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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 manufacture
of sem conductor integrated circuits (10,
opto-electronic devices, and m croel ectro-nechani cal
systens (NEMS), mul t THTLE QFGHiE INVENTIANS i | m
deposition are perfornmed in order to construct several
conpIMEBHQD R REMQVING CARBON:CONTWINIBG BESHIARS FRGIM A
substrates or wafers. EacBUBST®IATEs oft en deposited
with a variety of thin filnms such as, but not limted
to, diffusi ORQES-AERERENGE $OREIATED APRRIGATAONSor
transition netal ternary conmpounds; conductor fil s,

[8001] ahis dppiicatinn diaimsteslbérefit oft WSy BteisionabApelicatiemilo.

' ' tor films, such as, but not
6?}/%%%#5%“‘6@228& nd undoped poly-crystalline
silicon (poly-Si), and doped and undoped (intrinsic)
15 anor phous si | i BAOKGRCORIND OfFf BHENVENTION ns, such
as, but not limted to, silicon dioxide (S ),

[00023 p dwl thei rhamﬁaqtgdeaﬁ$e(1ﬁd£§6;iu9tudntegralemeincuﬁs (ICY, aptagblaskonic
ok, 0D EPRBEHS S S pERLMENES; B sons 1 g i
deposition) are parfdrnsed |hcomderdapmhstnubb®vell Gbinpleteoaircuits (chips) and

oG iofofifE ShBitacs Btigibrse SR bhofongBlEdwiti a verety

of ﬂﬁsﬂ)lmsmbm as,rbub rotlenited to,addﬁmiordlmqmer Iayers sychassbihanyang/or

tr% oh e%ﬁ rné’rg %ér?\@?ﬁﬁq}t %ﬁr fiftk such.as, but notélmlted to,
th'vgg'@m copper, mmdra@amnummrmcoad!lmtor[fm:s}ich asmmé notdimitedfto, doped
aR@DE&@&QdZJoM %%%@é% ilng%r{ @8@%&8 H&& 8hd PW@H&%&@E@
amecpjmua gilicore(aoSirdi¢lectdefilgis, suahfas, bat rmﬂnmrtedito, sitigon dioxide
(568 50k B8 058, P e Sk st gy
dmgd sjlwonmlaangSGl)l,dmrmhoenlumrDslhaat@glapm(&%Gpeilmmtnde (SisNy),
em ca(? vapor %'l&f‘&@lefcf(d&{%ygﬁﬂt (Eb‘?w @fcﬁ&u&ﬁé gﬁsé ?uch as, but
n@tdm@ddsd flugriee Qomdﬁlhnate giass (RSE)csilinoni axidegor warbon-doped
orﬁ%bgsﬂ c%ié;%l gﬁf@f hﬁ&rore%fst A< gﬁ%%mq Léfl@btﬁi%l éo\étIRE?AI%) films

car I'Ng conpoun
cmpmmnwrgamnopmmggqmuoanmeﬂds (typically organosil anes
and/ or organosil oxanes). In certain instances, the
[09@8bvMatetiatscof particulag interestdni the semicondution industey are composite

orfdERGSHIcateimS! 11ds Weli RSWH fiat RIULING thY GferiiFd¥nsif' 6l the material may
decrease the dislectric constant (k) of the material. One method of reducing the dénsity
of the material may be through the introduction of pores. Porous composite
organosmcate films can be produced by a chemical vapor deposition (CVD) process or
other means 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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pore-form ng precursor. Exanples of structure-formng
and/ or pore-formng precursors are provided for

exanple in U S Pat. Nos. 6,846,525, 6,716, 770;

6, 583,048, and published U S. Pat. Publication Nos.

2004/ 0241463; 2004/ 0197474; 2004/0175957; 5

2004/ 0175501; 2004/ 0096672; .and 2004/ 0096593, which
CQF@'W‘%W@@?MQ%" fremdhe dBQOS'tioé‘f% Askyaturefofrigg Precursor and a

E@f&rﬁféﬂggecme Exf: @@'Hi’@ﬁu&@fe%m%d/bﬁéﬁré’-fcfrmma Pr&2ursors

been east a portion

appprevided mrr@(amp@du rUs,Sr Pafavow 3‘@6&3@6@ 711 6759 $/P8Hh048, and
plBIsPES U.8! pa. P{; @Qﬁ'&n RS BbEB2 {4681 2064?0'1@?4?43%@&/0175957

ZBTGCUTSOTS I NC e silica-containin onpounds such

Q4/81 TRENI 5 20Q4/REP68RS andRORGE0PE5&8n which e tngerperated herein by
ré?é%"f\@?ﬁ'ly%@? BAtirdhss. 1GnQ tﬂ@%@ﬁlbé&?éaﬂgér}dsﬁ%@qm h8s Beén deposited,

si l'anes represented ormul a
aﬁea@a amﬂlen of tip pee-ferming @requrﬁOégw berremoyed ¥ Rprovida apegous film.
R2 are" independently at |east one branched or

[0000%; Ewemplesion stectyre-fomnesiksaursprvingluge stica-containing compounds
s@éﬁ‘# org aﬁcr%néé’a@o@ﬂh&éﬂbiéﬁe@d Sﬁft?bléJ BFg‘éhéétlahHé Sﬁ’d

t
ogancalp ane Ielig &-ain dalalviRlePRpRIFkegbd By tiatoghila IS,
wﬂél‘éq?ﬁydn mi%ﬁélal%rﬁ Qb B Raa@Fﬁg Qrecﬁngep%HQ@ﬁtlytéﬁe%@t &te Branched or

unsubstitutéd aromatic (e pheny

ste@amt@sm (oo BRRoUP 6 an ek, S, 2o 0 b Bubsifuted or
awfeatc%oaikwgm%&(e @rés»aﬁibugu %?élbﬁé)égi)@cé‘{d‘@?@baﬁfawp ,

U%ﬁ&*’é@f?&’tﬂ'% DSPUIN@I Ois @éOF(e@Ylg bmaﬂ'@ﬂﬂl/ el ta G substituted or

ﬁéh enyﬁn@dfdég@ﬁﬁc egi1 ']"“%‘Z 4 Fgﬁges;}:o?/ng ngqiﬁb&}’ b?ﬁnbﬁ&? cyclic,
pataly. unseiurated akyl, Oéﬁ'ﬁ’m%c ceptaining; aliary I95QUPLA ;. methoxy, ethoxy,

PAFTESRE S e e i oo s,

_trmww pe é@myt@virsm, ph?fw!siw%na mdshesyisiane, cyclohexylsilane, -

teh%tﬁ;‘lé]%& Séthﬁgi%n?t Glbfﬁ?fsmﬂep fetaeoRydilans; difisthyldiethoxysilane,

‘phenoxysi | near organ03|loxane

dift\@a}y&@ﬁv@mﬂ?nq Wﬁ@vlﬁhhoayaﬂa@mmm Resialfere n is
mefhyldatﬁ&@éuari‘er ﬁ‘féthbx?éﬂaﬁ@ tn@.thr{gl ﬁ&ﬁdﬂyQiléPk%ﬁ%bh@ty%ﬂw\e) (b)a

represente or nul a ere,

lineat e@@m&toasmezrep@sgotearw the ¥%H'a@ (%z%l%ﬂa 5 fGERIN 1S an integer

frétaus 10Coita cycinc 3rg@n$sul%§aﬁﬁeb?é§@hiéﬁ'b?)fﬁé fnalBRaR'RBIE)avhere n
octanet hyl cycl ot et ras
s RO IARBEIAE 540 30 AG Y BRAREATe proselinedizbPrR 690k

teﬂrarheﬁ»y%zél@!etréﬁl&ﬁdé @cﬁd&?@é}@btéﬁ@xloxane hexamemylcyclotnsuoxane
oct amet g/ trisiloxan ';'53 near Ohﬁnﬁm@ a) q

Meghidisiioxanes d el 8detfgmetm4d Xﬁﬂﬁaﬁ ne); and (c)

a Mt%rr @rg’hnb§ila%6 ohgé‘rhér%Prefséﬂ% %K% fbfnulg rnzgslmn % where nis an

or ganosi | ane represen e formul a P& 2
RongWhere

mtﬁsefféom@ toJ Oy Wﬁkce@reanqsﬂem representsd byiiae formy
n ﬁsarﬂﬁtfegeﬁf?orﬁ%% 90( @nd?lH’ ari'd B2 88 adidemhéty bisbvei(banet,2-

tetranet hyl di sil ane,
dtmemy{gjlmm)yn, 2,24e argeﬂjylﬁ@ﬂmg@ dimetiyk1,1,2,2-dimethoxydisilane,

héiﬁ?@éfﬂ}ﬁﬂé?l&hé“o%‘té ﬁynr@ﬁér%”?tszh Brd-lﬁiaﬁﬁ%ylheﬁa?ilane, 1,2-dimethyl-

exa ean| ane

°f§§"5§f*%"bc§'59 "E’?%”sf‘f aideio AERAENS'd oK AR pARENS @
allt;wsllaﬁe oamra.tamg at ieast ane ailmwa)r ﬁkylahrldle&gtwaeﬁ@ %ﬁ"k@f)@} atoms,

or al kyl bridge. between a pair of Si atons, -2
-2.
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such as 1, 2-di sil anoet hane, 1, 3- d|S|Ianopropane
di et hyl sil acycl obut ane, 1, 2-
bi s(trinmethyl siloxy)cycl obutene, 1,1-dinethyl -|
-si | a- 2, 6-di oxacycl ohexane, 1,1-dinethy|-
1-si |l a- 2- oxacycl ohexane,
1, 2-bi s(trinmethyl siloxy)ethane
é@!pqﬂ@@qﬁ aney 13y g}qﬂgp(gpane dlmethylsﬂacyclobutane, 1,2-

|§i§ ﬁﬁ&hp&ildx??dyél%ﬁﬁﬂeﬁé 1, PemRgthyl N3 D) 6- di‘é!(acyclohexane 1,1-dimethyl-

i met hyl sSil cl obutane. In certain

ﬁ'lﬂjé1 et‘W@eryéﬁ@@ﬂP@W@ﬂwm Mubas@rf@msdvlm,enzene
Getdrf ?hétﬁhc?élgﬁlogéﬁ’élfblﬁ@@)?té;rglr:Bb duﬁ?%ng/n@ﬁyn eg&at@tane In gertain

consi s Ing O an epOXI
W@@“%ﬁeﬁlﬁlommworg@@ﬂwm@antégném reagihe sisiecdtaum selected

n orggg p 955KigRin %H e @taerfdrﬁ@g %Qh Wk5he A dighé,Hrdnyl

n03|lane rgan oxane

chynybtaiﬁtmeldwysmryue anad a134(to Enrarouywhich ga sterigally hinder or strain

tHé‘b%Jtn Qtfanefdr$ aceM aRb) éﬂcﬂ%ﬁ tl‘ﬂ'ﬁ@lﬂ%@@/@%@ﬁdene, 1-(trimethylsilyl)-1,3-
bytadienya ‘traa@thwawyb@nenta{ilewa!pmwwlswc@taﬂ@rar@rdl -tert-

S e a hydrocarbon conpound, preferably
%w ngﬁ@t{oxﬁ@ﬂ n%l to 13 carbon atons, Exanples of these

[ﬁmouf}{éspdr&%r%? Prd%HFsof"ﬁw%y 'B@% ﬂ(}}dFBctaﬂﬂ)n dofhpound, preferably having

ha t erpi nene, I nonene

f@mmﬁo ﬂ%p@rbﬁe Atoms; Jananies of téeseeqqmnoneawplyﬁ@, but are not limited
t@téy#ab@hs.ﬁ@rrée umeﬁér#@ %m&aﬁe, dARThARFRHERS; cahbHEne, 15

trineth yi C onexane
dimsthulhﬁﬁq'gn& etrw?&ewr@o ap@err@ﬁ@necwﬁpﬁew@ne a¥demnt ane,
1la 31%5@9%9&&19%%% 5 H%%ﬁylﬁ' & o dRJﬂ@ & e, adamantane,

I néne decahydronapht hel en Furt
1@3{3%ﬁ@§eo€fub§mﬂ@dfdﬁﬂ¢§r alph@meg@rb@taﬂpenm@ndde | abi | e

deewawa%%%e %ﬁﬁe%ﬁ%%%f%%e Co%pmga:rg&e hél@dde labile

| abi’l e organi c groups 1Inc ounds di s
organig Q"SUP$°a$°mNG’<afBP'§$ of compoupds éwta@lr\gd%mlems@%m%arouns include

tmeeécﬁh;ﬁbu.}?\ﬂs %%cfo@&? fnel'.?c§ pdl. N&.$5, ﬁitMseWMtcp ?2?@@9%2@{ gerem by

exanp pore orner precursors cou

r%f@'ﬁe@ﬁﬁ &'%Wg"%-l Yﬁﬁ@theﬂ%a@@@dﬁﬁmwémﬂbpf?ﬁ%ﬁsowulgealso be
ardé%ﬁ\bbéﬁble BEGABTRO SR o%coﬁESsébﬁJ PBlyrR& M?Be rac@a’iloHsed

herein, also enconpasses t terns oners and

CEUASERHREISs TGS TONGReTS 86 et Rerai. elS0 SREOTRARPR I terms
ol laflor BSHTRGS BleSs BRIEE Stafiidto B wﬁ%i;: tRifiation

onpose upon exposure tora |at|on
Wwwaeleeﬁolyn)@rs aye pelyraens tioat d@@@mposeruqon@xp@%e to radiation, e.g.,

ulPadiBTRl %ragf, erebﬁéreb@ahydmﬁéuuen %ddﬁﬁ)lesl%? kxR rp'aw@é inBRYe

ﬁn architecture that provi des a hr ee-di nensi"onal
PQlymgrs thakhavgan asshitecture thabprovidas aélareexshmmmi structure such as,

b@ﬂﬂﬁhbﬁﬁ@cﬂ fo, biocR cop&*rﬁé@clke duBlb&l %fockaé‘ﬁh multibloEk eé;kolymers,

ners, star yners, ra i al

SGERIOPY FRRalmeyR cRtiaLIBIvGk RoLATSH aret IbiRsl capImers; cogratted
CWMWMHQ@&%&D ngﬁ\EFs ﬁb@?&dﬁl&!k%op&@%?@@né lc6mbinations of

|nat|ons of

1058 ArohBeitiiess FuMGeTEXamPiss ot B @aciahle BRlymaroaedowr I e s Pt
N8l &2648 208! WH‘ers lrﬁorp%"éted hpkin By fdter¥in |t§‘éhﬁr*é eJ

|ncorrorated herein y erence In Its entir

10008 61 qeairainstances; asihaiecompoting Meyifénalion B bath thatructure-

fof'rHé‘rcédo%mé?or%‘r Unth%gg P&‘dﬁé BSE f filb© rfﬁ%{ ﬁaﬂ’@ shOEird-REF

"W th
pregurget andthe @preeiormgr precurserrarenat nao;ess;amiyedm;rentmompounds and in

precursor are not necessar|ly di fferent conpounds, and
in

-3-



10

| faderﬁosThe&Iore; Rl oIBaeE Of 1P SrosapegiaraRay

15

20

25

30

-3 certain enbodinents, the pore-forner is a part of
(e.g., covalently bound to) the structure-forner
precursor. [0007] Wile the deposition process
desirably fornms thin filnms on a substrate (typically

a silicon wafer), the reactions that formthese fiInB
al so occurs non-productively on 5 expose? surface
SPHNAMRACITSiS e PREESTOFaIS &Partol (8 She CRvalenly BT Ghthe
stictuRsioArespreBursbhe chanber walls, the showerhead, and
the foreline downstream of the process chanber. These

