WO 02/ 07194 PCT/JP01/ 06164 DESCRI PTI ON O eaning Gas for Sem conduct or
&@r oducti on Equi prent 5 CROSS- REFERENCE TO RELATED APPLI CATI ONS Thi s

appli cati owoigsopesed on the provisions of 35 U S . C. Artipteifisémsy wth
\g;?m ng the benefit of filing dates of U S. provisional application

rial 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), BES%R?PWlUN% US C Article 119(e) (1).
TECHNI CAL FI ELD 15 The present invention relates a cleaning gas for
sem conduct or production equi pnment. Specifically, the present invention
rel ates to acldaninig)GagafolroSemtoonfugtor Msebhrsaion dEepripmienti N
filmform ng equi pmrent or etching equipnment for the production of a
sem conductor or a TFT 20 liquid crystal device, which are accunul ated at
the fil mS f PRAES-RERERENCENTOgRBLATED | ARPLIGATIAONSh nitride, silicon oxide,
tungsten and {Ne dhide: abr FodlRAN 0 BELOUOHSIHL DRGELAGN Noe 088, and
also to a nmethod tor producing a sem conductor device Including a cleaning
step using theS-95 Mqtdadiend 1d43) wiAtkeRaiwixRthe, hanefiy off Siding

equi pmrent  orqgtddi ngeeqw . BTEN prdwilsilonA1P speii st in @ §epigpPndyetor or a
TFT liquid 20 %}rﬁlstal devi ce, the deposits accunulated at the film
formation or s EHeonong; |$£Rﬁ?“mﬁrm dé: si4%%%n aRfki d¥-Stungsten

and t he 10 keprawieigailer appliicatioparderdlads Nodebypsee[26%5e faledicobnon of
good film  pedomnd 09507 b CTLAR3Y k0% rovisions 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 eguipment 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 silic;on, silicon nitride, silicon
oxide, tungsten and the like, to a cleaning 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 semlconductor or a TFT liquid
30 crystal device, the deposits accumulated at the £ilm-
formation or etching of silicon, silicon- nitride, silicon
oxide, tungsten and the 1like cause generation of
particles and hinder the production of good f£film,



therefore, these deposits nust be renoved on occasion. Heretofore, the
deposits in sem conductor production equipnent are renoved by a nethod of

etching theygdgnesdst S using a plasma excited froma fl uokrckgeiwefssct chi ng
gas 5 such as NF3, CF4 and C2F6. However, the nmethod of using NF3 has a

problemin that the NF3 is expensive, and the nethod of using
perfl uorocarbon such as CF4 and C2F6 has a problemin that the etching

rate is | ow ang tdie.0l e3bRE a&hdd Gl Rkt elpﬁ ovdh Un 8cBaB2dRS (the term

"JP-A" as used herein’'means an "unexan ne | apanese pat ent
application") dedterefefogenetn®deposidiendn,sentaenditrtipss prREREtEPN | east

one gas of FloqiuintBerd 28foPsEy & Hxadal br a0t AN thedbopobft80 YOI %
with CF4 or C2F6. Also, JP-A-10-72672 15 descrihes a nethod of using F2

diluted with 1R (Plasms  excifed fromha FRarinG-t¥Re BEGRIRY  J92fiese
met hods Iaveswchpradl K3, ICihandt KeFat cliowgveal ethe mewvkoedaocsfl ubengcl eani ng

efficiency i ovwer thanp the neth f ,usi NE3 _as _a cleanin s. 20
JP- A- 3- 14668?“%’%&% e Iéob%eined'nggtgm%or;%oes ir}&iaor‘}sf 5i e@ﬁ%&%f n%l,’&v\g@?e at
| east one gagmeifhdd ofCusiagdperfitiaxymarbonusnciicas SCHd red €iFsahaandunt of

0.05 to 20 Vabiolidd 1:NRhaltd EPLANRLLLC£LE N 510 diplofha R3O c18aRlAg Tl eSS

cl eani ng nethod using a hal ogen fluoride such as ClF3 as 25 the cleaning
gas i s known.e¥FoYe\RnCY dfelm¥logen fluoride is very expensive and

nor eover ,1cext r enelgp i-Bhlepsbgagithue terhneyelAr easdaspit fek8en eneghs ent

oL g o 54 HEgahbeef, wnduBhoR, SHpnebb ek s bR o oo

damage the eqdegmeitestat erithbdi ofiukinda cieantngdgad wheyeodicLeast

equiprent andodd1ehgl 06F p)! TIRS B, Ut DAY 34CHIRLY 1hhhoUngEhY 1O SOM
of 1 to 50 vol® with CF; or CyFs. 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 equipment material inside the
semiconductor production equipment and therefore, its use
is disadvantageously limited only to some devices such as
CVD device.



CVD device. 2 WD 02107194 PCT/JPOL/ 06164 That is, conventionally known
cl eani ng gases have the follow ng problens: (1) the gases having high

cl eani ng efbighrwgy are expensive; and 5 (2) the gases peafipfilosiee used
except for sonme devices. |Inexpensive cleaning gases have a problemin that
both the etching rate and the cleaning efficiency are low. The present

I nventi on has been made under these 10 circunstances. Accordingly, one of

the objects of t ' ol | 11t gC! AN d
e objects o h&a@r%pngo%%%%dmlks Hfoud 031%3%99 Sohdps and a

cl eani ng net hod, which ensur etching rate, cleaning efficiency
and excel | enthe JR11o9Hng, RRAREEME e of the objects of the present

invention is to priovi dfed gabesMialadgl Bighr eddahiify desLNbLatd Ciy devi ce.
DI SCLOSURE OF THE I NVENTI.ON As a result of extensive investigations to

solve the 2O0°BBY/de&8Fi bed probl ens, the present inventors have found
that a clseani ng ¢ olthei ngdsdy mannog SPE aumsednexceptbofbrofsdeie and NF3
with an iner At a specific ratio is remarkably inproved in the
etching rate an el evated in the cleaning efficiency. Mreover, the 25
present invent or Sinexpensdvad clraningec gaFeanhayechf inyodden ins thak her

i nproved by pisiGHe@tehAg POdahaVithl 8llea®itid ¥ErieIbALP &5 AR%.CONt ai ned
therein in a specific ratro. TheP{:‘)resent I nvention_relates to a cl eaning

gas for 30 cl earf®fy BERFRddBVBREEPRINEE ReSyulBiennderqchaseped in
(1) to (122) hptauwstadcasC! eavicoganeybpd ase descrhbedbjects of the

present invention is to provide a cleaning gas and a
cleaning method, which ensure high etching rate, high
cleanlng 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 c¢leaning 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.



in (23) to (32) below, and to a net ho'd"f.c')r'??' produci ng a sem conduct or

devi ce, described in (33) and (36) beI ow. 3 WD 02/07194 PCT/JP01/ 06164
per fl uoroc dr of | uor ocar bon, ;; perfl uoroether and | uor oet her .
(10) The cﬁgﬁp??ép%as for sem conduct or producti.on equi pﬁ@fy{gﬁﬁéﬁgescri bed
in (9) above, wherein the 5 perfluorocarbon and hydrofl| uorocarbon each has
from1l to 4 carbon atoms and the perfluoroether and hydrofluoroether each
has from2 to 4 carbon cl eani gas sem conduct or ’
roduction « REHEIIRRPOERTLY Y ROE GRP AR | HETEHOT PR Hep i s 10 i n
t he equi pnrenthyaoffnbsoather. oxygen-cont ai ni ng gas, an inert gas and at

| east two gases s I t fr group 0 | F d NF3
excluding the co 32,[ ﬁg‘n c(i?alﬂ_ngﬁg 3%1% C:'.c' O%I o%ﬁeéﬁtc() @gyg{i‘%"? gf%(glgn?tn%q’gas for
sem conduct orewmtl oas 1%esquibeént imas {B3crabevei n yhaygeighovihe

conpri si ng arbér‘]ﬂhbro&é‘ﬁboﬁ”ax’i’d(yl?f(;%‘c&ﬂ%%ehﬂﬂoﬂaéactﬁﬁﬁés a4 ol3) The

cl eani ng gas sem conduct or ctiron equlpnent as described in (11)
above, conpr|45|ng°%¥ib°1bxygéﬁ9’e‘,6nt aid®tng dfhe anPeRelYoRpethersrs andy NF3. 20

(14% T?e El earymfgaaréetheﬁraa:aﬂdﬁ@t @irol’ 20t t4d QarbegUapbmel as dezcz3 | beczi
in (11) above, Li.s n_.oxygen- co talnin an I ner s, SF6, F
and NF3. (15) The tda |n "r% 938mi %dﬁﬁ?g?%$%f&|8ﬁ°&'é‘gﬁi°&mnt as
descri bed i n equipmeatof w(ﬁ.d:h is §1d])eabioye, gas? Tosheemonminpedeposits

02 %63, ‘180, b g e, Bl ns h O N A9k Bl R N b

product i on inert gas and at least two gases selected :Erom the group

consisting of SFg, F,, and NF; excluding the combination
of ¥, and NF; alone. '

(12) The cleaning gas for semiconductor production

15 equipment as described in (11) above, comprising an inert
gas, an oxygen-containing gas, SFs, and F,.

