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TI TLE OF THE | NVENTI ON:  METHOD FOR REMOVI NG

CARBON- CONTAI NI NG RESI DUES FROM A SUBSTRATE

CROSS- REFERENCE TO RELATED APPLI CATI ONS [0001] This
application clains the benefit of U S. Provisional
Application No. 60/590,628 filed 23 July 2004. 5
BACKGROUND OF THE | NVENTI ON [ 0002] In the nmanufacture
of semi conductor integrated circuits (1CQ),

opto-el ectronic devices, and m croel ectro-nechani cal

system (MENS). mil ti pheey@pReqhvERDf | m

deposition are perfornmedin order to construct several

conp! G I P BEMRIVIRE)CAREORCORTARIRCOAESISES ERCM A
substrates or ‘wafers. Eacl N)’Bg?hA'TE often deposited
with a variety of thlnfl?rrs such as, but not limted

to, diffusi i '
transi ti on nERae S BERERD oo R EEARLIGATIONR,
BER) e Lm0 g 0SSP EDSGRPRBS e
60/690,688 fied 2bajuyd?00ind undoped pol y-crystalline
silicon (poly-Si), and doped and undoped (intrinsic)

Lo smoranous, =1 Reddngln SRRl T, <
B 1 O3 45 3 PR B (€9 8

tnricsh esg nicrosiettre atechaicas sys(t_amS(H)/!ENﬁ)l mulﬂplerﬁtena' @fghin film
S B BB gl i) amt
tavicesrmt mbhalithie dulbsiratéd erovafers. duasbavaderlis otieredepasiied with-a varisty
éfl @Eé‘ﬂ?%'é{élfg% ﬁ%fé&égﬁ%ﬁ@ﬁﬁﬁi};&%ﬁeﬁQyé?& 4adPsd bihaRtdhd/or
mns'itiqnsﬁerettermy cm_ap@mrgﬂs( m@).lchr filns, suengs, ibut ﬁg limited to,
tglégﬁﬁb ,Scfogpefl', ré?ﬁ %ﬂﬂﬁiﬁurﬂ?%ﬁ‘é ib@ﬁoﬁxct&rQigﬁ)é]suEh yﬁ,ﬁg ha ifnifdfd to, doped

nterest |1 sem conduct or | try are

arshyudsiped pobyreyystetting sifeanc(pblyt ik anfdoped apd Lndapsr{intringic)

SEEHBL09S}5 (R el ) 0 Byl T hoon v
(Gi@2) mendoped shicor glass (4SEhdotmerdnpey siligen glass KRBSGhphpsehorus
SR GBUG TP 5, KR R B oS T SGP e oo (S
ahkstiiconl oxyaifrisie (GHNE law diﬁ!e@tﬁampnptaot(@g-kbdielegtrinéi s, such as, but
303 o U5 SR RGBT § o
orgaeogilivatrogiasni@ 3G phgtossigh el and antireflective-coating (ARC) films
Mﬁ%ﬁﬂg&- Lr%'bri' ;(dgn?cc#ﬁt%ﬂéls. (typically organosil anes

an oxanes). In

or oraanosn certain instances, the

[gﬁﬁgsﬁnMél]erﬁ%'Hf ?aﬂ{c[]@:r [n?ecflagttlﬁ $hd Ssibbnduc®IMiddiBtry are composite
eposi t1on of S a

ructure-form ng precursor and i
groarodilisate figsp itds wel snowbshatrracasingithe oyarall density of ferfpaterial may

GRIL: ROGRGLUTBaR R3Y B8 eE e of i e seniy
@ txsBateriz) maydre thiobgh $redatredutiorat poresb PPials icompReis

&8%3539%%1%%%'5 AR B4/ P4 by LA (a5 beposition (CVD) process or
other ;neans using a precursor mixture containing a pore-forming precursor or porogen
(typically one or more carbon-containing compounds) and a structure-_forming precursor

(typically organosilanes and/or organosiloxanes). In certain instances, the carbon-
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5 2004/ 0175501; 2004/0096672; and 2004/ 0096593, which-
are incorporated herein by reference in their
entireties. Once the conposite organosilicate film has
been deposited, at |east a portion of the
pore-formng precursor may be renoved to provide a
porous film [0004] Exanples of structure-forner

@6rﬁ£¢H é@%ﬁd?&‘:lle%gﬁéfrgﬂnl th& Geﬁ@foﬂ'dﬂ'&%uéﬂ@%% présifSor and a

as or nosi | anes an or ganosi | oxanes Sui t abl
peIgAABRING RIROLISNNAd Emméleg@ﬁétéwthéor@gng ARg/pgROredorging precursors

HRInBYY R RARRISTIRR 8 354 Rl Blodd¥De! 8/71I790; 6,583,048, and

Fom

p nd
ablished et Deicrieriios. 20808 AaB SORMEE 7474, 200410172057,
éﬁﬁ?fﬁongd&/@ggﬁ%{%ﬁdgﬁ‘b&%@@ mﬁ&h@hre iﬂEBFdE)Yéted herein by

unsubst |t ut
wjerenes lnytheigealirptiqse. Qnee the cPHPOSIA org@@@u@ﬁ@ﬁwpa\s been deposited,

L0ekst® )):Fl‘]i‘{ c% ?l ghé‘ po @@%Hbg 1 oy &r@%vé@t@provnde a porous film.

propen to C 2 substituted or

fcdﬂﬁﬂgsﬁké f)!%g of‘&tﬂf@ﬁu‘e%&ﬁer%rec&ﬁ&?@)ﬂcludb%hl}éé-)contﬁmmg compounds

spon I near ran clic parti al l
waa&@raawﬂamwand ooanemanss. @é‘ﬁ@félﬁ ﬁi’g?@oﬁ'iﬂf‘éﬁﬁnér oup

&rﬁaﬁosulo%é&%&l d@teh%’q(a) af%ﬁﬁé’é’ erré!s’éﬁteﬁ%y'tﬁe formufa R',SiR%.,

al'ternati vel ydr QE |SI ane
wherethig|as Intaaer rorp r1|tﬁ@i Ry agq! Raaee m@%@&ﬂﬁﬁ@%@’ﬂ%ﬁﬂf ghe branched or

ARSGHICRLI 0G0 CTEMY bRIBTY LS MARA, et LXaX A Subared or

tyl S|Iane ane, ane

uwba@ute@lwgioaw@rom g- hWCéﬁbé'%dM}‘@K?)&'Hea Cafo C1o partially

G TR P AT S it

wsubsmteﬁsamraa@c (@i nlmyyrtqﬂw @o@oy@spwgalmar branched, cyciic,

|
reprmh{ma ’allﬁp)o{ grrorrrﬂua*t@%gltaﬁd%élf?&y g% R% g methoxy ethoxy,
phenoiy), ARG HE S a'fer”@ﬁ‘@h’twdtl‘dﬁ (e@g tale’efytspiar@ dxmethylsuane

ﬁﬁ%@i}}kﬁlhhé’&@ﬂ&néﬁ. EWPH%@Mlaﬁ@%éﬁ&i%%&i% I@lexylsﬂane |

IS an I n rom

teg-nerisilaeg, gbﬂs@n@egx@thyis!a@ tetraethoxysilane, dtme‘chyldlethoxysalane
&iﬁkf@iﬂ%@ﬂ(}ﬁyﬁlhﬁé edu“n@ﬁx'yleﬂ%ﬁ?ﬁbane methyltristhoxysilane,

ot et r asi oxane,

oct anet
memmtmyé%eotrﬁmw!aaﬁetrimqthM%PWF'@ﬂ%@m%&%ﬁ?@m“ane) (b)a
Iihelir gvg%nbfafo&éﬁ@FébYéé@n%d Wtﬁ@ %rn@@ﬂ’(R%SrO)nS:F{% where n is an integer

octanet hyl tri sil oxane C |near or
M o, P Prcle @rwostlpxan@ ressbsaed Ryife; @tﬂt@% 35 8)5 where n

iWRa iMool fforf? 1o 110 LREH .aanjCFi?I a?ffe taQ d&ﬁhed%bdw Qé QC 1,3,5,7-
organoSi | ane represent ed @\ﬁv fornul a

tﬁﬁé’m@mYMﬁ@te’Hﬁsﬁl%ﬁ@@ ctamehy Gy HesioRns. Rexaéﬂ%ﬁ'ﬂ@v%?fesﬂwane
!ﬁaﬁﬁﬁ!ﬁz\ﬂﬂﬁloﬁﬁﬁé’ & {,8,%etrarhethyRfbiSxdrRt ANG BétametiyRrisiloxane); and (c)

alhuzea(g,o;ﬂqq%{la%ge c§[|ggl'nglr ?ﬁpk@q%ﬁm tap forpwia RA(SIR’ R?),R? where n is an

lhﬁgépﬁérﬂﬁ l%'ﬁ)' br”‘E&%lic SF%G @h%'réﬁrb%ﬂt@@@ythe formula (SIR'R3),, where

exa

rllszarumm@hswr@ﬁsfm 1é>n an@Hd)égg I’z'i 3?62%%%@9#9%@ By
&ﬁ\%{r@!cﬂsuﬁﬂEoﬂ& g?‘k%ankﬂﬁ/ldlﬁlﬁﬁénpﬁJd‘n@éiﬁf/!Qr ﬁéwmbﬂmwsuane

I's acyclic al ['ane clic | oxane,

r@@me&ylwla@ﬁy@thaﬁ@ymsﬂ@@w at:Aeh - hp&@lenﬂﬁﬁxaﬁ"%%ey‘ 2-dimethyl-
of as

G2 SO PR EoRRrRdRRRe)] I S effbodméntsGie

Qj‘gmé’fﬂwﬁpr@@y&fl%bm &raecychc glkylsa!ane a cyclic alkylsiloxane, a cyclic

brl r of Si atoms,

#l"cc?&gﬁald@?{] '&Shf% Of%igée%d gh%’?l‘gégﬁgﬁﬁln&yﬂ]g;!%%eebetween a pair of Si ato

1,1- dlnEthyI 1-sil a- 2- oxacycl ohexane,

1, 2-bi s(trinethyl sil oxy)ethane?-

1, 4- bi s(di met hyl silyl)benzene,

oct anet hyl tetracycl osi | oxane (OMCTS), or

1, 3-(dinethylsilyl)cycl obutane. In certain 5

enbodi nents, the organosil ane/ organosi | oxane cont ai ns

a reactive side group selected



fromthe group consisting of an epoxide, a

car boxyl ate, an al kyne, a diene, phenyl ethynyl, a
strained cyclic group and a C4 to C, Q group which can
sterically hinder or strain the

or ganosi | ane/ or ganosi | oxane, such as
trimethylsilylacetylene, 1-(trimethylsilyl)-1,3-
Q&Ehaég %ISI h éfﬁér'iﬁ’ '1%-&%“&%6?*6&%@cﬁﬁhbﬁ‘i?%dacyclobutane 1,2-

cet a e, and di-tert

tblrgétmn;ymysd Xswgqbpzﬁm@ 1 |_1@:@r@)gyhylfhénapgﬁednp@,c%q;hexane 1,1-dimethyl-
ﬁ& %ro?&F)Fdf&Yei(Qﬁe g-‘ﬁ%gﬂg—% moﬁ@%ﬁh@dl zll Qrsﬁfuﬁémzlsuyl)benzene

on ‘at ons. Exa

o@wmmyﬂgtraqyclog&mcanglﬁ@mﬂs net 1 Br(mnﬁ;@y!suygcyclobutane (fn certain
é‘ﬂnBB@in‘{eﬁ[ao tHEE an&é;l%ﬂ@@%ﬂoéﬁ?&é@ﬁdﬁﬁﬂﬁs a reactive side group selected

erb ne I net exad |ene
ﬁomyhbemm@ps'smmfrmw@, a@;tmoasqd@tﬁt amalkyng, dediens; phenyl

%mgnygi féégﬁ%@ér QL%% éljo é‘a g;'rdtﬁt\gﬁ Jéh can sterically hinder or strain

tneaargmca:darmﬂergasombwnansem as ﬁmhyi%\lwbﬁQWPﬁehétrlme’fhws'Iy!) -1,3-
7

bRyl ssaR Rl iR o,

bmtgaydlanegm(yalﬂme Sonme exanpl es of conpounds contai ni ng

| abi | e organic groups include the conpounds disclosed
[0908] The pate-foxper BeawmsoOMaY bvaitwAracarion €eMparag é)(geferably having

ﬁ‘Sﬁ'nel' {PJ @?aggor{ &tfoﬁ'fseriﬁ% Pﬂes‘ 6f§hc%%tdoﬁ%}énds\(iﬂblu§él @uUbere not limited

ore-forne recursors could also pe a

ma@hpdsmmeaedungnﬁé\escycm@xa%@ﬁlﬂlﬁ%aatﬁf@n?f%ﬁ FREPNERE be
ﬁiﬁfgt%ﬁé}{éﬁleﬂﬁc BSRRI8; nJ?ESm‘aS:"eﬁé ‘dYelopemene oRide, Used

erern SO enc asses terms "ol | gomers and

¢12pdetrym&ih)écwiﬂh@§%n%>dpﬁ'@§§t@bf|§t%@@@f’?@dﬁ%@ %ﬂ@n%eyadamamane
?%dduﬂédh@ﬁb sUBSRTRA BRI, Qﬂjlélﬂﬁéﬁe Yeth- Biﬁbb{é‘”%fna t hat

deconpose ugon exposure to radiation, e.g.
deaahadnmlagln elgne afurteerexamelesss RaTe- fgfm@meq:qrﬁgs may inciude labile

5@3 éﬁﬁ?ﬁg ddifs @xé?ﬁﬂ)ﬁéé%f @Orh;?tﬁ]nﬁg ‘éont@ﬁirbgﬂﬁlﬁ@ drharic GRS include

ecture that provides hr ee- di nensi onal
tnerqmpnueds dispioaed in ll!)uﬁ FrestNg. |6n1 7t1e‘i'145s wh'cbll%mofwated herein by

EReNYER iy eri'arp?qcfl Yg Sfpses exél"nbh?éI d?%“bor@-mm@k' biécm:s@?é(could also be

copol ymers ock copol yners; radial diblo

8 dpgﬂ)mp@ea@ie peiwnersd J@e@paor@gg@ﬁb}qmlgmeﬁ@gy be g%at?on
88&?391'\;3&55@ T‘#\%BQM Alntert %IQJS¥?FI5I%IH fa%%r@@mbb@eﬁéé the terms

copol'ymers; I'nati'ons o

alrgﬂmetre andioeeopaiymenenless Sxpessly état%fgrf%ﬁi aptEany oRadigtian
8o tisate! éﬂ(}l%eéar@ gtSIymeMQhathe%Qﬂwnge?udeé%w@ to radiation, e.g.,

|ncorEPrat reference In its entiret

tievielet, Xrraye eleairen bﬂ@ﬂaﬂﬁd@% liken Examies efdhesuprl 'ﬁﬁfy include
&?ﬂ?ﬁl fia J%%r&%?seéﬁjré H%HFcﬁﬁdeE%rtﬁFHe diﬁw@nﬂ@ﬁélsir@étﬁm“ such as,

or ous

bwtrnmtlwt@d tQa blesk copelgparsst bfP alﬁlswk H@bleeh @DF' Shiklock copolymers;

Qt’é?ﬁl%&l% %po?irﬁergokdﬁa? Gﬁﬁﬁrcbbc\ﬂyr%fsf Qfaﬂrﬂlblwmrs agratted
certaln di ment S, ore-former is

AP EYS; dmlaraéhﬂqpylym aan%?d PRex cagvfoersy and sfiaipations of

fP\regé%ch'f%ct]p[&Wﬂiﬂ@&ﬁnﬁi&%@@%ablﬁblﬁﬁé@%$é3found in U. S. Pat.
desiya substrate Wégl cally

Hosh,e0é g2, v Js, naaTeorRisdcarein by TRIrenee Imits SR | | s
RoBBY, 04K BT ASIEREST e bamBBLrE, REPRRELPY A 8o structure-

TOCG§S C eaV|n% ar e anount
tmfrmeeamcﬂp@'g fommertvhttllrtmarﬂ@eous\mfﬁéllmt Batslﬁdb\% lieidre-fapeer

hisGulsBF Shé B SLP¥RS P BrEcBFsot AR Mt REESSarily different compounds, and in
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chanber. These residues typically contain carbon which

is referred to herein as carbon- containing residues.

