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‘5 TECHNI CAL FI ELD The present invention relates to a thin film depositi-on---
apparatus cl eani ng net hod and, nore speC| fically, to a thin film

depositi on apparatus cl eani ng method, of renovij ng deposits deposited on
the 10 inner surface of the thin fil mdep05|tion apparatus during a
process for formng a thin filmon apesydeapagenwy such as a sem conduct or
waf er. BACKGROUND ART 15 A sem conductor dévice fabricating procedure

i ncludes a thin filmdeposition process, such as a CVD process (chem cal
vapor deposition pregesspILiObEPOSITION ApbARATHS | MLEANDNG agEBaem | i con
dioxide film a silicon nitride fitmor thne IiKe, on a worKpi ece, such as
a 20 sem conductor wafer. Such a thin filmdeposition process uses a
thermal procesgi-pgRPRAGEYH as shown in Fig. 15 to forma thin filmon a
sem conduct or “wafer—py tfie —fol |l owi ng procedure. A heater 53 heats a

doubl e-wal | reacti ofheub®rsEents davsindiony slelatesnndo t Goe thia akdléh
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exhaust port [ ri 10N at.,a
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52 has bet® sémrar t lsarfieedet ofni ibe r thiinedfipn estapasi praotesprgasddisar e
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35 gases undergo a herfa reac I on Feaction product produ by

t he thernal reasth ge depEmicoducetor WESEP 2005

BACKGROUND ART

15 A  semiconductor device fabricating procedure
includes a thin film deposition process, such as a CVD
process (chemical vapor deposition process), for forming
a thin film, such as a silicon dioxide f£ilm, 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 doubkle-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




2 surfaces of the semconductor wafers 54 to formthin filns on thef SEP 20“5
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 58 connected to the exhaust port 56. Atrap
and a scrubber and such, not shown, are placed in the exhaust pipe 58. The
trap renoves sierd@act io¥n phodudmidithdid@ir subgkbaacess qont abpd tHid he
wast e gases to_di scharge the waste 10 gases fromthe thermal processing
unit 51 after FHERRIAH ngie HINERTRS (oS eshpaf A bendypker esrtedh Bt oduct
produced by the thingddddn qd8RASIHARLIUPLCESS tdRPOEHIS BN OO £Adher es
not only to) the surfaces of thé sem conductor wafers 54, 15 but al so on
(but al so to) RFReEeFHersur fhechasgedheoutpibdenithey othssinad WwHecs3sing
i ncl udi ng ghe Wdyer s3ur tReBughl 44e d uBg na2a5@n d ages o
jigs. If the thin filmdeposition Sir:éc?).lc%gssseig ggn??nug: et by v
processi ng uniexXBALSEt Rore Tact Aortyarodercd adregriulgben 20dt Isardsi det
surfaces of t r r ing. uni.t 51 r | o opr od '
eventual |y co%%‘?‘?’ g%ld:eopgggéég glar?t i C ees?x?ﬁggﬁaﬁl%‘% esgsc'ont g‘%ngn\é\géé? he
sem conduct or Yermeves 54thehi cleadduwes phedyetl daofl  sdiiesondselbstadessces
whi ch are man usi ng e m ct f C ani d
wi th those p;%'?'?%#{elgngosugvg%% sﬁgﬁ‘?gr o%%%]&e]%, tgé c}&gas%:i%d:%%r Ogg%g"ﬁg{g
carried od0 afgases he friobn fihen dépesmbilon prassssidms ubgen 5dpeadEtler
several tines t t I rocessing unit 51. The cl eaning
process heats %%é&éfglg t?@% {?%%ggﬁgg?gaﬁ%%gg?gfm ned tenperature by the
heater 53, supplies Ehel emdciy gas prodouetaspacfihioedi dey dds ithtio tHelm
heat ed reactio t Q. renove et.chin he reaction ,product adhering
to the inner @%ﬁégf Jg%rés%%ﬁocﬁsest%épr?al%ﬁr ogggsi%%f%nﬁn S(Bdgeres hoE
only to) the surfaces of the semiconductor 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 tube 52a and the surfaces of jigs. If the
thin film deposition process is continued in the thermal
processing unit 51 with the reaction product adhering to

20 the inside surfaces of the thermal processing unit 51,
the reaction product will eventually come off and
produce  particles. The particles contaminate the
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 clean 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



The fluoride gas for such a purpose is a 2 8 SEP 2005 3 perfl uoroco@)gug’é‘,’ 20“5
.such as CF4, C2F6, NF3 or SF6. GCenerally, the perfluoroconpond has a | ong
life. For exanple, CF4 |asts 50,000 years or |onger. The em ssion of the
per fl uoroconpound into the atnosphere causes 5 gl obal warm ng. Since there

Is the possibility that the use of the fluoride gas as a cl eaning gas

negatively aileglsdrlRdmRbaly enviuenment, simdi ex,kgye Regn gade spQ use
a cleaning gas other than the perfl uoroconpoun such_as fluorine %as (F2)
10 The i nt eri GeneradAy r chkei enfdpemranrandebpgatedlong tHee- For
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product at a desifed etch rate to Trenove the reaction product deposited on

the inner surffacddenf e lnenoaempsusks sitie urfie 5 RUIHsPhSHSer (SGRUSES of
the reactign 21%%5% 0 fgat hi Bt at wee ot fiay,
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tube 52 19 healieodd eho SNl gl { SIRGLALLT & (i 400Gt diepbBACAN t Ube

52 formed of quartz ] 1gs sflicon carbi de
etched at etcha ates ai glerntihgn gamatottiemhiban tthe meadilivwrquarhming s

etched,, and r ti r.oquct elecgtihvity, i.e., the ratio between etch
rates for the reagégtﬂlﬁélr?q%rnoedt?és aﬁstdz)t'he mat eri al, decreases.

Consequent®y, the r&het iiortemilve ©F furereckaadtippartube &8 misie He qgeatttﬁdred
of SiC are det en the ~:ge%ction enosi eno
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surfaces of the thermal processing unit 51. The interior
15 of the reaction tube 52 needs to be heated at a high
temperature of, for example, 400°C, to etch the deposited
reaction product at a desired etch rate using fluorine
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 guartz, and
the jigs formed of SiC 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




35 deposited inside the thin fil mdeposition apparatus, suppressiZn% 35% 20&5
deterioration of a reaction vessel and 2 8 SEP 2005 4 jigs. Another object
of the present invention is to provide a thin filmdeposition apparatus

cl eani ng method capabl e of etching deposi4s deposited inside the thin 5
filmdeposition apparatus at a high etch rate. A third object of the
.present i nventjiqus.to provide a thin filmdeposition apparatus cl eaning

met hod capabl e "of renoving deposits deposited inside the thin film

deposi ti on appar at uSngther hehisal | f othe rexesedh Igvertien hbateeP at a

| ow t enper at urg.oAGEOT di PR1 L O£t r .l.nv | t i d

deposition ap aroat us c egﬁﬁ'\gf}rg?hggﬁ%f%ﬂtgﬁggn%%yaa 'Ethu%n cl:lfél]a[rfnj’ldcfjgp%es?%?%n
appar at us by reanably éépostehinghalepupittso dappahbedsunisicks &het hghithin
filmdeposkti Sifi | n_f] wor kpi eces by
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deposi ti on appar at us? comprd sebjéhe oft ¢he giresleedt iimgyention ere gprofidde
reacti on vessel ...a edet erm.ned tenperature; .and .cl eani n_J | or
of 20 the thi MM AShEE: CEBRARar e g LT i N it ergael &
cont ai ni ng fl usf i neemgasirand depcaddid | depgad teclhpabsédef phenothig tHielm
activation of Crlhe fJJ-ui)rrilne as _.nto th% reacti.on vessel at ed aéctpg

pr edet er mi ned %%%e‘fa?uréﬁi}?eraaﬁ%g PidPcl Ba%i an’ st & pr%de?%rr‘r?’ne% 25
t enperat uie t vesdelateatdd dtusrioe gaspesataraed in the cleaning gas,
and renoving the deppsits.wth the . activated fluorine gas._ Accordi to
the present inventi dPCCTRERY edfi nfRe g&F S5y ppliV el i‘ﬁgo the éé'ct?%}ﬁm
vessel heated dépddictid0 pppdehens rAdadrdmpe mdtied bbe clleamiingg xyashin

supplied into reaction.vessel is heated at the pregdeter.m ned .
t emperature, a%’gﬁf‘ h§?§’8§?lﬂzﬁ8r‘f Iatﬁﬁaf’??et‘bsasméoﬁﬁﬁ‘f’ﬁéﬂgi r'fgepc’SltS adhering
to =a

inner surfaces of the thin £film deposition

15 apparatus after depositing thin films on workpieces by

supplying a process gas into a reaction vessel included

in the thin film deposition apparatus comprises the

steps of: heating an interior of the reaction wvessel at

a predetermined temperature; and cleaning an interior of

20 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 wvessel 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 wvessel heated at the

30 'predetermined temperature, the cieaning 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 1is

promoted. Since the activation of the fluorine gas is



the cleaning gas is activated. Since the cleaning gas contains t%g SEP 2005
.additive gas capable of activating the 35 fluorine gas, the activation—of---
the fluorine gas is pronoted. Since the activation of the fluorine gas is
2 8 SEP 2005. 5 thus pronoted, the depositss adhering to the interior of

the thin filmdeposition apparatus can be etched at a high etch rate. The

etch rate for (hhe 4eRARddss | Sthi 9BepaBdtbenadatiagt amperiad UL Rtehibheof
reaction vessel may be 5 |low. Thus, the tenperature in the reactjon vessel

may be | ow dimhiengthhe fadoyaderdsielni BBPaEREYSt €@l nPehetched 3% @
deposition apﬁ%gfg%; Létthcrﬁcfgwi NgrtQ LREnt Q%%ﬁf idJp deposhihosi eppasahigh
(0] (0]

cl eaning neth e present invention, the deposits 10 are renoved and
the interior ehd Hendsnthel teuppsstiren iappdeatigreian cepedeby™¥pPYyi ng

t he cl eani ng C I ni f ri S .an h ARY C e of
pronoti ng ?heq'g%’t'i vg‘?'}u%ﬁ c’f?% #gﬂﬁeﬁgﬁu%% é’%sQQtr?d%g?%lm&:lr grae%?%l ?%gbet_%ch
rate for the deposhimsing ttioait r&bodelrefisdegosiétectdeppsitert. én thige thdfl o of
the etch rate ,floréhe di 1‘o(_)srixt‘_ﬂtoarth:al;tsfor the materials form ng the
internal menbdre PR T HIN ARRA D051 ti on apparatus, into the reaction

vessel in the cleanimg:ctdimg Atoorthag tdrnt héipmesdaposihvion | apradstus

cl eaning 20 s supplied, nto the reaction ves ches Jis at
a high etch r%E%Eewjtrﬁ%ufneagﬁieaosgi]nﬁﬁes@réeéstelnw t%e\\%\%ﬁlé}g’sprggtg to it Ee £

mat eri al s1bor Mmg tdrovédt andakheetheesiot blie thiei thiinl MidepakEndsirtion
apparatus owing to the ency. of the.additiv as. e Mo 25 e
deposits depost 3t h(aeji';? hi‘%]"EI"EIII'Il delﬁf)si?f%ﬁl At argaiéusa%g%‘i)leHQer%%%d,
suppr essi ng t heorfied aiing aflooringé ghe iandcerited addbeive obasheapaibd o i

deposition apparatus, sugh as the reactiop vessel..and..the [ids. cordi ng
to the thin fiRTRREHHTiD a &Fé’?&%""somgl e§h ngﬂr?ecg‘hltcl)"(? o{ga heafgges"ré%t

i nvention, chlixi¢reagisg the etch rate for the deposits without
15 decreasing selectivity, i.e., the ratio of the etch rate
for the deposit to that for the materials forming the
internal members of the thin film deposition apparatus,
into the reaction vessel in the cleaning step.
According to the present invention, the cleaning
20 gas supplied into the reaction veSsel etches the
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 é}.-eaning 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



hydrogen fluoride gas, ammoni a gas or hydrogen gas is used as an A@dSEPvgﬂﬂs
gas. According to the thin filmdeposition apparatus cleaning nethod-of ----
the present invention the deposits to 35 are renoved to clean the interior
of the thin filmdeposition apparatus by fupplying a cleaning gas 2 8 SEP
2005 6 containing fluorine gas and chlorine gas into the reaction vessel

