 5

Exampl es 9 gh@ linexeaRkedhaintbe &! e aorvag CRa8EeHg t&pFasasubavi ng
t he conposition shown in Table 12. [Table 12) Gas Used and M'Xing Ratio

Exanpl e( Volagdesked o Et 8Ri AGIRA Pyessyren@f 300 Pa, and the quartz
5 piece was cleaned and then taken out. As a result, it

was confirmed that deposits were completely removed.

Example 15
In place of a silicon wafer, a quartz piece having
10 accumulated thereon deposits of amorphous silicon,
silicon nitride and the like was used for the cleaning.
The cleaning gas used 1in Example 9 was excited by a
microwave plasma excitation source of 2.45 GHz and 500 W
and introduced into a chamber of a testing apparatus
15 adjusted to an inner pressure of 300 Pa, and the qguartz
piece was cleaned and then taken out. As a result, it

was confirmed that deposits were completely removed.

INDUSTRIAL APPLICABILITY

20 The <cleaning gas for semiconductor ©production
equipment of the present invention is high in the etching
rate, therefore, ensures efficient cleaning and excellent
cost performance. According to the method for cleaning
semiconductor production equipment of the present

25 invention, unnecessary deposits in the film-forming
equipment or etching equipment for the production of a
semiconductor or a TFT liquid crystal element accumulated
at the film-formation or etching of silicon, silicon
nitride, silicon oxide, tungsten or the like can be

30 efficiently removed. Furthermore, by using the method
comprising a cleaning step of using the cleaning gas of
the present invention and a step of decomposing and

thereby rendering harmless the fluorocompound-containing
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m n SF6F202He 12110.5203,000 10 The etching rate of the cleani ngiggsraf2doge
present invention shown in Exanple 12 was nore excellent than the rate of
NF3 shown waoflonipar ati ve Exanpl e 15. Exanple 13 15 I n pl acePOA/JROKIGéLON

waf er, a quartz piece having accunul ated thereon deposits of anorphous
silicon, silicon nitride and the |ike was used for the cleaning. The

cl eaning gas used in Exanple 1 was excited by a mcrowave plasna excitation
source of 2. éélé%_g‘t ang,a00 ﬂgghggg elnt r:Qq) h%tocg tegtl ng
appar at us ust ed an inner ssure o 30 a, an e quartz pl ece
was cl eaned s&mﬂ¢¢n¢u¢é@3ndauucam§anrhﬁnﬁﬁiquenW@x Enﬁﬁﬁ¢ﬁéd t hat deposits
were conpletely renoved. 25 Exanple 14 In place of a silicon wafer, a quartz
pi ece having accunul ated thereon deposits of anorphous silicon, silicon
nitride and the |i ke was used for the cleaning. - 23 11 APRIL 2006 WO

02/ 07194 PCT/JPOL/ 0616-1 The cl eaning gas used in Exanple 4 was excited by a
m crowave plasma excitation source of 2.45 GHz and 500 W and i ntroduced
into a chanber of a testing apparatus adjusted to an inner pressure of 300
Pa, and the quartz 5 piece was cleaned and then taken out. As a result, it
was confirmed that deposits were conpletely renoved. Exanple 15 In place of
a silicon wafer, a quartz piece having
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10 accunul ated t hereon deposits of anorphous silicon, silicon njjtApgig, #06
the Ii ke was used for the cleaning. The cleaning gas used in Exanple 9 was
excited by a mcrowave plasma excitation source of 2.45 GHz and 500 W and
i ntroduced into a chanber of a testing apparatus 15 adjusted to an inner
pressure of 300 Pa, and the quartz piegamwes cleaned and then taken out. As
aresult, it was confirnmed that deposits were conpletely renoved.

| NDUSTRI AL ;APPLI,CABILI TY, el eaniing, fQr ' duUetor, tion

. A\ : q%%%t ??88 éq ,
equi pnrent of the pré%éhtgfgvkn?%on |th|g in thé etc I ng ralgﬁgt erefore,
ensur es ef fwhdichnti sclae arliergr ianwd gaec dldrememanusty perdasritenciel thezording to the

met hod for cleanin sem_canduct or prod%gtion Eﬂfi men of the gregenx 25

i nventi on, SHMECESSar y FEFSSIHYE i tHETT 19T 0 'Gngn eﬁ&lpﬂ%ﬁfe P 8t chi ng
equi prent  ffaont foe opr @St 12018 afhed irkad eeRAUG Eraw i OFFT |iquid crystal

el enent accunmul ated at the filmformation or etching of silicon, silicon
nitride, sitid &89 &b dermsumfsttdie siolume |Hakd oc A P dlatei St Ly Aenoved.
Furthernore, by using the nethod conprising a cleaning step of using the
cleaning gas of the present invention and a step of deconposing and

t her eby renderi h : I o] - aj.nj : : 2006
VO 02/ 07194 "PCT. oacflgg@?%ff‘%ﬁaa%s?‘%agg‘ﬁ?ggﬂg‘#égﬁﬁ Pgﬁatgﬁgléﬁ’eéa#ﬁ s'ltnletp, a
sem conductesy des¢ribedn ibe @fdimi ént [whguesducetde rileaPRIrNg 2088 CuAltierl. A

cl eani ng gQ§x£§yi%?% ) ggnduct or production equipment, which is a cleaning
gas for renovrng eg%5|fé in the
3. The cleaning gas for semiconductor production equipment
as described in claim 1, which contains at least one gas
selected from the group consisting of perfluorocarbon,

hydrofluorocarbon, perfluorocether and hydrofluoroether.

