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-e3e| |} $~F 6@ hVTI TLE OF THE | NVENTI ON: CLEANI NG CVD

CHAVBERS FOLLOW NG DEPGCSI TI ON OF POROGENCONTAI NI NG

MATERI ALS CROSS REFERENCE TO RELATED APPLI CATI ON

[0001] The present application is a

conti nuation-in-part of US Provisional Application

S.N. 60/538,832 filed 23 January 2004. 5 BACKGROUND OF

THE | NVENTI ON [ 0002] Periodically, chem cal vapor -

deposition ("CVvD') chanbers need cl eaning to prevent

particle contam nation. They are typically cl eaned

using a plasnma etch process _?e. g? CzF6/ @2) that

vol ati zes the CVD resTldue QeTYE INVENTION:

tetraethylorthosilcate, TEOS). Current chanber clean

pr oc 3 SANINCeCVRGHAMBERS EOLLQWING RERQSITHHIN OF POROGEN-

foll owing CVD of 10 pEFOUAIRNING MATEFREAKSt eri al s,

however. [0003] Wile the CVD deposition process

desirably forps thin filnms on a substrate _Pi%allya

silicon waf eIC)FfO$%EEF@&EN%§Q*ﬁ5¥A'F%QAPﬂ&% BN s

al so. occurs non-productively on exposed surfaces L

[0RQ1 e To# PrasentARRtealion H 8 FRRNYAEER AR s §Eouisienal Application

ON. 6eHBERD Y 20 @armBAdesa. wal | s, the showerhead, and

the foreline downstream of the process 15 chanber.

These residues typically contain carbon, i.e.,

car bon-cont ai ni ng resi dues. Additional species that

may al so be preseBACKGROSNDROPAMHEINMENTIONY resi dues

i nclude, for exanple, silicon fromthe precursor

pooazjur Eemwldd laﬂy, dHeudeal ma;f)cﬁrrduplbeiﬂm(é‘ﬂth/é)”ldmafﬂm neeat @elning to
as- has asnms _lse or._ cl.eani.ng, and/ or.

PR PRE e TR Al Lo art R Bl g 2 paspraetcn process

(eay. bosF( M trait nolafizesabé QWBsresiise degt, hetraetipidthositcate, TECS).
esul.t . .in particle 20 sheddi . degradat.i o .

SRR crpBRBE R EphersEes A s e HnaUY Rl fptoppe oV of

dfrbes tickobiganatenals depwsviet.i ons. These effects can | ead

to defects in the deposited structures and device
[0a03]Jur @hild tter @V/Drdepositon pricesscdesirably dorofs thindilips ot aswibstrate

(ORI &R0 Rat) e Rachr o tiorE Moo g e Broqt g paprocuctively
troexpused sutideesiintidgof thy pfacess oharnbsr, leavingpatargs amount of residues
B SarbRAREE St ohd FrBTRS bndoam ol poces
arasdmert Mhesacmsidoes tpivaly contgin-carbon, e statben-neiptaibing residues.

i . l I .
Rt sadbics ot BB o8 sh X L ng BeeckoXfiBliing fifues fpotude,
far exarhple," MedodionytheRCedmsaaniaiuse &nd/on {DvbnEirambexposure to
50 or beRe BaP 84 Bt ey aPion s R ARG procursors.
Adcuonudatonmd theptaaboresor(teingg, residas) inside GeFeha@ep Mayrasuisin particle

r ClLi Jret ) : .
So86G! oo BB P, BHA BRes i s that can affect
Wogearent Aeparitidiz0 T haskl etfeaisisaralead tedefsstairy thediepositesiatruciures
aﬁl‘ﬁf é’e@c{e fgﬂirgml'hg%férg.rﬁeir oldﬂ:ocrlée(ﬁﬁwcqgcﬁftﬁé: bl%%%sdér%mrr,gﬁso referred to
e role of “oxygen | ese processes i s 1o conver

ashehambre oleaningnis retesdaey. f Thesegesidisashave to be removed in order to
ensure the integrity (uniformity, composition purity, reproducibility) of the composite
organosilicate films subsequently deposited. In some cases this carbon-containing
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(e.g., C2F8) into COZ 10 [0005] In US 5,413,670 and