[mm] dughile M@ldepbélﬂorf?&a&éﬁsweéﬁém?fbrmﬁ kiR fllrﬁ% 6@5 §uﬁs@r‘été @ypically
S car bon- contalnln resi dues. Additi onal

55363}120@ e'hdbe rrastionssthatferm #@é Mg /lep gerlrs PerProdHplyely on

eﬁpéée@%rf&é@ﬂhéih@ oPHRPHHEERE cﬁhﬁﬁbw ISa\ﬁﬁgjé Mrgé bM@ﬁthﬁ residues on
from exposure to fluorinated - based | asmas used

thegshagnkes walg the ahewerheaghand éhebf@rﬂhae ﬁpwgstpﬁa@wfrt% pEocess
cﬁ&:ﬁﬂé‘ﬂ'ﬁfeb@ '?eé?cﬁuésﬁ?p:céﬂ?rcgﬁt‘étrpéa? fH Wl’nﬁg J@%‘n‘éH%‘hét@ﬁi &€carbon-

t he chanb result”in parti

| caagmawd@sénesaf/x@@m swaﬂesahatfr@amlsq/be arﬂ;entrmit% fer@xample,

siﬂéérf Frémttﬁ’é‘breﬁ%gﬁﬁﬁﬁ&g a?nH)%? ﬁ%‘rﬁ{étfkonﬁjgygﬁébfé tegﬁonn-'a?é’osﬁas -based

fects can ects In-t
p@smaétuee@@r&mnmﬁn@l@r fluerineggantaining p@rcmsers pacuglagion of the

c&b@%bﬁ%uﬂfg feBRIUBS PRRBINS BRI mdY r%ﬁtélfs @fp‘r%étfscﬁsueﬁdﬁg

er cl eani ng, 1S necessary

degragationcahsieeesiion wilieemity, and peanesding eits thetaaniafipct subsequent
dé;b&ﬁltfo% NMrh¥se &SR0SI lbé’cﬁ‘toodgféét in tﬁ§ Bé Y Q{rhét&ﬁé)s aRf device

he conposite organosilicate éuenq‘@_ a1
soyrefeifed to as

cﬁé?ﬁbéilé%a'ﬂiﬁﬁg E%déé?s?a?ﬁtmé%etrbﬁdué%f Hﬁv@fto Bb 'réiﬁé%ﬁﬁn BRfér to ensure

yIer s t AUs naki ng residu r enoval

then@egwgvm@rmﬁn cpwee}lorppwweenoéaﬂbw ) othe, gomposite

or@hH@énhdé@é ffhsSabsdRatly Sbpbs W@@ InSSoRfREHRBS ihléié?d?goﬂ-@ontammg
ean t he chanber between depositions. Fluori nated

'eﬁgé'éé“‘%yy?ﬁ PRt iy tedorm ef QJ@@""RF%a“ Rp¥rRers s melipgresidue

rehbvabidrechadéngiig. of ot her species to provide a
conveni ent: source of fluorine atons (F) in a chanber

[Wb&PnPﬁﬁmamm&@&Jsm‘éCfmnhatﬁé gaebaéédwasrnaé i@@om @ to

rel el as, and| e s ases
ol e SR BB R GSHons  EIorRsHOS 6a%a il e include NF,
C4R/SFJ, OHF;0F,, 8hd atvaﬁ@tp REBIher SRS tY pﬁtﬁideam@oreehuent source of

hambers are t i cal

cond 0 Proce
MDA T B8] EprITDRRANSRIorASEs SRTB PP Joeigted pases are

rel&ﬁv‘el? @ﬁé‘y fonandie Mﬁh@ée gésléataré)hé}ﬁé@fﬁ)s%rﬁrﬂ' uhirdittive w:th
ases al one cannot effectivel enove al

t ed
m%*le"?'ﬁé’f S%‘i%%‘gn%?ftaémﬁi?%m@éﬁ%%daf ARPieabeRItonsn PfQ?@SS

cﬁaﬁtb@rs re tyicdIly fcapo®lsih %Fggtggg Nggggéggpé@k{% etag fpgtﬁ:ess It

BOSI tb n pr&gesses in }
ha,s&ﬁep % GOV fERt RigTRsFantaiging Hkerafed.gases alone cannot
effgBlivly Rinfove allbf Bidl déFbo?LW nQ)r_esleﬁs LG Eé%ﬂ%r{ tﬂ@@ﬂbnd}(

for renop car bon-con re
sugap gféh%progess cﬁgm rdurmg the co- epos t|or9proces|ses mdncatec;n above

that are required to produce composite organosilicate materials.
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substrate that is at least partially coated with the
carbon-contai ning residues is described herein. In
one aspect, there is provided a process for renoving
carbon-containing 5 residues froma surface of a

substrate conprising provi ding a process gas
a_fluorine source, and

conpri sing 0 en_source

optl onal |y an ao@g FVRUMMARYHRF THE INVENTHPN rati o of
en to fluorine contained within the process

ge§ Rrpeassdpigemoying sagpppontaining %ﬂv%gp'ﬁ@ qqqf@ce °f a

snﬂHs‘Pr%?esﬁnagﬁ%t lé‘é'sf‘ﬁérﬁé] coatedRith Jﬁé‘ Eér%n-%&‘ﬂéﬁﬁ@ rbéldues IS descnbed

provi de reactive spécies; contacting the surf
heyein: He o5g I3sPeat féem i ﬁquﬁédred%teliewéorgp@@ylgg cagyon- contammg

re‘éRJu%E 'fHoh‘F@ sn}r?% ke 0581%?@? B&% h% :fJPO\}?cRﬁB &RicBes g@é&&ﬂﬁnsmg

fromthe sur spect, ther
apPXXdeAEQuUEcepR Hoedne Jayrce; en@opﬁ@a&mm@diwﬂ%ﬂ wherigin the molar

rartuﬁ%!f RN 16 AldAhe it Withi Jf"th@rﬁ?%?e% gﬁ? ?éF%‘éE fr%e&tﬁiuf‘ 1 to about -

rocess chanmber 1s use OSI
1Q;ragavﬁi@g|the: BROS©$S §aA USNEhens @imeye epe@yuseuwgs tChI@fop&'dé cf@a@we

SRR OB Pt B U o B R Sr RAGRoR to vtz
ancbam.nyééhe faarbonﬁpmfgmmgﬁe@ad@%&or@at@e eyfasei si ng an oxygen ‘

source, a fluorine source, and optionally an additive
[0g38] wineanether eseedtdhere is Rrovised e RERGagE forirampying parlb@n-contammg

re§fé0§§fr8ﬁ’nqa Hirtdabdf a?’&e@é eﬁﬁﬁﬁer%réiﬁﬂﬁeﬁroéés@ 'Ehéﬁ\ﬁé’lt |s used to

t o about 10; activ ? process gas usi ng
daposit aB semgesitaorarasilica efftlmﬂpmaeing \nﬁo%e@ itftesorocess chamber

wﬁ&@fnatﬁé bﬁ‘ﬂhﬁ&‘-’c&@?nb%‘& §u?fééerhtti {J&ﬂﬁléﬁr 0 ne%ﬁﬁfﬁ &¥odricontaining

format | east on ati|
regigHes droviging a dppgess gas @@nmﬁme@n exygan gewrse.a duasine source, and

oﬁtn@ﬁélly‘%{n éd%ﬁh‘i/e %%Wef%@!ﬁirﬂglﬁh%dabf b)ﬁ@%& 1 r?ﬁ@'céhi r%d within

product from a furt

fhaﬁrf@@ﬁs gasesnges ﬁowr&b@uﬁw aboyt Hastivatiog t esn@oe%ggas usmg one
or g8 %eF‘g?'Hoﬁ?déb ‘f&forﬁ\‘?éécﬂﬁﬁ §pé(ﬁé§7b8nt§&[@2@§ réiduRs wnth the

process Chanmber wherein rocess C er 1s used
reﬁ%@sﬁpﬁmas tQ)fﬁﬂB & legsfcﬁrtyamﬁéllel predics wherein tf@rapmagtum@step is
coRbiGetbd g pFé§§urBrd? 6981% of 1&@?%6 rgrﬁoW?? He a\;{ (l)%dt%ggﬁé‘%lﬁﬂé product

conprises a surface at |east partil
f’%ﬂ@o‘ﬁ%ﬁ?ﬁt"ﬁﬁwpﬁ@ resi dues; provi di ng a process gas

ri sing an oxygen source, a fluorine source, and
W@ﬁﬂp dﬂéﬁ\i@hea@sa i thetpds grovided @ RIPGRSEHEr TRRIOKINg CaEHoR-Gontaining
re€I3yEEForh @ squH@é bﬂ@pr‘é@é‘és%ﬂ&%e\%vh@ﬂeﬁl thb B?od@%@ Q%ﬁbé}% used to
es from about |;|, to about 10; activatin

deppeibe sampateroaisiigath sim gpmaiiiic Praiirg bieiRsogess hamber

wHefsif the/chanite b@r%gﬁéh%@sd?fa@e bt feast d&ﬂ{eﬁl}/ @6at@f1 with@arbon-containing
rodess gas i s 30 activated outsid pr 0Cess

reglgiiesy Broviting a RrOCesR QaSFoMRNSing e quveme%@r% aﬁls'erin%ﬁwm% and

opﬁmmp dnRadkive Ea@&vhbﬂéih A6 ASAETalRSf dx§gatid NRHRS conthinbA within
rocess ¢ contactin thé resi dues wth the

the @raeg WS§B@Q¢Sef§°m Gb‘P‘éﬂrﬁP@POP'e ; Bctiyating, thesrpgess gas by applymg
aniehe ro%ftg forfTRYENS spbaﬁf] %e}eﬁﬁé Furs?F@niHﬁ}Jﬂhb'p?ocess gas is
uct fromthe process c
acfgqun@#t&g@ ptihe progesp @ha@b?rrewh i@t&siuaeq) m&t@gg)w@ss chamber and
a s@@@ﬁ&’ béHlor 6\‘ tﬁ roc% V\ﬂgéé @'a‘&%&ﬁé‘@hﬂﬂﬁ thd ﬁrﬁ&‘énf chdmbRE SoRfacting
process rei rocess c
the residues with the reactlve species to form P least one volatile product and removing

the at least one volatile product from the process chamber.
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is used to deposit a conposite organosilicate film
conprising: providing the process chanber wherein the
chanber conprises a surface at |least partially coated
wi th carbon 5 containing residues; providing a process
gas conprising an oxygen source, a fluorine source,
and optionally an additive gas wherein the nolar ratio

[od121x Via g8t éﬁbtﬁér%géﬂ&he@qﬁbmvgﬁtd a\ipébéuggtf?r’\r/rg?mmg earbon-

P BB rocied fTA BiNACR Y &RTeA08S GHETabsT ATralb tchrpsss chamber
i§ essd ﬂo\&pﬁﬂﬁﬁ cempodiRr hanaeilitate Fim B@fhpmsﬂrﬁg hovidieg the process

cBRPGE Fralaln e chABbRRITIRBES & Rutasec laet Ryt Ematad wycarbon-

cOnRffsy bsRIebs; ovidihg b'"ﬁ?odé%@ 88§ SorfprsingParr6lyigéA’searce, a fiuorine
Wi thin the process anbe contacting the residues

SRHICE: @%Oﬁt@ﬁéw %a@(ﬂté@l gas Wr@r gip the melar @a@@f gxugen to fluorine
c¥Rlafed vﬁthlrptrh@giﬂéée ¥V§§§ P&lr@g& h8mcRLEF ¥d dbub 1@ fuctivating the process
ressure

conduct ed at torr or |ess; and
0p8 BY\APRYINgIRE %nergymcedﬁéombweasﬁlweépsﬁvsa wberein & fist partion of the

p%c%§§ E§s EhREeAEd o%éid@%f e Ar5EsIchambbt éﬂ:d irfrOGee0l |ﬁ(b E‘/é,sprocess

gure 1 provides is

CB@'#"P%&ﬂd %ﬁ%&"é@ﬂ@ﬁ@éhﬁﬁ?ﬁﬁﬁ@aﬁ iscantiyalgd Wthlnﬁéep pr 00953
cﬁQeréne borfthét ftﬁé FBsﬁd“Je% Wltﬁ Ghd Féﬁbﬁ)e SpRBiek O &t Ieddt eritvolatile

COUTSG 0 r enot no oxyge

PladhigtwherAh 156 caniapting 5;5?%'§§9P@J%? at apregsyre )<>t5t91r4q>r less; and

réthOURE thddat 'Ié‘as@orﬁé Wlathé pRGULURIM tHaRR6deas chamBEnt rat i ons
recorded by the 20 quadrupol e nass spectroneter (QVDS)

during the course of an NF3/ 2/ Ar renote plasma clean
conducted at a pressure of 2.5 torr with a ratio of

@2/ NF3 BRIEFOESCRIPTIONRIGRISEVERAL VIEWS! OF THIE wRAwwes

speci es concentrations recorded by the Fourier
[0D13Ds thg”um | pfavideeds 4 plbt BY effipet speuiay conceitratiops téverded by the

Fite aitaf aecF £ sprctiniote R fRg Tos SALiEe AR NES A remote
(rb kygén) pl@dmd 08A6 bordugtedent 3préssure ¢fl 208 toof, ef f | uent

speci es concentrations recorded by the quadrupole
[oodd} Flyu 2iwed plot df@ffaentispecies obhcermaﬂmsereoérdem b Ar

PO BB oo irtertaR g bbb o WGk hmote plasma

cle& tanductegluta srossuse 6f Db tirr with afrdtlousf IO, /Nfecs.0s
concentrations recorded by the Fourier Transform

