;1 je3e/\/YL.zb6T: A& SPECI FI CATI ON REACTI ON VESSEL CLEANI NG METHOD AND FI LM
FORM NG APPARATUS 5 Technical Field The present invention relates to a
net hod for cleaning a reaction vessel for formng rutheniumfilmor
rutheniumoxide film and a filmformng gpparatus. 10 B
sem conductor devices, to prevent the formation of an '”amaﬂmmm“m‘
| ow dielectric constant in the inter the el ec

SERCTRREM S

e
insulation filmit is necessary to S which is not ggmdl zed or
exhi bit nmetal conductivity 15 when oxi di zed. The use of ruthenium (Ru) film

or rutheni um oxi de 02 erials i QT S

whi ch neet suc%ﬁﬁe@sﬁﬂ Mi&b‘ig&ﬁ Fe- Ei &EMN&E JrE]Qd on
waf er s by CVD using Ru (EtCP) 2 as the raw material , by using an apparatus
, € a vertical thermal 2 0 processing apparatus . Et is an ethyl
group, anoé @Wne (C5H4) . Rutheniumfilmhas the property of
reflecting |ighirhepidsehtn nvahiesh #alhtéstadathodiforidieanisgderadction
reaction tube, the_radiant heat from.the hfater %suﬂe t he rea ir{‘o%nt

i s hindered fVEREEEAIR AQTPRRT e BRI R §U ﬁ’el%r?ﬁ(é‘figt t he
waf er becorresaugﬂ,abf&mﬁ{gjabpbggtage rel eased, which is a factor for

causi ng contam nation. Accordingly, the inside wall of the reaction tube
nmust be cl eaned frequently, e . g . , after every one batch of processing,

and the ciganigagx¥rbiinde®: . CLF3 gas is being studied. 30 However, the
reaction tubeﬂ‘s-%er_al‘l—forrred of %artz and t he waf b at |sfforrred

of quartz. The dde ﬁﬁ“‘-"GPP§u§5§r hSeViCeF o T REN Y h‘g‘?:l A fhage

them and a risglsuiBeion h@l&éf&o@%ﬁe&&&tﬁﬂ@@éns«tiﬁtmtnémaérfmh:éﬂgetwéen t he
reaction tube fromthe processjing gases or, th

HC1 HF t
resi de 35 on tihe PherhEcdes angk thRelRpsyAioR %égg‘e:f'tc’?%uz‘%éfé?rggé? W% c?

and scatter inQehihis %é}hqs\/\/&wr&mdnéﬁ bt esBlibit Myt anadacthe ty
present invention has been nade, an obj ect of pres %}Fl nventJ n S

to provi déSa temP¥iizsd. CI%PF@ qfh’éu‘{"?ﬁ éif‘é’gcflf‘

whi ch rut heni URdd,} iQfm EHtélQéHﬁi@dQXméjﬁéﬁldl@ Bﬂ&l‘k@&&pﬁﬁiﬁ@fb (whl&h meet
obj ect s-to-be-processed efficiently wthoyt danmagi ng the reaction vessel

and cont am natS4d FREUbEFBeR s -5 bsedrg, 8t
Such films can be formed on wafers by CVD using Ru(EtCP): as

the raw material, by using an apparatus, e.g., a vertical thermal

20 processingapparatus. Etisanethylgroup, andCPis cyclopenthane
(CsH;) . Ruthenium film has the property of reflecting light, and
when ruthenium film adheres to the inside of a reaction tube,
the radiant heat from the heater outside the reaction tube is
hindered from reaching the wafer. Resultantly, the temperature

25 of the wafer becomes unstable, and films are released, which is
a factor for causing contamination. Accordingly, the insidewall
of the reaction tube must be cleaned frequently, e.g., after every
one batch of processing, and the cleaning with, e.g., ClF; gas
is being studied.

30 However, the reaction tube is generally formed of quartz, and
the wafer boat is formed of quartz. The use of ClF; gas has a
problem that the ClF; gas will damage them, and a risk that the
ClFs gas may react with water intruding into the reaction tube
from the processing gases or the air, causing HC1 or HF to reside

35 on the inside wall of the reaction vessel, the wafer boat etc.,
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and scatter into films on the wafers.