heated at the d?frﬁgaq[rﬁrrfq ”%*&Eﬂ%at&ﬁg LAqat h%h%%i‘?langg_%rsep-irﬁ\.%or@{élg to
the present invention, the cleaning "5 gas contains fluorine gas and
chl orine gas, reattitarhevessat depded tat the hipghdetemined Wienmmpature

decreasing selectiVvity.with r ct to the materials formng the internal

menber s of thg%ﬁﬁésf%%%¥%gg%§$%$§h apparatus. Consequently, the deposits

deposited in the thidedaddark) Hepdsid i preappér dtruserdaiorbe Ebsov@dzaning

suppressing th d Loratign of. the internal rs of _th hi '

deposi ti ongap {5t ggs’,gl&%g%% as uﬂ%elnreea%ﬁ oﬁn\gescshe Oq:ta%'(r?f‘de € Se’j %Stg e;%:c}:ljbér%q ng

to the thin fithe delegsidiitan appas athisgh 1=tehearahg meibboudf ddmremssigent
are . tenpved t the interior of the thi,n film

i nvention, the_ deposits | ea

Goposi ¢ 1 on ap RS BEE A MoaeFBaritn TBEs TAGHIAT ngOFPIER: Ny as
and hydrogen finkosteel gasmbetre ofheclHeeathiwnfiyesseelegadttdbmtapparatus.
predeterm ned 20 tenperature_in the c|gani st.ep., Accordi ng,to_t he,
present invent(f‘?)’?‘rs,e%rg" %’an%ﬁ’& ‘éﬁgoﬁbﬁ§aic{%‘ﬁ néngaﬂj@an E"I‘I?dr%glerﬂ
fluoride gas, dwsbsitibolepgdrmttie &dfthedeat ramovBtigh stppréessenyd titoat

decreasing selectivijty wth respect to. the terials 25 form .t he_.
internal  nenbeRESTLeARTI 0 nOF; [tHeIchBESTRD S75 | EDfs diSht FYL™t he

deposi ts deposdépsisitidme apiairathid,m geprsidd ofhappasadtisorar eekerlyesnd
suppressi ng tteedjeitgeéjoration of the reaction vessel and the jigs.
According to the thin film deposition apparatus
15 cleaning method of the present invention, the deposits
are removed to clean the interior of the thin film
deposition apparatus by supplying a c¢leaning gas
containing fluorine gas and hydrogen fluoride gas into
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 cleaﬁing 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
Irange 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




According to the thin filmdeposition apparatus 30 cl eaning nethdﬂﬁoSEPWﬂmﬁ
present invention, the cleaning gas containing fluorine gas and hydregen
fluoride gas supplled such that the rowL{ate rati o between fluorine gas
I's supplied and hydrogen fluoride gas is i'n the range of 1 : 3 to 3 : 1.

35 When fluorine gas and hydrogen fluoride gas of the cleaning gas is

suppl i ed such BdwatedierfhOM it @as abhQ Ry8rSEEN28000F1B6t ween ifd uar ites gas
and hydrogen fluoride gas is in the ran 3tol: 1, the etch rate

for the deposi¥angfiePbsited3i nteht fhitn %ﬁ?nﬁ&@ﬁa§QﬁQNfQﬁnﬁh%uQEPo%&ﬁF

selectivity wWddpsespast ih0 the maiedi ailslnf oaagagﬁtli@nS apbaradhsiendeds of
the thin filmdeposition apparatus are high ccording to the thin film

deposi ti on app¥tRetiviteaning reesRRChl thetheedrienimient fOATIPRe the
cleaning gas GOpLALIN NELLUQLT NG 9RFeaN4, iy OF PORN dblldan d@ndasphsrdfus

supplied such that the flowrate ratlo between fluorine gas are supplied
and hydr ogen f&n%rmkmhgas iIs 1 : 1. In this case, selectivity with respect

to quartz generally,ls fLar nternal f | hd m
deposi tion apparatuses |s]ﬁ&ght% nk ccJBSV%QE?%H?hggFEPEE?PPn1%é?%gﬁﬁ+%n
apparatus cl eahémgimet hedhotl tdle phes@mesententnvantipner ithe gaseanhug

hydrogen Tl “OQF%Q%Sﬁtél{&é&pﬁihﬁglﬁss gt Lyl ¥, PE%:QJQ Vflr@cﬁ]a%é'z% J?O#“r

than 2 1/ mn. I's case eposi s deposi the t
depositioﬂOapmmmwlmedSSBCbh@ﬁau thdn@#pwtchteamathyhbtﬂﬁqnnfbu@ylm#th

Cl oani ng et nod 6r 2 PR BPRLERT i By s Bablf LA AL R dRERE 3 B EEPRE T 1S

clean the interior oInthbishiaade ) ns@bedtpusiyi mtetppaeapastbwcsugphytng a

cleaning gas conLal §g,ELUOE IS Qa5 A0 AICThEIR 1! HoudLAGE! Pfin
film deposition apparatuses is high.

15 According to the thin film deposition apparatus
cleaning method of the present invention, fluorine 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 c¢leaning 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 deposité' 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 Jigs.

According to the thin film deposition apparatus




vessel heated at a predeterm ned tenperature. According to the pr%@eﬁEP 21]05
I nvention, the cleaning gas containing fluorine gas and ammoni a@ gas “etches
the 30 deposits at a high etch rate without decreasing selectivity with
respect to the materials formng the intéfnal menbers of the thin film
deposition apparatus. Consequently, the deposits deposited in the thin

film depositionAppas ahdenale Jmeyed ©sshfanths ,35tfh<§et81égﬁfﬁ on
of the reaction vessel and the jigs. AcCcording to tll-"lle thin T11m deposi tion
appar atus 2 8 WBEP 2oubagningaflngrireeh@psofandeapmesdat gawy et | owppl hed

cleaning gas SR ALRLRY (Al dlp 028atl AUDOLA,EAY e3,80RL! Ghs SHER

that the flowrate ratio between fluorine gas an anmoni a gas i
range of 2 : PMROMIR gas Bs |imtthe cvanee ¢fie2depbsteosldeposited in the

thin filmydepositi a at are.etc a high etch.rate,.. and .
selectivity with reg%ecgﬂ?% tc%e%’erfat%lr%%apggf’%?‘r%sngé&f%%l?en? et Haltfenbi2 of
the thin fil midebunsi¢eponi tbppanppasatsshagh. et@haec artdianchigh tdiech hratéj | m
deposition ap t cl.eani.ng nerhod of the present inventiqn, Lhe .
deposits ar epa(r’j}{edirln\l%&etcéﬁgﬁlgﬁ Yﬁ{éﬁli Ater ot of-°t he*t hift A sde%%?f‘ﬂlgn
appar at us by stippl yingeanal eamempegas «Hnt ghai nghfihuorfilen gadepadi byenogen

gas i s suppli eag 1a§rai1 19 {h reaction vessel heated at a predeterm ned
t enperature i mne. ¢ eam%g 34 p. According to the present invention, the

cl eani ng 1@as cont aiztamgrdingr itee ghe atith My dTidgendepssetibas sppardepssits
at a high etch ._{aatle.witho%glpgiecr a%ng 20 sel ectivitfy.,with respgct to the
material s fornng thee [FREPhal® & PEAHe LAVRPFPRY ddptisi fEBRSItS
appar atus. Comsequamduwed t e depeant stHeposhteeion tde tdhieh thhim film

deposition app éat us, are rem)ved,t supplrJessi n tlhe deterioration of the
reacti on vesseloRATHH i gpparatus " "by  supplying a cleaning gas

containing fluorine gas and hydrogen gas is supplied

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

According to the present invention, 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



25 According to the thin filmdeposition apparatus cleaning methGdSEP 20§86
present invention, the cleaning gas containing fluorine gas and hydrogen.:
gas is supplied such that the flowrate Ersgatio bet ween fl uorine gas and
hydrogen gas is in the range of 5: 1 to : 3. 30 In this case, the
deposits deposited in the thin filmdeposition apparatus are etched at a

hi gh etch rat &ydrsibrs j8Ctdan taasi ih Heeshmctirdiodde materials formng the
i nternal nenbers of _the tchi n filmdeposition__apparatus is high. Silicon
nitride can be et chdFSArE g kPghtRe cHhidt efédvdn FEPPHECFPRWARRAT BFUS

hydrogen gas il ediing ORbtRbLEEG I €84S PrescRINSHMEN 1 dn, t he el | oMedpd gy of 2
8 SEP 2005 9 hydrogen gas, can_easily be controlled. According to the thin
fil m depositi GFSFRRFERIRI NS ERP R AedRddaBe hNErpgese RS iverftiritiadhe

cleaning gas LM atRaPY thielOFIdie H38e2R4 tKINAASRO2Srl SostRRl igad Sai¥ch
that the flowrate ratio between fluorine gas and hydrogen gas’is 5 : 3.
In this case, hrQgeh gag el$ 0t qulrtz generally wused for forning reaction

vessels is low, so thatyhhe HeROSIi{e, dggeﬁiet d Ngbpe qhahR »f i#{g&%t i on

apparatus 10 can be renoved, suppressing t eterioration of e reaction
vessel . |In theged nfer| faape t reachpear massallseahs ndovnet $od thatortheg to

the present |aidin, &diSoSPLER! 2hs cnbOLNiRO Aifle, IdURNAl: PSS Lfud e
thin filmdeposition 15 apparatus i1 nclude at [east erther quartzZ or silicon
car bi de. ABcorgithgbeo rewmovedn fétppdepsbigi dheapgetaricoradiioani af§ netdod

of the present,.dnventi A interior of the reaction vessel is heated at
a terrperature%eéf%w ﬂ20 4%%%?1 n the heating step. According to the thin

fil m deposition appadimat yhe cltddm nfidst hdeposithenprageatatugsentiemindge

interior method according to the present invention, the materials
forming the internal members of the thin film deposition

15 apparatus include at least either quartz or silicon
carbide. |

According to the thin film deposition apparatus
cleaning method of the present invention, the  interior
of the reaction vessel is heated at a temperature below

20 400°C in the heating step.

According to the thin film depositibn 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 etch rate, while suppressing the
deterioration of the reaction vessel and the jigs.

According to the thin film deposition apparatus

30 cleaning methéd of the present invention, the cleaning
gas 1is 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 f£film deposition apparatus

35 cleaning method of the present invention, uses an inert

gas 1s used as the diluent gas.




of the reaction vessel is heated at a tenperature in the range ofZ @58EPt2005
380C in the heating step. 25 By heating the interior of the reaction vessel
at tenperatures in the aforesaid range, the deposits can be etched at a
high etch rate, while suppressing the detBrioration of the reaction vessel
and the jigs. According to the thin filmdeposition apparatus 30 cl eaning

method of the presemy WGl i &e &08uEL§2BH AN HES ghs bl WA M Bme
diluent gas to produce a diluted cleaning gas, ang the diluted cleaning
gas is suppli &@®r it FaHLY et ilgn Wesseleamaedrafiery to the thin film
deposi tion apparat usgy, 3%hel eaRkR9 EBtRod : L e Lment i A an
I nert gas is used asnthe di 'uent gas. Zd%é%%geyglé;%a%/ usli ng&trbhae ﬁut ed
cl eani ng gas, metdiashni agcerdiEng cahobe thesi byresenti n invendliseni ngistiaen | n
the thin fglm {41 par.at ni.ng t .CC in o.:th
present i nventrﬂg%,q%s% I ?g%lﬁg %r% tt?;?lg{la&?i {){rjlrs tgr%g ‘?oglﬁ[réc?%ernsd’t h%n%orl pﬁté}:ees,
and in the cl edrgangrst eptep | $Ttbhcont niteidepdepbedtied tihe thiel rehiin riilm

deposition ap isr +.when _depositing the silicon.pifri films
on the. wor kpy CRELETSh | SEBYE LRl s R o ok iERy 1 SoPRE: Bl ente
i nvention, a tsilidon mniepbdeti dilapparat usticd eanongpiretbed ofi thl earfieng a
thin film dep&siéﬁi [ apparat us by renoving deposits adhering to the inner
surface of an €xhaus p‘fpe' after forming thin filns on workpi eces by

suppl yi ngié process gasondirgg 1%or et i prasestel ihnehtuded, i m t hRibhiFilm| m
the exhaust p b Eehr P caPbREe Srap e sr e o rf nesrParngr & ngin | |
pi p& conprise p ; a n-tn f<th
exhaust pi pe affilan pdegesétirbnehpganyiarsatiy erenddingeakkipngiak i adiestiig of
the exhaust 20, D1 RRDY; SUAP! 118260 GANLNY 35 SN 81 DL NGl bOr £ 08 835
thin films on workpieces by supplying a process gas in a
15 reaction vessel 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 c¢leaning 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 predétermined 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.{:hrough the reaction wvessel 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.