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

20 (14) The cleaning gas for semiconductor production
equipment as described in (11) above, comprising an
oxygen-containing gas, an inert gas, SFs, F2 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 is at least one
selected from the group consisting of 0, 03, N0, 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 0, and/or N.0.

(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 (15) above, wherein the oxygen- 30 containing gas
Is 02 and/or N20. (17) The cleaning gas for sem conductor production

equi pnent as described in any one of (11) to (14) above, wherein the inert
gas is at weaN7ighe selected fromthe - 5 WD 02/07194 FRIIPIVEI6H06164 (1)
A cl eaning gas for sem conductor production equipnment, which is a cleaning
gas for renoving deposits in the equipnent, conprising an inert gas and at
least two gases selected fromthe group consisting of SF6, F2, 5 and NF3
excl udi ng the confdi)nata ooleéniy amdsNFonl wemicoéRfudter Cclpradnoyigas for

sem conduct o i . Lquip SCI [ .. ab pprising
SFo, P2, ancRoipii, Wach L E R BT Rl i bdobinB Bhfosfly
producti on 1o thei paahpmert desompiieainon gnl)ingydy egast ompd i 8% n§ed®F6, NF3,

and an inerty@@Sgaddd ddifedile@P il 988 GPbup CBLRSIUGIP 0P IYCE, ON

equi pnment_as described in (1) above, conprising SF6 . _NF3, ahd an inert
gas. 15 (5) aM NHa8%Phuding the combipg tr Far 88 A 0ALOBRui prrent  as

described in any @ye ahe( Didading) gakoviar séieiic®ndutheri pebBugesonr S at
He, Ne, Ar Kr and N2.

(6 The ol oo FHPIRRY (01 SRAEBRTL ROl L BRATE T CROMOBLEARA (ihent Fac
descri bed i nai®d)arabioest whsctein the inert gas is at | east one sel ected
fromthe group Congy Stgyig Glean {éfas agg,gi_ New (c?nd-lt_lg 'g%ﬂhﬂgtgﬁé for
sem conduct or production eqU|pn3n as escrf%% In ?if ove, erein F2
and/ or 185 NFBipmento@s) described ginl (We dhevier GoBPrisingis.0NFso

and an inert gas.

(4) The cleaning gas for semiconductor production

equipment as described in (1) above, comprising SFs, Fa,

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 1s at least one selected from the
group consisting of He, Ne, Ar, Xe, Kr and Na.

(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 NF3; is from 0.01 to 5 and the inert gas is from 0.01 to
500 in terms of the volume ratio assuming that SF¢ 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 SFs; 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



500 in ternms of the volune ratio assumng that SF6 is 1. (8) The cleaning
gas for sem conductor production equipnment as described in (7) above,
wherei n F2 wotendios NF3 is from0.1 to 1.5 and the inert gasar@ntiéam 0.1 to
30 30 in terns of the volune ratio assuming that SF6 is 1. (9) The

cl eaning gas for sem conductor production equipnent as described in (1)
above, which contai ns at | east one gas selected fromthe group consisting

of 4 WD 02/ Q ou C [ He, Ne, Ar, Xe,
g%g,) LLdPOIg 0B 66 WeOURLCORS] S BN,

Kr'.. and N2 ing gds (Sr sém con uct or productlon equi pnent
as described in (11§)aﬁbeeclme;wng@ﬁefpﬁerqemgagdugt%&" peaduchinn sel ect ed

fromthe groupRnAagRehe! 2RI delcr2bsl. iﬁruavdabeveil%eiféﬁl ctiganiégras for
sem conduct or prqQduction equiprment as described in (11) above, wherein F2

and/or NF3 |9§"sf AgnPS. é?a?B € (FReGtPdehiteBntRR HTRYRy onsisE{g %% 01 to 5
and the i ser tHegasaAts iﬂd)ero 01 to 500 in terms 10 of the volune ratio

assum ng that SF6 20 The cl eani e condu oductlon
equi pnent as desm‘h%gd TP% (‘)f!f'} nABgy 825 \M% ei ne“E'f ;H; §&8ét:?rom 0.1to
1.5, the oxymi@nmlal misnglegagibedf dom(10.)1 dbovg.SWaauen-her nard/epas is
from0.1 10 3f.iQgt Eigﬁorléloiotﬁe ¥Rl %éeg’t IRnR8THThGIghd A s ok S 1.

(21) The cl eani. ng g sem conduct o ctiron equi gment as descri bed

in (11) abové-O4hiteh Scamdaiths &Rert cgaq -'Eﬁ'l@% °sé’|1e@9e§ fr 5 EeRRYyr oup

consi sting ofos pﬂéf k,ugﬁﬁgafmb dusinahlgUeheE 28O s merfl uoroether and 20

hydr of | uor oet her. | eani ng gas for sem conductor production
equi pment as descH ];r‘? n&BSv@%svw:FéFeﬁF“’ciﬁé’ng 8862" pROASEELor

equipment as described in (19) above, wherein F, and/or

NF; 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
15 of the volume ratio assuming that SFg 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

20 hydrofluoroether.

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

25 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

30 production equipment as described in (23) above, wherein
the cleaning gas described in any one of (1) to (10)
above is exclited to produce plasma and the deposlits in
the semiconductor production equipment are removed in 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
atoms. (gdezmidet hod for cleani ng semn conductor produdcTarei/eegdi prent ,
conprising use of the cleaning gas described in any one of (1) to (10)
above. (24) The nmethod for cleaning sem conductor 30 production equi pnent
as described in (23) above, wherein the cleaning gas described in any one
of (1) to %iggmagbove is excited to produce plasma and the deposits in the
sem conductor production equi pnent are renpved in the 6 WD 02107194

PCT/ JP01/ 06164 (3 hdhe (mythatke neftfod foleaH@gni nFTEFPREAGHRY or
productionpﬁﬂ@ﬁ@%mm Sfuifneaiti aedabscffse)aactmvm;)\ﬁmbﬁ ghferexﬁ:-tat i on
source for e S s a-mcrowave. -- 5 (2 The net ho or cleaning
seni conducﬁi? e%f"g‘cfi%qnoﬁ%‘ﬁﬁfap ttei’:aes p&gﬂ'ﬁi g%aa'i{??‘cérr?yagﬁé of (23) -to
(25) absve, whe(zé)n ThHee clmsithadly gaformesceldradngn arsemdigenduétés) to (10)
above is u e I Le-r.a .10 0 10c ( The nethod for
cl eani ng s§%§%%%5ﬁ¥¥d%ﬂﬁﬁggﬁﬁcffoEggggﬁgﬁgn%ﬁagégeég?iggdg?%)(gg) above,
wherein - - {2Bheakdeeaniwhergis Ghecelepdng gagnjesprelhsd Ap) apy P49) above is

used at a Lenpejatd!r@d)2rpeval 1808sdd s0@Ctkipdratuld awigbess system 15
(28) A nethod for cleaning sem conductor production equipnent, conprising

use of thetel 8@®iChg gas described in-any one of (11) to (22) above. - (29)

The mejhod for gAY - SEORHRNAUCEY  PERSHAlIgON ei1BERALcESy descri bed
in (28§ above, wherein
pro&uction 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 cleanlng semiconductor production
equipment, comprising use of the cleaning gas described
in any one of (11) to (22) above. i
(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 excitéd 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 c¢leaning 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



20 the cleaning gas described in any one of (11) to' (22) above is excited
to produce plasma and the deposits in the sem conductor production

equi pnent ¥SeBiRved in the plasma. (30) The nmethod fopceinaisiae

sem conductor 25 production equi pnent as--described in (29) above, wherein
the excitation source for the-plasma is a-mcrowave (31) The nethod for

cl eani ng sem conductor --- production equi pnent as described in any one of
(28) to (30 { ' sigdesgkib | 0- 30 of
(11) 10 (22) PEoRSKELoH 8GRI ghanl & RUNGHER"17258) "Bliove: S )" 1he
met hod for cltdgniHeandngc gsuciescribel InD IW oM 40PCTAIPO EP0 A
production egyiRaes eser ] | , é/\?q;ei eani ng gas
descri bed in%g’ny OE% gée(?l%c %o %Efﬂl‘aﬁ:ég%vgg?%eeu%e e(l)t t% PEe’prg%(r‘{a %pe range
of 200 to 50®@aism_aéesmms$rm1§s$ system 5 (33) A method for producing a
sem condugt or deviggy aCf g§|?gra?f$£ﬁﬁln@gastsgsﬁej%n& &P0r Aa&t-Rai ng gas

containing an inert gas an _east two gases ecte fromthe group
consi sting ofcoBPEisingam NHPaiBPUCFERP t R BRI nA | GAe8Ring HRF NF3

?: one, and acﬁﬁﬁﬁ&ﬁﬁlﬁbfi hﬁniﬁéﬂ’g_ égﬁoﬁndgﬁﬁ;@@&i;?%tﬁo gases se.'lt.ected( 34y Th
uor oconpound- cont ai ni ng_gas_dj schar rqm eani st ep. e
et hod 1 or pERIHg S-CuR SRARIEgD 6. FRe Yisontolry BRHITATISEE, ove,
wherein the fdombioatipouofl F5 ant NFgasloms\e andnaodedonpbattioh feimp t he
group copgy Stdf“%ecaﬁp%ikgﬁ{a%f% odlofipothd: oot dedth1nl bas a0doied 3°5) A
met hod for producinga Ssem con uctor gev ce, conprrsing a T ea ng step of
using a cl earfineg §he 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, SiF,, SFs, SF,, SOF,, S0;F,, and WFs.