.Di scl osure of Invention The present invention is a reaction vessel cleaning
met hod for 10 cleaning the interior of a reaction vessel in which
processing of form ng rutheniumfilmor rutheniumoxide filmon

obj ects-to-be-processed has been made characterized in that a | ow pressure
of below 1.33 Kpa and a hi gh-tenperature atnosphere of above 850C are

established in the reaction vessel nd _0ox n_15 gas_as cl eaning gas is
suppli ed into t & PRSREIERIDEERReS KECEPECRY g (o L oP A PEPRIBREY G t he
cl egni ng candlaa alsfr;]é@tf BEdthe presaatt izp@éritgdaroﬁsthtdsr@wvﬁ' ]geua tdhRgoe cguartz
products used in_the reactiqn vessel, as es the use o 1F as, an

o Chout t he. r (RIS RS ATIRALRE Shed FARARPENVERPRT o (Y cBoRothertitin

obj ect s-t 0- be-fanacessed. rAGhéhRlm | N¥RDEEON fiiSma rEREt | BAeNesS FIrmeHearsmg
nmet hod for _cl e[q%gi ng the interior of a reaction vessel in which processing
of forning®r utRSRLHRT EPTRR dIraceskedi R EXFIRNELY mvgrfhout damaging  the

obj ect s-t 0- be-reeeesfiafbdity BREEdMERIns RERG AR bB§Ectd-tid Rle-BrdSedssd .

cont ai ning active oxygen which is a cleaning gas is supplied into the
reacti on vessel. The active oxygen is at |east one of, e.g., 03, oxygen

radi cal and hydrseapkusé 0 Trafdingdbn The apparatus according to the present
invention is aftrrmrtrormng 3Q apparatus for formng rutheniumfilm or

r ut heni um oxi de TS RFeFERHLBYERLICN BE-HFEREEIAR VEFSg!l IFeenipg matdeg for

conpri si ngopr @ATHhe ngOt s i@ riBanst f0reddi st WAERIPLASHI G bPobbSsing
reaction vessel; heating neans for heating the interior of the reaction
vessel : gas SpplEPTREBEs FeFhanip yifadmoxgEenryeieniim ©ofddeeatii®n &5

vessel ; and aieeRitsCkoUbéiprdidsddinEad B0 mllel BhaBatadti Al RE 8ha OV
pressure of below 1. 33 Kpa and ahg%?gh-terrper at ure at nosphere 3 of above
Ws

850C i n the rdadtpPrassussef hel@ Fragnsky Juighgdempsratere atmagPRREe i nt o

the reaction v@sgebve 8808cRASs A1 iGRAHIH bhaT iR i BRASRESELN Y GarlPaRygerPased
on the program so as to clean the interior of the reaction vessel Wth the

rut heni umtPi | 1I#36 2¢he Slepinghidga® 4Ri gerplied ddarter thg reacHrarevedsstri ption

of Drawi ngs Fl Gaded:idge) tHeiibestin®s nef¥i8h , @h¥ e bhffhg LESHERLrPEARES S NY
apparatus which is one exanple of the filmform ng apparatus used 10 in one

enbodi ment of ihé FReHo®Eiedref Hdmedrihoyl daerging Attt Products ysed s a

vi ew il lustratiféhbhed@achi Gas<t] [ B8 dodshemd wael bf B, (A sOX RN wIBSout! G
2Bis a viewillustrating the reaction of the rutheniumfilmwth the
oxygen gas i nt®RudEskso(otd) contaminating j sthe virditherdmi nfamt e r e i on

of the RuQ3 (ss¥jebrstebtBerprbddysedygen into Ru04 (gas). FIG 3 is a
characteristic view of relationships between tenperatures in the reaction

vessel and det echRRFherginveRtéeR| s & rsRckippyveese} cekrandinggmeshed afe®ring

quantities of diwanivghene UMtedQok! & # redctiSNaréddr katwieicH ?Wo@&ssing
rel ati onshi ps between pressures in the reaction vessel and detected |ight

t
intensities ofof- foyRipgr radwidiuRy Fblmcan eFPRBeRmt P5de ofikme on

rut heni um objects-to-be-processed has been made, characterized in that a
25 gas containing active oxygen which is a cleaning gas is supplied
into the reaction vessel.