US 6,067,999, residues of SIN, and SiO2 are renoved
fromthe walls of a CVD chanber using a plasnma

generated from NF3 and other diluents (e.g., He, Ar,

N2). Fluorine atons generated in the NF3 plasma react
with the CVD residue formng volatile byproducts.
resiiegaRsbe AESAB! iRitiymhfosn of oliganaars apd palyBweraoihes making residue

PSRN LA Eidllenghgssure, radio frequency ("RF") power,
flow rates). 15 [0006] US 6,569, 257 Bl teaches a

foobhpdirthe @dﬁﬂﬁ‘*%t@m@@l‘@ﬁ&né&%@b% &obl Wnﬁlﬂar@*’é&rﬁﬁg,” Solid
ilicon carbide (SiC "and anosi | ica gl ass

SralRgy B GOk PPe S000priaiie ahaTipela e bcaly deaned using
MTOEBOM Bﬁsﬁﬁsgé/g @gﬁg) W@nybg?lidsﬁ% iB |a§%:ﬁgﬁalf§ Qr&tlced‘ﬁ'\ethod

and NF3 US 6 7 1S speci cted

EHSIOHYthe i semigRndesses industey fes cleaniag fsmiens Oxygen (O 0r N2O)
Ay siirgadie Iﬁbé‘éslﬁry tB it §§f9m%5f?)rr‘n§tldrpin Wfﬁ.@hne deficient discharge.

si |l icon-carbon that "are an inherent

hisnehexygen t'hféleg? BlosRpRRSARICAaTER Lneecarmrcataﬁ@ b fluorocarbon
@gag ecir) meem,successful Iy be cleaned using an NF3/ Q2
plasma. I nclusion of a hydrogen plasma sinply

I!OUOSP apess Bhe 38 7ohandal S 6,d67 8] rddlues 3LEING aaé\SlOZ are removed

J&%ﬁfvﬁgs %ﬁ"@&ﬂgﬁwa&f@ luqeiﬁgl %ﬁée‘ﬁ:eg;tsg n@lg}f'gﬁi other diluents

wg hHe,nAd,\IH%) [Hlasrine dtomk gm@lratéﬂ if tHe2NRPplasras react With the CVD
directed.tq.reno

26, 723A | .
ReRHE R AR B roHicts, biskienfes BV g bt SBH s prasipgjosed
(NTe chifGentlationepredduee, padip frequedcyt{tRF's pbser flewrates).
plasma is to scavenge fluorine byproducts of the

[BBGspayBdk mmm tdaehes a ] of dfednink2PdpbBsistmmmbep ésllowing
nove f| uor ne

BB SRS PR {51 Ao e ang ke fags (¥Bln EDIG ang R Cumateria
ig ezranvdd Mrmrgaca* camaisinatinhd tyefogal and ﬁa@rmq;l@oﬁzas:(re@mg and NF,).

P8 kb 337 s ReSeURN Al 1 iR RGRC 988 ¢ aklies, The role of the
hyelrdgecsh mésma S sosaXrsTds td bretk siticdresardoeboridy; thag Are an inherent

dffans lottbt 38 abS B8, PR, S B X ingE By Sesstuty be

digeprenicisirigsaroNFi/De pleetab dseigsiorhaindlydrogeaplasma simply increases the
t%tglg)pa% US 6, 534, 423 teaches that a HZ plasma is used
refifove fluorine byproducts produced durlng a

BO6TE TUES ST J5ERa fritno s Phafing ErH0Rss $hamppe ollowing

tphgstem VD eBiadQ¥D dl'uhn'm:er Belaaned mithemdiE qilasma {dilewad by a H;

el S5 ToS rmeb It e R W ol b i Raid ! e

tﬂhg&iem mercx{aiaed as WEbythg INF; éastmiao 1T hel gunpeserd thecsubpegaent H,

e U T N TN
BO98T o5 & Plsed detllbens Ho P RSTA RRa B 1oV R ASs bbb

mh@wﬁﬁerdurmge acetecteimbenicieann Fellbwiog aigenesilp peesticed wethod of

it G Ranters (. ¢ RFHEfRF Pdyal RGNS B udtine remain in the

Qviy Chatmber nidS 15:326(P5Beprgvided\r B)etiudubofiremoving thesetfierine residues