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

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,, SFg;, SFy, SOF;, SOF,, and WFg.

BRIEF DESCRIPTION OF DRAWING
30 Fig. 1 is a schematic view of etching equipment
using the cleaning gas of the present invention.



containing an inert gas, an oxygen-containing gas and at |east tw gases
sel ected fromthe group consisting of SF6, 20 F2 and NF3 excl udi ng the

conmbi nat i QR Rsnfiey and NF3 al one, and a deconposition speprai/nseeonposi ng a
fl uorocorrpounci- cont ai ni ng gas di scharged fromthe cl eaning step. (36) The
met hod for producing a sem conductor device as described in (3.5) above,
wherein the fluoroconmpound is 25 at |east one conpound selected fromthe -
group consisting of HF, SiF4, SF6, SF4, SOF2, S02F2, and WF6. BRI EF

DESCRI PTI ON OF DRAWNG 30 Fig. 1 is a schematic view of etching equi pnment
usi ng t he cIRERALIEDYBESGRIPHEON QR HE INVERTIOH. - 8 WD 02107194

PCT/ JPCOL1/ 06164 qulﬂ%eggsggbggk@hogrg#@éyv@%mﬂ@ RF£H6eF¥r | Nvention

provi des "a cl eani ng for _ sem conduct or 1gr oducti on equi gmant, which is
a cleaning SPREONIYCTOENBFPAYCHEPR s PELLPRL e WAL Gt r 8 pP Rt %N

equi pents, CHHEPr E6FNGredbvHiRG t AgRss1itSF6inNGemieondudiodih ppdbdedtrond NF3"
(the invention of the first .cleaning.gas), .. a eanl as

seni conduct SFIHEIERri SPRGIFpRENET i&ﬁlr%hg?g, agtﬁ g‘g{rﬁﬁb&gaosg %?thr enovi ng
deposits in df BeandoNBstt Orhepriocrention efjutimeiiirstc cdpaningggas) i nert

gas, an Oxygs -gfggﬂ%n%gaforsgém (flgﬁ:o%etﬂ%‘ggﬂc@ioﬁzeqﬁﬂﬂmmf (the

I nvention of Thé seco eani ng gas), for cleaning
seni conduct orhdsioddet | on ewapipat , 93 orfRT siFRPAYIBIof APRESERRvelescr i bed
cl eani ng @asgeitbnERctar YrdRmctebn Peadufhest A S6HpNIGCIal deste,

conprising a cleaning step of using the abgye cleanin a agd a
deconposi t i c¥P%t P dg’mgﬂ?%?ﬁﬁlgg ?T%r%o%guﬁa9c§ﬁt gf’ﬁﬁlna 9o
di scharged faminiie (theaninvgnitiep” of the second cleaning gas)., "a
method for cleahing 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,
SF¢ and F;,
25 SF¢ and NF;, or
SF¢, F; and NFs.
(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 group consisting of He, Ne, Ar, Xe, Kr and Ns. Among
these, the inert gas is preferably at least one gas
selected from the group consisting of He, Ar and N,
because the cleaning gas can exhibit high etching rate



20 The prese
gas for sem

conpri ses b éMeids 0as

than the ine
Lnert gas iIs
Ne, Ar, Xe,

one gas sel

the «cleanin
however, the

nt invention is described in detail below. The first cleaning
conductor production equipnent of the present invention

rt gas in the cleaning gas is referred to as "active gas".
at | east one gas selected fromthe 30 group consisting of He,

%hdaggcggleﬁgnggbttﬂg;@grmgﬁgelnert gas is preferably at |east
ected fromthe group consisting of He, Ar and N2, because the

cl eani ng gas can &Rfi b'F'-T-x-?ﬂ%h ratéRi n%frd-'th@ gas\SRORPnsS P/ JBPL/ 06164
and excel | entci1eeatingeghsr sBNees pheRehitX ifigefitlod 1 notepa@sicaTREMENts in

E T R e R e T A

with any one of the three conbi natT/mk6sk6 and F2
25 SF6 and NF3, or SF6, F2 and NF3. (Hereinafter, the conponents other

The

S

usual | y f som(MFgl t®m, Sor pNEj er+abe) f iam Qstialby 1. fxoman® .Ohe toerd, gas i s

DRt & Hdhl Yoo A 01 s { Caf@0enlDiRePECIREANSY £ldpm 0- 1 O

from .01 t
30, in terns

e vol ume rat’io assunlng

active gas

conponent s i 9.01 \W9e$0@sepriefergbly otran G |d?°oc3@§s gpreeRreferRiRtbr
production eqyidumegily €6 BoJUia WekhmsdoflOMAE SFolirhe | SaPLST 858NN hat the

gas contain
these gases

s the aCtIVG gas conponents in a Iargg anount . However,

dhat, 5Fs i e‘ﬂ"‘hﬂ%«?@r IPR FPERIAL TS, - (Whete a5PAneth

i f

materi al tion' ifioRICAIGR praespscse &&niwndubﬂdﬁnmaucemohheqammnmand
doq:eql.iqlu% t%?:‘ysér{%&.l ﬂe\tr gese,f f etCt:!.s pre era)éilgt %ﬁ&% uéhé/ l OW These

t he anount a

15

20

25

30

contains the active gas components 1n a large amount.
However, 1f these gases are activated moreover in plasma
on use, the equipment material in the plasma atmosphere
may be damaged. On the other hand, 1if the amount added
is too small, the effect is disadvantageously low. These
gases may be mixed inside the semiconductor production
egquipment or in the pipeline leading to the semiconductor
production equipment, or the gases may be previously
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 speclies 1is mixed, the
effect brought out surpasses the effect by conventionally
used cleaning gas or etching gas, such as CF; or C,Fs.
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
and accelerates the dissociation.

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

consisting of perfluocrocarbon, hydrofluorocarbon,

- 10 -
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gases may be m xed inside the sem conductor production equipnment or in the
pi peline | eading to the sem conductor production equi pnent, or the gases
may be preyodatys 20 mixed in a gas cylinder. In the clpeadpngegas for

sem conduct or production equipnment of the present invention, when F2
and/ or NF3 gas capable of dissociating particularly at a | ow energy |evel
and producing an active species is mxed, the 25 effect brought out

sur passes oA iplodihefOTIEN! hORRbHaondStloE] e ingeRiBaclall NG gas

such as CF4 ‘or The synergistic e the mxing is_presuned to
occur becauleMRTHESING ARelBPEE| 43S o Fd RART one ei’rl betRnet Fz pRAAF:-acts on

gndl SSOO't at e’ﬂhém&%i:'ﬂlﬁo!racarﬁ&iil ][hr{@ahﬁrﬂﬂﬂfmtﬁiarb% asdclccnd eraat es t he

i ssoci ati on. ni.n S O rese in entlon,,Ta cont |n at

Ihegstflone ga§°’§¥?“€t‘{ jﬂa‘ﬁr‘%m%? Elfb c8ﬁ§$%'f|ﬁ OB - pet "%/P&r

ydr of | u® ocetidosaturatidd mmﬂo&aéaﬁbﬁﬂédrﬁﬂdﬁrﬁﬁlﬁﬂcl fGFuorGeE‘eher and

hydr of | uoroetlgciz i:.n tEﬁaﬂ%ﬁf? %S & mi)ll‘nlsﬁ 18a rb%f;frggf a_SLl%Qmand one or
NEgTer T % % 5 ﬁ gg%fl Lor ocar be

both of F2 an uor ocar bon an on each is a
conpound hav¢mdumnlllq1&d¢ €aF borC:Hs ord %Fanpﬁ%@ examplefe afztiheat ed

per f | uor ocarpop. HRaRArbBA| Udthdithe C2Efr, Andn@3FictrAM! es i the
unsat ur ated pertl uorocarbon npound i nclude C2F4, C3F6 and CAF6, and

exanpl es of PwquPEo%qu%Pﬁﬂﬁt@FSeaﬁh &5 A 4compaund
per fl uorget heavaiyl Eydmof2 uafooeuhecﬁamm agoms CONPExambIEE hafi ridief rom 2 to

CFaOCR2Cr, RREIRSRIRITEE o AiedR ar SHESRF oo R, IR CEE ar 2 82 and.
CHF20CH2CF3. eddmplesxi of rthei mxﬁrctﬂi@ogagtlsemhiaglude CHFzOCHFz and .
CHF;OCH,CFi. The mixing ratio of the gas such as
perfluorocarbon is from 0.01 to 1, preferably from 0.0l
15 ¢to 0.5, more preferably from 0.01 to 0.2, in terms of the

volume ratio assuming that the mixed gas comprising SFe,
F,, NF3 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,

SFe¢ and F,,
SFs and NF;, or
SF¢, F, and NF;.