The active oxygen is at least one of, e.g., O3, oxygen radical

and hydroxyl group radical.
Theapparatusaccording to thepresentinventionisafilmforming
30 apparatus for forming ruthenium film or ruthenium oxide film on
objects-to-be-processed in a reaction vessel, comprising
pressure adjusting means for adjusting a pressure in the reaction
vessel; heating means for heating the interior of the reaction
vessel ; gas supplymeans for supplying oxygengas into the reaction
35 vessel; and a control unit including a program for establishing

a low pressure of below 1,33 Kpa and a high~temperature atmosphere



FIG 5 is a characteristic view of relationships between flow rates of
oxygen gas in the reaction vessel and detected light 25 intensities of
X-rays corresponding to scattering quantities of the ruthenium FIG 6 is a
vertical side view of a vertical thernal grocessi ng apparatus which is one
exanple of the filmform ng apparatus used in anot her enbodi nent of the
present invention. 30 Best Mdde for rryin t _the |nvention An

enbodi ment of SEhEPXYR %néf h’étﬁl?drgéggfﬂﬁxry S5t A8 p?‘ﬁ?éﬁtlnfznmg?%rﬁas
wherein the f:beﬁr&n&lnﬁatgbaé inteahdiregctooh PesHeEsaniimeaveidt 6on tsoldfiplg ed
to a vertica ermal pr.ocessin aratus,35 wll| be explained, In FIG 1,
ref erence nunty@f jieF 'ﬂé’@n?‘eangejg%egnof’uﬂée SEoFTaBuLFR 3 FRcPLFR dean

i nlnerdt ubeI | aiafdradr oft thet péadtirzh Masubl ofi it ehkorttitemifum €idm, ofjudie z. A
cylindrical manifold 11 of a netal s di sposed on the bottom of the
reaction tube FEtheRLUP MyEide Lfggml ﬁdh%’%”i%g:%pper end opened and is
supported on the inside of the manifold 11. The outer tube |Ib has the upper
5 end closed and has the |lower end air tightly jointed to the upper end of
the manifol d BriefpDeseriptdomofobERingsit, the inner tube la, the outer
tube I'b and the g { Qlsth Lare9Bs1 ish Hb&rildifof QAFdF OibCEREMa IRBF 8688 Ihg
nunber 12 represents a base plate. In the reaction tube 1, a nunber of
wafers W 10 &pagatusyhiehprperssegmpie @t the fidpdqrpigg apmedadugused

mount ed ofpa Wafdie SAAINRER & tibREtHod a\&bséallni_ﬁ €0 B0k f8Esch€EROEHEI Y
hori zontally at a certain interval in a shelves-1like manner. The wafer boat

2 is held on a E&F-22Avis R Yhernstiugtaptdngr eip seastian RAithensurkendi uni t
22 there betwggnm wibR &edded Rl ation unit 15 22 conprises a conbination
of a heat insulation unit of quartz fins or others and a heating unit. A
rotary shaft 23 §X8-pdBstd & NisWghl turtredingrthe nasetpentof e sEFbeninm t

22, and the rgiqugaﬁf{;hg?b,él@éhotgggegngy a0 861 Midi sposed on the boat

el evator 24 to rotate the wafer boat 2. 20 The cap 21 is nounted on the

boat el evhbor 2FFr 2CokdinyieNexpipdnipgathe reacsian PhthedtuQenéseidt i on
tube 1 and, whephe 88 jderilinkhCrbpPRGABYL POSI tion, functions to
' 1

close the | ower end opening of the manifold 11, i.e., the |lower end opening
of the reaction E&sset t9nat Fharaeteristie rdawt i 1elpdieonghirs hepween

mani fold 11. temperatures in the reactionvessel anddetected 1ight intensities

of X~-rays corresponding to scattering quantities of the ruthenium.
20 FIG. 4 is a characteristic view of relationships between
pressures in the reaction vessel and detected light intensities
of X-rays corresponding to scatteringquantities-of the ruthenium.

FIG. 5 is a characteristic view of relationships between flow
rates of oxygen gas in the reaction vessel and detected light

25 intensities of X-rays corresponding to scattering quantities of
the ruthenium.

FIG. 6 is a vertical side view of a vertical thermal processing
apparatus which is one example of the film forming apparatus used
in another embodiment of the present invention.