Addi ti onal species that may al so be present include,

for exanple, silicon fromthe precursor mxture

and/or fluorine fromexposure to fluorinated gas-based

10 pl asmas used for cleaning and/or

éé bRBoaRIER, rﬂh@ﬁo@tf@%ﬁ@é%an/a«p LEGValglly BbuRd®) the
on-contai ning residues inside the chamber may

?tél!ﬁﬁ‘llrﬁ TPINYREFHPY. sheddi ng, degradatl on of

&050& tion uniformty, and c@roces& n (Q’t&s t hat ? g%l .
€Lt Whilsdlg qémsm@e%@%w. sicablyfgag t Q R gpstials (typically
é @rlnc&?@vﬁ Tﬁ thé“réabﬁor@f%ﬁ@ﬁbinﬁf theSE Filked éﬂé@&c@dﬁ@' ndewd@iactlvely on

[ ure. erefore, periodic cleanin r% s'
ormaRe sirfagasgnyide of Ne@rewess shamben e lras A R ¢l esidues on

hePaadoy walld) 85E sl iSRS aHA YR fofbliRg dORABVEN bﬂh@rpWess

to ensure the integrity (uniformty

¢hambpsr, Thepe miduesityrigally cgptaﬂf@rmlagh tsgrp ?erred to herem as carbon-
S4rH&N 'rbéa&@ése Addlﬁﬁaﬁéﬁ&%%ﬁé‘t%ﬁy Q@@Bé pkdnt [hé!lué@ 'T@r example,

cases this carbon-containi ng resi due may

be
silicarrieom dranprecuispi Goduse angdion flyeningritans emﬂ%'fwmueanated gas-based
ﬁl?é‘ngé‘ Bsed %‘F@T\éﬁhnﬁ%{n@/& tﬂ%r’n%@ir@%nm&%r&c@%% R gdation of the

eani ng usil ng I hat p asma
cashemapyiainngresisues Insige the @hamleﬁfts@ay !@évlmd?amcle shedding,

%@Qéét@gﬁ%%e@rw &'rﬂﬁ)'i'rﬁ%é%a PPodbBhS @hﬁéﬂﬁd?@éh affé’dt sasequent

and a vari ety of

denssitionst Ghpseosiiants eariead tnglelpgts %@P@@P@?ﬂedﬁtf%ﬁurwnd device
@p%’s Trieleibie, BedHiBIBENIRY BARD %@od&%@@ﬁéﬁﬁbersﬁlﬁﬁ réfw@@s td)és

uori nated gases are relatively easy hand|

ghearbeer gleapingaisanesessanyr Flrse/esigues faﬁrﬁeéa@@.re@ow iR Oz@ef to ensure
fﬁ@tlﬁbg%?uﬂfonﬁﬁﬁ %Hﬂé%i’tl@ﬂ pGrity af*ﬁﬂ?b‘dﬂ@lﬁﬂltﬁ ogm%%ammswé

t “conditions. Process.  chanbers are t Y
euaaealicatafilflg sabesqusntiy deposiied. Laome r&qn ontaining
REREIBTRay bd ?reaéﬁt iR 8 fofrR YR BligdAfNE Hed polyﬁhéfs ﬂﬂbﬁmﬁng residue

containi'ng tluorinated gases al one cannot effectively
'ieélﬁy\abmarq chgliergiad-car bon- cont ai ni ng reS| dues t hat
Eosm on the interior surface o g%roces
s

#the Plaglia Giraninausing tHasated; g% SnumpRY used to

é}@aw&me"&ah{w bafv@eh%pbémst CFllliUrmdté@Sa@@m}@ﬁ:laﬂﬁused include NF;,
%&anoa icate nmateria

e @iTobagnd & \ﬁng’yég Qﬂ'f% ,sp@(g%i‘p qqawde agc:)n\-;rel_rgll_:ent source of

%n'ﬁ@%t&ﬁ@tﬁ'nﬁ‘ ‘a%ﬁaﬂhﬁéi Slb&sind pRbEs. SSErh@6/pedbf f monnated gases are
substrate that is at |east partially coated

reptivel e@@m%hﬁn%sm@%th&a@gaﬂs fa's@emcegas'% év‘f PweaFWe with

@tﬁ%ﬂﬁ%&ﬁ ¢bnsthUdRbE§ of &Msﬁﬁénﬂﬁéhs@s Bh@&%ﬁﬁblémfcohéaﬂbws NBrocess
car bon-contai ni n resid éﬁfrom a

@m@bq«' aeEe B $qr@d Ysins\a W&D@rﬂ\l o ag Q@ma Cetch process. It

R B drSoDeG, h%ﬂ:e@é.yt}%mpﬁeﬁm@ontaurfdgmmngtea@@s@@aioﬁ@dannot
optionally an additive

[GA1 fashraL i 1bs E/BpATAEA NS RPRUES bappeRast DRk inferior

&HAE8S of hePrédeadthdmber dhgithe 48 depstitiongirbtstd dicated above
Drocess gas USi Ng one or nore ene{?gécsources to

HRbAGedeaviEskipipRALCE seRPesite AANRIIERTRRYE he surface
of the substrate with the reactive species to

vol atilize 10 and renove the carbon-containing residue
fromthe surface [0010] In another aspect, there is
provi ded a process for renoving carbon-containing
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residues froma surface of a process chanber wherein
the process chanber is used to deposit an conposite
organosilicate filmconprising: providing the process
chanber wherein the chanber conprises a surface at

| east partially coated with carbon-containing 15

resi dues; providing a process gas conprising an oxygen
source, a fl uori NBRIEFASICMMATWOFAMHE DNENTIONN additive
gas wherein the nolar ratio of oxygen to fluorine

[opob}i mqﬂoaugshbmremdvmgwamnmng eavites frooma alrtace of a

Lo abou&lﬁ &%&t@g %I tpqaxﬁ&h@glscs@ ggzggf Ty reafdues s described

Révalirachiond abb@ctf B8l @mwuetdha prbeessrfaammgsqaammmammg
format | east one vol

tesiluge fTopya sydars of aky EYS#&&@F@HS'QG %0\6?'89, §lﬁrgce(§ﬁ 9gs comprising

59 biéygé”n JdoREsE, aamdmﬁéemw Gint ptieiall @A ddE0e gyowaielrethe molar
fromthe roce 0011] Inafurt

r uct
%éaéﬁvawépélup%nep %ia%%wghla'%%@géﬁscqas BRI R @ a5 1 o abour
mrd@@vatﬁ@nh@ Ricegs gaLadiny ese b Mbtederfigf mecesfto @rovnde reactlve

gtr&%%ss er Wﬁér ﬁr'ﬁ{}:;r@ ghé}o §l&§?rgtefvy|pﬁlgb 6?\%1"’% F?]egmes 2 volatilize

mwrm%uéghé bsrb@h%m; eslons fldh heeushde t he chanber
conprises a surface at least partially coated with

[wl'l Dpnheatitdrispact, therd ig pesvider a)pnodemmre}mamﬁ@&:arlg@ﬁcontal ning
en sourc sour ce

Gk Tonca Sirapel & hasasehamBr T dRe BRERSS shetfes s used to
@e‘p&ﬂfantd@n'fdoumé bﬂgﬁn@ﬂﬂia@é ﬂﬂﬁcdm[:trlsir@ ploRiging the ﬁmesﬁshamber

es fr bout 1. to about i
WhIBES e GaMBY" SaspeR g SLaRCs Adbe) Redlait 4tal Wi sarbon-containing
re@imbsvmoﬁamg laﬁﬁodéé@fgﬁe@ompﬁsmghn RRYdenosbuede, Ehlaonne source, and

pcess ctiv ut si de of the
SHBRERY s BAHa SeStonan the oAt st o covadARERE Songaingd within
he GPEcksh @ab rAiycsffrohh8bdut 9a6 aBo@Ay; astivatiid mt;ﬁcbesstghs l]lsmg one

t he process chanber: contacti n the
Siiofl GorapuRl o oA Jreties: GrtAcng Tid g tubd wht the
Ra6kCifecRBdo Foriatilardt ohd Golafile lpﬁﬁiisbt \Olﬁ@emclhéboﬂltactmg step is

roduct, fromthe process cha
Girghi aha peasure Her r & 1 GroaM IOy TsHBE 8L bapbane volate product
fFERive P@cESy dimbegont ai ni ng residues froma surface of

a process chanmber wherein the process chanber is used

001t psd furthecasRos tiate & ravided A ipestiess fdr removing carbongontaining

B55es 1B & NG HL & Hinoas B0ERhel o Bl (iiiper s usedto
depobiba conpastaogangsiioats firesompisingt piovigirg the poaress gisamber

Gt Pl AR5, BB HAR 00 iy ¥ comann
raxigiges; pmmﬂlhgl arproeess gas campasingvah bkg{ganhatelu;]preoaélaerirgeasource, and
i va

?P? 88@@" ?vgsguagaé?e&f;?lﬁ begﬁto@% %t&p% gém%to%blg& rger ?Rntained within

the peddees gap eriges fru‘reamjug1 20 ﬁbmg t opaxrtivamm bk prdoss gas by applying
 OCEeSS a S, aC te out siI de

3 STET sSe I eRBABlS Pt K P oSt RRg procgag oas s

aic_ti?ﬁ_@d Iib?tsli!ﬂi dfitioe pﬂkeﬁfﬁégmm @84 irgasiuced lafdh tlhmpi'cméss chamber and

W | e Ccess cha er a, e re

st SinorioaRe e & Sesabes RN FB4upSss@namsst contacting

ti@ k@m{de@ wmrfms Wedctivk ep&dies tbh@rm:anta@s:tm@@oratu@méoauct and removing

ressure o an

t t
R B BRs oot PEdust Toretheratase ChBTBRGL 11 om ¢ he

process chanber.
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15 BRI EF DESCRI PTI ON OF SEVERAL VI EWs OF THE DRAW NGS
[0013] Figure 1 provides is a plot of effluent species
concentrations recorded by the Fourier Transform
Infrared (FTIR) spectroneter during the course of an
NF3/ Ar renote (no oxygen) plasma clean conducted at a
pressure of 2.5 torr. [0014] Figure 2a is a plot of

e

ﬁnt@ﬁm@ﬁ&ér@éﬁom ergviace bbs procesd crambeo mttairethegirogess chamber

BLEER1E Bl 5t oSt SRR roces
SRNSERtWIREIA % CResicl edmbiisddesiriseiae reasﬂbea'ﬂm&moated with carbon-
Infrared FTI R) t he course of

\F ctroneter durin
AGESH O p Pt PEN TG REDCER SAF LTI RT VOB SPEE: i Quorine
qur@e EanHprhoMmManaaddﬁhb Qa8 WwheRdiMNIR3 rvoldr Btio 2boxXygea & fluorine

u ais aplot of effluent peC| es copcent r.at.i
catines by tonBroogsR et F0SRS 1T SDBII-Er Aot L5 Actitied e process

g&&ﬂ;wﬂpﬁlflﬁg 1) léhé@y%fouﬁ;@ ifotmAeadtne s@é&ig@%ereirearﬂtseportlon of the
ean wt I adSSI S

asha C situ t. c cte
&PC%S&W@szg aetivedgd @thldé, &f the pr?%g@gﬁ/f rpp%ﬁﬁ.r@ |§%0($)L§e§ ter g?e process
Hanfidrlang %tse%@ﬁ@ b&giok o Hrdkisk @@@ isT Biotge thithin théd@rocess
Fourier Transform| nfrareﬂ1(FTl gect wter du{]%neg Latil
ARG LFAATNI e TasigIes Wit gixe)SPRgeR hiofa ghleashene volatile
Sro88&E Whdréin e Edradtink\dlepio 0BfidRte dtta sresuliie bESItat ordess; and

B Do ahiestateimis RPN oct P rehsa ShgTBHG

quadrupol e mass spectroneter (QVS) during the course
of an NF3/2/He in situ plasma clean conducted at a

FBS?SF%@%@%&Q@?%&H%%&@@#& WEQDTERAARINGS
B 4Ry R L5 B S0 o v
PatieOTtarsform Iaféaned NFampeatmmtemg\g%l%ecbtgse afSanONFafAr remote
ressur torr ratio o = 3.0.

Po 53895 R v dlahhinaliolelsR alefoesi as 2

IOHPAL, . PBu i Belbioh i Pl Rof e R a8 el Bthel by the
QLxAr@idlé mast spadirmetiery M) Ldmung the aoiursE2df RINFAD4/Ar remdte plasma
de é*é"wét%ﬂ%t‘é.w e Bl 2 R AR BB TN T8 % e as
R By 8L b PRSP ed by Fourer

BeRdgloah infreeed (FORUspechsmatdr dndng the amtxrs@zﬁ RN/ A ramgte

@%%ﬁi?‘eﬁﬁ A6l s RIBES BESOE Aulby 8yF 20 1
nf=| Fel é’a”% a\@§to‘{§ %ﬁ@:ewipf] fes cOHAMA P&Jﬁreg@?ﬁ%ﬁ;}, the

e course o
quadswaale piaas sRectoeieT (&Mﬁj wiering thet coairgsr &f souNe/Art(ng ogygen)

r%ﬂ{ofce iﬁfa%&aacg%?\ 9} RE rgf%tg’ jb%eﬁéég%g dotfgakd &t ngegsérfe df 2.5 torr.

edl ratl ons rec
[gbﬁﬂoﬁlpklger%bo% mungzﬁg ﬁéﬁ%ﬂ%ﬂ?ﬁﬁ%&@@ﬁw rthe Fourler

Trlaea‘nrm infriued (ﬂ'lai smectromemn dering the. curssraf awNHm/Pd (ﬁ%@xyﬂen)
r%&o?@éggﬁa cleﬁlénQMth RF (in situ) power assist conducted at a pressure of 2.5 torr.
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[ 0026] Figure 5g shows 002 effluent volune as a.
function of G2/NF3 ratio and chanmber pressure at an
argon flow rate of 750 sccm [0027] r Figure 5h shows
002 effluent volune as a function of 02/NF3 ratio and
argon flow rate at a chanmber pressure of 2.5 torr. 25
[0028] Figure 5i shows SiF4 effluent volune as a

) Pl SIS S st s e

Qigttupdie massispedrametenMSY cdmmg.trm C@frsemf/ aﬁ@@df‘@ iny &y plasma
?%%'gg?"@C% étaa%;ire%uré OF?ot o ﬁé‘BﬁOQﬁIFZ Bgorr.

ure IS a uent Specl es

nH bd &’6‘% &EEPWM s%élﬁe%n@é&ﬁ%ﬂﬁ@k%o%ﬂ%/y the Fourier

ter e course of an
Tlfanstorrm lpi‘lr@rgdtﬁl-'l'la §aept&mﬂi@rcdtﬁldg she epyssealal MFP-/He @ situ plasma

Eigér‘i cﬁ%du{&te%[r étaa% ér?séifr L VG with-aGratic & b?ﬂﬁ}l afg.gure 51

uen speci es concentrations recorded
@6 fﬂ FE%PES&BWVH é feﬁﬁ:ﬁ&t‘ﬁ&rﬁé 88l a lmihion oﬁGQNFE, il chamber
urrhg the course o In situ plasma
nﬂeeawe@énd@&mdlomrate Qir7é§§9¢@ of 2.0 torr vvlth aratio
of Oz/ NF3 = 4.0. 0032}1 gure 6a is a p
©oR11ie figuepBle BewsGRe beattwqmi&e a%@é#%an B&Oz/HEa tatio and helium

F’é@%ﬁé?gﬁﬁ?g &Qgﬁ}régﬁ?g%n(qu) during the course

I enot asma clean with in situ RF

tE P, fti nd chamb
(o AT 1 5, Uy g oo
RiESsWest adwhendlowgsiecdTBP&CF®Ons recor ded by the
Fourier TransformlInfrared (FTIR) spectrongter

[ORE3E: ooy S SeorerBiEh Gl VoBITER 65 8 BneteR ALOYNEaiRIiang helium

' ' j t a pressure of 2.0 torr ~
fidhy St £ F%ﬁgl?'sdremg%%gio'g DETAI LED DESCRI PTI ON OF

[EUE41 W 5[ D88 eﬁl%npéﬁé“c%%ﬁcoﬂb&ﬁ}a%ﬁéjrd%@fdéufb ithe

usef or renoving car bon- contal nl ng resi

twaﬂﬁv%aie Mags sPectismiateidi@Ngg) duiiBg dhg fukee @f%@sﬁ@g’%‘ﬁéﬂ g/tu plasma

d18arPBEndRRfeld 4t &l b RAD B 0RGH with BGallf SCBINF{ LAY eS a
non-vol atil e substance, such as carbon-cont ai ni ng

{oazspl us@uré‘ 5fqma %lot of éﬁlﬁént%p@@iéé b&ﬁbe@fraﬁor?%écﬁd@d ¥ tHel Fourier
res contail

HRBFBIT I Q. (ot IR RPStRg elR e | (305 putHe I situplasma

di8arPEoridRidided of gressurd 6f 30rdrRGRh al?elic&r (DJ/IQEJEGE! o.s
converted froma solid non-volatile nmaterial into

[DD26] eFighl%ngﬁﬁluﬁverOP @ﬁlu@rﬁ VORIngS &d & Fnctitrabf @4/NBytibtand chamber
to be readi renove t he vacuum punp within the
%’F%%é’%@t a%ﬁﬁg’ﬁélowdﬁteo?ff%eﬁo $&8ns. Unli ke mechanical ,

ng nd/ o er cl eanj roces trh
1875 E0urcsn Sits Gior e Renieb S LREEGER S afip apd argon
ﬂdv\erart@apa/alharﬁﬁertd?@ssuﬁé @pzesmrr:harrber fromthe process
line and/ or the exposure of the chanmber and its

D028 Eiguitetsi Ishaws i keicttdols@k weiadnctioh.of O/NF; ratio and chamber
pressure at an argon flow rate of 750 sccm.