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

- The oxygen-containing gas is at least one selected
from the group consisting of 0., O3, N;O, NO, NO;, CO and

30 CO,. Particularly, it is preferable that the oxygen-
containing gas is Oz and/or N0, so that the etching rate
of the cleaning gas is increased and thus the cost-

performance is improved.

- 11 -



perfluorocarbon is from0.01 to 1, preferably from0.01 15 to 0.5, nore
preferably from0.01 to 0.2, in terns of the volune ratio assum ng that
the m xed @gasoH/PfRri sing SF6, F2, NF3 and an inert gas pgrdpo1hb®s second

cl eaning gas tor sem conductor production equipnment of the present

I nvention conprises an inert gas, 20 an oxygen-containing gas, and any one
of the three conbinations, SF6 and F2, SF6 and NF3, or SF6, F2 and NF3.

25 (Hereinafter, irhe £REPENGHE Sis GithaledstadnkhgakNeble§66d Bt the
0 as,Z"active

oxygen-cont ai ni n as i.n_the cleapin as, _ar referre

gas".) The oﬁf&é‘g-%ﬂﬂs 'SPEﬁﬁg Q&s%{'eg %‘E‘g'l A&t gﬁe | % dN2-f r S group
consi sting oftheze, 03had\2@neNO, gia?, i<Oparetierdbl¥OAt Phsastcubael ygadt is
preferable t o] t al.nj.ng i / N20, that the

et chi ng rate@%t(:)LiietctQ%ei ¢ egx{r}iﬁ%ggggml’g i‘%@%&gg'ggaaﬁo tl%’s ?%e aé%stﬁz’

per f or mange ibecamgeotde clephingOoRe/ CENORARiPCLds Ieuchinge rat@t gas is

at | east oneaglgsegtggggéﬁg EEAMJ @ ogmaNBe CONSi Sting of He, Ne, Ar, Xe, Kr
and N2. Anong these, the tnert gas is preferably at |east one gas
tHe ¢l eani ng

sel ected from t heT§RPoUPLEE| FALAG OFE HEPeAr 98RJ FPPOREREEL LR
gas can exhi killeahligs gashbfOthdiresand ex¢8htLol EiriRAangosSFRNEELh The

m xing ratio pof t conponents in_the | eani ng_gas_of . the present
i nventi on corﬁ%r 85239 3‘\/vin$rh OXFIeR6PB aﬂ‘—’%’g a%a%x"ﬂ%n%om%ﬁ i gas and
an inert lgas i) metnopapticularly | Limiteded. Hohlmvemr , thhe ratio ifs
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 liguid c¢rystal devices, the
oxygen-containing gas, SFg;, ¥, and NF; are active, which
are preferably contained in a large amount. However, if
these gases are activated moreover in plasma on use, the
eguipment 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 -



usual l'y such that F2 and/or NF3 is usually fromO0.01 to 5, ©preferably from
0.1to 1.5, that the oxygen-containing gas is from0.01 to 5, 15

pref erabl ywhiogds 1 to 1.5, and that the inert gas is fromehifddicio 500,
preferably fromO.1 to 300, nore preferably fromO0.1 to 30, in terns of
the volune ratio assumng that SF6 is 1. Wen used-for cleaning gas of
ganuf acturihng sem conduct or 20 production equipnent or liquid crystal :
evi ces, the [ d e, ich are
preferably contal ned %l%ﬁgg :‘%I{rweggarm%@oﬁfge%hgg I\E? %ﬁegrg&gése Eyg(Jlre
activat ed no¢esing mrasmmmmtaﬂnéngeqasprrm newdr ig@s i rethe pl asma
at mospher e ngy, bg;3% daaoadas6r tRe, Ot hermanersh ubbscamBut agdded i s t oo

small, the effect is di sadvant ageous | ow. These ‘?jdlses nmay be m xed
i nsi de the SRWIRRFINPCOSRTBPBABRFR0HS BqGPPREWRA BaVing HF Jeiihét | eadi ng
to the segn ceaebor itonfy. odm:&hmpmeeqt:f ptRat sabiirdted gm&eaumcmm evi ously

30 m xed i | i,nd I h
Contaln at || CHROBIL GHETUAP ol 1B (L oFtlfy  BSMULEH ngforal O

per f | uor ocar tesg tunatedf | pertiomdoaarbon?2 comoamomm/@zma_/ G6HE64
per f | uor oet hgt hy f Elys I4h “@Eﬂ an
oxygen- cont al ni nng %gn | ne IeQ Of cft ﬁqﬁgégaﬁﬁ O%ﬁ?\lil:%& The

per f | uor ocar s GaffeFoof | G'BPO@&FS%H°E%%‘FPQI'S Qi“’(:d”fi’iﬁ’é'ﬁﬁauﬂ’é%\'ﬂf’? roml to
4 5 carbgy aseel. iEXaPbemp&ind hﬁaeﬁﬁglr grofl er tbuar asafdean atsmgound

I
el ude CFd, L CRES G0 P8 X ARl A3 Lo g, UfREIMT Eh,BER] | Upipoar bor

CF3OCF2CF3, and examples of the hydrofluorocether include
CHF,OCHF; and CHF20CH.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 1inert gas, and
SFg with F; and/or NF; is 1.

The cleaning gas for semlconductor production

20 equipment according to the present invention, comprising
an oxygen-containing gas, an inert gas, and SFs with F;
and/or NF3;, can exhibit effects superior to those
provided by a conventional cleaning gas such as CF; and
C,Fs, by containing

25 (1) F, and/or NFi;, 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 NF3; 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 =~



and C4F6, and exanpl es of the hydrofl uorocarbon include CHF3 and C2H2FA4.
The perfl uoroet her and hydrof | uoroether 10 each is a conpound having from?2

to 4 car boRy@hf¥ses Exanples of the perfluoroether inclugerGhifkfs and
CF30CF2CF3, and exanpl es of the hydrofl uoroet her- i nclude CHF20CHF2 and

CHF2OCH2CF3. The mixing ratio of the gas such as perfluorocarbon is from
0.01 to 1, preferably 15 from0.01 to 0.5, nore preferably from0.01 to

0.2, in el ihdalithecdOlUIe 4AILALARINN. N0 AL rBEtT K30 edgBa QYT S N

an oxygen-contal hi ng gas, an Inert gas, and is 1.
The cl eaning %aﬁmnSerﬁwmasOrapuc@uuenmh ipo i ’pm aééorkﬁ ng to

the present ighRnne@n t&0B¥duY NBecalls® XN~ 6275 mﬂ&quasmaﬁﬂtamrt gas,
and SF6 with F2 and/or NF3, can exhibit effects superiQr to those

provi ded by 2FITHER: i DhalahiFen; FReGLRS s a0f BTt d depgRbvabien
cont ai ni ng 2xdubed-ByasebidM, gas whi-ch di ssoci at es at a |low energy

| evel and produce an, actlve sp and are
effective in prodEgl ng © af8°fai? %c ?if"?i%l%%t %9%1 c or 381':’%@:: Fct
i nvol ved by c&gmmnmhguﬁzngmweorcmiag gas C@frpﬂreewesanthénmmetbrgas S
presuned to %f‘é”c?*%e é&%ﬁa ?‘c HRC %s 508U6§8: n %oz Oﬁ%cfé}.ergy

| SSO ate ecu e

| evel acts on in a al n-reacti on manner 13
WO 02/ 07194 H&® WG?NG@EE& cepdidii®nat es t he di ssoci ation. The eff ect

i nvol ved 1lgy cont Whahnﬁhexyﬂﬁm@%s%dcﬁﬁﬁeﬂe&ﬁe'ﬂlééﬂ\% ﬁbﬁadtm | ghe presuned
to occur because the oxggen helgs mai nt ai n I Vi S_% actli/e speci es and
prevent s deaé??V&FI&ﬁn urce 1s not particular y 1 1ted 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 is wused 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 is preferably from 1 to 500 Pa.

