8 JUNE 2006 WO 03/054247 PCT/JP02/ 13002 DESCRI PTI ON CLEANI NG GAS FOR

SEM CONDUCTOR PRODUCTI ON EQUI PMENT AND CLEANI NG METHOD USI NG THES ¢4NE3006
CRCSS- R ERNEB47O RELATED APPLI CATIONS This is an applicgid fd

pur suanF\Etgﬁ 35 l4J;rS C. Section 111(a) with claimng the bgﬁz |t2/i3{"®(ljl S.
provi sional application Serial No. 60/391,622 filed on 10 June 27, 2002
under the provisions of 35 U S.C Section 111(b), pursuant to 35 U S. C
Section 119(e)(1). TECHNI CAL FIELD The present invention relates to a

cl eaning gas for 15 equi prent foPE%Q%HEH% sem conductors or TFT (thin
film transistor) liquid crystal devices, a cleaning nethod using the gas,
wher ei n unnecessary deposits accunulated inside filmform ng equipnment or
et chi ng e§HEMEING 83A3 hiEOR t SEIGINDUCHOR oPREPVGHION EQURPMENEf ANDI i con

silicon Z%L'E[P}L%\ffé\ﬁfMﬁﬁéﬁ%% deyp taRgsten and the |ike are renmoved, and
al so to a netho or producing a sem conductor device including the
cl eani hg step using the cleaning gas. BACKGROUND ART 25 In the filmformng

equi pnent ching, i j sem conductor or TFT
liquid cr ﬁoﬁ%t W%ﬁﬁ@ﬁ@%ﬁ?ﬁ%ﬁ?ﬁ% he filmformation or
etching of silimas 5| aaorappliirdate,orsi fited pxirdeantt wrgss&nvuasdcthe |ike
cause geneyat.i.on of rticles ,and 30 hinder oduction .qof good f{ilm
therefore,eget“ﬁe"soé‘1 debgzi(?i e b TR OEBSch’seir’cﬁ%lqﬁ-ler% of hrg deposits
in sem copductieyiqrariuabboi cagqunpneat i al e Neanoged3by, e2pettidckedf oat chi ng
the dfgomfﬁ%é 37, 2002 under the provisions of 35 U.S.C. Section

111(b), pursuant to 35 U.S.C. Section 119(e) (1).

TECHNICAL FIELD
The present invention relates to a c¢leaning gas for
15 equipment for producing semiconductors or TFT (thin film
transistor) 1liquid crystal devices, a cleaning method
using the gas, wherein unnecessary deposits accumulated
inside film-forming equipment or etching equipment at the
time of film formation or etching of silicon, silicon
20 nitride, silicon oxide, tungsten and the like are removed,
and also to a method for producing a semiconductor device

including the cleaning step using the cleaning gas.

BACKGROUND ART
25 In the film-forming equipment or etching equipment
for production of semiconductor or TFT liquid crystal
device, deposits accumulated at the film-formation or
etching of silicon, silicon nitride, silicon oxide,
tungsten and the like cause -generation of particles and
30 hinder production of good film, therefore, these deposits
must be removed on occasion.
Heretofore, deposits 1in semiconductor production

equipment are removed by a method of etching the deposits



S JUNE 2006 WO 03/054247 PCT/JP02/ 13002 using a plasma excited froma
fluorine-type etching gas such as NF3, CF4 and C2F6. However, ne8$AUYEEP06
using NF3 has a problemin that the NF3 is expensive, and method of wusing
per f | uor o\%’r‘ﬁ@ﬁ“égch as CF4 and C2F6 has a problem 5 in t hBETHR&/BPEhi ng
rate is low and the cleaning efficiency is low Furthernore, etching

nmet hods using a etching gas such as perfluorocarbon invol ves em ssion of a
| arge anount of unreacted gas, requiring a burden of post process of

el im nati ngupohd uki gﬂ%]sndi s€Xe@l 668 8pdmlQ CRUSI Nna- PYyPL| emcafing Rjagh burden
on the environnent due to em ssion of %:eenhouse gas. On the other hand as

a techni queS¥eR PRcMdasi ((Fs @nehrfalyg- ef FOMEYSTy, Tethed 6f ading M t

per f 1 uor ocag Hon, SPESL 28m Cf %ﬂQtC%EQ N¥, besnaxpankeved. aha hRWBME of t Uis
al so known that excessive addition of 02 adversely reduces cl eani ng

ef fici ency.u$ingspprédunsecarhan SPGh idn 6F« oznﬁa§z€¢f1@%§ saoPresieny
fluoring dfﬁd"c}){aﬁe' éedepc\fhﬂx%t gegecat g9 n§0< the I edeh &er%acar bon

or sul fur SOCIated uring excrtation, and (2) suppressi ng tion
and re-forneffbeiefice- Cshdow- orF$I$hdﬁinefﬂﬁigﬁummt@eébodénuﬁénﬂe@n F and