30
Best Mode for Carrying Out the Invention

An embodiment of the cleaning method according to the present
invention, wherein the cleaning method according to the present
invention is applied to a vertical thermal processing apparatus

35 will be explained. In FIG. 1, reference number 1 represent a

reaction tube of a double structure of an inner tube la and an



Around the reaction tube 1, there is provided a heater 3 which is heating
means including, e. g. , resistance heating single wres provided
surrounding the reaction tube 1. In the present enbodi nent, reference
nunber 3 represents for conveni ence all 3Q of a nain heater which takes
care of nost of a thermal processing atnDsphere in the reaction tube 1,

b- heat di ﬁ?'..q Erﬂ@d
Z:Jspoggde(r)fl tlhiﬂggl ﬁ%qﬁex r%gjgef\% is'di I;gose g?guﬁf#ﬁl{'ﬁ%ﬁeﬁl 3,
al t hough not wlamifold|ll bhea petaphios yllepose@ crathé dattom ohdhe veacthayi ded
8ISt 35 9a AP, Yl BEnd: be SRRV L ubRL LA TERAUIRESS o B SP 00N

gas supply pipe or “Su a“Cleanrn gases can be
supplied into drh'ehe nnemdeldfethamaiﬁhﬁold n4dt. glzhe suipgt ytubepié: Has Sheosppext ed

to a vaporyjizer t hat 2 J|

(et hyl cycl perﬁ a %ﬁﬁa E]t"%g wﬁﬁ)énsc‘{t?%ﬁ% (%g}:l gcllmé%a TR
tank through a&nd mﬂvthemnadprdmlng Imthe £3esend evrbpdunentl e mr@r ttﬂ:regon
(Cory . The. davome 92558 it Do e s nbtE R ta s o8 el Maclistinn
source 52 vi avessallve Réferafica filmbver di2e ragraséntsy) abalseSplabech constitute

gas supply nean 10,.The manifold 11 . s connected to an e aust pe 3 to
be exhaust ed thf{ﬂjght}éespﬁgﬁcﬁe‘frb\eeﬁ%e ?hne? t 5 af thvéa ‘ube
1b, and the i rdkgects-eb-béeprcraised) ¢ e 126 hdetsraf ﬁaﬁéﬂsla’ream@melsmii bed

reduced at rmsphere Vv ur j usti an butterfly. val ve.
e The var 1 ol Bri e BorEatAde 5 dkia HBLrh i arncishr cosPactiiRiY)
unit 6. The caririebntially Gtd eeesain ihogreal ine sheéhges-Uikel munrdey. fThar ng
the filmand a ihcluding a recipg,for the clean rocessi ng and
ol ues moandoE RaTE FoL PTG A RIBE £1 ¢ M35 SPSEAb AL PSS 10R e [ he
val ves V1, V2,ahéset 28stlavisrauri dp uieredativees . 4Theteat Desyl2ision enit
etc., suc as a ta P o es unit,

adj usting a 14 d n
oteThend St nepenmEt 8¢ ot ComEERabHaT as B eeh omioathanting s prodiatts |
descri bed. Firfins arpas'ews bad audaaningf unbf er B MWtafy ehasetas lie- pass&ssed,
are held on t boat n hel v g3 Like r t he_boat

ol evator 24 i SHITEBS CPBERE (et in PRt HRRPLIELRD Grihets o 208 TP POERS
nore specifi caéHan RBOL & b tated bpra westsel M(dispcdcal enstitavboat El&rafigr . At
the tine of Iq |ng t he, wa he interior of the reaction tube 1
is retained até® &° §° tatﬁb{)]?ﬁ “?%%(5 %?ﬁ% ?errperat ure in the reaction 30
vessel i s2zpai sednieo capp2bdasmbufgté® pethé Want elgvatdd fdt droaﬂiagmﬂier
boat 2 has been | oaded |.0si ng_t.he | ower . end openin f the eatlo
vessel with th‘?‘gﬂpg?f: i1 gﬂg PRt @%B&Peof 3 %"%gk"?’ﬁo#\ ePs
evacuated to acgy 2Sdid dectheagpparniads pesityicn) Swastianisoto mmpetﬁhe)hgdver he
exhaust pipe 13.,35 After i nter f the re n vessel has

Srabili zod at itk BeBLbScoh dRe st il d1 ¢ feerar e ImEESER cBRRi B9 e 1
6 vapor of Ru t(rlﬁ@@)acﬂlbnqmsdse\laponstﬁmmd biyethapmactéonduba Isamdl the

quantity % (0) e(r)l.r?q S Eor accel erating the deconposition of the raw
materi al s andriﬁq'ﬁ' é% as the carrier gas are supplied into the reaction

vessel through timourid thegasmctippl yulje p¢ thera ie provided a heater 3 which
igs heatingmeans including, e.g., resistance heating single wires
provided surrounding the reaction tube 1. In the present
embodiment, reference number 3 represents for convenience all

30 of a main heater which takes care of most of a thermal processing
atmosphere in the reaction tube 1, sub-heaters disposed above

and below themain heater and a sub-heater disposed on the ceiling.