20 In the case of plasmaless condition, the cleaning
gas is 1ntroduced 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 ome 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 eguipment can be cleaned.
Fig. 1 1is 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 ~



5 caused by rebinding. In the case of cleaning sem conductor production
equi pment using the cleaning gas of the present invention, the gas may be
used underyg Rgodsasma condition or under the plasnal esecvamadbdison. 10 When
the gas is used under the plasma condition, the excitation source is not
particularly limted as long as plasma is excited fromthe cleaning gas of
Lhe presentd |lnvent|on but a m crowave excitation source is preferred
ecause goo eani.ng eff.ici y {Gan aji.pe t fLperature
and the pr esE ur'e wﬁe% thgeﬂecl gg%l n% %l%&btfaé& hg %re@%‘?n’?olajn‘éen??%% I's used
are not partexelEation | iseured ad I@mb @roslugefn LSRR pr odBeedd@Hut t he
tenperature Lppofdd afft%fxertﬂtal ¥téﬁﬂ{q]5& 10529960 Whidie 2 BhesambLe r ange is

preferably from1 to 500 Pa. 20 | e case of plasnal es conltlé)n t he

cl eani ng ~gastagei gt r BWuddFohAreed HanBedTYt UM NG FEsTRPESHIC the
chanb](cart |h§ pﬁ&ﬁgié’é% W%Qir?b teD dbdoﬁpﬁ&iﬁ@ afehtatadoeadingatpatheokimd eit her
one o e inside of chanber an gani ng ga at 0 to 500C
to generate PFeetBs I3RFT nec% re%bﬂre"}' fr?%ﬁ%ﬁgﬁf’gghl nté ég)as Then,
deposi ts ar edepedith aadcuraniatedl faﬂmn h’eh@hatrbbinmndrer efficiertly egi ons

where depos! Lsndl s 367 Ubbalehg i DB UperbiigonclhceRduBtoR g odlot on

equi pnent can i's a view's one exanple of the
etching 30 eqélﬁm&bméflh@gcbﬁ@b%?e%ﬁﬂ ke gEsisienhly le88RH-i nvention. The

cleaningygas is ifid Gpbiaesh | #8:0 Frosdiming’ al sediicdhdactépnasaide téFperature

froma cleaning gas inlet a 2/ 07194 PCT/JP01/ 06164 this
time, the ga§h?sp’é§&ﬁ‘{1é&nﬁf?n§iﬂ{‘c$%v%ﬁfé’rﬂpmgn§ i%‘f(ﬁ tation source 4 and

produces plasnma. Afie @éscribed above, according to the present

invention, the cleaning of semiconductor 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 SF¢, F»

and NF; used as the cleaning gas. If these compounds

including SFs, F, and NF3; 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 c¢leaning step of cleaning

semiconductor production equipment and a step of

decomposing a flubrocompound-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
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obt ai ned after the etching of a silicon wafer 2 on sanple stage 3 is

di scharged by a dry punp 5 and rendered 5 harm ess using a deconposi ng
agent accokgll fehsild the kind of the gases contained ther grfgpdiidbisiper nore, -
the deposits accunulated after the etching are-efficiently renoved
by.repeating the sane operation as the etching, and thereby the chanber
can be efficiently cleaned. 10 The nethod for producing a sem conductor
device of t e | nuat ] ' ri b | beY pbove,
accordi ng toﬁ'?ﬁlgﬁ:gées%lﬁit I hvgﬁﬁdép}isqi%éc eg:ni%tp\(l)\?egéﬁpggg%ct orya
production &gdephedt acaardingf¥e cihentkipdaff dihee fomponpderontainghs 15

di scharged frHaMhle RN gas! CPHOWETEE ! Ny il Fud@ide O sbfitard esent
i nventi on cont ai ns quoroconEounds such as ™ HF, Si F4 2, SO02F2 and
1<)

SF4, S
WEG, in addi tihen likespre prefeFrphrEired]ass a FAuoridni A5 §o8uld3te nese
conpoundss i HE UleBgL SFGand 2 catBoNFA r préifselnl ge disthatgednt £Ff B

at nosphere, the eat|ly affect. the gkobal rm Q. ..generate an acid gas
by deconposifP@%}g%ﬁ$¥e¥%ﬁ%?p?§%ﬂ$ 150*Bgﬂn%#£kﬁﬁ x gﬁﬁletely render ed

harm ess. In the nethod for producing a sem conductor device, the present

i nvention pr %ﬁﬁemﬁEpE%u§MWBMdT% PP ductor 25 devi ce,
of cleaning

conprising a cleaning step sem conduct or production equi pnent

and a step of de@bappseagnt Inventienoipodpsceird il Freghsr distabk ged

from the gl eapiteg Shep. rdbersi®p o ChBan Beadelds ORGNC Compapatichd on 30
equi pnent can_ be eff|C|entLy per f or ned gg usi ng the pnethod fescrlbed
above. The nertiOR1eSr HO¥SVRT: n&PE: BFeS@Rt JEBERRLLIhgls hRot limited

f | uor oconpoun chekai Bxkagplia@s. di scharged fromthe cleaning step is not
particularly - 15
Examples 1 to 3
15 A testing apparatus shown in Fig. 1 was adjusted to
an apparatus inner pressure of 300 Pa. A c¢leaning gas
having the composition shown in Table 1 was excited by a
microwave plasma exclitation 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 Fz He
1 i 1 200 200
2 1 0.5 170 180
3 1 1.5 250 190
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WO 02/07194 PCT/JP01/06164 |imted and the deconposi ng agent can be
appropriately selected according to the kind of the conpound contained in
t he exhausyo@aarediowever, hydrogen fluoride, SC& and t perlbdifemie -
preferably fixed as a fluoride or a sulfate 5 of netal, and carbon is
preferably discharged after conpletely deconposing it into carbon dioxide.
BEST MODE FOR CARRYI NG OQUT THE | NVENTI ON The present invention is described
in greater detail 10 below by referring to the Exanpl es and Conparative
Exanpl es, however, the present invention is not limted to these Exanples.
Exanpl es 1 t &xamplea £cteidg apparatus shown in Fig. 1 was adjusted to an

apparatus _inner pipegsitendia At éhﬁhﬁaﬂhnﬁigasl we | {Hulsfteac @gposi ti on
shown in Table 1 was excited by a m crowave B asma excitation source of
h

2.45 GHz and aBORPRATEFYS: HORSTnPrEaaREEs Pht 3OPn&arest F)°3PA8FalBE to etch

a 20 silisonnarfiay ﬁhaceeh.i;cssimm &hlowng 1ApWabBé UB . wa'.@%xcﬂh:ehl bg aate was
det er m ned ernlthe

the resuts AE-SROYR Brpeum i iFacdon pafrde of L X\l B0a°heli flg Rt o
Et chi ng Rat e anfixahpheifVobdueeddmto) thenftest)ing Skgpdrtys ToletcRO08 200 2 1
0.5 170 180 sil}.c&n5 v?ari%zlgglaéeéfs in the testing apparatus. The
etching rate was determined from the loss in volume of
10 the silicon wafer after the etching and the results 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

5
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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WO 02/ 07194 PCT/JP01/ 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 havigwgoedifigesconposi ti on shown in Table 2 was excit ¢grhyoimsigscr onave
pl asma excitation source of 2.45 GHz and 500 W and then introduced into
the testing apparatus to etch a silicon wafer placed in the testing
apparatus. The etching rate was determ ned fromthe loss in volune of 10
the silicon wafer after the etching and the results are shown in Table 2.
[ Table 2] Gas Used and M xing Ratio ngIune Rati o) Etching Rate Exanple
(nmmn) SF6 NF3 He 4 1 1 200 200 %Tabdes3i7o 180 6 1 1.5 250 190 15

Conpar at i vg~EXaNptes T TP 5 |ne eTT rare of eacth Tl eam g gas
determined| in the sane nfiag ¥ rf“%g ing Ratip g nxce that t he
cl eani ng ggs araLhged yn Pl onmosit ' ih Table
3. 17 WO (2/ 07¥8%P /3POlGlaQ6tt§éd [ I'ahhixﬂig @atibsell an&mM‘&jr Ra} i 0
Con'par at | Vd (\vlc! HHe- D‘ert‘_;L{\\ Ef r\hl nn Dﬁ?1 oy El\\La_ran_e ("ﬁc lcar] JUl VI ng Rat 0
t/mn) 1 NH3/He 14100 190 NF3/He 17100 190

2 SF¢/He 17100 70

3 F2/He 1/100 170

4 CF./He 17100 17

5 C.Fs/He 1/100 6

Among the cleaning 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, ¥, He (nm/min)