0 is weak aétcl?ﬁ?%a&gg Wi tho éﬁd’&%ba(it?&? 9;&9§g§'e§”@g1955282n%>‘fc‘355' ve

anount of oxygen accel erates "deacti vati o advant age
in using F2agdsrge amiwdni of gageastedhatasr oreswiofingl iar bardey of

pol | ut] onal 0L eclarges.d soeaa SN | 8034 uEL8A NG IELNOG, o1 g 9ases

such as oca on, ener require costs a | ot
in eIiamnat¢amplmge@cp3dbgem dfsahhighdbundan36nlahgee@NQWWMmewmeﬁeas a
cl eani ng nmet hod usi n F2 i S_COSt- f ive because of its high reactivity
whi ch enabl%(g 1551gn greenflougé Sgg

On the other hand, as a technique for increasing

cleaning efficiency, method of adding 02 to
perfluorocarbon such as CF, and C;F¢ is being employed,

15 however, it is also known that excessive addition of O,
adversely reduces cleaning efficiency. It is presumed
that addition of 0O, has effects of making fluorine
readily released by (1) generating COx or SOx by reacting
carbon or sulfur dissociated during excitation, and (2)

20 suppressing formation and re-formation of C-C bond or S-S
bond. Though interaction between F and O is weak as
compared with those between C and O or S and O, an
excessive amount of oxygen(0) accelerates deactivation of
F radicals.

25 An advantage in using F, gas as a cleaning gas is
that process of eliminating pollutional discharges 1is
easy. Conventional cleaning method using gases such as
perfluorocarbon, and NF;, in view of energy required,
costs a lot in eliminating unreacted gas discharged in a

30 large amount, whereas a cleaning method using F, is cost-
effective because of its high reactivity which enables
easy elimination of ©pollutional discharges by a

conventional process generally employed.



easy elimnation of pollutional discharges by a conventional process
general ly enployed. 2 8 JUNE 2006 WD 03/ 034247 PCT/JP02/ 13002 Si nééUp?Ed&éés
of remvihRepasits is based on reaction between fluorinpe

deposits, If the gas to be introduced is pure fluorine, theoretlc %Iy, t he
cleaning efficiency will exhibit the highest value. 5 However, purity of
fluorine gases commercially available at present is |low, and inpurities
such as HF, 02, N2, C02, H20, CF4 and SF6 are contained therein. 02, CO02,
and H2O are |i k%%?cﬁo REQGPSE yo Bf fERROEI AN IRPDF beessis udpagpd? cgras

t hough HF Eé‘&‘c@foﬁeb@%évc!@th?éé!rEMer sﬁaveﬁelge?bsact%orpitf YhOREIALEHN and
N2, CF4 and SF6, which are enployable as a diluting gas or an etching gas,

have |itthe advtrodustfiectis orpwieanf g piveess thsoagtizaddy, DItSE® OSURE OF
| NVENTI ON &?egﬁﬁgrgfﬁ%%%}q¥gn&ﬁ9? ?%glggﬁntﬂgdﬁl#ﬂ%%rt 8%k, Circunstances.

Accordi ngly, one ts' o resent ention’is to provide a
cl eani g gas anﬂouevereanpnglrmrt hcuf usfhgpltiree gagaselsi cltamsnrai dililgh et ching

rate, high fi el Lent r
Furt her m)r%‘%lf 5&%2& Sft oefgét(iﬁte o% 8 5 o?‘g lgngﬁ}rr%%‘eeﬁ %ﬁvengl Soitti’s to
provide a oxt Nod d@y Hm,oomm agdas&ranmrmbmttarnei@vtherem a 0gsabg, of

robl ens, the present

ext ensi ve inyestigations .ta solve _the ove crib

Thventor s HIeRO28E BT At ChECPEY RS Igad et | STHARE o BARESARer of 1

cont ent ofu@kxygeazamﬂ,ortmuglenﬂe‘omiaau Hengrebapovalls easidyt memlwed educed

enhances etching rate and inproves an ng ficiengy, to thereby conplete

the i Mfent?¥n. C%‘Pétptllé’ntﬂé’ngﬁgégﬁlt ??1 ‘ij Iaé‘tdesg%cﬁ a"RI R nidts
employable as a diluting gas or an etching gas, have

little adverse effects on cleaning process using F; gas.