A furnace body is disposed around the heater 3, although not shown.

In the periphery of the manifold 11 there are provided a first

35 gas supply pipe 4 for supplying film forming gases, and a second
gas supply pipe 5 for supplying a cleaning gas so that the gases



5 the interior of the reaction vessel is adjusted to a prescribed vacuum

degree by the pressure adjusting neans 14 , whereby ruthenium (Ru) filmis
formed on the wafers W At this tine, the wafer boat 2 is being rotated by
the notor M After the processing for forging the rutheniumfilm has been
performed for a prescribed period 10 of tinme, the supply of the processing

gas i s stoppe e, [ LD |y 101 t k $8L 1S
| owered to 20%%?E%ﬁﬂh§g§%ﬁ§é§§gggehggfs unf%gdegﬁﬁg?%g$%?ﬁi ?ggﬁf?oﬁ
vessel . Such #iiscébonectay poot ¥spPnigdwAdsvishzalve Vani aenthialtm BY B 2t he
reacti on vessel (1 Leacl . | 1 waf er
boat 2 and thglﬂéﬂgﬁpﬁg3%%#?%ﬁxﬁﬁigkﬁéaﬁg é%ggégggﬁéﬁ%ﬂfﬁq%?F$%?ﬁ%?§€he
property of rafdisetiioad lighid asndetradphdaablove rate adigtingeuphb 43 is
processing tenperature.of the wafers jt_i re p IR.cl i ng
every ti n® 1 hIEPPREEe] vt Bt 91 h@r&°§cés%i‘?m%?’ef gg&g‘%‘%plttg‘e ?%Q%Er ey
Then, the cleani Ex 28 a9 etlegk grrgups and CP s (S4hpl i Thedsdrdns\ghs SRl ned.
First, the interiqr.of the reaction tube 1 i ' t
5000, the. vt B PBOAESEIRRERD YhrB SHRRICERS SHEBDY Bhelle o8 vl o AL
reacti on vesswb,arahd fiww raterddjustfinghmirte&t twhdichyvesseti tukeegas isurpdyt o a

prescribed vacuum degree . Then, the supply power 2 5 to the heater 3 is
i ncreased to MGP88-the tenperature of the interior of the reaction tube 1

to, e.g. 10 1000@heamehittbedual Mecdfthdctedprratexinysepipad3 e heexhEushedng
R R T s
(1 Torr) - 13a3dKpRe30ntdfibrT@f they rédetivressinee ladposbengetmined 4n and
e N R T
processi ng pen tebrflyevalaRands on a filmthickness of the rutheniumfilm
br ocessi b unt | 1THengeREXEa LI ARG ProSRAS 90 ACPRES U RA IRt PP 20
nm t hi ckness tap8Rtres uhekn®d, Th8&ontrbl hihilts 626t Hes38 Progragannaluding
P oeai g O & rdcipd for Fatming bl £i3nPShd U Pedokal g ™s! ALY
for the cleaning processing and includes means for controlling
the electric power of the heater 3, and the valves V1, V2, the
20 flow rare adjusting units 43, 51, the pressure adjusting means
14, etc., such as, e.g., a CPU as a data processing unit, etc.
Then, the operation of the above-described embodiment will be
described. First, a prescribed number of wafers W,
objects-to-be-processed, are held on the wafer boat 2 in the
25 shelves-like manner, and the boat elevator 24 is lifted to load
the wafer boat 2 into the reaction tube 1, more specifically into
the reaction vessel (the state shown in FIG. 1). At the time of
loading the wafer boat 2, the interior of the reaction tube 1
is retainedat, e.g., about 200°C. The temperature in the reaction
30 vessel is raised to a processing temperature, e.g., 300°C after
the wafer boat 2 has been loaded, closing the lower end opening
of the reaction vessel with the cap 21, while the interior of
the reaction vessel is evacuated to a prescribed vacuum degree
by an evacuation pump through the exhaust pipe 13.
35 After the interior of the reaction vessel has been stabilized

at the processing temperature, the valve V1 is opened to supply



FI Gs. 2A, 2B and 2C show the process of renoving a rutheniumfilm 72 forned
on the wall surface 71 of the reaction tube 2 by oxygen gas, which is
represented by the rutheniumfilmforned on the inside surface of the wall
surface 71. First, as shown in FIG. 2A, when oxygen contacts the ruthenium
film72 , the reaction of Ru+O2-~Ru04 (solid) takes place to form Ru02