6 1 i 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
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2 SF6/He 1/100 70 3 F2/He 1/100 170 4 CF4/He 1/100 17 5 C2F6/He 1/100 6
Anong the cl eaning gases m xed wwth He shown in 5 Table 3, the etching rate
was hi ghesfoiatofibe case of using NF3. Conparative Exanpcesrfiotas8 The
etching rate was determned in the same manner 10 as in Exanples 1 to 6
except that the cleaning gases were changed to the gases each having the
conposition shown in Table 4. [Table 4] Gas Used and M xing Ratio

Conparative [ g a 2 $) 611
200 175 7 1&%49%%%0‘ 6&)?5}8% g Eg ‘)’8% g%?f ?a‘l’: Eﬁ%t%ﬂmng Fate of

t he ni xed gatke sheaning gases ofD bhePreseptT/irventdencEho@BNpR ati ve
Exanpl es 6 tg@xzgnpywdL 1l @uep.than the rate of the cleaning gases of the
present invention shown in Exanples 1 to 6. 5 Conparative Exanples 9 to 11
The etching rate was determined in the sanme manner as in Exanples 1 to 6

except that tompatAdniengxgmpEes @rso 1ahanged to the gases each having the
conposi tion ShOWnI'ﬂe et %t:)n.ln% 5rat]é0was 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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[ Table 5] Gas Used and M xing Ratio Conparative (Volune Ratio) Etching Rate
Example CF4 F2 He (nmmin ) 9 1 1 200140 10 1 0.5 170 120 11 1 1.5 250
155 Al ofyd ésysalschi ng rate of the nixed gases shown i npEpimabéiss Ve
Exanples 9 to 11 were |lower than the rate of 15 the cleaning gases of the
present invention shown in Exanples 1 to 6. Conparative Exanples 12 to 14
The etching rate was determ ned in the sane manner 20 as in Exanples 1 to
6 except that the cleaning gases Wer?%,\ﬁggan%ﬁd to the gases each having the
conposition shown in_ Table 6. - 19 2/ 97194 PCT/ JP01/ 06164 [Table 6]

Gas Used and M xing Ratio LV, | 0) Efching -Rate Exanple
C2F6 F2 He (nmimin) 12§11 f@%gﬁ%& %%ﬂgslgig{%% 14 1 1.5 250 100 Al

of the etchi|fgmparatiye {he ni xeﬂ(éfaért!@es“@i%ﬂ!_u_ﬂlma.mt Efehingfats 12 to
14 were | owgr EFaAPLAe | at ot Y theggl ean| ng ggses of thenppeeeNt

invention shown in FExamples 1 to 6  Conparhtive Fxanple 15 The etching
rate was detlerm ngd in fhe sane nanq 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 1in Table 7.

[Table 7]
Gas Used and Mixing Ratio
Comparative (Volume Ratio) Etching Rate
Example Gas Used Mixing Ratio (nm/min)
15 NFs;/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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10 as in Exanples 1 to 6 except that the cleaning gas was changed to a gas
havi ng the conposition shown in Table 7. [Table 7] Gas Used and M xi ng
Ratio Conp@bqg,hﬂg‘, (Volune Ratio) Etching Rate Exanple @apykémgic Xi ng
Ratio (nm mn 15 NF3/He 1/10 1,900 It is seen that when the
concentration of NF3 was 15 increased to ten tinmes that of Conparative
Exanple 1, the etching rate also becane ten tines higher. Exanple 7 The
stehing 1at egly (i oty ngoSofflod:ftd ol 8RS 1P dalo¥CBLi ON vas
determned in the sanme nmanner as 1 n _Exanples to 3 except that the
cleaning gas was changed 20 WO 02/[FrPde F’tT/JPO/06164 to a gas having

t he conposiffion shown ijn Tapbl €_g. [Iable 8] Gas_.Used and MXing Ratio

Exanpl e (Vo] ume Rati o) Etcﬁ"iaﬁgU ﬁ@t%ﬂrﬂm 1 1.20 2,200
The et chi ng| r dxample he—el—ean-i-ngﬁggégmf bresent #&g’ﬂ%ﬂ% é?uwn in
Exampl e 7 S nore exce

therrateLof ¥e3 sthn RS Pparative

|1 n
Exanpl e 15. -exarpte—8—dhe—etchingr+ate—of—tpe—eteantng—gas—ef—the—pr esent
10 inventiob was Mdeternined In the sank manper &9 in | Exam®.@904 to 6
except that Franget—to—agas—having—tte—conposi ti on

g-—g-a-s—w&“y
shown in Table 9. [Table 9] Gas Used and M xing Ratio
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 91
Gas Used and Mixing Ratio
Example (Volume Ratio) Etching Rate
SFe 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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Exanpl e (Volune Ratio) Etching Rate SF6 NF3 He (nmimin ) 8 1 1 20 2,200
15 The etching rate of the cleaning gas of the present invention shown in
Exanpl e 8 vwasoiBisa excellent than the rate of NF3 shownpcrtenpaes ati ve
Exanpl e 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
t he conposition shown in Table 10 was excited by a mcrowave plasm

excitation s f - G 0 a 1l din t he
testing appar%g'?'ggo’?o ‘éé% %3%99@%2%919'%%%%&#%%. Si ?lﬁlgon waf er
pl aced i n t hetcbhingngakppwest fdeteThdnedt Enpmgtheat dowas idetvodiimge £ rom t he
l'oss in vol uRReOls114BBnShEEPNAYRERT +RE t 8Ech IRy Glrd)i At arshdite TR%UI TS are
shown in Table 10. 5 [Table 10] Gas Used and Xi ng Rati o Exanpl e (Vol une
Rati 0) Etchi [F§oREt &0 FA®2 He (nmnin) 911 0.5 200300 101 0.5 0.5
170 260 81 1 1.5 0.5 250 290 Conparative Exanple 16 to 18 The etching
rate of the cleaning gas of the ;y'%ien&: 10 invention was determned in the
same nmanner as in Exanples 9 t § T2blgy %bt that the cleaning gas was

changed t¢ a gas having té]aes %gﬁogh&'nﬁ’fxﬁl@ﬂthg Tabl e 11. [Table 11]
Example (Volume Ratio) Etching_Rate
SF¢ F, (o )% . He (nm/m:l.n )
9 1 1 " 0.5 200 300
10 1 0.5 0.5 170 260
11 1 1.5 0.5 250 290

Comparative Example 16 to 18
The etching rate of the c¢leaning 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 invention shown in

Examples 9 to 1l.
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Gas Used and M xing Ratio Conparative (Volunme Ratio) Etching Rate Exanple
NF3 F2 02 He (nmmn) 16 1 1 0.5 200 170 17 1 0.5 0.5 170 160 18 1 1.5
0.5 250 16Qo ok ! of the etching rate of the m xed gasesamhawissi n .
Conparative Exanples 16 to 18 were |l ower than the rate of the cleaning
gases of the present invention shown in Exanples 9 to 11. - 22 WO

02/ 07194 PCT/JP01/ 06164 Exanple 12 The etching rate of the cl eaning gas of
the present invention was deternmined in the same nanner as in 5 Exanpl es
9 to 11 except that _the cleaning gas was changed to a gas having the
conposi tion é%ﬂﬂﬁ*q A2Tabl e 12. [ Table 12] Gas Used and M xing Ratio (Vol une
Rati o) Etching Rane <tcatpgeranal of nfhe S$Xeandng?gkle &2 thd pPréseaédx 3, 000 10

The etching rate .qf th | egpj of th re ' ti wn in
Exanpl e 12 V%Ey%ﬁ}<§nexgg Ieﬁ?kgﬁ%ﬁﬁ%hegnra egoféﬁﬁ% gﬁgﬁﬁgiﬁg%bﬁggrative
Exanpl e ¥. Esawpiles 23to5llneptepte tdfatatbe| clerning @as waguekandesd ece
having accuggll atLd g;'&%ﬁﬁ@ntﬁ@%b?dﬂq%ﬂﬁoﬁn?ﬁm% gl gORz, Silicon nitride

and the |i ke was "used for the cleaning. The cleaning gas used in Exanple 1
was excited by a :