DISCLOSURE CF INVENTION
15 The present invention has been made under these
circumstances. Accordingly, one of the objects of the
present invention is to provide a cleaning gas and a
cleaning method using the gas, which ensure high etching
rate, high cleaning efficiency and excellent cost
20 performance. Furthermore, another one of the objects of
the present invention 1is to provide a method for
producing a semiconductor device.
As a result of extensive investigations to solve the
above-described problems, the present inventors have
25 found that a cleaning gas comprising fluorine wherein
content of oxygen and/or oxygen-containing compounds 1is
extremely reduced enhances etching rate and improves
cleaning efficiency, to thereby complete the invention.
That is, the present invention relates to a cleaning
30 gas and a cleaning method and to a method for producing
a semiconductor device, as described in (1) and (16)
below.

(1) A cleaning gas for removing deposits in



30 gas and a cleaning nmethod and to a nethod for producing a sem conductor
device, as described in (1) and (16) below. (1) A cleaning gas f8dJUNER80¢ ng
deposits in 8 JUNE 2006 WO 03/1154247 PCT/ JP02/ 13002 equi pnent for producing
seni cond¥P'¥41 i quid crystal, conprising fluorine gas BORBIZARME 1 vol %
or less of oxygen and/or oxygen-containing conmpound. (2) The cleaning gas
as described in (1) above, 5 wherein the content of oxygen and/or
oxygen-cont ai ning conpound contained in the fluorine gas is 0.5 volt or

| ess. (3) Ewigmeard nfpoyapradudesgr skadcond(2)tcabaye, 1ighedecryshalgont ent

of oxygen and/ar. axygen-cont.ai ni ng 10 _cqnpound caqntained in the fluqrine gas
is 0.1 vol tcoér}prﬁseléég %&}lofﬁé‘eclggﬁi i H%e cr?’BEg i AT arySone®bf (1)
to (3) abowkydehereidy qurddygdi-ddreediniaig neomesuns. 99 vol % or nore. 15 (5)

The cl eaning gas __as described in (%éqabove, wherein purity of the fluorine
gas is 99.5 vol %%r ABPe.cled}iitie WA%aftngtgRSrdbeHestR i i ALaN§’ one of

(1) to 63) wakean WBREEI dbritth OX¥EEbEPFERI Bh’dg'dionBQNggén'—éonﬁbihQ%%t one
conmpound sel ected froma group consisting of, 20 NO, N20, NO2, CO 2, H201
OF2, 02F2 &reosie ¢ontahped| danhi Bye gdd Uy i cBRBed § n0¢B) ¥R/ e2T wherein
t he oxygen-jgnt ai ning conpound is at |east one conpound selected froma
group consisting of CO CO2 and H2O . 25 (8) The cleaning gas as descri bed
in any one of (1)3) t&he7)cheenend c@ds i 3engdascrénsd oie did)ut pRgvgas

sel ect ed frv@x'@r%iglr OEHeCbe?{t:Séﬂﬂqgo@f cH?ygé%L aN%1/o|}.le1oJ§§zgen—containing

10 compound contained in the fluorine gas is 0.1 vol% or
less.

(4) The cleaning gas as described in any one of (1)
to (3) above, wherein purity of the fluorine gas is 99
vol% or more.

15 (5) The cleaning gas as described in (4) above,
wherein purity of the fluorine gas is 99.5 vol% or more.

(6) The cleaning gas as described in any one of (1)
to (3) above, wherein the oxygen-containing compound is
at least one compound selected from a group consisting of

20 NO, N;0, NO,, CO, CO,, H,0, OF,, 0;F, and O;F,.

(7) The cleaning gas as described in (6) above,
wherein the oxygen-containing compound is at least one
compound selected from a group consisting of CO, CO; and
H,;0.

25 (8) The cleaning gas as described in any one of (1)
to (7) above, comprising at least one diluting gas
selected from a group consisting of He, Ar, N, Ne, Kr
and Xe.

