;e3e\4L6T\| THI N FI LM DEPGCSI TI ON APPARATUS CLEANI NG METHOD 5 TECHNI CAL
\FIELD The present invention relates to a thin film deposition apparatus

¢l eaning nethod and, nore specifically, to a thin filmdepositi ratus
cl eani ng met hod, for renovi ng deposits deposited on the 1 @m@maﬂm ce of
the thin fllntdep05|t|on apparatus during a process for fo nfilm
on a workpi ece, such as a sentconducbﬁgcﬂgﬁgioﬁBACKGRCUND ART 181K

sem conduct or device fabricating pro des a thin filmdeposition
process, such as a CVD process (chemnical vapor deposition process), for
formng a thin fil Wy ﬁg%fﬁ ﬁ@éf% %l@sﬁer,jé Igﬂsﬁlfﬁé i!@g;' tride film
or the like, on a - ch a thin
filmdeposition process uses a thermal processing apparatus as shown in

Fig. 15 t% quggggigég_kgggbon a sem conductor wafer by the foll ow ng
procedure. a doubl e-wal | reaction tube 52 25 consisting

of an inner tube 52ahandpaéséuter1hubﬁt58b atedapesdeter manedhienpEiamur e.
A wafer boat 55 hol. ng a pluralit em _conduct or_waf ers Sé is | oaded
into the reacPPBRSE 58 52 ﬁ@l""tt"{/?b éaﬁan%es T HPR redffron PEES 52
are dlschargedpéh&ﬁmgblay exhaustapoth156 tfilgret SSpddetiom er pppachtuke
reaction tube at _a prﬁgg%ﬁr 1L ned_r educed ressu&g éﬁfter té] | nt%glor of
the reaction F 68n529h§$ sett at “PREPPe §F€Fﬁtﬁe pFessure,
process gasesiahersuppkEgadet hopugthe gaﬂxsuﬁhmwtpdp@o&ltlmmo hbparamas t ube
52a. The procgss.SS ases undeé%%re t hermal _r actig 1 and a rea%

product produB8d*By shPRIESTal U UePosTt] oh-Ph8™ @ ¥O4 Pflg(‘??s of

t he sem condugieh Waf ar sem condueiisrt iafelri.l s on the surfaces of the

sem conductor wafers 54. Waste gases produced by the thin filmdeposition
process are discharged outside the thermal processing 5 unit 51 through an
exhaust pipe BRcxorootedRrTO t he exhaust port 56. A trap and a scrubber and
such, not_ shown, are placed in_ the exhayst |pe€§¥ trap r enov the
reactionjﬁgoduct an@ ot eI SARSLGREEs ¢ %Yb.%ed e FASES

di scharge theinadfies a thin film deposition process, such as a CVD

process (chemical vapor deposition process), for forming

a thin film, such as a silicon dioxide film, a silicon

nitride film or the like, on a workpiece, such as a

20 semiconductor wafer. Such a thin film deposition process

uses a thermal processing apparatus as shown in Fig. 15

to form a thin film on a semiconductor wafer by the
following procedure.

A heater 53 heats a double-wall reaction tube 52

25 consisting of an inner tube 52a and an outer tube 52b at

a predetermined temperature. A wafer boat 55 holding a

plurality of semiconductor wafers 54 is loaded into the

reaction tube 52 (inner tube 52a). Gases in the reaction

tube 52 are discharged through an exhaust port 56 to set

30 the interior of the reaction tube 52 at a predetermined

reduced pressure. After the interior of the reaction

tube 52 has been set at the predetermined reduced

pressure, process gases are supplied through a gas

supply pipe 57 into the inner tube 52a. The process

35 gases undergo a thermal reaction, and a reaction product

produced by the thermal reaction deposits on the

*G00002*



10 gases fromthe thermal processing unit 51 after rendering the waste
.gases harnl ess. The reaction product produced by the thin filmdeposition
process deposits not only on (adheres not only to) the surfaces of the

sem conductor wafers 54, 15 but also on (But also to) the inner surfaces of
the thermal processing unit 51 including the inner surface of the inner

t ube 52a and rf.ac i . i ; deposit.i o] IS
continued in %nggﬁgrsnaﬁ%p%éesggﬁégéﬁﬁpgg%gw%%f%%e ?’[ehacl{:%’oﬁﬂf)%d&gl?%
adhering to 2@illme omsitiie surfaces of tthe sesicenduatcessiafensiid .51, the
reacti on product w e y f d o] p i cles.
particles contam na ést% e%%%écoﬁgﬁgﬁggam erts:Ré4%\Qi\|7?11| Cﬁ{%"%dl?% sos}%gof}l eld
of sem conducpeocees casewtlicichamyenhnwudstivieedtbei Nthedma 5 rremesehidget or
waf ers 54 Lont am na_[.)id

S

ith those particles. .To ayqQi d such trqubles, .a
ol ean ng Bt oS08t <ot arniePelte 20y § SFPPREE: IR HFY | P JERBSPEESH proodd® has
been repeat ed exbhatisal pores560 clreatrape areraiakcdibpeeceasd ngughi t nok The
cl eani ng proce heats_the reaction tpybe 52 at predet er gi ned_t enperat ure
by the heat or SB9MRG . 3FPo P IR A othSs SRHRIF LoPIRR (b1 do B8, HARD 1t he
heat ed reacti aemovies 52the® reaageiby etprddupt heandacbiherpr edibEtaadiedy i ng
to the inner 35 ur.fagies.of I_‘he t her mal Igprocesgi ngdunit S51. C-IF-{tL? fl uoride
g i Ra,

gas for such 5& | 4Py the J185%%,095885%0 S o= ey A V=)
or SF6. Cemer glases t herqer f lcher octhgntsl haprackssdnki f aanifor BxanplfterCF4

| asts 50, 000 years ar_lqnger. The em ssion aqf the perfluoroconpound into
the at rmspheré:ef‘é%ﬁ'é‘gs %OB’zfls AR hﬁ"'ﬁ'g'fstsnere is the possibility that
the use of the fluomhde gaactson Cheeducy Froodirgal i vyl ythéf eclisnt [FE1gl obal
envi ronment, sjudi es .have been made to use a cl eanin as other than the
per f | uor oconp S aBTPLESFi neeRRsL EE2)Ot 167 He gﬂte aheres Mot

reaction tube dmymugd) baHwastdratesheoMNr cHet ek itRhdiRIgAr alviE@rk0 ske
roduct at a desired etch rate_to _renove

t he cleanjrgg as etch the reaction g

t he reacttTon %1"‘d:du€ Sgeptsi &Y o2 1Re i%Her TBEr RRST oFUTHESSTer REI the

Er ocezsi ng uRiﬂheE:halThﬁrbaéegi?g %ﬁni(ﬁ $he|ih@aﬁaﬁag t e iﬁnaﬁeoazﬁﬂadze 4
eated at a hi t.enper at ur , J.or ex e, 400C to etch the osite
reaction prodt?%l the alﬁléﬁfrgﬂggt i cat ﬁr@{]@?"ﬁgsﬂ’ ??ﬁe°ga§'l§§ ‘a &I%ga%ehg
gas. If the ifl‘ﬁlﬁrri mim;l] ddyso ¢ Letd Oﬁrc’bdﬂb@s??si &gh&?h&ddZQrﬁttl-ﬁJcﬂue’hdﬁlgh
tenperature of_ 400C, the reaction jube 52 for 0 uartz ang the jigs
formed of <i | RAGHFRSRHIHATE (T arbth: EREaRCELER FROCLTH FHBIST g hat
at which 20e rgactinsigeodutifacesetehedhearthdreal i ProPedsing saliectsyjty,

mat et ol decr R oct SRBHRBUHEPIOCE nevi it PYRPERAIY, oTFod B QUi .
and the jigs fprodubef Ja@tdldedet er Theat egavhtolébe recstamingde@osithe s
LA semiconductor wafers 54, which reduces the vyield of
semiconductor devices which are manufactured using the
25 semiconductor wafers 54 contaminated with those
particles.

To avoid such troubles, a cieaning process 1is
carried out after the thin film deposition process has
been repeated several times to c¢lean the thermal

30 processing unit 51. The cleaning process heats the
reaction tube 52 at a predetermined temperature by the
heater 53, supplies a cleaning gas, such as a fluoride
gas, into the heated reaction tube 52 to remove by
etching the reaction product adhering to the inner

35 surfaces of the thermal processing unit 51.

The fluoride gas for such a purpose 1is a



30 DI SCLOSURE OF THE | NVENTI ON The present invention has been nade in view
.of the foregoing problenms and it is therefore an object of the present
invention to provide a thin film deposition apparatus cleaning nethod

capabl e of renoving deposits 35 deposited3inside the thin filmdeposition
apparatus, suppressing the deterioration of a reaction vessel and 4 jigs.
Anot her obj ec i nv on t oprovidg a n fplm

deposi tion ap%ara %gggﬁ ﬁg{];’dr’mt %31 hcapésl Ieegfl et (t::ﬁf dlggf)m {)ls: dg’g(ﬁéi ted

i nside the thGenéréﬂ.ﬂ.m,ddﬂTSI pemﬁlappacatnpsndt mdi gh hd;min rlatfe A Fbrerd

obj ect of the nt ve V|death|nfllmde rat us
cl eani ng net hog égabl g% T nﬁw ng 8§p3’5| 0%p05| 8T i nside ?ﬁe ?Elgﬁ film

deposi ti on appfir athe vvpelnfﬂ.herbabmpoundof 1atoeatheonatﬁospheela heatiedsat a
| ow tenperat ur i.nvention SI tion

Accor di ng ent n fi
appar at us ¢l e3§°ﬁﬁin¥ﬁ’f5‘a dr ctrségﬁ‘l n} hitF £t “?’n%%?)%lsb %%%gafp’ S by
renovi ng depossés afihehiengfIworide ngels sas f acesleﬁnihg tqasn hebmtdepd:y tion

orocbbe. gas. | AFGSREFodh FLOREL e EAVICIRT S § HATLRE n RV Ei BreSTo RS
appar at us conpei a&® tdheckéapindf gasheahelg than ntikei perdlubhecbmpeundn

vessel at a pre(F:I:{e_lterm ed tenperat g;ﬁ_‘e' and cleaning an interior of 20 the
thin fil mdep8¥ Eb‘&r"é{f‘&sgﬁﬁ bt ying a cl eaning gas cont ai ni ng

fluorine jgas and anThddihiteeigasc€apnbl eeattpbameuibagsehauset béahbaneaf t he
fluorine gas into the reaction vesse heat eg}lat thengﬁgdetzgm n

tenperature, REatthHy EFE t@&mlﬁ‘&dga egpeLahiEfett& ¢ offpERRLEPe to

activate the ghgoldtuh Ottte COBAGLIGN pBotiietChaan rdegirsed agtich eratengot he
deposits with the act%ated fl rlne as. According.to the present

i nvention, th&SEP¥ENi ega§eia§ E?Bpl PEGIVty CRROSEAEE ofNveddE ABREEY at
the 30 predet suifacd st @fpahal Whdrniale pHRRYgihgamitHl .| edhientiateltGor

et o eS| Sydcgbet.gty! el g8t cued Logher gl e, ad Lhgrepy the
gas contai ns H:Eﬁh ithirée o#gs mp@bd&plfe acfgorat, i 18 kheh3ehil Wapdae teas,
the activation of the fluotine gas I's promoied, 5ince the activation of the
fluorine gas § pro g
gas as a cleaning gas.
If the interior of the reaction tube 52 is heated
20 at such a high temperature of 400°C, the reaction tube 52
formed of quartz and the jigs formed of silicon carbide
(SiC) are etched at etch rates higher than that at which
the reaction product is etched, and reaction product
. selectivity, i.e., the ratio between etch rates for the
25 reaction product and the material, decreases.
Consequently, the reaction tube 52 formed of quartz, and
the jigs formed of 8iC are deteriorated when the

reaction deposit is removed.

30 DISCLOSURE OF THE INVENTION

The present invention has been made in view of the
foregoing problems and it is therefore an object of the
present invention to provide a thin film deposition
apparatus cleaning method capable of removing deposits

35 deposited inside the thin film deposition apparatus,

suppressing the deterioration of a reaction vessel and



5 thus pronoted, the deposits adhering to the interior of the thin film
deposition apparatus can be etched at a high etch rate. The etch rate for
the deposits is high and hence the tenperature in the reaction vessel nmay
be 5 low. Thus, the tenperature in the redction vessel may be | ow during
the renoval of deposits deposited in the thin filmdeposition apparatus.
According to btyést hin fil mdeposition apparatus cleaning nethod of the
present inventian, the deposits 10 are renoved and the interior of the thin
filmdeposition appanather sobbeatedoby sheplpyragette iolwamtingn gas to

containing fluorine gas and the additive, gas capable of pronoting the
cotivati on of WRAACE 1R LR (SapoF Rl FRBAFREVE, ol <PlRbY detiie
deposits w t hasipakl edeofeastaiirge| depbeiity, depositdd Lalsideof thae tdiiah
rate for the osiy to.that for the materials forming the internal nenbers
of the thi% f%ﬁﬁf‘bé’:?é’a%t&r?% s Ak ¢t d%"r‘hRf‘e-ssel in the

cl eaning step. Accorditigdd dbedt eSENthéNpeakenl, ihbenthieanitey pddate

supplied into t reactjon vessel etches the depgsits at a high etch rate
wi t hout decr eés:ﬁ'g‘%e‘r? i SeP9SFpn r BEBRERTHS Fﬁéaﬁéf‘gr PRt GARP e

i Pt eL nal dgenbe:rfs anfdggnbhi Hebblbmtdggaéiﬁbisgﬁeappﬂﬁﬁédlé Ot_ﬂilé\g L Eﬁ@ﬁﬁncy
of the additive gas. .Consequent ) .l he deposits qgeposited In the thin
film depositi & 'hsagﬁ’ﬁrﬁé%rsen’ﬁ%@a, E"t%prlé’é:ﬁrr’ré’rt h8Fde? eSS Bh of

the interpal RRIBMYIS H¥atdie dthian fdv ekt apparatus, such as the
reaction vessel and the jjgs. According to the thin filmdeposjtion_,
appar atus 30 cl eani crﬂﬁdr?'g't? oF°t Hd*%r g§8ﬁﬁnitnv’e‘h‘f‘?’b’fﬂ;°‘(’:hl Gri FBigafilm

hydrogen fl uoldefoasiortnippafatias elehnidhadaie Iy | Sf UsBHaAsngn adddhild ve
gas. Accordi ngq_,t o the thin filmdepositiqn apparatus cleaning nethod of the
present i nventiidi® t ARPAEHEEPR s 2PR2¥8 tise B nboBAVERD cFeRRSEAS i3ARAL AT of

the thin fil mgepasiti DinépPpasatEscdy SEPpPl ¥hBY &heheamingh Jafepodition
cont ai ni n? fluorine gas and chlorine gas into the _ reaction vessel heated at
the predet@rnidRRpadHer afiee ideRA™ tnsanFhyn sEdpmsaAyr YPk§Pigcere PY

present inventdupplyiiey Chepbbblss GA%s GHYRI ASrEhdel bAe vadsaand dllidde
gas, and etches the deposits _at a high et¢ch rate wi thout decreasing

) : gn et¢
sel ectivity witth rfedrito fAeMafePPaLElPEr iPRGRFREYR nt SOTRFL $RFhME of

the thin fil msaeaasi 6f onhagpahgt ue. iGHEEBIENES Ythéheedeposht s/cdarasided in
the thin film 10 deposition apparatus can be renpved, suppressing the
det eri or at i on dfPTPEetoFRI R gFatpre nanthrh epPiRgd&fositiemior of

appar at us20suctheéts tRenr egeimondegesetiand bpparb@ss: by supplying a
cleaning gas containing fluorine gas and an additive gas
capable of promoting the activation of the fluorine gas
into the reaction vessel heated at the predetermined
temperature, heating the cleaning gas at a predetermined

25 temperature to activate the fluorine gas contained in
the cleaning gas, and removing the deposits with the
activated fluorine gas.