{0029} Figure 5j shows SiF, effluent volume as a function of O./NF; ratio and argon
flow rate at a chamber pressure of 2.5 torr.

[0030] Figure 5k is a plot of effluent species concentrations recorded by the
quadrupole mass spectrometer (QAMS) during the course of an NFy/O/Ar in situ plasma
clean conducted at a pressure of 2.0 torr with a ratio of O./NF; = 4.0,
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25 [0035] In one particul ar enbodi nent, the process

di scl osed herein is useful for cleaning

car bon-contai ning resi dues fromat |east a portion of

a surface within a process chanber that are used, for
exanple, in the chem cal vapor deposition (CVD),

atomc |ayer dep05| tion (ALD), spray pyrolysis,

and/ or _vacuum depo of conposi t .
R R M A R e M T
Prapistor@anfraval QFTIHT@Qe&EbMéb@BmgW courbangf areNFOgAr mesitu plasma

85&8@@%%%%&%@%@ baeiRetorE i n by

GORRTCHT: B S oS GRS
é{&ldﬂﬂﬂ)dl@ mads F&b@@ih&ﬁ@te{ TS} urng the baursé of am NEYOL/A! reraste plasma
her ei s to

oyt Eet BF 2snat saskeie 3¢ parehsbi T forrWith a rato of O/NF, =

£@r bon-contai ning residues and reactive species
formed by activating a process gas conprising an

POSIENFRA 618 isadplofoff difient Bﬁecﬁéﬁﬂdﬂeentra{tiﬁﬁéi fdcoffidesl by the Fourier

haFlaradaad (5160 RosrtmRor it o en o SFpOgR: fimote

ﬁlhmalmmﬂtﬂ ingith RFedssist asiduetedl #traIrgysus@al 2.6 torlhvih a ratio of

50}\@ él o of oxygen and fluorine in the process gas
fNFaF4t vely higher than conparative cleaning

chem stries enpl oyed heretofore. It has been
unexpectedly found that the nolar ratio of oxygen to

Fenmoval ol carBBIALEN @?ﬁﬁﬁﬁé&f GETHE FENpioR' T <t
ﬁﬁgﬁﬁ' ﬁlﬁgtp?dge%%ﬂg?lé?g? }1%\9&:% i @E !ﬁ?fe%cgvﬁ'n e F%ég?gérg%hh‘np residues

frbrarat issist § pmrtbhldﬁthehmrfape ot a sebsteye. singmiefadioutar gmbodiment, the

SRR Bri R epc L BB A b S Res, rom a
Ibaﬁai porfibe ot asbdacecwittiathe progcabsmhamber ancbamydintures coytained

I e

mmg olzahbq isatonvered frome sauiidmbnwelagbsmatlenaltimt%peczes having a higher

GRS, B0 1 o O BP9, rocee.

dismiuer o otiver ndams 8 Undike feomanial twet@tchibgs apdiar gthek glgaming

ér%%%sego% nge%s 6}35# ongﬁ gx)% | b C{Wﬂ%%%\&t Rec ﬁl? '?ecguﬂn%)(}he removal of the

[0ro083s chaintben drom: ithe prockss qmmmd/onihadre@(ggstwa phtee oﬁmp; and its
H2O

Bt o (o Bpe L saloBs L b present \i n the. process

@3? EEY #r?engaq't éJtQﬂE%@oﬁTgrglg@}@yﬁFﬁ?eﬁ%éé%Ed 7151%16 Riabkful for

PT OCEesSS gas rocess gas
deaning saboa-cohtamningeesitugs from ableaspaeortion of Biserperwithin a process

SRS e 3 Ghod i R I gPIGE G SRR VD) st

lafénaapiositipn (AED), Gpiaymytmysis, mntion vadude) derssision ofi Peraposite

@g%h’% @'ﬁf? qngé\'ﬁ |&§$t ng%hééé%é@ }ezﬁchlaa oarsﬂ icon wafer. The

cmbbm-nomawmgomaslusm n’fayé:e rEfRdyed 6@ ,0neC Rsare eatacestvdinin the

df??%{zj}%gvi@q? %hﬁ%% glgtgl X g@hg{% b Edita&inG it with reactive

énmi‘ésl uraieo tetditdnsdiutifcient o) reatiowith thie sybstanaedand form volatile
hydr of | uor ocar bons such as
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hydr of | uoroethers (e.g. nmethyltrifluoronethyl ether
(CH3OCF3)), hypofluorites such as CF3-0OF
(fluoroxytrifluoronethane (FTM) and FO CF2- OF

(bi s-dffluoroxy 30 difluortnethane (BDM), etc.,

fl uor oper oxi des such as CF3-0-0-CF3

(bis-trifluoro-nethyl- peroxide (BTMP)), F-O-OF etc.

;?HoHQEtgt "!‘h@’férﬁ?ﬁ/oﬁ'ﬂ@br@éuc%;s %Jfbd)ﬁ&gﬁ |%iéies to reaction products and

I"uor oam nes suc or onet hyl am ne),

by-pdaaistat thee&eamb%tye@zﬁ@l\@ar?qib@wwm sesidunsiand; reagtive species
ﬁﬁé@P&@@ﬁ\f&tlH %‘1‘9 %'g%@'cbﬁiph?l aﬁ%gﬁé‘@rcegandaﬂuorme source.

oronit osy net hane) car bonyl

foose] | gi8d rea-E{W’e Ehdrndd eﬂ@ f&ﬁ#érd%ﬁro‘élgﬁ‘ tﬂ%eactidﬁﬂlng&raeﬂ'o@é/sségas

varletyo neans, such but n limted
caniaiBINgiaerYgery Fourae ARd adlupene sures,/by gt !gwp@ﬁ@newégu Fre. The

A8lak Yaedroyof?l(ﬁ1 & Bnd ARANG'In ﬁl%l ﬂrﬁcé&% dab EHeftioas @ﬁb her than

gener at or create t uori'ne source’ at
fnparatiie Qlemnqhiaeralﬁmea employer hergteferes dtibasbeanaanexpediedly found

t%f fﬁ'e%c%)gler g&‘&?gﬁfg[eﬂ% |8§’r‘l}|er\ﬁiﬂﬁ?tﬁ neé?&?e%g%& S@ﬁf’eawy affect

ase vol u pro
eoase| oflqarmctmtamlea’m@sﬁmntie some embpdiments f@’femmﬂle it has been

BB SO R IR P 55y UL gty i e

prrRoessMeY eigoiiicantly gnbanee temwawfd@rmrtmn#amlﬁ@ rwwwﬂe
t JIBRE fluorine 10
sourigﬁ.@ d%ﬁn%a%t[)?g cot% g%%n In arelatively high

PEBFN Thé Barbbh- %oﬁt%ﬂﬂ?gc&égbg%ts bhSemovéd BP Ekﬁ&u?@ﬂéra‘?ﬁactwated

compounds can act as du unction agents within
prpeRes@asgdde nfpsasgrg@sgﬁmpﬂéem@rwxygﬁarsoa,fs@an%ﬂkéonnersource and

c?ﬁi@héi't lé&t oﬁé atialtl{r% §45. I?iﬁh?se e B8 XihE PRbIZAYLIS Bf oxygen to

sui tab uori ne sources t hat
f!auoslae @@ﬁiﬁﬁleﬁ m@nlrawxpmpsa 08h Mayrgaesired it e 10, anire gﬁo 8, or from

PR @SE%%I%]B) (fjkg?@ﬁ §8ur‘é?%)ﬁ’|€|u@§ bt a'ré“%%iﬁtohi M%feh YoL), bEsne (O3),

CF3-OF 1 uor onet hane
b@roapxigy (GOH |cﬂrn90rduae9d6tjﬁ@@z)»dnfm@m @*@Mr)ltrous oxide

(ﬁE@ nltf‘ll: B&H@ Qﬂg?)i&ﬁ&s I-E?ghr@%gﬁésqr@'ﬁ 3T EMolift of oxygen

oxI de
EfUIUCFiﬁ Wﬁﬁ‘?"@ixﬂ tr@sprgmas 08§ Wﬂ@@jrm@%%é@ @0"/1 lrsed|UPPRA the total
\Ibgjrﬁé‘bf‘ pr® ifgents, one or nore additive gases may be
ded to t process gas. Exanples of additive gases

[b@@é]Udﬁwé"'b’@Eé’&eﬁhs IrigrRe€ 8 fuBfhd 880rcd) e?fhmpﬂ@s 8f {RAne sources

krypton, Xxenon, and m xtures thereof.

gasBs QHitabie for theh@roa@ﬁﬁ daso‘@b%aerp@ inglydg: é-ﬁ:ewdrpﬂuw acid), F»
(h@éﬁr@yqdat (hﬁiogbh?nf%!@ﬂ&é ), B, &%ﬁuﬂ?&amﬁ&ld@%’ Fﬁ\f@(rﬁl’r@?ﬁﬁhorlde)

har act eristi cs an eani n pr_ 0ocesses etter sult
G EyarirtiTinosge) peﬁa%ﬁ@lyl%H@ﬂQﬁiomﬂlwo‘@%EOfrﬁa'iHCHI%&F4 CaFs,
&g G, bf@r}@@%frubr&a%s QUNIEE Y 55& o@mll @tb fokwwcraemons

source to substrate or Process

H5h 3G éoerf'lllfém@?fébh‘ﬁfc’fé‘fafﬁ&éﬁ tqwee@aégd BY@Q@%WO%’?WSITS”C“ as

Hyﬁﬁ:fﬂﬁbﬁféﬁ%’?s ﬁ&g 9Aéth mubﬁiﬂw@ le8HBr Q@’HL@CﬁQf/m?Nofm%h!ég%uch as
based upon the vol

Gfteel Bﬁmwraﬂugar@%tww‘rémhan%BQs%Eaa@F big- dm‘-‘%ﬁﬁyhg

dﬁﬁrob@ﬁemaﬁé %BF.?ME)Q efcesflbgﬁéﬁéroxfde@ BuEh8s C'F§-'03© @ng (BEQEMBFo-methyl-
chambers_and surfaces of various fixtu

Resice RIMPY hFepeOrF 8iGo ﬂua@trlqenﬂes sgeh ps @.Fe-éhorfa -Chalelf-o
ﬂ'uB*o%tnﬁn@ePQJc‘PuLE CP%N; (péﬁlﬁﬁ&h@fﬁ?ﬁﬁwmé’}oﬁ%réﬁlﬁ' {68 such as C.FsN

pl at f or ns, e mn|m2|n% amage
FsNO

(pwkl@rtoacetgwé'ﬂ@h galial\bﬁp@&l@@@p@mmémlg), and
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30 include CVD and/or ALD process chanbers that are

used to deposit lowk dielectric materials on the

surface of a substrate. The surface of the chanber and

fixtures contained therein may be conprised of a

variety of different materials including netals, -10

such as titanium alum num stainless steel, nickel,

(Iﬁftluﬁirbﬁillwaswmﬁmﬁhﬁj, REd TOE, (cabohR lﬂuoriidasﬁ).ufrtﬁé flingrine s;ugce can be
erials, suyc S a cerapmic, e.qg,., quartz or /

st ra VB sberegas v eru bt iy, Sy VBriongSyinders, safe

eihvenes\Ritdiis, SRL0GHA Tefki s@temb Und/dreblid bmiduktbised generators that

renot e pl asma e therma

- situ plasma, L. re catal ytic
Stebit, BeToRTG Rowps gt P FOIG PhATS. nEsR ATgU™ O] L Pgrgoutce present

AithinGhePRices@has BIPiaPgd &by Fiv% EN35% Byfvelume isgsekdiupen the total
ﬁge0|§§. These sources may be used alone or in
KO RAPIRTSEEH as in tandem [0043] Thermal or

I actjvation and/or. enhancenent can_ significant .
PanBBTT i Srctel bR ot BESCRET T afigen padfp apd BfE fidorine
saUrbe E{e_ﬁmétsa'tmr?i dEngoBidd "ﬁﬁlis n%dhnb&tbgn?ﬂe dt‘i@ai iakig of ’;he. oxygen source
activation _process chanmber and fixtures contained .
ot sgcerndithé aodess o5 ey bEdRst Y islig dhs g uctg fdorine
Sourtsd Passisb 20Main dfyged e RAdtiverhigrrarhb@itmil 1hs connection, these
@ec,orrposed into reactive rad @al s and

t o hat
UASEEROUFHE GPMRAUAES £an affas RetionAgen wﬁ% fe@u RfQesss gas
Frib@yratepd HealRel Rir ékempYinadddiof te\dr delidurof £ 8epaite oxygen source
S G K EoR IS Taaiene Uit gas et e Garial relathely High
@g%;’gmbh@h% axf&@ar{ wb%é_d Wwitiein @rt%fse*émﬂbﬁisi:ﬁ@'ﬁsctr@l_?aé hbl/g@fﬁbrites CF,-OF
, Of a eas , O e . A . {
Hisnrbudtapeisamed H MO AE Chigiiok (s dguargry-anyprameghane
BOay) etbQﬂJ@r@p%@kfdes bﬂé}ﬁéé CFROeOigR i(mmflmovmmﬁjynpmxige
ctiyatl gn, SucC as I n sLtu | S use
Yk BE0'R B hrobikitsdZuch ed EEn OB GFadt ne. gas
| tajned within th b
BBATE kb, Mool P SRR e PlBh e e
pracéssgas. MBaniplseof ulitivegdsexiiiods bydrégen, nitrogen, helium, neon,
uor,l n

SR A e e e ey o w8 e g
yairdgen. doistbailievetthaktbe ddditivé gad carmmodlity the iplasnepeharacieristics and
Al BB R4 L B85 R e AR Py i

aid tri wratsportingtthe okyygesi dourgsl argiior fluarndsourgetoehaebstisite br process

13. 56 RFE power supply and/or w.th RF [
Shafthed i fess embaditerts: W A8l o huctie e B nin fhe process
ges thepsdngbGroid Onto 8R4 by vellimeddaged tben the tstal volyrheshprocess gas.
can be 25 operated at RF frequencies |ower than 13.56

[Obi21} oTesprcess Hibelosddteareinds ofefgifoniedng cidrbomeontamirigsresidues

nd/or. fixtures contained therein, The operat.] .
RS inslofi) PSR ANEES shg Rt Pracg Sty BBl contained
theein Suohifay, but mothithitéd ta, flurinetsamdidutisiBo shiovieshedtisTeork piece

eBierTie: aff e 6 Pe SIRETAFE Babs Mfotpc Easmpfir rpaesg crambers
iacibcbfi DWWars:i/oraAwB[D pgcg:bkmcmm@y tfm:aﬁregsseds? db;laam'tnlgx;u-lfdielactric

RF, S ca e Qpnbi n W

T Wiie SiRacrdcs bBiRe " T dhlifs ol BE R hE A Hures
containgsthetals maydeadonprisyd ahal varkesy bditkérentiaaegelstincladieg metals,
process chanber and fixtures contained therein.
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-11 [0046] A renote energy source, such as, but not
limted to, a renote plasm source activated by RF,
m crowave, or |ICP activation, a renote thernal
activation source, a renote catalytically activated
source, or a renote source which conbines thermal and
catal ytic activation, can be used to generate the

wodtass timniorm dillchinumn stamhass stqal,asekal, or alleyacomgrisingsame, and/or
r o (tass s.i,s activated to form rr(%act'lv(g speci es
NSHETAG MSTAIR, SHED B8 RGPS oh AN H o A0

[0 178 s o bR R st Bl ot BodrB8s such as, b
act f'{miféd' toNin Sitd ?lqsgm; eaﬁ?*ﬁqﬁas‘nﬁa, $ém6ﬂechihﬁ'bntdﬂcat$ﬁhc activation, in-situ
eated area QutsSl 0 e pr.ocess er. e. S .
GuaEnSREa. dpciasAetmant, AT ABORCVABEnBPEY (heELve species.
Thédd SolRcoemag be @ik aibhe @k i denisiRaivheuch as retandemned.