(9) The cleaning gas as described in (8) above,

30 comprising at least one diluting gas selected from a
group consisting of He, Ar and N,.

(10) A method for cleaning production equipment of

semiconductors or liquid crystal devices, using the



and Xe. (9) The cleaning gas as described in (8) above, 30 conpr§3UNE 2806
| east one dil uting gas selected froma group consisting of He Ar and

N2.
(10) A mOBE> 4 cl eani ng production equi pnent of sem cSREHEIH 1LY, l'iquid
crystal devices, using the - 4 S JUNE 2006 WD 03/054247 PCT/JPO 2 /1 3110 2
cl eaning gas as described in any one of (1) to (9) above. (11) The cl eaning
net hod as described in (10) above, wherein the cl eaning gas described in any
one of (1l)cl®an{Ry ghsevesi deexcibed tia pngdoce plfagm ad (e adepasits 5 in

t he sem conduct rqduct [ on_equi t are renoved in. th | agsma. (12) The
cl eani ng nethod?LgpdggﬁthﬁanFﬂg(%%%HBSOQE,deﬁﬁéﬁ eq ﬂﬁb(gfﬁifii‘ﬁﬁ sour ce-
for the plisdiBeis 8heMcalcdYRy dds (d33crbped! eaniany neddodragidesesi bed in

(10) above,_  wherein the cleaning gas is used at a tenperature range of 50
to 500C. (1%) FREVEl danisHF heghobCa®reeYcH th‘@%f?ﬁ(%Si sbsv&er 2in the

cleaning gas tReUsethidbnAul@Re et idigeeqifpén208rk0 rafBeddn ih
pl asmal ess system (15) A nethod for producing a sem conductor device,

conpri si ngtR€ PEaFMAg step of using the cleaning gas as described in any

one of (1) to (P1opbpNe aNdaRingereFRBAI hisOResteRHRE dQCTRYSidKh v f| Uoro
conmpound- 20 contal ning gas disCharged fromthe cleaning step. (16) The

met hod forwpeseiei nghe sencibatbenor seevree 8% déberi sma (15 above,
wherein trﬁaé#ggégeconpound is at |east one conpound sel ected froma group
0

consi sting Si F4, HF, CF4, NF3 and WF6.
10 (13) The cleaning method as described in (10) above,

wherein the cleaning gas is used at a temperature range
of 50 to 500°C.

(14) The cleaning method as described in (10) ébove,

wherein the cleaning gas is used at a temperature range

15 of 200 to 500°C in a plasmaless system.

(15) A method for producing a semiconductor device,
comprising a cleaning step of using the cleaning gas as
described in any one of (1) to (9) above and a
decomposition step of decomposing a fluoro compound-

20 containing gas discharged from the cleaning step.

(16) The method for producing a semiconductor device
as described in (15) above, wherein the fluoro compound
is at least one compound selected from a group consisting
of SiF¥,, HF, CFs, NF3 and WFs.

25
BRIEF DESCRIPTION OF DRAWING
Fig. 1 1is a schematic view of etching equipment

using the cleaning gas of the present invention.

30 DETAILED DESCRIPTION OF INVENTION
The present invention is described in detail below.
The <cleaning gas for production equipment for

semiconductor or liquid crystal devices of the present



25 BRI EF DESCRI PTION OF DRAWNG Fig. 1 is a schematic view of etchin

equi pment using the cl eaning gas of the present invention. 30 DEFAVNE[3006

DESCRI PTI ON OF | NVENTI ON The present invention is described in detail below

The cl earWVRP3§ES4T or production equi prent for seni conduct BETEPOYI3¢3i d

crystal devices of the present - 5 8 JUNE 2006 WO 03/054247 PCT/ JP02/ 13002

i nvention conprises a fluorine gas containing 1 vol%or |ess of oxygen

and/ or oxygen-contai ni ng conpounds. In the cleaning gas for production

equi pnent fquvers@lrarcoaaﬁpipgesthe fdanireitte 0faoXyganadndny DXYFES- oF

cont ai ni ng co gds contaln/gl in the quorlne gas IS Bref(eirably 0.5 vol % or
B ogp

| ess, nore SLHARYIEN R RTHOXY TS ot ‘-L”rfé 2onten 8xygen and/ or

oxygen-contai ni nth eaRPOENESniNgt ksl | Boki ner gdscexsredsplippdi®e  gbeani ng
efficiency is unpreferably reduced. 10 The_oxygen-contai ni ng conpound is,