I I d.
‘HRRRPFEackBh oo SHETF GOk Tpbaa e s gBdent v
maseas. to [soauen]geumomﬁmemamm th& Nifebesedelsanairer clean
invention that is a replacenent to the traditional wet
clean, that is performed afterp,a CVD chanber has
processed many (e.g., 15 5000 wafers). No CVD residue
i's removed from the chamber. After deposition, the CVD
chanmber nust still be cleaned periodically (e.g
after 1 to 5 wafers) using a generally accepted nethod
(e.g., NF3 plasma). After a 1arge nunber of deposition
and cI ean cycl es (e g. 5000), hovvever the CvD

e
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depositing a thin filmby physical vapor deposition
("PVD') or plasma enhanced CVD ("PECVD'). US 5, 135,775
is directed towards preparing a substrate (e.g.,
silicon wafer) rather than cl eaning the process
chanber of CVD residues. 25 [0013] V\D 2002I 007203
teaches that duri ng? pl asma etching, i.e. reactjve

A

[8PR%)i ngS ©:534433 tepehapribat & Hgplasda ,|$5us(9g|[;g Lemeve Brrips gyproducts
;ﬁ'bbuéé?i‘hﬁMEsat ﬁr@é&img}’@a@%k@%z%lléﬁﬁé aldéhbiaie braﬂh&ld%ethod of

m xtures to facilitate renpval of this etch resid

cieaning QYBrahaswers(ed-r My @asmaméﬁ%@%ﬁu%we& M?Qf@ted in the walls

df hd @W&]a%t%? %lﬁﬁ%ﬁhdsﬁinrtﬁ khd QD filh S @gsmmmndes a
chanmbers follown 14] JP 20011102311

raethed ioh exneying T&'@ﬁ%”'é‘b’f?&r"ﬁ%'ﬂhg@ﬁ Broughdeerdien Wi ayedugipg gas (e.0.,

I@z‘)‘dTH@pQEIﬁJ%e Qn?tr% subE §|ab§1aq§ﬁﬁsda9eﬁdeef%nne byproducts of the
pol ysi[icon wafers ore ormng a gate 1nsul ator.
mh§mbﬁh@'em and F2 conponents generate HF that
enpves _any nati ide. JP 2001/102311 rela

(DB T0lat s ARRELTHAHS FREREAS 1Rk nageN AGT Wesip Epadtion the
Wntdofa BVBSERANRYES. hTﬁé BG e of ﬂ%ﬁ\}enTBﬁ lslfltblpaﬁs:aaité thesurfaces of

not. addressed renoval F en from
rugtio

RO aararers MG PLIOET IO de G Dl GREbST RBLGE ALOs. During
érbﬁﬁlu%ﬁhé Yabéd @5y. UNFQ%HéﬁabﬁlchQaYrﬁ "tﬁlé?éﬂakhﬂié? wahs ﬁﬁyfbe&fu@nnated us

used as porogens present unig obl ens of

&PhBheN h%mei rgaviieg AiFs ar@drt@srger@va@ U$iG afkwa@peaﬂasma
et constituting a signifjcant_ problem f.or |q %Q

rﬁmﬁor%ﬁ@oe?/@ﬂ 82244 AT flecsibps AR SIVaTRN 1BRYis gifepiacement o the

tRERIMEnACNET digkh, IS PSrRRBS aﬁ@rv@mmthamb@r ﬁ@sﬂﬁ@céiﬁeﬂ many (e.g.,
roblemlnthelndustr%/ as wil|l |IIutr2#§d$r4l)9 E\% the CVD
Ot Brshoto L/ Fsichiery EaTamer o etchig Bel. Jh dBpogion, the
deBhiger AMVEI O S tedrida deNYEREIR.d. Cike ] td BQva%rS}SWlﬁg a generally

i nvention is a rocess for cleanhin nt Urra
AReEeYaReoh (e B Rasurl Mesadeusdinpes Rhes i ol clean
dyeRe & i, 3000, gaw@@e{romt% dvo taﬁarﬁ@értrﬁusi lb@@ils’asmﬁﬂge and |ts