[Table 121
Gas Used and Mixing Ratilo
Example (Volume Ratio) Etching Rate
(nm/min)
SFe Fa 0, 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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m crowave plasma excitation source of 2.45 GHz and 500 W20 and introduced
into a chanber of a testing apparatus adjusted to an inner pressure of 300
Pa, and t hewQWamtigd pi ece was cl eaned and then taken out .pchgr@smsul t, it
was confirmed that deposits were conpletely renoved. 25 Exanple 14 In place
of a silicon wafer, a quartz piece having accunul ated thereon deposits of
anor phous silicon, silicon nitride and the |ike was used for the cleaning.
23 WD 02/ 07 1exhaEH J R OGlisthargslausirofas tle SCAae4ethd I ofRddie ¢ eani ng

step, a semg \Y, n he.efficientl roduyced. 25 WD 02/07194
PCT/ JPO1/ 06164&&#3{&(:&“% *%é‘?g‘g% %%’e f%iﬁ AP T by a

m crowave plasma excitation source of 2 45 G+E and 500 W and introduced
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 10 accunul ated thereon deposits
of anorphous silicon, silicon nitride and the |ike was used for the

cl eaning. The cleaning gas used in Exanple 9 was excited by a mcrowave
pl asma excitation source of 2.45 GHz and 500 W and introduced into a
chanber of a testing apparatus 15 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 conpletely renmoved. | NDUSTRI AL APPLI CABI LI TY
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20 The cleaning gas for sem conductor production equipnment of the present
|Pvenplon Is high in the etching rate, therefore, ensures efficient

cl eani ng § %Ient cost performance. According to t PEidsps for

cl eani ng %@ &?ﬁ%ﬁ_uctor production equi pnent of the preggﬁq 25 ?ﬁvention,
unnecessary deposits in the filmform ng equipnent or etching equipnent
for the production of a sem conductor or a TFT liquid crystal el enent

accurul ated _at the filmformtio ' o) LLi il i,con, nitride,
silicon oxi dr‘gl,‘et SH‘S?P%ﬂgorgat%eu?el egéa%‘g%g‘lp%g ef{ fﬁé%e%%&trggm ed
Fur t her nor e, mbyrewvey plesmaeekedtatbomrseurep 2ic|o43 ffzseng 8P0U¥ing t he

cleani ng gasgpf 1LAR,BHESEN! ﬂé:%fve;rt tABmBEH %ﬁtépt@&tﬂﬁﬁo%ﬁ%‘ggu%d

t hereby rendering harnmless t | uor oconpound- cont ai ni_n

02/ 07194 | 1247u5%eq |4q | an \fpneny greqsure) (of FEP/ FPo1PB01E8CCIBARES CLAI IV
1|- A cl eagi "B1885 &% éﬁ&ﬁ@@daﬁaotg@ﬁOﬁalﬁélhoﬂutequiwnankesubtphits a

cl eaning gas for renpvi eposits I n the equl t, conprising an inert
gas and at |E%%tc°qﬁ&§“5§8§gﬂ§eaﬁe?%&F%|Wﬁﬁﬁ;ﬁ&ﬂﬁ#gﬁﬁﬂééﬁ?Fgang of SF6, F2,
and NF3 excluding the combination of F2 and NF3 alone. 2. The cleaning gas
for senycondyc;gEgpQﬂguction 10 equi prent as described in claiml,

conpri sing SFb, , ~and an inert gas. 3. The cleaning gas for

sem conduct or pr oductilaee efuigpmdAican wekeri brdIvartd alece, ba¥Hpgi si ng
SF6, NF3;0 1Rcafhidtdde’ théiton 4 defiditseanimg drphotssesiqesdsst or

roducti on equi pnent as described in.claiml1, conprisin
gnd an inerts%lh%c?on nitride and the like was used for Stlh gc Eghiﬁgzg’. NF3,

The cleaning gas used in 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 guartz
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
ﬁitride, silicon oxide, tungsten or the 1like 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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20 5. The cleaning gas for sem conductor production equipnent as described
in any one of clains 1 to 4, wherein the inert gas is at |east one

sel ected f raghdiigos 9T OUP consiH IE“H“ HIIBH!I Ar, Xe, Kipcgapoileies25 6. The
cl eani ng gas for sem conduct or Uit A pment as described in claim
5. wherein the inert gas is at |east one selected fromthe group
consisting of He, Ar, and N2. 30 7. The cl eaning gas for sem conductor

production equi prent as described i idn 1, wherein F2 and/or NF3 is
fromO0.01 to 5 and the inert gas is from0.01 to 500 - 26 WD 02/07194 |
freerer rererr rrr11111112 11 THe PCT/JP01106164 * CL MS in terns of the

vol une ratiojassuli NGoid@diing 6 basl. HBr Theeml Seiiitdodds ppbadetidgiPnduct or
producti on ef@jgnent as_described in claim?7, wherein F2 and/or, NF3 5 is

from0.1 to WEntneWiieh 1138 Fleaning gaf for3FepAviRg 4Pt itshe vol une
rati o asssm g timd &f.ﬁip’ngsn:t., Q:om;ﬁhﬂsihlgaahng_ngﬁ foas sl enduedst I
producti on ui pment. as.,described ip claim1i, 1.ch .cont al at_, 10 | east
one gas sel e&g’é)d F¥6h tsﬁ:eleﬁ}%gép %%'ﬁs?g?i%ﬁmg‘? ?)oerﬁlls&&rn c&rbone” Fa,

hydr of | uor oc &mnigdo NFs pesrdludimge tther cembiinaiyigmofolfu&s cuth dFs abonehe cl eani ng
gas for sem conductor production 15 equipnent as described in claim?9,
wherein the perfluorocarbon and hydrofl uorocarbon each has from1l to 4
carbon atons 2tlla)rnd ffhe p&lepndrget 98F af@®T hyidmdrrporskeFer PERAWCHAN f rom 2

to 4 carhon agiPment as described in claim 1, comprising SFs, Fa,

and an inert gas.

3. The cleaning gas for semiconductor production
equipment as described in claim 1, comprising SFs. NF;,
15 and an inert gas.

4, The cleaning gas for semiconductor production
equipment as described in claim 1, comprising SF¢, Fa, NF;,
and an inert gas.

20
5. The cleaning gas <for semiconductor production
egquipment as described in any one of claims 1 to 4,
wherein the inert gas 1is at least one selected from the
group consisting of He, Ne, Ar, Xe, Kr and N,.

25
6. The cleaning gas for semiconductor production
equipment as described in claim 5, wherein the inert gas
ls at least one selected from the group consisting of He,
Ar, and N,.

30
7. The cleaning gas for semiconductor production

equipment as described in claim 1, wherein F, and/or NF,;
is from 0.01 to 5 and the inert gas is from 0.01 to 500
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20 11. A cleaning gas for sem eonduct-er-production equipnment, which is a

gas for renoving deposits in th rising an
oXygen- conggloyhfigy gas, an merﬂlmgmmgﬂﬂlnw two gaeegpmatweted from -
the group consisting of NP8 excludi ng the conbination 25 of
F2 and NF3 alone. 12. The cl eaning gas for sem conductor production

equi pment as described in claim1l, conprising an oxygen- containing gas,

an inert gasjp YBms2BE EBe3Poiidne K16l 835AthPahdtosFs a8 aqnduct or
production equi pment as described in claim 11, conprising an oxygen-

containing gas, an inert gas, SF6, and NF3. - 27 WO 02/ 07194
1111111111114 | ithlel |dlldanibnk | Igals PEbx) PGeriebiduCtor M ﬁrdducﬂm cI eani ng

f d
dompr 51 ng SHEOEER. 280 ACheki AR SO UEIEN  laliaih' BECMIGEAR Sy o (g

The cl earti ngisga&‘droﬂ Qemcbnﬁimi)rt?@r doecti gas Jeﬁqlﬁ%ﬁt-la@@cirﬂ bed in

any one of ol Bl ELeh JdrmdAlEld deBimPiYORRLL B aLHI N0 025 'S at | east
one selecte romthe group consisting of 02, 03, N20, NO NO2 10 CO and

CX2. 16. The cleaning gas for sem conductor productlon equi pnent as
described ingcl aifRel S, cieHiRign il 0XGHEeN-seiRiodldatBer gaprodudBiamd/ or N20

15 17. The cI eani gas f duct pro?uct t

descri bed i n*EHF "lf'g’@ o"i‘sc%?is rqi &nlfofa ei ﬁqlr'tlﬁe i nertt%rrglgs al?tz at | east

one sel exd edidastm bhe gas selected from the group consisting of
perfluorocarbon, hydrofluorocarbon, perfluoroether and

hydrofluoroether.

10. The cleaning gas for semiconductor production
15 equipment as described in claim 9, 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.

20 11i. 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 and at least two gases selected from the group
consisting of SFg, F,, and NF; excluding the combination

25 of F, and NF3; alone.

12. The cleaning gas for semiconductor production
equipment as described in claim 11, comprising an oxygen-
containing gas, an inert gas, SF¢, and F,.

