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One problem that arises during such CVD processes is that unwanted
deposition occurs in the processing chamber and leads to potentially high maintenance
costs. With CVD of a desired film on a wafer, undesired film deposition can occur on

20  any hot surface including the heater or process kit parts of the apparatus, because the
reactive gases can diffuse everywhere in the processing chamber, even within cracks and
around corners, During subsequent wafer depositions, this excess growth on the heater
and/or other parts of the apparatus will accelerate until a continuous metal silicide film is
grown on the heater and/or these other parts. Over time, failure to clean the residue from

25  the CVD apparatus often results in degraded, unreliable processes and defective wafers.
When excess deposition starts to interfere with the CVD system's performance, the heater
and other process kit parts (such as the shadow ring and gas distribution faceplate) can be
removed and replaced to remove unwanted accumulations in the CVD system.
Depending on which and how many parts need replacing and the frequency of the

30  replacement, the cost of maintaining the substrate processing system can become very
high.
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procedure may be employed. To that end, a processing chamber is connected to a remote
25  microwave plasma system. The remote microwave plasma cleaning procedure reduces
the time required to clean the processing chamber. The high breakdown efficiency
associated with a microwave plasma provides a higher etch rate (on the order of about 2
pum/min), compared to the etch rate of a capacitive RF plasma.
To further increase the etch rate of unwanted deposition materials,
30  improved reactive plasma generators have been developed which provide an increased
flow of reactive radicals into a processing chamber. One such reactive plasma generator
is sold under the trademark ASTRON by Applied Science and Technology, Inc. of 35
Cabot Road, Woburn, Massachusetts 01801-1053. A description of the Astron is located



SUMMARY COF THE | NVENT10N 10 The present invention provides a nethod and
apparatus that reduces the tine required to clean a processi ng chanber

enpl oying a reactive plasma cleaning technique. The present i nv,en{i on does
so by enploying an Astron fluorine source generator which is in3f{dJdlUl 2008
comuni cation with a processi ng chanber gnd a supply of fluorine source gas
and a supply of inert source gas. In one enbodi nent of the present 15

i nvention, aaphagiawing lhtemeeddiess fitpe/WAst aaex.donvmtran. hinoVTief A$iob $taaetfi al | y
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of the former to the latter is greater than 1:1 Specifically, it is
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consisting of NF3, diJute F2, 4, C2F6, C3F8, SF6, and CIF3, and 5 the
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i nvention, aaforhdntiasedirhitho @datafiédadesprablemfiieatrtoms, are described in nore
detail in conjunction Iylvlirtwgrrrgorgee, atn?a)gmubn?letggv ra(flenicsi ac%év%& B)? gnsuhggutrhgtsthe ratio of
inert source gas to fluorine source gas is greater than 1:1. To that end, flow of the
30 fluorine source introduced into the plasma accelerates until reaching a steady rate which
is typically not less than 8.33 scc/s, and the inert source gas is flowed into the Astron
reactive plasma generator at a first rate, typically not less than 13.33 scc/s. Preferably,

however, the first rate and the steady rate are established so that the ratio of inert-source



20 BRI EF DESCRI PTI ON OF THE DRAW NGS Fi gs. 1A and 1B are vertical,
cross-sectional views of one enbodi nent of an exenplary substrate
processi ng apparatus, such as a CVD apparatus, which nay be useg in
accordance with the present invention; Figs. 1C and 1D are exp? dlé’& 2003
perspective views of parts of the CVD 25 processing chanber depicted in

Fig. 1A, Fig. 1 E shows an illustrative %l ock di agram of the hierarchical
control strugk W ioshe §difceSY HeRBafifg ix@hre SO MR InBatel RS QO MHE Bigari) Mixapeci i c
enbodinent; Fig. 2 is a S|qr}§l ified plan view of a renote m crowave plasma
source 30 cligtsp Agvehpern steusstion flyednssquise gengiatds te e Pracessivachambeebeen; Fi g.

3 is a flowah@gdts ivlth Wsdekitdd! BBtambiRtiST SBRnf tREreiRe THAEATNHe AubEIRbGcHsCr OVave
pl asma cl eani ng grocedure i n accordance Wt Eij:t he présent invention; g1
st s

JUL 2008 5 Feletedfip agroupsipptistiog of NFudilvtafp. st ¥psSHeoind §dFs #idi ng a
renot e myCr QualerROGS Ehs & £, MGis Bfe@é}t%i@}{{o‘%vgbé}, R GRY ﬁ@?{ﬁf@ sirdets RIRQL her

enbodi nent of the present invention; Fig. Is asinplified plan view of a
hazardous air pol | ut aftanothepga)odBnanpakthe presant insgnsiopfhcasaelestienofites t he

substrate prtﬂfbﬁiﬁé—k&ﬂc@éﬁp ﬁﬁ@{hg AsFAPYMof c'?itiﬁl%%ont'rd‘he .nﬁatilrgi thE %ﬁsm? sl S @ graph

show ng the nmake-up of” the out put gases m a substrate processing
appar at us i nfoaesidn therabsened offe fluveinpsasergas,ibyfleowingchs inem sbugeggas intd thea gr aph

showi ng t he - rQm [.Or. ar ate

o oceegi ng. dvgiarHask s PR dErER e Rellok Rl o BN AT 1
Exenpl ar 0 CuixoEyes sctimeleas Sleeked into theldatiomaatrate of appheximpatelg 4883 sevsekfteon may
be used with,or.re fitted . onto a.variet) f chem.cal vapo osjtion
LoDy Sor "ot mupirgstb s Rbind b SR 5 kot e et ftB TRl
substrat e pratetshafjudippasaédigs wnd the waitcburtdigas preassdily incheassiitb 06.6¢2an be used
or retrofitted is wn in Figs. 1 Aand 1 B, .wh ich are vertjcal,

cross- sect i oWdf a’?ﬂé{;\@ 56?} S’zfl‘l‘ﬁy%e’é%}’é‘f'%f}t‘?tltge, rafja Of RE-SOUSRsra iR THorige S ng
chanmber 15 20stdpadatdrehucies a processing chanber wall 15a and processing

chanmber |jid assenbly 15b. Processing chamher wall 15a and processing
chamber 13 d assenbly Ihﬁeé?‘éoé‘i’fc?\mo ‘H“eBting‘ﬂ&F,se’}Sé‘r"E'ﬁ@Bt? W\A8is in Figs.

1 C and 1 D adReft@es hiiteittrek ia8Sdesdrided Bnord Ge@dith chnfanctfelvifitad @A bkfdweont ai ns
a gas distribution manifold 11 for dispersing process gases to a substrate

(not shown) anHattachedfiguress on a resistivel y-heated pedestal 12 centered

wi thin the processing chanber. During processing, the substrate (e.g., a
sem conductor wafer) is positioned on a flat (or slightly convex) surface
12a of pedestal 12. Preferably having a surface of ceram c such as al um num

nitri de,zooedestal 12 can %ﬁlﬁp%d{mlbgn%ﬁ?hﬁ el wegasa | ower | oadi ng/ of f

| oadi ng position (depicte an upper processing position
(indi cated by 30 dashé&isl ismandllB are vértiepl, ctosgsertidnad Migws of enefentbodiineB)qf whi ch

i's closely aa(ilnl e?(grggltarytsgbﬂ&@ Jré)cleging apparatus, such as a CVD apparatus, which may be
used in accordance with the present invention;
Figs. 1C and 1D are exploded perspective views of parts of the CVD
25  processing chamber depicted in Fig. 1A;

Fig. 1E shows an illustrative block diagram of the hierarchical control
structure of the system control software, according to a specific embodiment;
Fig. 2 is a simplified plan view of a remote microwave plasma source
30 cleaning apparatus in accordance with the present invention;
Fig. 3 is a flowchart illustrating the steps for performing a remote

microwave plasma cleaning procedure in accordance with the present invention;



11. A centerboard (not shown) includes sensors for providing information on
the position of the wafers. g 1 JUL 2~ 6 Deposition and carrier gases are
i ntroduced into processing chanber 15 through perforated hol es 1?% ;F&%
1D). of a conventional flat, circular gas distribution face pl ate g re
specifically, deposition process gases fSI ow (indicated by arrow 40 in Fig.
1B) into the processing chanber through-the inlet manifold 11, through a 5
conventional perforatEg. disadiodichst ith@radidy dodepenpdriviaiagh rebies 13b in gas
di stribution f aceelﬂt (ia Bef ore reachi n% t he rra i fol .depo ?I tion and
carrier gasd¥CiaWavs Hana deaging prasediss in@gcorqance, Ml anpthes em %‘ﬁ?‘{}) thfes 8 (Fig.
1B) into a ga&emineRGor®! ock or system 9 where they are conbi ned and t hen
sent to manifold 11. It is a[so,fgosm ble, and desirable 10 in sone

i nstances, to direct Hépdsiasienli ﬁalaearew@rah@%?é%'sarp@&tws(rwr%)suppry
lines 8 t50 nRdAkfethéht dykstent Bonhbtdy t@tt@%ﬁ@stra&%?oc@lsﬁg%pﬁytﬁim in Bighypassed. In
other situations, any of gas lines 8 may bypass gas m xing system9 and

i ntroduce ga8édB through passages (not shown) in the bottom of processing
chamber 15. As shown g FicGgrabhBhowiRE L ridke- ut,lam@ogfg& SRRl 4 Lgsd TN 2
speci fic enbodi nent to deposit, for eéexanp first line