and an additive gas capable of promoting the activation of the flugrSER 2005
gas into the exhaust pipe heated at the predeterm ned tenperature in.the....
heating step, heating the cleaning gas at_a predeterm ned tenperature to

25 activate the fluorine gas contained i nithe cl eaning gas, and renoving
the deposits with the activated fluorine gas. According to the thin film
deposition apparatus cl eagidF Matdoth Wi difeoPrasentraAwment | on, the

cleaning 30 gas is supplied through the reaction vessel Into the exhaust

pi pe. According to tHid¢ht ni$i RnPEBEBRLLFoN1EHp fattusth LMEni BRP TR Frodd of

the present i 100,s e Gheadl N 19RSriad SHPPhI eddyieudhh aspbatetuport
formed in the 5 exhaust pipe into the exhaust pipe, 2 8 SEP 2005 11 BRI EF
DESCRI PTI ON Ol DR ofj ¢in 12j Prefanratht pEbodbRedE aaqandiig to

processingsg ap%gé Qe Wi & i bef pel£4 § oydeposition apparatus

cl eani ng met ho |§Bgé%%e¥erre%ﬁgln%odil rren?lgaccordi ng to 5 the present
invention is appliedifi g2 2s s addhaggeramodt = recipe of asditanee ihmn
expl ai ni ng t he il pOSiqt | appa:at us Ai.ng..met Lol he
preferred errboelﬁr%ﬁ{@%%%or dnt}}ﬁeg tgihét%lpr e?el?f%n [ ngg ??SEE&EO F?%géB Fs a
tabl e of cl eantheganondi hebhedand thes e exfresk cambrdodimerit tdecepdima@l tei | m

deposi tion appaL ggﬁ&l}ﬁa%ggng{%ﬁ?d using chlorine gas as an additive
S etc

gas; Fig. 4 isa grap oW ng rates at which 15 materials are etched
by using dloeani ng gaBeg. codt d@isi rg tellleri od gadecasiag addhtiitéogss;apdg. 5

= ea SLoPT ShouLngy 58! 5k ULLETIA D o SSAEET (0.ABA E34 VAot Eagis
apparatus c¢leaning method wusing chlorine gas as an
additive gas;

Fig. 4 is a graph showing etch rates at which

15 materials are etched by using cleaning gases containing
chlorine gas as an additive gas;

Fig. 5 is a graph showing selectivities with
respect to materials when cleaning gases containing
chlorine gas as an additive gas are used;

20 | Fig. 6 is a table of cleaning conditions and
results of execution of the thermal film deposition
épparatus cleaning method using hydrogen fluoride gas as
én 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 1is a graph showing selectivities with
respect to materials when cleaning gases containing
hydrogen fluoride gas as an additive gas are used;

30 Fig. 9 is 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;



20 Fig. 6 is a table of cleaning conditions and results of execut i grb (S‘EP 20115
the thermal filmdeposition 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 clzani ng gases containing hydrogen
fluoride gas as an additive gas; Fig. 8 is a graph show ng selectivities
with respect to matggi al §iwhes cheadhAigh JaSRSGANT &N Wk i KK QD Rri th
fluoride gas as an additive gas are used; 30 Fig. 9 is a table of cleaning
condi ti ons an&eSPESH t $f dEiien sfhamhe alifenialg f i9afsfepssintadming
appar atus cl eanidag TP S R0 R 4% a-AhsRfditive gas; Fig. 10 is
a graph showi ng etch rates at which 35 naterials are etched by using

cl eani ng gases cont d4§i-ngt2ank®niaa Fablss of addeepiveygaeendi B@EP 2065 12

g 111552 daph ShoWNooS8LEEI LY LheS Yhil cAanRert {0 dRIRIAlS uhen
cl eani ng gases contalning anmonia gas as an additive gas are sedl; 1g. 12
is a table of aFrea@ng coHdianions amthdl reming dfydeauan | gadf ashe an
thermal fil mchiQﬂ it O ppar at us cl eani ng net hod usi ng hydrogen gas as an
additive gas; |g.§-‘llri}f :bgsg graph showing etch rates at which materials are
et ched by using cl edlliong §asess cent@rapng shdrimgdregen gadess ah addidh ve
gas; Fig. 14 i5d3,0ra00 $howpgnag! ect iyl s yLLl; nLesheet Lo, filafial o
when cl eani ng gases contal ni ng ﬁydra’gen g ascan-addrtive gas are Used:
and Fig. 16 i swalssdwngtds ad em afddi tihes ngds processing 15 apparat us of

assi stance i n expl ainii ng e adhesion_of, reaction products to. the thermnal
processi ng appar at usﬂ' ES'LILQIVOBE FOR %‘Aﬁe&l W%H?%fﬁ\ﬁsf&es Wlh&

respect to materials when cleaning gases containing

hydrogen gas as an additive gas are used; and
Fig. 15 is a schematic view of a thermal processing
15 apparatus of assistance in explaining the adhesion of

reaction products to the thermal processing apparatus.

BEST MODE FOR CARRYING OUT THE INVENTION

A thin film deposition apparatus cleaning method in

20 a preferred embodiment according to the present

invention will be described as applied to c¢leaning a

batch-furnace vertical thermal processing apparatus

(thin film deposition apparatus) 1 shown in Fig. 1. The

thermal processing apparatus 1 (thin £film &éﬁosition

25 apparatus}) 1 to which this embodiment is applied will be
described.

Referring to Fig. 1, the thermal processing
apparatus 1 has a substantially c¢ylindrical reaction
tube (reaction vessel) 2 in a vertical position, and an

30 exhaust pipe 17 for céfrying 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



A thin filmdeposition apparatus cleaning nethod in 20 a preferrep§ SEP 2%35

enbodi nent according to the present inventi on w Il be described as applie
to cleaning a batch-furnace vertical the processi ng apparatus (thin
filmdeposition apparatus) 1 shown in Fi g{ The thermal processing

apparatus | (thin filmdeposition 25 apparat us) 1 to which this enbodi nent
is applied w kuakez.described. Referring to Fig. 1, the thermal processing
apparatus 1 has a substantially cylindrical reaction tube Sre%ct i on

vessel) 2 in a vertr'8& Pd§k |“6+1Pe dhdt SR eshatRt 2pBiielfor &My

gases di scharg¢d 4r amating eslseagtdOn t(gbe)2. Thes rgaatikenat Weikr G
vessel) 2 is a double-wall structure consisti ng of an inner tube 3, and a

topped outer PAFEIANEGVertagthRe Lowiear antbeol $he erant@bmuliar sPER s
defined bejwegnridhe tﬂﬂ@r 3 ubg %‘ilpf’pc%g& hgnou eguﬂgafﬂ-n_ ENJrrddipe 3

and the outer tube 4 are forned a heat -resi st material, such as 2 8
SEP 2005 13 q&zﬁ‘rttezgral‘ﬂh@ vutlr thebenanitokdubt e3P oRsSa ¥mnPrergudef draas of

a stainless st (l.@ A cited il & 15d AdEEoi rdightly to the | ower
e

end of the out er t ““he 5 inner tube 318 supported on a support ring
6 formed int egral |y Aniacvethel rignidicirpsed orreder ot granideo¥d ofn  thédatner

ci rcunf erence q o fm@fgl oV i d| er t @Id
5. A boat el evat (#&8 mvesbgﬁg c%gr %Y/%er‘tis]cal ly. %%ﬂ% 10 eI evator 8

rai ses thbﬁcoxﬁéﬁvmtcrro&os@m% boet cavef Fhéo nénsiaoltdte@i.bqﬂtw erf b 9
formed of, for gquartz is nmounted on the cover 7. The wafer boat 9
i s capabl e of maﬁf% ng a plurality of workpieces, for exanple, 15
senm conduct or wafer& 1‘@aéerpb@d$té%nf<nerde@pa@,n§qm exanpléei cauartz is
arrangement. pounted on the cover 7. The wafer boat 9 is capable of
holding a plurality of workpieces, for example,
15 semiconductor wafers 10 at predetermined spacing in a
vertical arrangement.

A heat-insulating member 11 is provided to surround
the reaction tube 2. A heater 12 having a resistive
heating element is attached to the inner surface of the

20 side wall of the heat-insulating member 11.

A plurality of process gas supply pipes 13 are
connected to the side wall of the manifold 5. Only cne
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 thfough the
c¢leaning 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




A heat-insulating nenber 11 is provided to surround the reactionZﬁb%EB.zﬂg5
heater 12 having a resistive heating elenent is attached to the inner
surface of the 20 side wall of the heat-insulating nenber 11. A plurality
of process gas supply pipes 13 are conneétled to the side wall of the

mani fold 5. Only one of the process gas supply pipes 13 is shown in Fig.

1. The procesg,ggs syRpl mbp%%e.l%dr&u%qg[g Mo ﬂ&&é%n%@%&@s BubEOr

exanpl e, the process gas supply pipes 1 connected to parts, below the
support ring 63(Ba&dovihdecutanertubgbed 3pf dfha heeadtcomakibef 2.he Waakéol d

5.  Process Jag8881 g;ﬂamc%%%g%wégt{g% FPSnBPCt%%%hgés ardPRI Y RL PES413

into the inner tu SO as to ivered to the sem conduct or “waf ers
10. A cl eani ngtiimsughpihe mpeld | spaoankettaeeno e isnde wable df ahd

mani fol d 50 t n'@to he_ | ney tube 3. A cleaning . gas isS
. 5 . , )
I nt roduced thrgﬁahgtu%%% (;‘Jleaenldtrfg %%@ su%pleilcgﬁ}lﬁg fffrltntaiorg‘t hégl et t §B8 3.
35 An exhaust poppl¥Spipef dbnmed iconadgedred tabavedite, selpporthei aghfusof

t he side wall he -manifo]d 5 sq as 8 P 2005 14 to .be .open into.,the
annul ar space Igé &egr‘? 't hoefti B rsf‘gﬁewaélaﬁ%Et B%eoﬂ?gﬁf’ggeﬁf’ of° t RRPPLY

reaction tube RitWages ggasas prpdugedgassideot brei pagetivhetdbare.
di scharged through e annpul ar space _hetween the inper. tube 3 and 5 fhe
ihg, ASheber pRese UGS Seh

outer tube 4, and the ExREUEHS Peg 17a 1R, grngered (gt ey 18°i §

connect ed itlo aephatiztbebew tbe erhauskhapetrt pipe A7 tie Siskeiawd | wotht he

manifold 15 to_s I nitrpgen gas as _a purge s into the reacfion_tube

2. The exhaustvﬁggé ii?’i sa"f‘g?ﬁ]e‘é%é‘&”ﬁi Py hllgyb%aof”hg:thelov%k‘ﬁ%ug%'poF €15.

The exhaust pippedIngs qfr odhdledaréh1s Al ¥@jdStedndoa AdERIEHN PP F18w

bel ow t he val ve_18. The ﬁg eni gg t-ﬁ{ the valve 18 is a}dj usted to adjust the
t us

flow of gases®fhr 8RA Si FEPEESE PRt di/n the M3 Hr TBE t he
reaction tube Znabraopr edet etiié Nefbaction tube 2 at a predetermined

15 pressure. The vacuum pump 19 discharges gases from the
reaction tube 2 through the exhaust pipe 17 and adjusts

the pressure in the reaction tube 2.
A trap, a scrubber and such, not shown, are placed
in the exhaust pipe 17 to discharge the waste gases
20 discharged from the reaction tube 2 from the thermal
processing apparatus 1 after rendering the waste gases

harmless.