[00r1 6T aFigdre 2 isk) plstnsf @tfluentdpecied concentratienscrecorded by thenFourier

T e L o tnlre s A5 San e S P Np/ Oyt bhBee
plasma clean@ohixt&d ata pressurd af 2.5 tarr pitha rafio eff OJ/NEE 4.0.
spectes concentrations recorded by the quadrupole

[0046] Figaret 3aniset mot of @‘ﬂﬂpnmpeciag coheentrativrsaecdrdedhby the

o4 g oSt RS LSR8 rorvoon

refrizde plasiagiean with RE (/a sil)gowet asdisticonductageica pressure of 2.5 torr.
concentrations recorded by the Fourier 5 Transform
[0DAT} aFigdre(38Tik B) platpod effiuentstpecies concegtrationscecorded by therFourier

TRRFRA iRrbd (5 R sg¥cftSMBter during the course of an NFs/Ar (no oxygen)

remote plasma clean with RF (in situ) power assist conducted at a pressure of 2.5 torr.
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cl ean conducted at a pressure of 2.0 torr with a ratio
of G2/ NF3 = 3.0. [0020] Figure 5a shows 002 effl uent
volune as a function of 02/NF3 ratio and chanber
pressure at a heliumflow rate of 750 sccm [0021]

Fi gure 5b shows 002 effluent volune as a function of
02/ NF3 ratio and helium 10 flow rate at a chanber

- [p08ds iguretads g plab et effiperty spgcies epncentmiions tarerdsdiny the

q‘é&&r‘%@@tmé@ trGefdr g&?ﬂg &rﬂﬁrg‘%ﬁe Q%&E & érfﬂgsgogng in situ plasma

ure at | umflow rat
c[eeczgpdtmtg@afea B@sguews 28 teu withfa ratio ot Qzﬁwﬁm 3ds a
function of.02/NF3 ratio and helium flowrate at a

[QX393h drigyse 4B 4sa Blobef effiesnt speciesieonpertasipng-regardedbydhg Eourier

T"i'%riélf&rn Iﬂgar%fdf(r*f‘ﬁr]rtggéﬁﬁﬂé?ér cﬁ.ﬁ’rﬂg WY 6%30& nrmfa%z?ﬁéj iP¥itu plasma
quadr upo ectrome uring
clean rceedtmte@at aPTBEEIE |qé240rrors with ama /NFemB.Oconduct ed
at a pressure of 2.0 torr with a ratio of 2/ NF3 = ,
rooaor [Fimze pa shows €05 efflugntavoliines ase fusction elid/Npe@tie gnd chamber
Gr%”ét éﬂ%ﬁ e;}, R¥shhe Fourier Transform
3%2 spec

rare rorreter during the course of an

5?‘ sgb\&éJC@lz @ﬁﬂ@n volline £84 f%@ﬁ%ﬁﬁ‘@ 9NP§ raﬁo and helium

1sure rr Wlt aratio

fl«p\@o@te]ataucgeméesgesmwftmoréff| uent vol une as a

function of 02/NF3 ratio and chanber pressure at an

[Q02gDn Figusmbe aitawsoBiFy etfiuers yelumensia funetiqn ¢f N atinang chamber
p%gu%fgt%W%HEmYBW% dﬁ}s,sggégﬁct ion of 02/NF3 ratio ang5

argon flow rate at a ¢ r pressure of 2.5 torr
[d099?8]=.gﬁr&§a §h§r§s gib?léﬁluﬁt% éﬁf RinclicH SN, rﬁtro and helium
function o ratio an er pressure at an.

f'%t'l’g%?ﬁatﬁ@wimﬁ@@f%swgf%ﬁm [0029 Figure 5 shows
Sl F4 effluent volune as a function of 02/NF3 ratio and

[0928bn Figureste s RIokat effluentsrsesies spacesirationsirecorded By the
qldfiasdie gy %Se&ﬂ'énﬁe‘iergdms;tduﬂﬁg ﬁfefdoul%étof BANHE/He in situ plasma

ol e _nmmss

o é%ﬂé?&k&‘déﬂ'é?&%ﬁ?éafra i Wi e aalodd CoNFare A3/ o A
100857 Gl &% Rpicf ofis Rpases corGentiate serder by she Fourie

- Trapsformisitared (Fr ersw&,troﬁr@%@ defing-1hB @BiHsE af 89 NF,/0akRer il @iy plasma

rier ransform | nfrared

by the, Fo E ctrometer
CIBR FRTUETR a resBuUEH Ol e o ch CuNFe = Gars
B A Rl SN 84 S
preésfdreeﬂanamﬁlfmrameaorsaémons recorded by the 5

guadr upol e mass spectroneter (QVS) during the .course

[oozmnFrw@MWsrwpémm a5l0me a8l sEfnctiohtdh O irdtio &ffd argon

ﬂ assr t conduﬁf%gesasbwggsessure of 2.0 torr with a

[0028] Frgure 5i shows SiF, effluent volume as a function 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 (QMS) during the course of an NFs/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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[0033] Figure 6b is a plot of effluent species
concentrations recorded by the Fourier Transform
Infrared (FTIR) spectrometer during the course of an
NF3/ 02/ Ar renote 10 plasma clean with in situ RF
assi st conduct ed at a pressure of 2.0 torr with a
ratio of (O2/NF3 = 4.0. DETAI LED DESCRI PTI ON OF THE

[donNﬁg@% Bl%?ﬁﬂot'&‘Sﬁlgérﬂ%@ééieéibéfebﬁﬁﬁ%nb %carcubd 5y the Fourier

for renovi ng car bon-cont ai ni n r
Tirsoadnasad (F HAbSSeoMAG dinBa e contae & An Aol sl plasma
clbdh e&ﬁmﬁdeﬁ%@és@@e@owm bh&tio IOMESS= 4.6n0OVes a

non-vol atil e substance, such as carbon-cont ai ni ng

[0039] deRGre 64 @'E ﬁlbt of'#ffb%ht %&%%ﬁ&r@%ﬂ@s&%&aé@ bﬂ'tﬂehl n
process chanber and Hﬁ”@l xtures cont ai

qmrm@'wsﬁﬁmt@nmwem g e cayeserpf@BNF 24602(18 Iggote plasma
cl?é?r{%{ﬁ% difuomE hEé?stSdéhBE&Sd abe F@@s@rb 2pP 0 dorr With ATTARS bU,/NF; =

roma solid non-vol ati | erial Into species having
4.8. hi gher 20 volatility that allows it to be readlly

renoved by the vacuum punp within the rocess R%er_; )
(08331, FgurarRtie Pl oo eribeReAles Sancenyai ey esaed DR purer
T@h&f@rm PhRASd (FTIRPESEaBARter dhhﬁg PeReaRs dfbh NFQ@gﬁl\r remote

herel n does not hecessari UI re the noval ?‘
Plasae elean withim ity BFWIﬁh@rg{l ga pf@gurgmz Stofrydth a ra’uo of

ogNposuie of the chamber and-its fixtures to liquid
chem cal solutions. A 25 [0035] In one particul ar _
enbodi nent,, the process disclosed herein is useful for
cl eani ng carbon-contai ning residues fromat |east  a

portion of apETAIBED DESCRIPTION OFCHSE INVENTION t hat
are used, for exanple, in the chem cal vapor

[00B4]0STHd ;Q’bcéé@z\ﬂi&cloéem’féréin id l&seﬂll fdie@mewﬁg carboricitaining residues
and/,or vacuu ?SI tion,of co

frgh GRS porkion of 16 aurea of SaubRlalsr Tione Saficliar SRS, the

pré¢esstreMbResSal bn-8slatile Substande, %Bétﬁﬁs ca'Fb@n B&Itainmg residues, from at

I‘?‘élrbon co&tal &ﬁcgmtﬁﬂtﬂésﬁo&g& be regoﬂ%gpy grrgg%;]ntamed

thérielti wiiRSmibmizing mad\atgbem@refo hmecmutéﬂal o bgrentoved fiom the surface
[eagtive,, under ndi ti qQns sff

ool feaned s ERSEIRR O oGl materal o g nagf b higher
votamrly}t?aoftdllaﬁvg Iggc:: Pé whugy $ébmc_>\m bgaﬂgfl vém;:fumt pump aithindise process
chEBRE R RE ARG, RS methafhg) Wekétaflhe aifir Bt pBGang
progesses; the pmcawldanlo?nahe}rlaﬂ gogs aom'reoemlygamgm rérsovalj of the
prfesd R0 B BlBEeR sniAhbloh slHofie oLt GhaimoshEng s
fixtwres todigmizl qjmmtéal eolotiensni ng an oxygen source and a

fludrine source by at |east one energy source. The

[oos5]arin oat ipartictlaoembediment] thid procéssadisatoseti dereirisassiugts

o e dn Sl g e AL, BOPRR <o 550 Bvwitin  process

chambnp’tb:at arel uselipfonexampiatin theecheolical vapdridepasitiand@yE)), atomic
Iayer 8;5('3s |oanA5.B') nsptra{]yep)}o 5I9§§,Sa%d%?¥a§dtﬁﬁ]héﬂo%%ﬁ loY c&%&% |
organbsilicate films onto at least one surface of a substrate such as a silicon wafer. The
carbon-containing residues may be removed from one or more surfaces within the
process chamber and any fixtures contained therein by contacting it with reactive
species under conditions sufficient to react with the substance and form volatile

O_
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renmoval of carbon-containing residues. In sone

enbodi nents, for exanple, it has been 10 unexpectedly
found that a nolar ratio of oxygen to fluorine greater
than unity within the process may significantly
enhance renoval of carbon-containing residues while

m ni m zi ng daq&g; to substrates exposed thereto.

prabet. Thetewn wlatile pioducta’, ag used bereins relates tasieggtian pygducts and
b%)‘?&’&}&§ofttﬂe 2 cA6h bilee théjée%@'? ﬁorﬂé’iﬁmgwﬁdﬁs%gﬁga&% species

SesS. an oxygen sou ne source
ermadeyaaqtlyatmg a Br@cesams mmrslnaeangwgen sourereard a fluorine source.
enbodi ments, the nolar ratio of oxygen to fluorine
[0036] ai Thedeartivhispeciasarsriorearsthepugh s activation efraoprogessas
f r
oo o Bioen sBufbe &Rl 2 u8Fhe Hodrtl By abENTRE ahofteatRe. The
nutarretiq 0f3)xyger and ivorinerin thedpro¢eas)gas darelasivelylinigtied than

cérﬁ?é aglvé; )lzl%éﬁ 9§ %th%eg%ﬁp?%he%té@% SIt %ér gger{t% gé?tgdly fbund

theh ¢he motan retioadf oaygenen flaﬁnmwnmmtrmrpremss may sngmﬂqantiyc efect

iR B ey tsididrs JA POk AR Rl ae, % ERIER, i has beon

unexpectesiysfoand thaba imatarsatio ofoxygeratofiuesine greatardhamunity within the

PREHEF iy TR0 3 BRo gl Dol 155 FesictR whie
mifimizing darhageNieSsupsirates geposedttiidretor i de), SF8 (sul fur
hexaf |l uoride), FNO (nitrosyl fluoride), 25

-[0037B NThe garboniaontaining defosits axRR0RVed Ry bxostiratorancas}ivated

PR IR of L Rovs e o ap Rn saipbhy P1ydhe Sobfcs; and

opt)q(allwatleastmeraddltw gés. al;ﬂ tUaseeimbodlments, the molar ratio of oxygen to

e oA A K R0eHsR s iy ran U130 R, or from 210 8, or from
3 e 6 hExemplanuorygen shyices inelide ( MHRGONBIGA tohgxygen ,), ozone (O),

cAESEphau 1000, colt S (0 BRI WOy Exice
(N, nitriciaxisle dNEY oxatae Ol endsixtorss therolrBe amount of oxygen
S4ipheb MR AL APNS Bt ) o T o
valume ob precesssgalch a CF5N (peri | uoronet hyl am ne),
fluoronitriles such as C2F3N (perfluoroacetonitrile),

[08381 NTh procesfogascasirises aflupring souserd Exepmites of fluorine sources
oAk Sl R RYSFINEASS B 8, L0 Ar oo

uori ne source can

(fluainedt NFofnitragendrifiuotide), 8, (sulier hexafiuaride), ENQ (itrosy! fluoride),
V |
ORI eh AL, O (0B Ryl R Uk 8647 O,
C;fe.v@fatem @udr@fmorqune sueteas Chibs and afe., exyfluergcarbons
t
sd&ﬁ'ﬁ% Cﬁ I%%g{;?gﬂ Sé‘tgxgéri]‘f) regénl&& r fated) f&ltﬁg@?ﬁgﬁws Buch as
hWtﬂfl&'ﬁEOGH%ﬁfééﬁ apsethyifiiluptomathyl etiten (@H&Cliaa)obmluqstgs such as
t he

C%GS@SS'A“%WO FLioRRe R TR a1 FO Ot (igBRutod -

wma ane (BDM)); stcc Huereperoxides sueh amCBs-OrQGFa (kis-triflvero-methyl-
pePINEE (‘B'WM') C£.0-0-F etc., fluorotrioxides such as CF4-0-0-0O-CF; efc.,
fluoroamines such a CFsN (perfluoromethylamine), fluoronitriles such as CFsN

(perfluoroacstonitrile), CsFeN (perfluoroproprionitrile), and CFaNO -

-9-
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to fluorine source within the process gas. may be met
by using one or nore fluorine 10 sources that al so
contain oxygen in a relatively high amount. In this
connection, these fluorine source conmpounds can act
as dual function agents within the process gas

(SoitafioBinelars) e Oa o ERR Bupidh)” I stihg shurcS can be

déxaétfpb ©9 aO{antétyl i @téaﬁa_sf éhum raisﬂBut&@Wrﬁ&ﬁd t?h@dna/éhﬁtmal cylinders, safe
ntain relative i oxygen content and, can
RRNRTT SH St VarLaE Qe SRS el ol iy Boic- BB dBperators that

 crdzie Bhe fhlorink lsbarce sy tHel gdint@r as&t Traemodmt Y dlushing source present

v@ﬁp thefqrqﬁggg :gég gér]; laaggggré 9@2"{%&%‘22@ h&ﬂge baseDI\L/Iopon the total

vbmnﬁe@frpréééggg@snet hyl - peroxide (BTMP)), F-O-OF etc.
fluorotrioxides such as CF3-O- O O CF3 etc. [0040] In