Al ternative 10 approaches include the use of a renote

fou43l Y tThermeal vy @ldsata dotivationsrelartephamezmend cars siggiisantly dmpact the
cat al

BB 1P SR k] S OB PR L e g

iabtumimanengt%c_@e@ cm‘mﬂm?rranﬂ?mms)mab ‘ ; ngrhtherdif) BreMeated either by

cecrtal n _enpodl,nment s eactl.,ons etween.r a .

s PR T Dlshse LR, R ROt B 4 B ReRiResed into

reaastivkl wimdwatamitwatsgﬁfmamfﬁdam th? adibog-cohiminirigbresidues.
e n e renn

. _Th i | _
bERGied merianie ey i ertidtftiebfy AEs fo Systfdife reaction
aetiatioie energabakier antl eviddred ths cdatiore retes Cieat thermakadtivation, the

the reactor to t enper suffici to disspci
ekt P pted i e DG Bhlpesliibte St isRERols. e
PicsBire hi\erapge HRRS1URTorr I 768 Tk ér ffork @MRRT 3780 orr. ‘
required to activate the cleaning reaction with the
Fooas) ancagb@tgigzegrsemwl 6ifl dﬁlﬁﬁ@ﬁ@actlimtiéﬁ]%uﬂg as ﬁﬁétﬁug%FS plasma, is used
eci pe. n one particular enbodinent, . a_ .. .-
(oA ata o aSPes ba MSYEET AL MO R gos FIOCH 55 Caapd wiin the
SivRb &Y g8k A8y bE BreRAr@WNIHURE QistRarge td ihachdtive BpOSIESSuch as
as,.to formthe re ctg ve species. lIn this odlcﬂent,
aetiyesions, ne raghicads: ﬁ%'%"&@'&%‘%"é@ iogs aa¢ I BNGo%yRen-
wfﬁnggti@g&@?ﬁd{cﬁ% dAh Q64 Witk hBeTbebon- vbtairigSresidues to form
roduced into e

RIS SR SRIE] GA1 B TSH 0 ELEE RIGSSS ShADPALa UL plmps,
BB B e T e B B 51 can e
g@mogt_ee wrttaya tmﬁe Nﬂ-&r@ﬂ’p?wsﬂﬂ%ﬁp@ﬁwﬁ]{orlvﬂthﬂE eow?T dersity of at least 1
1 e S ec e e n uor 1 ne
R oZE hst Wiark of ftleed 4 SilchR, AtéaRR Gl dhé lnsdly sima can be
?:ﬁm'amaat E?Frfcamleaciés) _iop\:eotlmma 3.56 Mleitzm) enb?ﬂ?ith@ gisaeing ebgrounded
or .exa e 1.avl Ol e U avl O an vacuum
e s Enait b toflainedifrelt i geRintng SPesel BE Y vange
fedra 125 miTolraa de0 Morre air fesm SeaTdrats Mot asifidere $0 aTornte 20 Torr, In
AT e PR D B AR Sl Toss.
thé?$emb_odimt§; ghﬁﬂ ﬁigj émg)dftﬂ?ce. ﬁ:bleals restiusRP plasma, can be
actll.vatl on an n ncenen 0 e Cleganl n rocesses.
Griipdd Wit n feimeT A OCRERe e dray Aoy Sa. T Digpappifar Smbodiment
ensargy masmd stabity arkEndyfligibRddniaties the progessadhairtae ahe figtures

t 0. generate reactive
cont.aﬁneﬂe {here?n.
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speci es and enhance the etching/cleaning reactions.
[0050] In certain enbodi ments, the process chanber can
remai n at substantially simlar operating conditions
(pressure and tenperature) during the cleaning
operation as 5 during the deposition operation. For
exanpl e, in enbodi nents wherein the process chanber is

psad] f Wre% eh Kfsbt%’e Osfucﬁ%oﬁuttdo@nn%%ﬁtol 5 r@ﬁ@t@l@ﬁtma source
and purge from reactor and del

Actvader bY RE, Miskpuave gF ICRhaCtivREoM, éae&nete Lém%ﬁamnen §gyree. a

P@no@%{b@ﬁi&anwa@nmatéom@ ¥ed HRhots @M@’é@ wmdhrbombafe@rtheﬂnar and
enbodi ments, the process chanbe

rarlviia ARbEtian, "@i’eb%%i?@éptgﬁﬂ?{a@r e weBHBGHRA U oRgEmgte plasma

@l%ﬁﬁi‘ﬁésthgéﬁode%sfgh@‘!’@ébtn%@teu% forinltBadiive %9§§e§61§t§’ﬂ@ lof ﬂr@beposmon
act i vat ed provi de reacti ve speci es. The reac

§mb@swm%ﬁxﬂelmr@duq¢a l@aﬂfaﬁ)ﬁm@@sﬁc&ﬁmm@tq‘&atﬁaé‘%e ?@{PB'“
r\’t@inﬁg He@nd@é@dm%nﬂbaﬁwefrﬁalra%ﬂ%‘h@ﬁ thé PPackBs gastrari®is through a

prescribed tinme, or ter the concentration of

hﬁ@tefi @feaequtel@e & theearoeﬁ%mameﬂ eTf@:g@cﬂlﬁﬁmtaFﬁB RYHRORERGE with the
ﬁ hlt&9Bbraed GalitﬁW ﬂbsﬁél‘?ﬁg&a@ bethk %Hﬁjnberttﬁ pelddineaf A;}ternatzve

ocesS gas Is referably purged from
anraﬁﬁ@hesan@lu@%thwewf RirpESte qai@ytps:mwwrdp disgeciate the process gas,

greé’ 28inbir@Ro8fthbimd! M8t ri%ﬁcﬁéﬁtﬁlgt @?Qcﬂ:rﬁ?to@yéﬂltate activation of the
eposition process resu I na further
@W@l&?é'ﬁluorlflﬁéfﬁﬂﬁ%%é@@n@'&W?%@Qiﬁere| n may be used

in several areas of sem conductor manufacturin

(00441 c haeastain embadiments. serctionssbetween ranote plasma enerated reactive
Q%&%f]amb%mdﬂ.%dﬁ?éﬁh gés‘fd..fers%ah %esa%{?@étéd?bﬂianb@d by @sating the

nents, suitable substrates may be used
ressiaiddhe peactigpebetween theiremate la!asra% a%%'ﬁf@e?d%?ﬂve species and

%Sﬁicéht‘élrﬁﬁtj%sﬁﬁeg algnigéBchilatad %ﬁﬂ/bﬂ@nt(an@é&\by heating the reactor o
BN ilicon, and corrp03| tio

boronitrid gfg
2 derDRerATURg SyfiicieaidR cgq;@ﬁla‘@sthe@pcmnaamq W@ng@ p?ratglﬁmg sources

@&Jnté(:ﬁbb WiA: thé‘ﬁﬂio@@é’gés SThd %flcQ&hb%tLﬁé r§qd|r96 @dactivate the
i licon dioxid ilicon carbide

deanie feaskiop wtb.tms'eb@r@ety bewpwdi%en?% a8 f(e %Pﬂgs‘s gas recipe.
Qsﬂl licon carbonitride

0481 3n ong @%l'HEH aprmlggc{img@tagézog anofs | l’éﬁ%gép’aglrn%sasn%sm situ

HlhsRBRFE bpRiyed %@ﬁééﬁer%? SPce to @dtﬁaﬁtthe proReps & ioben the
substrates or m xtures her eo strates

fe@CiyfesPacinsp i Hiis ampadiment; adirsy %xy%qnsol*t%e RIRCERS GRS Arfiated in an

a2 it 8f thb PRSRES cﬁé&’rﬁli‘eraﬁ/hlchQ’s!r infs@UBRKERto the process chamber after
antirefl ect ive coati nt% hot or esj st s,

SIveHen sA SCERIICRATIN § he grogﬁas g@,sg)\sdagﬂyageqirgqt@[pltr&@ grocess chamber

ﬂ@h@bﬁhwg fﬂ)oﬁl%ncd? BREfirs Bl hvatetl a8 ivhisR 8cdreaciliel Spesiee ay have
barruer Iayers such as binary and/or transition netal

eePMRNPdconpounds.  Traditional Iy wet stripping and/ or

AR i araie Hhetiaant. M Bleonias o R geRang fgrine sources
\#Vitﬂlnfﬁﬁé Brioggsd djhd%hfnebéjﬁ*a@jdlaté\d b;h lrﬁeﬁfs@ fe&ﬂ@?ré @:% pHitﬂons to form
ol | ow er st ood

oRERATRieSq S SE PraBtieniratiniel, GoRb AUl 4R Vo gn Uilaviotet

ﬂaldmubﬁ ¢ah Aesist b?eakuﬂ@s@f@d?ieﬁﬁcdl @ohde mH&ﬂ)erédmmﬂg rédidues as
IEer imental exa for, renmvi wg carbon-contain

B57¥ 9'§§°‘?'?t5}91 thep }(ﬂeé’g@d(fwgﬁﬁ% SOLEes yitup ﬁ%p@pgwasgthereby
iﬁbl@;@@ﬁlg@ﬁe FEMebvial Bxtél efcRsison-containing residues. Other means of activation

and enhancement to the cleaning processes described herein can also be employed.
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descri bed herein. In all of the foll ow ng experinents,
the surface of the CVID chanber 5 was coated with

car bon-cont ai ni ng resi dues generated by depositing
conposite organosilicate filns on silicon wafers. A
m xture of 80% by weight of the pore-forn ng
precursor |inonene (LIMD) and 20% by wei ght of the

tructureformn precur.s I
b ore By e BBy iR lcen ShFh{ERL EHR s beitite reactive
Psuiesand érhﬁﬁb@the dibieing/cleamihpredctiosss of each fil m was
nmeasured and found to be approximately 10 1000 nm (11

[0'0601) N)n cekin embodimentsy thdgsotdse champesdan remadt attsbstantially

BR3P o 0 RV PRI B v o

dirirg ted debﬁﬁorad:;serEa@ﬂO’Ebr Bk&NDIB, inregatoidimends whetsie ¥ process

g@af}? F,?{ rlﬁgged ng Q%Pa@'fmﬁoﬂ gﬂﬁ%ﬁgt@ﬁ §{a§ Gﬁ&ﬁﬂae%ﬁd purged from the
Miactor agt aslivevplings! tHhdeeidd] the temperatline ofihe cesxtortémperature may be

GPHa0 1o B8 CPBET aiee BouaTET o Heaterra LU, B fi806ss chamber
feﬂfpetrditta;e; i ma:gtﬁampd ?ﬁ H&sdeg)asmen pmudssammﬂutohet Atphetessgas is flowed
B e tasacnamns it FRee Rl 1o A8 Henfind updife THR TR ce species

earlettd m@mbhebomtahﬁmabdelhtm volhtie puxitepthet isvemeved from the

%‘?q :}ﬁt&r g%t&%ﬁ?}aégw eé acﬁrérgt%&ﬁ'\elq g?rgr 10{1 ﬁ;f{hﬁh%rmed volatiie

§r|0cht9 ltde%temﬁ diie pieesmiver éfvedt i Ibemut dﬂ'eacREﬁtﬂDi&:Ibmibﬂae flow of

prgg?%qj%s is [s%grg? % lf_»ﬁ pre ﬁrgg[g W e g?qqﬁ\agﬂ}e? HHQ thvery lines. The

vasireclepasitifiggacieitingh refsfaeted taad‘mm CvBdepstitibn picress asumed.
a chanber pressure of 1.5 to 3.0 torr, the process gas

[6951] nin @fltetembbdiment) m@mmdabnwmrbnvmayabeused in several
ge8 8T Ferfigaiou i o Ty i e Seng e HEB oy Skh 4 Goning
tarporecesthinbdemasiall fiom P euestmte. bip thesel@nﬁcﬁilmmSRttmable substrates
l?lﬁ{%{% 33&%3 iqcmégt Bﬂt%%g %éblﬁﬁiquvﬁs %ﬁ%%@&%éw%@?mras galiium
amsanite ¢iGais), bbenitddec*BNY sifisen,vardeompuositiods tordantngesilicon such as
GVBENR st e bRy S RSt SRR Sl ool (sio)
Sicohbdaebida (“Sid), Sﬁlmﬁn Dxytalftindy/(* Bl@(ﬂ’ammontriﬂade W&IN™), silicon
G o ool s R 0L, oA i

(0F8 05 fllorositieaté iglasses (*RBGY) hnd othenapropriais subsitatasdor mixtures

S SR PSR S4 AP RO SE0R Bl s et

théteto seachams) #bri axgmiphes antretiective caatings, phatcresistsy argainic polymers

ARUERAREE A3 Rerbfle B, T B T o LAER 5AG REFAN G andror
ditunsidrebaroier lagensesubbl a8 bthaonand/ohirahskion efetdfemanecompaunds.

TrRp BB L% e AR HECRH R e Ui ot et
mbanutacioring paroesdsi ng metal tube and then through the

shower head into 5 the chanmber and react with the
[0aB2jonTlepioaess Wil bedliustratesl i0 mdré detall avitherefesancede éw following

Exampies, but it should be understood that the method described herein is not deemed

to be limited thersto.
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The vol atil e conpounds fornmed by the reactions between
the reactive species and residues are renoved from

the reactor through the vacuum port. [0057] Conbi ned
renote and in situ plasma (Renbte + RF Assi st)

cl eaning experinents were conducted using the Applied
Materials P-5000 DxZ PECVD chanmber 10 that was
retrofitted with an Ast 1 oNE8xa SRy € pl asma source

from MKS Corporation. A conposite organosilicate film
was deposited and then the silicon wafer renoved from
[0053] PEQYIDloWingare expénnentehexemplasigr temevingzagrisn-cagtaining

s e s
seszhibed herkiranid aifod ther fetmvisg ewparirents; thasuriage oh the €¥D Ghamber
R
P e A Blone ot B R obBaud e Sifpdsite
l_lll_nlganssxlimllhits:mugicmhmfersh dweixhradf 80k dytvweaight lohinegrore-forming
o3uis8Rutpte Rl R pdf by S ShrR ey botts RigMdipritursor
dleﬂbb(mdthyksimtee DEMS) wassm?aaﬂ toulepssittbe fiecin awEGVDhwocess
GarRe 4P BNes® Ebdhn i P tulaBudore touldf oo aporoxmately
mcm mraeu: misrens pEabile$a pruﬂvlmnlm@ﬁommﬁhtmtnhmé M?a%ﬁﬁ?nmﬁtam[ the
ooty Po s DAL O ARSI " eaned Tor Port
@@gﬁgxﬁ'ﬁ%‘égéﬁﬁjlégQve?'ggroéggs%ﬂqﬁl éneA |§3§]§t&%‘?§5'§0b@'PECVD

S processing r ar anet er s
reaotor deprocassTetiEmber having suamomesmasowng (aﬂ MKBAstron-Ex,

ﬁ\%ﬂgglgrfroﬂ? RMS', I)ﬁgfi?urﬁéntg %?V\ﬁikﬂ?ﬁgg r&@?@e%ﬂ%cp@& ﬁweﬁ'@ﬂﬁeﬁ*he process

serli appr oxi na dep03| I on
¢heodeereontaine)a basg pedestal enhottom glect(agepa dop @Iﬁ@té?dﬁ connected to

t
A BEAEE SRS B ol s PP 3 qomnactctoa
vaesiuit [sunap.e Tdmesmalls sbtheblaober Watsl groundeReridypaintained at a
r o .
ERRITLE 4 7500 png e s Inarmets e BP B el et maintained
atra temperatuss ¢f BO0°C. After depositing a composite organosmcate film, the silicon

ﬁ%&%&%ﬁ%@ PELYEAFEbeP AhPiHe cRAHbER SBHAEEEHANE carbon-

@ovginibliFeNduasAr gonNone2. 5YesNoNone Ex. 1 Conp. 2a,
2bNF302Ar gon4. 02. 5YesNoNone Ex. 2 ] _
[0655] 35er3balE3MDNEALSDEnIE 2itEYasvieckBDNgreEiRe, e chamber was

PR Dl 0 S RSV ooy inboduced o

the chamber at gas flow rates necessary to ensure the ratio of oxygen containing gas to
fluotine®containing gas shown in Table 1a. The top electrode was then powered by a
13.56 MHz RF power source. The process gas was fed into the chamber through gas
inlet, and volatile products of the reaction and the reactive gas were removed from the

chamber using the vacuum pump.