A controller 20 is connected to the boat elevator 8,
the heater 12, the process gas supply pipes 13, the
25 cleaning gas supply pipes 14, the purge gas supply pipe
| 16, the valve 18 and the vacuum pump 19. The controller
20 includes a microprocessor and a process controller.
The controller 20 measures the temperatures and
pressures of controlled parts <f 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



15 pressure. The vacuum punp 19 di scharges gases fromthe reactiozawﬂmﬁ
t hrough the exhaust pipe 17 and adjusts the pressure in the reaction tube

2. Atrap, a scrubber and such, not shown, _are placed in the exhaust pipe
17 to discharge the waste gases 20 di sch&?ged fromthe reaction tube 2
fromthe thermal processing apparatus 1 after rendering the waste gases

harm ess. A COEﬂéﬁﬁdferpﬁ’&:é%ﬁQj\rtﬁﬁlbﬁﬁbt@sthe boal lieyatidm Hepddiecikaat er
12, the process gas supp X pes 13, the 25 cleaning gas supply plpes 14,
the purge gas 3RFIILHT p& ?Ganﬁe RERRA 181 hd benedgsetteduns BPPHRS

controller 204 nsﬂémﬁn@ NMs§h @BHACESSOFi AU BeddHGRSS cant £pkl efhernEhe
controller 20 neasures the tenperatures and pressures of controlled parts

othe thernal RILRIFHYE 3BPEPEatutud KULiREs2 c5ALMo RO N IRIRREE on

the basis sof f@:?’-s‘di’éi‘ﬂ)sqa:tl%gt Osﬁ.hﬁcgﬁntﬁﬂﬂ‘f@ep%ﬁtl%st 000Nt cdiBuctor
controlled parts of the thermal frocesm ng apparatus 1 according to a

reci pe (sequeﬁ&f%ﬁ“%gréﬁj Siowncieari gthe  Antenidy | npepddict i orheiswek at us
cl eani ng met hqd,ddes3ong é:‘iﬂfaez‘:rarﬂ egbodj, F'Icé‘f&oi ' ng:hteo §RepEBSCHE

invention will be descrl bed as applied to cl'eaning the 2 0 SEP 2005 15
t her mal procesEhagrapgaianusube Tfhewtllthn refenahasostei @he HRFLRE UBhown

cleaning et hogh webly. e desqy 1gdl 25: BRI AG0ackB-EBERKANIS s '§35'%05|t.

deposited in érmal’  processing appar ring a fil
process 5f0or deposithiengeentirebheni 20 deohttads othsendperattons ofaf Bre 10

t I th ' t larly,
the interior T paenEs BF e B e D g B a1 P e shown 1
Fig. 2. In the fol Ili')wi‘m*g e cf i b | depositien gusemess 1Lt have tdescoiived] | er
20 controls the oper ﬁa‘&f dN&, &c?ﬁp%”el“ééexoé.FFS tJy e@'?pr%%%sséﬁ‘@

apparatus 1. First t mdep05| [ On process Wi escri
wafer boat 9 holding semiconductor wafers 10 is mounted

15 on the cover 7. A predetermined amount of nitrogen gas
is supplied through the purge gas supply pipe 16 into
the reaction tube 2, the boat elevator 8 raises the
c;over 7 to load the wafer boat 9 into the reaction tube
2, Thus. the semiconductor wafers 10 are contained in

20 the inner tube 3 o©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 pressuré and the predetermined temperature (Stabilizing

step) .




The boat elevator 8 lowers the cover 7, and the wafer boat 9 hol di r?g8 SEP 2005
sem conductor wafers 1.0 is nmounted 15 on the cover 7. A predeterm ned
anount of nitrogen gas is supplied throu t he purge gas supply pipe 16
into the reaction tube 2, the boat elevator 8 raises the cover 7 to |oad
the wafer boat 9 into the reaction tube 2. Thus. the sem conductor wafers
10 are contai ned i n 2ZGdhechanaitétter 3obf th8ereaati ban tubbe 22 haandedre
reaction tube oadi.ng step), After the reaction tubﬁ 2 has

e putYe

I.s. seal ed
been seal ed, a'szta&’e]d’e% m f(‘igd NS ogBheggsere860pl iIRREIHSUgh3E

gas supply pi perekfetddminide reagldraturdle Zhet haipeni B 2hiefodde \wlve 18
Is controll ed, and the vacuum punp 19 is _actuated tqQ discharge gases from

the reaction tUHPER othet RPFIEy SaFat T HPhePIRRcL Pord St (EPPEIFhe ThERMA i on

tube 2 issevaraiai@d dddlsiendr esgineiln t hehd eachihitube (Rupdecraases
to a predeterm ned pressure of, for exanple, 30 65.5 Pa (0.5 torr). In the
meant i me, the FiRRkred 2ahenredetaEminedr PUPPOY FRESFeadOrortBd 2 &1 for

exanpl e, 600G /uie aﬁasslurf{ﬂ{e%g@ﬁlae&_i%@&at - AYh thReheRblRSs gas

operation are continued unti he interior of the reaction tube 2 is

stabilized at THRPPY fRes MhetnBS Pheskuner amibe hd- predet er ni ned
tenperature (Stabil 'ﬁ@%eﬁé@ﬂi?rgdﬁsﬁggnﬁogﬁdlg.nﬁt:‘iﬁra LR A RIdOT: o t he

reaction tube 2 has been stabilized at the predeterm ned pressure and the

predet er mtAed themperrenr subehd sypplcpuskdniovr dgert gas thererpitide Pbge

amoni & (KEB) "ar o “Supnl{ ST prodet Bem Asd Sl uby S 5o For Sraral e, 0.1

1/min and 1 1/¢Rnseapretivel ywikivaughitirdder od€ssNgas depapplty ppPpesthy

- i L
nitride films (SizN; films) (Film deposition step).

15 After the silicon nitride films of a predetermined
thickness have been formed on the surfaces of the
semiconductor wafers 10, the supply of hexachloro-
disilane and ammonia through the process gas supply
pires 13 1is stopped. Then, the vacuum pump 19 is

20 actuated, the opening of the valve 18 is controlled and,
at the same time, a predetermined amount of nitrogen gas
is supplied through the purge gas supply pipe 16 to
discharge the gasés from the reaction tube 2 through the
exhaust pipe 17 (Purging step) L Preferably, the gas

25 discharging operation and the nitrogen gas supply
cperation to discharge gases from the reaction tube 2
are fepeated several times to ensure that all the gases
are discharged completely from the reaction tube 2.

Then, a predetermined amount 2f nitrogen gas is

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




2 to undergo a thermal deconposition reaction. Consequently, sil i%@nSEP 20g5
nitride (Si3N4) deposits on the surfaces of the sem conductor wafers 10 In
silicon nitride films (Si3N4 filns) (Fi I{n(deposition step). 15 After the
silicon nitride filnms of a predeterm ned hi ckness have been formed on the
surfaces of the sem conductor wafers 10, the supply of hexachl oro-

di silane and promrdss tdumsgitd hen plagiesse gas) suppl gnlpi pee Brifacesopifed.

Then, the vacuum pu 19 is 20_actuated he .openi ng_of the valve 18 is
control | ed ancﬁemléfowq%%ewﬂ“??@? gapr??} é‘WJTﬁp%e‘?P aldTnt Bf¥ni 5_5‘ Sgas

i's supplied thypougle t ReaPti @€ Balse SAPPEYchi B8 ithet Onndirsehatgeet RE gases
fromthe reactjion tube 2 through _ the exhaust pipe 17, Pur%i n steg}. ,
Preferably, tROMEE Y% f SEAERRRE gt ofBREEF on2BHdOPhe 1 ARt 8§g‘ﬁdgé’ Sihpl y

operation §0 di$CcHas 9fi BASESpHE LML bhEpkBasLE50Rst wRaBed tedl 8chepaat ad nryer al
times to ensure that all the gases are discharged conpletely fromthe
reacti on tube?®. THERNiRYr cHEPERHF ned UNDUKETSVLIALt r ofehl §RR | Pltdyde

suppl i ed throuygl,dher Qur g8, 9ashSubflermipe i ddid ddie agiRasdin tiubg 2 to
set the interior of the reaction tube at normal pressure. Subsequently,
the boat el evReFEFMeDnadsearhetboyefilmt slanssddd thePhareESbd@s h&/HThg

the sem conduclor, yajers J&r%&&?%%é&a%&r%béu@fz tined Unl 0ag] ng:1sd ep) .
Silicon nitride produced by the filmdeposition 2 8 SEP 2005 17 process
deposits &R (efirarming) PRRCeS y IURPLLLT acks DHearsiaid c GIvthcteI RRlfeyg 10,

but also on the jOPHLeS Jsac??z) of Jtheapgaeiian Jabe rdr SHEOmaeihge her
surface of the Inner tube 3 ormeal of quartz, and on jigs fornmed of SIC5
as the film depotivablopr ofeddvorimepegted gboderditndadgens. gag dNebnigg 2

b oSeatuLC] | SMLOR SULLceD hbhden o U Hnbbeghi o) g ossi
thermal processing apparatus 1. The cleaning process for
15 cleaning the thermal processing apparatus 1 will be
described.

After a predetermined amount of nitrogen gas has
been supplied through the purge gas supply pipe 16 into
the reaction tube 2, a wafer boat 9 not helding any

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 examplz; 300°C (Heating

30 step) . .

Then, a predetermined amount of the cleaning gas 1is
supplied through the c¢leaning gas supply pipe 14 into
the inner tubé 3. The cleaning gas 1is 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




repeated a predeterm ned nunber of tines. In the 10 cl eaning procegsB SEP 2005
supplies a cleaning gas containing fluorine gas (F2), an additive gas for
pronoting the activation of fluorine gas,,and nitrogen gas (N2) as a

diluent gas is supplied into the reaction ?ube 2 of the thermal processing
apparatus 1. The cleaning process for 15 cleaning the thermal processing
appar atus 1 widleanlasgrdgdedorbgopbs etha aeedehewimeﬁ aheu il vafrimiet rgegen

gas has been sup ed fhrough the pur as su y e 16 t he
reaction tube®® gLﬁaf%ie%h ‘ﬁﬁgﬁ?ﬁ@“&ﬂy% sgﬁ?ﬁﬁ‘aﬁét oﬁ%:&% i s
nount ed on theyLHVEIows ThEM tthhe bAairiRre Vet OfFhd iAh&eS tube @VEHirdugio
that the reaction tube_2 is seal ed. Subsequent ly, the supply ol%eni trogen
Ay c"h‘g"iged

gas through tH'$uRGRULEE SRAFS SPH@E 6q9§“ﬁe€pp‘é§éﬁ igneds Gike dfs

fromthe reactid tuber2thBe23 NHtY a&ﬂbt@ﬁw&ergggeoﬁﬂ ha-Heeast o hgbe 2
at a predeterm ned pressure of, for exanple, Pa 400 torr), and

the heater 12 JtStohesr cabliepnt obéradey depasitef Pht dFhor iopegheand

reaction tube g,@dr asuPELLEL CHH esg § ARRS! 2Libke 30f trfe0n e 8- BRAC of
(Heating 30 step) . Then, a predetermn ned amount’ of the cleaning gas is

suppl i ed throu‘éﬂ\etﬁetereéﬁbﬁg dgasthriprgepi periacenpd thige SHRRUS T UBEPS.
The cl eaning ggp, 'Eh@eﬂlbég b LAY +haney gtsUtl%c'i ﬂ&%%ﬁihné@&ﬂh@“ ne

gas contained 35 in the cleading gas i$ *&ctivat e many reactive free
at ons ar e 1fr odiigesl. aTHe midiftad vengabecorhenmisld pProehesing SERPaE(R!s] 8l -

cleaning gas progDteschbie SeiiNahi o pfsdbie SLUOLI 081038 Aol henctRani ng

gas containing t e activate uorine gas e interior of the
i nner tube 3 tihrotRpsintcappabibusshate feneved btEleamindiestelbr tube 3 and

5 the outer tube 4 iﬁ@elt: hEhSXQii!ﬂﬁEoHi RE t1{aet G%p%lsg%@dng.n the thermal

processing apparatus has been removed, the supply of the
15 c¢leaning gas through the cleaning gas supply pipe 14 is
o stopped. Then, the valve 18 is opened properly, the
vacuum pump 19 is actuated to discharge gases contained
in the reaction tube 2 and, at the same time, nitrogen
gas 1is supplied through the purge gas supply pipe 16
20 into the reaction tube 2 to purge the gases from the
reaction tube 2 into the exhaust pipe 17 (Purging step).
Preferably, the gas discharging operation and the
nitrogen gas supply operation are repeated several times
to ensure that all the gases are discharged completely
25 from the reaction tube 2.