supplies a sqr¢qe&,sm&a@mrﬁta$maqgor§ea1§e (Véhé“‘« prq;rrémvenmb tighe (Si Hzdl 2) referred
to as "DCS" froma SPUL RO A e SRRESE of Bk Sroll X ystem 9,
while a second Ii neDgﬁ suppl |eﬁs1sa tlu gseten-c r?t%i ﬁllnﬁgtogélg% rom t.’lr,}gtaﬁngsten
hexaf | uolli desulpsB@)prdoessingapi®@dusour ce from gas source 7b) i nto gas m xi ng
system 9. For each line 8a and 8b, a carrier gas (e.g., argon from argon
sources in gas sources 7a and 7b) can be supplied with the process to 20
stabilize gas flows as appropriate and to even the gas fl ow between the two

processing chanber Ha AREpARURTIG PRaRls SRSRG BVmgmiEL, ot e o

di stributi or, iERémplhlyeCID Qgaani ng chanber, thereby resulting in greater
uniformity in the depgsited i, X fil Athlrd su | i ne, 8¢ i ntroduces an
i nert-source pur ge gagpe(c !cge.‘“}Q%EPEBtﬁO?]YhSHeéerﬁé{‘é’e'g Br“&%b?é‘?edf‘?”ﬁh‘?rt he bottom
of 25 the preesaR agto@hanay:bfttemr@erhpdxe@@smﬁdnqevmn%eSthawg;yesforgmsttrdte area of
the processi n‘?qecharrber bel In somne %eferred enbodi nents, an
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that nmeasure the flow of gasS through the suppl i ne. Wen toxic gases are
used in the Rspesesdngschamber véadh1op and gragessige @trqmberdfdrassﬁmbbe&baareslwent. oned on
each gas su ay f4 gur ati ons. 31 J UL 200ci The
deposi tion %?g%g%sdspggée?%ﬁneé |&F%elcc\£/%qs{j stem 10 can be either a thernmal
process or a pl asnma- eRbfarmngdo Pigodés 3B, lﬁawlﬂ%%wn‘ahb@dtams@@ess an ItF
power supply I I r
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pl asma V@3t hiaw arkegstoylytheated padests eregmtgnd bf@hmlemprbcteesmgadermbat SutiBa and
pedestal 12. (Thi.s r

region") . réc‘tesstm&é l}%g;\ubs rattelgeé geénrgrrgon;d:téctgr wa%fer) gz)og eg%n 32§t or g%ﬁh* m on the
surface of tdoeves@surfaommmttf(pedamfm FB’efpltabltyﬂtedng)atsrp&l(iesfcaranﬂleuchZF power

ST 4o e A et . B Ll YR g 20
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enhance the deco 03|t|on of reactive species introduced into processing
chanber 15. ¥'He¥4f&r nal process, RF power supply 44 is not utilized, and
the process gas mxture thermally reacts 15 to deposit the desired filmon
the surface of the sem conductor wafer supported on pedestal 12, which is
resistively heated to provide the thermal energy needed for the reaction.
During a pl asna-enhanced deposition process, the plasna heats the entire
CVD system including the walls of the processing chanber body 1 Sa
surroundi ng the 20 exhaust passageway 23 and the shut-off valve 24. During
a thermal deposition process, heated pedestal 12 causes heating of CVD
system When the plasma is not turned on, or during a thernmal deposition
process, a hot liquid is circulated through the walls 15a of CVD systemto
nalntaln the processrng chanber at an elevated tenperature FIuids used to
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31 JUL 21~ 16 and the plenum 17 are defined by the gap between the top of
t he processing chanber's cylindrical side wall 15a (including the upper
dielectric lining 19 on the wall) and the bottom of the circulgq PUFq@@§ing
chanmber lid 20. The 360 circular symetry and uniformty of the slo

orifice 16 and the plenum 17 are inport%nt to achieving a uniform5 fl ow of
process gases over the wafer to deposit "a uniformfilmon the wafer. The

gases fl ow under neat hlaépoki:eibﬁ:rnaihcam@trgdﬂ;ssih as irﬂxﬁﬂﬁdeamuaﬂroe%ssmgehamﬂad aust plenum
17, past a viewn ort ot . shown rough, a downwar d- ext.endi ng gas
passage 23, 'Hauh r%f@%? °§ ik 0% byl wnﬁ%ﬂemg@ecw PP Rat od with
the |ower praeewsd Q. saehreifemly, debdsilion FOekst Fises AdVE(iRKEnRIYy aBdtv 4tin 25 t hat
connects to the_external vacuum 10 punp §nqt shown? t hrough a foreline
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12 i s heat edomhhiichabperRdISteSHIRE UL and MEPHRRBE REleL] BT BAs GMutignred to
make two full turns in the formof parallel concentric circles. An outer
portion of ftfﬁéplﬁ@d_ﬁér el ement runs adjacent to a perineter of the support
platter, while an i NNBEFORIEAChRB tHelthshifBld &Jb%sif?&{ dhd?hrrRr g&a&ca?@rngm%l# circle
having a smaller radius. The wiring to the heater el enent passes through
the stem of gpethereal throughpasiawplyilingo8 (g 1B intmaigas afixinablock e syptamw|%udi ng

al um num cenam i j f o TR 1 of
the. proceser nafy BE e LATHAI AbIRIERS 1t TURLBRble sl | D

ot her rdAct on sdnaridstences, &r drachdbpositin anfl carsitegases|dirsetlyHrons supplyrtinasrio 20

anodi zed al ym o] 1 G- .. AN f : i

Goscri bed 1 T ERSTY I I SEL BTG pef PUSHERRICE £ o5y TYPUABRAARNS abor
Processi ng Ghsliips 8 niayibypase gastmixifigaysten 9 ahd intrbéirce lggses thoamigh pasasgesl (roy
reference in.its.eptirety. A |if. hanism a not.or Fiag. .lA) raises
ind 1 overs ChevRIERerbintot foresba JRERE" S RO h B offa e pred 5 e
waf ers are tsnppig fisss 8l a byecHicreaibodimehiad depsit,(forcdxampleyWli,i atfiostéingl8out of t he

body of the processi.ng chanber through,an.jnsertion/renoval ] 26 in
Che” st ddor STBD? HEDeORG TOTeH e TOh FRalaR U CE TG ng as T dhidh
pedestal 12 Joet9RRfcedrddf HER6HENT) ARG gatslxﬂnin%-4ys@dmd9,avﬂu@mécdﬁfaﬁisé 88 oadi ng
position. The notor, valves aor flow controllers connected to the supply

lines 8, gasURRHCS §BINGSIAYANEAIng 878 6t 8| WngeiAnhexalivprigriNige) §amm YYFqspurce

processi ng GhERko@BI7 5%&%&@@)@&@9! P& VSRR 284 8b, 3 arrkPRs@L! ed by a
systemcontroller 34 (Fi'g. IB) over control lines 36, of which only some
are shown. @M AIM FEOBWUFCES inggs snyraee éaidulcip) sandisepnrlied with Sherpseness tpo

determ t bt | i 3 he

hr ot 11 &oval o ek AR afPRURALnT KR ey AT B ELRe BHFcE G

control | ed byixingrystas Pepucdanixing of gapes (DESOAVEa) upstigpre PEprogassiogehsaibaent , t he
system cont 1@l Gie}ddGh yaER i iBLledthntts BdG i TRER S iRksinforbBBDY di Sk
drive and a processor . e processor contalns a singleboard conputer
(SBC), anal dhgrehydesitipigtimpreategpunifoomitypin thelstsposited WSt fdmf cdird seppdislinerfid st epper

not or contraq rds,. L S S r he
Versa 5 l\/bdu'%'t(tloreEjru u%ﬁb‘%gtﬁsongégg%ﬁég? g%\%%%'ﬁ afé?%oﬁggf %g%)g?'g?l%c@tg ggge, and
connect @5 ditheprecessisg ctrachbentpdeep dEhesitidhigassts awaiafrom shesoeadd therpescesding bus
structure as, having a 1 i ta bus.and a,24-bi.t addr.ess, bus. System

cont ol | or - Skt PtaRoeiertl Ig. “Pieimd s cBusdiptleh o8 AHRRLAR D SRy st em
control | er gquggcsilats (HHptfem swarde7almas bk svpplied towhs lide §as a conput er program 10
stored in a conmputer-readapl e nedium such as a nmenor 8. Preferably,
ory 38 1s o Pard dPeRTab; Ge gt Medfanch REcRER hdubl) S HE RPN S of
nmenory. The sGRTEBVes PR ShoWh) HAE LR Sisdiab Sutbiatidaly blusiduaisshuhelf thdi ct at e t he
timng, mxture of gases, nmber pressure, er tenperature. RF power

cha cha
level s, Weddamapf niersssgapinto e arasessiag chamberand Y mess Sowgentroliers SMFERocess.
Gt her conput(giko Rt QBEWHTEhAS feAsaek tﬁé\ﬂ@JvBﬁgasmﬁaﬁgh%h@&‘ﬁb@‘iﬁlp.lﬁlﬂeﬁlﬁiij%a&g, for
exanpl e, a flopp%_dl sk or ot her another g&proprl ate drive, may al so be used
to operate BhYsedin By progess theseyeralspfelcuhelf s age Resiipnedipl c@ehgaol ler 34 i s
via a CRT mgpdi@lin@RdohvedtidnaPEfigurhfiorshe preferred enbodi ment two nonitors
50a are used, one nounted in the 20 clean roomwall for the operators and
the other, behind the wall for the service technicians. The nonitors
si mul t aneously display the same information, but only one



light pen is enabled. A light sensor in the tip of the |light pen detects
light emtted by CRT display. To select a particular screen or function,