According to the present invention, the cleaning
gas is supplied into the reaction vessel heated at the

30 predetermined temperature, the cleaning gas supplied
into the reaction vessel is heated at the predetermined
temperature, and thereby the fluorine gas contained in
the cleaning gas is activated. Since the cleaning gas
contains the additive gas capable of activating the

35 fluorine gas, the activation of the fluorine gas is

promoted. Since the activation of the fluorine gas is



According to the thin filmdeposition apparatus 15 cl eaning nmethod of the
present invention, the deposits are renpbved to clean the interior of the
thin filmdeposition apparatus by supplying a cl eani ng gas contai ni ng
fluorine gas and hydrogen fluoride gas inPo the reaction vessel heated at a
predeternined 20 tenperature in the cleaning step. According to the present

i nventi on, ghﬁgeggb%%tggs %ﬁogﬁﬂgréaﬁe 2agand Rl ogerefi sor bee

gas, and t he eposits are €tche I gh etc rate without decreasing
sel ectivity wkthé rdsipecfilo tdwcrsa.ttarqnal apparioesi ggnt ke i gtehrdl afenBers

of ‘the thin fLLgLdgRoR LIAN APPAAL LS. POEEILER! Ithe tdpdlenasi 15 degasi t ed

inthe thin frHH dep05| tion apparatus are renoved, suppressing the
deteriorationani hlemceedite otemps:s&tum]dlnhé-hjel gseaqctem dresgelb ma¥ PRin

Ll et opod ¢! PBHeEPRARS ! TERS, EREBELRLIE [GLAe FaECRIEACTELRYCHA RS (N

cl eani ng as an drogen fluoride gas su
such that thelbhoWumahg mmg(rdmdw&ﬁﬂbfIdmp@mmt@a@epessug®lLedtbﬁdthyurogen
fluoride gas is.,in the r to 3. 1. 35 Wen fluorine gas and

hydr ogen f | uofi-d& 8&?%{1%&%8 éPé’&ﬁFﬁé‘sgas is supplied such that the flow
rate ratio betmeﬁ&chkumhgnet@asﬂﬂﬂdthydrogehnfHdesﬂtxmm Bppamathe
range of 1 . to 1 1, e etch rate for t e .de i.ts de it i he
thin film dep&%‘ieﬁ‘lr‘&r‘?gadfj%ifl’é\?%sO%ang"ese?i\ff‘?gl tﬂ'r\Mpetnr?Clroens’pegﬁét 0 OeSQtts
mat eri al s1d or gireg xtelmbxﬁad iRl Nele nawber soof of hehéhthihi finloe gepiotsidi on

apparatus are hi Accor.di n to th hin fil dep05| ion s
cl eani ng met hG&¥ aﬁW@ pré&se % n, sfﬁg’g'gghlné ga§a%%' %' i qg -

fluorine gas @m&ﬁamﬁmnyﬂf1ﬂ¢xmndeg@asand ﬁheuqﬁﬂmtxhsugasthapabhe ﬁﬂmm
rate rati o between fluoripe gas, are su d ,and dro en flugrigde g is 1
. 1. In this P§§@°t§é'19ecfzp‘9l t ¢ W‘Y?\t?’% tg’ ggf‘?rgenergggy tc}.éed%%o
form ng the i nRydealsifRyTbettse ofetdta n fatm dE¢DS| then aeparsituss esviithcitgh.

15 According to the thin filmdeposition ap cl eani neth d of_ t he
present |h@emQQﬁ¥e?qﬁﬂﬁ|§ﬁ9%ﬁﬁ9é§l T%g@ng??uﬁ?Fﬁg g tgF RSE

e supplle
respectively &ox | eMer deposiad t@V\QhaH'haﬂ'bﬂ hei ﬁnaﬂérnté:ﬂl$ fasminghehe

deposits deposited in the thin 2 epost t tus i.s etched at a

hi gh etch rat &Pt BEPPSTEy© ttﬁ’er e‘gﬁé} {’Jo qﬁ‘& §'°ﬁ’| GHPA at(}:glrcr i ng

to the thin fiinedefnsitdadtianparedsisl ol reattien g nedtrhiody cétéph.e pr esent

i nvention, the dep05|ts are re to_clean the int.erior r%%llm
ggyl uon

25 deposition appar a 5F§§ﬂ|nde§¥“€6Hfa|n|ng gas
and amonga g@&érﬂ@uﬁplféﬂtlQﬂtbes&ﬁe|K¥ﬁamkfﬁna pesdeler mtobes the

temperature. deposits at a high etch rate without decreasing
selectivity with respect to the materials forming the
internal members of the thin film deposition apparatus
owing to the agency of the additive gas. Consequently,
25 the deposits deposited in the thin film deposition
apparatus can be removed, suppressing the deterioration
of the internal members of the thin film deposition
apparatus, such as the reaction vessel and the jigs.
According to the thin film deposition apparatus
30 cleaning method of the present invention, chlorine gas,
hydrogen fluoride gas, ammonia gas or hydrogen gas is
used as an additive gas.
According to the thin film deposition apparatus
cleaning method of the present invention the deposits to
35 are removed to clean the interior of the thin film

deposition apparatus by supplying a cleaning gas



According to the present invention, the cleaning gas containing fluorine
.gas and ammoni a gas etches the 30 deposits at a high etch rate w thout

decreasing selectivity with respect to the materials form ng the internal
menbers of the thin filmdeposition appar& us. Consequently, the deposits
deposited in the thin filmdeposition apparatus are renoved, suppressing

the 35 deterioration.of t reaction_vessel |gs According .to the
Lhin T | m depSSPFaR ihar i e gn T rechbaEbhe L hEar caame © the

invention, theetdRimngvgeseloORbakadNGY | tis | peefasepninadmdinbegacture
supplied such .t ha th fl Qqw rate rati o between fluorine gas and amoni a gas
is in the rang® e < ef‘r’tld’gl(f €P. 5 In this case, the deposits deposited

inthe thin film delmﬁidﬁcﬁlﬂxgapﬂ@r ahies ﬁf@s@rﬁﬁhﬁdw@nt’idﬂ,ghtﬁéﬂt]fe’ﬁrﬁ,ngand
sel ecti vi tg wth res ect toﬁ;he materials f the i nternal .nenbers of
I

the thin f7 mgﬁépo%‘? PR RpHAPREIES I3 oA 1 ACEITE riPto BRE tHHTST I m

deposi tion appMeat depokeari ngtmed hed gof thehpreseat wimesnit oleddagdeRpsits
are renoved to clean the interior of the thin fil mdepositi on aggaratus by

suppl ying a c/S&RSHGdy cBhtRi MeRPIFtotPnetRs "at e HdiSogbA* BRI s-he

supplied 15 i ntrddiRlr enchbOfs Vesseheheatiad ailm a&g@@t&&%ﬂ%ﬁm@ture
in the cleaning step. According to the present invention, the cleanlng gas

containing fl SeAupRtlahd B)er db%i?P%‘a"ss cferesitrd gbpodihes PR Hiigh et ch

rate withpgt CRERAY ML 2Qppalatis/i kinW b8 T L&REGEJ T O éﬁl@pf@éﬂﬁ@' Sthe
formng the |nternal menbers of the thin fllmd'ﬁgom ion par at us.

Consequent | y, datedFatian depodheed 1eanRl tfie PFFmeepE%?t itHA Na Fiek @t us

are renoved, HHHISBISIdHW rabﬁaésftarsl OrAdoN a@f the nRAddiyh vesgsbianthd he
jigs. 25 Accordl ng to the thin filmdeposition apparatus cleaning nethod of

the present iféhtd3&E- the cl eaning gas containing fluorine gas and

hydrogen gas is suppld&fEu TtBatth@e tfH1QW E‘ilﬁ\ réég«gsi)@i&ﬁerhﬂﬂé&%ﬁﬁl@ gas
and hydrogen gas is in the range_ of 1t . his case, the

deposi ts Heposheaning t Rethadn Grﬁ |ﬁbeep695m¥n ipYRR BB, atbectdeRRSHES a

high etch rat earainGchRhRed | Yol YoYeiR r@sdeGintdrildie @&t echal Sthon M fion he
internal menbers of the thin filmdepgsition apparatus is high. Silicon

nitride can b&RIHA M aaBBaH'Péﬁset &Y r afBP, E‘hngf the FLERNARGe o92s
gydr ogen gas icomligiy r ehliedi Reed=:L! ¥nd CoRRGEIN | F1ubhead! W s af e of

the reaction vessel heated at a predetermined
20 temperature in the cleaning step.

According to the present invention, the cleaning
gas contains fluorine gas and hydrogen fluoride gas, and
the deposits are etched at a high etch rate without
decreasing selectivity with respect to the materials

25 forming the internal members of the thin film deposition
apparatus. Consequently, the deposits deposited in the
thin film deposition apparatus are removed, suppressing
the deterioration of the reaction vessel and the jigs.

According to the thin film deposition apparatus

30 cleaning method of the present invention, the cleaning
gas containing fluorine gas and hydrogen fluoride gas
supplied such that the flow rate ratio between fluorine
gas is supplied and hydrogen fluoride gas is in the
range of 1 : 3 to 3 : 1.

35 When fluorine gas and hydrogen fluoride gas of the

cleaning gas is supplied such that the flow rate ratio



hydr ogen gas can easily be controlled. According to the thin film

.deposi tion apparatus cleaning nethod of the present invention, the cleaning
gas contai ning fluorine gas and hydrogen ﬂas is supplied 5 such that the
flow rate ratio between fluorine gas and hydrogen gas is 5. 3. In this
case, the etch rate for quartz generally used for formng reaction vessels

is low so thahiRe,deRe3: Hed@RRSHRA Hytddied NETudiida dgReSisi @R the

apparatus 10 can be renoved, suppressing the deterioration of the reaction
vessel . In theangenofi llm:débogict ilort dppahe Leteh ebmtagiast kbe sePosditiy to

the present |QgygathQay thg THE' LAl 2L ThNGddiesd 6K NApdBiRals, Obnbine

thin film depos?tgl on ?5 apparatus include at [l'east elther quartz or silicon
car bi de. Accosedilegtiivitiye whtin friespeddpotot itdhe appieaiasscliermirg mébRod of

the present inyentian, éhﬁ'n eLj-or r ] oh S Ledat a
t enper at que b&low ?%Ii4 |énr hgkhetg%lf n%ﬂg?egaﬁ cc%?%‘?%g@t% tﬁ%%t%hi nfilm
deposi ti on appaeahdighcl eani ng net hod of the present invention, the interior

of the reaction vessel is.heatgd a er e i rang f to
380C in the heati ngi‘gfzgﬁglﬁg B§°h2%ﬁ n%ﬁ?ﬁe ?in er i%é}%%ﬁi%%prgggﬁro%%%\%essel
at tenper at ur ed damitnige méthedabd rtheeprehentepdosiantican bthet cisdnrdnaa

high etch rate, while suppressing.the deteriorati ti sel
and the jigs. IREc 51 6% P@I{Cﬁ?lﬁle}i arﬁ eﬂb%sﬁégﬁggépgrmg?l%gg Oggge\é%isng
met hod of10 he smpgddrid i et tloat the Eleaniraftegasatio dbktwednwifilvcgidid uent

O Ceh o ek Yhsbatl SRl st e e o g o
apparatus 35 cl eani Ig netiwdcabet, hesqireasteinti tynveathoespssst aboi myaArtyas is
e o b Y oo oe B LAFRE Sy B B8 o S
apparat us cl efilng depidyiciaec Gipiag tusdshe prieiggnt i nvention, silicon 5
nhrde T 3 TR AN RoNOLD! RS B30 NudREsFLESY. hioue
when depositi nflddifirsg | métRodi ldfi dehé i pbresentt henwvenkipprec e lwotrhinehegas
cleaning gas. and hydrogen fluoride gas are supplied respectively at
flow rates not lower than 2 1/min.

In this case, the deposits deposited in the thin
20 film deposition apparatus is etched at a high etch rate,

and selectivity with respect to quartz is high.

According to the thin film deposition apparatus
cleaning method of the present invention, the deposits
are removed to clean the interior of the thin film

25 deposition apparatus by supplying a <cleaning gas
containing fluorine gas and ammonia gas into a reaction
vessel heated at a predetermined temperature.