Then, the wvalve 18 is closed, a predetermined
amount of nitrogen gas is supplied through the purge gas
supply pipe 16 to set fhe interior of the reaction tube
2 at normal pressure (Normal pressure goetting 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




gas etches silicon nitride deposited on the inner and outer surfa%gksgP 2005
the inner tube 3, the inner -surface of the outer tube 4, the inner surface
of the exhaust pipe 17, the boat 9, and e jigs including a

heat-insul ating 10 tube and placed in the thernmal processing apparatus 1.
Thus, the silicon nitride deposited in the thermal processing apparatus 1
is renoved (Gnnﬁbr@pksephndﬁse&eétmvftjésOMenbhihdestﬂmmﬁﬂumiﬂetnrmf

thermal procegsing aratus has been renopved, the supp of. the 15
cl eani ng gas t %ugﬁfgﬁﬁlggeaﬁﬁﬁﬁsga¥l§&ppFf Tﬁ%ﬁﬁkﬁﬂ ThE&RE®t he

val ve 18 is opesssupedpen Wedi vA§UBNIRERP O tﬁea@fnbaﬁeﬁleh@. d:lf,SChl@ége
gases contained in the rea tlon t ube 2&@6 at the sane tine, pjtro

gas is suppli SFERTD ﬁnVﬁB pBPRge Hash PRLiBgnI3F6 P T net e ?on

tube 2 to puroggashe Qﬁseﬁdéi@ﬂﬁéhegaé?acéh&n hdubgi Pudit o §he, exbaust pspe
17 (Purging ste %F Preferably, the gas_discharging operation and the
ni trogen gas S%Jp)) 9IPerdRFfon art? eridEti @vedad tHhRt PHOBRASHEFe Fhat

all the gases ageiv¢hechar 96f cembeifby ¢33 f&amtbﬁll&ﬁéﬁél OBaEUbQCaz Then,
the valve 18 is closed, a predeterm ned "anmount of nitro gas is supplled

through the puR¥are@en E£lperidpi ges16HFd, semmppaai geer i(§ 3bf°¥h}éY‘?§‘a§?Pon
tube 2 at norgaélf PEEgsuUr e A Ner g/ ﬁﬁﬁSlHeﬁ‘posﬁt*é:dd’ig abg.a)catég TBEBanihg

boat el evat or owers the cover 7, and a "wafer boat
senm condudtfor MaFked 18ni sExsmpied 1onqﬁﬁ§(xﬁRQOEAHQngﬁSiheth4¢n1rllm

deposi tion pr%@ﬁési@iondﬁﬁﬁﬁkat{]g %'llabﬁ@ﬂgnhlterthgﬁ il 00 2 to 5
sem conductor wafers 10 is started in the thus cl eaned thermal 35

processi ng appafafus hvdrpgenet chluarédeat gafich théncl &ddimg gagosithes 2 8
SEP 2005 19 mefgphal tusand) S£h£Gh/ Wnétl?édé etGhi Y Hehett | W tigs) aoflﬁséae

cl eaning gases with respect to naterials were neasured to verle
effect of the aFPodifedRsef afge thin film deposition apparatus cleaning

15 methods in Examples 9 to 11 used hydrogen gas as
additive gases, respectively.

Three kinds of specimens, namely, specimens formed
of quartz, specimens formed of SiC, specimens prepared
by depositing 3 pum thick silicon nitride films on quartz

20 chips, 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 wac . 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
guartz is 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



present invention. Each cl eaning gas contained fluorine 5 gas, an ago@t$$e 2005
gas, and a diluent gas, such as nitrogen gas. The additive gas that
pronotes the activation of fluorine gas %ﬁs chl orine gas (Cl12), hydrogen
fluoride gas (HF), ammonia gas (NHerr]) hydrogen gas (H2) . Athin
fil mdeposition apparatus cleaning 10 nethod in Exanple 1 used chlorine
gas, thin fil gasdeposirid ahea RS- Lt LBH NghdRiddnt ydxanpl es 2 to 5
used hydrogen fluoride gas I. thin filmdeposition apparatus cleaning

met hods i n Exanpl es ¥ ®1® dsed ammonia gas, and thin fil m deposition
apparatus cl eani ng Iy rethads 6in Pl 85 iS5 Gpbhrsass WE00681y gasthsd
additive gases, respectively. Three kinds of specinens, nanely, specinens
formed of qudrtzEX3peipnens FOPREGNET BT, SheeraBRs Frepardd niyrogen
deposi tings3 pad hhek Slddeondi bt de fidls ,0n BRI §7m2Q CiHPSs VE/ifin,
subj ected to cl eaning experinents. The specinmens were held on a wafer boat
9, the wafer BeaPeetialpl ddeatihst he padet RPovle@Pang Iafd sheSuRrddifichg
gases were su [ LAt raacd i e . t c'&:r{%@'s. Jhen,
t he speci mns%uggé?gage/ \%/ere ZSd%agﬁrgeﬁtetg% gggragrﬁsneggF%ﬁgr at es alndd
selectivities ¥ro the gsadtimis. t@peh 2rat eBig®r e 3cdie ub aisdvr rresd st erht
changes of th Ci,ARRAS ca d | eani;ng s e | ri of
t he reaction %ﬁ e 2 vvas%Heatngg anE)é(%%O Gé(!'}?r]e'%,aiq‘l ans%rl%h%gaéfrlet;-sg%feh?%ﬁt htEeHe
reacti on t0be Spagignens usterk t cclSn&3, 209 Pah¢40thinr rjik¥mr déwosdobem ng
experinments. [MLEY ' I iLE Yol ch.tate |

bet ween the nas'%eﬁl;%es/ﬁ%f °€‘%té‘9‘§§‘§gi’ﬁn§%§$&€§r& g%?‘ ?g efsi ltllsé.g n?%%%%e
~selectivity wigas raspest addigivet gaiss thegetiheén whtdi |tlewse ninriadetkimh

by Che types o bupphseFEfen oAPRaRERnC eItk g BRI Sl S R AL N

supply rate ofexdrp i | memsig@,a cleaning gas containing fluorine gas

15 and nitrogen gas and not containing chlorine gas, and
those in a thin film deposition apparatus cleaning
method in Comparative example 2 using a cleaning gas
containing fluorine gas and nitrogen gas and heating the
interior of the reaction tube 2 at 400°C.

20 It is known from the comparative examination of
data 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 is 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 SisNg
selectivities with respect to quartz and SiC are high
when the c¢leaning gas containing chlorine gas 1is 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 SizN;. Thus, 8i:N; selectivity does not decrease

when the cleaning gas containing chlorine gas is used,



Exanple 1 In a thin filmdeposition apparatus cleaning nethod in %%Pezgﬂ@
1, fluorine gas, chlorine gas and nitrogen 5 gas are supplied at 2 1/ mn,
0.35 1/mn and 8 1/mn, respectively, that is to say, a cleaning gas is
supplied at 10.35 1/mn through the cleafilng gas supply pipe 14 into the
reaction tube 2. Figs. 3 to 5 show neasured etch rates, and neasured Si 3N4

sel ectivities yhen dihg <L, SREEHIBES AL icleansd iy tHendhi RufddaBes of
deposition apparatus cleaning nethod in EXanple 1 using chlorine gas as
an additive gashetsgachepnwivhet Bosen freg namaved |Withiapbsie tont appliag us
cl eani ng net hogy,in ti agphke using. a.Gl ' Po1 Al i ng
fluorine gas 1gh%ndrg%ﬁer§%gene{gj§se%n ﬁot&gom%nilﬁg ?%?g?’?ntgpe;ag,gandﬂé
those in a thi@gasi|eendkspiosing oehdppdmnst ugasl eanPagtinptbodyi n Coapdiatiuve

exanple 2 uysin LNg Lni_ng & luQr | | S
and heat | ng o neeEpEFERTEPOuReh, CERBLELT (00 i AR RS B e 00 00
fromt he conparhtutefexanitiatdsontloit alabhbevedt by Cesyatrs: tofvec | eampie by
Exanpl e 1 and ative, exanpl.e 1.sho in Figs. 3 and_ 4 that the.

cl eani ng gas c%‘%g}% %r n%i)%ﬁForefl tga’s}lrlngs\(/:wa]l%laa{o% e 1e‘é?§hi ﬁ[g ES:?TP%B%EJ'H‘II?H de
at a high etcheranelai 2houtThifs haitamgle he heactfifecitioke ©n asuppreksvaged

t enperat ure. i onsidered that .the chlori.ne_ggs.contained in the
cl eani ng gas plf%%oéggefﬁgrggf’?{}a‘f’?oﬂlgf %ﬂgmﬁﬁiegﬁi bcgas. It is known from
t he conparidti ve exanhhahboghof thdat asadiiche restttbdef cdszini ngaltye in

Exanple-- 1 an 30 arative.ex l.e .1 shown in Figs. . 3 an that _Si 3N4
ol oot vi ti o WPTRSFELRUR: SOVRAS: o SRt Gios b o HHPGH Soiche T et danf by
gas contai ni ng4obtor ige agh | 3susRmhpdiReRUSELE hehoakesi®f Exkampaases hadet ch
rates for quar(t:z andtSi C are sglgr t.han_ t hat of. increase inné he etch 35
rate for Si3NA-CTRAEZEEVINFIEEIRER i Ur t ¥ UL RN GEET e 8SE PRfle - ¢ HBAT T2
cl eani ng gas candasicngrehlatdheel gas highisetich 2r8t&EP 206hsequently, as

15 shown in Figs 3 and 4, the 8isN; selectivities with
respect to quartz and 8SiC are low. Thus when silicon
nitride deposited in the thermal processing apparatus 1
is removed in Comparative example 2, the reaction tube 2
of quartz and the jigs of SiC inevitably deteriorate.

20 It is proved from the above experiments that it is
preferable to heat the reaction tube 2 at a low
temperature of 300°C lower than 400°C and to use a
cleaning gas containing. chlorine gas to etch silicon
nitride at a high etch rate without decreasing SiN,

25 | selectivity (maintaining 8isNy 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 razction

30 wvessel 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




21 and silicon nitride adhering to the inner surfaces of the react® gnSERb2IH
2 can be renoved without deteriorating the reaction tube 2 and the jigs by -
using the cleaning gas containing chlori gs gas. Particularly, the Si3N4 5
selectivity with respect to Si C achi eved By Exanple 1 is about four tines
that achieved by Conparative exanple 1 and is about eight tines that

achi eved by Cagunalbilee etdianphee?. iFhuthe Exanpératurs £hf ebki weaation
suppressing the deterioration of jigs forned of SiC. 10 Although the

silicon nitrideka ¢h ratkeior LoWsar alupe texaid 18 arg otehes tion

tube 2 at 40Q&zdrs hi-gBeds co@parsidngi t hhlaesa vityExarpl e1dwandif  the
Conpar ative exanple 1, in Conparative exanple 2 quartz and SiC are etched
at high etch ramreragieedienths, reactornbie i 1§ fighandhen (RO S -3¢

sel ectivitges with 7gsSReadihdURd Zedith Hin@Ehl O n s ileeaddbon
nitride deposited in the thernmal Pprocessing apparatus 1 1S renoved in
Conpar ati ve exdhpleschinghesidaeppomitbd® adf guadriah asdFPhe*PEgs A% C
i nevi tably detygrd of algre 2QchbelatBkaVerh f 18 t heaaboys expssiments thad it
is preferable to heat the reaction tube 2 at a |ow tenperature of 300C

| ower than 4008 eaning g&epa cagl efnrhigefadechvigrethgWbalotihfe YeR2RPPLt ch

silicon ni trigles abofelli Alng! ChIALGNGAOUL £ 08EEEAST eS| A¥eforation

selectivity (maintaining SI3N4 selectivity at a high level). It is

pr ef er abl 80t o0 deatheheehratipnotube Zhand dawst igs R datswpreapiedthYe
bel ow 400C forhéﬁ'@ingl ﬁ% ?%gﬁé@?orb%\fau fiel lrd 300551 RLBe! AL atthe]hcé@élft lon

30 vessel 2 of quart J1gs of SIiC are deteriorated when t
interior of theemparatenesube 2 is heated at tenperatures above 400C. Mre

Pge{ ﬁrfﬁgy}atnhe LePBRELALILS e Nehlle JIRAGH AN S840 cBnl Entsh%icdx%@&rﬂg?éé_ep

ge of 2 0 C. The cleanimg™gas 1s 35 not satisfactiorily
activated, silagon mitiniefet erad.r abse to the dilution of the cleaning
15 gas with nitrogen gas, the duration of the cleaning
process can be easily set. A cleaning gas not containing
nitrogen gas is highly reactive. Therefore, the duration
of the cleaning process must precisely be determined
with difficulty if a cleaning gas not containing
20 nitrogen gas is to be used. The dilution of the cleaning

gas with nitrogen gas is economically advantageous.
Examples 2 to 5

In thin film deposition apparatus cleaning methods
in Examples 2 to 5, cleaning gases containing 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



is lowand silicon nitride cannot be etched at a 2 8 SEP 2005 22 d&8i SEBI@%
etch rate, if the tenperature in the reaction tube 2 is bel ow 250" C.