4. The cleaning gas for semiconductor production equipment
as described in c¢laim 3, wherein the perfluorocarbon and
hydrofluorocarbon each has from 1 to 4 carbon atoms and the
perfluorocether and hydrofluorocether each has from 2 to 4

carbon atoms.

5. A cleaning gas for semiconductor production equipment,
which is a gas for removing deposits in the equipment,
comprising an oxygen-containing gas, an inert gas, SF¢ and
F,, wherein F,is from 0.01 to 5, the oxygen-containing gas is
from 0.01 to 5 and the inert gas is from 0.01 to 500 in

terms of the volume ratio assuming that SFg is 1.

6. The cleaning gas for semiconductor production equipment
as described in claim 5, which contains at least one gas
selected from the group consisting of perfluorocarbon,

hydrofluorocarbon, perfluorocether and hydrofluoroether.

7. The cleaning gas for semiconductor production equipment
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equi pnent, conprising an inert gas, SF6 and F2, wherein F2 is fropfirQboé 0
5 and the inert gas is from0.01 to 500 in terns of the volune ratio
assumng that SF6 is 1. 2. The cleaning gas for sem conductor production
equi pnrent as described in claim1, wherein the cleaning gas further

conprising NF3. 3. The_cl eani .gas_for_ sem conductor production equi nt
as tescr i bAF CRFEHIED . Hihi ENGiBntan n¥PSECT Bact 6 nBCghd UOSACARER {5 ¢ he

group consihsidired 1o rriaidbder eealtbdgs fiyeth oi | wor ac aEh@on pardmaicin®t fies and
hydr of | uoroether. 4. The cl eani.n for sem_condugct qQr prqduction _equj pnent
as describ§ﬁr&ﬁqﬂﬁﬁeﬁ$§F'mﬁﬁaeﬂﬁgP%g%ﬁﬁFFFﬁgFﬁba?BSﬁ QHHP ﬁﬁ?bf?u&Poc rbon
each has fr@fbbnt @atédnzar bon atons and the perfl uoroether and

hydr of | uor oet her each has from2 to 4 carbon atons. 5. A cleaning gas for
sem conduct or production equi pnent, which is a gas for renoving deposits in

the equi pnmgnt a A SE&E Ale XYBENsEANESHALAToYaProdlcitieht dRs pmank and
F2, wherein F2 is fromO0.01 to 5, the oxygen-containing gas is from0.01 to
5 and theiqgmH¥%ﬁ%?ﬁs¥§§oﬁfoF@ftq}Q§ﬂ}4919?%rH§SSFlPﬁ€ Vidl uRRY r gRfo of
assum ng that i9k61 $o14.6. The cleaning gas for sem conductor production
equi pnment as described in claim5, which contains at |east one gas

selected fromthe group consisting of perfluorocarbon, hydrofl uorocarbon,

perfl uoroether apnd hydrafdaior gehherc1danfhg ClRani dhdiascdor %%d@l%qwor
production equi pnent -26 11 APRIL 2006 _as described in claim wherein the

per f | uor oc ABGRTERE 3y FISFEUPeR ai BoR L8AB thad'HeminL Ehe 4CA8PBARJagE®s and
the perflyieetihel and fydrghdugeoethenseach Nas f&£08%2i 834 +toC¥RRAUAL ONB.

plasma and the deposits in the semiconductor production

equipment are removed in the plasma.

10. The method for <cleaning semiconductor production
equipment as described in claim 9, wherein the excitation

source for the plasma is a microwave.

11. The method for cleaning semiconductor production
equipment as described in any one of claims 8 to 10, wherein
the cleaning gas described in any one of claims 1 to 9 is

used at a temperature range of 50 to 500°C.

12. The method for <cleaning semiconductor production
equipment as described in claim 8, wherein the cleaning gas
described in any one of claims 1 to 4 1is used at a

temperature range of 200 to 500°C in a plasmaless system.

13. A method for cleaning semiconductor production
equipment, comprising use of the cleaning gas described in

any one of claims 5 to 7.