t he operator touches a designated area of the display screen aq II}mg t he
button on the pen . The touched area changes its 25 highlighte c“ﬁ“o or a
new nmenu or screen is displayed, confirmng conmuni cati on between the |ight
pen and the display screen. O her devi cds, such as a keyboard, nouse, or

ot her pointing or conmpdepadifidiprolRyd peeformwnh@cm@ystdﬂﬂ(ﬁ@d bekitlr ai N
addition to the light pen to al]low the user to communicate with controller
34. The prodkg@akpspcesiepsdslasmagnbaneed prpoese dA 2iplsmagplsnessinseresss PhBF a conput er
30 program %@@Mﬁbplyhatappna@ bigetagal ?Q\U&%ﬁxfeeﬁ?@:@%& aasthgun%ﬁ%%lﬁe 1By aont rol I er
34. The conputer code can be witten in any conventional conputer readable
progr anm ng PEesEl &y exeisrtheRiaesss gas @8@@005@%@5?164 vs.lﬁgruﬁlg@yhr@rwett++ Pascal ,
Fortran ar Qthi&f @etween%Héfa&%Tété—@a%H& péabis 1B Wl@%ﬁﬁ%ﬂ b§re?é?¥e@rt@ﬁerélﬂt 0 a
single file, or nultlp using a conventional text editor and is
stored or erBdei"eaction regle brpG@@flme@i&bffée plagmaigpct & ddposise @Smrﬁiﬂwnstb%tem of
the conputer | evel

| anguage, thgrf%:cfg Otfﬂlt%éfgrméod@gtlog&g%%@F @%ﬁ#g@esﬁg@&lﬁ{)%ﬁ‘t‘%ﬁ ‘P’er%gcode IS
t hen |i nked a8nixgd frequanayldjtepawer sutwlychat pypicadppirpties mam‘rghwfrmtangy
routines ' ' m user

i nvokes thqugi(eogﬁg%étc]}% 8%&&2:6@3}2 ergg%#p%dﬁg?ﬂe%éf}g@?%@ﬁ&ﬁﬁ% code in
menory. IThe (KM) to hldmn¢eah@|éeca1mdosmoaa1ﬂreastnteheeaﬁasdtﬁrctdochemtb tremprédessitgask s
identified |Cﬂar%g1§lgr8gr&me gow L= E can Li t| vle lb é)ckl %aagram of the
hi er ar chi cal“ ' CoRt ro1 ~16°€t% Gefare PPy ysélPPFn Fof~ €t comput er
program 70, faaqamleﬁgaoWer(arsqmtdeﬁnredvenh@ds)rmniamfdusﬂng)etnhmcbﬂght pen

nunber & 1 nt Qe pRORBL e SRTURrBr e P bey I acsiine BeRBREE. T8s AEANA or

screens di spraxedRBPpotvaSUSHY 4ot elized A8 e PERES gah&knié theMigetisni ned
sets of process par arret eé@ necessar carry out specified processes, and

are i denti fi'REHCAI s dBsited Sim QR e Suf Xcﬁlﬁ) F%‘nlcqi}ﬁ’é“ﬁ?%%%%upg%eé@?or

subrouti ne 13ddsthe ™, ivHidSs Eésnl;tx&e'l}%ed@&'tc{jﬁgwﬂé fe erfhilIn&hRARAEd RAthe(11) the
desired set of process paraneters needed to operate the processing chanber
for perfor ni'PR§ti®he desired process. The process paraneters for performing a

specific process rel apgrifda ﬂﬁﬁ%&ﬁa&@&‘@éﬂohnﬂ&?px@b&@ t}?egpl&'irﬁ%%trﬂ%ﬁme
conposi tion and flow rates, erature, pressure, plasma conditions such

as ni cr ownave YD sy indlusing the Ummﬂwsﬂl%ﬁé{ﬂ@bﬁﬁédx ha spggpndingdbency RF
frequen r , i \RCAS I RIREr ature.
These pgz)roarngzet?2 gérdssﬂgrs%ga’v%v%%gﬁw% Sh@[erﬁé\grﬁl ?U{H ﬂ%ﬁpé Fﬁ?ﬁd ’tllonkl pe and are
ent ered ut i [heatedhpedestel 1|2|cgwps Prafin OIC YD sy stase.  Wiherethe absna fshnet winghahorf or
nonitoring t i t boards
o the. syat Bk ARERA gASBRBIELESS Bt bR ANeaRy Bl ul bt 1508 005
are out put dvb bﬁtmalmgntmmdhmbrgaesMg Qhampmat m«:\d&:dmém@whlrsyﬁhx&muw A

process sequenc subroutine 75 c 0, ode for ac ting the
Cdent 1 1i ed nf SRR PG-BHn B waTL e iesthe e sttt gt e, R e
process Sel etltytane glybaslwbllmeseaﬂmeanai tfangfercfoundst dﬂuislhﬁgm(gpbemeﬂcladynradﬁcdshe vari ous

processi ng chanb sers can ente £SS se nber.s d

D ocessi ng cHENBES chiBrat o GidEaR SRR e AR S BRI or ocess
set nunbers v@[hdleﬁfr@dlﬁfi%lfﬂ@ pedtasiipases AndrRtaninhe thdl eniglR giheraascontdnsOot | ne 75
operates to schegul e the sel ected rocessifs i.n the desi re‘?ﬂ g&ue nce.
Preferably, PhELE] G BIUERSFEEE HE TEE RRTkIBOLN PRSI RO Y BE per f or m
t he steps Ofperiodslof o Bad k03 11 (i) nonitoring the operation of the
processing chanbers to determne if the processin chanbers are bei ng used,

(ii) det¥ nining what b?@ﬁ’é%‘g%rso éheéawﬂweéaﬂsme cgoited i & H)éer’p‘P‘HE‘B%l ng
chambers beipgibsfddudd)h dvhduated %ﬁthHé br@&s&nh@ctﬁﬁfbw lﬁﬂh \Fh"cﬁlﬁ@&%n%)%?d on

avai lability of a processing chanber and type rocess to be carried
out. 5 ConveheVondPpesideatndhe gﬁ‘sewwxhévstwghw@ W%&%‘é@ﬁl%@h%ﬂ?éﬁﬁﬁ?%l%an be
used, such e;g&ﬂ L b hg7i® EXEGMLE ed,
sequences sﬁsgrrrgﬁltdlm gge?rgwt'agﬁ ﬁd?g 'déggéél{@efrag%@%%q? %gu p?ésetﬁ%&goﬁdﬁtl on of
t he processi ng chanber being used in conparison with the desired process
conditions for a selected process, or the "age" of each particul ar
user-entered request, or any other relevant factor a system programmer



10 desires to include for determ ning scheduling priorities. Once the
sequences subroutine 75 determ nes which processi ng chanber and process set
conbi nation is going to be executed next, the sequences subrougiqn 7/
initiates execution of the process set by passing the particular process
set paraneters to a processing chanber ganager subroutine 77a-c, which
controls nultiple processing tasks 15 i a processi ng chanber 15 according
tﬁ t he procgssin@ﬁfe &f&umrlmamﬁbw %}hﬁe §Wv&$eﬂaeabﬁadsfqué priaeesdibg ctﬁame?(a][ml e,
t he processing ¢ er ager, subroutine, 77a conprises program code for
controlling ng‘lﬂ”tc rsmgvamga%w’%%@sggp% @Ee&?‘ic H%‘gilﬁ(’f’ﬁ@‘bﬁ@é ¥fng chanber
15. The proaRshdgthekaslaproRaagehafibdR1i@2d] The ¥60° ak&Par GANMEMY sndexecut i on of
vari ous processing chanmber conmponent subroutines that control operation of

the 20 proceSEpimyiycidivsiat otBemidrisAthe peaslyaas/imngrian ¢ 3ehisying enaifes) ect ed
process set kXA PARS fbesPVAGRSWARG o GBTR G LunTHIPORESN théwhfepUt i Nnes are
substrate positioning subroutine 80, Erocess gas control subroutine 83,
pressure control subr & gases sy undermeath a daelegiensierpasiian Heof g exhagt pl asna
control subrguting JiB95E nBAYAR hA S ah I dwatdledtd}Qind | readily
recogni ze tﬁg‘#‘ ot hé]r%gfo? olcesgipngychghnbél?’ tcon_ (%@%ggkﬂatt?ﬁé% gtg%}rﬂ]‘dsgge%

i ncl uded dep@npishggvashumiiaut-ofiabie 24 éshase bodyo's éegprted withibe lawer pleeespingcessi ng
chamber 15. chEEHQeg%{aﬂ%@“andti ey ‘ﬁ(ﬁﬁﬁ%ﬁ@t SRIRGn IR IARE kxS MR AbNE 772
sel ectively schedul’'es of calls the process conmponent subroutines in

accor danide wiutrlp (ndtshqan)tthroughar fomlioe @dss neetholys). ng execut ed. The processi ng