[0%331?1? c@nttéhm @maﬁﬁent@ Releakt dﬁy&ltfeai@k BiY Go@@é @Rd Ryfiudtine
a e e I OCEeSS es ases
SPICE R S, J5 i CaBeRiAR thedular 10 BF e owGen source

 tfyarinersourR Within B rmésfs@égmatyfbérrﬁafb UsthgCetiet gtinfore fluorine

enbodi the additijve e t is
SHURRS B SR CoMBLOEER n & ESgvely gt oty i thls conaestion, these
flobvirieasduped Gdrssunas dan ﬁbt%%fduwfmbﬁmﬁfg%ﬂ{‘s meubmetmsce%a idas
cific plications, The addi}ive, gas na
T A1 4 el R i DR o IR SEREN To i ious At S9PaTRl SRy Gen source
c@ﬁgb@ﬁd t@(dnﬁkﬂe§§fﬂéﬁtéﬁb qU@mn@é&ﬁ@%&hat@wmtam +dnativb@$ﬁ9h

Ak s 5 S 5 oSk mbies oor

(fh@ﬁ@@trﬂﬂ@ﬂbrﬁdgmﬁeﬂ(w J/h FE- GFfz-CFF M@&Fucg@iy dlrlﬁorbﬂl@ﬂﬂahe
0CEeSS | SC|] 0Se er n u or cC

AARYoR S SRePRio5os SUrhatOF e Pr e P e sde
(BTMP)) eF-©-0r efch glustatrioxiRies sGth ¥QCFROS0I0-BFYBRS _
contained therein such as, but not |imted to, fluid

[ooubpt fn mﬁnmuhbadnmen&hmebhﬁaﬁmdnm Igasnsaﬂay be added to the

prEre Bt el ofen Rof il Gasty nioaRG relim. neon

a@od/ kryptéh Xxemoncarrbmixturedthicsedt.hitt contain ermisatiirhents,she additive gas is

T (T, T O ———

cleanihg proedsddsdo detiemsujt somecspepific applicafiors. Theiagdiivejas may also

ai] LRl ohieh olie ol i Soupeeld st g process

chamnyeri &1 thgse embodienents) the amourit of additivergas predent withio thearocess
o 6 by g oA b0y ime b3 e Vi o ol Rocess ges.
tORSL e pladhos, ARéated o i st o it BRBP sl rescues

fréim tireeinside oh pricesgichantbers andthatsuefadesaof tvaricusdixtures contained

R 8o D o e BB it AR i e

plattdidis] aridhthertixe while pirisiaingaddrag therete nEXemplay Ipmesrehumbers

e EVELRAG 0 Biop B entii Wil reriBes iiaposf v K el

méatesblsop the surface of a substrate. The surface of the chamber and fixtures
contained thersin may be comprised of a variety of different materials including metals,

-10-



10

15

20

25

30

activation, the process chanber and fixtures contained
therein are heated either by 10 resistive heaters or
by intense | anps. The process gas is thermally
deconposed into reactive radicals and atons that
subsequent|ly vol ati ze the carbon-contai ni ng resi dues.

o B SFURBRT BelfesCi0. ERY o VS BeER TS spmecpraor

insula g aatedals hsuchesc cavamicabgs .quiz ot AlgDgral
activation, the substrate can be heated to at | east

[0042] Tine priocéssagets MADER activateid bysretor e €nergh sodrbes such as, but
SRR o, T et b OGle= e chmb themel oS iR, insit
thernsal 1th_eata1g; 'e{eatrbmattacsvm t, addiphotd édﬂvﬂﬁgpifoffsmféabﬁvmies. '

0 actl valte e I gCcess S 0 n .an uor il ne as
TsBaniiees Fiita Bed el combr B e sp o ne
B B S idita Stati A ok ARdEmers Gan Sgnifibarty Fpact the
e‘mioa?y iohtheGeHiny mwgeémna@ofaaa@bdre@ﬁm@hiﬁg %ﬁi{tﬁ&{ﬁﬂhe&ﬁal heating

cont.al nj n 1 ONsS n radl cals can.r.ea W, e .
AV o8 ratis cBRTae R o FRubIed betiit fre hitad aitber by
résistivedeatere or Byrintenge fanps. tTie procase s thsinedllyRiecyapossd into

GRS sl et el Brbrralehuy e3P caBiabulina Roicues.
E’emcfﬁmﬁdm?ﬁlw\?s% p;qngbyhaagérgg tsmi:rg@ tiﬁﬁm reathi)?n
ngid 0 eas :
<Eatol b8y Rametane apandic (el i o SRrpe AR the
subs‘t_rdtn@ cad E@ pedtat tslatibadti007C; ¥r anleastBOODET at kab 50D &6 The
0_ennanc

NVHz t he cl i f d h Il
PRI e RGP do, S PIPFdR /B dp o oMM Topdp apo g
(R BBl B B B ¥ ohama, s usea
td fmivate theptacess 35, DRt anmtuol rifd Qails’.)m@{éﬁ@ﬁs containBd Withithe

a a ressure,o orr o eSsS. n ese , .
pihcgSeBAt Ry bé bfoken dopnibydhe AEGharas Rl serdfive spediesgguch as
ré%%ti@ét pasand eadicdke B mxthh_ é@@ﬁaw@?& éﬁtﬁwv[?ﬂlghls%t@/dipgen-

I enbl e .ener ouy ce. | S rtr cul ar e odl nen
cRARINg o arttradicalsioan reast with the.cambon-artainRgseRdyes to frm
valatiie apeciedimabedn eniovid trofsthe peitiess BiREMBEIDYSabuum pdmps.

[0046] A renpte energy source, such as, but not

[Q045] t Everhbodiments tdteise Iire&;t_ml&sm aaiva?mt theath %ﬁ? Plasila.can be

o n r r ]
oS BH 1 Bich 5 DGR o B S SR st et
Wi, ceat leastd Weéoms er atderst €0 Whtmf Alarhativety, tHedn sil plassia can be
o TN T T R —
chamize vallg ?sd/bsfiiatm'es vzg::tgided thrginnThe \?hpétiaﬁﬁg preesuresnay range
it 3% ol 1AF 586 R g B PR B ar Bt o aim T 1920 Torr
oneapd:tiaularcambom:]mémgthe ProcEsS 5. cfohduﬂecgrlat £picssureot ﬁ torr or less. In
RS, o4 B BF o BB tiins R i B et Gaa be

cathibisertwit @ theomalanabcrebmiet dhekdiesoubdey hrtﬁ@m%@érltmﬁﬁbdément
cl ean

i 1 hi I tsi f th hanber t .
env'g\wl.:{eé:rpﬁ%&%ﬁéggfny a%ﬁ nsélgltljg?blg damaSe %o t?le p%ce‘sg c aember a%defixtures
contained thersin.
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10 approaches include the use of a renote catal ytic
converter to dissociate the process gas, or a
conmbi nation of thermal heating and catal ytic cracking
to facilitate activation of the oxygen and fluorine
sources within the process gas. [0047] In certain
flnents reacti ons between rennteag asnma 8 ner at ed

Haemeinsnesgy SoHICe, RO 88, PYhoQtdrvtad i AJeEE a'source

@@Waﬁﬁ YR, Vﬁl’bﬂ‘ﬂlaﬁé hemepdichvatiog 4 tdﬁﬂ)té hﬁrmdl%cwa’ii@h @burce, a
n the renote pl asma

The reac 0
OBIEtE PGl aetvalad SolPe o SCBHOE SoLTE W) CRRIns tharmal and
éaﬁalsxﬁd aotRhish, 386 be lused fpguiRehtd heN\Rtild 1StodilRe. Irefriotd prta@ma

erat ure sufficient to dissociate the ox

9'?%&%} e BIGeES 9AS§ astiatectl fornipastivectpeqies ﬁP'ﬁ@H’é the geposmon

SHaPRRS WhithSare Tﬂ?ﬁbd%@&ﬂnfd e pRIHRSS Bldmiser e dlatiz8dhé @arbon-
activate the | eani n%%reactl on with the substance

%ta'@%@%“dﬂ'@@pé’h RNeiA thesmapaivation, H@Spr?(@éﬁ gas f"?bﬂows thm“gh a
ﬂé&@é@&reh%u% oahd deéb?é clﬁm ?ﬁngas éisé"d?ﬁﬂ@édw éd?ﬁa&fwuth the

a renote p asma and 1 n situ are

himtwgwrwmawes%wtﬁ@e@ he&hgmberewmme Nierrﬂatlve
d acrhﬁéﬂc'ld()% tﬁ@ 6€é 8Fa rdnibté Batl @E&\%H@ﬂb dlséo&bfefthe process gas,

rtion process gas Is actlvat ed 1n an

F& G:zﬂfmn%ﬂont% &qﬁmtmmg RAdpatalytioaacking to fagiitaterntivation of the
dx56n BREfITBrEvRred WRARY the bfRess g&d. i vation. A second

portion of the process gas Is activated within the

[0047eSA ceRaRRPAbodIMEHLS 18athoh batNseR PErhote wééfnatdaﬁeﬁatéé teactive

acti'vated gas in which the reactive speci es

$PBEi6H BN dae carbemoRntaining reaidyen GapbeasbvalpHaRanced g heating the

rEBHEE UtHSrektidn!) SetWé!éS@ﬁb ibté pldSinh 'générﬁté"dcrséctlv@ﬂsb&héh and
the process geas can be, di ssocl at ed i ntens

QFrRANGHRING fesidiies canhe actiyated apgios gnhqf@pd by ﬁ%’q the reactor to
aggh{pggétgf{e@gglcﬁﬁfba&%dc?% giggixygémawﬁ% Bgr‘ri:]éiﬁmgcﬂoﬁﬁces
i at i SSi s | S
HtWH&W'%E\%pé?QﬁSﬁQaFeEP% 6@%""‘539'"\9@1# @%‘i‘@g &Fb?%ﬂ”ﬁ?g‘he
cidaningreactionadith th eobstascesto WeT8Movéd depanti$ien Eeqsre6sss a8 recipe.
thereby increasing the' renoval rates of

[oaztdgon?] one bartimtjlagemtbédldieﬂﬁ a cohibifation one réhﬁ%t@masmtarﬂﬂn situ

en anc men he cl eanin IOC Ses escCri

offiaiha #1S ARyl pstiBe EReoy souroe K adligle 166 BraGrss SasH Torp the

r&%vt@ bpécﬁéts | IAdkiS @ﬁl‘lb@hmrﬁ x| flrléﬁﬂﬂdnfkﬂiihé Qo/@@él sega%h@ activated in an
reactl ve ecli es a nnanc Cl eani

afautpd of FegHeees HHewaPh APYshdh BURSHAHIEG tie,010Rs e ber afer

acthattioer Amom@muan ot the lpla@deagga@isla\ctwaiedmltmh t@@‘b@éés%amber '

ond| {"\I?S' Erg?acgwa@ eé?r{ " %g%&rgia&%ﬁpemes may have

r@uwr&ted)n For exanpl e, in enbodi nents wherein the
process chanber is used for CVD, the flow of

[00A9Ds it akemative énbaiiments,the riblgeules @ tHeroxygérngnd ﬂmh @burces

WiBE DS prokBF e, A be HBSOaRLSS Ev g SROLRLS (HRTCHTR o form
reattivespativse VRt examplét gitraviolet) d@é@ OftaviBkat énd T/éwuﬁf mﬁﬂ@let
#%@8@“@6?\'& terie%ﬂgg St&oﬁgtﬂ%gg i} ne q gcﬁ[bgg\l,éqgnp mlng residues as

well as dissociating the oxygen and fluorine s_ources within the process gas thereby
increasing the removal rates of carbon-containing residues. Other means of activation
and enhancement to the cleaning processes described herein can also be employed.
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10 into the process chanber and activated to provide
reactive species.: The reactive species converts the
carbon-containing residues into a volatile product

that is renoved fromthe chanber. After a prescribed
time, or after the concentration of the forned

vol atile products detected in the chanber effluent is
Pf'mlexampre ane egri agd photervimducddehehticalredctions togensraimesactive

SoBRESHy e B e 1o Sreer 2,
B b B R B A o S

 dirilai aperaimg leonditicrd (pressw'eeamnemaeraase)ojurisg theccleahing operation as

PBY et RbeBio P GERHE In SrE8Tinafls s i e process
dhanmbetsmsediﬁmtbvmrths flow of tepsttion gas ls stopgsed andgiurgad/frdra the
RS APASE N RL 5 e BB Bt PRRSEO b Bfturomay b
dhan@ed ford rosptifiudi\valussi Howeoer, insprefecredipatiotineants, the process chamber
BRI Tl SHE e IS bl iggs e s o
irsto Itlne:pnmcdss:ohadg)ef afd @etivated telpm\Tlr.lw(r:reaeﬁvblspemes Jh8"rpactive species
| S|
o3y At oickne s s R el 85; & rginBldfcom the

chéﬂs@' )Aftevragae@drbeo tio®| o afmmeg:tamemmtnob ‘o8 Imed volatile

reonl darees ST nd oGS uaishaPh nfiblarRBl DG Tol o

ptooesh gas lsmfmpe@ean? praerauwpmged froratise thamiier ahd dbkvety limes. The
ere
flc i d<isiion Ses lstne et iadas EPE deggtion process resumed.