According to the present invention, the cleaning
gas containing fluorine gas and ammonia gas etches the

30 deposits at a high etch rate without decreasing
selectivity with respect to the materials forming the
internal members of the thin film deposition apparatus.
Consequently, the deposits deposited in the thin film
deposition apparatus are removed, suppressing the

35 deterioration of the reaction vessel and the Jjigs.

According to the thin film deposition apparatus



10 According to the present invention, a thin filmdeposition apparatus

.cl eaning nethod of cleaning a thin filmdeposition apparatus by renoving
deposits adhering to the inner surface of an exhaust pipe after form ng
thin filnms on workpieces by supplying a pBocess gas in a 15 reaction vessel
included in the thin filmdeposition apparatus and di schargi ng gases from

the reaction vessel. in to.the exhayst pipe comprises .the s s of :__heating
an interior o ‘i?ﬁlg lé‘)?har?%%h%cfp8¥af%ae pgggg?lél?m' ﬁ]ev(frfscelrﬁ)ne’r a{;ﬁge;ccleﬁ?&’ +ng

cl eani ng an i gher icntefirtimy ekhassin@Ogaspankly munpmia ngaa tkeauppd igas
containing fluorine S d addi tjve S C bl e of _pronmoting_t he
activation of SERY fHRY | RESgEdoh TR (he” BXPAULE HoSE Hoeting BRa =nd

pr edet er m ned aimempdiaaigarse iish inhehleeatane fe® :haatdongd d he Icl eani ng gas at
a predeterm ned tenperature to 25 tivate the fluorin as. contained in
the cl eani#?g gas, gﬁ&' r iﬁﬁs?heﬁ"@po ?Q%sﬁ?hdﬁﬁ’gs&ge%va’t%d%ﬁugﬁlﬁ’e
gas. Accordi nFitlen tdepddiitidn |apmanonis | e appahéd uatchealiighg gtithadtef, t he
present inventi %2, tge El eagi ng(egtg} gas is $up | i t hr ough. tge react.ion
vessel into tRE%exAGUSE-PYHEY dFRGPEG t he® t T PRRPERPOS| (G Nd
apparat us cl eaheng iftdh0f mBEberesenis | RNt i BRint heitheardibHas drs

supplied through an .inlet paort fornmed in the 35 exhaust pipe into the
exhaust pi pe. 2PPRFERSER SDEIER-PTI ON OF THE DRAWNGS Fig. 1 is a schematic

view of aiphermal preeRsWifg apsar@iels thanhiesima d&sssBtidhl mgRpasidd on
apparatus cl eani nq‘,rret hod in a preferred enbodi rent according to 5 the
present inventSlGPRinGpeFRed ity the | presgnigridnentiri ecitpe erasits ance

in expl ai ni ng de repoved ftbm dEesi tileh aRRALADIS olfeagh8y #RiMOEi1m t he
preferred enbodi nent according to the present invention; 10 Fig. 3 is a
tabl e of cl eaflSRPLIIAT i oREPRRAtFESUMS oFUBRL¥LPFON Df FAE2PABPNRIZFY | m

deposi tion appridihitieafilugribehogaysidut chyaroyRergagass 88 addigiivad gas;
Fig. 4 is_a graph showing etch rates at which 15 materials are etched by

usi ng cl ebPi nd R edhOntERAFHPENIMSRISRE gdeatedn 2ddid | RFRRtemied” | 5
a graph show nnflephird tireschd tdl d85iRFtstdp Mt erial s when cl eani ng gases

containing chiori neégcaésorac'isinaén ggdiél'nievepgggeg{:e iunsfedn;tion, the cleaning
gas containing fluorine gas and hydrogen gas etches the
deposits at a high etch rate without decreasing

20 selectivity with respect to the materials forming the
internal members of the thin film deposition apparatus.
Consequently, the deposits deposited in the thin film
deposition apparatus are removed, suppressing the
deterioration of the reaction vessel and the jigs.

25 According to the thin film deposition apparatus
cleaning method of the present invention, the cleaning
gas containing fluorine gas and hydrogen gas is supplied
such that the flow rate ratio between fluorine gas and
hydrogen gas is in the range of 5 : 1 to 5 : 3.

30 In this case, the deposits deposited in the thin
film deposition apparatus are etched at a high etch rate,
and selectivity with respect to the materials forming
the internal members of the thin film deposition
apparatus is high. Silicon nitride can be etched at a

35 high etch rate even if the flow rate of hydrogen gas is

not controlled precisely. Consequently, the flow rate of



20 Fig. 6 is a table of cleaning conditions and results of execution of the
thermal film deposition apparatus cleaning nethod using hydrogen fluoride
gas as an additive gas; Fig. 7 is a graph showing etch rates at which 25
materials are etched by using cleaning gafes containi ng hydrogen fluoride
gas as an additive gas; Fig. 8 is a graph showing selectivities with
respect to ma a S el hydr ogen fl uori de gas
as an addltlvg§§g§bgpggﬁge§5% %aEQIgaggigﬁgﬁ%gbpéggf cl eani ng conditions
and resul ts of execAt:conrdcnhgt htot thremalthfllnl nf ildposdepasi Hipar aprrelte®ni ng
met hod usi ng aqmo ni.a n tiv Fi a S

etch rates at V\ﬁat?ﬁ ecr’(?a gdgtf}éee C%%%nt l%ven%}lc%dan?fﬁgp%leg%wn%g
cont ai ni ng. angaml&qmtanning1ﬁ&hbﬁmneagpa;andlByErggeﬁlgas a sgrsypplsfedi ng
sel ecti vi t é:%lh ES€E§§ materials V\/g n| n ses. cont ai ni_n
amoni a ga gas 4 FRERAT2 IPERF gRgaf

condi tions an&yﬁrbgﬁw b&soﬁseEEQUE!on of the thernal f|In1dep05|t|on

appar atus cl eani ng S|n y an.additiv 13 is
a graph showi ng etcﬁE (I‘il‘hr%t%F 3 e hdg2Ey> sqéﬁ'ge aqelé'nl ng
gases cont ai nb@lefdﬂydE@gﬁﬂrerescﬂibmddletslse&sgass Ebg., 16bi shatgrgEh
showi ng sel ectj viti. th respect tp materials.,when cl eanin ses

cont ai ni ng hy(ﬁ%’ St a\é‘\geééosdnt d’rlflglée giglgr g‘e epa?r?&atl‘—‘i f%ﬁ’a}rsataus
schemati c1oi ew=nf Bet heemietedy ocawms‘lﬁ@pweat detekiagaitibancefi rthe
expl ai ni ng the adgem on of reaction products to the thermal processing
apparatus. BESF SSRRRYI NG OUT THE | NVENTION A thin film deposition
appar atus cl eaning rmi h(t@lel ntB@na PiEmerdesoerbdeh MeappaeLolsli ngldanihe
present inventi o escribed as applied.to cleaning. a batch f rnace
verti cal therl’i‘ﬁ DPHpsP atlie PFEB i FRVERSSOPri ot piR St

shown in Fig. fJornEh&; tﬂ:‘reé rmht@fmps:aexaﬁeﬁ@pafatu& khiitnhifi Iim |desteqiasidn on

Ref o nglbo MRFSZEE S SHINAR  BrocoSerty SPPAPE: uBPaFhEs S o BRI al 1y
cylindrical reﬁcﬁbmtube (reactl on vessel) 2 in a vertical position, and
an 30 exhaust pipe 17 for carr ses dis rgeqd fromthe reactlon t ube
2. The reaction tubé“ct"r%'}%n Elg?) %‘ %hgg'ub 8PQAT FL 8P RRRARATUS
consi sting of cledriitty mdbRod, damdtnet @m@érﬁutmvéubsoﬁ cawes i Dgtéor nner

h n_annul ar i fin
tube 3 so that fa he gegct:SL ac%essée © et(mj bEt e th%:elm%rlaerrattuurbe below

'—l

20 400°C in the heating step.

According to the thin film deposition apparatus
cleaning method of the present invention, the interior
of the reaction vessel is heated at a temperature in the
range of 250°C to 380°C in the heating step.

25 By heating the interior of the reaction vessel at
temperatures in the aforesaid range, the deposits can be
etched at a high etech rate, while suppressing the
deterioration of the reaction vessel and the jigs.

According to the thin film deposition apparatus

30 cleaning method of the present invention, the cleaning
gas is diluted with a diluent gas to produce a diluted
cleaning gas, and the diluted cleaning gas is supplied
into the reaction vessel. '

According to the thin film deposition apparatus

35 cleaning method of the present invention, uses an inert

gas is used as the diluent gas.



35 3 and the outer tube 4. The inner tube 3 and the outer tube 9 are forned
.of a heat-resistant material, such as 13 quartz. The outer tube 4 is
nounted on a manifold 5 formed of a stainless steel (SUS). The manifold 5
is joined airtightly to the |l ower end of ¥the outer tube 4. The 5 inner tube
3 is supported on a support ring 6 fornmed integrally with the manifold 5 so

as to protrude frongthgsii AREGHHE IEYHRIENSEMiddeqdBNi L oLfeaniAgClYRE 7 IS
di sposed under the ngnlﬁfopg § A boat ecfevatorl 8$]en%ve's t he gor\}éﬁ%
vertically. Thenbbet eagidiveeatoingthei sdeanhngcs¥er-7 to cl ose the bottom

of the manifold 5. f\nwa{:ﬁé ba‘?{!bg-giqrﬂveqiﬁ?%’sg;ﬂ[]oqeé?‘%lagaﬁ%%ar Ic?..ehﬁi unt ed

on the cover 7. The wafer boat I'S capa 0 plurality o
wor kpi eces, fmetbrdnplecordisgn donducher peésestl0inveptidnter sidagon

spacing in a yertigal @arrang Nte. eat - i | at.Lng - er s p i ded
to surrounrsd t gt%éégt ifginl"?sub%%. %Rrﬁ'ggt gbrn 1?%&%%’%8%5@?%%’5#%% %%agtﬁ\ré]g
el enent i s at tdeheadnto sttee isiddrcosunfidoaidd ddpofilted denwkhé thinh&ilm

heat - i nsul at i menber 11. A plurali.ty of procgess .gas supply..pipes are
Connected to HABSSIAERa P8P MRS e« SPEBRSEEy . R o 2l
supply pi pes $3lisoshown timide g.fillmdheopr oddss gasrlgides pi péshl3the open
into the inner .25 tube 3. For exanple, the process gas supply pipes 13 are

connected to S&FFg,lnHelgS\ﬁ't he support ring 6 (below the inner tube 3), of
the side M@l |l of thaceerdiahd o RhecesBegasts iareenttorodueedtiiim offghint he

PLOESS 925 SUBBRLARARES A0l el " LR MR o oot S b Cal St
to the side walilmofddgesimeidd ohparatuas Hyo tgmsvimg odepesibaeradherdng A
ol ean 19,985 ! ghe Odysed UALovAll (B o onRd98° P YePLRC Ay 1
ring 6, of thehindefilald &f wdkpibatdol oy Ssepphging a process gas in a
15 reaction wvessel included in the thin film deposition
apparatus and discharging gases from the reaction vessel
in to the exhaust pipe comprises the steps of: heating
an interior of the exhaust pipe at a predetermined
temperature; and cleaning an interior of the exhaust
20 pipe by supplying a cleaning gas containing fluorine gas
and an additive gas capable of promoting the activation
of the fluorine gas into the exhaust pipe heated at the
predetermined temperature in the heating step, heating
the cleaning gas at a predetermined temperature to
25 activate the fluorine gas contained in the cleaning gas,
and removing the deposits with the activated fluorine
gas.
According to the thin film deposition apparatus
cleaning method of the present invention, the cleaning
30 gas is supplied through the reaction vessel into the
exhaust pipe.
According to the thin film deposition apparatus
cleaning method of the present invention, the cleaning
gas is supplied through an inlet port formed in the

35 exhaust pipe into the exhaust pipe.



14 to be open into the annul ar space between the inner tube 3 and the outer
tube 4 of the reaction tube 2. Waste gases produced inside the inner tube 3
are di scharged through the annul ar space between the inner tube 3 and 5 the
outer tube 4 , and the exhaust port 15 . JA purge gas supply pipe 16 is
connected to a part, below the exhaust port 15, of the side wall of the
mani fold 15 to supply nit reaction tube 2.
The exhaust pipe 17 is cohﬁ&% ESCRIFTION § DRI st port 15. The
exhaust pipe 17 is EngV|dedsmaisehemat&n]fﬁewndfaavabemmaéu@gog@Sbemaw t he

I 18. Th f_th t f
Gases. thi ough RETBRAR.SES prBYCly ¥ o ThafRed HE 22pdF) blon; A o,

tube 2 at a pb&é@h&ﬂ@rnwkﬂ&dpﬂessurprefberedcumqunmmnM)dcsohdlgesigases
fromthe riac% on _tube throggp t he exhag;tcplpe 17 and adjusts the
pressure i er@ﬁﬁﬁe R t4°afPPa*SCubber and such, not shown,
are placed in the eriaust2 pipeal Hilzgyriins CHEr ge Heei peasd® gaséstabee in

di scharged from the reactl tube,. 2 fromtpe, ther roceSS|n us 1
after renderi & %&?bs ﬁgﬁﬁwggs £‘¥%ntré?b%§) Ts c %§§¥€?
the boat e|eV@ﬂ@hﬂingbeﬁHﬁdéﬁnlﬁhetbEeﬁéﬁredSegbsdimppkyqmq@mﬁiﬁg mMe 25
cl eani ng gas suyppl i pes .14, t urge gas supply pipe 16, the valve 18

g B E S S

and t he vacuurh l er 20 includes a m croprocessor and a
process cpotroller. Fike canthel | ar QQbHEaS@feSclémqitegrpe:Ecmdnrmomd and

pressures of controlled parts the t oces ap arat S. 1
gi ves control T§gH &fgdﬁa‘éﬂ’u&’r"f‘he Eas eof ?Jiegf]fild? L{:

control led paratpqoat&wt r@ll edrtlith g Ot AR d i (ﬁh]tch&rt@ergaaé pars)ceml ng
apparatus 1 accordlqg to a recipe (sequence diagram) shown in Fig. 2. A

thin filmdepddditorVey i atus cl eaning nethod in 35 a preferred enbodi nent
according to the pr esent unveat iz0N gwhapbh behdeSﬁgl lmd:ras rafelsi edtt ovlclatani ng

t he 15 thermal processin g %agb 1. The tg | m de OSItIQQ a lgratus
cl eani ng het h@RWI2e 3k CF §aYappfty € e?@ﬁﬂgl 3 i YN |%e

deposited in tdifl dEHdregaroHsensi 04d bppas agass; 1 durlng a f|In1dep05|t|on
process 5 for depositing silicon nitride filns on sem onducIor vvafergLlP
ly,

to clean the interi ditdf the therdml SRR esHNG MWpaiet TV et i Uit

the interior ofedpectcagdi Qﬁvatélbﬂaﬁswwsem ef 1 €nsindg 0 dawes eceprtsiwimgi n
Fig. 2. In the follow ng descri % is assuned 10 that the controller
20 control s t HPEInR| ¥ 2 ea %h%ﬁﬂ%n?%s of*EheSEher mal processing

appar at us2d. Fig. 6 1is a table of cleaning conditions and
results of execution of the thermal film deposition
apparatus cleaning method using hydrogen fluoride gas as
an additive gas;