for exanpl &eTHFENHCERTe ddHpoFRIT SRt ectBd PR¥EPR gRBAPCEONSKYERRG of NO,
N20, NOB, E@nt@i%in® OcoldbéunddF2caita Oséd, ﬁrﬂdt‘hlée £1€8PiRE gpss Of st he

pr esent invention is characterized in conpr|3|ng | uori ne gas contalnlng

oxygen andkgreieaaiely 18- zoreh? nPhglesfpolivd CatPrE a3k by P eSsvoheosxygen-
cont ai ni ng ycpounde Naye beHnen er o?Dro %@ﬁoﬁ%%é@ﬂ cBBQE‘lﬂlﬂl’;OUp
consisting of CO CO2 and H20 Purity fluorine gas eterm ned by

el i mnati ngomwgéiﬁ ahd/ drl’leox?blé(hrmmt aesi r@*i@tﬁﬁl)‘é)urld woht ai A2Ean20Jt her ei n
as inpuritigss;d serfgxﬁ f%atmgyr]e‘?@ef%f/ olre%q)éﬁ.ermre preferably 99.5 vol % or

nor e. Further oug eanl ng gas present I nventi on contal ns
fluori he The oxygen~containing compound is, for example, one

or more compounds selected from a group consisting of NO,
N,0, NO,, CO, CO,, H;0, OF;, 0O;F; and O3;F,;, and the cleaning
gas of the present invention 1is characterized in
comprising fluorine gas containing oxygen aﬁd/or oxygen-—
15 containing compound at 1 vol% or less. The oxygen-
containing compound may be one or more compounds selected
from a group consisting of CO, CO, and H,0.
Purity of fluorine gas, determined by eliminating
oxygen and/or oxygen-containing compound contained
20 therein as impurities, 1is preferably 99 wvol% or more,
more preferably 99.5 vol% or more. Further, though the
cleaning gas of the present invention contains fluorine
gas having 1 vol% or less of oxygen and/or oxygen-
containing compound preferably without diluting the
25 fluorine gas, the fluorine gas may be diluted if
necessary under some cleaning conditions. Gas for
diluting the fluorine gas 1is preferably at least a
diluting gas selected from a group consisting of He, Ar,
N;, Ne, Kr and Xe, more preferably at least a diluting
30 gas selected from a group consisting of He, Ar and N,.
In the case of cleaning semiconductor production
equipment using the cleaning gas of the present invention,

the gas may be used under the plasma condition or under



gas having 1 vol % or |ess of oxygen and/or oxygen- contai ning congjound
preferably without diluting the 25 fluorine gas, the fluorine gasS #eyERZ806
di I ut ed who3pepgssary under sone cl eaning conditions. Gaspt@fypedidobd i N9 the
fluorine gas is preferably at least a diluting gas selected froma group
consisting of He, Ar, N2, Ne, Kr and Xe, nore preferably at |east a
diluting 30 gas selected froma group consisting of He, Ar and N2. In the

case of cleaning seni conductor production equipnment using the cleaning gas
of the prddehtPiawrentedn, CORAEt§aB- ray be used under the plasma condition or

under - 6 8 Juer20PRe VL 0310- 1244 RkdéJPORE1BAAENaNR RIAITRIESScwoNdi ti on.

When the gas is used under the plasnma condition, the excitation source is
not parti ANEF13L1emi 6@Uras R6ngods PaAIteF A%l extimbliedr o ie@%iatni ng gas
of the preseiny §BVEUdiQbg DEfoR Fnel QVBYS BX§1 LAkl W SPHECH ASs el erred
because good cleaning efficiency can be attained.” Also, the tenperature and
t he pr &ssuimwesiaron hebet eanihgrgusvef exchéapienespurgeeits mrafemusedl are not

P Akl S5 L IR Sl 0

t enper ature range and the ™ pressure range is
pr ef er abl ytHe dreripe¢ 0a B@0e Pand | hhe hereaseref wheas frhlkesd eaoridiat igms dfhe

cl eani ng S i.S ] du | a cha [t in p r e .of he
chanberifﬁﬁ%(ﬁ%§é§%§ese¥§?%h€£$% S%EPgagﬁg a?%Fea§§%15ﬁ§ﬁ§%éh%ﬁrlr ei t her
one of thelimsiak &s clamger asndplhsmacl eani nge ggsradudedt ecbwtt 20 to 500C
to activate the cleaning gas. Then, deposits are etched and renoved from

the cHEMhECTMRRF 3 OHE of ABFC &§i TS IiTeRd Yaeliodt t 30 aFe S80ctmangt dde and
thereby thg S coNEUCLOTi ProfueLiOMy from 1 to 500 Pa.