(040 rrsin contactln e e . pmen [ W t

CETRDEDHy SHAER LSRR AP RS AP ts-3 o AR oRrgayLalcohol

(FIPN'))QLGUS@%&HB@%@&O’DB@@QUW&O&@EQ‘ t8¢gslace this wet cleaning.
contacting the equi pment surfaces with a fluorine
[dotgy OB FEsT RS oaes ey ;ﬂaéma ue@tto chédrha siitsstriatd prior to

~ depBoina Aityh i BY phicd Yoty debheBSE ErvRdier Rpsmasenhanced ovo

(G?EEWDQDHJSfﬁBaWS tam_te{mtmo&ardsmrggmmgmbt gtr@lat %ﬂhg“ sillpon wafer)
ere 0 eac W |te on e
Ay ﬁ%@rwea;mq b SEocaN hheb R f GV ERRERS .7 | oor i ne
(IBREL, WREABE o arten il Sypod BaabR AR, G BEfg lon etning

("RNEEY) bolgmelr s%smtw@ depasited rontth@ema:omswqtuatpnmh 2002/0872063 uses
onduct or 0 S C

ighieo GBSVl FEGe FrpGHLolh@ R 1PRuf TR Fhvention s

dieotoal tbwagisarm@uf ShgBTng f@ﬂmng Plaseia v cathbr thgn aleaning process

h ui pnent surface; maintaining the zone

%‘FPH&E {OE%WH \ﬁ:gl tions;

[0014] JP 2001/102311 describes a plasma comprising of hydrogen (e.g., Hz) and

halogen {e.g., F») gases is used to clean polysilicon wafers before forming a gate

insulator. Presumably, the Hy and F, components generate HF that removes any native
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contacting the equi pnent surfaces with a proton donor
contai ni ng atnosphere to react with the porogen
deposited on the equi pnment surfaces; 30 evacuating the
zone contacting the equi pnent surface; 4 contacting
the equi pnent surfaces with a fluorine donor and
gen source contai ni ng at nosphere to react W
aggéécp%mbers

om ej eleE’t 2000/19287 ipies ite wates fleanBaéiebiran cleaning

witheamakhe e@@br@@@é&t surfaces. 5 BRI EF DESCRI PTI ON OF
SEVERAL VI OF THE DRAW NGS [0019] Figure 1 is a

r ypl ;ﬁloﬁaﬁiha@ %Fédd?@?ée@rreho%f bofb@@ﬁ iflofm OYD chamber walls
vol atilized effluents durin

| e
afier Rryers diglackicAangsitipnsm E*&Jggicahivdﬁr% urtSﬁtyrifPé bySiaeatbofs which
aEé)QQéH afﬁ&éé&ns?pr‘e%rﬂ Lﬂtﬁeﬁfr@tﬁiéﬂng opEnharmbeicidani@chot considered or
[ uent's during anber. clean of 10, a (r
a@@r@ﬁﬁﬁ’%bﬁﬁ‘efﬁfl%ﬁﬂeﬂsﬁpﬂﬁﬂﬁww@f&‘ sigaificand peqblem ] é’?ﬁ ‘1’%‘%' of porous
dle%ﬁtﬁ@nhﬂﬁnt%&?_&t@& @%Lﬁ'ﬂﬁ@ﬁuféﬁﬁmg %Tﬁbé&@w%ﬁﬁiﬁl E\Er&\lnes this

ON[Q Senm conductor devices
PFORIAT dnthednaupty s "%59 @wﬁv%spd delo¥s in G%Wasfatﬁah%ef'c'enc'es of the
pR&tderning, of thin filmmaterials (e.g., silicon
d| oxide) on a silicon wafer. During chem cal vapor
deposition (CVD) of thin films, material is deposited
on the surfaces of the process chanber, as well as the
silicon wafer. PBRIEFSUMMARY OFIrHbageNsIONed to be
cl eaned to prevent particle contam nation. The process