14. The method for <cleaning semiconductor production
equipment as described in claim 13, wherein the cleaning gas

described in any one of claims 5 to 7 is excited to produce
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8. A nethod for cleaning sem conductor production equipnent, conprising use
of the cleaning gas described in any one of <clains 1 to 4. 9. THARRIL?HH6
for cl eaning sem conductor production equipnment as described in claimS8,
wherein the cleaning gas described in any one of clains 1 to 4 is excited
to produce plasnma and the deposits in the sem conductor production

Squi pent e shETouRd | BnbheabbasiBs h e MIMALl AleanhiGauction

sem conduc production equipnent as describ m 9, Wwherein the
exci t at i onegzdpmeats eret Femeiveshan $he mlesowave. 11. The net hod for

cl eani ng sem conductor production equipnment as described in any one of
clains 8 to 10, wherein the cleaning gas described in any one of clains 1
to 9 is udéd atThetemeshadur eferangelebnddst o FOVOHNdRCtThe Patcldyd thion

cl eani ng sem tor,p | .equi t.as i-hed, | F=Th 2
wher ein th%%’lqg)g%%%g %Sas&ggggéhgged&l nég%%?ﬂo%g'of ccrfaéll%g Ehgo%ﬁls@aﬁlégél at a
t enper at ur eouawge folr 20@ PdaS0G Gs @ aiplraswaieess system 13. A nethod for

cl eani ng sem conductor production equipnent, conprising use of the cleaning
gas described in any one of clains 5 to 7. 14. The nethod for cleaning

sem conductier. pheduoetihon fequicirantirgs stescontedtior gdridndt3iomherein the
cl eani ng gas _.described jn an e _of__clains tq 7. 1S it to produce
SR BersioRd AL b 2o Vs M AT ohe

-27 11 APRFH Fts 1T € sem conduct or” ‘producti on
equi pnrent aheredmveed icl cahd g asra.deErribeel net koo fare cdfearlianigns 5 to

sen conductor, production _equi nt as_ descri in jom 14, wherein the
excitation? S§uMEEY &F tahé%P Y& & W &;&E%g) &b SAL.

17. The method for cleaning semiconductor production
equipment as described in claim 13, wherein the cleaning gas
described in any one of claims 5 to 7 1is wused at a

temperature range of 200 to 500°C in a plasmaless system.

18. A method for producing a semiconductor device,

comprising a <cleaning step of wusing a cleaning gas
containing an inert gas and at least two gases selected from
the group consisting of SF¢, F, and NF; excluding the
combination of F, and NF; alone, and a decomposition step of
decomposing a fluorocompound-containing gas discharged from

the cleaning step.

19. The method for producing a semiconductor device as
described in claim 18, wherein the fluorocompound is at
least one compound selected from the group consisting of

HF, SiF,, SF¢ , SF4, SOF,, SO,F,, and WFs.

20. A method for producing a semiconductor device,
comprising a <cleaning step of wusing a <cleaning gas
containing an inert gas, an oxygen-containing gas and at
least two gases selected from the group consisting of SFg,
NF; and F, excluding the combination of F,; and NF; alone, and

a decomposition step of decomposing a fluorocompound-
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16. The method for cleaning sem conductor production equipment gs,siegSopped
in any one of clains 13 to 15, wherein the cleaning gas descriﬁgdaln g%@@
one of clains 5to 9 is used at a tenperature range of 50 to 500C. 17. The
met hod for cl eaning sem conductor production equipnent as described in
claim 13, wherein the cleaning gas _described in any one of clains 5to 7 is
used at a SCHFFERENG §35agE TRIERT tTFFOFHE Gt 2 PiInS *HSRs system 18. A
met hod for producing a sem conductor device, conprising a cleaning step of
using a cleanin% gas containing an inert gas and at | east two_gases

t

sel ected fridm thE gMEEPCEoNnEPEL i RECORCERS, F2 SHM IPF ST ity 1R 2as
conbi nat i oRye@icrhi2eand;i NF3-8h 0Re, 2 @Nd Wi dRGNPOREL | PTUSESPoRHouHECOIROSINg a
f | uor oconpound- cont ai ni ng gas di scharged from the cleaning step. 19. The
net hod f or L§R6duEnfy %‘%?H%n%ﬁk@%?e%efﬁ%‘é Ble dEsuPi peasiatdrgi mf18F,
wherein theifd UuogpcomnpUNESs , ako,FLasinPRg compound sel ected fromthe group
consisting of HF, 8 F4, 'SF6 , ' SF4, SOF2, 505F2, and WF6. 20. A nethod for
produci ng a sem conduct or device, conprising a cleaning step of using a

cl eaning gas containing an inert gas, an oxygen-containing gas and at

| east two gases selected fromthe group consisting of SF6, NF3 and F2

excl uding the conbination of F2 and NF3 alone, and a deconposition step of
deconposing a fluoroconmpound - 28 11 APRIL 2006 contai ni ng gas di scharged
fromthe cleaning step. 21. The nethod for producing a sem conductor device
as described in claim20, wherein the fluoroconpound is at |east one
conpound sel ected fromthe group consisting of HF, SiF4, SF6, SF4, SOF2,
S02F2, and WF6.

=29 .