Fig. 7 is a graph showing etch rates at which

25 materials are etched by using cleaning gases containing
hydrogen fluoride gas as an additive gas;

Fig. 8 is a graph showing selectivities with
respect to materials when cleaning gases containing
hydrogen fluoride gas as an additive gas are used;

30 Fig. 9 1is a table of cleaning conditions and
results of execution of the thermal film deposition
apparatus cleaning method using ammonia gas as an
additive gas;

Fig. 10 is a graph showing etch rates at which

35 materials are etched by using cleaning gases containing

ammonia gas as an additive gas;



First the film deposition process wll be described. The boat elevator 8
Jowers the cover 7, and the wafer boat 9 hol ding sem conductor wafers 10 is
nounted 15 on the cover 7. A predeterm ned anount of nitrogen gas is

suppl i ed through the purge gas supply pip€ 16 into the reaction tube 2, the
boat elevator 8 raises the cover 7 to load the wafer boat 9 into the
reaction tube 2. Thusy theg sepd conduptol, Wakehd nt0 2kt ecRibaiied 1 figfl the
inner tube 3 of the reaction tube 2,” and the reaction tube 2 is sealed
(Loadi ng step¥especér the meherisdst ubbher hgdebpréndsegpreds acppé&adenardi ned
nitrogen gas | | | rQug ae . pur g sygeky pipe 16 into the
reaction tubeéé‘:naiflﬁg gggn%ggg%ggpgﬁﬁggvg?\?eg?g igecéntrol | ed, and the
vacuum punp 19 is aEigat eli2t dsli sch&rbdegaets dremnine coastitdensuband t o
start evagliat {0g.4Re rSRCtLonLiPe, 2.0 NG LaGH AR DG 2 SagKEYREY
until the pressurein e Feactron tube 2 decreases to a predeterm ne
pressure of, &ppaesnsnsl ecladnfhgs RethodS using. hydrlbgemeagiisneast han
heater 12 heaté thevi‘ant %ri,or of the reaction tube 2 at, for exanple, 600C
The pressur e- g gf%ém ng Sper ation and the heating operation are continued
until the interior ®figthel3eastiangunaph 2shewshgbidtictedratesheat which
predeterm ned_3 ressure and the.predetermn enper i LIzi ng
step) . 16 ﬂ?t%gr fhé ianﬁeer?%?h% Fﬁe%rsgg i%e%rhlb@eggslégégb(e:?h%% é%ﬁgl zed
at the predet aydirogenpgass dase aandddiciwecdrisgr m ned tenperature, the supply
of nitrogen gas thrqugh t pur ge_gas._suppl i.ne 16 i.s Ssf. T 5
hexachl or odi si | ane ?élgzcng? ahtd afmohi 2 ( N &éﬁjeg susﬁ:'p ‘%"}d‘ aqﬁgersedg'?'er{’rhm ned
supply rates, reepeetanice, naterdi/atisn ahénl bleaniegpedhisesal y cantadngimgt he
process gas s I ipes 13 into_t i.nner__tube 3. The hexachl orodi sil ane
and anmoni a i E‘%@%@d %% 35161 ﬁéqqelﬁﬁérle Ft5e affealugeggu?éléﬁby heat in the
reaction tube 2 to ®ider a6 ast hesahlemdadenpdisvt iodh ar cheirimarl. prareaeguieat | Y,
silicon njtride (Si_3N4) deposits on the.surfaces. of the,sem conduct or

onf er s 1004 ' SPRREATAR « PFOG ISP SR 1PIREI- TS mEdBp ATOPEHoL, f

15 After the sidactdomidnddiets |t thfe eharedd: grudestiiny dppeesathsie been
formed on the surfaces of the sem conductor wafers 10, the supply of
hexachl or odi si | ane and anmoni a t hrough the process gas supply pipes 13 is
stopped. Then, the vacBESTpMODE 1PORSCEARRATNGaOUT, TEHReINYENINONOf the val ve

18 is controlled ang, .at. _t sang ti . a predeterm ned_amunt qf njt.rogen
gas is supplied thraéﬁ'%&e% g?p&fg%g‘t?ﬁbﬁ?pﬁlrﬁe Ure ct%‘oeadIlsn@né"reg%wt ef‘ngases
fromthe 2@acta onptrelfer2etinr oarghodiveerk hausicqrdingl 7 €Bur gthg stme@sent

Preferably, the_gas .25 dischargi ng oper.ation_and the nitrogen., gas. supply
operation to dins‘%ﬁ é"ggégg f m%ﬁ‘?é’rr%f i BR (R &9 e‘ﬁ%%?%ln%e\?er al
times to ensubatdaifwinbddie gaseicale dilsommlgedproapkelinty fappaddimis

reaction tube 2. .Then,. a predeterm ned amount,of nitrog s is 30
Suppl 1 ed ¢ hr ouGhithe il (BEESEL ELOh SPRARRY R P, BhbRAIRD, By S o ae
set the interitremdall hepresstsion t appaattusr ndl preisurfilmubdeppsittion t he

b I I . I : f . is
e conduzpor THFRALEY 1F ofe Pt o Sor B, SfEiskBetE’ T PR eE! S, ¥
Silicon nitri degrmidekd by the filmdeposition

Referring +to Fig. 1, the thermal processing

apparatus 1 has a substantially cylindrical reaction
tube (reaction vessel) 2 in a vertical position, and an
30 exhaust pipe 17 for carrying gases discharged from the
reaction tube 2. The reaction tube (reaction vessel) 2
is a double-wall structure consisting of an inner tube 3,
and a topped outer tube 4 covering the inner tube 3 so
that an annular space is defined between the inner tube
35 3 and the outer tube 4. The inner tube 3 and the outer

tube 4 are formed of a heat-resistant material, such as



17 process deposits on (adhere to) not only the surfaces of sem conduct or
wafers 10, but also on the inner surfaces of the reaction tube 2, such as
the inner surface of the inner tube 3 forned of quartz, and on jigs forned
of SiC5 as the filmdeposition process il3 repeated several tines. A

cl eaning process for renoving silicon nitride deposited in the thermal
processi ng ap&g&g&yg 1 is perfornmed after the fil mdeposition process has
been repeated™a predeterm ned nunber of tines. In the 10 cl eani ng process
suppl i es a cl eani ngTlyasoubaraitnbrg 4f [igomave tess qrF23 | mami Bl t v Ecgmedf or
pronoting the_ actjvall flyQrine an |t S g( ;

di l uent gas iggst&pp#%glq%% 2 ts#%érleaﬁ?%)n'tugg@z %%g?ﬁ%ﬂ?hgr% grgégggsi ng
apparatus 1. 3hetibbébyngopridvesiofer e8dclafanting chéerhdruhd $roce8beng
appar at us will be descrigbed, After redet ern of 2 ni n gas
has been s%ppf‘?’é’ﬁrt htrugkﬁeghbt He pﬁ}‘§§°§§§85u°§§|§ E‘%@gﬂ%g?%fq 1(i:)“""t h% 'Féggltg |80n
tube 2, a waf éntbgatldynotitiol dheg mani 21 seh sendast dio efetsude fyomt ed
on the cover Z Then the.boat _el evat or 8t§1ai %e%itfhgdc ver 7 so that the
reaction t ube e §PBEX| SATCEAEEEGHES: PF, TR SMS5C) %P i trogen gas t hrough
t he purge gas suppl x poperlG is sticppedd gasiexr ahe dissdlfarlgbed f r dnrbbhad
reaction tube 5 to,k25 rrgi ntain t interiar aof th% r.ea_cLELi on t%eez %tata

or edet er mi ned®pPYBLGFe Bf PP exdtpl SOVEF 2do BSELAG6LSrr), A% PRE

heat er 12 deaklettoredtixisdaibthe? ¢avdreadl tdbecloser kbhe bbtthe wfadhieon
tube 2 at a predeft,:.erg ed tenperature of, for exanple, 300C (Heating 30
step) . Then, "8RBF&dSt & ni ned amount of the cleaning gas is supplied

t hrough the cl eani ng gasfeaxtipipbyt piOpef drinddit of § h€oirnrexarpibe, 3quahézcligani ng

gas is heated in the inner, tube 3. nsequent |y, the fluorine_gas,contai ned
35 in the cl eBRERESGFaS stl'é%tf:ﬁ?‘é?’édggnd%ﬂﬁn;‘/"arf\égct&?%tfreésaf:(?%f%éree o
produced. Thehaddiitnigve gas yhint®iied | pft heworktBieteani ngf@gas pxamptles t he
activation of the fluorine gas,. As the cleanin as_cont ai ni_ng t he,

acti vat ed{]Ef | uSEHE PR FIFns VAT BRT t H}eb i ﬁ%erﬁ’%?g%‘?e?ﬁ'en? nglpatcgﬁg 3% hfough
t he annul ar spaGeilcanedbeiggamt.he i nner tube 3 and 5 the outer tube 4
into the exhaust pi

deposited on the i n%‘grh%étﬁi%’%t%&% 00 g% a‘%f qtaﬁg'%lsﬁ%:?lr‘}lfd%gie% rs{%rg‘”olur?r?er
surface of theheuteeattben9 tubdie2innes Sesftaoe D2 tHaweviexhasstrediptivl the
ot ol oo e APAEAC %12 SRR 6l sBREaBE ERS 4 e
t hermal proOcessidey waldaref uhel Hem tr-einmidch iG e anemige s tIep,) .

A plurality of process gas supply pipes 13 are
connected to the side wall of the manifold 5. Only one
of the process gas supply pipes 13 is shown in Fig. 1.
The process gas supply pipes 13 is open into the inner

25 tube 3. For example, the process gas supply pipes 13 are
connected to parts, below the support ring 6 (below the
inner tube 3), of the side wall of the manifold 5.
Process gases are introduced through the process gas
supply pipes 13 into the inner tube 3 so as to be

30 delivered to the semiconductor wafers 10.

A cleaning gas supply pipe 14 is connected to the
side wall of the manifold 5 so as to open into the inner
tube 3. A cleaning gas 1is introduced through the
cleaning gas supply pipe 14 into the inner tube 3.

35 An exhaust port 15 is formed in a part, above the

support ring 6, of the side wall of the manifold 5 so as



After the silicon nitride deposited in the thermal processing apparatus has
.been renoved, the supply of the 15 cleaning gas through the cleaning gas
supply pipe 14 is stopped. Then, the valve 18 is opened properly, the
vacuum punp 19 is actuated to di scharge gbbes contained in the reaction
tube 2 and, at the sane tine, nitrogen gas is supplied t hrough t he purge

gas supply p| u t f t he
reaction tube ﬁet%{? e ex%ausljt;ggig%%ﬁb} gﬁ?é?ngeg ﬁ ttB ?’Z’?%%I Hu%%
gas di schargi g amér aheorouamj: t tebai #r agfenthas reagitliynopasie | En arWe\ste
repeated several ting ensure .t atEl_allll .t he agu arg di sch

conpletely 25 Eaaon! t]ﬁ ﬁ%hég% i Of T Tﬁé‘r{’,e 3I ve 18Si S lc oseciJed
predet er m ned threugh othai anagkargapace shigpheen theouginémetmhege gasl
supply pi 16.to set theg..interior of .the reactlont b at nornal
pressure (ilo %\51 p?leg%ﬂrg E%t?l’ n§ &t &F)° ST géat %‘I 595 B°

| oners the cosspply b Vaif s GomheStddl dong pamtcobdﬂetmrthmfemm& is
nount ed on the cqver_7. Th the, fil epQsiti dep03|t|ng
silicon nitri &%5 {YE ﬂ;[ %E‘ st ‘ﬁ'gjcf B%\Né}‘"‘@r f:ffi Lgt &8 iSTRRHY t hus
cl eaned t her mali t¥odEreRssidyg aa@pﬁa“gsd Wasl.infhe e rdandtticomt tube cm t he

cl eani ng gas etches 19 terlals selectivities (etchin
selectivities) of tH&E% t hSr EQBBEf‘&Fg ﬁé{lr%rllgg‘ltgyv\éoe the
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Each cl eaning S copnt ai ne uorine 5 gas,_an additi nd, a dj | uent
gas, such as ﬁ‘?‘ﬁ' eﬁ gash Tﬁe"é{?ﬂl’i“f’hﬁ’é‘g‘gh ?hﬁ?fﬁ‘f'oﬁgﬁeg’aﬁl’( E%%‘I vatton of
fluorine gas \werc:rﬂgnrbfletgas V3 , 18y d60gRIF Jdted i g8 gajubktF)the aM®Mi a

gas (NH3) or h eng H2 A thin filmdepositi napparatus cl eani ng
10 nethod in é b4 u"s}e‘éo } ofPRe ¥Raush; pipq rﬂ'ﬁeﬂ'&l’i"?bﬁ apPardits