[0056] Remote plasma cleaning experiments were conducted using the Applied
Materials P-5000 DxZ PECVD chamber that was retrofitted with an Astron-Ex remote
plasma sourcé from MKS Corporation. After depositing a composite organosilicate film,
the silicon wafer was removed from the PECVD chamber and the chamber cleansd of
carbon-containing residues. This process was repeated. After evacuating the reactor, a
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Ex. | b5e, 5fNF302Hel i un4d. 02. ONoYes1750. 0 Ex. 2a5g

- 5] NF302Ar gon3. 0 t.02. ONoYes1750.0 6.0 Ex. 2b5k,
51NF302Ar gon4. 02. ONoYes1750. 0 Ex. 3aNoneNF302Ar gon2. 0
tol.5 toYesYes750.0 to 4.02.51750.0 Ex. 3b6a,
6bNF302Ar gon3. 0 t02. 0YesYes1250.0 5.0 Ex. #Shower head
d ean?Chanber Wall sThrottl e Val ve Port Shower head

%&@Q@@%ﬁﬁ%@&h@%@w@n -EX fARONe bl Fator The chamber

ean Not cl ean. Thi ck t cl \?Va
p@ﬁur@gmen@t@@hﬁed@d, th@f@pcp@g sgarﬁggqetumg TpVigNR K of RF power. It

fs%lu@#@:ﬁfhﬁf%ﬁﬁt‘éﬁé&ﬁla%brbr@ék@%mh@ﬁrﬁé‘ém@sscbf%@p@@% , which

| ean ow, Not cl ean; br ownNot ean eri neter

Hlewndgwnsirearg fuaua § cearactiag Metal tihecanshen Hreugh jhe ghowerhead into
91' ean ?%ﬁ&?ﬁ\ﬁ:{ﬂhﬁ 'tﬁ’é@ar%&%ﬁ‘r’it ARG reSiREy &d ﬁé'&h@ﬁnber surfaces.

rown ean uste ar ci ng

Ibe velatie sompespdeiosnsd by Mwolie@mnsév@mﬂne ﬁeaeavwemes and
L@e%rmrno\%%m{@%ﬁ&tom&f@w@v&u@ﬁp&rﬁt s present

ean w th m ni mal Brown spot t yBr own crust edNo

W 2 © CofirifreRithe éﬁ&ffﬁﬁfuqiﬁmac(ﬁéﬁo?@ +IHF R@:ﬁ}lﬁeamng

d ceramc ringsone areasthrottle valve po

prEriEantawere eandueigd vsingdbe Appliesidjalarials Frage %?%@MD “chamber
F‘ﬁﬁ@ r&tREY Wtﬂ%\ A EH @Hﬁt%l&%ﬁ Qgﬁ%é PERAMKBICYrhbration. A
ve ceram c rinbrown spotsport ean except
c@nmsﬂmorsanqsdmtelﬂllq ovas oalteéieand tiren Her siftgen @@ferﬁam@yed from the
t WagBhtkSduced into the
PECSES i Dl BASER R R s e
Asiarek @mmleanmewmema chapleprauesss isghen stabilized and the
Rin B Wb Ric BB 1Rt &Y R BXIREERE power. It is believed that intense plasma
breaks down molecules of the process gas, which flow downstream through the
showerhead into the chamber. The top electrode was then ppwered by a 13.56 MHz RF
power source. Reactive species from the activated combined remote and in situ
plasmas react with the composite organosflicate film on the wafer. The volatile
compounds formed by the reactions between the reactive species and carbon-containing

residues are removed from the reactor through the vacuum port.

[0058] The process chamber was cleaned for approximately 240-420 seconds after
each deposition using the various processing recipes and parameters provided in Table
I. Visual observations of the chamber and fixtures contained therein were taken after a
series (approximately 15-20) of depaosition (1000 nm each) and ciean cycles
(approximatety 200-420 seconds each). The resuits of the visual observation are
providea in Table Il and detailed results are discussed beiow.
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pi npoi nt resi duebrown/yell ow residue on rim Ex.

3bd eanCl eand eanNo damage [ 0059] The exanpl e chanber
cl ean processes were nonitored by Fourier transform 5
infrared spectroscopy (FTIR) at the punp exhaust and
qguadr upol e mass spectronetry (QVS) at the CVD chanber.
Thi s process anal yses was used to identify byproducts

ﬁ chanmber ¢ | ean, neasure process em ssi ons, and

éblaJ Fmpﬁkﬁta\me [ 00607 E“éél constEasyrenEt e
ampledd “@@'{?W@a Qujzb{erﬁ i ?o 4 sggre situ| In situ

ext¥ a‘fi ﬁ”@g é %ENI« 1%1”5:5’ @BW&F Source P%\{(ver

2010) S|ng a %ctor ang a-heated 0.0L m W)
lgas celll The nroce mln 14 ineh

c‘éWBPessﬂon f i NFs ng| aNoppe e&;ESUstNQﬂe t he- 5pr3?c¥§§ No | None

ghses _of | nterestl are dqonsequentlyl diluted

b@omne 3@2§JrrpN5ur ge (68 td A908i[mf0 Fr 0@dss |eNePubniNe | None

wiXe2extracied fromthe punp exHaust jusing & neta

dCaphr 43arBplinpNFSanp| 8long ndsAigend Nore-|i n@ s{ alVRessyes | 1000.0

sExeB fubing heat tyaced td appraoxipatiely 100C__Sahple

daempasgdhpedNEhr oughOzhe [Figbbe [| B0 Reckfe | No | Yes | 1750.0

P&xiér iancel Vi sual | Cbservdtions |and Results|-17 FTIR

cEx.[1ab¢F05d] beNRg ret uDged {tHeliamye fd [aRdttoexhdst | Yes | 1750.0

The tefperature and| pressurle of it B® das3del | was

centtol sedbfpt WBOC ndCl. O |Matiosphdrte,| r B<pegt iNcel y.Yes | 1750.0

REp @ €8 -spnCRR T af T 005 ar|eAgeh| e femn témey at Wes | 1750.0

and pressurp during| the nmegsurengnig,o |Absor bance

BTSN -Rrgbf|- 1,0 §S0b\W ! Or],No “Yes | 1750.0
TROTRORTP 0; %Hﬁ" B 15! VBl Yes | 750010

fpr concenty asu enent arb%pd in Tapl e 1750.0

1250.0

A

100 C I-4100 1044440 o449 460 1.2900

4.9 L

{55%%! agi G 30 fareng| ves

LTOUU Il T+ LOUU LU LotU Ol ot LZtJ J.LJ\..U, y \JO, LlZ, L Y,

1120 COF21880-1980; 771-777; 934- 50 80, 125 200,
300, 500, 800, 1250, 990; 1200- 12802000, 3000 5000
HF3982- 4364, 3405-39821, 5, 10, 15, 20, 25, 50, 75,
100, 250, 500, 750 1000 Table Ill. Analytical nethod
used for FTIR neasurenents [0061] The CVD chanber was
nonitored using a Bal zers quadrupol e mass 10
spectroneter (QVS). The QWS features a 200 anu nass
filter and a closed ion source. A 40-micron orifice
provi des high sensitivity for 1-10 torr sanpling. The
QVS sanpled the CVD chanber using flexible 1/4 inch
stai nl ess steel tubing, and was | ocated about 24

i nches fromthe process chanber. The nmass | ocations
(me) were calibrated using N2

™
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the chamber clean, measure process emissions, and determine ciean times.

[0060] Emissions measurements were made downstream of the process pump by
extractive FTIR spectroscopy (MKS Multigas, Model 2010} using a HgCdTe dstector and
a heated 0.01 m gas cell. The process was sampled through a % inch compression
fitting at the exhaust of the process pump. The gases of interest are consequently
diluted by the N, pump purge (50 to 70 sim). Process sffluents were extracted from the
pump exhaust using a metal diaphragm pump. Sample lines were 1/8-inch stainless
steel tubing heat traced to approximately 100°C. Sample gas was pumped through the
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provided in Table IV. These neasurenents suggest that
the silicon conponent of the CVD residue is renoved
as Si F4, whereas, 'the carbon conponent is volatized
mainly as CF4 and partially as C02. The carbon

resi due al so conprises considerabl e hydrogen 20
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pressure (2.5 to 3.0 torr).. Al cleans used a renote
pl asma source (i.e., Astron power on) wthout any

pl asma mai nt ai ned ‘i nside the CVD chanber (i.e., no
applied RF power) as sumarized in Table |I. After

i ntroduci ng argon and stabilizing the chanber

pressure, 30 a renote plasma was initiated by applylng
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Comparative Example 1: NFi/Ar Remote Plasma Clean

[0062] The process conditions used to evaluate remote NFy/Ar plasmas for cleaning
CVD chambers of carbon containing residues are as follows: NF; flow rate of 700
standard cubic centimeters per minute (sccm); argon flow rate of 1400 sccm; and
pressure ranging from 2.0 to 2.5 torr. Other processing parameters and conditions are
provided in Table I. All cleans used a remote plasma source (i.e., Astron power on}
without any plasma maintained inside the CVD chamber (i.e., no applied RF power or no
in situ source). After introducing argon and stabilizing the chamber pressure, a remote
plasma is initiated by applying power to the Astron plasma source. Once the argon
plasma stabilized, NF; was introduced while maintaining plasma power. The chamber
was cleaned for 250 seconds using the remote NFj/Ar plasma.

[0063] The FTIR profiles during an exemplary chamber clean process are shown in
Figure 1. Byproducts of the chamber clean are SiF,, CO,, CF4, F2, and HF and are
provided in Table IV. These measurements suggest that the silicon component of the
CVD residue is removed as SiF4, whereas, the carbon component is volatized mainly as
CF; and partially as CO,. The carbon residue also comprises considerable hydrogen
content and this reacts with the fluorine to generate HF. Even though oxygen is not
included as a component within the process gas, oxygen is a component of the CVD
residue and is an etch byproduct. It is believed that oxygen reacts with the carbon
component of the CVD residue and the fluorine plasma to produce the CO, byproduct.
Fluorine (F;) is generated through the recombination of F atoms produced by the remote

| NF; plasma.

-19-




10

15

20

25

30

9250. 05002. 5300. 01200. 04. ONoneOnSt abl e

10250. 05002. 50. 01200. ONo NF3NoneOnSt abl e

110. 05002. 5300. 01200. 04. ONoneOnFaul t

12130. 014003. 0700. 00. 00. ONoneOnSt abl e

13250. 05002. 5300. 01200. 04. ONoneOnSt abl e 5 [0068] The
QWS and FTIR proflles during an exenpl ary chanber

G84) SR, b s i Behape
SiFEACF‘(:ma FFFZqormadtraﬂéns Thiee eonneatatiansei the Shg hiEand $ify

bioBi RGBT 8.8 Bt e by hamoer o

Bexctivate CPRTesT hes fonabproximsadely aéo aecmdedhrp [GFs Oz, and SiF,

@ﬁ)@g@?ﬁ 86‘%16 t%ﬁ&&sé%g et%gﬂlfglﬁ% rétﬁrﬁeﬁ'ééglé @%ﬁev\a@ﬂst Brhis profile

WambmindmatesltMt| etehing moBiplade amﬂ)ihat thecchambel org@qre clear of CVD

ﬁ%g@rgé; ?ggi-%cgqgggﬁtﬁ%wﬁ %@g}ga aglrffa‘ﬁ(lﬁlg @fera\%g Y&IL8 %{1 Eﬁﬁoxlmately

800G ppras TheeSif /) EFG ditl H E:ﬁmfnlearaﬂ mﬁcad@ttweﬁtercaearua gomph‘aée after

SSPEReiaDt 200 s StprbR BB svRT %tEL e BEAG Rindlb o pas g inetfective
@EEL g\q_&hfngc{geﬁaaﬂ)égeﬁf ﬁo%%lﬂyﬁ@iggﬁmglrg?a Conmgpgfmeéélﬁéﬁ by the

votarsis ot COR\anQVE- iRthg efflacBtsiream i apRokimiaiely 8% 2 25%, respectively,

G368 RO BRIl SBarpi oo
ShEor( fEisiflueecidayal aShmeasupmtnathe solumerd Sik, inyhe effluent Sa‘eam is

S0 2 B3PS YR B 388 Tt bt pwramtrs

oftExaminzeBer Oaﬂnmrerr@waleastmeameﬁm)pﬂwcm@ss bfsca@mrpnemwed as CFy,

EHS LB 0, e B TN B s

paratnetdre of Ekampieidb. conpl et e and further exposure to

the NF3/ Q2 plasma is ineffective. |Indeed, a
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ﬁ!uvr‘nabamad M{drogﬁm interior of the CVD chanber was

visually inspected. Despite a relatively small nunber

of depositions and PDEMS cheni cal usage (31 grams),
consi der abl e anbunts of carbon residues were visible
Gompheatiye Fk a2 d¥F(P/AnBeravp RisgeleanThe resul ts of

this visual 5 inspection are sumari zed in Table |1
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on) without any plasma maintained inside the CVD chamber (i.e., no applied RF power)
as summarized in Table i. After infroducing argon and stabilizing the chamber pressure,
a remote plasma was initiated by applying power to the Astron plasma source. Once the
argon plasma stabilized, a process gas mixture containing NF; and O was introduced
while maintaining plasma power. The chamber was then cleaned for 130-250 seconds
using the remote NF3/Oy/Ar plasma.
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and O, there was sh increase in the SiF,, CO;, and HF concentrations. The
concentration of these byproducts peaked after approximately 30 seconds and then
diminished. After running the clean for approximately 120 seconds, there was a small
change in the byproduct concentrations measured by QMS (Figure 2a) or FTIR (Figure
2b). Ac?bompany'ing this decay of the etch byproducts is a sharp increase in the F; partial
pressure measured by QMS (Figure 2a). The appearance of F; is typically a good end-
point monitor. Fluocrine atoms generated in'the NF3/O, plasma are consumed by etching
during the chamber clean. Once the etch process is complete, however, fluorine atoms
are av’ailabie to recombine as F,. The SiF,, CO,, HF, and F; profiles all indicate that the
clean is complete and further éxposure to the NF5/O; plasma is ineffective. Indeed, a
considerable over etch occurred for each of the 13 chamber cleans of Comparative Ex.

2.
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{700 sctm), O:NF; ratio (0.0), pressure (2.5 torr), RF power {1000 W). No oxygen (O5)
was included as a process gas during the chamber cleans. All cleans utilized a remote
plasma source (i.e., Astron power on) combined with an in situ plasma source
maintained inside the CVD chamber (i.e., 1000 W applied RF power). After introducing
argon and stabilizing the chamber pressure, a remote plasma was initiated by applying
power to the Astron plasma source. Once the argon plasma stabilized, NF; was then
introduced while maintaining the remote plasma power. Once the remote NFy/Ar plasma
stabilized (15 seconds), RF power was applied to the showerhead electrode, initiating a
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é@?gr 8%3%%%&388880:81% 8 I@-‘%%ﬁ‘i%abl ctive. indeed, a considerable over

6120 GintE2w a3 PRILA8 A for2an of hk /X dtasibebtleans of Comparative Ex. 3.
5260. 02. 0300. 0900. 01000. 01750Unst abl e

E0Z6] 0Ref30fy ROTLLIEO M) A6talHydsdiSrtainl residue removal as measured by the

@‘%8'98% “8:38%1 @He\%%g‘%g Ol?S%%@g%gtely 95% of the amount removed

HE2pro8EE3. fE e 2IOOMEXAMEEE 3b.aBllieon residue removal as measured by

%% 81r8% 8§|%0 %@8@"*8@88% 017§’8§%§€ gmateiy 80% of the amount removed

192@ he( R oOSBhRAMBENOOf BXERsBh.b Carbon removal as measured by the

rﬁ%ﬁdﬁ 8§rt%§88m8§%8 %%%083(8';27%813’@ 1seapproximately 77% of the amount

EHRR@JQRIA3INE pAARSsing PARNRLSS @BEairhple 3b.
16220. 02. 0300. 0900. 01000. 01750St abl e Table VII.
[P0TTE s AfteCrompleting the depoditiorsarnd clédn Qeeskif Jabe @) hargerior of the

Chbrhodbet bbs Nisa! Ropeiiad WarniRe Eankdl ERSH Rlyiflet|i bepositons

agrehEBEMSathearnisal(Usage (kg eoresitbratilé amdhets ©b narbot regiduasswere

g e cirabénsnie EYRLORHRE TRERSIES BibSewe rapegion are
sdfmmarizethinMableoh A yeliow peider tesidieppassoated ehtp tikOshawerhead and
til'lé %hgﬁ‘u?)gp\%ﬂs gﬁﬂﬁe%hgﬁerh% p@ﬁrﬂe{_e"r:w%%]goea%é \%I‘l 2BYown residue.
The throttle valve port was coated with a thick brown residue. There was no evidence of
plasma damage to the showerhead. These observations are consistent with the effluent
profiles that indicate that significant carbon-based residue remains after cleaning the

chamber for times ranging from 210 to 360 seconds.