(solid) on the_insi r . . i : ho i Fl G
55, Then. 't he BEDS TLREREFCEInt MBS rbBELEETRY fle (3330280 STOW L
Ru02+02- - ~RuOguagasky tefkesygrrages flsohdchlensdiiingethe deRodrogftison of etheed
off. As showmn _in FIG .2C th e i i k din
to the presentragn%%%?rr%eants, 5?(% a\%ﬁ%%%]ésc# ear?i[a%g??’g e@r%%ér %g)%\}mktaﬁﬁgg%en °
gas, the reactthenréabeidn ardselethvwdegh et f2rset gas  supplyhpare 4 orhide of

gquartz, arg n danpged b F3_ga rhb it S i " Rel d
Backgr oundgAr t%the éﬂgnger éﬁ%?eeﬁg?ﬁgg%ﬁrl%%r%ﬁ%ef%r? fulsttjﬁg?ii ﬁgtaa %?%i%[%éfhe
i nside wal |, eteuundeglteebgaticpmessube adiushirginaiesld hvberdsy ruthemwm
filmdoes not take_nlace..As wll be ew de iQ,.t e I i ' be
described | at e(ﬁa,u)t;?gh%?ﬁaqﬂrﬁﬁa%n %?f%f%ﬁ%h E‘Fg (?Lesrr%%}r:g;’t gﬁ% af(r\?%s%zleér es
of above 850C2aiglbaimigotavedbe thsmetarvhs fhfttrer tie proSSsdipey favhfatmiper nit s
the cleaning tqQ be rformed.in_a short ﬁj%g?()d ftinme. The o%lerationa

ae

efficiency of ryfhepien Lidah Pag Regh PY 55T hPTFE TS st
experi nents hafecirsrtHesoPly cFiie prodelseiafbastis stbpbbd, phesenperaverd i on.
The experinment, that a filmis fornmed on the reaction tube OI: %of\éer%iﬁal
thermal proceddi fheabpari¥rscfiche reagtig e 8 JuRRedy TP fi t to
evaluate . | n YHeas@ret bbet d danunfosdedroue it ther eematiss wadselpr e- f or ned
rutheniumfilnms are | oaded in the reaction_tube and osed 0X n._gas
to renove the rﬁ‘féhfﬁﬁﬁ“f‘%%f’g%ﬁﬁs«?lfgﬁ%nﬁ é:g?u?‘géf) ltuﬁ"elglr c%('lggno ube
was set at 1. ¥hdpeactivh vheséEn(theatetctioh vdesel damadgheatartifiolid k) of
suppl yi ng_oxygen 8 S ried to eyaluate r ve uantities of
Urhent ol | e Fdrpentd AgaFBrbeat SRRl AL R ERLE2 L el iRR BN
eval uation of fFiamwad €HeNbIdpertyobfr véfisdtimd ilight aendaseditedntbbies of

rutheniumfilns renpved by .cl eaning were given in 5 di.fferences befween
quantities of the éﬁf*ur#‘?i PHECHEI B FUFe; ﬁg %ﬁ%aﬁ?ﬁfﬁs vht b wer e

gi ven by appl yhrgFerabagstd @eiriferhasiRasiingeeverheinsnHtit theafi Mmafermibhegf or e
and after the cleanin an%P I Vi %guanti ties o}g\tﬁge r#%lheni g{p fil mshi!l])ased
on intensitiePTHARSEFS t F2fPEGr edfeMETXO “r ef &2t eF8n FREPINI

rut heni umzd0 fpitodassihigcds @Dl bepathplafibd belewgys pérfortneehi uRirsthethe
results are as, shown in_ F|G 3. In Fl ., differences in the_ de te

light intensi tyIRAARERE the ’ﬁaﬁ’&l%cré’%e i—lFa‘i%t L rafig9 af f’?‘??u‘f%@o €,

cl eani ng are gthemwafapdoddie 2divl termeneasens & motdeted af isehvaded quenot thées
of the rutheniumfilnms. In FIG 3,  X'.nmarks indicate 15 the fer ted
on the wafer bERASY R V2 Slsﬁ\ileraﬁ‘gr Flf'e"ﬁ‘n@ s °déncﬁ‘a"éaatreeavc\:/a 8?2%%%3% eggon

t he waf er boatevddiatad tppeprasciibedheaduim dagkee andhehe the' supplks pewert he
sane in Fl