cl eani ng met hquteﬂ&armj eghe teeacutseek hydbegen fatord dp@asetdithindd | m
deposition_apparatus cleani ng nethods in Exanples 6 to 8 used amoni a gas,

and thin £PI mRESTHIS on HPPavacHemc PYIR ny 181 FEhME9RS | A2ERENFIRED Fhd 11
used hydr ogen ﬂﬁﬁcﬁorﬁddﬁﬁévﬁ ghgesugh! wc&xwﬂyt phpee1ki e Afdjusts
speci nens, rg?% eci nens faqrnmed of ’hq‘?art‘é? eci nens forned of SiC,
speci mens prep (P’b%ﬂé’fﬁ)s’rlh FeRft ®i<on nitride filns on quartz
20 chips, were subj ecteshpp £l eaﬂuﬂeeexaﬁal efaeh$ ndite sHRA Meite ST Lodtel d
on a wafer boat 9, .the wafer boat s placed in ther ctlontube2 and

t he cl eani ng g’d’éeéﬂ'\ﬁerﬁxgﬁﬂﬁﬁ e?ill?‘?lt d % n&or ?}EﬁFQ%bé" t B2Et8arPIFRS

speci mens20Thedk s¢herSEECiFFRAS thys ﬁda&ﬁﬁQﬂm WenBe2 2 Mg e8hk0 €igdidl ne
etch rates and selectjvities for the sgem nens. Etch rates were cal cul at ed

from wei ght cHAFRERSHING hBPEBERtHEns cabtel HPEeF 1% akif g WSt sE@Sahe

interior of theaxmbesson tube 2 was heated at 300C, and the pressure in the

reaction tube 2 was ad ust to 53, 200 Pa_ (400 t rr), for the cJ] eanjng

xper i mont 5. Sel both VRIGEIGHIRR 7P S ST 1 0 Ao art 1Syaten o,

between the neties i dentefr t b2, Spete MProcdsy gaaNPéEeplby | ipigesi L8|, dethe

selectiwgg fres ect to uat2|sthe]e atjo of silicon n|tr|de efch
quaTtt$ tey f

rate to 3 ARYReY PafeSUPReYe PS5 eSBEEPﬁEﬁes\/\EﬁJ{P% F ¥ Red
by the types anel, supgl yalabelef anddithe/@&/acuum pump 19. The controller

20 includes a microprocessor and a process controller.
The controller 20 measures the temperatures and
pressures of controlled parts of the thermal processing

30 apparatus 1, gives control signals produced on the basis
of measured data to the controlled parts to control the
controlled parts of the thermal processing apparatus 1
according to a recipe (sequence diagram) shown in Fig. 2.

A thin film deposition apparatus cleaning method in

35 a preferred embodiment according to the present

invention will be described as applied to cleaning the



20 gases, and the supply rate of the diluent gas. Exanple 1 In a thin film
deposition apparatus cleaning nethod in Exanple 1, fluorine gas, chlorine
gas and nitrogen 5 gas are supplied at 2 I/mn, 0.351/mn and 8 |/ mn,
respectively, that is to say, a cleaning ¥as is supplied at 10.35 I/nin

t hrough the cl eaning gas supply pipe 14 into the reaction tube 2. Figs. 3

o 5, show moagyred gt elcaetnpang asasced S NG sRLackivkl Lgadaenohne 10

speci mens wer € cleane eposi 1 0n appara us creani
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those in a thin f|In1de Qsitipon a t us, cl anln thod i arative
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data on the results qof cleanin | e ti ve exanpl e
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capabl e of et e&hiengr&ddtismn ahbél de it begarahea it ecivé t baglipab sheadn ng

the reaction tube, at_an ele nper at |s congj dered that the
chlorine gas c¢ont eﬁqredzr n tT‘Ple\{: %ﬂlﬁ@ p‘$ RFAMY atti T8t ASTUHRS he
cl ealm ng zfgtasl thiad StKQO\MamftrrIbmlfdie ﬁ@%rﬁiﬂdl& exngi rib@tejx@ln@‘nsdﬁbﬂ ahe he
results of cleanin Ex e an arative ex e shown in

F oo, 3 and. 4 S AGTher o et P A 2 and S C are

hi gh when the cl eamitgtyahet Falla mewsafﬂl@rri pEodRSs s Sullaedadowaaelaﬁ
rates of increases in etch rates for uar&z and Si.C are smal] er than_that

of increase in the &th Be2tapdevatos HolovRys, Wengoverecti vPRY F&& not

decrease when yaferClsuit Ng 63346 At FeMitbridcdMevdfsrs S105¢d, mouhkeand
silicon nitride adherlng to_the _inner_ surfaces of the reaction tube 2 can

be renmovel wi FoutPRyeEeVedr dti nd BREIERIMIGIeG \wreunbnaft Rd Grogenh@aski ng

t he cl eani ng g@ SOPH B 8H NEHHh Y n’@héaﬁmraér t¢a€él| aﬁbmyt hsige 3N Gnto
selectivity w respect to Si achlev dg Exanpl e %bout four H]nes
t hat achi eved ﬁg&FéPPvet‘é}R%nﬁ'e f PRty Vaéiotﬁn t | FRtSeRhatt

achi eved by Capairat? veoexagnl ehd. whfes Hosad eidtéds thbkf eekicta onn tube

suppressing tf&e de&‘erl org Ieonsgrgléérgguéggrnega fergi %O are contained in

20 the inner tube 3 of the reaction tube 2, and the
reaction tube 2 is sealed (Loading step),

After the reaction tube 2 has been sealed, a
predetermined nitrogen gas is supplied through the purge
gas supply pipe 16 into the reaction tube 2, the opening

25 of the valve 18 is controlled, and the vacuum pump 19 is
actuated to discharge gases from the reaction tube 2 to
start evacuating the reaction tube 2. The reaction tube
2 is evacuated until the pressure in the reaction tube 2
decreases to a predetermined pressure of, for example,

30 65.5 Pa (0.5 torr). In the meantime, the heater 12 heats
the interior of the reaction tube 2 at, for example,
600°C. The pressure-decreasing operation and the heating
operation are continued until the interior of the
reaction tube 2 is stabilized at the predetermined

35 pressure and the predetermined temperature (Stabilizing

step) .



10 Although the silicon nitride etch rate in Conparative exanple 2 that
heats the reaction tube 2 at . 400C is high as conpared with those in
Exanple 1 and Conparative exanple 1, in Conparative exanple 2 quartz and
SiC are etched at high etch rates. Consegifently, as 15 shown in Figs 3 and
4, the Si 3N selectivities with respect to quartz and SiC are | ow. Thus

when silicon nitrid oshted. i : t her SSi N par S [
renoved i n Conpar at ?L\f/-gggxz&n%l gnf,% rrtlﬁ% rée}glct{@onlp%%%gféﬁ o?u%%a?t fzarggngé? he
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hi gher than 3%nsdeuEirtlst casiindcgas AdBEAd8I NESTIN,Or i depgastss aapaihee of

etching silicon nitride hi gh et.ch rat and nce the t.enper.ature in
the reaction ﬁfﬂf&laf%sn t°ar#e (?"I nisrf'jmsct"é'ﬁﬁ‘hcgdr?? urtH&* SHe yrboméxbd ﬁ/ﬂé‘r?‘%%e
cl eani ng gas cardidd Ty 1edd ofSin®, gfb1ms) USEIlm Thepdei eionr atépn. 10 of the
reaction be 2 and the jigs can pe su essed_by heating the inter.ior, of
t he reactign t ube Z%qéo@}et%’&p’e?% u’?gg:'?l eféiﬂﬁl £t Fe AT o
contai ns nitragarckdiss S Havl | dn JFormate teh t thdli Islidfaead tde aieani ng
15 gas with nitrogen gas, the duratiop_of e cl eaning process c be
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Therefore, thelidinainen a9fd t hamon@ani RBrpughessha8uUsSprPee€ss Safas besupply
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&F oo & s s

s : reﬁ %eto'S’d ount r a
gas are 25 us SnS¥HR; FHU8/ g3sPrefdeferitBsda ARttt PHh 9
is supplied through the purge gas supply pipe 16 to

discharge the gases from the reaction tube 2 through the
exhaust pipe 17 (Purging step). Preferably, the gas
25 discharging operation and the nitrogen gas supply
operation to discharge gases from the reaction tube 2
are repeated several times to ensure that all the gases
are discharged completely from the reaction tube 2.
Then, a predetermined amount of nitrogen gas 1is
30 supplied through the purge gas supply pipe 16 into the
reaction tube 2 to set the interior of the reaction tube
at normal pressure. Subsequently, the boat elevator 8
lowers the cover 7 to unload the wafer boat holding the
semiconductor wafers 10 from the reaction tube 2
35 (Unloading step).

Silicon nitride produced by the film deposition



Exanples 2 to 5 were determined by a nmethod simlar to that of Exanple 1.
dn a thin filmdeposition apparatus cleaning nethod in Exanple 2, fluorine
gas, hydrogen fluoride gas and nitrogen gas at 1.5 I/mn, 0.5 |/nin 30 and
8 I/min were supplied respectively. That i's to say a cl eani ng gas at 10
|/mn in total into the inner tube 3 heated at 300C and maintained at a

pressure of 5 r t i o, i aLus
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reaction tube_2 ted, 5 at. 300 | e03|t|ona ratus
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gas. and nitragenciesniwge Pyyudsxd afotr |/ nemoving/ msildmbrB 1,hmtnride

respectively. That .is to,say, cIe as_was supplied_in_t t 10
mninto ih8PESAEEE: i of 1 6B o ﬁ i3 aPr/QGGé?QEggsapﬁ’atr& sh w 18
nmeasur ed resupkgfolrinelds abvésusthe krﬂ\Mm aépastheOﬁormeéss/e e nbeahni on

of data onthereslt of clea Conrpar ati ve e e 1 usin
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rogen uorjide gas is ca e of etchinhg silicon pitride at,a hi etc
r;t e gnd has ﬁrlg‘ﬁr%iwgéa géﬁ)vi t PBs Zi'lﬁ?‘%’hg’r‘é%p(?@ts t£°ﬁud?1f?“%1ﬁ’d‘gsl %?‘eThe
20 cl eani ng ga&t%?&ttaidai ngf hyduegenef Igayi C&n@aﬁmt&bglalhardas toN;)heael @ani ng
as contalnin orine gas, IS capa novi ng Sl ||
gdheri ng to t%éiluﬁﬁ‘ér %F?f’a%e?BPfgﬁ r8 8t| ﬁﬁ?gc%qfh r]"%Ie efi or% ng
the reaction theemdlantddisdings appardtuss KNOWhef E:Q@adlah@ prddess €l t  of
cl eaning by Exanples 2 to 4 t referable to su y the cl.eani ng
Gas T nto The B inshe Beco thASFaLnaoFPGRPRLES. rakher BEtdach FTAddr | B8 gas
and hydrogen ddseridedqgas is in the range of 1 . 3 to 3 . 1. A cleaning gas
havi ng 30 such fluori ne gas and h drogen fl uoride 838 concentrations i

capabl e of etching & fitekor? nPERLFECIMIRed APIh Pht &1 %99t uPar| 3‘alstshe
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bet ueon 30,1143 needaf,and Mt ogen ATusride das.! s Loel Sl 4" U
20 semiconductor wafers is mounted on the cover 7. Then the
boat elevator 8 raises the cover 7 so that the reaction
tube 2 is sealed. Subsequently, the supply of nitrogen
gas through the purge gas supply pipe 16 is stopped,
gases are discharged from the reaction tube 2 to
25 maintain the interior of the reaction tube 2 at a
predetermined pressure of, for example, 53,200 Pa (400
torr), and the heater 12 heats the reaction tube 2 to
heat the interior of the reaction tube 2 at a
predetermined temperature of, for example, 300°C (Heating

30 step).

Then, a predetermined amount of the cleaning gas is
supplied through the cleaning gas supply pipe 14 into
the inner tube 3. The cleaning gas is heated in the
inner tube 3. Consequently, the fluorine gas contained

35 in the cleaning gas is activated and many reactive free

atoms are produced. The additive gas contained in the



24 decrease quartz etch rate. Consequently, the Si3N4 selectivity with
respect to quartz can further be increased, and hence silicon nitride
adhering to the inner surfaces of the reaction tube 2 can be renoved 5

wi t hout deteriorating the reaction tube 21%&nd the jigs. As is apparent from
data on the result of cleaning by Exanple 5, silicon nitride etch rate can

further be | neheassd AU AUALE ElEMEt Sl Lt Ner bRoIRatEased when

fluorine gas an gas are supplied at an 1ncrease flow
rate of 2 |/ mas. Thes,clidariingr gher aldretaiminmgr ¢hse adkeivasedctfilveiney
rates of fluorjne s_and hyd en_fluoride il .t aiyni fl ow
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i s apparent froha dahsubart Bpacesufdrméd cbeanwerg bthdéexanpee Xubel 3 and
Conparative e le 4, although.silicon nitride etch rate increases .when
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hydr ogen fl uori 'gagﬁ"%o %Jl%qg%l Tty eé’ﬁﬁlr?:gecsstg’ﬁpus?}?‘f?g t M %Eani ng
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heated, for the cleani,ng step, . tenper at ures .bel ow 4Q0C. re preferably,
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range of 250C grocddlindxaipuestds 11928 bedh kambhed,f ith® depedii idh the
apparatus_cl eani ng nethods in Exanples 6 to 8, cleanin ses .contai ni ng
anmoni a gas weHeARRE g2 anthggrehy dhgacleaning 433 ﬁﬁagilél B&Pieviﬂi es®in

by Exanpl es 6 gtogpherer e daiet N kA babvd et hpd Ypdded becbbatyi,n Exanpl e
1. Inathin fil mdeposition agpparatus c|eani gg rrgthod in Exanpl e 6,
fluorine gas, BfHHR PYER 4Ad 1% tar%ﬂﬁ?zetfgst%t seBargR Fases FMAiPedd

8.05 |/ m n werih sURe! redcticnpetibe/edyandhatat sth® Saye & ifdeSan IWrdien was

supplied in total at 10 10, J/mn.,into_ the i nner tube 3 heated at .300 nd
R B ned at Ghr 38s PR & 5 o8aT 450 | BTSSR RN SHHAY Y, BARGei 1 on

appar at us20l eaiity fhkhofadtidxarpbes ¥ aad Purdgé edhiengHESES firawi Nthe
fluorine gas concentratijons ind mmFi a gs c ncentrgy ons different 15
g4s R Y s

fromthose of ¥$REAVuANFIYSgasiBsedt &R IrgAng F &P hat a
on the result mfefdeiyg byhbExamgases &ischSrgbnghovperatEons. shd o dHe |t
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of cleaning i MYEFFFIHaFasi §Bp8£§rrﬁf"8ri 69PN G eh F MBI Rh F YR Fp times
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silicon npgri 1 EFPEELAR 1 BIRS dhd has. hi gh Sang P )
Then, the valve 18 1is closed, a predetermined

amount of nitrogen gas is supplied through the purge gas
supply pipe 16 to set the interior of the reaction tube
2 at normal pressure (Normal pressure setting step).
30 Then, the boat elevator 8 lowers the cover 7, and a
wafer boat 9 holding semiconductor wafers 10 is mounted
on the cover 7. Then, the film deposition process for
depositing silicon nitride films on the semiconductor
wafers 10 is started in the thus c¢leaned thermal
35 processing apparatus 1.