[0078] Comparative Ex. 3 demonstrates that remote NFy/Ar plasmas with in situ RF
power gssist are not completély effective at cleaning CVD c.hambers of polymeric
residues containing carbon, silicon, fluorine, and hydrogen. Whiie they remove a
majority of the SiF, residue they do not adequately remove the carbon-based polymer
residue.

3

Comparative Ex. 4: NF2/Oz/He In situ Plasma with O./NF; Ratio = 3.0

[0079] The process conditions used to evaluate in situ NF/O./He plasmas with an
O./NF; ratio equal to 3.0 for cleaning CVD chambers of carbon containing residues are
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20 were 200 parts per mllion (ppm, 1000 ppm and 4700
ppm respectively. After running the clean for

210- 260 seconds the Si F4 concentrations, as neasured
by QWS (Figure 4a) or FTIR (Figure 4), returned to
basel i ne | evel s. The -C02 and HF byproduct -25
concentratlons -whil e not at baseline |levels- also
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start of t @er pear ance
pwﬂiasandlyata thatdlie primaty gfthuent smmesrare CQfau 6Ffe §tF@#§d HF. Other

gfélﬁésaé&ﬂ ddCE hﬁ%@ﬁ%ﬁ% Els@ﬂ%c‘l’%ﬁﬁhc D ﬁéﬁ@tr@%m The first two

I'ng during
piﬂueeswodmts (ﬁ@ﬁi ancCOpjoave peimarilyffbimad wkerndissnsiatedoxygen and

a&brﬁstc&g‘%ﬁ% ik ?c% d%b%&gxd%ggél}l%r%lduﬁl hi%’ﬂF is formed

'es
pmaalg/blyleth@irmgaat:dumfmydroaeo froeciba dm;dnosanbneﬂnﬁtbéluow i the

Qﬁ%?%@ %ug%? ér r |Sﬂlég?ﬁ]8 'Eﬁgiﬁ 'ﬁ\ﬁ‘g{“t(')%@?& Eﬁ g% gﬁ{%é od from the

chembdleres|oregnwitia BiFa Somesaisvirercthb fiuotine atomk mer:mt with @@psilioon residue in

%}h@rﬁb@? effluent streamis approxi mately 48% and
respectively, of the amount renoved using the

processi ng paranmeters of Exanple 3b. Silicon residue

TIPVR! pRSedIRBDAMEGHE rén SRR AER 1R aTideths With DRRE, Ratio =3

Run | &162H Timb | PRESUre| NFEPIBIPA] BB FRY Fldw [RP PowerS Piidhid Stability
r enpyReorés) N0 ibiRe P=R&E)S b (RempP sty ¢r svpf EBxanpl e 15
3b.| Car bon fenoval| as asured by th¢ nol es |of carbon

TeNDVEdoaS ©r42.0 COF30@00| 9000 | 200001 OXi7B8 91 Y UHetEpeT
THe[ aTgRt [ cmyed @b.00[ [ddn.oP| @656 | NTI766 JNElRsiabeT
ba0d. 0
560 .0

EX3[TD R0 8D |1 0821 $heHa| Jo83C S 950 T1]E_ UhalaR"
O] g0 B TOVET 3150 BHRE UL 1988, 6] 2660.0 1 Si756 CT € Urfabie
TESES 2600 T2 5.6 t 386,67 B0 b FHoed | 11750 U ClURRfbRT

o PR et 0 o eS80 b S o0 2P 10T FoSI780 ) T CRBERH
LTI TEShgue II2JOII LII%—'OQ). U%%ﬂﬂ?%g‘o‘ 1vgﬁﬁbl 1Y) S%"é

VPN M A5 1 .Ab‘?EZ“HOOt-' 1750 1~ ~Smble
[ C2200 1T 20 a00.67 L 0.8 T 10000 | 1750 o o StaBle
0 Fez ol TP 0 oaRLoeg 1L 70 1 sile,
oids r‘zgﬂ'oa! bad-Sorde Qe‘):t ,QEQ.UO ﬁu hvﬂ i abie
t1. i vlz‘zz 'vanr’ G’IQ"‘ d "B g ;Qlcgﬂ\pa! Lor l-\rl z q—:nnd t§ ble
A3, 0 9 Lo Stable

i ' ntt?? \/ \lg'q“'\rf 30%9 C@Q A pr LBl |1:71’51Q .
Ao 22001 i 14D 1 o3009 cLO90 Bl 1980 | hdS%e 4r boRiEDe
i‘%ﬁéﬁo'pm 20 o] 390.0,0] 9000} 19004k 758 i oo, SlEBRaa]

9Lyl F2.0 4 {dB0R sk #90-84] 18090 | 125G |\ | NERBEblere

plasmas at 02 to NF3 ratios of 3 cannot conpletely
cl ean CVD chambers of polyneric residues containing

[98B8 nAftey; intredssingr N e Hieve Wag aEhBsRINggase indhg Sifs CParfind HF

&ﬁ‘lb@ﬁ’t??tl%ff\% Eig n&%'&%drﬁgﬁ Hé caﬁée%&aﬁ&sw'tﬁé 8iFe aﬁa el Dyproducts
wth ean tIrnes ran rom?2 second
Aeakag |a§e&a@prowamz$ sgongs P’hé@ﬁ@ﬁ t@ lé%ﬁrk lmé'sq R cncentration

decapbl Eﬁé‘rt d@rb‘ﬂh’n‘éﬁat){ th%"izo-@b%oﬁésoclﬂéa% SPNHE, é?i&el-llf 8éncdntrations
seri es of osit1on and cl eani ng a/c es conduct ed

were 200 parts per miliion {(ppm), 1000 ppm and 4700 ppm, respectively. After running
the clean for 210-260 seconds the SiF, concentrations, as measured by Q_MS (Figure

4a) or FTIR (Figure 4), returned to baseline levels. The CO; and HF byproduct
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using NF3/Q2/He in situ plasmas are shown in Table
VIII. Twenty depositions and twenty-two cl ean
sequences were compl et ed. The anount (vol une) of CO2
inthe 5 effluent streamas a function of pressure,

NF3 flow rate and 02/ NF3 ratio is shown.in Figures 5a
and 5b. C eaning performance results are sunmari zed in

g@@leﬁt HuonsTWFlhe 981”&?1’[%5&94:3%\?9@ @Wﬂhﬁbttgg Qlﬂoﬁﬁaw@ﬁi ﬁ‘@ﬁh This

| cate t e anount e effluent
decaynhithaeich dyprodupis iwastascompared by aisbapdn¢raaseinde F2 partial
I,
b fied Oy MRS 83N Fr  plk it sttt 150 o
i 83 segandps ﬁﬁe@@@@@amw the clerB 0 its anpearases was Typically a good end-
|
FARE A Py R G B RS Al bbbt o
plabingaiusing theuchasihey clepna Qiwalthe alab pracesswas complgte, however,
E ' -
AR 5 A a0G1F ASEIPRE, S, ST Al pofis
\ndicatesl that exppaurierto th%NE:f/@b/tlé lasge eyand 84Q smndé fraingtective in

HASSBPA I8 YormbifinG 15 BRRAGer ddlys [ ndi cating t hat

ue reno S essen y conpl ete and
d
DR PREAAE o PO gé@%&@” e'éﬁé Rl & mgfilreg oy e
wlwne ©f BORANAd{ S idhy eﬁluem gtreany iy ppwXximataly 4674 and,7&ec

%@g@ﬁ’e%ﬁ@hg%ﬁ%@t %5%8’9@ }I%Elgéb%gr:ogessing parameters of Example 3b.

Silico0resie fomora e . eBoraiiRshsvalume of SiF, in the effluent stream is

é%%@éﬁ%ﬁ%gﬁg‘%ggihe%@gu@g@%g@@ the processing parameters of Example

&5 003rtosremoed G 0 ratinshsmgesof carbon removed as CF4, COF; and

@8%@8@9%%%%%%8%%@%@%@5@ the processing parameters of

Bxa0s 3300. 09002. 5200. 01750St abl e
105004. 0300. 012002. 0200. 01750St abl e ,
[982b oVisuaizteenationseidhe ochanygemddhe showerhead conducted after this

series of tests in Table It indicated that the in situ cleaning recipe used for these tests
successfully removed all residue from the showerhead, while causing some minor
showerhead damage. However, this recipe could not clean the chamber walls and
brown blistered and hardened residue remained even after repeated cleaning. Brown
liquid streaks and droplets were also observed along some sections of the chamber wall.
A thick brown, crusted residue was found around the throttle valve port. These
observations are consistent with the calculated total hydrocarbon removal calculated
from thg effluent profiles.

[0083] Comparative Ex. 4 demonstrated that in sity NFs/O./He plasmas at O, to NF;
ratios of 3 cannot completely clean CVD chambers of polymeric residues containing
carbon, silicon, fluorine, and hydrogen. Significant carbon-based residue remains after
multipte cleans with clean times ranging from 210 to 260 seconds.
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127502. 0300. 06002. 5200. 01750St abl e
137503. 0300. 09002. 5200. 01750St abl e
147504. 0300. 012002. 5200. 01750St abl e
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(sccmRatio(torr)scan(sccn) Stability(seconds)
115003. 02. 0300. 0900. OUnst abl e1750Vari abl e
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from3.0 to 5.0, but does not change appreciably when
pressure is reduced from2.0 torr 30 to 1.5 torr.

However, decreasing the additive gas (argon) flow rate
from 1000 sccmto 500 sccmincreased CO2 renoval

margi nal ly. The contour plots shown in Figures Si and

5] indicate that the anount of SiF4 in the effl uent
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%llwﬁs@qeownﬁvggﬂgmagaﬁg‘%y I%’Jv\ﬁ;ﬁrflggﬁ SlJEr tﬁe e‘igﬂuenf’3 stream is

GEppximdtalyiases of the Gt feawved Shiabithd protdsinEsrremers of Example
1240 010004. 02, 0300. OlZggyOSt ab

3bo &-a5aebenQyal asGeasred 6y His mpes f;g@'bon removed as CF,, COF; and
&0s ﬁE@rQﬁmQﬁel 266, &3R8 aMoliarembiddusing the processing parameters of

4200. 05005. 02. 0300. 01500. 0St abl 1750
EX88PRI¥D05. 02: 0300. 01500. 0St abl e1750
503030003, 02 0300, 0900, 051 bl 150 11290 h0208 1% sBwerhoad

Sgg%lqdﬁ%?rggas gag% 61968 MR EDhAL{Gh situ cloaning recips used fo
2280595 Guees s8I0 ARG B4 b 5 Abgwerhead without any
$AWOrheadaarhage. PdhevérliireaipeabliehobBompietely clean the chamber

12520- g,g.g‘? gzﬂ%goﬁgéégﬁég% t?clé%ggots remained even after repeated

maara. 0 Sokte 16¥dwh 2p0ts0ilst @isdibsbived abdlind the throttle valve port. These
200. 05006 02. 0250 Q

? ationg aee gonsisient Vﬂ@gg cgléillgfﬂdj EByd rocarbon removal caiculated
frd20be @ERRAt PrBfi800. 01500. OSt abl €1750

[0090] Example 1b demonstrates that a clean time of approximately 240 seconds
coupled with a high O,/NF; ratio (ratio = 4.0 in this case) and low pressures {(below 3.0
torr in this case) ensured removal of a substantial part of the silicon-containing residue,
and more than halif of the hydrocarbon-based residue.

Example 2a: NFy/O./Ar In situ Plasma Clean

[0091] The process conditions for a series of runs using NF3/Ox/Ar in situ plasmas are
shown in Table X. Nineteen depositions and twenty clean sequences were completed.
The ambunt {volume) of CO; in the effluent stream as a function of pressure, NF; flow
rate and O./NF; ratio is shown in Figures 5g and 5h. Cleaning performance results are
summarized in Table If. The contour plots shown in Figures 5g and 5h indicate that the
amount of CO; in the effluent stream increased when the O./NF; ratio was increased
from %.0 to 5.0, but does not change appreciably when pressure is reduced from 2.0 torr
to 1.5 torr. However, decreasing the additive gas (argon) fiow rate from 1000 sccm to
500 sccm increased CO, removal marginally. The contour plots shown in Figures 5i and
5} indicate that the amount of SiF, in the effluent stream increased by approximately 15%
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residue in the chanbelr 10 Table XlI. Test Conditions

EP(%{? EFge?QZr/nr%tq)'Pabﬁe L, wsua Oga er\%t%%rs] oﬂhe C {stm'l::\%r ané {h% showerhead
conducted after this series of experiments indicated that the showerhead was clean
except for the presence of a brownish-yellow, spotty residue on the outside rim. The
showerhead had minor (pinhole) burn marks, which were probably caused by unstable
plasmas at low pressures. There was a streaky liquid-iike brown residue present on the
chamb;r walls and a thin brown residue was present around the rim of the throttie valve
port. The residue resulted from the wide range of process condifions used in this study;
i.e. some of the test conditions were not as proficient in cleaning residues as that in
Example 3b.

»

Example 2b: NFa/O«/Ar In situ Plasma Clean at O./NF; Ratio = 4.0 and P = 2.0 torr

[0093] The experimental test conditions for this example are shown in Table Xl below.
Effluent profiles for Run #20 (P = 2.0 torr and Oz/NF; ratio = 4.0) are shown in Figures 5k
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torr Clean Ar Flow Pressur NF3 Fl ow 02 Fl ow 02/ NF3
Plasma RF Power RunTine (sccme

(sccn) (sccm RatioStability(W seconds(torr)

1360. 05002. 0400. 01600. 04. OSt abl €1750. 0

2360. 05002. 0400. 01600. 04. OSt abl €1750. 0

3360. 05002. 0300. 01800. 06. OSt abl €1750. 0

4386 989013 aMAE Pedlts Ak @iéc&ia‘babi BAISN. The effluent profiles indicate that

3%2&8%88% L@%ﬁ@gp%%g%e lggi: p 1%%0'38d HF. The first two effluent

g KR} ke PAmBRY @&h@ﬂm:wlssomated oxygen and fluorine
s CooSmeg adh roteag g q%ﬁ%iﬁ%&o%%%% rgsicue, while HE was formed

ﬂﬁfﬁgl 8 |&éﬁ@tl&ﬂ@ﬂ%dﬂ?eﬂ$bﬁbih@h?5&cﬁrbon with fluorine. Other
1360. 05002. 0400. 016 0St gbl e1750, 0

$paEes W ehoanthe e Weie a8 qugtfgl dpthg effluent stream. The unreacted

13864 AoRR%e8HNNEd &R AlubK soWiizA wWas liberated from the chamber
14360. 05002, 0400. @?600 899 OSt abl e1l75

glongovithsdibe fasmed whegdoe r@g@é@p%&epg%ddmth the silicon residue in the
£R4r4Be5002. 0400. 01600. 04. OSt abl €1750. 0

17420. 05002. 0400. 01600. 04. OSt abl €1750. 0

18420. 05002. 0400. 01600. 04. O0St abl €1750. 0

Tabid XN . T00hdlibASicDUBI0/Arn Siftt RidsmalTIED. 60 O/NF; Ratio =4.0and P = 2.0

R4 20. 05002. 0400. 01600. 04. 0Stabl e1750. 0 15 [0094]

AunEr Glesnr oA iovg [ RESSUr | NRRrRtown@. Flows i s| MRiaseask iR Power

the| SiTme (pfscomhyl HFE  Cders@ht | tepons Rek gl?ﬁaé’g"%k andW}

"_\1) (sepends) E4 cong [ lon ne _d_aJ___anp* SXdrat-b} .