chanber manager subrouiine. 77a schedul es the process, conpanent subroutines
much |ike the sequencgéeg%%?%ﬁ??ﬁémg%0§§ﬂ§8@h@§m%§fgﬁgﬁggﬁ?g%%?éFWé chanber
15 and pr oceaembeddedsimgledodpcheateederhan cordigtired Tymalaaivofull tubre ipthedaasafng
chanmber manager, subroutine 77a incl udes eps .of .nonitori t he various
processi ng cc%E?HﬁlZCP“%eB &H&‘ﬁi-fn ﬂlgfreqomoﬂioié'e%ﬁ?tsrhd%%ﬁ’ﬂéﬂ(ﬂgceﬂtetga to be
oper at eg basggdmeuar bthtRe mppmpﬁu@awlfimemrf)moﬁ hias Pl he Path oS 8toricenthle hanh
execut ed, and causi ng executjion_of a 3 UL 2D0Oa 12 processi ng chanber
conponent® SLPHFBE‘FY_"H%Q F‘Eé bFEe ThOMHE t?%ﬁ#?%?ieﬁﬁ‘eﬁ?msﬁéﬁ’é?%ﬁmerf&%_%teps.
gm(r]I ati Oﬂbogof@_&{efrs]ﬂapmf. qredé&w@?ﬁ@]v:pgm@m@xﬁ R ﬁer&DfﬁE@tﬂiﬂQ?luﬁm n_i?t'd_érhlﬂﬁ,\?or\/\ﬂ Il now
e described wi reference to Fig. : e substrate positioning
subrouti ne 80msceBhipticgdierspfogr am code for control ling processing chamber
conponents that are usgdedi, dn9Rfall HEtnS poSdsEiRg ha@bbOlRGE gl iflet dhanifRd.
optionally, fto {gi ftr&t hg'lq%u l%gr?atg %;ﬂaﬂgesif?%d ag&gﬁt JF :;gg a}Ezrc;_cessi ng
chanber 15 tlaccp@ies anst varipes aiips egaplgr Ware Aretntpgc § ratarial Waras Hemigus,
di stribuy o i f : ; te.l i nt. rocessi ng
chanber U§1d5, %Sg@gésdtagl}n%f%ﬁi er %&é@eﬁpﬁhﬁgcﬁﬂc@ dt\ﬁgg@%géﬁlg?%%aegé&
t hereafter, qoedwstyassigiedilsS rRatentdl> 187 7rentitlal "€84) Prodeshing Ghambean," idseed to
processi ng | i ¢ e first distance or spacing
fromthe gagﬂ%?gﬁ?rh%?g@haﬁgﬁg?%Fg“%%?ﬁ%éﬁ%ﬂ@ﬁ%ﬁﬁ process. I n operation
the substrate positi oAilifgmedbrisutihmo®032 (g .rld) miswpeehiewersdie lpadest al 12 in
transforred BroTH e o2 aaE PRy et Buf A 00 BRI L0558 vl
process Zfas (aotshowh) istoland uitiofihedBdhahpprocgssing claddef througlomt r ol | 1 ng process

gas conposition.and flow rates. The, prpocess gas contro brouytine 83

dont ror et hanSiseneul S et im g FioP RERE RRatS e RTRET 10w HR/BEY Bna al <o
ranps the magaies dndvovepnpadedtdl @R Detmeerd prdoasking positlohdid and v wde safestbagiag | ow
rate. The procgss %gs contr ol S¥Proutiqe 83 1Is inv@ked gy,th rocessi ng
chanber manaR§elioRybiegneton yalyespr fiqw coptgollers conppeisd tr-e symRY 18RS conponent
subrouti nes, 4y sRER, MR8tk VAR, RIFGHoREPHPPIS 42 o6 3EaABERAE SubitHiE Out | ne
process paraneters related to the desired gas flow rates. Typically, the
process ﬁhs heatifigr ostersspye 8ll comwllebypastemesntsgiles b (hit d By Reer garodlipgsi y | i nes
and repeat edigy of ich A st 4B Shdvid Uontrbifer AR Setied biPWeRRAR fibhlopfii sdhbdrd
conparing the readings"to the desired flow rates received fromthe
processi ng chapsuringa aguiionafiirayalle mectmnigal agsemblies uph fs)thgdiyaide Yalvg anthe f 1 ow
rates of th I i 3 . e process gas
control subﬁ§%?%%§m§§a*ﬂﬁ?ﬁﬁzgag?gggﬁﬁggﬁﬁéﬁﬁﬁg%?ﬁgH?ﬁgﬂggg'fIOM/rates for
unsafe rates and for activating the safety shut-off val ves when an unsafe
condition is detected. In sonme processes, an inert-source gas such as

hel iumor argon is flowed 30 into the processing chanber 15 to stabilize
the pressure in the processing chanber before reactive process gases are

i ntroduced. For these processes, the process gas control subroutine 83 is
programmed to include steps for flowng the inert-source gas into the
processi ng chanber 15 for an anount of tinme necessary to stabilize the
pressure in the 31 JLIL 2003 13 processing chanber, and then the steps

o o o o v



25 connected to the processing chanber, to conpare the nmeasured values) to
the target pressure, to obtain PID (proportional, integral, and
differential) values froma stored pressure table correspondin%&to khﬁpa
target pressure, and to adjust the throttle valve according to dU

val ues obtained fromthe pressure table.q Alternatively, the pressure
control subroutine 85 can be witten to open or close the throttle valve to
a particular 30 openi hp pezaed cmhmiguén’a.ttbe styhtemmpntaé&sinnlgdcsmmbdisldcﬂw@o t he
desired pressure. e ater. contr [ QUL 87 cQmp es _program code
for controllfnr‘?g10 %ﬁcuﬁﬁgn?m¥§nve%1 éaﬁgﬂﬁnl nﬁhg(meﬁo Q%IF SH@% t he
substrat e 2oarfilvemipe@t (SBQ)cmblog hndsdipitad itputieit@if bosds i@facevakdsdnby t he

hanmb b 77 1 L 2003
Parger. of SBEPBOTO erenssPOvty o barmEs oV heethudbeeTemhients V5 outi ne
87 neasurses Mb@latream@bm (MME}:)syanﬂmas;uﬁahrdgﬁu@Itioaxgeca&umgegtan@fzorale&th.er nocoupl e

ot poi nt |t GHEEPRTGAN Vtta TR MIASI g 1R HE R RERL FalBe B 1ot he

heat i ng unitmﬁ&uxmmanmaBhensﬁhmﬁbuﬁt S5 tenperature. The tenperature is

obt ai ned fromthe neagured vol oqQki t.he cor pon i ng
tenperature in a stor Qﬁs%ﬁ‘?ﬂgﬁob? %ﬁ Cf’é l%ﬁtﬁfn%iﬂ Bé‘F‘EﬁHféli‘q (;\ZB lE‘%frrperature
using a fourtiR-sQdtels col@l Iy uxBaus sy Boriddd| wmmwlchmd@ut@s@ﬁ;aﬁl heat
pedestal 12, the heater control subroutine 87 gradually controls a ranp

up/ down BF ctRredineg cappbtetsteadable mediym sish aﬁ\amenoslrﬁa& |Ryefergbly, inerory 38 s | -safe

nmode can be {aRfdi H@Met&1t%ﬁ%@}3ﬂh£&ﬁﬁ§ﬁoeﬁﬁﬁ§kbﬁd§9ﬁﬁ&ﬁm&' @ﬁ@&nﬂmrcan shut
down operation of the heating unit processing cha 15 is not
proper |y setProgiamingdidss spivRf insguetions t*@&bet@eﬁheﬁ@% @wﬁqué@s FhyBPEm code
for setting g8gurka@Bg téthSarhre SISHF lé%ElsHﬁ“@s’ial b@sYtﬁJns @R}?}lxér?gaﬁ'@teltshe
process el ectrodes in the processing chamb for setfing the |ow
f requency Rﬁﬁﬁﬁ@ﬁ@éhtvbéﬁﬁl@W@HmnmstWﬁgﬁmS@@Wﬁwopﬂ@UMPm@WNh@C@U al so

i ncl udes 5Pr° Elaéﬂl%‘?&eexiﬁﬁlet#ﬁdyﬁgglsQBr GRY aRGhidd Elogﬁété’ﬁﬁv'e”&a% So PONEG |evels
applled netron’ or m crowave source used Tn e present
|nvent|on. SonpﬂarhmﬂKMethb previ ously descri bed processi ng chanber
conponent subroutines, the plasma control subroutine 90 is invoked by the
processi ng chanber manager subroutine 77a. 20 The above CVD system
description is nainIyTﬁohﬁdﬂmﬁdwamhMEMpudpmﬁmﬂmi%ndwabhQﬂwequhpnemﬂ such

as electron ¢ Iot reson Vi ces han coupl ed
R hi g densiegpd-18fhs pESRRRR TR e B R e U h e S Tont N h e

pr esent i(l’lved’lttah@dibnh Wamlf@\ﬂnaimmpgsr adehk apg@abichtndshe walbfot thenalvicy, var| ations
of the aboved scri be ri Lans in edest n, heater
desi gn, Biang “ThEHTURE oEiRadel Sib By nes St MR ESTH Bl PG ang

ot hers are n%spdml Gs enfabled.€X AigRY semsof ieha'dy 6 teolgtd pbe  detpgpoligheemadedbyeat ed
by quartz la It should be recognized that the present |nvent|on i s not

necessarily &Tﬂdts%]ﬁytgo Srdest pparticubnr S?ré?“r%ff?“i"f'f”héhecﬁpe’ém toushesiardesisgidar at us.
30 I1. Remtzﬁeﬂf@l%é@sp@y%%&b@%d%ﬁ&%ﬁuugﬁ SEthe P&, @P@%ﬁehe&ﬁ%@ﬁaﬁu@es its
deposi tion may occur on any hot surface in the processing chamber 15,

i ncl udi ndf t hegiHighted olop; pbe Bays MRAY onsgieersis dfsplapied, a«riﬁammgngmawaw@tm processi ng
chamber wal | dkR ATERY fonl R HHUBIY SthedrDifftiCioviBes! GRR LS, RBSIR iqe.ce 300
31 JUL 2009 i1s showmm1n Fig. 2, is’in fl communi cation W th t