The etch rates at which the cleaning gas etches



25 selectivities with respect to quartz and SiC as shown in Figs. 9 and 11.
The cl eaning gas containing ammonia gas, simlarly to the cleaning gas
containing chlorine gas, is capable of renoving silicon nitride adhering to
the inner surfaces of the reaction tube Z%ithout 30 deteriorating the
reaction. tube 2 and the jigs. It is preferable to supply the cleaning gas

into the inner_tube ik anpl es. 8. , Ch . t ratio
bet ween fl uorif eﬁé? Srd a}m%ﬁ%eagégf.é%eg t%tetérillaln&g %%fgcﬂ\?if“%%%égoog 1.
Such a cl eani tegazliemnimgcapmdes ofwigtlchi rngssedt cohoni matktdeial sa wegle et ch

rate. It is nore preferable to_supply t cl eapi ng gas .i nt.0 26 _the.inner
tube 3 such tﬁ'&?sg‘ﬁ?dflto?/v Yﬁféf}’a?‘fg‘(? b ce‘h ? ucj):glenee %é%%%nﬂ%n?’gegas
is in the rangeesknt .inveartdoh. ZEadPardlieardiaid ygasheonkeanedg fdasrsimepl i ed
such that the flow rate r%t.io bet ween fluarine %ﬁé@g 5 anmoni a gas _in

carrying out BRfwpl 877 REOA5AYE 4985, 1373 n sPF¢on MY i G
etch, and decheasegguar igaset ch rate. addiisivei | gasn mhhti dprealotels vithe Wt h

respect to quartz can be incregsed.. Consequently, silicon nitride, adhering
to the inner ?&&Fé(@%é‘%‘f e ToUFIS oﬁa%bgagcfﬁ‘lﬁer%o\%s wi (Serder
det eri or at i nghiydeogeac tfilebriikee gasan@irhe dnirchi ! @8 o hirdrvgen n

fil mdeposition apparatus cleaning _nethods in, Exanples 9 to 11, cl eaning
gases cont ai nFR§ hyHthgen &5 Yud vvgggmus PRSI EHOD I ARRRAA PR . B HS es

and sel eci0 Vi hie®hod) BANMEEiAd 0 111 yes@ dehespined B¥s3d NMehhed Fildd ar
to that of Exanple 1. In a thin fil mdeposition apparatus clfani ng . nmet hod
in Exanpl e 9, ERSA Oy APPARAR N T ehn ghXamples78 56 19 nin,
0.37 I/mn anes?d / "hPd¥8§én SUFURA deeSpgsas| velthinThatils t Aepysitdon

cl eaning gas was in total supplied aﬁ: 10.12. 1 /mn into the inner tubedﬁ
heated at 300GPRAFat¥iSht SLFEFLRE a™FFBSSSr e1Bf K%3BBHSPa %40*{—;pt0§r)u_sq

thin filmdepesiddnda i adntd €hERANFDImNEELPOES tiBn2 appadathes clikaitithgl 1,
cl eani ng ses havipg fluorjine gas caoncentrations d.h drogen gas

concent r at? on&sh ert? f o the dilean g T nB&EMRAE 9

were used. Meagdied vlalgh s [ hedsdditvelfy cl eaning in Exanples 9 to 11 is
shown in Figs. 12 to 14. 30 It is_obvi ouslg known, fromthe conparative
exam nation of data JoFSehe& il of oFPRFEEARRg PAMEL¥pasRECHEeDEafATEer

usi ng the cl ey NGuaatz NOlspedny NfoFiEd 0gEN Kas, SBpeRimenEl Frephrad 4,
and data shown in Figs. 12 and 13, that the cleaning gas 35 containing
hydr ogen gas &Y GRRAFIEIGIT o3 cWRnEh3Fk| 8bA1APRr PasTaAS, THIGE QN YaRtE and
has hi gh 203N&hips, were subjected to cleaning experiments. The

specimens were held on a wafer boat 9, the wafer boat 9
was placed in the reaction tube 2, and the cleaning
gases were supplied into the reaction tube 2 to clean
the specimens. Then, the specimens thus cleaned were
25 measured to determine etch rates and selectivities for
the specimens. Etch rates were calculated from weight
changes of the specimens caused by the cleaning process.
The interior of the reaction tube 2 was heated at 300°C,
and the pressure in the reaction tube 2 was adjusted to

30 53,200 Pa (400 torr) for the cleaning experiments.
Selectivity (etching selectivity) is an etch rate
ratio between the materials of the specimens. For
example, silicon nitride selectivity with respect to
quartz 1is the ratio of silicon nitride etch rate to
35 quartz etch rate. The etch rates for specimens were

determined by the types and supply rate of additive



27 selectivities with respect to quartz and SiC as shown in Figs. 12 and

19. The cleaning gas containing hydrogen gas, simlarly to the cleaning gas

containing chlorine gas, is capable of removing silicon nitride adhering to

5 the inner surfaces of the reaction tubé® without deteriorating the

reaction tube 2 and the jigs. It is preferable to supply the cl eaning gas

into the inne e i 0oFl u g flowrate ratio
th! e B 1tRak

bet ween fl uor ﬁ%ggésggﬁd%§$5§§g§%§§§§t%s P e rang of 5. 1 and 5.

3. Such a cl eaning Basmpiecdpabl e of etchlng S|I|con nitride at a high etch

rate. It was verif| h h | Lid

cl eani ng gas does nog %hg%éé §%§h|9%§§ ?%% éV§R§E% t%% ?ﬂo%ﬁﬁaggn%gﬁfg

bet ween fl uorine E}mphel hydrﬁ}gmn:ﬂﬁ:e g@aschadgbsrunet g sr aage @flt'irogen and

5. 3. Thegefore h SI|ICO %rldel r'l[_llcg r%t% {/mleq_achlcfsVﬁ e_Lr;‘lf
ed’ e us

the flow rate%8f h plle ont ro préecrse h e df
hydr ogen gas a&s@eca:dchetlnyv,etgms: dan facsay| ad ecléeningt gek dfs tshuprllied rate

of the additiv art etchr t.e does_not ingcrease e t flow
rate of hydro gh%b slfﬁ%re §Q59H etﬁge?P mgrgﬁgr%é?gyierég H%
fluorine gas almd:ohydu@geaagasons tiibe 32( Exanipgse 13) toCdhssehuenimessurdeel

Si 3Nd sel ecti vit 25 respect to %ézﬁ % gan f rthg’lge mc&gaseq:?and
silicon nitri & dhﬁ?l ’to 21 % e MSRTSY ades §f cBPon tTbe can
be renovellow tspeidiindtiser ivairad | R daved eag;t | ahe ulthih arfi irhe dégositisor s
apparent from_the f oi descripti,on cordi ng to_the present.

i nvention, thé&& aaé'"z?% ﬁggaEbﬂ?ai“Fﬁ%q hénacaJEg’f Sgds P&t Egpafﬁ'l %)

et chi ng Sili Casniasi da adddhi i e gheh riadge tiidhowi theathiosg tire raeanﬁiron
tube 2 at an el. vat d te er at ur e. nce he Si 3N4 %Spggtlv%%y doe

decr ease when ?ﬂwa%%?f%'Tilﬁ fg"the 4§ i

hence t he reachamrrpllerB &ldnb‘h&ajcgéaﬁlﬁgn@asdeﬁmtﬁmil&gl e‘asuoh:yne @ﬁs
Consequen g |co nitride adherl\rb% g nner Ll} aces of the tthrmaI
pr ocessi ng ap tﬁ% E9feBe FsooRY thofif’n BLRIPEr & e PBSet iIf t ube
2 and the jigshdseAcdat diang #Hir hefiimes eldpdsiveaidn orapﬁahﬁamigamlngarg:asg
containing the ditive SIS ca{)able of tchg qés:llconntrlde at_a high
etch rate, and tRe %rﬁ%?}f%ﬁ Y& SR & SeBnpEPatdREly

| ow t enper at uresdtaidiey of Paseivge S§£9, andi abtkogehegasedunee helkitrte the
deteriorating effect of the cleaning step on the ction tube 2 and the
jigs. Accordi nd't&ritRe f dMitreaRieRt diibs e 2% e‘g% g gas cont ai ni ng
nitrogen gas as a dilwehs d&rbvhacfh:bh\at'el—néetddrrlitgumﬁﬂ\&anéngmthatibnr dfhe

cl eani ng process.

and

on the results of cleaning by Example 1 and
Comparative example 1 shown in Figs. 3 and 4 that the
cleaning gas containing chlorine gas 1is capable of
etching silicon nitride at a high etch rate without

25 heating the reaction tube 2 at an elevated temperature.
It is considered that the chlorine gas contained in the
cleaning gas promoted the activation of the cleaning gas.

It is known from the comparative examination of

data on the results of c¢leaning by Example 1 and

30 Comparative example 1 shown in Figs. 3 and 4 that SiaN,
selectivities with respect to quartz and SiC are high
when the cleaning gas containing chlorine gas is used
because the rates of increases in etch rates for quartz

and SiC are smaller than that of increase in the etch

35 rate for S8isN;. Thus, SisN; selectivity does not decrease

when the cleaning gas containing chlorine gas is used,



15 The present invention is not limted inits practical application to the
foregoi ng enbodi nents, and various nodifications of the foregoing

enbodi ments and applications of those are possible. Mdifications according
to the present invention will be describedl 20 The cl eaning gas may contain
any type of gas as an additive gas provi ded that the additive gas is
capabl e of prq t|n the actlvat rine g S
etches silicof |t‘? de Cat éupﬁrglh et c@t‘eHHS gﬁ%arﬁ%g‘gt}gagﬁ%rgégégnt%

any type of adtiet inemgdssn 25k @i danl béairembeedl gathog tg aie tiesr iceqzatilng of
etching silic

nitride at te.wth decr easing

selectivity wi rré%?)cé?toli‘ O%HE? %l aﬁ“'écp fﬁ% Hdgtshgw{ nter R th nbcg'resNAiTngt he
thermal procesggisngcoppatatng lchlorinas gtam.rtz Bmdtﬁmﬂaﬁlw r e | Smalﬂube 2
and the jigs 30 .are .nat_deteriorated SI ant n cle ni ng .

has a hi ghg TG AR ﬁi%s%%‘a'ft gbé ﬁg¥eﬁgg bea &SGR g

as brom ne ga%lio&dtZ)féLEEtEﬂdeg; tglbhﬁradiﬁ.egaﬁ Hsydcegparﬁtuo? é&a@’@&d e 1b .
amoni a gas or rogen t houg e invention, has en descri be

as applied to%”é’iro%?n@l%ﬁaq cBhIhFt r‘?’d‘é*deﬁigéfzt €CFP}HT? By Yo &SMRARA SIS aces
of the ther mlexin@aessz Ny @RRS} aEkamblel e Ps esefbctiventiinOsupredimabl e

to renovi ng deposits other t han t he silicon n'tr'de_deposit; t he present
i nvention can ¢ é’pﬁﬂqre‘d’rtal;’r‘é"fnﬂﬁ nb“gﬁ‘ °"é9%énﬂ *Cpol ysilicon, titanium

oxi de, tappal um oxi @a.thdddrEa, thiel | CONEI @6H e i i Ge)e,tcBSTOréBaSr TrB)
and STO (SrTi@3). The deposit is not necershsarl ly a reaction pro atnd

may be a reactqwaﬁfﬁ'lo‘fﬁjc?xa%]cﬂ 3s thado et?rﬁsch'F}b‘?lﬁ‘éacib°V\h§Hg’F

reaction produgfoecsucd Rgghl |d<£ 0Bk l_PEEéQeyw:@HHj ahasactllrpnxiaé{r%péuqt ,arfdiCh
as amoni um chloride or a Si-Cl- N ?r_TRound dep05| t ed gfgg |cuI ar on the

i nner sur f ace MRARA EFRUSEPPHE 7 of Nt FEMRREATHVSHr BX %gZappiatis 1,

those deposit safne it f&eéi Beblele atteMayed ciriVi ddtdde TRMUQERESy, as
containing _flugrine gas and the additive gas that_ pronptes. the activation

of fluorihe gadhowdy PAdnoliéIehe3deitsdi s d BSSl%bﬂ“"ons?ﬁ@cfzhﬂéFl?ﬁrf‘é’cﬁhof

the exhaust pifesddatt ke Ch@MHNT @S $5c2Qrappbived THUOUGhehhesiEBESH ON
tube 2 into the exhaust pipe 17. The cl eaning Iq?as may be supplied through
G

an inlet port Nr¥ds ndegrPPaitae dpnhddw Y)]P%%m PRPGeERd N IFRRATIRY®e 17

The deposits deposéhefednihneonphes tsiel asamplict ¢ @HRAUSad ih lHusa 2
effectively renpved 25 by heating the exhaust wi.th an exhaust pipe

heater 17b. AI‘?%cﬁ}Q?'F*f%ea‘?‘i‘)r'éB%lW%n%&h‘én’t%g%ft?h%yp?%E%ﬁ%°Fﬁ5‘ént|on use

the cl eanppg gases coptaé NbRguadt £06AN tHAS addvihexiidrigmdngasthdthei €l £ani ng
gases do not 30 necessari I% need to cgnt ain the diluent a20 However |t IS
preferabl e to RERferabiani kg gie2EonthPni A28 3P P uef®Bfas HeBuse? t hEoW

cleaning gas cedhgd P hgrd heofi 13RI g@éwaamthaﬁt epoo®] t ik atel eapendati me
for the cleaning process. Preferabl | uent g S is an.ipert

For exanpl e, * A A%) CoRLEH “@89 (RB °B?‘n§r gd® (BEF rra?lgjecﬂged
instead of nitfpgeiddasat a high etch rate without decreasing SisN;

25 selectivity (maintaining Siz:N; selectivity at a high
level).