430 3880 a}mﬁ?ﬁa a2l | o0l 1800.0.F 4D ~j_§£?_lg|_ﬁ_ng + H&£50.0
Rehn 3608er ba808 nd Bkl i 400G ;l,spoo 4.0 | Stable 1750.0
3 360.0 500 2.0 3000 | 18000 | 6.0 | Stable |  1750.0
4 360.0 500 2.0 400.0 | 1600.0 | 4.0 | Stable 1750.0
5 360.0 500 2.0 400.0 | 16000 | 4.0 | Stable 1750.0
6 360.0 500 2.0 400.0 | 1600.0 | 4.0 | Stable 1750.0
7 360.0 500 20 | 400.0 | 1600.0 | 4.0 | Stable 1750.0
8 360.0 500 2.0 400.0 | 1600.0 | 4.0 | Stable 1750.0
9 360.0 500 2.0 400.0 | 1600.0 { 4.0 | Stable 1750.0
10 | 360.0 500 2.0 400.0 | 1600.0 | 4.0 | Stable 1750.0
11 | 360.0 500 .20 400.0 [ 16000 | 4.0 | Stable | - 1750.0
12 | 360.0 500 2.0 400.0 | 1600.0 { 4.0 | Stable 1750.0
13| 360.0 500 2.0 400.0 | 1600.0 | 4.0 | Stable 1750.0
14 | 360.0 500 2.0 400.0 | 16000 | 4.0 | Stable 1750.0
15 | 360.0 500 2.0 400.0 | 1600.0 | 4.0 | Stable 1750.0
16 |  420.0 500 2.0 400.0 | 1600.0 | 4.0 | Stable 1750.0
17 | 420.0 500 2.0 400.0 | 1600.0 | 4.0 | Stable 1750.0
18 |  420.0 500 2.0 400.0 | 1800.0 | 4.0 | Stabie 1750.0
19 | %20.0 500 2.0 400.0 | 1600.0 | 4.0 | Stable 1750.0
20 | 420.0 500 2.0 400.0 | 1600.0 | 4.0 | Stable  1750.0

[0094] After introducing NF,, there was a sharp increase in the SiF4, CO,, and HF
concentrations (Figures 5k and 5l). The SiF, concentration peaked at approximately 400
ppm, approximately 90 seconds after starting the clean, whereas the peak in HF and
CO; concentration occurred earlier after approximately 30 and 60 seconds, respectively.
Peak CO, and HF concentrations were approximately 2500 ppm and 8000 ppm,
respectively. The SiF, concentrations, as measured by QMS (Figure 5k) or FTIR
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C02 concentration occurred earlier after approximtely
30 and 60 seconds,: respectively. Peak C02 and HF
concentrations were approxi mately 2500 ppm and 9000
ppm 20 respectively. The Si F4 concentrations, as
measured by QWS (Figure 5k) or FTIR -32 (Figure 51)
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[0099] The process conditions used to evaluate the

conbi ned renote and in situ NF3/02/Ar plasnmas for
cl eani ng CVD chanbers of carbon containing residues

Bxaenple BATTNIF/O8AriRe b Péasifid Cle@ntwithah sid RFXssist: DO Study
deposition and fifty-two cl ean sequences -33

[0099] The process conditions used to evaiuate the combined remote and in sifu
NF/O./Ar plasmas for cleaning CVD chambers of carbon containing residues are
summarized in Table XII. A total of forty-nine deposition and fifty-two clean sequences
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[00102] Example 3a demonstrated that combined remote and in situ NFs/O»/Ar plasmas
are effective at cleaning CVD chambers of polymeric residues containing carbon, silicon,
fluorineg, and hydrogen.
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Astron Plasma RunTi me(s)(sccn) Pres sure
(sccm (sccm Rati o(W Power Stability torr
14205002. 04001600. 04. 01250. 0OnSt abl e
24205002. 0400. 1600. 04. 01250. OOnSt abl e
34205002. 0400. 01600. 04 01250. OOnSt abl e

Ta5e A ORE QIR R °9| 20587 D UR! AP aSeist
J JJIJUUZ.,  PDZUU., UFU UJ.T JU T U oo 2

04405862, 5208. 040 u, 2 WSGlo@rOwStza’mme Oo/NF, RF | Astron | Plasma
8420906(8) 5280MD800,A4| 0E50) OOniBecad| ¢ Ratio | (W) | Power | Stability
¥44004331. b. 5bY). Y4H UY. UdgdU. VEph b1 e 4.0 1250.0 { On Stable
20420509021 08060). D9Bp UB. U45850. DTEphaDI € 2.0 1250.0 | On Stable
314204502} 5806®. 0903® 08. Gpgb0. POwpb.abl € 4.0 12500 | On Stable
4124208002] 54060. 083D 0P. Ugbp. OOeoabl € 4.0 | 12500 | On Stable

| _334208001] 5300. 04@G& 0P. @¢50. OOnghedl ¢ 2.0 1750.0 | On Stable
844208002 0500D. 09@E 0B. @660. On&Eml ¢ 2.0 750.0 On Stable
8542012001} 550D. 080G. 04. @860, OOnHGED| ¢ 4.0 1750.0 | On Stable
gﬁggzo@ooz QA0 ©1630. 04.200.250. 0@ abl .0 1750.0 On Stable
104205t202 54800 080@:002] 0B9%0. 0ON$AD| ¢ 3.0 | 12500 | On Stable
11205088 _020bMhen0233_N183600 0P | 3.0 1250.0 | On Stable
12205489 5l10B0%h 1 608.504] 02980 800 £ 2.0 750.0 On Stable
182004382 04800 ohgd G 89%:60 00| o 2.0 750.0 On Stable
RPN -7 h1d6n 1na 20060 nm%aM-O 750.0 On Stable
1§ ho @2l ] B0~ P20 o AGGE o |nA3600.0.,1 - 4.0 1250.0 | On Stabie
125 Ro a2t -7 B0 FoBn o GG L |0 BOB.0. .| . 2.0 1750.0 | On Stable
18P 42074 U800 Pooy o 3000 . o a0 | - 3.0 1250.0 [ On Stable
18 4;% 1 5000 PIYR Y2 Mg T Ye00.0 L . 4.0 1750.0 [ On Stable
26 0P <'aalyu 4. UgpgJ- VISPV TUS il oYY P40 1750.0 | On | Stable
27 7B2 54390 D8Ye 02 4oy O £ 4.0 | 12500 | On | Stable
2Z8BZGpHU04. Usfp0. DTG0 [0%4ple? ST Ykhhx 2Pt 90 12500 | On Stable
2898205807, S5H30. 0BRH- U2 Bde/P0-[0holodDl €30 | 12500 | On Stabie
2803232007 . 5H30. 01500.10428b/PU.| 0@00loadl €3.0 | 1250.0 | On Stable
2313232001. 53000. 0800. 2. 8/ 0.0@ebbabl €3.0 1250.0 On Stable
28213285002, 5000.[01500.]0440010/50. 9200 abl 8.0 1250.0 On Stable
27 320 500 1.5 400.0 800.0 2.0 750.0 | On Stable
28 320 500 2.0 300.0 1200.0 4.0 1250.0 [ On Stable
29 320 500 1.5 400.0 800.0 2.0 17500 | On Stable
30 320 500 1.5 400.0 1600.0 4.0 750.0 On Stable
31 320 500 1.5 400.0 800.0 2.0 1750.0 | On Stable
32 320 500 2.5 400.0 1600.0 4.0 1750.0 [ On Stable
33 320 500 2.0 300.0 800.0 3.0 17500 [ On Stable
34 420 500 1.6 300 900 3.0 1250 On Stable
35 420 500 1.6 300 900 3.0 1250 On Stable
36 420 500 1.6 300 800 3.0 1250 Oon Stable
37 420 500 1.75 300 900 3.0 1250 On Stable
38 420 500 2.5 200 800 4.0 750 On Stable
39 220 500 25 200 800 40 | 1750 On Stable
40 420 500 2 300 600 2.0 1250 On | Stable
41 420 500 2.5 400 1600 4.0 750 On Stable
42 360 500 2.5 200 800 4.0 1750 On Stable
43 360 500 1.75 300 1200 4.0 1250 On Stable
44 360 500 1.75 300 1200 4.0 1250 On Stable
45 360 500 1.75 300 1200 4.0 1250 On Stable
46 | » 360 500 1.75 300 1200 4.0 1250 On Stable
47 360 500 1.75 300 1200 4.0 1250 On Stable
48 360 500 1.75 300 1200 4.0 1250 On Stable
49 360 500 1.75 300 1200 4.0 1250 On Stable
50 360 500 2.00 400 1600 4.0 1250 On Stable
51 360 500 2.00 400 1600 4.0 1250 On Stable
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333205002. 0300. 0900. 03. 01750. OOnSt abl e
344205001. 63009003. 01250MnSt abl e
354205001. 63009003. 012500nSt abl e
364205001. 63009003. 012500nSt abl e
374205001. 753009003. 012500nSt abl e

SUHZUITUUZ T2 000 U'é 0/506/St abe

%42@@2. 5280800 1 7S8RIPRIMA | @, Flow | Ou/NF, RF Astron | Plasma
4208062 3068002 g HQOriSwabl ¢ (scom) | Ratio (W) | Power | Stability

L2082 o0 (S0 e G50~ T 4.0 1250 On | Stable

27 J5UB 2| 5EeFS U5 o1 [ S0t at 8600 2.0 1250 On | Stable

54 30Ua81) 11 r5gUTZ00Wa. U128 NS] ik 4,0 1250 On Stable

443605007T. 7530012004, 0TZ500nStant €
453605001. 7530012004. 012500nSt abl e

EAEB6R6EH) INFIOHB1 RO tORIZETR abNeh /n sity RF Assist
473605001. 7530012004. 012500nSt abl e

[on@BH 0 508 hrotzds edadilshs0is28 @6 asihahdiate the efficacy of the remote

5. l\@d@)@%&%n@%ﬁ%&%é%@é F%lzsogb&cgﬁp@g CVD chambers of carbon

CEHBBOGHOBRIOEARIBIOHo L RFQ AWl atel-c40036 o, S, iR ERD, Argon
fiok B 0riie, Presguiioo adrer abr rquRBw“eg(rt&rg WY 21250 W, The

p@ﬁ@ﬁéﬂ)@nﬂ@ﬂ:ﬁ@ﬁﬁﬂ@em @hbfetmg twenty (20) deposition/clean

S SRRRR o000 4 515 80sRE AR e aanme oo (geapeamupover on

10 corabined with asrim sl plasmaisbbrck thatiis mambaifesinsite HELOOD chamber (i.e.,

1%}%@%%@&@?@3 used to denonstrate the efficacy of

fOZ/Ar plasmas with in situ RF assi st

101811 ChTERRIET BARTTE S e itotPine b iishb Sferm) and stabiizing
theZhawBer priessure atl 2@, toribg @pplyingvponat & the 2ol @H¥Ma source. Once
r = r.r r ower = On ower =
g B3 e e sleBliFoc o B SRR eni e (o0 sdtiargren
15 introdugedwhilg maamairmg(tﬁ@)erdapqﬁammmremcesmwm@wa/ozmr

o 588hs b sCE3H R 6 bl o 0B o Bl 5 Moales
etgﬂtmamﬁlatm@e pldsata insiderttientdb mﬁdmbesﬂi.de inl §its {iddma). The
chaRHEP R théh clRaned fbf 380 YOS W&o Te ESWSRAA remote and in situ

NFy/O./Ar plasma. No over-etch clean was used following the deposition and preferred

20  chamber clean recipe.
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[0101] A renpte plasma was initiated after introducing
argon (500 sccm) and stabilizing the chanber pressure
at 2.0 torr by applying power to the Astron pl asma
source. Once +the argon plasma has stabilized, NF3
(400 sccm and 02 (1600 sccm are then 15 introduced
whi l e mai ntaining the renote plasm power. Once the
Mebfe Xé!. NF/NA+ Remote| Fasia die withabbiluiRFeskskid5 seconds) ,

RF po i $ then| aprps-1 ¢ t e _showgr CUTOJE,
FHT | Iﬁ\‘ﬁ%{n@g Qsc:gh)a eHre n<s:]kj %ﬁe )craﬁ,ga%? R (?Sﬁon Plasma

4200. HB002. 0a000./01860. [044@1250- 18cho Sf aliof 12500 I on Stable

- - {tgrm, o ber-—4-s it hen clleaned fnr ? g oner Stabllity
Y LY 1] 11 er >
S‘IC nzhd’b’b :Isoq. 2, 0 _ 1 16000, ;4,oc.f1 50.0 [ On Stable
£ PT8g 15T Thpgk . 0.0 ~. I 16000 | 'é;'o 0.0 | _On Stable
N3] 02400 DT 8608 DG OVETES T Sade s | g 50.0 | On Stable
fol | oodorg [ heoodelpogipt | PN 4868 [ ] U 4.V TUBsHET On Stable
3 ehn300ci he500- 36 El0eah ADO.Gr éS1e0DlB3 | FT0v UA250.0W On “Stable
r\g{l\ g3 Pl 28np| RYAOIE ny (8OD.0s¢ordn) surest.o | on Stable
\8“ 3900, | 880, | C(g';ppo o A0 i 16080 { ar40 1250.0 Cn Stable
e 2000 o oo ot 1 14000, b 16600 [ 4.0 | 12500 | On Stable
- J08.0° 2 V509 T T 1 A0 T D F 1880.0 of - 40, | 1250.0 | On Stable

4240. §tplgUZ. USHJU-TO0TD U O0A 1 4p! oy 0 TF T a0” 11250.0 On Stable
3240. £6002. 08590 [0TBH0. 0434512 5P~ T6bio St R F 12500 1 on Stable

; _Ste

D

| A000 101500, 1044®1250. 360 St aldloe | 1250.0 On Stable

63 o 02 80 101800 1044090250 1B0%0 St aBl0e | 1250.0 On . Stable
12 elo- mguﬂ- 80401800 1044000250 19090 ot ai4i0e | 12500 | On Stable

ek L,- 4 o 11 U O 1o 00D~ F 716000 o .0 | 1250.0 On Stable
opUU. 480U 4. / 207 4002 017 18000 ST A0 | 1950.0 On Stable
$300.336.003. B0 UM 0 02308 5250 3dbdn Tt ah'o" 1250.0 On Stable

DI0EENS002.50400. C1600. Obo0IZ50ebd N [Sakle | 12500 On Stabls

40, 243668002 50000 (PIBOQ. (#P00] 2506 |St abl €] 1250.0 | _On Stable

1 )
5b44c588 040 S800h @0 080041 2501500 ISt AR e] 1250.0 | ~On | Stable
+ 25T oo 5B% o b 2004 40067 I 16006, I 481 ol 12500 | On Stabie

16L4U USO0UZTUHF TUToU0-

14240. 05002. 0400 01600. 04. 01250. 0OOn St abl e

- [0fd390.8 QAgGH49R p%@é%%%g%%QQmB%?y R clean process (Run #20)

are shown in Figures 6a and 6b. Byproducts of the chamber clean were SiF,, CF,, F,,
HF, COF,, and CO,. These measurements suggest that the silicon component of the
CVD residue was removed as SiF,, whereas, the carbon component was primarily
volatized as CO,, COF,, and CF,. The carbon residue also comprised considerable
hydrogen content and this reacted with the fluorine to generate HF. Most of the silicon
was converted to SiF,, while most of the hydrocarbon residue was converted to CO,,
COF., CF,, and HF. Much F, was generated through the recombination of F atoms
produced by the remote NF; plasma.

[0103] ™ After introducing NFs and O,, there was a sharp increase in all byproduct
concentrations: SiF,, CF,, CO,, COF,, and HF (Figures 6a and 6b). The CF, byproduct
concentration peaked approximately 10 seconds after starting the clean, while the other
byproduct (CO,, SiF,, and HF) concentrations peaked approximately 45 to 60 seconds
after i?niting the in situ plasma. The profiles reach their steady state values
approximately 240 to 300 seconds aiter igniting the in situ plasma thus indicating that
etching was complete and that chamber walls were clear of CVD residues. The SiF,,
CF4, CO,, COF; and HF profiles all indicated that the clean was essentially complete
after 240 seconds and further exposure to the combinsd NF3/O,/Ar plasma was
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16300. 05002. 0400. 01600. 04. 01250. OOn St abl e
17360. 05002. 0400. 01800. 04. 01250. OOn St abl e
18360. 05002. 0400. 01600. 04. 01250. 0On St abl e
19360. 05002. 0400. 01600. 04. 01250. 0On St abl e
20360. 05002. 0400. 01800. 04. 01250. OOn St abl e
21360. 05002. 0400. 01600. 04. 01250. OOn St abl e

&HB@&S@E@OZnWa GoAdi@labid-dvd2een QQ@ m%hﬁ%lﬂ%t{éb%ﬂ%i %o chamber

rofiles during an exenplary chanber clean
38§§LE%£MWG§§®) 5 are shown in Figures 6a and 6b

EQ% ducts .of the chanber clean were Si F4,
dpoisterdng torgble Hhafter crapisiing H@rﬂ@%@l@@{é@ﬁn FW&(PS.tﬂF\% interior of

 #id CVD%h@ﬁiﬂi@pWﬁéltnsﬁéllytrﬁébec@ﬁD Dapitél i 1NRR ruRiBRY Sfjdéb%smons and

t he carbon conponent was "primari l

%Eiﬁ Vger 'gg'sl@@e taeyspriacaspf @mcvﬁma@ae'bwﬁrerré@tm eThe
sh& e B e8d rmg%epwa@ dRd #hbfle vANE gea Rré eé}hl\giﬁfelyﬁt?é’artcﬁ'a%y CVD

rea the fluorine to rate

t
e D e e ere stabio.