("3 & e ERBB BT 2 BPEeR RBTOS BT oK 9 fagp several
atemsrof semicanductorsmatufactutingathyr thanl Cambberafeaningpsuchedsagtching =
opl RO A Rals 1ol e ot BierBplP yfBbte Yuostrates

thah may et used rimpiyadey beesesnot froiealtb, Sémsicgnductos materials s1eh as gallium
ol B, Wi 519 gt S o g sun
crystallimetsitiodn, dmdysmcorecanimpmws silicon,capitdxialraditon silidos dioxide (“SiO."),

S|'I|écm é&gldg I?'@Vl oﬁlllcoﬂl %ﬁﬁ@@%ﬁ@({é ﬁ,o@lfbkm-mﬁdé @5inNYYsfidon

experi nen exa
caraomndedts'cur)n otggnoslmtejgle&ee‘sr(wsa")pmrgawtuordsdmierglasses

(EESE0) TOFRRNRS YoeBhCESES: b Anbl uPb Ay B d i
thetacfa Substfatesimayithehaorprisesa varietycofdayats ta which the film is applied
ARSI 8519 N NG BERENEh HhoteHfR b Boymor,
POrous organtwfarﬂoﬂerbgmma@ﬂals;ﬁnemie speir &s ¢appet and aluminum, and/or
aRO6H b3 e NGRS ot bl e REREN B S e
Tr(aﬂﬁim?ally\m strippihgt m%hm:as;rﬂa ?tﬁlmn?; armmseld?n meEE@fvmliconductor '
R B883 0 BAABRER 0 5 b mporoumacsiy oM
[0052] The process will be illustrated in more detail with reference to the following
Examples, but it should be understood that the method described herein is not deemed
to be limited thereto.
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10 1000 nm (1 micron). Table 1 a provides the
conposition of the process gas and the process
paraneters used for each exanple. [0054] The exanpl es
were processed using an Applied Materials P-5000 PECVD
reactor or process chanber having a renote plasma
source (an MKS Astron-Ex, available from MKS

I nstrunments of W/ m ngt onEXMAPLESt ached t hereto. The
process 15 chanber contained a base pedestal or bottom

ORGP  proo B ST pRARIBEIS b Bie

residags freme@yproeedsarhambenusingcomparpiiveproddssesvand theqirocdss

cgpEEiertf i BHERROMR PRl EhE ity %éﬁaa%en%‘?ﬁeﬁéﬁ’@&*@?"bef

wasesaatethwitl earbed-containing residessgenceated bp d8ositigtoemposite
orgfiRTsh e ingaf SHEGE e Bao BiAta dr BBkl o e pere-forming
prms%rhmmhae‘gﬂMa)laadmteﬁ% by wélbbtl sfatidstructure-idreimg pr?cursor
si du r e_exanpl es, usijng, an i tu
oS RaaRe ABEMSI e Lo 15 apaRE e RS S P VP e
chambbanDies filpy thitkoess ableadh filnt wasmEasdured and foring It@bfaﬁp@ﬁﬁmately
at es

10 D B rars” Tat 12 arpidesie Sonbodligtdine bifassidiand the

proaes8 patdmuteisnaed dorteaichiergngles shown In Table 1 a. The
top el ectrode was then powered by a 13.56 Mz RF

[0g8A)e IThemxamples Ware provessad gsing amApplied Matexals ReS0O0REGYD

red RO DGR snaeSnaries 1RAE bl sPaiS Ve Pt fameex
avaitebihieom MKS instriomentscof Wilmington, MAPSEched theretop Ths peocess
cninBR VA hiFe S et Bestil bEpGRRTHRL i 8 ol pbRdeUBihtted o
RF pawasf & gag thietifortheflovkof ?mnesrs@asesg_tar;d‘armmlehmaie wonrected to a
vech TRUEP, | I BAR 4 oS e R LR e ERR A 2
tempexaturmef FEC\dndthe chamberrintetniats stich ab ¢he suseeptoriwere maintained
at SR RTa R bR AE et B hamoB R RBn gl e biicon
waiartwasdemesed from thé PECMY mafrEmh r atadrﬂ'teecabl I Egﬂfgﬁgwt o fdbe carbon-
cor?:cgﬂirfg%ggﬁé Cep:r gstsm ﬁeldsotn \(/evlnt f} 6 kWof RF power. It

fods8) Bt S kpiifs st A 393 BaBlyAR it 8P 1l Ehamber was
stabliizedigtra charbargeedsuce ofet.mio 3.0 bar, dneipiohess gasrwasghtrodieed into

thei%% ep ﬁ%éaWﬁge% ibg:leg%g@beéns%ﬁ% Q@O%f‘;ﬂégerﬁ &ﬁ\taining gas to
fluorhlelnmtaxmng gag shyouindableotavethenipp slestrodawas tren nmembhy a

13 ?E?x/ﬂﬁzeﬁﬁﬁiowa{ E&ﬁ&é e‘?h Q)ce§se rﬁ‘iﬁ%ﬁff@ﬁtﬁg&%ﬂé@n‘g of 8L Blgh gas

e reac rough t vac
inlet canst vwlatiripioduets pntrpl ramn (BRd it reastivergasswdre trgmoved from the

onfSR N mEVREETERRS vl conducted using the Appl i ed
[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 source from MKS Corporation. After depositing a composite organosilicate fiim,
the silicon wafer was removed from the PECVD chamber and the chamber cleaned of
carbon-containing residues. This process was repeated. After evacuating the reactor, a
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25

10 that was retrofitted with an Astron-ex renote

pl asma source from MKS Corporation. A conposite
organosilicate filmwas deposited and then the silicon
waf er renoved fromthe PECVD chanber. After
evacuating the reactor, a process gas was introduced

bR eess dRaEsd € AT R X PRl kiR fters B, The chamber
pregsure is theh lsttawﬁteo ﬁnmﬂtﬁd‘lremdl’é/%mfr%dﬁg t@mw on Wstm l?é of Z{;‘ power. It
i.nten ul
Gbelifieeinatie s esda Aok doun oecre8 ol T oraRe oA, which
fidvo dowhstasm thrsughlzecanne oty metﬁihebé and ﬁieﬂ(thmudlethawtowerhead into

bechelbe %q‘%e\aﬁtew'gb%wsf@a ORISR B T Ghaipec siigaces.

'Dihéiﬁcﬂalﬂe bempbumstfbmﬁéheb;cmws@dnb@s @étgréél?ﬁid rb@cﬁtv@ sbeéué@ and
unds or t e

BB arereiovad BAm: (s Pedolet thioadTL DeaRewIrs RETL

I 20 d 3
BB SR Bl et g ShiE S e (Serheiaa A AGSY letSiog
axpariiventswasre CoRduttst lsig ﬂhl@mmliéd%férwsﬂﬂgﬁﬁtﬁﬁxﬁ PECWVISchamber

el TRt IR AaPn i taete lasie aauice fom Mpiaiforation. A

@hwsuabrgmsiwéaté filen ﬁQ@H&ﬁJ’sﬁé@ﬂnd theh lﬂﬁ@éihd‘oWWa?émﬁioved from the
é]ééﬂw%ret ken afte serlesgg roxunategpéF g
- Y chambge P&?V@ﬁuetmdbe FRACIOR T S¥As iptreguced into the
/&iroha&m rmscbte'@ta@ma g;’éh@raﬂé’ro mmaﬁggsﬁgg%ur? E]éh_ﬂ?erﬁ e@uiukéd and the
e v sua

rAataRauied B aumed an mah o o of EE polier 1 bsievecrBatiisne plasma
MAdd stctmmﬁ%ahaliéemle% 6f thi pravess Eag mn’?lmomu&mqmmgh the

| CTIV ar SSUur. enol e
<PEReEAT 0 e erarhen hsdonaerEode Wi fhon Bonpred bya, 386 MHz RF
pooee s%ureas Reactivefspedies fréinlthe &6tivRtedlcohbheaBfoly &hin sity

ne
Pl Tascs Yaihy B cPIRBSSHercarioelingrs ik oh e et WiSn

cbkupeuﬁdﬁo?fasd b’yemelr@@&toas bétweed tl@f@ctn/baspeéi@s kha cgtd%omézgntammg

%‘gé‘fél Fremowd 1 \?@S@%‘z‘g&h@gﬁﬁ%@%’”’“&%ﬁl 3.0 Ex. Ib

[(?6?58] 5fTh'é"f)§oce%s IEﬁamt‘)Jer \AA/'asochan%dl}br apprO)&mately0240-420 seconds after
each deposition using the various processing recipes and parameters provuded in Table
. Visual observations of the chamber and fixtures contained therein were taken after a
series (approximately 15-20) of deposition (1000 nm each) and clean cycles
(approx:mately 200-420 seconds each). The results of the visual observation are

prowded in Table Il and detailed results are discussed below.
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Ex. 2a 5g

'5J

NF3 02 Argon 3.0 to 2.0 No Yes 1750.0

6.0 Ex. 2b 5k, 51 NF3 02 Argon 4.0 2.0 No Yes 1750.0
Ex. 3a None NF3 02 Argon 2.0 to 1.5 to Yes Yes 750.0

to

2.0 Yes Yes 1250.0 5.0
Vi sual

Per f or manc
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residue Ex. 2b Clean Cean Cean No damage Ex. 3a
G ean Negligible brown Mninal spotty No damage

pi npoi nt resi due brown/yell ow residue on rimEx. 3b
Cl ean Clean Cean No danmage [0059] The exanpl e
chanber clean processes were nonitored by Fourier
transform 5 infrared spectroscopy (FTI R) at the punp

TablenthuBecipe PedarmanceoVisualibsenations antbiRe
EVE dl8hoberheadCleanst ocE€bamberdiValises
i dentji fy byproducts jof t@Gleathanbef

Qofriy: GNbt ElRAS! ONS, a1I“l@t GRafr m ne c
Em4sdi ons -neasurenents were made d

d%hﬁ?eﬁét QEED Phfick SXTNBEEIBA rEsidue S [Ntk cleBRsdimetar
i8d%n rbBidEs 2010hrddapind @ HoCd 'Saféetvﬁlﬁtldi’éw@n
hecb,%gerq 01 mgas [cell. The Pr OCRSSIdNAS sarrpl e

COMEPYNE: edt. VEIEW T NbFaééﬁ’ 't5r v!/d ; r Not Clean 'ﬂénﬁf&'ﬂé? RS affhage
EX'S RhQidery cOLTP Tr 55@8 r?vgb
urge 10 70

conse dllute
ron nts vvere extr fromthe punp

sl rr) s orv&?ﬁe%% ef f| ud
THIRG tcl d" me arcing;
3

==

CthIbe @ i nch stai nI
appr oxi mately 100C. ro '
a ven ilate
5 cel |

-17 FTIR cell beforq
The terrperc
goe%amage
PNt .

i %ﬂ damage

of the ga

i- lﬁnnl

. Nig Tin . 1RO

S Pt e oLde3 e ARG oo

(cm O“%éq% 'gﬁ g\%%g( R'gﬂ%\tl on (pprgr 'es'avL% 270 Hpmarks
100 Si F4 1000- 1(9&?“& BMcra 1245- 1290

COE2._.19290N 1(' 77;__ 777 Q/l

120
E’grglb Qeanl')5: onh 3iGleanny g0n Glﬂﬁn _990: 1')U Io e
ledo 5000 HF [Nagigibisdbrown 4 odMinimal spotty 1 JNodamage
20, p5, 50, 75, 100|Pinesint residusy 73orownyglOw [ 0061] The

QUD thanber was nonltared using a 1e§1dy8 08 rif g | nol e
Exs8bs Gi@ﬁrhnprtrnrrptpC|QQm/R\ The Jegear r es a No damage

mass filter and a closed ion source.

.
'%‘
=

[0059] The example chamber clean processes were monitored by Fourier transform
infrared spectroscopy (FTIR) at the pump exhaust and quadrupole mass spectrometry
(QMS) at the CVD chamber. This process analyses was used to identify byproducts of
the chamber clean, measure process emissions, and determine clean times.

[0060] Emissions measurements were made downstream of the process ‘pump by
exiractive FTIR spectroscopy (MKS Multigas, Model 2010) using a HgCdTe detector 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 effluents were extracted from thé
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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FAaiaN
N

10

16 -

20

A 40-mcron orifice provides high sensitivity for 1-10

torr sanpling. The QVS sanpled the CVD chanber using
flexible 34 inch stainless steel tubing, and was

| ocat ed about 24 inches fromthe process chanber. The
mass | ocations (me) were calibrated using N2 (14,

28, and 42 amu) -and NF3 (71 and 52.amu). No attenpt

R caihbieforebeing rajuraed tq & ventiateglsxtrayst. gilngriemparatufe and pressure

ofg?%%sgéﬁ%aé coﬁ{?@lle@\gf 156“@#(}"‘%@/@%5%%%%;?5 h&t}veﬁlﬂ rﬁéi%rted
cemramntrationsare 0@l’f§ﬁf§d§0n tempaatLIB.End pisspkre duriag thesaeasuEsMment.
A@@@rbhﬁcéaé‘ﬁ c‘ﬂ% Iﬂ%&e@ Mwmﬁéébhtlgg niy%fag@&@v@#‘?%s The

usi ng ar punp used
aﬂﬁéth&émelﬂmd tpaedsf@rmcmirattpo maaguran@ntwsum(r@zzwmﬂable Hi.
SiF4 (85 anmu), F2 (38 anmu), COF2 (66 anmu) CO2 (44

nmu), CF4. (69 anu) The 20 effluent results are shown

Teble HhiAnalytival methed r eﬁas_tggr_n_eﬂge bypr oduct
CenpayndogrAbscamee Regions (emd) HF)Refetance Conegrdration (pprhain).

[$EB0 o [\)] 10081044 10p o 1 v Eif1Hhnt Resul s for

R :II uent Sé';i’ow tor—each reci Og, qu, 33}%3[@@0“ .[S

t.ho . .anal for caoma aof t+hao
\ g CATTUAT TS A/ B "M B

CFs f erent] 124611208 Ex. # Ml a%,eraasssmmoeao Jin28itu In

20FY 2 Pc‘vﬁ%@ 198(19771W7(7ﬂ§ 3 ‘202 é\?g&*wo :%W 550,

l‘%ﬁgg) 1K25 ?bg%%gi 34‘0?;39 2”"P 1\"5”10‘1526%5 84927\?”!%0 250,
3 ﬁ—%@m—mﬁe——

No—Nomme— 90486

o1, Y950 SRRt e R bR gy s, °

smtrmmeteEiQMeS)Esr he QM3 feature®a R0 waw masdilier and 8 slosedicpssource.