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 500Pa and at least

15 a part of or either one of the inside of chamber and the
cleaning gas is heated at 200 to 500°C to activate 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

20 equipment can be cleaned.

In the cleaning gas for semiconductor production
equipment of the present invention,

(1) F, gas capable of dissociating at a low energy
level and producing an active species is contained in the

25 gas, and

(2) the content of oxygen and/or oxygen-containing
compound contained therein, which have adverse effects on
generation and sustainment of fluorine free radicals, is
reduced to the minimum. By these features, the present

30 invention exhibits more advantageous effects than
conventionally used NF; gas. As compared to NF; gas, F;
dissociates at a low energy level and at the time of

conmplete dissociation, produces only F  radicals.



20 equi prent can be cleaned. In the cleaning gas for sem conductor
production equiprment of the present invention, (1) F2 gas capabl &JBNE 2006

di ssociating at a | ow energy |evel and producing an active species is

cont ai nedVh3((E4725 gas, and (2) the content of oxygen an&CEHP02/13002
oxygen-contai ning conpound contai ned therein, which have adverse effects on
generation and sustainnent of fluorine free radicals, is reduced to the

m nimum By these features, the present 30 invention exhibits nore

advant ageoushef & £61 8, t BaRcecanvensi enayl udtsesd NEge8ss AhicanRariestd o NF3
gas, F2 dissociates at a IOM/energi?Ievel and at the tine of conplete

di ssoci ati ob? ptoRluce¥SbARy EhERJ| EAFENING7 1§ JORETPEOGAND HasHERsy

PCT/ JP02/ 130Pf; dheh&f ok ethSlbBpesitsi SceliM1agkldV @ heRRGIneS M E  rdigf s i n
the system when cleaning is perfornmed, reaction efficiency wth deposits
accunul ated®i®erein is extremely high. SFig. 1 is a view showi ng one

exanpl esof the eﬁf@inﬂ 1§94l RITRIY éﬁﬂdﬁhé*&h&'@ﬂ&ﬁﬁgeggé ehel R& JYigREN
I nvent | on. Th_e Cl eani ng gas 1S |ntrpduced I nto a chanper _set at‘
const ant t egpaipnent fsonygatbeeahPanindasdanl ef Shangrasenthinvientdont.he gas

The gas obis nei SrEiE Brl IR R i, PGP0 B S P e S
i s di schar geeh$jant dtymppmptﬂrancfrmncmretleahén_m gss UgilefL a6 dendnpdsi ng
cgent accorflg Lot (0 oft e, SRS Ok N Ahgle IS,
repeatilfg tdwecktoatei aper adbunneas4t hendt cprnguces plasma. The gas
obtained after the etching of a silicon wafer 2 on sample
stage 3 1s discharged by a dry pump 5 and rendered
harmless using a decomposing agent according to the kind
of the gases contained therein. Furthermore, the
15 deposits accumulated after the etching are efficiently
removed by repeating the same operation as the etching,
and thereby the chamber can be efficiently cleaned.
Next, production process for semiconductor device of
the present invention will be described. |
20 As aforementioned, according to the present
invention, cleaning of semiconductor production equipment
can be efficiently performed. However, gas discharged
during the cleaning process using the cleaning gas of the
present invention contains, in addition to F; gas used
25 for cleaning, fluoro compounds such as HF, CF,, SiF,, NF;
and WF¢. These compounds, containing F,;, which greatly
affect global warming if released to the atmosphere as
they are or generate acidic gas if decomposed, need to be
rendered completely harmless. The present invention
30 provides a production process for semiconductor device
comprising a cleaning step of semiconductor production
equipment and a decomposition step of decomposing a

fluoro compound-containing gas discharged from the



and thereby the chanber can be efficiently cleaned. Next, production Brocess
for sem conductor device of the present invention will be descri$&NEZ000ns

af or emenfyigai3®ds2giccording to the present invention, cleapcfSe@iizen:
sem conduct or production equi pnent can be efficiently perfornmed. However,