processi ng c%&ﬂﬁépoxnwgcacgmmwatmdewe wawba@mdn@ste@égf @remgé@tlorsteéhﬁ as

ni trogen tripd o u&'n@%’émer@dﬁ&nﬁmﬁ] AR WitRlonffplpgh [ - source gas such as
argon (Ar) or hi's shi on | uorine source gas from
supply 304 and the |nébcP@O@S&Edgmﬁﬂmgdwﬁﬂmppm90®ﬂ$mwm$dm@nghawemﬂﬂUnder
vacuum f h I y m ( not
shouny 1170 PREASRAREARS ARG SR TR} B ARSI S TET, L e
pl asma corrprao&qmteacqniewmabe Wyttcmfmraa;dcomaérmoﬁadlcnmphtéxrreadiablherdgkanonmgme source

gas and dissociated ato f the inert-so g e af orenenti oned
mxture of rata gt cranmar it L BopeEn d LR PR R S o ur o The
cl eaning m xture flows, under force of vacuum fromthe plasma source to
the 10 processing chanber 1 s. Upon entering the processing chanber 1 s,
the fluorine radicals in the cleaning m xture react with the unwanted
deposition present in the processing chanber 1 s. For exanple, were
tungsten silicide present in the processing chanber 15, and the processing
chanber 1 s and chanber conponents were manufactured from al um num the
fluorine radicals would form W6, SiF4 and AIF3. 1 s In a preferred

enbodi ment, the plasma source 300 is a self contained atom c fluorine
generator which uses a lowfield toroidal plasma to dissociate a gas fl ow
|ntroduced into the plasna and IS sold by Applied SC|ence and Technology,

Y ~ ~ 1. a1 ~—~ Aa . ~A Al A NN



3 ~ JUL 2003 16 the plasma is fornmed in the Astron in the absence of a flow
of "fluorine source gas, i.e., only a flow of inert-source gas is present in
the Astron when the plasma is initially formed. Thereafter, a flow of the
fluorine source gas is introduced into the Astron and is acce8drdilledipt a
rate of |.67 scc/s2, while ensuring that[ the aforenentioned ratio is 5
satisfied. Preferably the flow of fluori fe source gas is accelerated until

reaching a %ﬁ@dyplrogﬁamcom IskRniehd lmtaaemglfe flid)or ALEIPR fAGdudidptn Shoafiyndiat e of
the fluorine source bei ng established so that the ratio of inert-source

gas to fl uort?’ﬁéd‘%ﬂlr“g\é siEed qrgmiaodzed iRéreampyiAgUsAle pegiumg sych agA MERERD| ar y

nmet hod of opesah bPGe thgphst TORe eﬁt@l@d @&ﬁﬂu@éﬁ cbde ik 8QbAMEPwiik PMgRWRBI Y 304 at
step 402. At step 404, argon is flowed into the 10 Astron at a rate of

13. 33 scc/ s.langpagss e campiterogs ‘ﬁ§ﬂlﬁpli°§ andrthieigsultapt compiler £0de is then{inkesr i ne
source 0as igufly \ﬁﬁegt dodb Bfé)r n@%ﬁe& WV, *Mg@ﬁar kdheihdke (]‘o ekt IRERNRD Of flow,
t h urc f %,:

the rate of orirne s gas IS c/'s and is acce era ‘ed at
const ant ratcemtpﬂecnob@ezt mdc/tbzsymtem Userrieendlas thgobgeettcemaumg teodmpPt@3 scc/s at

whi ch time t h&erﬁ?ocl%?c?{) I%CPC lP'%Iemtohe "lthe%[J tﬁen r%gufnan ef%ute{@er 5 fttPle::]e at st ep

410 the flow ert-source gas sour ce
gas into theeHsin tha takeidemificd asthel ptograappr oxi matel y 25 scc/s and 15. 83

scc/s, respectively. The Ias OnSsi t|n of 2 c/s fl te of
i nert-source gas and ;{'g %‘%@c‘ %S%f’{] ?cgt i ?qsth% ’FW&Ch%fﬁpeéglgas defines a
cl eani ngom xtrugtare oftheSy g édntrol §dﬂ®va€d e@ﬂpm pmgxetnum at@rdifg foathgesific i Nt o the

i n anot her exenpl ary net hod

processing ¢ Referrin

according tc?”f%ﬁngmﬁflbgéﬁ‘n‘l E ight g {fgcc ?Hﬁ’rﬁ@?rﬁﬁﬁrchss SELSUIORPMr om suppl y
304 at step h&RssifdtchahB& nafbers ﬁft&@ﬁro’c&s tdi@eR dubrblthe 7B A§iohSodends r at e of
16.67 scc/s. At step 506, a plasma is fornmed. At step 508 the fluorine

source gas |<§S¢rpmé&phayﬁdcpmh% RE imagiotaThg Progess sgsf arg pregateupipgdssetsghd af t er

two to five Ree@iranRierPhRed iRy iyl duZ HetifBy Ha@eszésoawaa&f]d&fﬁmi byre fluorine
source gas and the inert source gas are rapidly increased, at step 510.

Speci fi cl | wrecteﬁéedfseuwmh%s Jhaprosess seqter spoptrgia ddeatifies{ithe desirgdat e
I ncreases t 16 ts%s (}é an@pg tﬁeﬂf%sﬁéa%&fofﬁ)ﬁdeééérég)aﬁﬂéte*s%eueﬁa%oﬁeQatE fat the

rate increa scc However tio of Inert-source gas to
fl uorine somrmessg@chambgrfealeeﬁormlhatheIdesuﬁd pracesaddhe proeead paveneiéns forof t he

Speci 11 cal 1 PoiofnEE SRETR A5 A5 Ry RARENL G OBRSSEY Moention, -
hazar dous aidomposifiatt @dtﬂoso'atres;een@l%ﬁsmressmre plamafcbnditidng eychais eicredaeed. To
20  power levels or RF power levels and the low frequency RF frequency, cooling gas
pressure, and processing chamber wall temperature. These parameters are provided to the
user in the form of a recipe and are entered utilizing the light pen/CRT monitor interface.
The signals for monitoring the process are provided by the analog and
digital input boards of the system controller, and the signals for controlling the process
25  are output on the analog and digital output boards of CVD system 10,
A process sequencer subroutine 75 comprises program code for accepting
the identified processing chamber and set of process parameters from the process selector
subroutine 73 and for controlling operation of the various processing chambers. Multiple
users can enter process set numbers and processing chamber numbers, or a single user can
30  enter multiple process set numbers and processing chamber numbers, so the sequencer
subroutine 75 operates to schedule the selected processes in the desired sequence.

Preferably, the sequencer subroutine 75 includes a program code to perform the steps of



determ ne the quantity of HAPS produced during processing, neasurenents are
made of gases exiting the CVD system 10 via the exhaust passageway 23,
shown in Fig. | A by connecting a HAPS neasurenent system 100 thereto. 3
't J UL 2003 17 As shown in Fig. 5, the RAPS neasurenent sy €myLOshos

i ncludes a sanpling cylinder 102, one g d of which is connected to the
exhaust passageway 23, with the remaining end connected to a building

ex hauiI t SyS(Ei)’arﬂbr(imlﬁhg ﬂllafbw}itionﬂof%cspﬁlmgkdimgﬁmbérﬂﬂﬁl’cteﬁﬁﬁe [igic ptlde@siﬁgvo
spaced-apart s i ng. ports 104a and 104b, with a UTl 5 Quali Trace

cadr upol o (HA3BER G ISt D e hog SMarcSEser 4e bFNE FRTiEH GHilR: cat i on

W th the sapmtdssl emlﬂbe.d@emFQeed,m(aityai{&m&rgtth@&e%tr&mr&&gs baSedd50 in fluid
comuni cation wiith the sanpling cylinder 102 and the exhaust passageway 23.
The QVB syst'@Hibilify obpriogtseias phambet 4 thetypeefrpcess thbeeartied QWi | ect a conpl ete

spectrum QV@énv%m%nsm&ﬁ&js%@%mebrm?m Préd¥88ng @amBers EdNRMs&, siBRGE to nonitor
several different ions continuously as a 1(? function of tine. The

i nstrument pallingal Whangckaduling whigh erpersprisdo bie exseutesh seausncensubeputioe Uy @kasl y
measur e gasi,gf ARAa o thPteseREdoRlifio S 8he ﬁ&é?i?lgéha%@ﬁwi%@& inl O _ensure

preci se quantification of the effluents over concentration range spanni ng
over five otanassasfwithethmfesirakproqasecandifignsfor g agjectedmspasss, or horagehefous! y dr awn

thr ough t hee ARl ARSSARRULa RS, LD olBFro Vi BB G0, MhARBiPUT | 10

The pressure | _ stem I'S mai ntal ned bet and 700
Torr vi &0 a ddsirestto linsluda fargleearininBis¢hefliling pNB@tidsl ows t hrough the renote pl asna

source 300 and decorrgﬁ%gﬁ]eisg(@gnfr&%gouwngfig%r@gggmcgr[ﬁlrn(]}é&sgg%g%ﬁa%g‘fF at ons

then react with depo i on"residue, malh QMaF'f | uent s,
Si F4 and 02andihecesssenerthbimetiboi gofngitdesdtigat neat) thetseduea s subteutino s i er
transforned, 20 infrared éFTI R%e ab?orlg)ti.on spe troscgﬂp%/ to identify the

B Kt

ef fl uent spB&AES Sx5ellian ¢fAhsHRroceas ST MyPasHagie partigilarrogers sgt RAAMSETS tBife FTI R

col l ects a piobghifg tiaiibar MehagetseboatiRgran) whickcdhtralsinful§Adpbecskingtagiad of
nonitoring a gas stream (ﬁonti nuoysly over time. After a conparison with the
known spct FFrRMACS g AMACTYASETIIRm thd Progrshict dpained by i §a¥s8S50si ti vel y

identifed. dtsutihe78 MRleinble, MR prédesdiBashbin B Ritnage? subtuth8 €74 FonippiBeshas a 25
simlar mass-to-charge ratio as the doubIS charged Ar ion. Therefore, FTIR

is mainly uBegragcode K pptetingspytsringand®ED pitePesioppradons fethg gracessiBgol ut i on
and sensi ti Mafber e S1e bhiocBsink RRariteP IaRRE LBRRAENRAIY SIBAL SxRhiondffown in

Figs. 6 and 7. Fig. 6 shows an RGA analysis of gases produced by the
present i nveatiolpprogassinEripmber eomppBend subREGAneythatyenteol epgsttiopiofighea prior art

renote E(I) asEﬂ%oéQHﬁ Eﬁanﬁﬁp&rnﬂ)toﬂénté %c@sls&??o &iry out the selected process set.