AR niforstie Dip s pshisshitinilor 3oy Gifolht T s Gameted

the IH(D chambeauspgflexible) % duchestaiples®steiBuiing, abshwag laeated about 24
inEPEATRIR the p rg'gégs'%'hamptﬁwé: Jn@éé%céﬂoﬂ@'@m%& WQ{I%I })HISd using N,

process condi ti ons used to eval uate

(1ﬂ4 28, 1and Ramy asd Nmd71 and52 pawh eNe aemphwasmade to calibrate the
QMSrfbﬁql'iHrﬁ@htl’i/@ %\é&gﬁt%ni%% athel 5 AVt waY &ﬁéﬂeﬁfzﬁl@?ﬁ.‘mﬁ\p@fﬂ for fast

tandard cubic centineters per mnute

samg'aa, ifa. g RbScresponsa dimeypeshbeshartenshar shanges imierags
cofrﬁﬁbat%nOShﬁ\p% Faslig %f(tfad;%djﬁém R Eﬁ@rﬁ' Omﬁ?eans an using a

conditions are provi a

turhomolecular RYRR. sTagrf@sn\entselsed&rtth@na@emesm monitoring are: NF;
(52 amu), SiF, (85 amu), F, (38 amu), COF; (66 amu) CO, (44 amu), CF, (69 amu). The

effluent results are shown in Table [V. This table quantifies the byproduct (SiFs, CO,
COF,, 5F4, and HF) volume present in the effluent stream for each recipe and the results
of the analysis for some of the examples Is provided in Table IV.
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10 wi thout any plasma mai ntai ned i nside the CVD
chanber (i.e., no.applied RF power or no in situ
source). After introducing argon and stabilizing the
chanber pressure, a renote plasma is initiated by
appl yi ng power to the Astron plasnma source. Once the
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abilized, Nite vaE f”t@ﬂld@%b‘f’@et fBa*ﬂWé‘"l‘gaH'ﬁFf@a RPYEp 'ng@amber

Was dléﬁ%ﬁ%ﬁzso%ecéf%s[@éﬂ%e Rerh6le Ny AriplashpP! € 1V, total

hydr ocar bon resi due renoval as neasured by the volune
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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 (Fy) is generated through the recombination of F atoms produced by the remote
NF3 plasma.
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[ 0066] Conparative exanple 1 denonstrates that renote
NF3/ Ar plasnmas are ineffective at cleaning CVD
chanbers of polyneric residues containing carbon,
silicon, 20 fluorine, and hydrogen. Conparative EX.
2: NF3/ 2/ Ar Renote Plasma Clean [0067] The process
conditions used to evaluate renote NF3/ Q2/ Ar asmas
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rexidbles. The AR eonqentratmaﬁmgadlegme@melx stepdy valuegf appsoximately
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apprgaimaiéin 208 secarids land amheaemo@wstg theatemate Nirs plasma is ineffective.
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[0aG5ht Zeferring tol Eabiml Vb totalhydrbicarbon sesidie ramovaliesimeassizebbly the

vélﬁﬁwe]o% QTO? %\d_sll*ﬁf) fﬁr\ﬂ%eﬁlgaht%eéag% E@Fgﬁlﬁ\awfé%rﬁr 25%, respectively,

I OCeSssS
omamncamt temavedusing the preeesst gasNeGip@and\paremetara pf Examaple 3b.

S@?éﬁ Fes%ii% rgn%?ﬁl e rﬁ\éa Ssﬁfeg ﬂ}ﬁl?ie n?l ﬁ%/ owrggF Egm@séff' tgream is
amrablmately 22‘(/os;f thie ameynt xemwdoxsmgohe pECesHIES @2@9 and pagameters
o BREnER o0 T rebin) sl ooty 9 e g amBtFas OF.
CoFa tgnd CQb i9 pproxigatelp4% ot amaund perpovedusiagbe orpcess gas and

PRt e RERE B0 o o ean Mo None On Mo O ean
1203” C@T\%Fhﬁ% %i‘&h\ﬁe @I%ngn%ﬁfé‘tes ?ha? %?n&e 5@%/@ gﬁsﬁ% dPe

ingtiective aacl@almaq @V@ncfalm%of @lmlccegwsz@aa@m garbon, silicon,
ﬂgogp,g gn&h}ca, e On Stable 10 250.0 500 2.5 0.0 1200.0
None Stable 11 0.0 500 2.5 300.0 1200.0 4.0
None 01 Faul t 12 130.0 1400 3.0 700.0 0.0 0.0 None On
St abl e :

Comparative Ex. 2: NFs/Ox/Ar Remote Plasma Clean

[0067] The process conditions used to evaluate remote NF3/O,/Ar plasmas for cleaning'
CVD chambers of carbon containing residues are summarized in Table V. Telj
depositfons and thirteen clean sequences were completed. The range of process
parameters used was as follows: NF; flow rate (0 to 300 sccm), O2:NF; ratio (0.0 to 4.0),
pressure (2.5 to 3.0 torr).. 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)

as sugmarized in Table I. 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, a process gas mixture containing NFs; and O, was introduced

while maintaining plasma power. The chamber was then cleaned for 130-250 seconds
using the remote NFa/O2/Ar plasma.
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[0068] The QWS and FTIR profiles during an exenpl ary
~chanber clean process (Run #5) are shown in Figures
2a and 2b, respectively. Byproducts of the chanber
clean are SiF4, 02, COF2, F2, and HF. These
measur ement s suggest that the silicon con&onent of .
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t,.St 1S r gximat e 13%.and, 30% 10
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clean is complete and further éxposure to the NF3/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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3b. Carbon renoval as neasured by the noles of carbon
renmoved as CF4i COF2 and CO2 is approximately 17% of
t he anount renoved using the processing paraneters of
15 Exanpl e 3b. [0072] Conparative Exanple 2
denonstrates that renote NF3/ Q2/ Ar pl asrras are
ineffective at cleaning CVD chanbers of neric

[0PEQ} ofvitar complating |ﬂﬁﬁngﬂ?ﬁB'6ﬂ/C'e§n PV@%PFOV'#P@M ahle Vaihg interior of
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resnegtmﬁéy tomhe@mpum serpeved(using, the mom@samgawam@tﬁrw Example 3b.

SilReHs n%élduﬁe?ﬁd’val & r"n@&’éiﬁé&’ﬂy tr%r\/éﬁfﬁi’ea&%lﬂ lﬁlﬂ‘\é éfﬂbﬂﬂ stB&mis

ressure, enote
apa@mrsatﬁlg 280 ofdhe amount rmeosed Heing meem@essiog peEamatpS©f Example

ap! *@r@ér@r‘éﬁ*no%?a%‘iﬂeééuﬁ@d by fh%%mé{ Sort t‘é%vedi a& b%?t@@ﬁa and

le maintalnin renote asnm power.
CQ:dsraprroKimitaly 1 Woagﬁw aouniremovad Ysirg the @fsmge)mg perameters of

ExBepRyapvas applied to the showerhead el ectrode,
Initiating a -22 plasnma inside the CVvD chanber (i.e.,

[odﬂés'ddm&%ﬁ%@xamm 6&%8@&? r%ﬂ ﬁ\Bt&NPﬁ@Qﬂr plﬁé}has are

360 seconds usin he co r enpt In sit
ineffeativarat ﬁ'eégﬁ‘ﬂ CVIQIE'P%“QRTS OﬁPQJﬁ’B%@ r@é'ﬁdﬁ*& ?Qﬂ’ﬁ%‘mﬂ@ ﬁaﬂ?@ﬁvﬂkcon

fludnePand’hpdrBgen W th I'n situ RF Assist  Run Cean Ar
Fl ow Pressure NF3 Astron Plasma RF Power Tinme (sccn

(torr) Flow Power Stability (W (seconds) (sccm 1 _
250.0 1400 2.5 700.0 On Stable No RF 2 250.0 1400 2.5

CorfipardliveExS8:aNk PArIRERGE PlakniPOlegn WA th StPRF Q@sn@t O”
Stabl e 1000.0 4 210.0 1400 2.5. 700.0 On Stab

[00¥8D0TRe plocad&decéhdkibng u8ec5to7é%hﬁteche Sbﬁhbln@d l@rﬂ@te%ndfin situ
700 \9 St abl 1000. 0 300. 1400

NFyRBbiRefas lassleanigic Q) ggmiers 0 S LA s
surfimafitetbiherabROA. Tren depositions and twelve clean sequences were completed
(Tablé Vi). The range of process parameters for each run was as follows: NF; flow rate
(700 scbm), O:NF; ratio (0.0), pressure (2.5 torr), RF power (1000 W). No oxygen (O,)
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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1000.0 5 [0074] The QvB and FTIR profiles during an
exenpl ary chanber cl ean proceSs are shown in Flgures
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the SiF4, CF4, and HF concentrations (Figures 3a and
3b). The concentrations of the HF and SIF4 byproducts
[00743 k Tthe IMS rand (FTIR prdfitisaluying @n sreropldsy achlambeasieamproseskare

ol 54 VMG, Rk OS5 BB POMEL O

CF4, 23, aodHEedbrse meaate“empptscsdrggestmmummoompnem of the CVD

res@%ur n&ﬂ ase F’Fl ne ﬁ@caﬂ{ﬂq ITEO él I'%Hﬁ'ﬁaﬁg}'?lﬁﬂzed as

CFi.ndhe aarbgn femdueealsmcmnses counsigidrable hadrcgermamntemeand thls reacts
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- ang UﬁpISﬂﬂw @OFeand@@@@m alao aleps@ed (Eigurerdy Eveh thotgh mhé)'z is
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e over
bypreduct.a Presumablyghis @xmmnﬂeacts wﬂaahescarbomrpmmnt afethEﬁVD

resfi‘!ue[a%mé fluFffrf ‘é pflésrﬁ% tto It@e b{)ﬁ gﬁ& b‘?‘:{Fa Mo?ﬁ%b%ch Fois

i due Teno
genan@f‘eéﬂmrbuwnmeyecmm Qiﬁmtms pmdabgd i95the memoﬂeeNF3 plasma.

USRI 4 Ry gy
thus imluaa(an@ that o&rbsh isiprimariiheendved e |QF4 :and eatas@e; or COF; because
onlBRAR%Y MRichy of SR is PPEs RIS cl&RRY §55 mixture.

[0075] After introducing NF,, there was a sharp increase in the SiF,, CF4, and HF
concentrations (Figures 3a and 3b). The concentrations of the HF and SiF, byproducts
peaked after approximately 30 seconds whereas the peak in the CF, concentration
occurred after approximately 120 seconds. After running the clean for approximately

-23-




10

16

20

25

30

usi ng the processing paraneters of Exanple 3b. Carbon

renmoval as neasured by the noles of carbon renoved as

CF4, COF2 and CO2 is approximtely 77% of the anount

removed using the processing paraneters of Exanple 3b.

[0077] After conpleting the deposition and cl ean

cycles of Table VI, the interior of the 15 CVD
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['uent stream

‘ cha(nmrioretmesaaagtngiremcm.onaaﬁo)se«maaed when d| ssoci at ed
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residye. t he chanber. Table VII. Process. Conditions for In
situ NF Oe Plasma C eans with 02/ NF Ratio =3

R

Comparative Ex. 4: NF3/O,/He In situ Plasma with O./NF; Ratio = 3.0

[0079] The pkocess conditions used to evaluate in situ NF3/Oz/He plasmas with an
O2/NF; ratio equal to 3.0 for cleaning CVD chambers of carbon containing residues are
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Run Cean Time Pressure NF3 Fl ow 02 Fl ow He Fl ow RF

Power Plasma Stability (seconds) (torr) (sccn) (scan)
(sccm (W 1 240.0 2.0 300.0 900.0 2000.0 1750

Unstable 2 240.0 2.0 300.0 900.0. 2000.0 1750

Unstable 3 240.0 2.0 300.0 900.0 2000.0 1750 Unstable

4 260.0 2.0 300.0 900.0 2000.0 1750 Unstable 5 260.0
spmnagized in akje b Sixtrenaleppsition ard cleansseqsences were completed and

{08 BriEdgs oy o iup S rOVBR R Tehiely Sigel) igifedtor #15 are

showo inFigues 45t arnsl 4b argd cleaning wsoltssare discosrpdan Table lp The effluent
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flaed®: SomssOnbirebith hydiocidorebased depasitibraeside, vd@le HF is formed
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unreactactfiuatine atom{sHiegombise 4afoamdiudtine. gahwhich icliberated fromsthe

cfamb el e S Rl Mg o RARTE Bl Pl e sigop pesaue

thchhamheentratl on occurPed after approximtely 90 to -
120 seconds. Peak SiF4, 002 and HF concentrations 20

were 200 parts per mllion (ppm, 1000 ppm and 4700
U las F, Ratio =3

u NFyaH
Okowe i iriew lay'heow s Plaeraa Stakility
) Ftseen) Fisgemle| 4)Wir ef urned to

and E _bvpt oduct 285

[ 12 péiﬂﬁaugﬁbﬁJSPﬁonqﬁoﬂp 200010 ho 1750, 0] - Unstable
i by

3009 1 0.0 T 2Q00.04p c 47500 | + hEinsighia,

14

Buhr #4081 5| @ 4 198010 i\, 20000n b r 3780nc | o aWastable 1 h

£o| n 2P0, | B8 <d1800.00b900.84 2RP0ONE 150yl e Wnstablerhe

£2| pe8ROappeaA@d |aBO%9 ok §00.Axit £000.015017589 180 Yestahinls

Bfk e226Be $t &9 df 300@ 190@0 | #000.0i k s 120pehr anYeblevas

Tyipi 200y & fDd |eRfED.0 5 900.0it] 14900t or 17801 ubr i N¥able ons

| 8ener2d0.ed | n 2Zthe |NBI.©2 P06 Nai10060e| cHTEOUNEd LStable
2tichi28e0dul i r&p t He3e0@anib800.¢ | |et000.00nC &750he| et c3table

10rjoc28.0wap @hplies8®.0 hoaexer|, 1000Joufor 1760 af onsStable

1daviai 2abbe | 0 2.eCcdnBOOE [a900:0.| 1000.03 F4750000, FHitabl@nd

1B peed.ol ep a&d | 300.0 | 900.0 | 1000.0 | 1750 Stable
13| 220.0 2.0 300.0 | 900.0 | 1000.0 | 1750 Stable
14 | 2200 2.0 300.0 | 900.0 | 1000.0 | 1750 Stable
15| 220.0 2.0 300.0 | 900.0 | 1000.0 | 1750 Stable
16 | _220.0 2.0 300.0 | 900.0 | 1000.0 | 1750 | . Stable

[0080] After introducing NF3, there was a sharp increase in the SiF,, CO,, and HF
concentrations (Figures 4a and 4b). The concentrations of the SiF4 and CO; byproducts
peaked after approximately 30 to 45 seconds whereas the peak in the HF concentration
occurred after approximately 90 to 120 seconds. Peak SiF,4, CO, and HF concentrations
were 200 parts per million (ppm), 1000 ppm and 4700 ppm, respectively. After running
the clean for 210-260 seconds the SiF, concentrations, as measured by QMS (Figure
4a) or FTIR (Figure 4), returned to baseline levels. The CO, and HF byproduct
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i ndi cated that exposure to the NF3/02/He plasma beyond
240 seconds is ineffective in renoving any residue
remai ni ng on the chanber walls. 10 [0081] Referring to
Table I'V, total hydrocarbon residue renobval as
nmeasured by the volune of CO2 and HF in the effl uent

streamis approximately 48% and 76 respectiv
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amount of SiF4 in the effluent stream al so increases,
but only by a sndll anmount, when the 02/NF3'ratio is
increased from2.0 to 4.0 and when pressure is reduced
from3.0 torr to 2.0 torr. The volune of SIF4 in the
ef fl uent stream does not change when heliumflow rate

' d t h |
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300.0 900 2.5 200.0 1750 Stable 7 500 2 300.0

stream ingtpages when thesP«ANFeratig isipergasedfirap@. Q)tonQ)(W@nG)ressure IS
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from %RQS@QOQO 8co8h oT'af: qmr:plqss imyvmmfmess?%n@d m"cmthat the
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00..0 1750 Stable
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ingg&nge,glqgaadﬁvg Qe flovk 76, Stable 20 1000 2.0 300.0 600
"0 200.0 1750 Stable 21 750 3.0 300.0 900 2.5 200.0
1750 Stable 22 750 4.0 300.0 1200 2.0 200.0 1750