Quartz and SiC are etched at high etch rates and Si3N4 Selectivity is |ow,

if the tenperature in the reaction tube is higher than 380'C. 5 The

cl eaning gas containing chlorine gas is capable of etching silicon nitride

at a high etchigeat ein abdampbace theed anpet at Ire anthhe fedeot idepdaibadhin

the cleaning ste canfuther. be 10 gd vvhe t he _cl] eanin as, cgnt I ni ng
chlorine gas i USrhE G@Pépgorr&?%ﬂ 16nof PHeET3AtYFof tUbe 22 and T he

jigs can be suprsagses bgashea:bhrtglhhe;gl nt}ejdlzﬂjsgérf t hpuoeadei ogatsubaxﬂ:iat
| ower terrperatures Preferably the cli as  cont trogen as, as
a diluent gas. PRSP (IRS d‘i’?%t?%ﬁg EI & Cﬁdonlgug’fs%“fargﬁf Q% oen
gas, the dyratjn3@hod he fﬁeamﬁ?ﬂrpr@fﬁascie Bskeigasil a&%ttusA ﬂ@mw gas
not containing nitrogen gas is hig reac ive. Therefore, 36%Igat i on

of the cleani MpHPIAteds ﬁﬁ%aﬁﬁ‘éél"?el%?‘ad@]cﬁet‘ér nf hBATIREL r?a(fi'ff PRt a

cleaning gas notuSOUQl §4h892428 MilhQERM Ufss i fetd® BEpHsedd The 1dil himp of
the cleaning gas with nhitrogen 8}321 iI's econom cal | y advant ageous Exanpl es
n \

2 to 5 In thintfil/fidepasiti at (ke R et HOEE 16 EXGnptR%r 2 to

5, cleani ng gasks O ahRkNg-EF3abi1arfy 4o Hsesh agtanoaddintiiny 6 es. tikéch
rates and selectivities in Exanplées 2 to 5 were determ ned by a net hod

sinilar t30 theeactiexaripbe 12 |heatedi atf i 449 UWepositiiosn apparat s show

cl eani ng net hqged Hi EXQ@PLe.Rrsfl uori ne gas, hydrogen fluoride gas and
nitrogen gas at 1.5 1/mn, 0.5 1/mn 30 and 8 I/ n were supplied

respectivel y That i5ttoigay obvienesdiy ngkeaenat fooM nithe n COERTRREBEt he
i nner tube 3 fﬁa@ioﬁoo% apdqui phai ngd atraPriesy¥ e Siea3irg0 Pa.

(400 torr). In e thin filmdeposition apparatus
Comparatlve example 1 wusing the <c¢leaning gas not

15 containing hydrogen fluoride gas shown in Figs. 3 and 4,
and data shown in Figs. 6, 7 and 8, that the c¢leaning
gas containing hydrogen fluoride gas is capable _of
etching silicon nitride at a high etch raéé and has hiéh
SiasN, 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.ﬁ‘

25 It is known from data ohwfhe 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 c¢leaning gas used in Example 3
and supplied so that the flow rate ratio Dbetween

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

further increase silicon nitride etch rate and further



cl eaning nmethods in Exanples 3 to 5, cleaning gases 35 having fl ugrs %nggﬁﬁ
¢oncentrations and hydrogen fluoride concentrations different fromthose

of the cleaning gas 2 8 SEP 2005 23 used iy Exanple 2 were used. In a thin
filmdeposition apparatus cleaning nethod in Conparative exanple 3, a

cl eani ng gas containing hydrogen fluoride gas and nitrogen gas was used
and t he react idcredec? Wagrheatetch araB860C. |Grmsadiientfliy,m ddpositiizta

apparatus cl eani d |t ratiye exanple fluorin s.. hydrogen
fluoride gas. aga%f nch{?%ggn {é’gis:go\/\en?%sgﬁﬁ\él [ gcé’ atqufr%zm Nt %%é]én :
1/ mn, respectivetgasdfiat amsit hesay stléapnngnpjesidas Ripplired itbh tthal at

10 I/mn into 0. tion tube .2 heated.at 400C. Eigs. 6.to 8 show

measur ed resul%lté.ﬁe t slugrafg Siou ?y QoW FES Rt el D npar &t vEe XEMP ST on

of data on5t hewidlsoit @étettanhbfgngnthé&oprpacaibuetesanpl end yRengigbe

cl eani ng gas not 15 containing _hydrqgen f)] yori de gas sho in_Figs. 3 and
gr?xgn% FJ(?&F

4, and data shown i"° F§s3FB m He NeFEHYt RE CORPAIRFng

hydrogen fl uorbyleEgample chpabi®iebn elidHike Sétdi€0opabit Hage Rlrtthdd gheet ch
rate and has hjgh Si 3N4 sglhectivities W th respect_to quartz and SiC. The
20 cl eani ng gat"CoOREEFRi AEShyIAF eén $Eehr Fakegger Suhthay pe { depreased

cl eani ng gas ceéRi ALAGrEALOHERE 2GRS hydr SRR B0 dd 6By | Hi8e SkhbEDied
nitride aaraeri nﬂ to the inner surfaces of the reaction tube w thout
det eri or ati‘ng The 27 edAtFSiPdbd 1" angathe PEgs? 29 s KB f Adm 48t a

on the result pfecbeapiag by fHXIFRAES ZHO 4ddplctilvd S kel e-akbe tor
supply the cleanin as into the inner tube 3 so that the flowrate ratio
FEeores

bet ween fl uori e rdffe of”d : Bydgoggeh fflBPrade cofigént r atPdhe is

maintaining the flow rate ratio between fluorine gas and
hydrogen fluoride gas at 1 : 1.
i5 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 1is raised from 300°C to 400°C, quartz
etch rate and SiC etch rate increases greatly and,
20 consequently, SiszN; selectivity decreases. Thus, it was
proved that it 1is preferable that in the c¢leaning
process, similarly to the c¢leaning process using the
cleaning gas containing chlorine gas, the interior of
the reaction tube 2 was at 300°C lower than 4IOO°C and a
25 cleaning gas containing hydrogen fluoride gas was used
to enhance silicon nitride etch rate without decreasing
Si:N; selectivity (maintaining Si:N; 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 thé ‘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 is in the range of 250°C to 380°C.
Examples 6 to 8



a high etch rate. gas and hydrogen fluoride gas is to 3 : 1. @&35&2@5
gas having and hydrogen fluoride gas gas capable of etching silicon nitride
at Particularly, the cleaning gas used in anple 3 and supplied so that
the flowrate ratio between 35 fluorine gas and hydrogen fluoride gas is 1
: 1, can further increase silicon nitride etch rate and further 2 S SEP
2005 24 decrease quakit ztkinhfrahedeBorsedoentipparttimsSicAANanise) enttihvidsy

Wi th respect to, ayar can gurtheé b increased, and h(gnce.si licon nitride

e
adhering to the |nr?§é“ Y& t9cES of ' t FESPUAGS FP1TDe CONERATHRYr AT S
wi t hout det erigasat iveré haxgeehcisonahubaddiandet hgagi gs. EtAR | SaBpparemnd

fromdata on the result _of cleanin by.Exanple 5, silic nitride .etch
rate can furthseéal%(é thEJr%%sélaagﬁdgﬁﬁﬁﬁiL?seg](::)ﬁ"or%té"% c?%efxﬁré"ﬁ‘%g by a
decreased Swhatethedr igignigas and hyditogen fhxarboe gas ane supphihedeillnat
an increase flowrate. of 2 1/mn, Thus, it is greferabl,e to i ncrease the

respective floWRPAFLELIBF PPRBFFRES gaSl8ABLRGr o udm dEFIR L& Fe

mai nt ai ni ng t helhbeihéagasy ahinfiohehWBaR bhuoHiRedrn &t AW dr ogen fhiwy i de
gas at 1 : 1. g}r_@s I s .apparent fromdata on the result of cleaning _ by
Exanpl e 3 and art4five BAnB 854 1/ otigRe s iSUREEA edhi t FeeReGEEYR Y% e

i ncreases whenthfe LeMeer aay e Dficldthi Paght oRabURRS1li 8l dinsadh#410m800C
to 400C, quartz etch rate and SiC etch rate increases greatly and,

consequenttPy, X 3INY/®id edmitipl t Fhaeckenees. tubris 3 | heahed provéd@Ratand s
preferabl e thakaifthibRes! @aNI N0prRLeGeES, 051 BBl 8bbY g0 (H6pChe2R)Ng PERCESS
using the cl eg}rlljl_}rllg %imcoré%%ggli?:go%hl %gpgia ?JSS tc?leeainr}:[negl" ! Orrrxe’t?}]:ods in
Examples 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 obviocusly known, from the comparative
examination of data on the result of cleaning in
20 Comparative example 1 using the cleaning gas not
containing ammonia gas shown in Figs. 3 and 4, and data
shown in Figs. 9 and 10, that the c¢leaning gas
containing ammonia gas is capable of etching silicon
nitride at a high etch rate and has- high 8isNg
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



the reaction tube 2 was at 300C | ower than 400C and a 25 cl eaning ggsﬁ SEP 2005
eont ai ni ng hydrogen fluoride gas was used to enhance silicon nitride etch
rate without decreasing Si3N selectivit% (mai ntaining Si 3Nd selectivity

at a high level). It is preferable that 2% t he cl eaning step using the

cl eani ng gas contai ni ng hydrogen fluoride gas, 30 simlarly to the cleaning

step using thettéeannag Gabe CONEALAI RGathl©d nﬁl@tﬁlsrah@atx%ﬂﬂ&ﬁ betwdd@r of
the reaction be 2 was heated, for the cleaning step, at qgeratures
bel ow 400C. UDF ERer 9BFy 20¢h ™R SRS &5 nih héh?eér,aﬂg@n bé forlthe

cl eaning step ag® ¥s:in . theatranega1ak1950@hH0 3861 e e iied fuch SEP
2005 25 In thin f|In1dep05|t|on apparatus cl eaning nethods in Exanples 6

to 8, cleaning"¥a8estdnt B A¥ ngrarfonratigasbakyechsctl earine actei v@das.