30
13. The cleaning gas for semiconductor production
equipment as described in claim 11, comprising an oxygen-

containing gas, an inert gas, SFe, and NF;.
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group consisting of He, Ne, Ar, Xe-, Kr and N2 20 18. The cl eani ng gas for
sem conduct or production equi prrent -as—-described in claim1l7, wherein the

l-nert gas dé@(@hgeast one sel m MT !@ up consi q.b@;jg,,mh(l;le Ar,
and N2 25 1 e cl eani ng gas H production equi pnent as
described in claim1l, wherein K orn 4s from0.01 to 5, the

oxygen-containing gas is from0.01 to 5 and the inert gas is from0.01 to

500 in terms of 30 the volume ratio assuming that SF6 is 1. 20. The
cl eani ng gas for sem conductor production equipnent as described in claim

19, wherein RZ.andbsr NARanigg w&w@2/ammg4semicpnduytwrl'prodm¢tion|||| 11
L1 PCT/ JPOJJ&@_ Rdnt LsMiesdSiddd®TnO0claln 11 5106&&1%&)&9981’1089}@1{“ ng gas
is from0.1 to 1.5 and the inert aS|sfrom0 to 30 in terns of the

vol une ratlo%@ﬁf‘ﬁﬁgtﬂﬁ? B ine 95321SF6Th€'2c?’é%r¥fFﬁg gas for
sem condust or product lon equipnment as described in claim1l, which

cont ai ns at eas sel ect ed fromthe grou nsi sting of,
per f | uor ocar b]t?rf :ﬂnﬂ per¥y uosreé‘gt ﬁugﬁar h?ﬁ?%f‘f’{fo%et her .
10 22. The clagm:l.[pmgngaasf aiessm.ﬁb@dnciuntamy pomeiuofi chaimguilpnem bk,

described in v&le@eg_”hﬂthwe()g&geﬁ hgont%_r ﬁﬁ‘%o ggslr ngogtgﬂ hyds of | Lljtg_[é)car bon

each has from1l to 4 carb tons and
hydr of | uor oetafdecégdhfras e gToum CAPnéaFE{‘aW RoBe, B3, NaQ mi¥PRoNOs or

cl eani ng 1peMmmprgdcteoy. production

16. The cleaning gas for semiconductor production
equipment as described in claim 15, wherein the oxygen-
containing gas is 0; and/or N;O.

15
17. The cleaning gas for semiconductor production
equipment as described in any one of claims 11 to 14,
wherein the inert gas is at least one selected from the
group consisting of He, Ne, Ar, Xe, Kr and N;.

20
18. The cleaning gas for semiconductor production
equipment as described in claim 17, wherein the inert gas
is at least one selected from the group consisting of He,
Ar, and N,.

25
19. The cleaning gas for semiconductor production

equipment as described in claim 11, wherein F; and/oxr NF;

is from 0.0l 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
30 the volume ratio assuming that SF¢ is 1.

20. The c¢leaning gas for semiconductor production
equipment as described in claim 19, wherein F; and/or NF;
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equi pnent, conprising use of--t-he— el—eaning—gas-—---descri bed in any one of
clains 1 to 10. 20 24. The rre sem conduct or production
equi pment @a§ o8lpdss 1 bed in cl ai w[l mﬂl Eﬂe cl eani ngcr/g@snsiescri bed in
any one of clainms 1 to 10 is excCl 04 produce plasma and the deposits in
the sem conductor 25 production equipnent are renoved in the plasm. 25.
The nmethod for cleaning sem conductor production equipnent as described in

cl aim 24, €1 gycCitati rrowave. 30
26. The net hodeétx%r"{ rcal eanfsn!L gerr?%on uctggr&&&t uctnlglogaggat?foﬁ%ﬂ(? 1as

descri bed i nt@any- brandfthe aertzagéESo £2:} f’—"%é’r di fa i dinedipmg Pfs

descri bed i i YdigeOkathial aSsulning 28atVEFOA607194 | 11"F " 111111 ", 17
ly 11 1l 1"l PCT/JP01/06164 C L MSto 10 is used at a tenperature range

of 50 to 500C. 27. The nethod for cleaning sem conductor production
equi pments asznl.escrhdoedciesarﬁlrm' mgeis viver eisenticendhetor ngprtﬁilgasi.oalescri bed

i any one ol gl SlG |od 0ad0chfdiPerh abiBuh CTRST GhiER (AAGRIAL 20 Lo 500C

in a plasnal ES4S System or cl eani ng sem conductor production
equi pnent, cegst sehg was oseleeted efomg thes grewp seRsisping éméy) one of

claims 11 tq, %&1\1%%035}%@ heglhd i1 uelr888+HEh serﬂe&qadu%efhaf odife i on
equi pnent as scribed in clai'm28, wherein the cleani ng gas described in

any one of cMEARREIPPTOERST:s excited to 15 produce pl asma and the deposits
in the s@m conductor production equi pment are renoved in the plasnma. 30.

The met hod ffi . Cl'ﬁ?en | nglésaennzl.ncgondgua{:st or J?rr Odé&r;iic%ﬂductor production
| equipment as described in <claim 21, wherein the
perfluorocarbon and hydrofluorocarbon each has from 1 to
4 carbon atoms  and the perfluoroether and

15 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 claims 1 to 10.
20

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

25 production equipment are removed in the plasma.

25. The method for cleaning semiconductor production
equipment as described in claim 24, wherein the
excitation source for the plasma is a microwave.

30
26. The method for cleaning semiconductor production
equipment- as deécribed in any one of claims 23 to 25,
wherein the cleaning gas described in any one of claims 1
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equi pnment as described in clai m.29, . wherein the ..20 excitation source for

the plasnma is a mcrowave 31 The - I ng sem conduct or
product i on w@akspsyENt as descri bﬁm‘@mﬁmﬁ)Mﬁﬂcl ai ns 38ThPnidkes Wherein
t he cl eaning gas described in any. snb+25 11 to 22 is used at a

tenperature range of 50 to 500C. 32. The nethod for cleaning sem conductor

production equipnment as described in claim28, wherein the cleaning gas

described in,any one of clains 11 to 22 is used.a 0 rature range
of 200 to 5000 18 38 FeefAt & tepepdarins et o a8 28, S %ci ng a
sem conduct or device, - 30 WD 02/07194 11111111121122 Viil VILL 11 111

PCT/ JPO1/ 061 co I S C ni o] | |.eap]
cont ai ni ng a%%i'ne?pggz}é&%}logi afgg?eaé%%&%%gaéee@%e el%[t%&ﬂ Pir:%?hu eongroup
consi sting ofecSipmenk aaddergrived Ukl relaime 23gowberaihobhef cloaninyg NF3

al one, ang a flecEResibbaNif! B8Ry Sofb GECOIPAM NJ @ 10 is used at a

fl uor oconpound-contal ni ng gas di scharged fromthe cleaning step. 34. The
met hod for priegperaguge seange afu@00r tdefPRE do adpiashabess wmysitenm 33,
wherein the fluoroconpound is at 10 | east one conpound selected fromthe
group consisting of HF, SiF4, SF6, SF4, SOF2, S02F2, and W6. 35. A nethod
for produci ng8 s&ni BEkBadt ofoHeyFiRANing nyTamliceRIRCEPEANPRYIREEIPTHT Usi ng

a cl eani ng gasguibmefet %bﬁ\bﬂﬂsi‘zﬂgiﬁ@étoﬂaﬁheaﬁlééﬂﬂﬂ?-gﬂgt abStPbaRs and at
| east t gases sel ected f%fmthe group_consisting of SF6, NF3 and F2
excl udi ngd% he®c 8RB AR 8h SFa¥®s 414 tRF$2al one, and a deconposition step of

deconposi ng a fl uoroconpound- containing gas di scharged fromthe cleaning
step. 20 36. yfne BELNQEL s PEGHYCLILA n3P LSRN A tHeV bESadStion
equipment as described in claim 28, wherein the cleaning
gas described in any one of claims 11 to 22 is excited to
15 produce plasma and the deposits in the semiconductor

production eguipment are removed in the plasma.

30. The method for cleaning semiconductor production
equipment as described in «claim 29, wherein the
20 excitation source for the plasma is a microwave

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

25 11 to 22 is used at a temperature range of 50 to 500°C.
32. The method for cleaning semiconductor production

equipment as described in claim 28, wherein the cleaning

gas described in any one of claims 11 to 22 is used at a

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

33. A method for producing a semiconductor device,
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defcribgdfin clﬁin135, wher ei n* the flusroconpound is at
sel ecte t . .
S SR 11111 e

10

15

20

25

comprising a cleaning step of using a cleaning gas
containing an inert gas and at least two gases selected
from the group consisting of SFs, F, and NFj; excluding the
combination of F, and NF; alone, and a decomposition step
of decomposing a fluorocompound-containing gas discharged
from the cleaning step.

34. The method for producing a semiconductor device as
described in claim 33, wherein the fluorocompound is at
least one compound selected from the group consisting of
HF, SiF;, SFg, SFy, SOF;, S0.F2, and WFs.

35. A method for producing a semiconductor device,
comprising a c¢leaning 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,
N¥; and F, 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 claim 35, wherein the fluorocompound is at
least one compound selected from the group consisting of
HF, SiF,, SFg¢, SFs, SOF;, SO.F;, and WFs.
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