It is preferable to heat the interior of the
reaction tube 2 at a temperature below 400°C for the
cleaning step, because it is possible that the reaction

30 vessel 2 of quartz and the jigs of SiC are deteriorated
when the interior of the reaction tube 2 is heated at
temperatures above 400°C. More preferably, the
temperature in the reaction tube 2 for the cleaning step
is in the range of 250°C to 380°C. The cleaning gas is

35 not satisfactorily activated, silicon nitride etch rate

is low and silicon nitride cannot be etched at a



30 Although the foregoing enbodi nents of the present invention sets the
pressure in the reaction tube 3 at 53,200 Pa (400 torr) to clean the
interior of the thernmal processing apparatus 1, the pressure in the 5
reaction tube 3 is not linmted thereto. B% cleaning of the thernal
processi ng apparatus 1 may be carried out once every several cycles of the

filmdepositign S QI ;0 egve f ;lt]_Qe 1 epasiti8A
process. The ﬁ??gggﬁﬁéhee%cﬁt e%r:aﬁcaef’ c%%pgﬁgn?sé%%r% 0 lqllllja{rgqtig a%g 10 Si C of
the thermal ptobesgi hg depawalid°t.cauivtz hendbgiexaeadetdchgdcheéahighy t he
interior of th her mal processi pa every cyc o] he
filmdepositi Sﬁc roc%gtse.SDAl ?%oug%gt’ ‘E i%\%%%?tl:gﬂfﬁ%s ggenCaL escri %gd fatgre15
applied to cl eanpegatheebahcthbutreactivear tibal 2t Her iElgherodhssi BG0dppar at us
provided with the dgggl e-wal . reactiaon %ube.z cQ istii ng fS Ht;e

I t ube
3 and the uter tub SLRE"pPEsERT FRUSAEPIRY gp';c?tr M Ed thgragggﬁien its
practi cal appbifcaéteningorsicxiangpl enittlra d20 ptesenhiighveatebn rastepplandabl e
to cl eaning a_bat chfurnace thermal processing a rat us avi ded. Wi a
reaction tubehﬁé‘f’eha&“ﬁg %W?{?o%u%%r r"é’sp?)iﬁai nﬁeo%o‘?)tjt%% itﬁ“n%éar gublelWB. e
wor kpi eces ar eleahihign dtesh t casefiurdidirctive Wakeredl Gvhemdthay dleanfing
exanpl e, glass 25 substrates f ar ent t.he .f Qregai ng

of LCDs. As is a ro
descri ption, gééor‘?ﬂ%’ﬁ”tr&rt%ecﬁi%’é"eﬂ? PRGerltS olﬁge?he ggsogettser&ggggﬁqtogd in
the thermd pogtand et tisbealn HRdr enevetgei thaubesisyippfresasid oy
deteriorating the reactjon 30 vessel ?n therj i g% 3% CLAIMS % 1A thin
film depositi 8R3HH% atbe dESHIRF nREhdd ' TERELAPRy BI%%Ri £ fiFmliower
deposi ti on appampdiatirdsanovi ng deposits adhering to an inner surfaces of
the thin filmdepositian %%Baratus aiter .depositin

thin filnos on

wor kpi eces by suppl FERg SE3ptdc e oG ePREBIa FaFact PO RE s B HERIFRISRS n
the thin fil ma@eppsailaanépp@isat uUDusatd tthien dilunidapostt ithe apip=Teing
cl eani ng t hod conprjsing the steps of: heatjing.,an_interiar of .the.
reaction ﬁss@asat U’gtbr e’agF’é?ﬂFﬁeoé)?%hpe% ufiél;r%é'ﬁ&ncl 8§ni ﬁbe arfi5HEASr of
1E|he thin fil mpi@md id L%gh ajp s Sy ta/%'lsupp} Yo A ne @irﬁhrrgatga;iorcmlt_'rfﬁirrg;c ngh

uorine gas and an additive gas .capable o rompting. the activatiagn of the
fluorine gas MHtFIIRR rﬁfct’i%%‘ | TERATHYE at %%%’ife’t g‘ﬁ?ﬁ n‘gwa%lon
tenmperature, hkgatichg tBBesheRfi NEr&eSsal mugl egebeisieled benubstdnimdd
activate the fl uaqri n‘g_ ggs contained in th](_a cl eani na %as, Qraﬁnd rermv.ir?}.%lthe
deposits with "HHE acfEEt W FY uotfne BasSlAnE t HRR fi1%h depdsidtbe
appar at us20! eafil tygar ek acs otdli g toed! aiThd ,diheridm dhetitke pebedrsi ey e
renoved and the interior, of the thin filmde os%%i' on gp%aéat us i s cleaned
by suppl yi ng (97 edhiTHg-RES i 1 iy P UL Fie P2 UHy 9 %Tdi ti ve gas
capabl e of pronotingExtdmplasd iZ7aio B of the fluorine gas and of increasing

etch rate for the deposjts w.thout decreasing_selectivity w.th respect_ to
the materials forming't ’?\rll\%érlﬁafieﬁgﬁﬁgfgnogpﬁ?éat S FIHRSDH S |%‘%S
appar at us, i ntin tieampbes i DntyesSselkliednting ¢y rprifadming HF gas are

25 used as an additive gas. Etch rates and selectivities in
Examples 2 to 5 were determined by a method similar to
that of Example 1. In a thin film deposition apparatus
cleaning method in Example 2, fluorine gas, hydrogen
fluoride gas and nitrogen gas at 1.5 1/min, 0.5 1/min

30 and 8 1/min were supplied respectively. That is to say a
cleaning gas at 10 1/min in total into the inner tube 3
heated at 300°C and maintained at a pressure of 53,200 Pa
(400 torr). In the thin film deposition apparatus
cleaning methods in Examples 3 to 5, cleaning gases

35 having fluorine gas concentrations and hydrogen fluoride

concentrations different from those of the cleaning gas



3. The thin filmdeposition apparatus cleaning nmethod according to claim 2,
MWherein the additive gas is chlorine gas, hydrogen fluoride gas, amnia
gas or hydrogen gas. 4. The thin film deposition apparatus cl eaning 32
met hod according to claim 3, wherein the 2Rposits are renoved to clean the
interior of the thin film deposition apparatus by supplying a cleaning gas

containing flyQrisn g[tl]gij oyl I nt gt ti % le 5 ed at
the predeter mH%SS ﬁé.‘gnp%a urée:h% n{q{egg %l%%gﬁi ngns'pa:p?ﬁ%? #ggmt ﬁ&%%%fsﬁh'r?ﬁ%h
deposi tion appepatasusl eaheamyingt medhactoidi iipmprrd tive 3exalplei Bt he

deposits are remved to ¢l ean | I 0 £t t hy | de It
appar at us by SESSP):/LPHQ il eaﬁ%ﬁga%{%géon?ﬁ&rﬁo%ﬁl l%%é\ﬂéi%%s g% hfg’rlaogen
fluoride gas niteoglea rgeactiaen wvesdandethedradchipnedsber Bi med themiedat ure

in the cleaning step. 6. The thin film depositjon apparatus clegning _nethod
according %o @I%ai:'hchncor 5n \Aﬁe?:«\-i*'r’“ﬁ e T | R TR 888?5?%}’?19 °1a1el?5‘3‘inﬁe gas
and hydr ogen tetthioiddeirgaSompasapplrécexamphet Mgt fheofioma gate Matdrogest ween
fluorine gas d hydrogen flugrid as _ is_in_the range of .1 t.o 3. 1.

7. The thin f%ﬁﬂﬁ%yéﬁ{%?%%na% pﬁi‘gfggeﬁ‘l 3R r’rberrﬁst%‘ﬁ%’ Jc%%ra.tné 4™ % m 6,
wherei n the clieabiymgngasandons ailnimich f | wespeetdaelynd Mhrdtogea ftaorsagg gas

| lied sugh that the f| te.rati g bet 1 UOL | and hvd
i gas”iRgitly s LG, PR PR Sab G AL, 17ndR0aRa, ek oo

met hod accEr digegdtd ol aicibé, Mhelcaited | serigunogas ardgBydregen fBuarge gas
are supplied at a flow rates not lower than 2 I[/mn respectively. 9. The
thin film dep@SATUFELAFHETHT ¢l eani ng net hod according to claim 3,
wherein the depositgareigenspetohelyl eahdwis, | NEesmor thk t heonigdratiiven

deposi ti on apparatus by supplying 'a cl eanjng gas ntaining fluorine gas
and amoni a g&FIHIR HARN re‘gfcti t3eseB| ﬁbﬁt egeéfﬁ pP detcg‘rerﬁrﬁéi? ir

tenperature i tdnpardt€iand Ngegé@Ple 1 using the cleaning gas not

15 containing hydrogen fluoride gas shown in Figs. 3 and 4,
and data shown in Figs. 6, 7 and 8, that the cleaning
gas containing hydrogen fluoride gas is capable of
etching silicon nitride at a high etch rate and has high
SisN; selectivities with respect to quartz and SiC. The

20 cleaning gas containing hydrogen fluoride gas, similarly
to the cleaning gas containing chlorine gas, is capable
of removing silicon nitride adhering to the inner
surfaces of the reaction tube without deteriorating the
reaction tube 2 and the jigs.

25 It is known from data on the result of cleaning by
Examples 2 to 4 that it is preferable to supply the
cleaning gas into the inner tube 3 so that the flow rate
ratio between fluorine gas and hydrogen fluoride gas is
in the range of 1 : 3 to 3 : 1. A cleaning gas having

30 such fluorine gas and hydrogen fluoride gas
concentrations is capable of etching silicon nitride at
a high etch rate.

Particularly, the cleaning gas used in Example 3
and supplied so that the flow rate ratio between

35 fluorine gas and hydrogen fluoride gas is 1 : 1, can

further increase silicon nitride etch rate and further



33 10. The thin filmdeposition apparatus cleaning nethod according to
claim9, wherein the cleaning gas containing fluorine gas and ammobni a gas
i's supplied such that the flowrate ratio between fluorine gas and anmoni a
gas is inthe range of 2 . 1to 10 . 1. 14 The thin fil m deposition
apparatus cl eaning nethod according to claim3, wherein the deposits are

oo g s fBarkdSel ERAHAE Obcdle LA T ROROOSOh Oy AIDERE! 81,

supplying a cleaning gas containing fluorine gas an fen gas Into the
reaction vesseklbedtiwdtyt aipmhedetempegiad tenpavartze cant huclkbemi nPest ep.

12. The thin thlo.deagsi tLon GPRALA U3 19lean BY IELAOLAREOL MY NG O cplal m
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suppl i ed suchinhetr tslerfacesr atfe thei ordpattican tiber ihecgas and rieyndveglen

gas is in the_r g,of, . 5. 1.tob 3...13.. .The infil osi.tjon
appar at us é(:I egﬁi%ﬁéuﬁetdﬁ&?r&@f@rt inﬁg tihc? Eleg‘lcrtﬁlf?, § eerezl ; rar&?% §al Srig gas
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11 m deposi £1 BN SHRmSATsBel SRRt SR Bt ng At cFap nf tr thRE B
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fluorine gas and hydrogen fluoride gas, while
maintaining the flow rate ratio between fluorine gas and
hydrogen fluoride gas at 1 : 1.

15 As is apparent from data on the result of cleaning
by Example 3 and Comparative example 4, although silicon
nitride etch rate increases when the temperature of the
reaction tube 2 is raised from 300°C to 400°C, quartz
etch rate and 8SiC etch rate increases greatly and,

20 consequently, SisN; selectivity decreases. Thus, it was
proved that it is preferable that in the cleaning
process, similarly to the cleaning process using the
cleaning gas containing chlorine gas, the interior of
the reaction tube 2 was at 300°C lower than 400°C and a

25 cleaning gas containing hydrogen fluoride gas was used
to enhance silicon nitride etch rate without decreasing
SiszN; selectivity (maintaining SisN; selectivity at a high
level). It is preferable that in the cleaning step using
the cleaning gas containing hydrogen fluoride gas,

30 similarly to the cleaning step using the cleaning gas
containing chlorine gas, heats the interior of the
reaction tube 2 was heated, for the cleaning step, at
temperatures below 400°C. More preferably, the
temperature in the reaction tube for the cleaning step

35 1is in the range of 250°C to 380°C.