[ooh ap‘o The lpﬁesdnemn@mudmss agar@ce@b as—maeamtr@ecmm@ﬁsutfm ina

Sﬁffﬁﬁgt@ﬁllut‘!’fé{??{gpgmrgﬁsnn@l Q(g» F gfger(qeeeatu? ¢ P{ﬁ Bc?rous ﬁ!n?contammg

a perogeancbiep@inglevi ces has historically been a silicon
oxi de material (e.g., TEOCS). These silicon-based '

mat ebd)rahstu(getﬂe %elqusSnﬁa) smﬂ]meb @ith @l mbion&tdmbhmmmghmg atmosphere to
t t
5o Featuoge o3RReT op e 'uBel Bfes S Fa gas |
| oSS g R SR e e @H &

re@Eﬂw!tl'Cﬂ'lédllml‘dé@))s:m aethke egsiphtanbsiinfeeegas (F2) are a
conveni ent source of fluorine atoms or radicals (F) in
[00VT) cReaftrablycthespropessdrsisiss. corfCingithe apipmeant shidacseyith an
\/
o%?ﬁ%oh{?ﬁé’aggélﬁpa%ﬂﬁ% uc%% r%a%mth%s filtf) ES&&sﬁth %n\%é Bquipment
suriades whebicentactingneitit & dinstinedorar, natb'thtﬂﬂjl}’rWh® the ﬂuorme donor does

CVD chanbers are typically cl eaned
ncﬁ?ﬁﬁgﬂgéﬁﬁ@/m or NF3-based plasma etch process.

[OE)Q?]ZHIIOF_J‘@egé} 6! Y %eé@h?k@?ﬁtfdn% GideR §s§ fdrlémaﬁmd aquibment

I con O ntal nin repared usli n%
SL{ﬁflaé@% ﬁ%ﬁe@lﬁ@ﬁdlﬁﬁ"r mé‘lef'a@‘ﬁ[? Ipﬁ?qeﬁﬁgg FEM"@G" er deposition of a

p&r;guf&lé)é'c Ll cBhid 'im%é%l? nocdthisigymet hyl si | ane,

yl si ne trimethyl sil"ane di net hyl et hyl sil ane or

the'éva%aéwqj@%ﬁé %té&t‘n@’iﬁé‘@&unpﬂbnﬁédr@ﬁ@ and their

respective honol ogs and anal ogs, tetranethoxysil ane,

t et I {almtdifiAR P/ 2dreitRier bREMAI coRBioRHXYySsi | ane
t etra- n-but oxysil ane, tetra-sec-butoxysilane, tetra-

t er todniding the AQRpmeRt SLARGES MY Sipr@be doAdrtbontaining atmosphere to
tetra henoéc%/sn | ane, . hexanet hoxydi si | oxane,

reRehET 1NERPETISN) depapited ahtngSak) RYHRCES| oxane,
1,1, 1, 3, 3- pent anet hox t ane, 1,1,1,3,3
evacuatlr% the zone contgctmg tWe3 eqxipmen{ urface;



10

15

20

25

30

pent aet hoxy- 3- net hyl di si | oxane,

1,1,1, 3, 3- pent anet hoxy- 3- phenyl di si | oxane,

1,1, 1, 3, 3pent aet hoxy- 3- phenyl di si | ozane,

1,1, 3, 3-tetranet hoxy- 1, 3-di net hyl di si | oxane,

1,1, 3, 3tetraet hoxy- 1, 3-di net hyl di si | oxane,

1,1, 3,3-tetranet hoxy-1, 3-di phenyl di si | oxane

1’ 1, soneeinaheraipriers sufataeyia duarige doBOr dnd oxygen source

cdnthinfid AtimBBbRERSYo featt Rith the@iblerridifish Wepeutted ob tHe Squibment
tri et hox -1,3,3-Lr|netQ¥%F|S|onane,

syrfaces tp P?éﬁ‘ﬁtt%QW‘Eﬂnﬁf'tfﬁ C8tenyl di sil oxane, 1,1,3
triethoxy-1,3,3-triphenyl di sil oxane,

1, 3-di et hoxy- 1, 1, 3, 3-tetranet hyl di si | oxane,

3B cAOR SRR B e s
- di -1,1,3, 3- LS L . .