Tablealil.eTest SanditRRSfol NRPD.A1d Ini2Bu Pigsni@blesn Désign\df Exidriment Studies

ROM fidg’ Mo | BOINF; INF, Flo® OZ‘HWD resaivrg| [ IDRaf NQREIPORE Plasma
cofpchecrhedRatic pisctrh) $ (ssem) et . | eXljee | ren() | ndi c Stabitity
that thel shower head vvas cll ean (sec)

1 1000 4.0 300.0 1200 2.0 200.0 1750 Stable
2 1000 4.0 300.0 1200 2.0 200.0 . 1750 Stable
3 1000 4.0 300.0 1200 2.0 200.0 1750 Stable
4 750 3.0 300.0 9800 2.0 200.0 1750 Stable
5 500 2.0 300.0 600 2.0 200.0 1750 Stable
6 500 3.0 300.0 900 2.5 200.0 1750 Stable
1 7 500 2.0 300.0 600 3.0 200.0 1750 Unstable
8 1000 4.0 300.0 1200 2.0 200.0 1750 Stable
9 1000 3.0 300.0 900 2.5 200.0 1750 Stable

10 500 4.0 300.0 1200 2.0 200.0 1750 Stable
11 H1000 4.0 300.0 1200 3.0 200.0 1750 Stable
12 750 2.0 300.0 600 2.5 200.0 1750 Stable
13 750 3.0 300.0 800 2.5 200.0 1750 Stable
14 750 4.0 300.0 1200 2.5 200.0 1750 Stable
15 500 4.0 300.0 1200 3.0 200.0 1750 Stable
168 750 { 3.0 300.0 900 3.0 200.0 1750 Stable
17 1000 2.0 300.0 | 600 2.0 200.0 1750 Stable
18 |, 750 3.0 300.0 900 2.5 200.0 1750 Stable
19 750 3.0 300.0 900 2.5 200.0 1750 Stable
20 1000 2.0 300.0 600 3.0 200.0 1750 Stable
_21 750 | 8.0 300.0 900 2.5 200.0 1750 Stable
22 750 4.0 300.0 | 1200 2.0 200.0 1750 Stable
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except for the presence of mninmal residue outside the
outer lip of the showerhead ceramc ring. There was
no shower head danage. Brown spotty residue, sone of it
5 crusted, was present on the chanmber walls. A brown,
crusted resi due was al so present around the throttle
val ve port. nple 1 b: NF3/02/He In situ Pl asma
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11 1000 4.0 2.0 300.0 1200.0 Stable 1750 200.0 12
1000 4.0 2.0 300.0 1200.0 Stable 1750 200.0 13 1000
4.0 2.0 300.0 1200.0 Stable 1750 200.0 14 1000 4.0
2.0 300.0 1200.0 Stable 1750 200.0 15 1000 4.0 2.0
300.0 1200.0 Stable 1750 200.0 16 1000 4.0 2;0 300.0
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byproducts was a sharp increase in the F, partial pressure measured by QMS (Figure
5e). The F; peak appeared at approximately 150 to 180 seconds after the start of the
clean, and its appearance was typically a good end-point monitor. Fluorine atoms
generated in the NF3/O, plasma were consumed by etching during the chamber clean.
Once the etch process was complete, however, fluorine atoms are available to
recomblne as F,. The SiF,, CO,, HF, and F; profiles all indicated that exposure to the
NFy/O./He plasma beyond 240 seconds is ineffective in removing hydrocarbon residue
remaining on the chamber walls.

) 120 chadfde ed t1750etlch 180.0
process was conpl ete,
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3b. Carbon renoval as neasured by the noles of carbon
renmoved as CF4, COF2 and Q02 is approximtely 46% of
t he amount renoved using the processing paraneters of
Exanpl e 3b. [0089] Referring to Table II, visual
observations of the chanber and the showerhead 10
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i ncreased CO2 renoval marginally. The contour plots
shown in Figures 5i and 5] indicate that the anount
of SIF4 in the effluent streamincreased by
Exainple 2anF£OyAl brsituFasmeeGleahe 02/ NF3 rati o was
increased from3.0 to 5.0, but did not change when
[09tk sTheprogass ¢anditionsifor aseries of nups using NEs/©:MA i situiasraas are

s a0l Wbt st 8 ent R ol 3R S5t
The arshent rolwmpakef CQi indhg effuent sieaam@s(a funetion(af praspure, NF; flow
rate’arid'd/NEQRItb i€ ¥ndwh in iGRELEG'ENd 5h. Cleaning performance results are
summarized in Table {l. The contour plots shown in Figures 5g and 5h indicate that the
amount of CO; in the effluent stream increased when the Oo/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) flow rate from 1000 sccm to
500 sccm increased CO, removal marginally. The contour plots shown in Figures 5i and
5j indicate that the amount of SiF, in the effluent stream increased by approximately 15%
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conditions for this exanple are shown in Table Xl
bel ow. _
[0092] Referring to Table Il, visual observations of the chamber and the showerhead

conducted after this series of expeﬁments 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
plasmaf at low pressures. There was a streaky liquid-ljke brown residue present on the
chamber walls and a thin brown residue was present around the _rim of the throttle valve
port. The residue resulted from the wide range of process conditions used in this study;
i.e. some'of the test conditions were not as proficient in cleaning residues as that in
Example 3b. '

1750

2

Example 2b: NF3/O4/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 O2/NF; ratio = 4.0) are shown in Figures 5k
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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 20 | 400.0 | 1600.0 | 4.0 | Stable 1750.0
16 | 420.0 500 20 | 4000 | 1600.0 | 4.0 | Stable 1750.0
17 | 420.0 500 20 | 400.0 | 1600.0 | 4.0 | Stable 1750.0
18 | 420.0 500 20 | 400.0 | 1600.0 | 4.0 | Stable 1750.0
19 | %20.0 500 20 | 400.0 | 1600.0 | 4.0 | Stable 1750.0
20 | 420.0 500 20 | 400.0 | 1600.0 | 4.0 | Stable |  1750.0

[0094] After introducing NFs, there was a sharp increase in the SiFy, CO,, and HF
concentrations (Figures 5k and 51). The SiF4 concentration peaked at approximately 400
ppm, approximately 80 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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Example 3a. NF/O./Ar Remote Plasma Clean with In situ RF Assist: DOE Study

[0099] The process conditions used to evaluate the combined remote and in situ
NFy/O./Ar plasmas for cleaning CVD chambers of ..carbon containing residues are
summarized in Table Xil. A total of forty-nine deposition and fifty-two clean sequences
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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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582 2} 55600 22)004 ddy po3280ng 05 | Stable
530 sﬂﬁﬁ A 05040750 20 anD G,QQ 5ho4d 30012807 [ @n | Stable
5250 369 ot 2600 1430000 419 o |5 1809 15040 o F . On Stable

- Stable 42 360 500 2.5 200 800 4.0 1750 01 St abl e 43
ExamBle 30 NaRy Al ReriS8 g asma  GaR wih JZSB26F 4588 °55 500
105687 368 oS elons ySen i sshobla @ B S She s
N?O?ggb?gmai&;tgﬁgsﬂﬂﬁggsi it fgﬂ?eésxgﬁmovmbham@rs@i cStbmlmI e
COMBOsRE S 8 85 "lons T B s 24Pl soi QehF B0 5 40 Aroon
flev fatd EBD04cOm L Predsie =S.0ltdre Astrdh pBiveras Of;-RPpasver MA250 W. The

ot o o Lo gor

sentientés (EIEBIeZI 1®OAI46léaﬂ:60ﬁlizéd @ rérdbt plxsndi sduires (83 A3B0N power on)

005 On 2%0 h 0 a ok Q gz%nggg gw(g? Eﬁﬁﬁ%@e&iﬁsiﬁ:@fﬁfb ghe%ber (i.e.,

A1M@pﬁﬁcﬁaﬁmo@ee)an with In situ RF Assist [0100] The
process conditions used to denonstrate the efficacy of

[Otlﬂie] r Amernete HagiiSwae inkiated aftamindrodiscing argosi(500 Rem) esidsstabilizing

o S el 4P G 5P BARPR 1 98K BB g Orce

the argdrcplasrha bas-stabilizedANTFe (400 svam) and Oz (810 sccmrare then
inflbdF 30 Whiiz pfittalniiy'the 1568 BieMiTHover. BncdTheTBHRte RFy/O-/Ar
plasma has stabilized (15 seconds), RF power is then applied to the showerhead
electrode, initiating a plasma inside the CVD chamber (i.e., in situ plasma). The |
chamber is then cleaned for 360 seconds using the combined remote and in situ
NF4/O,/Ar plasma. No over-etch clean was used following the deposition and preferred
chamber clean recipe.
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preferred enbodi nent was eval uated by conpl eting
twenty (20) deposition/clean sequences (Table 11).
Al cleans utilized a renpote plasma source (i.e
Astron power on) 10 conbined with an in situ plasma
source that is maintained inside the CVD chanber

i.e., 1250 Wa plied RF power) 010 A renote
Tebioadi G e Biager e wifn w5 ASBL: mon. ¢ 205
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17500 380.0 40600 . 400. ] | ¢ 12580.240.08 5(00Stable
1892103800 O $eNQ) 4.0 3 Q| 5@n 21 (Stable
1914n -QR\n5Q‘ an _4hn 142 ~ OR Stable
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oA 0360000V 0660 2} U3, 0687 4000792 208 Stable
400.0 I600.0 4.0 I250.0 On table 7 300.0 500 2.0

400.0 1600.0 4.0 1250.0 On Stable 8 300.0 500 2.0

" [0102). @MS@nd FTIR pProfiles @ufingan Skerhplary chaBber Sle&id) progess (Run #20)

erd B hE &Yt G nd B3 oBHprifuct GG cnafodfech il Sy OF.

HF4CQR, d4reéC0p ThddeTaadsuteni@nisSsuggest thattha 4llican 6@0pchedt of the

VR eblug 36 by A< SR Yoo rodi g S ich iy

volatiedrs1G08) .COR, and 269 . TheTrarSumtsisidue aso30mplised corsiderable

hyﬁggggcﬁ%:agdjhig re}'i;ge& \gnrg&e §P%é§° gbRertOHR. Rt 6¢ He 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 NF3 and O,, there was a sharp increase in all. byproduct

. concentrations: SiF4, CF4, 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 approxima’tely 45 to 60 seconds
after igniting the in situ plasma. The profiles reach their steady state values
approximately 240 to 300 seconds after igniting the in situ plasma thus indicating that
etching was complete and that chamber walls were clear of CVD residues. The SiF,,
CF,, CO,, COF; and HF profiles all indicated that the clean was essentially complete
after 240 seconds and further exposure to the combined NFs/O/Ar plasma was
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15

17 360.0 500 2.0 400.0 1600.0 4.0 1250.0 On Stable 18
360.0 500 2.0 400.0 1600.0 4.0 1250.0 On Stable 19
360.0 500 2.0 400.0 1600.0 4.0 1250.0 On Stable 20
360.0 500 2.0 400.0 1600.0 4.0 1250.0 On Stable 21
'360.0 500 2.0 400.0 1600.0 4.0 1250.0 On Stable 22 3

00.0 500 2.0 400. 600 1250, t abl 0
UNORELSEAN - Flmiq!@dpP&iné%faeli?rq"ﬁ@etawem%ﬁéﬁ ﬁﬂé{“ B Lhamber
cl@dn@@ﬁERéﬁ’nB% (Run #20) 5 are shown in Figures 6a. and

6b. Byproducts of the chanber clean were SiF4, CF4,

[0@] Fi!ﬁerrﬁ@f@Ta@lBQ’I §it&% - colpRsiifg RRAGaposiBItI8ars Umthe interior of

_ he si'licon conponent of D resi due
the BN, RBmbe" ek yisuaBRGRRGIech Hisspll B@ﬁvasmym@mf dengsitions and

PWEMlggzhbhﬁbal VSRt thé%ﬁaées@zhe @%%haﬁhbér \FE@ pristice. CRidon

residue al so conprised considerabl e %g{] content

shawarheadschaader s@lisviand thraliervalys Ippﬂé!vqr%c eqgef any CVD
reYBs. ﬁfaertb %ssdo' ddlé‘é?ﬁh é&nﬁ?@to%é‘%ﬁéﬂ%ddoan‘al didlasiiad were stable.

nost of rocar bon resj due was converted. t

“Tresp abservafions mrmmw pith iag tofal AROHPTER] rwﬁrroeaim" @Hcgs'"con
| reéuéﬁéféﬂ'\d@H 'a@ﬁ‘négsul‘_édadyqﬁé volBR®f €€, K ahél SlFﬁfﬁWiefbeFéht stream.