Etch rates sandamsigh 85t bkt 1§s da&ﬂ%n@%ﬁﬂ %cénﬁpe 87%&%%5@ W eed by a S
method simlar to that “in Exanp Inathinftil deposition apparat us

cl eani ng nethoﬁamnlEﬁaﬁEFQSGSlhﬁQQﬂ|WK$¥E@@ aﬁﬁbﬂléW%nﬂ%ﬁﬁPQﬁQrQMﬁﬁﬁaas
at 178 1M N erfnll cbidl.n afifhB, 096 10 Vehe 3UAL | &by JASRAGY VelYth

That is to say, a cleaning gas was supplied in total at mninto
the inner tubersshegtedtat GOBEﬁandcanalhEalhedraasadpress@¢@5©qu6@t290 Pa

(400 torr). Ing waianf I3, dRROSL ih 0P; A Py At PR CLiIGHUNIIREDALS 10F the

Exanpl es 7 7 and 8 eanl ng gases havin uorlne gas concentrations and
ammoni a gad coneeatiari subedif cencie J;&rrfmmd tviogeowtf ddreexi eeating gelseused

in Exanple 6 “fégctﬁﬁﬁdtuﬁ@ uLgq gg&al%€ethe result of cleaning by

Exanples 6 to 8 1s shown |n I gs. I s obviously known, fromthe
conparative exan1naEK@mpb¢Sd%tEOOhlthe result of cleaning in 20

Conparative exanpl e “%h?g gﬁ?mc'd%%@s'lg;l%%s AYa SAU L & Soh ATGORL A 84S

shown in Figs. 3 and 2
in Examples 9 to 11, cleaning gases containing hydrogen

15 gas were used as an additive gas. Etch rates and
- selectivities in Examples 9 to 11 were determined by a
method similar to that of Example 1. In a thin film-
deposition apparatus c¢leaning method in Example 9,
fluorine gas, hydrogen gas and nitrogen gas at 1.78

20 1/min, 0.37 1/min and 8 l1/min were supplied respectively.
That is to say, a c¢leaning gas was in total supplied at
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 in

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 1is obviously known , from the compérétive
examination of data on the result of c¢leaning 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 SizNg



shown in Figs. 9 and 10, that the cleaning gas containing ammni?aﬁgﬁs?izﬂu*r’
capabl e of etching silicon nitride at a high etch rate and has- high Si 3N
25 selectivities with respect to quartz SiC as shown in Figs. 9 and
11. The cl eaning gas containing anmmonia das, simlarly to the cleaning gas
containing chlorine gas, 1is capable of renmoving silicon nitride adhering
to the inner selfcates tafest hﬁ&ea&témﬂlﬁm gttt oakid Qﬁcdaheshewat irg the

reaction. tube and t i.0S. is preferable to s the ¢ ni ng gas
into the inngr21 61:2 f—“i“ﬁle lécarrpTlé% 6&?8“8“931%? t‘ﬁ‘gngJrfélnﬁFl rFe8&™r atio
bet ween fl uorigag ,gasimth AIFDR0A G&S bﬁeahﬂnéh%arsan@@n@ilﬁlnglc&&@rl@xe 1.
Such a cI eanl g%sgas Is 35 capabl e of etching silicon nitride at a hi etch

rate. e pref FRRPES t 8T s FFAOYiNge idGimryasl daie 8d ‘zeslaﬁp%fo 05

26 the lnnpr e 3 npkah thatrddie flw nale rabkick et WeeBe f hbuokiiRdofAs and
anmonia gas is in the range of 3 : 1 and 7 : 1. Particularly, the cleaning

gas supplied SEheTicFatinte theoweaqtd oratidbepét woch thauddidfe gas and 5

anmoni a gas in carrying Qub-ExatRhee’ tos ARGy 4+he’ élear&fmgl $5€399%
silicon nitride etch, and decrease quartz ‘etch rate. Thus, I con nitride

sel ectivity withe *%%%%cttub@ duakikecBiapplescrated 11@0r€§1§€}ueﬁhﬁy the
silicon nitrigq RANRHNG-A40 § Noe RS ﬁi‘iﬁ&@ﬁ‘?& eéstgﬁgéﬁgagagbhoaa%ufi% 2

can be renoved without deteriorating t reactton tu the |ike
Exanpl es DOt o im the t1Engd i¢f depodi 2ndndappdrat G8chbl eamlegniBgheds isn

Exanpl es 9 10 Lhayflealt ng:gases oNLabAl MY NALOGAN o 1; gAS Mehe e as

an additive gas. rates an ectrvities in Exanples 9 to 11 were
determ ned by I& was hversfredlathed tihst S)flJB@npmbtllldeneﬁchhhg fefifpct

deposition appas aflls ¢he 'ik' g% RIdodold RXAMhEhe LigREENELHREy MALPOEN

gas and nitrogen gas at
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 il). Consequently, the 8isN; 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.

e As is apparent from  the foregoing description,

30 according to the present invention, the c¢leaning Qés
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
SiaN,; selectivity does not decrease when the cleaning gas

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

reaction tube and the jigs are not deteriorated easily.



20 1/mn, 0.37 1/mn and 8 1/m n were supplied respectively. Thatziﬁssgg 2005
say, a cleaning gas was in total supplied at 10.12 1/mn into the inner
tube 3 heated at 300C and nmintained at ggPressure of 53,200 Pa (400

torr). In thin filmdeposition apparatus gleaning met hods i n 25 Exanpl es

10 and 11, cleaning gases having fluorine gas concentrations and hydrogen
gas concentr atCansegiéfielent sirdsek hosereids headheaimdg €8S used ifner
Exanple 9 were_used. Nbggurﬁf d%%% on_the result of cleaning in Exanples

9 to 11 i s showFi#CeF gLt 170% rE§l| { PrOCcEsFiogs| FPRABAAUST r 6ttt Hee

conparative exambwadi ontoudat detBribeatesyl ttf ebganibg itubdLoppaiRyi ve
exanple 1 using the cleaning gas not contalning hydrogen gas shown in

Figs. 3 and 4,“dd’H&fa shown in Figs. 12 and 13, that the cleaning gas 35

cont ai ni ngshydr ogen gasoi&ik@Pall el eL-eRiERG Sihi&oRi ol t hde Aedhitigh
etch rate and has high Si3N4 2 0 SEP 2005 27 selectivities with respect to
quartz and Si 938 SOWRLININGF Bae eoididd ves. 9Fhe 18 campRlal gaofcontahimag

hydrogen gas,s$i{dbRr yitLidde & egniﬂggﬂa39€6ﬂ“5¥dykﬂ9 SO hBBce98Ehe i S
capabl e of renoving silicon nitride adhering to 5 the inner surfaces of the
reaction tube 2°3Fthout tuhe e?i &t | by thratediceitorp t gheraratdvehy jlgs. |t

is preferable tomsapplyrtheoe! ean Qﬂe@%ﬁ.nigms%eﬂ,hqqﬂirg}?rfl%%f’ LidGces
h uorine gas and

i
Exanples 9 to 11, such that the flowrate ratiro between
hydrogen ¢&s i&he0datemionadigw okffect] efd the glesnthga siteaaniong gas i s

capabl e of etchiNgrsbhi £QBNbtLLHE ;QLgh etch rate. It was verified
that the silicon nitride e?ching eF?%c?lgof t he cl eani ng gas does not

change significant|yregerding thee thewprssentatinvértiven fheoréheangisgand
Ly ogen 15, DL SRRER RN ARl o] AMGSord, P ELOLELcallO"
hydr ogen i s notetbhngonr| elepringstiye for the cleaning process.

15 The present Ainvention 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
8isN, 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 SizN,; 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



Thus, the use of hydrogen gas as an additive gas can facilitat ezt&SEP 208
control of the flowrate of the additive 20 gas. Quartz étch rate does no
increase even if the flow rate of hydrogfg gas is increase so that the
flowrate ratio between fluorine gas an ydrogen gas is 5 3 (Exanple
11) . Consequently, the Si3N4 selectivity with 25 respect to quartz can
further be indmessedsanfaseki coh thet rtiderealbepirogessinbe apweratsws f dges of
t he reaction 1:t]_1uebe]:2 can be renmpved vvithou%.de%iri rati ng t he rdeacti.(%%o
tube 2 and the 19 KEECHDT sSMAPPATEM 17 ofPPhECEBT 8gbPng “HRYE P OB =
accordi ng to tdthgy eddain | Rhent sDhicbhe Bl eabdag d@sos cont &b ngrickant

additive gas i,s _capable of etchin ilicon nitride . at a high etch rate
W thout - heat | AP 4rbadt¥on HaibGPPLAEhn b e PR et Shur EX28FIaL t he

Si 3N4 sel ebt i WdlydQeiscdint  dgid=RASEn Wgtidde alfaddings gasidfe confidiiriang t he
additive gas is used, and hence the_  reaction tube and the jigs are not

deteriorated €3PS IFEERBFDS $81€BhseqihA v, (BRPFEYNni tPPde &H%ring

to the inner @ufiasgs of Thize 4bgoERL PIHCEA NHeBBRBRRLYS CAN AR ctiRipved
wi t hout deteriorating the reaction tube 2 and the jigs. According to the

present inventBTRPUGhe ANTRY R OntEEIFHPR hPBRFANSe &GS &habl e
of etching Sidmnesi i tdHide-i@le @ high etch rate, and hence the reaction
t ube 2 maiﬂbe heated_at a _comparatively low tenperature for the cleaning

step, whitH further T&UEE FPAGTE Ve RHIBIH 4 P RY gt 1513 e NdlTgdfiayg
step on the rHactd OReddbfor BRFgrédect! 9SucACasr dhldnt Gt RA1REERNbr a
I nvention, the cleanin gas containing nitrogen gas as a diluent can
facilitate séttiTlg Nkl earPagnei ndepesitied P T it edn. ths Fper
present inventdpfrdde OF +h&1 LeMabiBti bSpe 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 c¢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 remdved
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 argoen gas

(Ar) may be used instead of nitrogen gas.



practical application to the foregoing enbodi nents, and various 28 SEP 2005
nmodi fi cati ons of the foregoing enbodi ments and applications of those are
possi ble. Mdifications according to theggresent invention will be

descri bed. 20 The cl eaning gas nmay contain any type of gas as an additive
gas, provided that the additive gas is capable of pronoting the activation
of fluorine gas. Sudhlthowdleahhag fgaegetcoesediddicommnirs tof dehat @rdseit et ch

rate. The cleanin as nmay contain_any type of_additive.gas,, 25 ptovided
that the cl eanlﬂﬁ‘ée]g%go?ss éﬁabﬁ%ee o?rgf‘)éﬂfég g T‘ﬁ%oﬁe de %"%b% i gh- et ch

rate without desjzasi ngp S4QNM selragti tot yclebh rebpecinteriaterofil sthe

forming the ipt mbers_of the thernal i tus_1, h
as quartz and SETThe FERGTHNY uPPRIRRAS hd 1 | GRSI0VAPECHOE 0P er T at ed

Sijgni ficantly Mb@dgtidaﬁ ﬁhllsantangsgmt flaﬁnia:éabgiheiie?d\dﬂ Sexl(rﬁltd:l/édrjﬁ.nd'gﬂff
additive gas e.a ogen gas, such as brom ne gas (Br2) instead o
chlorine gas, ﬁr&@’@r’?“faﬁuoﬁ%“a‘égﬁ%@}gamr&t@’és Jormgwy&?%gé)ﬁrg&@ 33ut
Al though the isNeat oarhaseheenldegel bBed rashaalline tidh  BFIL NerSkéésSoN
nitride deposited on the 2 0 SEP 2005 29 i nner surfaces of the thernmal

processi ng appaFaPlisel evelie P st nREnthEn fidmy FiRRaSiden PFRERIF ng
deposits ot hephthanfbhersitheCan tRirhald@ iR Hts IRARIE SN lqud VL NEh@N
can be applied to renoving, for_exanple, 5 polysilicon, titanium oxide,

tant al um &8 deSiSj Pfcibhe SPErEghe PFOCRRSLNG ESFEER TUBSTO ST ERsT a8l STO

(SrTi03). The depesibdi SHROt NRGESTR | |dh& I eAELLEPBr PLRUUGthe anghdByabDe a
reaction byproduct, such as amonium chloride. 10 Wen the reaction,
product, such BECSPFFeBE ARRFATREUS aflCY R 0Py sEdGct Of séte afilm

ammoni um chl oragﬁogitgon%rgzéggl_—l conmpound, deposited particularly on the

i nner surface of the_ exhaust Ei pe 17 of the thermal processing
Although h

e invention has been described as
15 applied to c¢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
20 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 workpieceés are not limited to
semiconductor wafers 10, and may be, for example, glass
25 substrates for LCDs.