Examples 6 to 8



34 tenperature in the range of 250C to 380C in the heating step. 17. The
thin filmdeposition apparatus cleaning nmethod according to claim1,
wherein the cleaning gas is diluted with a diluent gas to produce a diluted
cleaning gas, and the diluted cleaning g&°is supplied into the reaction
vessel. 18. The thin fil mdeposition apparatus cl eaning nmethod according to

claim17, wherein t hls U, ' Jner - o788ni BN mbichBY
deposi tion appar at uggclqgé#i %l%g%ég}%&lodr}gi#gl toa% ai ﬁ”l ?nvﬁgrreni n thisn
films fornmed on tBxamplapi €éceto aBe s¢lemwingi grsds fedmiaiminrg t BEMONiACON

nitride deposited jg.the,Lhin f41 M ICRON ;0N aRRAr Al Ui, el L he
cl eani ng step? When déposSiting the siltconnitrirde filnms on the workpi eces
with the cl easeigcgdviti@s Ant fbyn Hxidmplesposi to o8 wepear determivedi By @et hod

of cl eani a thin filmdeposition,appar.at renpvi deposi i ng
to the inrer SGHPSCe 8}mh§£’éxht§us§:h$i‘p‘pgi%f F%ra c%rem'n?g t mgfi rr{séo%q'rig
wor kpi eces by degoplitieg a jupoessisjascliednimg r eaethod vesseExampleded i n

the thin fil mdeposition apparatus, and di scharging gases_fr h ction
Vessel nto tHdRTRSs BN pe e (T $1% o EERoRre 3RS aBpatar e SEMERT ng
met hod conpri 9.0 thémbhepnd heans nl/mhni Meere osupplidd, exempsictpived yat a

predeterm ned tenperature;_and_cl eaning an _interior of.1he exhaust . pi_pe by
suppl ying a cng‘é{ﬂDri'gs gt ERWt a?nlcﬁ‘ﬁainllagr iRE J5S %‘ﬁ%p%fﬁegdaf‘t %\?%aé‘aé-’lpc

capabl e ofo pr quot Lpgibhei Agdi aid Onndlert heubkuoB i NMaapasd | BitD Bbe°@Xxkaiibt
Phe"cl eani ng GRS PHALIG! cBbt & e TRtPEhparattt @15 B8t A4S EREE)r uorihe
gas cont ai ned thir heecimand@gogbtion 3appadatesovicigahhiagdemesihicglswi tim t he
activated fIu(‘)E‘.rxiarr]n?ales 7 and 8, cleaning gases having fluorine gas
concentrations and ammonia gas concentrations different
15 from those of the cleaning gas used in Example 6 were
used. Measured data on the result of cleaning by
Examples 6 to 8 is shown in Figs. 9 to 11.
It is obviously known, from the comparative
examination of data on the result of cleaning in
20 Comparative example 1 wusing the cleaning gas not
containing ammonia gas shown in Figs. 3 and 4, and data
shown in Figs. 9 and 10, that the cleaning gas
containing ammonia gas is capable of etching silicon
nitride at a high etch rate and has high 8SisNg
25 selectivities with respect to quartz and SiC as shown in
Figs. 9 and 11. The cleaning gas containing ammonia gas,
similarly to the cleaning gas containing chlorine gas,
is capable of removing silicon nitride adhering to the
inner surfaces of the reaction tube 2 without
30 deteriorating the reaction.tube 2 and the jigs.

It is preferable to supply the cleaning gas into
the inner tube 3 like Examples 6 to 8, such that the
flow rate ratio between fluorine gas and ammonia gas is
in the range of 2 : 1 and 10 : 1. Such a cleaning gas is

35 capable of etching silicon nitride at a high etch rate.

It is more preferable to supply the cleaning gas into



gas.‘_ 21. The thin filmdeposition apparatus cl eaning nmethod according to
claim20 wherein the cleaning gas is supplied through the reaction vessel
into the exhaust pipe. 22. The thin fil mdeposition apparatus cleaning

met hod according to claim20, wherein the&&l eaning gas is supplied through
an inlet port fornmed in the exhaust pipe into the exhaust pipe. .A A9.A%A
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10.12 1/min into the inner tube 3 heated at 300°C and
maintained at a pressure of 53,200 Pa (400 torr). In
thin film deposition apparatus cleaning methods 1in
25 Examples 10 and 11, cleaning gases having fluorine gas
concentrations and hydrogen gas concentrations different
from those of the cleaning gas used in Example 9 were
used. Measured data on the result of cleaning in
Examples 9 to 11 is shown in Figs. 12 to 14.
30 It is obviously known, from the comparative
examination of data on the result of cleaning in
Comparative example 1 using the cleaning gas not
containing hydrogen gas shown in Figs. 3 and 4, and data
shown in Figs. 12 and 13, that the cleaning gas
35 containing hydrogen gas is capable of etching silicon

nitride at a high etch rate and has high 8SisN;
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the inner tube 3 1like Examples 9 to 11, such that the
flow rate ratio between fluorine gas and hydrogen gas is
10 in the range of 5 : 1 and 5 : 3. Such a cleaning gas is
capable of etching silicon nitride at a high etch rate.
It was verified that the silicon nitride etching effect
of the cleaning gas does not change significantly even
if the flow rate ratio between fluorine gas and hydrogen
15 gas changes in the range of 5 : 1 and 5 : 3. Therefore,
high silicon nitride etch rate can be achieved even if
the flow rate of hydrogen is not controlled precisely.
Thus, the use of hydrogen gas as an additive gas can
facilitate the control of the flow rate of the additive
20 gas.

Quartz etch rate does not increase even if the flow
rate of hydrogen gas is increase so that the flow rate
ratio between fluorine gas and hydrogen gas is 5 : 3
(Example 11). Consequently, the Si:N; selectivity with

25 respect to quartz can further be increased and silicon
nitride adhering to the inner surfaces of the reaction
tube 2 can be removed without deteriorating the reaction
tube 2 and the like.

As is apparent from the foregoing description,

30 according to the present invention, the cleaning gas
containing the additive gas 1is capable of etching
silicon nitride at a high etch rate without heating the
reaction tube 2 at an elevated temperature. Since the
Siz:N; selectivity does not decrease when the cleaning gas

35 containing the additive gas 1is used, and hence the

reaction tube and the Jjigs are not deteriorated easily.
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reaction tube 2 may be heated at a comparatively low
temperature for the cleaning step, which further reduces

10 the deteriorating effect of the c¢leaning step on the
reaction tube 2 and the jigs.

According to the present invention, the cleaning
gas containing nitrogen gas as a diluent can facilitate
setting a cleaning time for the cleaning process.

15 The present invention is not limited in its
practical application to the foregoing embodiments, and
various modifications of the foregoing embodiments and
applications of those are possible. Modifications
according to the present invention will be described.

20 The cleaning gas may contain any type of gas as an
additive gas, provided that the additive gas is capable
of promoting the activation of fluorine gas. Such a
cleaning gas etches silicon nitride at a high etch rate.
The cleaning gas may contain any type of additive gas,

25 provided that the cleaning gas is capable of etching
silicon nitride at a high etch rate without decreasing
SizN; selectivity with respect to materials forming the
internal members of the thermal processing apparatus 1,
such as quartz and SiC. The reaction tube 2 and the jigs

30 are not deteriorated significantly when the cleaning gas
has a high S8isN; selectivity. The additive gas may be a
halogen gas, such as bromine gas (Br;) instead of
chlorine gas, hydrogen fluoride gas, ammonia gas or
hydrogen gas.

35 Although the invention has been described as

applied to removing silicon nitride deposited on the
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ammonium chloride.

10 When the reaction product, such as silicon nitride,
and a reaction byproduct, such as ammonium chloride or a
Si-Cl1-N-H compound, deposited particularly on the inner
surface of the exhaust pipe 17 of the thermal processing
apparatus 1, those deposits can effectively be removed

15 with the cleaning gas containing fluorine gas and the
additive gas that promotes the activation of fluorine
gas.

To remove the deposits deposited on the inner
surface of the exhaust pipe 17, the cleaning gas is

20 supplied through the reaction tube 2 into the exhaust
pipe 17. The cleaning gas may be supplied through an
inlet port 17a formed in the exhaust pipe 17 into the
exhaust pipe 17. The deposits deposited on the inner
surface of the exhaust pipe 17 can effectively removed

25 by heating the exhaust pipe 17 with an exhaust pipe
heater 17b. _

Although the foregoing embodiments of the present
invention use the cleaning gases containing nitrogen gas
as the diluent gas, the <cleaning gases do not

30 necessarily need to contain the diluent gas. However, it
is preferable to use a cleaning gas containing a diluent
gas because the cleaning gas containing the diluent gas
facilitates setting a cleaning time for the cleaning
process. Preferably, the diluent gas is an inert gas.

35 For example, helium gas (He), neon gas (Ne) or argon gas

(Ar) may be used instead of nitrogen gas.
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once every several cycles of the film deposition process
or once every one cycle of the film deposition process.
The life of the internal components formed of quartz and
SiC of the thermal processing apparatus 1 can further be
extended by cleaning the interior of the thermal
processing apparatus once every one cycle of the film
deposition process.

Although the invention has been described as
applied to cleaning the batch-furnace vertical thermal
processing apparatus provided with the double-wall
reaction tube 2 consisting of the inner tube 3 and the
outer tube 4, the present invention is not limited
thereto in its practical application. For example, the
present invention is applicable to cleaning a batch-
furnace thermal processing apparatus provided with a
reaction tube not having any tube corresponding to the
inner tube 3. The workpieces are not limited to
semiconductor wafers 10, and may be, for example, glass
substrates for ICDs.

As 1is apparent from the foregoing description,
according to the present invention, the deposits
deposited in the thermal processing apparatus can be
removed without significantly deteriorating the reaction

vessel and the jigs.
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films on workpieces by supplying a process gas into a
reaction vessel included in the thin film deposition
apparatus, said thin film deposition apparatus cleaning
method comprising the steps of:

heating an interior of the reaction vessel at a
predetermined temperature; and

cleaning an interior of the thin film deposition
apparatus by supplying a cleaning gas containing
fluorine gas and an additive gas capable of promoting
the activation of the fluorine gas into the reaction
vessel heated at the predetermined temperature, heating
the cleaning gas at a predetermined temperature to
activate the fluorine gas contained in the cleaning gas,
and removing the deposits with the activated fluorine
gas.

2. The thin film deposition apparatus cleaning
method according to claim 1, wherein

the deposits are removed and the interior of the
thin film deposition apparatus is cleaned by supplying
the cleaning gas containing fluorine gas and the
additive gas capable of promoting the activation of the
fluorine gas and of increasing etch rate for the
deposits without decreasing selectivity with respect to
the materials forming the internal members of the thin
film deposition apparatus, into the reaction vessel in
the cleaning step.

3. The thin film deposition apparatus cleaning
method according to claim 2, wherein

the additive gas is chlorine gas, hydrogen fluoride
gas, ammonia gas or hydrogen gas.

4. The thin film deposition apparatus cleaning
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5. The thin film deposition apparatus cleaning
method according to claim 3, wherein
the deposits are removed to clean the interior of
the thin film deposition apparatus by supplying a
cleaning gas containing fluorine gas and hydrogen
fluoride gas into the reaction vessel heated at a
predetermined temperature in the cleaning step.
6. The thin film deposition apparatus cleaning
method according to claim 3 or 5, wherein
the cleaning gas containing fluorine gas and
hydrogen fluoride gas is supplied such that the flow
rate ratio between fluorine gas and hydrogen fluoride
gas is in the range of 1 : 3 to 3 : 1.
7. The thin film deposition apparatus cleaning
method according to claim 6, wherein
the cleaning gas containing fluorine gas and
hydrogen fluoride gas is supplied such that the flow
rate ratio between fluorine gas and hydrogen fluoride
gas is 1 : 1.
8. The thin film deposition apparatus cleaning
method according to claim 7, wherein
fluorine gas and hydrogen fluoride gas are supplied
at a flow rates not lower than 2 1/min respectively.
9. The thin film deposition apparatus cleaning
method according to claim 3, wherein
the deposits are removed to clean the interior of
the thin film deposition apparatus by supplying a
cleaning gas containing fluorine gas and ammonia gas
into the reaction vessel heated at a predetermined

temperature in the cleaning step.
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11. The thin film deposition apparatus cleaning
method according to claim 3, wherein
the deposits are removed to clean the interior of
the thin film deposition apparatus by supplying a
cleaning gas containing fluorine gas and hydrogen gas
into the reaction vessel heated at a predetermined
temperature in the cleaning step.
12. The thin film deposition apparatus cleaning
method according to claim 11, wherein
the c¢leaning gas containing fluorine gas and
hydrogen gas is supplied such that the flow rate ratio
between fluorine gas and hydrogen gas is in the range of
5 :1 to 5 : 3.
13. The thin film deposition apparatus cleaning
method according to claim 12, wherein
the cleaning gas containing fluorine gas and
hydrogen gas is supplied such that the flow rate ratio
between fluorine gas and hydrogen gas is 5 : 3.
14. The thin film deposition apparatus cleaning
method according to claim 1, wherein
internal members of the thin film deposition
apparatus are formed of at least either quartz or
silicon carbide.
15. The thin film deposition apparatus cleaning
method according to claim 1, wherein '
the interior of the reaction vessel is heated at a
temperature below 400°C in the heating step.
1e6. The thin film deposition apparatus cleaning
method according to claim 15, wherein

the interior of the reaction vessel is heated at a
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the cleaning gas is diluted with a diluent gas to
produce a diluted cleaning gas, and the diluted cleaning
gas is supplied into the reaction vessel.
18. The thin film deposition apparatus cleaning
method according to claim 17, wherein
the diluent gas is an inert gas.
19. The thin film deposition apparatus cleaning
method according to claim 1, wherein
thin films formed on the workpieces are silicon
nitride films, and
the silicon nitride deposited in the thin film
deposition apparatus is removed in the cleaning step,
when depositing the silicon nitride films on the
workpieces with the cleaning gas.
20. A thin film deposition apparatus cleaning method of
cleaning a thin film deposition apparatus by removing
deposits adhering to the inner surface of an exhaust
pipe after forming thin films on workpieces by supplying
a process gas into a reaction vessel included in the
thin film deposition apparatus, and discharging gases
from the reaction vessel into the exhaust pipe, said
thin film deposition apparatus cleaning method
comprising the steps:
heating an interior of the exhaust pipe at a
predetermined temperature; and
cleaning an interior of the exhaust pipe by
supplying a cleaning gas containing fluorine gas, and an
additive gas capable of promoting the activation of the
fluorine gas into the exhaust pipe heated at the
predetermined temperature in the heating step, heating
the cleaning gas at a predetermined temperature to

activate the fluorine gas contained in the cleaning gas,
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and removing the deposits with the activated fluorine
gas.

21. The thin film deposition apparatus cleaning
method according to claim 20 wherein

the cleaning gas is supplied through the reaction
vessel into the exhaust pipe.

22. The thin film deposition apparatus cleaning
method according to claim 20, wherein

the cleaning gas is supplied through an inlet port

formed in the exhaust pipe into the exhaust pipe.