(18] FRAS L e SRRk 5h IS el r08Resc

effiesme tdufny diGFL enaniesr diearagiarmsyeh containiag éilm dedqos@iod of the prior

20 tetranet hoxy-1, 3-di net hyl di si | oxane,
a'1',1,3,3-tetraethoxy-1,3-dinethyldisiloxane,

3.3tetrane - 1. 3-di phen i, Si |
(ob28] JFiRih5 8 NS rons el AT S an NFs chamber ciean of
a pordieatcoatainidg filnBdébdsition aftteyrbskrt ilvertoreincluding a proton donor
1r§-dinEthoxy-l,1,3,3-tetrapheny|disionane;
a9 i et hoxy- 1, 1, 3. 3-t et r aphenyl di si | oxane. Speci fic
exanpl es of these conpounds wherein R is a group
represented by -(CH2)~- include: E
bi s(trimet hoxysikyl
bi S(trieth oxyéérbwggﬁgﬁﬂéﬁ OF THE INVENTION
[Oglbﬁ g%h@ﬁﬁ%é@t {j}%\h%egra;rp )ﬂn@@itcﬁtaeﬁeby the sequential deposition, and
patiesrind.edf iR fine nagerils gﬂ.g.ns'timm'qiide) on a silicon wafer. During chemical

va%%og ég#@%}?@%ﬁdjﬂﬁ ili,ﬁ/%, )rrrﬁeﬁ?%ﬁ;éﬁ%edeposited on the surfaces of the process

chainstfereashosiy s thet siicopiwajén Rariedically, CVD chambers need to be cleaned

' N 1. s |yl , : ,
togi!ré\geﬁ%?%%% : p%emnlb?{gllr?( y‘?ﬁrpﬁ%ﬁec’hamber is cleaned using a plasma etch
procegsehaiovojatiiipesetin] GYD yégidnastaribe chambgpwalls.

bi s(tri met hoxysilyl)ethane,
[OQ,ZQ]E b‘_l'rge( mmrwgbs{iyém_)rgn()@ iton @f semiconductor devices has historically
be%n%: @!'%&&@ﬁ%@%@@%: Z?????g?%sgnsgicon-based materials (e.g., SiOz)
cap:t@\migtpgﬁéhq@ggquigm yith)tlpy@@qq alﬂ@gr’ine atoms, generated in a glow
i i i ted from the CVD chamber.
dl%eh%b%eis g?éﬁ% e%ttﬁ%ﬁ)bégﬁ gbﬁr glﬁaﬁa}gﬁﬁﬁ g?acua ed from the chamber
1, 2bi s( et hoxydi net hyl si |l yl ) et hane,
1,2-bis(ethoxydinethy|siIyI)eigane,
1, 2bi s( et hoxydi phenyl gj4l ¥l .
1,2-bis(ethoxydiphenyF%F&%f?ﬁtﬁggg?C%,B -6
bi s(tri methoxysilyl)propane,

[0&2,335 P%%r%lbér}gﬁérﬂﬁé@s: (é:F;.:g: %ggﬁ 4 C.Fs, NF3) as well as fluorine gas (F.) are
a donvehicpf{ sbured boN)OMRE BYdres biyladearBne, CVD chamber clean processes.

PF}:‘%Sng@iS déﬁ%gﬁ%%%@&%}%érg$%%§}yg and are unreactive with materials
of tordiruetidn et himospheny yasdsyingpr ampbiaat conditions, prior to their
1, 3- bi s( et hoxydi met hyl si |l yl )propane, 1,3 5
bi s( et hoxydi net hyl si | yl) propane,
1, 3-bi s( et hoxydi phenyl si | yl ) pr opane;
1, 3bi s( et hoxydi phenyl silyl) 48 opane;. O those
preferred conpounds are bis(trinethoxysilyl)nethane,
bi s(triethoxysilyl)nethane,
bi s(di net hoxynet hyl si | yl ) net hane,
bi s(di et hoxynet hyl si | yl) net hane,
bi s(di met hoxyphenyl si | yl ) met hane,
bi s(di et hoxyphenyl sil yl) met hane, 10
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[0027] Fabrication of advanced sem conductors requires
an ILD having a | ower dielectric constant than that of
silicon oxide (4.0). The dielectric constant of
interlayer dielectric (ILD) materials can be reduced

by incorporating porosity. ILDs are rrade porous by

i ntroduci ng a porogen (e.g., terpenes) ring chem cal
deampoamscvmlnas:b@a@)e typieaily g!ﬂaog@ Hsing aswfg/&m% MFepased