W@h@@tﬁeﬁ@ﬁoﬁ@%%n‘é@ﬁarﬁ QitM @i @k hﬁ.aﬁﬂ?of hylfdearbofaid siticon
enerated throug

 PBRuyRirembysaas Greamira Gpahe yilgme GEaOmHI Rod Sifivdt thexgftuent stream.

Refsiny to[ bS]V, tarbbh eémbld 0MEadBedNbPthRMR0IES of ddMSbrEremoved as

hatP ncrease, in all byproduct®™ concentrations
@Fﬁﬁoéﬁﬂ ‘EQQW apmaximizedib )F#he(mn@neé'sre@ateaafm B15jtu plagena recipe.
&Fﬁ ﬁy r odu 5 concentration peaked approxi nat el

0L BXATEP & b lemaaiated dhateomines fomale Andl 10 6 DFHEIWAT plasmas:

WyRrattieive 41CRENINY EYD chBMbEIR)of 'fae@ﬁféﬂ& F@éﬁd&@%oﬁéﬂﬁﬁdjcarbon

appr.o |natel 45 to 60 seconds after igniting the in
“Jt%ﬂ Y Lra2 dI'Wéd PILFi | es reach their steady state
values apprOX|nater 240 to 300 seconds after
igniting the in situ plasma thus indicating that
etching was conpl ete and that chanber walls were clear
of CVD residues. The SiF4, 20 CF4, CO2, COF2 and HF
profiles all indicated that the clean was essentially
conplete after 240 seconds and further exposure to
t he conbi ned NF3/ 02/ Ar plasma was Table XIl11. NF O /At
Renmote Plasma Clean with In situ RF Assist -37
unnecessary. |ndeed, a considerable over etch was
i ncluded for each of the 20 chanber cleans of Exanple
3b. [0104] Referring to Table Il, after conpleting the
deposition/clean cycles, the interior of the CVD
chanber was visually inspected. Despite the | arge
nunber of depositions and 5 PDEMS chem cal usage, the
surfaces of the CVD chanber were pristine. The
shower head, chanber walls, and throttle val ve port
wererconpl etely clear of any CVD residue. There was
no pl asma danage to the showerhead and all plasmas
were stable. These observations were consistent with
the total anount of hydrocarbon and silicon residue
renmoved as neasured by the vol une of CDZ HF and Si F4
in the effluent stream

2
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10 Referring to Table 1V, carbon renoved as neasured
by the noles of carbon renoved as CF4, COF2 and CO2
was naxinm zed by the conbined renpte and in situ

pl asma reci pe. [0105] Exanple 3b denonstrated that
conbined renote and in situ NF3/Q2/ Ar plasmas were
effective at cleaning CVD chanbers of polyneric
resi dues containing carbon, cgiljpgon, fluorine, and
hydrogen. 15 -38 CLAIMS 1. A process for renoving

- car ok sRebad ik Peind\isd StBon- E&%lﬁﬁ]g rE&idbe oMk Fe‘aQt”a BbrtiBn of

surface of a substrate, the proceSs conprising
pr ovi GUABCROLR Sikstratey dae @’Qﬁ?ﬁsl@mmjlsﬁﬂ oxygen source, a
fluori &A |
wher elp‘rﬂ@?he@bcﬁmce’égga%&@?l’l @h on%% ngcter % Quéhe source, and
eBtnallyan agditine gas whersin tf@emslalgrayo oboxygen to ihmnab cattalned within
s roous b Gl HahiaBELL 1 MBPRRS 995 USing at | east
one energy soufce to provi react’ive species; and _
cont aé‘f’i'\f@@nﬁ iee Br@ﬁeeeeaasaismgm leasbeite anargysolrce tmprowde reactive
ESRGdd; WRgspecies to volatilize and 10 renove the
car bon- cont ai ni ng resi due fromthe surface. 2. The
pr oce83Magting the siiMageheitee auketrateasith the reantive speaids tohelatilize and
RAIVEANS BEILEHERRATAY fosldbodron) BEALIAR, 0Ut Si de of where
the contactlng step S con he process of

m’ he Risess Af ¢laim hwhprein aﬂgaﬁam@rtmmobf thenactivaiingostep occurs in a
St ep RB&EN bitsidb B?wﬁéﬂéeche Bﬁﬁhbﬂ?@ st%éas%ona_&?eom ocess of
claim1 wherein the gen so I'Ses at | east
one- §0e pracess Pfr%ﬁlﬂbky' @r.em tbe @gtivating Stelpcandmodactmg step occur in
ni trows s@iidiBeatdnt r ogen di oxi de, carbon nonoxi de,
carbop di oxi de, water, and m xtures thereof. 5. The
pr 8ce5he processpialaimhwheretn tha exyaeni sparderngmpriees aldesstane
r emt@léﬂté’éﬁamﬁﬁ?g&i/ 028! 'rfitfic 0%9? %tr&%eoxﬂfeoﬁﬁr%?er%lomde carbon

cl ai m 5 wherei e activating s uses

pl asnBonexideyparhon siedde, yates) @WMW@?@I’Q\I}H he fluorine

il g gr ngl%ﬁ?ﬁ’@c%slzs;&%la% 1 ﬁﬁé’%ﬂ%ﬂ@ gtﬁ@h@f%t@ﬂ ubsLT & foteHrasma energy

perflst%'f%ar bon; a hydrof | uorocar bon;
Oxgf | Tis 6362 cleth ﬁ%ﬁ@%ﬂ?ﬁ\‘é%cmé%afs*e‘bqrs%ﬂ{ Qf?fbéaﬁn%

hy erE oroet her; of luorit uoroper oxi
f I fror GterRreessorf Clillm |1ufe'naﬁamtlﬁﬁeﬂuorme squice gomprises &tlleast one

and rHeldctcrorh rf@lﬂfNFﬁSFT'@)szE REES é f\l Cé%'g},]arperﬂuorocarbon

wherein at | east one of e oxXygen So
f 1 uord MEroflugreaagbagy an ph&é'b@mrtmh@@ emcgenetedmdrqﬂuu@easbon a

of clgtmNBoMatice d”hﬁd%ﬂu&ﬁ@’ea W%d«é % fﬂforetﬁ%gﬁe;%%oroamine;

selected from a pofl uorit or'oper oxi

f I uoPdtUeriirilee a"@ﬁ@“ﬁﬁeﬁﬁlﬂﬁf@@f t her eof .

8. Whe process of claim 1 wherein at least one of the oxygen source and the fluorine
source are the same compound.

8. The process of claim 8 wherein the same compound is at least one selected from
a hypofluorite, a fluoroperoxide, a fluorotrioxide, and mixtures thereof.

10 The process of claim 1 wherein the process gas comprises an additive gas

11 The process of claim 10 wherein the additive gas is one selected from H,, N,, He,
Ne, K, Xe, Ar, and mixtures thereof.
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30 10. The process of claim1 wherein the process gas

conprises an additive gas. 11. The process of claim 10
wherein the additive gas is one selected fromH2, N2,

He, Ne, Kr, Xe, Ar, and m xtures thereof. -39 12. A

process for renoving carbon-containing residues froma
surface of a process chanber wherein the process

Chathel progedtsRf rdnfovilPQitbdn- éorﬁaﬂﬂﬁ§é§1&egqfo%?$ %g%éec&ta process

material, the process conpri
pr oce$8amRahNEsTeHER STasess ehambamusaﬂctmeps@sa eomposite

surfa@ﬁgan%sm&atbﬁérlﬂqgég?daegs E%ﬁnga process gas

car bon-cont ai ni ng resi r OV
conpri si ng PRV ganorgmsmarr@er Whereimtise sbamber, coraprites a surface

opt i onplehyt ﬁ&huaﬂ%bhie‘cﬁwﬁ@c%rm&# dtdinih§fedtRled! Tatio of

oxygen to fluorine contaln e process gas
ranges froRTAiNG a precesalges tCOMDrISIag Ian\;cacygerg soures, a fluorine source,

pr ocegid GptioMalyNgn %tddltﬁé‘sdgso%ﬁex’é [h%y té@?ag urggo Va?t%?rg% to fluorine

10 reacti ve Specl es cont r
react F%atgawrte@ the pfasess gas naeass frmrneaboutm wtatoat 10;

product ;  aggkiLaAP \the éééé%gﬁﬁaa%ﬁgﬁé fgqgaﬁ\io&%t '(glggrgg spurce to form

product fromthe pro
cl ai nieBStiVghanasias: at | east a portion of the activating

t | ide. of, t
or obess. chaiaaindihe texBuds WAfShe YBadiVk iHehieR, Rebln At least one
the ctiatiepiodyctend s conduct ed at a pressure of 5 -

torr or |
car ban- comoﬁﬁ gthéggllre %:c?%f‘{oweaﬁgquf'ﬁ@@ tg? péocﬁﬁ%gg%rgber
chdblie Risess wf tataimpi 2 ovsseio hatnibast a pottioadot thedeghatibg step is
a COorgeRgaL he process
nﬁbl Si n%tsd brr?%\'/%%&f‘ﬁhé %?@?és@é e%%ﬁﬁ%@Pérv\her ein the
dholdie R8RS eclaien Biwhersin thetcontamting pieptis abhguctabites! pressure
WI t h gt 8rb@idr kYL ai ni ng residues; providing a process

’EECO ri sing an oxygen source, a fluorine source,
an plosRss F%r ramoalaaucarhﬂ@ @m@nmrmduesﬁmmml surfacatof @ process

of oxye®bet QNﬁérHiﬂr [ prgéesgo%ﬁ‘bﬂ%g i (daliny hcge]eg%% €& 2omposite

gas ranges, from about "1 to abo actrva
proc@é 9@5@(;%9 "éﬁé@mq}.ﬂhgpmces%a@ﬂpmﬂm energy source to

form reagkbwding B%r%t?eé@"lﬂé @fh ﬁ?ﬁ]& cﬂafﬁ@% L :grﬂpr?sfes a surface

thengg cess gas i s actlvate
cha agtRartglly|ceated withawamean- mamaogreaiduebe process

0, RO 12 SR 4538 IR TG s
spec RRY "aponallynam raddibive tgasnwheretn thei rrelaor latio odf; oxagen to fluorine
re rm&cblﬂ@mb@ Wltﬁih thé Bfce 88 §as/ Angbd fr6mRIb3EL I ddaRmyd.ne

process chambe
activatmg the process gas by applying at least one energy source to form

reactive species wherein at least a portion of the process gas is activated within
the process chamber and at least another portion of the process gas is activated
in a location outside of the process chamber,
contacting the residues with the reactive species to form at least one
* volatile product; and
‘&removing the at least one volatile product from the process chamber.
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-40 16. A process for renoving carbon-containing.
residues froma surface of a process chanber wherein
the process chanber is used to deposit a conposite
organosilicate material, the process conprising:
provi ding the process chanber wherein the chanber
conprises a surface 5 at l|least partially coated with

car b&n Aqnoceﬂsrfbh mm@mgicmon-n@mummgn@s:auﬁ @@rﬂfassme of a process
conpr| an 0X ﬁfn sour ce, | uori ne source

opt i off it @ageaﬁhéhémhert i Y§dafo rdoﬁ%lt of composite

oxygermrgamo&luuax@mmenanomb@rmds whbngang he process gas
ct I, V

ranges from ab t o abouyt

process gad'® ﬁ%meyf?"ﬁﬁeﬁc a@é@( whHaein @% SUFQ;'EPFﬂQ?Sasurface
form alRasegHiallyeoaRROVEScabE-6driaifing irésiduddor ti on of

t he processr&ﬁ?l s activated outsjde of the process

chanber an® S JUREREESS S erﬁweﬁh@weﬂ@ﬁ%ﬁea%auqme source,
seconend RsptiohQly h dddRivB! QA Whe@RS thes nithdr Malib st LWtbeh Nto fluorine

t he process chanber; contacting the residues with
r eact FORRLSE MDD 1 Presess gas Feé‘&ﬁ fremeaboybl &a apaut 10

product wheegiating liee sa@eé@ asn@y éﬁgﬂ’ﬁng 5t leaﬁ%te%r@ scillrce to form
pressure . of 5 torr ss, and renovi ng | east

one vHesiYq @pw%%wta%remmﬁt H@"'BF‘&E&?SPV@W s gotivatgd outside of

proce#® PlocesacharhBeiR] RitiddLER mPio%ess chamber and a second
organo&l@h%ghﬁfllmls produced fro deposi tion

of a BB RBCess a8 isactivaled withiny the ragess F%ﬁrﬂ'i’@fg

precur sor . c@ftadting thEhRspIeS &fith o Raslivd dfedidtetLidritat least one
spr. is at | east one selected from

gfpﬁ;\l@%ﬁ% pﬂ%ﬁlrgte V%anrﬁmgﬁ EOMEGRI TR grp@nducted at a pressure of 5 torr or

1, 2, dicks;iamet hyI cycl ohexane,

1, 5-di net hyl cl ooct adj ene, nE
adanmant ane’ ”10‘@90 8RRt SRR V°'§Hﬁﬁ‘i’q Q{nah%ar@gess chamber.

dea@hyies proapsy bfaifme*se @ﬁ&emﬁhéb@mﬁm@tﬁg@%mc&r@ fild is produced

The PL of cla wherein the structure form ng
b ec 86 aSnasTioRial b HopS oA PR SHN Aofh Structure forminy
di et hereyurgohyl si | ane, di et hoxymet hyI si | ane,

e iy T8 DBERRG <A i WHaTe 8 PP AR SHHEarS o et one
get h%'édieoted Bﬁlﬁfahﬂﬁx?éﬁiaﬂ!@m?hmﬂﬁéﬂwb dldt;mdxalbélt loxyS| | ane,
d: ﬁtﬂgﬁ%frrﬁeﬁy&y%%b;@% g‘,%edlmgpﬂll 9 I5ecyclgéa(t}/tgtlzl|er"§1\=3 e~::amphene

di netet@ah[hmandput@wadlbﬂél%ubstitmed dienes, decahydronaphthelene, and
1,3,5 tet{hI anet hyI cycl ot atrasi | oxane, octanet hyl -

cycl dP'é‘W%% and tetraet hoxysilane, 20. A
pr 0@kt grocedshu cﬁaﬁm aFivHepsin the @tmc@ﬂmﬁilﬁﬁprecursor is at least one

O AR A PR 405 A o g

c hantiisoprabbxymethylsilane, di-t-butoxymethylsitane, methyltriethoxysilane,
methyltrimethoxysilane, methyitri-isopropoxysilane, methyitri-t-butoxysilane,
dimethyldimethoxysilane, dimethyidiethoxysilane, dimethyldi-isopropoxysitane,
dimethyldi-t-butoxysilane, 1,3,5,7-tetramethylcyclotatrasiioxane, octamethyi-

* cyclotetrasiloxane, and tetrasthoxysilane.
20. A process for the deposition of an composite organosilicate film on a substrate,
the précess comprising: |
placing the substrate into a process chamber;
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depositing the conposite organosilicate filmonto the
substrate and a carbon-containing residue onto at

| east one surface within the chanber using a

pore-form ng precursor and a structure-formnm ng

precursor wherein the depositing step is conducted by

a process sel ected from chem cal vapor deposition,

atonmic 5 | &ﬁﬁﬂSltﬂ@aﬁwlmﬁm,srte/ar@aumaﬂwamﬁlmtommewbatyate and a

pyr ol l&ﬁl‘b%n%ﬂta?lﬂﬁ?@%ﬂ}de%o Eﬂ@éﬁ%e 8 RQ&VJW% achﬁ\mber using a

process gas co sing an oxy
sourc Qore-fgﬁ'amg Pre@msar |ayrd aﬁtwmre-mellweWem re:vhereih éhe depositing

Mol ar sfedtid Botiuchs egkgegé M%dt&ffrcirﬁ Er@ni}c{)&??&%ﬁgb&mon atomic

the process gas ra rom a

act i viyehdenasiiopr ‘tamsm drposiign,ssppdyypynglysis aheeshbiaations thereof;
energy source to form 10 reactive species; contacting

t he resi dupwdingha ptacesegas comeprisreraresxygen fsouurcre,aa fluorine source,

I t j . {
| et a9 Gpudkl? h BB G4t BNAE R0 HSTRALE tpune
r eact eentaingd within the process gas ranges from about 1 to about 10;

activating the process gas by applying at least one energy source to form
reactive species;

contacting the residues with the reactive species to form at least one
volatile product; and

removing from the reactor the at least one volatile product to clean the
reactor. |
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