Examples of processing chamber component subroutines are substrate positioning
subroutine 80, process gas control subroutine 83, pressure control subroutine 85, heater
control subroutine 87, and plasma control subroutine 90. Those having ordinary skill in
the art will readily recognize that other processing chamber control subroutines can be

25  included depending on what processes are to be performed in the processing chamber 15.
In operation, the processing chamber manager subroutine 77a selectively schedules or
calls the process component subroutines in accordance with the particular process set
being executed. The processing chamber manager subroutine 77a schedules the process
component subroutines much like the sequencer subroutine 75 schedules which

30  processing chamber 15 and process set are to be executed next. Typically, the processing
chamber manager subroutine 77a includes steps of monitoring the various processing
chamber components, determining which components need to be operated based on the

process parameters for the process set to be executed, and causing execution of a



30 the Astron fluorinator using the system descri bed above. Based on the
af orenenti oned neasurenents, it is realized that by enpl oying the Astron
fluorinator, the HAPS produced are reduced by SO% 31 JUL 2333 lilﬁ

Al t hough the fluorine source gas is described as being NF3 , yJ @"%f a
variety of fluorine sources may be enpl gyed such as dilute F2, CF4, CZF6,
C3Fg, SF6, and ClF3. The scope of the ifhvention should, therefore, be

det er mi ned pedcedMidgRhifbR cONFehiQubaiRIOYENHRIE tHeMdnRBrind4Hd delRenihgi Nst ead
be determned with reference to the appended clains, along with the full

scope of eqdi®al ents to which such clains are entitl ed. 3 ~ JUL 2009 19

WHAT IS CLAIMED I S: lgpdtatiBRldrpsttiffiiar eyt hhRbd- o 8pddcRiubroptiRs Wit €
processi ng system said systemhaving first and second chanbers in fluid

communi cat i dAW bsaleseribed wishiregsense iostigg Es lap substrate wpsiipningrsbroutinedOf i rst
chamber, san chfiBfides E@gfaﬁﬁcog_@%or%&t?qllflr{g"p[ﬁ&cegs%geo’ha%ﬁér%t‘ﬂ orgenglu?a%gi%uéédqm sai d

i nert-source gas; I ng, 1 nto said Q.STTB., a_ ow O UOI"I ne source gas
at a second leagites subsirateinfo padesialild@nd optienally.ite \ift gfe splsirateity e desirdd beighy

theref rom iGESARLARS A T8 WbalaRe splif oLl Rl aBURuANG L0 reactive

radi cal s defining a cfFeaning mxture; a troducing sald cleahing m xture
into sai d sactnidtiomembiéndd 1 . Whirea snbstratelis dsadedinta thelpriopessihgichambeanii®r ei n sai d

o2l ng. 480 PSR RSN VRSP B8 e PRI S,

wherei n’ sai nc ep rrn
accel er afdi nglesieed deifzhtuio therpeocesrittgadharaber s@mdinfirettle substrate&ch firsttdéstaneé oh sai d

RN EX R R T T R T S
16. 67 scc/ s samttagosltiGReORbroubies0 @nitdls advanidt 6 pedestalNg imREfvask 8s reci t ed
'nclaiml Vgp&re&i sgt ;;sa?ailr(ljetgré rrefatteda%cr)] %esssgp%pt%eight that are transferred from the

processing chamber manager subroutine 77a.

15 The process gas control subroutine 83 has program code for controlling
process gas composition and flow rates. The process gas control subroutine 83 controls
the open/close position of the safety shut-off valves, and also ramps the mass flow
controllers up or down to obtain the desired gas flow rate. The process gas control
subroutine 83 is invoked by the processing chamber manager subroutine 77a, as are all

20  processing chamber component subroutines, and receives from the processing chamber
manager subroutine process parameters related to the desired gas flow rates. Typically,
the process gas control subroutine 83 operates by opening the gas supply lines and
repeatedly (i) reading the requisite mass flow controllers, (ii) comparing the readings to
the desired flow rates received from the processing chamber manager subroutine 77a, and

25  (iii) adjusting the flow rates of the gas supply lines as necessary. Furthermore, the
process gas control subroutine 83 includes steps for monitoring the gas flow rates for
unsafe rates and for activating the safety shut-off valves when an unsafe condition is
detected.

In some processes, an inert-source gas such as helium or argon is flowed

30 into the processing chamber 15 to stabilize the pressure in the processing chamber before
reactive process gases are introduced. For these processes, the process gas control
subroutine 83 is programmed to include steps for flowing the inert-source gas into the

processing chamber 15 for an amount of time necessary to stabilize the pressure in the



rates are established to maintain, within said first chanber, a predefined
ratio of said inert-source gas to said fluorine source gas. 6. The nethod

as recited in claim1l wherein said fluorine source gas conprls:_jeféw aﬁ#
associated with a reactive gas, wth said reactive gas being se lLe rom

a group consisting of NF3, dilute F2, 4, CZF6, C3F8, SF6, and ClF3. 7.
The nmethod as recited in claim1l V\/nerei sai d inert-source gas includes

argon. 20 procdssihg hdmbad then Theastope tdsotbedaibsetird @eriddrout| Additichalhef£i n sai d
predetermned ratio, is greater than, 1, nmet hod as r?m ted in claim

. 9.
4 wherein SQF‘lﬂ‘eiﬁrgéﬁﬁtt‘éﬁ’erﬁalH@dlzeF’ﬁ‘i"Fba '1‘“%"%?”8%{’% hf’E’rh‘?;’t‘r"lmg1"2t°mee@1 SHEthod as

recited in glEHOBR"} tW}ﬁé@bsﬂga@@brﬂroﬁ subsdutin@BRisivgit@h erihelndd s fdrdbuBRlingtaandar d
cubic centinmeters per second and said steady rate is greater than 8.33

standard culS‘F'é"e&‘/e%?tsasH‘élt erhelipartheougly g liayid Pfccw%e AGEbRIsr 258 Hg resi due
froma sybstiialiteins PERRS Y sEdhaTBKum S:3iflogtRiD @tiqGiaIEdDh Sbteht. WherPd

forming a plasma froman | nert-source gas; and accel erati ng into said
pl asma, a f lbubblesfis wsed fordhip fpe abproesss, gfwr@aeS%ga@ﬁ@ﬂ@! gibrautisei3 hreedpiey at i on,

thereby cregid Mgl & R éll{h@len‘ytg)!s e ﬂr@s?tfrtz inVife bbier, 3 tleMRbBES @fberitfeln Sai d

plasma and said reactive radical's defining a cleaning m xture, with said
cl eani ng i yerder & dbédimie dpsifed rogespigesiiaw mias d Ap diseussesl gvesHadpered 12, The

met hod as r%?dc%é% al ﬁov@kﬁés%cla%‘é\ﬂ%@ioﬂh bksPERIGHRI %H?&an@%‘?@i %@etséon I's no

greater tha standard cubi c centi ters per second e nmethod as
recited li0n okaingiets? Ruriberaiore, thaipeheeds gas ¢ontrolsobrogiéne 83 mcludes steps for

obtaining the necessary delivery gas flow rate, bubbler pressure, and bubbler temperature
for the desired process gas flow rate by accessing a stored table containing the required
values for a given process gas flow rate. Once the required values are obtained, the
delivery gas flow rate, bubbler pressure and bubbler temperature are monitored,

15  compared to the required values and adjusted accordingly.

The pressure control subroutine 85 comprises program code for controlling
the pressure in the processing chamber 15 by regulating the size of the opening of the
throttle valve in the exhaust system of the processing chamber. The size of the opening
of the throttle valve is set to control the processing chamber pressure to the desired level

20 in relation to the total process gas flow, size of the processing chamber, and pumping set-
point pressure for the exhaust system. When the pressure control subroutine 85 is
invoked, the target pressure level is received as a parameter from the processing chamber
manager subroutine 77a. The pressure control subroutine 85 measures the pressure in the
processing chamber 15 by reading one or more conventional pressure manometers

25  connected to the processing chamber, to compare the measured value(s) to the target
pressure, to obtain PID (proportional, integral, and differential) values from a stored
pressure table corresponding to the target pressure, and to adjust the throttle valve
according to the PID values obtained from the pressure table. Alternatively, the pressure
control subroutine 85 can be written to open or close the throttle valve to a particular

30  opening size to regulate the processing chamber 15 to the desired pressure.