gas discharged during the cleaning process using the cleaning gas of the
present invention contains, in addition to F2 gas used 25 for cleaning,
fluoro co unds sucQ as HF, _CK4, SiEﬁ NF%tmgnd 6. These cghp%ynds,
cont ai ni ng-FPIIRT R t§Pedrt y2 BREPEEETIPBO & Y& ng°F f SEBIERESF T he
at nospher edegicé hey are or generate acidic gas if deconposed, need to be

rendered conpletely harnj ess. The present invention 30 provides. a production
process for seﬂéco ?ﬂanﬂﬂiﬁchoﬁﬁfisFﬁ&%§QHi§559ﬁ)sf§8%3Ft1°n

sem conducé@iighegticCt t@h BEUI paefbrasd auvgeagnpesit i af osteRRn®fi ohREONMPOSi Ng
a fluoro conpound-contai ni ng gas discharg;d fromthe - 8 8 JUNE 2006 WO
03/ 054247 P02/M2DB2VRF eaRfhfost EFPLRYEhriduRt ABROPPBELRE F&eP

sem conduct r ga@evisRtadnghgant N s eR oot CANdURLPFeRl Otk | @he
equi pnment can be performed using the aforenentioned 5 nethod. Mreover,
met hod enpFhSARARG BteRcoHFAPBIFnGasEepubAr¥s 1aBAtarinpRg ArGemBOsdMIound
di scharged, {40 hBe b e &l ePcLSraPhgPRb! itHH aflNq | bF Ledhpanthd
deconposi ng” agent” may be sel ected according to the kind of conpound

cont ai ned ¢enEHbned sdffar fee gHscharsfest agay. hyRiretrraby f | bydirgeeins

rel ea a bjlLi ¢ | a a i ed after
eomtEodt e EAELIY 26T E20R SELEL SHUBRAYRACRES SERRRSY RLIRGRY,
and carbon 1is released after decomposed to be carbon

dioxide.

BEST MODE FOR CARRYING QUT INVENTION

15 The present invention is described in greater detail
below by referring to the Examples and Comparative
Example, however, the present invention is not limited to

these Examples.

20 Examples 1 to 2
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
25 and then introduced into the testing apparatus to etch a
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.



15 The present invention is described in greater detail below by referring
to the Exanpl es and Conparative Exanple, however, the present i n§dHNESRG 5
not limted to these Exanples. 20 Exanples 1 to 2 A testing apparatus shown
in Fig. 1™ 5#*lsted to an apparatus inner pressure of Qg@/ /13002 | eani ng
gas having the conposition shown in Table 1 was excited by a m crowave

pl asma excitation source of 2.45 GHz and 500 W25 and then introduced into
the testing apparatus to etch a silicon wafer placed in the testing
apparatus. The etching rate was determ ned fromthe |l oss in volune of the
silicon wafer after etching and the ,gg%gltci are showmn in Table 1. 8 JUNE
2006 WO 03/0, 4247 Table 1 PCTIJP02/1 €&s Used and M xing Ratio

Exanpl e( Yol unre % EXching Rate ( 7 IH% nm m_n FZ20Z2[ 110002000 29911800 i's
reveal ed |t hat F2 gas|c&#Salsesg 2pdy Bildiayd Radsio 5| of oxygen exhi bi t ed

r emar kablly E;{gp‘pftech ng rate. Gagparatsye Exanplefl EtChing Rate

o

(nm/min)
Fz OZ
1 100 0 2000
2 99 1 1800

It is revealed that F, gas containing 1 vol% or less

5 of oxygen exhibited a remarkably high etching rate.

Comparative Example 1
The etching rate of each cleaning gas was determined
in the same manner as in Example 1 except that the
10 cleaning gas was changed to a gas having composition

shown in Table 2.

Table 2

c £ Gas Used and Mixing Ratio
omparative i

P (Volume Ratio) Etching Rate

Example (nm/min)

Fz O2
1 95 5 1200
15 It is revealed that the etching rate was greatly

reduced when F, gas contained 5 vol% or more of oxygen.

Example 3
In place of a silicon wafer, a quartz piece having
20 accumulated thereon deposits of amorphous silicon,

silicon nitride and the like was subjected to cleaning.