.4 d, 5. As_seen in_Fl 3..the,.renoved_guantitie f
rut heni umZSiS | nE° gﬂ%hlaﬁ’é?’é3&5&“5§e?ﬁ$&8r$éfgs:&ﬁe eénpgrﬁfqld %??tt%‘ﬁﬁg%ﬁrltlggbe
because 2 0 ther itRereastish tuibe 1 esper. gl 1eoofd ) ahdtheasd viehe2 L eapehed.
speed explained with reference.to FIGS. 2A.ta 2C__The invent %%rf%fﬁctttﬂgn _
ifterence is

present i nventPOISTLERE S5 T SUARNTY FRT A8 PIRE TR ¢
1. 5 kcps, thevegpsslatitonalgef hi CizZrcy0 0d sLivef o aadeysthe presbucednt ithe

hi gh. The reason for this_ is .that.when detected.25 i Ssity _diff ce
is 1.5 kcps, a TRtV V?Eﬁ%f/i"r?ga%?l%?ﬂ ﬁghi%'rﬂ i ?Br’ré i Qggfc:%ﬁé)& gﬂnnsie ﬁ%ut e,
whi ch is @nsi ¢eo@ltoyrhilsh the grdssueesad postinBaseik A4, tdrel th$sldorshidnivonn
FIG. 3, when the tenperature is abave,850C .t waf er _at .t he upper .pant,
where the renoV? ﬁ&ttlaggﬁd%rtﬂ@rFﬁFﬁ%?ﬁ%Rleﬁ‘%ql}gthTeow, F?‘ﬁé‘s‘a&%"gﬁ%ec *Prght
intensity period of time, the cleaning processing is performed. This
processing period of time depends on a film thickness of the
ruthenium £film to be formed on wafers W and a cleaning cycle (times
35 of the film forming processing until the next cleaning), but when

the ruthenium film of a 20 nm-thickness target is formed, the



.30 difference is above 1.5 kcps. Based on this, the tenperature condition
may be above 850C. The tenperature inside the reaction tube 1 being above
850C here neans that the part where the rutheniumfilmto be cleaned has a
tenperature of above 850C. In the above case, the 35 tenperature of the
inside wall surface of the inner tube la is above 850C. The ruthenium
adheres to the. upper part of.the outer tube 1b, . but the rutheniumfilm
does not adhefF&® l?%é’qoﬁﬁéﬁlﬁgrqfo'bgcguseg%f“lémﬁﬁrsgésg}fsrf}r;'?(ﬂ"eéh %%% ng
during the pr@eemsfoAiPprodesspngr |imt, because the renoving quantities
of the rutheniumJfil becone | arger as the tenpergture rises, the 5
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are larger. The reason for this will be that the evaporation of Ru04 is
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in FIG 4, fosdihg) Wahsrineia meaatgp%a@a.r_tmhw,er&et Bath&nDYh 1 1ave of the
rutheniumfilmis low, the detected Iight intensity difference is above 1.5

kcps when t he G9€@8sdreffs bel ow 1.33 Kpa. The pressure condition may be
bel ow 1. 33 Kpa accHi@iih§Ry efebtdidnt! fbddindit I vhRaRichmthé |dNedpingei s

| arger as the pressure s | ower, however, does not nean that the
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of oxygen gas 30 was varied to eval uate e renoved quantity

rut heni um fi | s PeecEikedi iy ther peatien \Badakes Baekgroww dirtivedand the

eval uation of GLhe1eaMened GHiinkl 88d Of1idia HdlhBrardMd i 418 WagiBer §RIEd in
the sane way as described above. The result is as shown in FIG 5. Based on
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be rutheni um oxi de shBw@2péi-isa Jtutdinel untHXigpRrbith8has dfFimdney vefere Wy
supplying into the reaction vessel oxygen gas in addition to the vapor of
Ru (Et CP) 25. TRPITHNENFEM BKiME-i I mas wel | can 10 be cleaned with oxygen
gas in a | ow pregsidngidad hi gh-tenperature atnosphere as described above.
The cl eaning gas _can be active oxygen gas .  The active oxygen

The following experiments have been made to confirm the effects
of the present invention. The experiment that a film is formed
on the reaction tube of the vertical thermal processing apparatus

30 described above and is removed is difficult to evaluate. Inplace
of the cleaning experiment, here wafers with pre-formed ruthenium
films are loaded in the reaction tube and exposed to oxygen gas
to remove the ruthenium films.

Example 1

35 The pressure in the reaction tube was set at 1.33 Kpa, and the
temperature of the cleaning (at the time of supplying oxygen gas)



.gas' can be, e. g. , 03 gas, O (oxygen radical) and O# (OH radical) , etc.