The heater control subroutine 87 comprises program code for controlling
the current to a heating unit that is used to heat the substrate 20. The heater control

subroutine 87 is also invoked by the processing chamber manager subroutine 77a and



i ncludes NF3 and said inert-source gas includes argon. 14. The nethod as
recited in claim13 wherein said form ng step occurs before said fl ow ng
step and said plasma, forned during said formng step, consists entirely of
di ssoci ated argon atons. 15. The method as recited in clai m 811 gULt2088

i ncluding a plasm generator in fluid commnication wth said processing
chanber, wherein said formng step incl ddes novi ng a flow of argon into

sai d pl asma Genes atget A s@-poirk, &émﬁﬁt&e%&meﬁalﬂlefhleatsﬂcoﬁﬁmu@feah&%d st eady
rate established to maintain thin said first chanber, a predefined ratio

of said i nerfeasyeyBe tegrpsrajuse é)amsasml%\‘qltﬂ@%w%a thegmasoupks ecaiedinét er mi ned
rati o bei ng gugead ¢s, ctoh‘n?éhrﬂg the measar%d%]mp}HkurgQﬁh@-@t E&h@teﬂiﬁér@t@ﬁ: ag recited in

claim 15 wherein said first rate |sw?reater than 13.33 standard cubic
centi net er s IPERASHEOH ARFrenaiiE Suret anndigd todhehgating indtdp ebtainibgseBpant st andar d

cubi ¢ cen i ehGSuREThd RAMBAwrd i€ -obthied %ltnhﬁ’éjm@a%utre@%ﬂa%g b% [bgﬁfn?'u?‘th@ wher ei n

said predetermned ratio I's approximtely 3 enovi ng
resi due fromomespohding emperghipciegsiany cpserson tablgiodby saeudating theitemgperdterst  and

second ¢ hanbLEfn a:fguéll-(lfpd?r p%ww C%Eﬁ) Lh er 'd&iednig Cdggqse%qugalt E c{é&alsltZeﬁg

flow ng, into S an I nert-sour gas |rst tate;
form ng a pllteskecdntrohsubmiting W@raduskiwmneokgasampmn/dcwm oficntrentspplatd pd ﬁnsma a

flow of af |18(% | Agaicahdfly ag bg m?’% h?afe xﬁgé)enc%n %Qirﬁludémtgrd‘gg& spt%c%ast Iapc

plurality of reactiver erefrom w cond rates
est abl i sied dompheaicated ean sbmttdown operetibrf dfitist heativggrinénif thappressied chmmber}aﬁl o of
said inert- source dgs to said fluorine source, wth said predeterm ned
rati o being 'E)P%a&r%tg VREAP - 1. ; increasing both said first and second
rates, with said plasiae pladnaswndolrsaa@miine%rcaﬂhbﬂ@ls progein ¢ude goraettihembi ng

T Xt ure i nt dovangheh SsenenBRpare: T spd iR aweRs ReoFad 6 ¢l i m 18
wherein sai Cbrbcfb@d‘l@gaéiaﬂlgexsltﬁ\ﬁ& fdr@@thhl%im@ [dvrEfRREdy TR ﬁ@du@nJy|ehfpﬂoyé@t e to |6.67
scc/ s and i ncreasing said second rate to 13. 33 scc/
Plasma control subroutine 90 also includes program code for turnmg on and
setting/adjusting the power levels applied to the magnetron or other microwave source
used in the present invention. Similarly to the previously described processing chamber
component subroutines, the plasma control subroutine 90 is invoked by the processing
chamber manager subroutine 77a.
20 The above CVD system description is mainly for illustrative purposes, and
other equipment such as electron cyclotron resonance (ECR) plasma CVD devices,
induction coupled RF high density plasma CVD devices, or the like may be used with the
present invention to provide upgraded apparatus. Additionally, variations of the above-
described system, such as variations in pedestal design, heater design, RF power
25  frequencies, location of RF power connections and others are possible. For example, the
wafer could be supported and heated by quartz lamps. It should be recognized that the
present invention is not necessarily limited to use with or retrofitting of any specific

apparatus.

30 II. Remote Plasma Cleaning Source

As discussed above, unwanted deposition may occur on any hot surface in
the processing chamber 15, including the heater, process kit parts of the apparatus and the

processing chamber walls. To remove the unwanted residue, a remote plasma source 300,



20. The nethod as recited in claim 17 wherein said fluorine source gas
conprises the atons associated with a reactive gas, with said reactive gas
bei ng selected froma group consisting of NF3, dilute F2, CF4 Q§f6 C3F8,
SF6, and C1F3. 21. The nethod as recited in claim 17 wherein @J

i nert-source gas includes argon. 22. A ¢gevice for renoving residue froma
substrate processing system said system having first and second chanbers
in fluid cormawi adtg. QNis isAbid col@musicativaMithithd frgcessingehatibdr 1 A suppld-30aeans for

flow ng, int d first cha ,..an in e gas at. a_first rate;
means for f(S’g2 ﬁ%H%f“}E SPPIES fa $uC ?ngﬁsi WHPEFN; trr’i@r“?”iecfﬂ]ﬁ:c) rgiapssumeﬁlgmpgrso%q,, ng,
into said plgasa@h adarkbDMrPér Rlidih Q&) "\ t5i9 BiskiBn ARSI Idrind s fio@t €, t her eby
creating a plurality of reactive radicals therefrom neans for increasing

both said fiSPRRY %Mdarsde%weﬁﬁawré%gaSwaugalvéO?m%H%\ﬂ%\mﬂ gngeq vacuuaiops

radi cal s sdefidWirB&sdn£HBABERPulipif %@ex@m sﬁee%n@o{ Mowh)HhicAAdiSlhdheh saice
cleaning m xture into said second chanbe . The deposition device as

recited i n GPAMHFE2 DR é flern%%*itherpﬁﬁ@mEwlwaga@prlwémhvé@iltba?laéwcalw The

deposi ti on q&¥ieArofSihE BGbriedoirBe gdsahara@s’éscaaﬁ%mmme HeH%ht@@ a%Otﬁl&e gas
is selected froma group consisting of NF3, dilute F2, %

SF6, and ClRfremetiopeddaisbie of r@ﬁcmwsw;’fwat@nm@eﬁnas mlmﬁlﬁ@r% hanber a
supply of i ﬁ%fc{ﬁﬁgo &t&é‘fﬂowé‘ unid? {@ée \éltl.gtﬂlgrf oﬂ?th?i}g%nﬁ?so%?c%woﬁx ePl asma

source, in nicatidn W th sai ply o uori ne source gas and
sai d supl y podcessimgrcharsioanr 6 e Ugarsentérmg lepeo@bengchpinberta, the dnorgeiraticals

| nert- source, gas e e %lx%?r'e‘%'ea&r»%%et%é' n\gan?e%aagbo&tganeIre@&tlmnth];l Pdcgssﬁ\g““um cation
with said plasna Sout ce, systemin ontruni cat’i on th said

pl asma sour chamisil Emrmxhlyplefwerﬂeungstmmm ry&snt usﬁteqirc&eqapﬂg}chmﬁbei‘ lifior i ne
source gas and.said Process ch e a _cont | er Nnf i ed to reqgul ate
said punp s;?g?glﬁwpéﬁfﬁ U2 ﬁ’%gﬁan‘f%ﬁp’@gr COmPRK ere '&18?1% %‘Hg‘f% %ai d

control | er, abmitpim,héQudting eddfvalsevouldfocha Ve, mﬂandmlhaw ng a

conput er - r eadabl e program enbodi e ther el for di r ratl on of said
substratle processing g‘fs‘?@ﬁ?"‘g E‘Eﬁ%ﬁtfe BSMAZ0YEY O%d g‘?‘g ngitedydi ng a set
of conputer gdasit FAUGHHcQBReritor WHICIPRRE AloAdfiflA tdAYidSPldme Qdisetiheha ghofsegul at e
the introduction of said radicals fromsaid plasm into said m xing

mani fol d, sdntepdyesd inte thegrgsimaand isseldrhyAnrled Sqisnee awl Frghnology, Inc. of 35
Cabot Road, Woburn, Massachusetts 01801-1053 under the trademark Astron. The

Astron provides a very high flow rate of fluorine radicals into the processing chamber,

20  compared to competing fluorine generators. The flow rate of the fluorine radicals is
proportional to the etch rate of unwanted deposition in the processing chamber 15.
Therefore, employing the Astron to perform a reactive plasma cleaning procedure
substantially reduces the time required to clean the processing chamber 15.