After introduci ng NE3 and F f he
Rqﬂggmg tcg'ﬁ@tpl@ IY rf@rhoRdemome s meg%ptggyjme moles 0 carbon removed as

FG0 h Was nadilize @b thdEtnbitddTémotngnd i slthipishRsrecipe.
c CS@EEG%FKEThg CF4 ggprgduct i5 concentratlonpggaked P

[Oﬁﬂﬂr @ﬁaﬁﬁ:\@é%&rﬂoﬁﬁ&fé&ﬁaﬁé&nﬁnéﬂ raﬁiote"@nd h%:to NFD,/Ar plasmas’
ot her rod uct (Q)Z Si F4, an zaérg
W% ﬁﬁ@ﬁbfﬁat P'@ﬁ%'f‘% mbmﬂy ra%dlf%% cptalning, FRrbon,

.smeéﬁ Qruohﬂé”afnkjﬂﬂdiobsnl n si t u plasma. The profiles reach

hei r steady State values approxinmately 240 to 300
seconds after igniting the in situ plasma thus
indicating that etching was conplete and that chanber
wal | s were clear of CVD residues. The SiF4, 20 CF4,
C02, COF2 and HF profiles all indicated that the clean
was. essentially conplete after 240 seconds and
further exposure to the conbi ned NF3/02/ Ar plasma was
-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, chanmber walls, and throttle val ve port
were conpletely clear of any CVD residue. There was
no plasma danage to the showerhead and all plasmas
wer® stable. These observations were consistent with
the total anmount of hydrocarbon and silicon residue
renoved as neasured by the volune of CO2, HF and Si F4
in the effluent stream
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10 Referring to Table 1V, carbon renoved as neasured
by the noles of carbon renoved as CF4, COF2 and C02
was nmaxi m zed by the conbined renote and in situ

pl asma reci pe. [0105] Exanple 3b denonstrated that
conbined renote and in situ NFa/ 02/ Ar plasmas were
effective at cleaning CVD chanbers of polyneric

resi dues contai ni ng car b&HAIMS| i con, fl uori ne and
hydrogen. 15 -38 CLAIMS 1. A process for nDV|

15| A Rf%‘if?sﬁﬁ‘éf remPKBe SlieRn @nclﬁafeor?—e@?tan@gff?%mea E%S‘a?
POpbiBR oPh s@rf§d<‘zr dfaCRibStratd, the Brdcesd Bonsidhiig BF: 0CeSS

consi st ng f: pr ovi di ng a process gas conp risin

n
oxpgEdingoR rp&cesa ops (FOMPAEING A @alseraﬁeurcsp? |fls'ﬁ'él'i'? gogﬁe and
optl?ﬁg gﬁdnvfddﬂ% 948 YiRldin HéemHE} l%’ilo bRbxygeRto OB Eohtained within

i ne contai ned W th the process gas ranges from
the grangss gas wngpe fiemamboye? FQ/%thh@ the process gas using

at J&dsingane p?d’b%§§4§3§9§|ﬁ at IEQsthn@VérQR%)f KAFdd tdSrovide reactive
speci es; 9and Fcont atti ng the surface ot the substrate
spemeshandqe reactive species to volatilize and renove

| thOBuid &%@lesﬁ%t\ﬁtmw edcOve @b&lésrte Wolafilze and
sur? g wherein the ditive 8as is selected from

mm\ﬁethe miliconkand %bomponta'ﬁwgrwsa e Eamthp.surtace. wherepdhe
@H@iﬁ\?esgaé’lg seledle@bnY\RE H, Neakr h@ant, shdRfikiurédnthédeot. he
activaling step occurs in I'ocati on outside of where
the contacting step is conduct ed. 3. The process of
claim1l wherein the activating step and contacting

ZSt %Re B s bfblalH‘ﬁwﬁ&@Fh at@eaat h PBrtioft of tHesadva&MgSIePbecurs in

claiml erein the oxygen source conprises at | east
ona locgéipr putsigerafl wﬁﬁ&@géﬁnta@wﬁéep igicoPdcteski de,

ni trous oxide, nitrogen dioxide, carbon nonoxide,
carbon di oxide, water, and m xtures thereof. 5. The

$r be process ef claim 1 wagreindhe activating step 20d sgntaciing tlergegyr in
r et & B n. €nergy source. 6. The process of claim
5 erein the activating step uses in situ plasma. 7.
The process of claim1 wherein the fluorine source

Zﬂé Bﬁ%sé‘k&ﬁﬁﬁ H%ln hE b‘i@ze%dsoﬁfdérﬁoﬁ%nséf at IBstone

| uorocarbon; a
hy gelocted ooceKyBem:0zZane.dWijie p&ému@w*dean'tresyfgemd%

hydg F}h URInB%ide b&p’?orﬁdlo{]é(éi Neftdighe ﬁﬁ)&@r%s tifereof.

hypotl uorite; uor oper'oxi de; a fluorotrioxide; a
fluoroamne; a fluoronitrile; and m xtures thereof.

5.39he process of claim 1 wherein the activating step uses a remote plasma
energy source.

6. The process of claim 5 wherein the activating step uses in situ plasma.

7. The process of claim 1 wherein the fluorine source comprises at least one
selected from F,; HF, NF3; SFe; COF,; NOF; C3F3Ns; C;F,0,; a perfluorocarbon;
a hydrofluorocarbon; an oxyfluorocarbon; an oxygenated hydrofiuorocarbon; a
hydrofluoroether; a hypofluorite; a fluoroperoxide; a fluorotrioxide; a
fluoroamine; a fluoronitrile; and mixtures thereof.
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8. The process of claim1 wherein at |east one of the
oxygen source and the fluorine source are the sane
compound. 9. The process of claim8 wherein the sane
conmpound is at |east one selected froma

hypofl uorite, a fluoroperoxide, a fluorotrioxide, and
m xtures thereof. 10._Th? rocess of claim1l wherein
& nEhe PIGRSSOL SR donTela cl leaht ol g g8 sourpe ang the
Pr §sime sblrce 2REME! sagheSddmpeiRidand car bon- cont ai ni ng
residues froma surface of a process chanber wherein
the process chanber is used to deposit a conposite

Qr W@@@cégscat&alm Whdrain thé 56me cempeEndis QSIeéétl cﬁ@ sfected
provi ding t process chanber wherein th

coliPp §°ﬁuor§mf3&9é°p§f°>1'®a§tf ugratriqxide, §n<§ 6%&@&8?&%01‘
silicon and carbon-containing residues; providing a
process gas conprising, an oxygen source, a flagtine
Qo'ﬁ'ﬂ%Er°°ﬁ$m°fd¥ﬁ'mdn‘ﬁ'ﬂqf9mé'ﬂe BIPEPSS 9RS PAYPrRRS AR ARdItIYR.JS.
nolar ratio of oxygen to fluorine contained within

t he process gas rag%es from about 3 to about 6;

Bb A RIacessJor leaqying slisen gad cerbPRgonipinngHesidueRram e gy

S O8lirfeRe 0P a lpPEdBsE BRETHbArSvhePdIR MeSSrocdsathafbenNd UsBE to deposit a
residues with the reactive species to form at | east

on€orRAsie organopificaie materiah dne RIOESSSRPNERENGET | east one

vol ati| epr@\ﬁ@ﬁg'%efﬁ@&ééshghﬂﬁﬂ&eﬁﬁe@hﬂﬂﬁ@rcha%ﬁ Q;bf'h iB&s a
additive tﬂas I's selected from N2,

He, Ne,
anduffpse atrleast partiafiegated with w@rmr&%%o'bﬁorw'aﬁnanrﬁdues

wher ei n p%wdhﬁé‘sé FrofRE ! §40 cBanFlé]ﬁcT; o 'o\@éérﬂ%oﬁﬁcép a $uorine
conducted in | ocation outsid process

ch&euie, ang. omrﬁ@allpsrasb addjtiver gas mhmemz ﬂwq moarrraw &f oxygen to
C 0 '?Fu%ﬁﬁé B&téhg@witﬁln ‘Et%‘ﬁ’r%és%ct}a%traﬁgé%rfﬁﬁﬁ H!’)@Ut@fto a@o&tca” r

less. - rocess tTor renovin l'i con and
e@twatm H“Grﬂr %ﬁeﬁﬁ IQS H%'Qg éh'éQStfqnGrﬂ“&rgéﬂﬁofJﬁ-‘@éo fof“ rgactive
s chanmber wherein the process chanmber is used to
ep03| t a conposite organosilicate naterial, the
Eérﬁ&&ﬁ@ tﬁé’fH%fdu%’s Wit tiY RALePetiBs t@foﬂﬁ%ﬁaa@f&mﬁﬂatne
wherei n the chanber conprises a surface at |east
B@F’ﬂ?taﬁﬂ@ coated w th carbon-containing residues;

provi ding a process gas conprising an oxyﬁ\?n sour ce,
f 1 uor i néemawng dee ahingsbpre yelatile ypraguch fren fheeprgaass chamber

m%r@rangﬁ@a@ﬂ@' 43t isBleRfed FOMIRY, HE, NN, |KIOXENAr, and mixtures
cont ai ne he process gas ranges from about 3
tothemeluit 6; activating the process gas by applying at

| east one energy

-\

12. The process of claim 11 wherein at least a portion of the activating step is
conducted in a location outside of the process chamber.

13. The process of claim 12 wherein the contacting step is conducted at a pressure of
5 torr or less.




source to formreactive species wherein at |east a
portion of the process gas is activated within the
process chanber and at | east another portion of the
process gas is activated in a |location outside of the
process chanber; contacting the residues with the
reactive species to format |east one volatile

16r A diRaess frdemempgisiigon Aad garbpa-gentaiing fesidyes fram a  surface
Pr §dHChrobdRMEAdIodR T WREEM HeapRREss cHEAb&! |5 UBEY to deposit a
additive gas is_selected fromN2, He, Ne, Kr, Xe, Ar,
anePrARASHte CEganosilieate prateriph thexpraPeRSOERTSINGr enovi ng

si |'i con AaAdiRG tRE NpreBdYsatidriiier’ ®Rrdite thd cABmBes WoimpfiSes a
of a process Chanber wherein the process chanber is
usdface agilegsiartially ceateg yithicarkongoRtANINg residieint er i al |

t he process conprising: providing the process charrb?r )
wher ei n RIAWdHIGAAREPCASSHYAS SRMPHSING AN QXYIRN SPYiEs; @ fluorine
part] Y. : = I :

o oM e Ghithelll < SAIBALaEE NS TP AT of oygen
f | dorflungines oontaénedamithirp the abtessagaadainges efrgrmsabout 3 to
wherei n t he pol.ar thati o of ox%sggn to. fluor

corbRub & aFtREIRDthE BROSEss 5 Y aRRINB0  FlolaRsbane gneray
t 0 PP tPforRlidatile Qggéitgg \Aﬁ'{e?éiﬁsa?t |88st 2 PoAR! OfitRE pRécess

| east one energy sour ormreactive species

wheyasi is attifatest within tthe prodesshehamierearsd glleastanother portion
activated outside,of ghe Bmcei% cpan‘oer '8ndf

i ntdf oMGcREPGESE F3%hds @chuated tonaniosption Pulside el e process

pordhspibdf the process gas is activated within the
process charrt;er; -40 contacting the residues with the
react i veopiasting thet iesidgesnwith the geactiye spedies i fore at least one

pr%}éﬂee&@&r%ighdt he contacting step is conducted at a

pressur torr or less; and renoving at |east one
vol at i | gemovidgdhe Bt taast bre pelatie produch fioar the pikeess ghamber,
th . Sl ’ KT

o 8 e B O S SEREATE KT NE NEC B Afand Hgures
whdhereof.t he conposite organosilicate filmis produced
fromthe deposition of a pore-form ng precursor and a
structure- formng precursor. 17.The process of claim
1% Avpercess fas remowng silicdm gneh caban-sontainingatesidggs frogha surface

sel gc - ' ' > .
1 é)? zé ?)??Jr?é? h@y?h@gf ghgiégrl}] gl,?é‘ SrodesSURERBer G T8N &S dtposit a
1, Sotipeeitehgiganodlicatecnatedalathiecuiecess sapiResiag:

providing the process chamber wherein the chamber comprises a

surface at least partially coated with carbon-containing residues;

providing a process gas comprising an oxygen source, a fluorine
source, and optionally an additive gas wherein the molar ratio of oxygen to
fluorine contained within the process gas ranges from about 3 to about 6;

activating the process gas by applying at least one energy source to
form reactive species wherein a first portion of the process gas is activated
outside of the process chamber and introduced into the process chamber and a
second portion of the process gas is activated within the process chamber;
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adamant ane, 1, 3-butadi ene, substituted dienes,
decahydr onapht hel ene, and m xtures thereof. 18. The
process of claim 16 wherein the structure form ng
precursor is at |east one selected from

di et hoxynet hyl si | ane, di nmet hoxynet hyl si | ane,

di -i sopropoxynet hyl sj | ane, di-t-butoxyneth il ane
met hy| t cpetastig el rggidues M/gh Hpq; 9ackiye B8RS }/od?pém at least one

ne | t
T oA SO AR St s o
di @éieﬁw @nd i sopr opoxysi | ane,

di met hyl, P@ln Wt 18Xt nkaRRtilelpréd it from the process chamber,
tetranet [otatrasil oxane, octamet

cy otherein mga ditivargas issrleqted fraiaiNoli9sNe. a@/{exel@' and mixtures
prqg&ass, for the deposition of an conposite
organosilicate filmon a substrate, the process

C OWThé bﬂi‘)%ess%f%‘l‘duﬂ% 5 WRerRHPBE cBiBosifd! stganduiliRaRIBm is

epositing the conposite organosilicate film
onwr@ducpeéi feqmp ther dapesition| oka PerarfeBHog BIRCHISAT AR B S¥HCHE-

?gfl,&'&g rone surface within the chanber using a
pore m ng precursor and a structure-formng

precursor wherein the depositing step is conducted by

a 7, ‘?ﬁ@ Rcesd §dFS. 16 AReNRIDERLIONAIRG prectRRRPH dtilédt one

at om c a er_deposi tion, vacuum deposition, spray
pyseecied E'Ofar?dpha-tﬁm'%‘ﬁb"rﬁ%qfﬁngqqli‘@%@?ﬁ provi ding a

pr Pﬁetstﬁn% |dgel69é>tafnbn9 5%@%¥Ig¢9-c§él§6&§dleﬁb chuphémse

source, lonal |y an additive gas wherein the
rmadﬂmarﬁaneo 1o’f-bl6a6}49@¢1 SUbSt'tH’tP@l diengs C%éﬂ'm&fmhwemena"d
RIS fte cﬂas ranges from about 3 to about 6;
actlvatl ng the process gas by applying at |east one
energy source to formreactive species; contacting

t h?s i hf&sés ﬁ!\‘aéléim %ewﬁe%e.ﬁtmé/amgﬂss w&&.ﬁgapr@eu@bﬂs at least

tile oduct renoving fromthe

re@mﬂ selected:from dl@b@wmylauangtdlmethaxmex siagec| ean t he
A ;ﬂge@ i dRABltbkyfeteisiiahg, 6ih Eﬁéiﬁ’o 5ifiMeN2.,
%@ro ﬁ'& ygﬂ\g&ea dgu m Xt uﬁ)gs;ia E ? )fy I
methyltnmethoxysnane methyltn -isopropoxysilane, methyltrl-t-butoxysnlane
dimethyldimethoxysilane, dimethyldiethoxysilane, dimethyldi isopropoxysilane,
dimethyldi-t-butoxysilane, 1,3,5,7- tetramethylcyclotatrasiloxane, octamethyl-

cyclotetrasiloxane, and tetraethoxysilane.

19. A process for the deposition of an composite organosilicate film on a
substrate, the process comprising:
placing the substrate into a process chamber;

depositing the composite organosilicate film onto the substrate and a
carbon-containing residue onto at least one surface within the chamber using a
pore-forming precursor and a structure-forming precursor wherein the
depositing step is conducted by a process selected from chemical vapor
deposition, atomic layer deposition, vacuum deposition, spray pyrolysis and
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combinations thereof;

providing a process gas comprising an oxygen source, a fluorine
source, and optionally an additive gas wherein the molar ratio of oxygen to
fluorine contained within the process gas ranges from about 3 to about 6;

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, wherein the additive gas is selected from N, He, Ne, Kr, Xe, Ar, and

mixtures thereof.
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