In the present invention, a gas containing, e.g. , at |east 15 one of them
can be used . The active oxygen can be O and OH * generated in the process
of introduci ng hydrogen gas and oxygen gag separately into, e. g. , the

reaction vessel and burning themin a | ow pressure atnosphere. In FIG 6, a
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the reaction vessel]. 2 A reaction ve ni_ ng _net hod Qr cI he
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. AUF?. A A9. AYgléEGfﬂiﬂuéhﬂ‘ﬁ_hf&hAl YhdeAkbh fr, Ehls is that when a detected
25 intensity difference is 1.5 kcps, a rate of removing the ruthenium
films of about 3.6 nm/minute, which is considerably high, can
beensured. BasedontheresultshownnFIG. 3, when the temperature
is above 850°C, the wafer at the upper part, where the removing
rate of the ruthenium film is slow, the detected light intensity
30 difference is above 1.5 kcps. Based on this, the temperature
condition may be above 850°C.

The temperature inside the reaction tube 1 being above 850°C
here means that the part where the ruthenium film to be cleaned
has a temperature of above 850°C. In the above case, the

35 temperature of the inside wall surface of the inner tube la is

above 850°C. The ruthenium adheres to the upper part of the outer
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removed quantities of the ruthenium film were evaluated. The

cleaning period of time was set at 30 minutes. The removed

15 quantities of the ruthenium film were evaluated in the same way

as described above. The result is as shown in FIG. 4. As seen

in FIG. 4, as the pressures are decreased, the removed quantities

of the ruthenium film are larger. The reason for this will be

that the evaporation of RuQ; is more accelerated as the pressure

20 is lower. Based on the result shown in FIG. 4, for the wafer on

the upper part, where the removing rate of the ruthenium film

is low, the detected light intensity difference is above 1.5 kcps

when the pressure is below 1.33 Kpa. The pressure condition may

be below 1.33 Kpa. The removed quantities of the ruthenium film

25 are larger as the pressure is lower, however, it does not mean
that the pressure must be below 1.33 Kpa.

Example 3

With the temperature inside the reaction tube set at 850°C,

and the pressure set at 1.33 Kpa, the flow rate of oxygen gas

30 was varied to evaluate the removed quantity of the ruthenium film.

The cleaning period of time was set at 30 minutes. The evaluation

of the removed quantities of the ruthenium film was performed

in the same way as described above. The result is as shown in

FIG. 5. Based on the result of FIG. 5, it can be seen that as

35 the flow rate of the oxygen gas is increased, the removed quantity

of therutheniumfilmislarger. Intheabove-describedapparatus,
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In FIG. 6, a plasma generator 81 for generating plasmas by,
20 e.g., applying a high voltage to a gas is disposed outside the
reaction vessel. Oxygen gas is supplied to the plasma generator
81 from an oxygen gas supply source 82 via a flow rate adjusting
unit 83, and the oxygen gas is formed intoplasmas there to generate
gas containing O*. The gas is supplied into the reaction vessel
25 through a gas supply pipe 8 to clean the ruthenium film. Active
oxygen gas is thus used, whereby the ruthenium film can be cleaned
at lower temperatures than in the case that oxygen gas is not
activated.
As described above, according to the present invention, in
30 cleaning the interior of the reaction vessel after ruthenium film
or rutheniumoxide filmhas been formed on objects~to-be-processed,
the interior of the reaction vessel can be efficiently cleaned
without damaging the reaction vessel and contaminating the

objects~to-be-processed.
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a gas containing active oxygen which is a cleaning gas being
supplied into the reaction vessel.

3. A reaction vessel cleaning method according to claim 2,
wherein

the active oxygen is at least one of O3, oxygen radical and
hydroxyl group radical.

4, A film forming apparatus for forming ruthenium film or
ruthenium oxide film on objects-to-be-processed in a reaction
vessel, comprising:

pressureadjustingmeans foradjustingapressurein thereaction
vessel;

heating means for heating the interior of the reaction vessel;

gas supply means for supplying oxygen gas into the reaction
vessel; and

acontrolunitincludingaprogramfor establishingalowpressure
of below 1.33 Kpa and a high-temperature atmosphere of above 850°C
in the reaction vessel and supplying oxygen gas as a cleaning
gas into the reaction vessel, and means for controlling the
respectivemeans, based on the program, so as to clean the interior
of the reaction vessel with the ruthenium £film or the ruthenium

oxide film adhering to.