- 10 -



The etching rate of each cleaning gas was deterni ned
in Exanple 1 except that the

cont ai ned

silicon nit?¢del8RBIPRe 3% @R diSEGhj Lt

reduced when F2 gas

in the sane manner as
10 cl eaning gas was changed to a ga8 JHAW¥i2986
conposi t was/slhawn in Table 2. Table 2 Gas Used and M xi ngpdiairg9/13002

Conpar ati ve(Vol une Ratio)Etching Rate / i ( nm Exanpl em n) F202 19551200 15
It is revealed that the etching rate was greatly

5 vol % or nore of oxygen. Exanple 3 In place of a silicon wafer,
gquartz piece having, 20 accunmul ate t.herlgon dfgosi ts of amprphous silicon,

[ORRY

| daritdy. SECIGRE 2062 VO

03/ 054247 (dfIFO¢E 13003mihe xelieatiRg grfuse USEM2I B 5EXaPIadl @6 wxcited
by a mcrowave plasnma excitation source of 2.45 Gz and 500 W and

i ntroduced®iét o RIHHERG dPtY t 8stFHRTRHD

ardtud BephLined aRPaFAFWRer

pressure 0&@9%5’& t@n%r# hﬁuﬁlé@r%%e§sﬁksce,fwa§ocplpg,neqnan%rw dAKen out.

As a resul

equi pnent
ensures ef

10

15

20

25

t, 1

I clent cleaning and exce

INDUSTRIAL APPLICABILITY

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
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 time of film-formation or etching of silicon,
silicon nitride, silicon oxide, tungsten or the like can
be 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 fluoro compound-containing
eXxhaust gas discharged from the <cleaning step, a

semiconductor device can be efficiently produced.

_11_

_ was confirmed that the deposits were conpletely renoved.
| NDUSTRI ALP3PFe | BABI ldteeme endartingd deake®r o¥éni cdrtiuet grespldduct ¥ on

§hs ! 06 PLEREA! thOYCRhEORLS S ANLR o ROMIAVLY, fdded Nerefore,

10
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cost performance. According to the nethod for cleaning sem conductor
production equi pnent of the present invention, unnecessary deposft¥NEZ00e
filmform ng 15 equi pnent or etching equi pment for the production of a

sem conductor or a TFT liquid crystal elenent accunmulated at the tine of
filmformation or etching of silicon i$icon nitride, silicon oxide,
tungsten or the like can be effici &h@ enoved. Furthernore, by using the
nmet hod 20 conprising a cleaning step of using the cleaning gas of the
present invention and a step of deconposing and thereby rendering harmnl ess
the fluoro conpound-contai ning exhaust gas discharged fromthe cl eaning
step, a sknm coAduethod fie\cleeingaprodectihf equipmentyofp somlicomdhctd?$ o8 liquidE 2006
CLAIMS 1. A nethod for. cleanin rogduction equi paent of semnmi condyctors or
Caquta  ereni ot Dot acsirmte ot royas doRTs Shikh s TIRAEARE 40t e
equi prent  sad@re 6F 1 RO @orﬁf)risﬁné @) eRQtiFgthe CRIRIHgPal % prliuXsihhd gy t he

cl eaning gas to produce pfasma by  Gsing a mcrowave and then renpving the
deposi ts iusinghe npicesvave aanddher nproving the depmsige infhesplasra B0@Agmperaiuing

renovi ng the de itscin-a plasnmal ess stemat .a _t erature range of 200
Lo 800 AEEG0h Prie WPchioh ] TEnihie HE BRI oF, 3 PTHREISE dXTE I 1 vol %
or Ies_s Oftefmsb!ﬁ_ﬁﬂe @ﬁ@e/ofCMOOQES)B@Q?E,Gx@lﬁ‘ér@ihﬂh@meﬁﬂﬂ?%u@_%mgriseﬁ fIRkine Gad or
produci ng a sem conductor device, conprising a cleaning ste as descri bed

in clai m |coatainipg § deBapeoldss PHexysee pndf orxysepeitaiging coppepad.conpound-
cont ai ni ng gas discharged fromthe cl eaning step. 3. The nmethod for
produci ng a sem conductor device as clained in claim2, wherein the fluoro

conpound B at Aeaghodfg prodidndd seicead@tor dedived cahPtising ad&dngig sigp of Si F4,
HF, CF4, NF3 and WF6. .. )
as described in claim 1 and a decomposition step of decomposing a fluoro compound-

containing gas discharged from the cleaning step.
3. The method for producing a semiconductor device as claimed in claim 2,

wherein the fluoro compound is at least one compound selected from a group
consisting of SiF,, HF, CF,, NF; and WFg.
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