A problem was encountered with the Astron, however, in that rapidly

25  increasing the volume of a fluorine source gas in the Astron quenched the plasma; thus,
limiting the time reduction afforded by the Astron. A solution to the aforementioned
problem is based upon the discovery that the quenching of the plasma was due to a
pressure spike that resulted from flowing the fluorine source gas into the Astron, The
pressure spike is attributed to the dissociation of the multi-atom fluorine source into a

30  great number of radicals that are present, for a fraction of a second, upon initiation of the
fluorine source into the plasma. It was found that by providing a ratio of the inert-source
gas to the fluorine source gas present in the Astron in excess of 1:1, the aforementioned

pressure spike is avoided and the plasma is not quenched. To that end, it is preferred that



23 3 't JUL 2~ a first subroutine to be operated on by said controller to
regul ate said punp systemto introduce said inert-source gas into said

pl asma source at a first rate; a second subroutine to regulate said plasm
source to forma plasma fromsaid inert-source gas; and a thﬁﬂdllﬁuﬁmguti ne
to accelerate a flow of said fluorine sqgrce gas into said plasma source,

subseQuent to said plasnma being forned t a predeterm ned acceleration to

reach a st eagdyphimsfahRd irdlBe ATineh il €he 2b€ends of L£Tdvi 6CFhioRin€ bavird® gd§ idher ei n
sai d predeterm ngd acceleration is no greater than 1.67 stan grd cubi ¢
centimeters Q¥a dewghthor-source gasds RIBGNICR theAsirar phenythe plagma sipioginner ei n sai d

fluorine soufffed. NGkidRs, Mty 8ffle HadrthelsBRES ga8 Qi GEILESIntoNRE HStesh B GON.  28.
The device as recited in claim25 said first and steady flow rates are

est abl i shed acgclerateratd ftepf }10d des reljlereasurine gat by ptpremesfipnedditicde gas to said

fluorine §0U§aﬁ§}‘ega$’refé’fﬁﬁl?th%@!o® d?rfﬁ&%e%mc@g&% i§ %b]@raﬁ@'uﬂﬂl AR 8 stehdipn 1: 1.
29. The device as recited in claim?25 wheréin said first rate is greater

t han 13. 33 stagnyidh theealp ptthe aigon prisk the §eq§érratgeﬁtbhﬂu<am seigFegasteiagly flow rate
is greater té}?a'ﬂ I&ec'l‘?*oﬁ‘nk mﬁé’ﬁa’h oFM@tﬁoxﬁE‘é‘ékEﬂeﬂlﬁﬁrﬁeE&ﬁcesg%§%dz 30. The device

as recited inclam® erein said predetermned ratio i s approxi mately
3:2. . AHL. A& A% A9 . A&q&mn@&g%%&.nm&eexpmplamherhodmfmwam thEAMSW, . A9(

. A93. ASLI. Asj\stroﬁ“ci‘ssrsélfateé‘ﬁb%gég})pﬁy 384 at step 402. At step 404, argon is flowed into the

10  Astron at a rate of 13.33 scc/s. At step 406, a plasma is formed. At step 408 the fluorine
source gas is flowed into the Astron so that, in the first second of flow, the rate of the
fluorine source gas is 1.67 scc/s and is accelerated at constant rate of 1.67 scc/s? until
reaching a steady rate of 8.33 scc/s at which time the acceleration of the flow is
terminated. Thereafter, at step 410 the flow rate of both the inert-source gas and the

15  fluorine source gas into the Astron are increased to approximately 25 scc/s and 15.83
scc/s, respectively. The plasma consisting of 25 scc/s flow rate of inert-source gas and
15.83 scc/s flow rate of fluorine source gas defines a cleaning mixture. At step 412, the
cleaning mixture is introduced into the processing chamber 15.

Referring to Fig. 4, in another exemplary method according to the present

20  invention, the Astron is isolated from supply 304 at step 502. At step 504, argon is
flowed into the Astron at a rate of 16.67 scc/s. At step 506, a plasma is formed. At step
508 the fluorine source gas is flowed into the Astron at a rate of 13.33 scc/s, and after two
to five seconds of plasma stabilization the flows of both the fluorine source gas and the
inert source gas are rapidly increased, at step 510. Specifically, the fluorine source gas is

25  flowed so that the rate increases to 25.00 sce/s, and the inert source gas is flows so that
the rate increases to 36.67 scc/s. However, the ratio of inert-source gas to fluorine source
gas is greater than 1:1.

An additional benefit of the present invention concerns the use of argon as
the inert-source gas source. Specifically, it was found that by employing the present

30 invention, hazardous air-pollutant sources (HAPS), such as fluorine, are reduced. To
determine the quantity of HAPS produced during processing, measurements are made of
gases exiting the CVD system 10 via the exhaust passageway 23, shown in Fig. 1A by

connecting a HAPS measurement system 100 thereto.
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25 snmllar mass-to-charge ratio as the doubly charged Ar ion. Therefore, FTIR is mainly
used as a supplement to the QMS, which has the best resolution and sensitivity.
Results of the aforementioned measurements are shown in Figs. 6 and 7.
Fig. 6 shows an RGA analysis of gases produced by the present invention and Fig. 7
shows an RGA analysis employing a prior art remote plasma source generator in place of
30  the Astron fluorinator using the system described above. Based on the aforementioned
measurements, it is realized that by employing the Astron fluorinator, the HAPS produced
are reduced by 50%.
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introducing said cleaning mixture into said second chamber.

2. The method as recited in claim 1 wherein said increasing step

includes increasing both said first and second rates.

3. The method as recited in claim 1 wherein said increasing step
includes accelerating said fluorine source at said predetermined rate, with said

predetermined rate being no greater than 1.67 standard cubic centimeters per second?.

4, The method as recited in claim 1 wherein said first rate is 16.67

sce/s and said second rate is 13.33 sce/s.

5. The method as recited in claim 1 wherein said first and second
rates are established to maintain, within said first chamber, a predefined ratio of said

inert-source gas to said fluorine source gas.

6. The method as recited in claim 1 wherein said fluorine source gas
comprises the atoms associated with a reactive gas, with said reactive gas being

selected from a group consisting of NF3, dilute F,, CF,, C,Fs, C3Fs, SFs,
and CIF,.

7. The method as recited in claim 1 wherein said inert-source gas

includes argon.
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standard cubic centimeters per second.

11. A method of removing residue from a substrate processing
chamber, said method comprising steps of:

forming a plasma from an inert-source gas; and

accelerating, into said plasma, a flow of a fluorine source gas at a
predetermined acceleration, thereby creating a plurality of reactive radicals therefrom,
with said plasma and said reactive radicals defining a cleaning mixture, with said cleaning

mixture being disposed within said processing chamber.

12.  The method as recited in claim 11 wherein said predetermined

acceleration is no greater than 1.67 standard cubic centimeters per second®,

13. The method as recited in claim 12 wherein said fluorine source

includes NF; and said inert-source gas includes argon.

14.  The method as recited in claim 13 wherein said forming step occurs
before said flowing step and said plasma, formed during said forming step, consists

entirely of dissociated argon atoms.

15.  The method as recited in claim 11 further including a plasma
generator in fluid communication with said processing chamber, wherein said forming
step includes moving a flow of argon into said plasma generator at a first rate with said
first rate and said steady rate established to maintain, within said first chamber, a
predefined ratio of said inert-source gas to said fluorine source, with said predetermined

ratio being greater than 1:1.
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17.  The method as recited in claim 15 wherein said predetermined ratio

is approximately 3:2.

18. A method of removing residue from a substrate processing system,
said system having first and second chambers in fluid communication, said method
comprising steps:

flowing, into said first chamber, an inert-source gas at a first rate;

forming a plasma from said inert-source gas;

moving, into said plasma, a flow of a fluorine source gas at a second rate,
thereby creating a plurality of reactive radicals therefrom, with said first and second rates
established to maintain, within said first chamber, a predefined ratio of said inert-source
gas to said fluorine source, with said predetermined ratio being greater than 1:1.;

increasing both said first and second rates, with said plasma and said
reactive radicals defining a cleaning mixture, while maintaining said ratio; and

introducing said cleaning mixture into said second chamber.

19.  The method as recited in claim 18 wherein said increasing steps
includes increasing said first rate to 16.67 scc/s and increasing said second rate to 13.33

scefs.

20.  The method as recited in claim 17 wherein said fluorine source gas
comprises the atoms associated with a reactive gas, with said reactive gas being

selected from a group consisting of NF3, dilute F, CF4, CoFs, C3F3, SFe,
and CIFs.

21.  The method as recited in claim 17 wherein said inert-source gas

includes argon.

22. A device for removing residue from a substrate processing system,
said system having first and second chambers in fluid communication, said device

comprising:
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second rate, thereby creating a plurality of reactive radicals therefrom;
means for increasing both said first and second rates, with said plasma and
said reactive radicals defining a cleaning mixture; and

means for introducing said cleaning mixture into said second chamber.

23.  The deposition device as recited in claim 22 wherein said inert-

source gas includes argon.

24.  The deposition device as recited in claim 23 wherein said fluorine
source gas is selected from a group consisting of NF;, dilute F», CF,4, C;F¢, CsF3, SF6, and
CIFs.

25. A deposition device comprising:

a processing chamber;

a supply of inert-source gas;

a supply of fluorine source gas;

a plasma source, in fluid communication with said supply of fluorine
source gas and said supply of inert-source gas, to generate a plasma from said inert-source
gas, with said processing chamber being in fluid communication with said plasma source;

a pump system in fluid communication with said plasma source, said
supply of inert-source gas, said supply of fluorine source gas and said processing
chamber;

a controller configured to regulate said pump system and said plasma
source;

a memory, coupled to said controller, comprising a computer-readable
medium having a computer-readable program embodied therein for directing operation of
said substrate processing system, said computer-readable program including a set of
computer instructions to be operated on by said controller to regulate the introduction of
said radicals from said plasma into said mixing manifold, said set of computer

instructions including:
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a second subroutine to regulate said plasma source to form a plasma from

said inert-source gas; and
a third subroutine to accelerate a flow of said fluorine source gas into said
plasma source, subsequent to said plasma being formed, at a

predetermined acceleration to reach a steady flow rate.

26.  The device as recited in claim 25 wherein said predetermined

acceleration is no greater than 1.67 standard cubic centimeters per second?.

27. The device as recited in claim 26 wherein said fluorine source

includes NF; and said inert-source gas includes argon.

28.  The device as recited in claim 25 said first and steady flow rates are
established to maintain a predefined ratio of said inert-source gas to said fluorine source

gas, with said predetermined ratio being greater than 1:1.

29.  The device as recited in claim 25 wherein said first rate is greater
than 13.33 standard cubic centimeters per second and said steady flow rate is greater than

8.33 standard cubic centimeters per second.

30.  The device as recited in claim 25 wherein said predetermined ratio

is approximately 3:2.