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

30 wvessel and the jigs.



apparatus 1, those deposits can effectively be renoved 15 with th IWQ%
gas containing fluorine gas and the additive gas that pronptes t
activation of fluorine gas. To renove the deposits deposited on the i nner
surface of the exhaust pipe 17, the cleaning gas is 20 supplied through the
reaction tube 2 into the exhaust pipe 17. The cl eaning gas nmay be supplied
through an inlet port 17a fornmed in the exhaust pipe 17 into the exhaust
pi pe 17. The deposits deposited on the inner surface of the exhaust pipe
17 can effectively removed 25 by heatlng t he exhaust pipe 17 with an
exhaust pipe heater 17b. Al though the #ore90|ng enbodi nents of the present
i nventi on QigéMs he cl eani ng 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 thé-cl ednithgngddloodtnesirignt hepdrduent clganing ackthdédt €8

setting a<ﬁk§ﬂﬁﬁ&9atkﬂﬁhffﬁlﬂ'H%ﬁ%%?@ﬂﬁ?gaJﬂ&%%ﬁ§(E%)ES&Sﬁfﬁg36ep%Eg39"“e”t

gas is an inert gas. 35 F exanpl e el
argon gas 29PAF Mafobehgsetniatst eadtasfesni of ofbn ghdn XignSERIZGI5I30

Al though theateregaimgreahodimenl StRin tha Rl 656l ridiB¥ENtL PN 38k $1 L
pressure in ?he reactlgn tubé'3 gt gé 200 Pa (466F?orr) 9 lﬁﬁ §l %

interior &f ARESST hEFhet™tr Go d€erhyCapRTstusneludesh oy eté’éeurtélﬂnf%% 5

reaction taepesstich nalppkistiLd tdaeret @hidhescleanidp@sofiod hesghiensrd
processi ng, appar a be carried out nce every several cycles of the
f|In1depogit?§n rg%%g% C%Iréﬁﬁgléwgrﬁt%ﬁ% gycle of the filmdeposition
process. The Mifehafginge that esrigliieconpbaehis fher medosftaguatttia antdmd0 Si C

of the thg&gﬁluﬂ;qgg§§l&g‘ggggiatus 1 can further be extended by cleaning
the interior of the thernal
heatlng an interior of the reaction vessel at a

predetermined temperature after discharging the workpieces; and
cleaning an interior of the thin film deposition apparatus,
with no workpieces being in the reaction vessel, 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 predeterﬁined 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.




processi ng apparatus once every one cycle of the film depositi org grsgﬁsgﬂa
Al t hough the invention has been described as 15 applied to cleaning e
bat ch-furnace vertical thermal processing apparatus provided with the
doubl e-wall reaction tube 2 consisting of the inner tube 3 and the outer
tube 4, the present invention is not limted thereto in its practical
application. For exanple, the 20 present invention is applicable to

cl eaning a batch- furnace thermal processing apparatus provided with a
reacti on tube not having any tube corresponding to the inner tube 3. The
wor kpi eces are not linmted to senicontfuctor wafers 10, and may be, for
exanpl e, glass 25 substrates for LCDs. As is apparent fromthe foregoing
descri ption, ccording. to t resent .jnvention, the deposits deposited
> Che thor al Jpr oceh8 sbn B e i s (HOGETAT gFp Pt | v
det eri or atticagrdire reactaion2, 3gheesisel and the jigs. 2 8 SEP 20115 31 CLAI M5
1. Athin fil paskt.d arat us, ¢l i e f | eaning . a thin
fiIn1depositigﬁq§p%§?%%§% b ré%%f?#ﬁmgggoggfé Eggﬁég?hﬁﬁfggpﬁg Phner
surfaces GfMePRE2 tdfisnofihyArgeposias-on apparatus after depositing thin films
on wor kpi eces by supplying a process gas into a reaction vessel included
in the thin film deposition apparatus, said thin filmdeposition apparatus
cl eani ng net hod-conprt sithd t Hé 18t lPost i sePRAGItHE ﬁH@aﬁéﬁ%pF@é@§§having
t he deposiakedrditigh thi E1sim f3r opndh@nr eacti on vessel ; heating an interior of
the reaction v gse redet erm ned tenperature after discharging t he

| at . .
wor kpi eces; an c?%ﬁﬂﬁqﬁé gﬁeiFﬁQﬂﬁﬁgrthc%ﬂ tHien PR HefdsitPPoRTn
appar at us fiwnt depres Wbk paggesitbei hg supdiyengeactiemivgsges , cdirasuppd yi ng a
cleaning g3go a0t Aat! af LiRldiNe 925 ARG MeAPALLI VG 988,57k ar

the predetermined temperature in the cleaning step.

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 appératus 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

toe 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.




of pronoting the activation of the fluorine gas into the reacti od 8 \Qks 2005
heated at the predeterm ned tenperature, heating the <cleaning gas at a
predeterm ned tenperature to activate the fluorine gas contained in the

cl eaning gas, and renoving the deposits with the activated fluorine gas.
2. The thin filmdeposition apparatus cleaning nethod according to claim
1, wherein the deposits are renoved 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 pronoting the activation of
the fluorine gas and of increasing etch®rate for the deposits w t hout
decreasing selectivity with respect to the materials form ng the internal

menbers of the _thin_fil .depasition apparatus, into the reaction vessel in
The ol cant ng " Scop. 7555 Thih Hagn' wEbsRRRR! HBseratiR, isRiEs oRoRpfar at us
cl eani ng rethodin@ceorthing 7t owieda@im 2, wherein the additive gas is chlorine
gas, hydrogen fl j.de S, i a hydrogen _gas.._4,. The thin film
deposi tion app§%g§%%Q%leanfﬁﬁﬁgg%%8§ega§€%%ﬁ¥%g%Fo gﬁaiﬁ#@?lﬁﬁé;%ﬁrﬁthe
deposits dfevrermredotoliegahhahe ildmérimyspebtivelt-hin fil m deposition
apparatus by supplying a cleaning gas containing fluorine gas and chlorine
gas into the reaction vessel heated at the predetermined tenperature in
the cleaning step. BReTHEIRhiGHIR |9RAP9EHDER | BRPAFFASat UsaeleanPa§h et hod
accor di ng dceocehBgnt3, cWwer ai, nwkdweideposits are renoved to clean the
interior of thE thin filmdeposition apparatus by supplyhgg a cl eani ng gas
8 tot

containing fl d8Fi AEPYHESaRd® hYTRVEEN Pl GOPFUHFad “ER 85cthbh vessel
heat ed at falpr eéepi=ertibnedppanpesabur supglting &l eBrnmggstep. cdhtalhend hin

i1 m deposhtlpr, ARRA ahuS, a2l O, nekhod, . acearding Lo el almd of o
wherein the cleani'ng gas contar ning Pluorlne gas an y8rogen
predetermined temperature in the cleaning step.

10. The thin film deposition apparatus cleaning method
according to claim 9, wherein

the cleaning gas containing fluorine gas and ammonia gas is
supplied such that the flow rate ratio between fluorine gas and

ammonia gas is in the range of 2 : 1 to 10: 1.

11. The thin film deposition apparatus c¢leaning 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 1%, 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 in the range of 5 : 1 to

5: 3.




fluoride gas is supplied such that the flowrate ratio between fRupr3ffe 2005
gas and hydrogen fluoride gas is in the range of 1 : 3 to 3 : 1. 7. The
thin filmdeposition apparatus cleaning nmethod according to claim6,
wherein the cl eaning gas containing fluorine gas and hydrogen fluoride gas
is supplied such that the flowrate ratio between fluorine gas and
hydrogen fluoride gas is 1 : 1. 2 8 SEP 2005 33 8. The thin fil mdeposition
apparatus cleaning nethod according to claim?7, wherein fluorine gas and
hydrogen fluoride gas are supplied at a flowrates not |lower than 2 1/mn
respectively. 9. The thin film depositibn apparatus cleani ng nethod
according to claim3, wherein the deposits are renpoved to clean the

interior of the_thi filmd sitjon apparatus by supplying a cleaning gas
cont ai ni ng fleui(%r’i n egaéhje{hd%gfﬁlmrﬁegoﬁja Cinnt?)pfiaﬁé“‘)éfl%a 'eaﬂlg%sg‘SFh‘h‘éat ed at

a predet ecepnéthd eopetaturle, i whdtw@ncl eaning step. 10. The thin film
deposi ti on appafat B%ﬁﬁ%ﬂ%% %E@Q&in%ccﬂﬁlgwge t oascl alm 9,,. wherein the

cl eanin P RIS}

g gas containing i ne gas and amonia gas 15 uppFied®such that
the flow rF&t evpatiwl betakedhat| Gbei Aéogasaandratanmmbeieegastiwriine t f@s r ange
of 2 ! 1 t@gllyardegehlgadhg Ehins fil m deposition apparatus cleaning method
according to c¥ai m 3, "wherein the deposits are renoved to clean the
interior of the thin filmdeposition apparatus by supplying a cl eaning gas

contai ning fluarinengasnand MYAr egeRg8Sord NhPpd M useatid-ainy esgsehodeat ed
at a predetermned te _eraiture in the cleaning step. 12. The thin film
deposi t i off CAPPart 8 Ei%é‘hi ng“HEtHEd according to claim 11, wherein the

cl eani ng gas cdntaimdiinguehbuos | O gas waid Ky ik ogeivsgasoh Sasipkiedasaich t hat
the flow iBlfied s Qe PELAPRNALIONINR, 988 AN LY A0080.9as s I n the range
15. The thin film deposition apparatus cleaning method
according to claim 1, wherein
the interior of the reaction wvessel is heated at a

temperature below 400°C in the heating step.

16. The thin film deposition apparatus cleaning method
according to claim 15, wherein
the interior of the reaction vessel is heated at a

temperature in the range of 250°C to 380°C in the heating step.

17. The thin £ilm deposition apparatus cleaning method
according to claim 1, wherein

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.




5: 3. 2 8 SEP 2005 34 13. The thin filmdeposition apparatus cleadih@EP 2005
met hod according to claim 12, wherein the cleaning gas containing fluorine
gas and hydrogen gas is supplied such that the flowrate ratio between
fluorine gas and hydrogen gas is 5 : 3. 14. The thin filmdeposition
apparatus cleaning nethod according to claim1, wherein internal nenbers

of the thin filmdeposition apparatus are forned of at |east either quartz
or silicon carbide. 15. The thin film deposition apparatus cleaning nethod
according to claiml1, wherein the interior of the reaction vessel is heated
at a tenperature below 400C in the heating step. 16. The thin film

deposi tion apparatus cleaning nethod according to claim15, wherein the

interior of thggreagfion,vessal; is ed at _a tenperature in the range of
250C to 380C in the hea?ﬁng ?ﬁéﬁﬁ ?%E%#ﬁéo?hﬁﬁp??ﬁﬁ?dé%%?ﬁﬁ?%n“?ﬁgﬁ?atus
cl eani ng FECREEINAECOFYR HY Wwovwkezdin 1, wherein the cleaning gas is diluted

with a diluent 1gas 9105 0¢UERR ofi lHLeG CkEANINY 9aS, ¢ ﬂ%ohh%i@ir#&% ed

cleaning gas is sgﬁplied into the reaction vessel. 18. The thin film
deposi ti o 'aPpar#tUs cl eaning method according to claim 17, wherein the

diluent gas istan isheidorfasitrdd8 SEF-20Q3 35 1% Thent i fidgndepesi tion

appar at us C|9§QLHQ net hod ccording to claim1, wherein thin filns forned

on the workpreced are STIVEBn thi tPFAE STHWs STERd YHER sTPRRSGHIAT L Eidle
deposi t ed siditbme tiltirhdé i fimndepositid @b riappRatush ither en®Medigi Bat he cl eani ng
step, when depositing the
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:
discharging the workpieces having the deposited think films
from the reaction vessel;
heating an interior of the exhaust pipe at a predetermined
temperature after discharging the workpieces; and
cleaning an interior of the exhaust pipe, with nec
workpieces being in the reaction vessel, 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, and

removing the deposits with the activated fluorine gas.

2l. The thin film deposition apparatus cleaning method

according to claim 20 wherein




silicon nitride filnms on the workpieces wth the cl eani ng gas. 2(2 aASEgi%uu.é
fil mdeposition apparatus cleaning nethod of cleaning a thin film

deposi tion apparatus by renoving deposits adhering to the inner surface of
an exhaust pipe after forming thin filnms on workpi eces by supplying a
process gas into a reaction vessel included in the thin filmdeposition
apparatus, and discharging gases fromthe reaction vessel into the exhaust
pipe, said thin fil mdeposition apparatus cleaning nethod conprising the
steps: discharging the workpieces havigg the deposited think filnms from
the reaction vessel; heating an interi of the exhaust pipe at a
predeterm ned tenperature after discharging the workpieces; and cl eaning
an interior of e i pe ' no rkpi.ec being.in the reaction
Sassal o by supiie TEIRN BLPS:s UL TIGa MRLARLETER. DELIE R LaSsE

addi tive gasochpraliizdasst pimenoting the activation of the fluorine gas into
t he exhaust pipe heated at the predeterm ned tenperature in the heating
step, heating the cleaning gas at a predeterm ned tenperature to activate
the fluorine g&¢-contdi fédli fitlfe RosAihgn gasrakaihs reyamilng meshdeposits
with the aeibvaief thl yosimeogaghekn The thin film deposition apparatus

cl eani ng net ho h acgordigﬁ to claim?20 wherein 2 0 SEP 2005 36 the cl eaning
gas is supplied €hrotgh the 3 edct iSURPVERS P roM AR o 2R hdNEh R Fiopeed 22, The
thin fil midepbsi<¢:itersapparatiuso ctiearkhgusetdipd, according to cl ai m 20,
wherein the cleaning gas is supplied through an inlet port formed in the
exhaust pipe into the exhaust pipe.