g],)%/ [ the deposited ILD filmin a post-CVvD
rrentpi , heat or UV exposure) that introduces

tdgr I'I‘ﬂ%ﬁﬁe rr]!é{zkﬂ' A8k g@ gi qy&(?a?fg a §II%6H ‘65(?31@ dohfining film prepared

ectri const ant
ugiag teoweaw@dmhl ase tmra@tfwiar@e& (catsojrietaieihyioghosicats.
S |
e o e g e becs
coiesanpdogsiloxanesdpesigoe r and t@@ﬁémﬁ@tl\@am OGS IFLANILS

telcl%n?etﬁo%h%es totfa- n@?&ﬁ?&?&lane ARtrhie oB@iy@iléhe tbﬁa@:hbutoxysnane

reagent at 1s us ener at e vol une wt

tqtrr@ese?c‘e@wjmesﬁ@ne itgtra- tgft@mxysman@ tgﬁawmm'meb@n%t
t ed
O I S L N
hesaﬂheeowsul@rm® Tah# 3tSheeftamainosy- éuﬂzthyldmgwen* 151.3,3-
r‘\’taéﬁ‘wox? SV}HQWIE:ns%xé‘r%f “Pqnﬁs bfbehfh%é?tb{&iytsépﬁéﬁwédé&&né ,1,1,3,3-

et ween | east one

et b SO | 15 it Lpragisiane, 1,133
te?r’a@’ﬁ yar3. Efrﬁé%ﬁ%&él dggéﬁé %@@@fé%raﬁiémlﬂé Gﬁh&masumane 1,1,3,3-

c’structu one |inear, or branched

"'t%raﬁmoav@eﬁ -dighepyidisiaxase. 1. MBrtmeH@ay drh3-tunetyydisierapsnt. 1.3-

trfé?ﬁﬂx 9 @Bﬁruﬁw@fﬂﬁ\&s@ioﬁﬂé‘ 4 @ﬁln@ethoiﬁbﬁé%-tﬂpher?ﬂmsn%Qa@@Gl 1,3-

[ 'éast one si'n

'_tr@nymﬁraaéapwmqw@om S BSHIG 18 Sebegpetydisibxane, 1,3-

dl§fﬁ0‘*911uf § 3B afnBhyioRiBkaR, $1Y- dlh’l%ﬂ‘ro&}m M@[tﬁtr&ph ngfélmiloxane and

nber of unsat ur at ed SlteS nis a nunber of

1 §61'%t§%bhé 3.3 tetrphepyidistoane (et mpée |P§ef86?§\é@’ﬁpﬂu%ﬂ§oa’9
hé&méﬁé’xyﬁjmoﬁdne‘ ﬁéﬁéetl%!@d@lld)&h& @xaﬂﬁéﬁdx@hiﬁ:loxane 1,1,3,3

unsat urated cyclic hydrocarbon optionall
,:%@ y?élsﬂoxane 1,1,3,3-

tefRmEHOXYy %—ﬂlf%fPfhﬂﬂ@"@?a“Br bﬁ%tﬁtﬁwp&é

teﬁ‘é%ﬁﬁdxyelnfs-%l&éhﬁ&'sﬂdﬁaﬂ@ Bidimthexey a3, 8- tetdmethydisiloxane, 1,3-
ains unsaturation inside endac

|
digthoxyd . he-driskamsihmidisiiexane; deriimethogy-1 Ry 3, Pé%@gpfl?ﬁ&'dls%xa”e 1.3-

dlbﬂh@)(y‘—H 1163 bytdtrrmnbmnbﬁﬁen Spchic @XQﬂnpl@s of tHesk eompants wherein
he formul a C~H- unber

Rl 2 alPHB AR PR R b @r@h én%lfqeu&ﬂfwteowwqwelz
big(Bibth &y sif) nheﬁﬁélﬁe @ﬁs?tnbhéry(ﬁdys@l)hmhmar bon optionally

contal n a
i baR sy S hDattanc. R BopRe By SDBMEace: uct ur o
bné(e)m@thokygamhﬁgmmamhan;p bis( (Tlﬂaaiyphahgﬂdlybmmn{eﬁ
rocar.po I.N a | | C e
o ARVt e, B Sy B Hnt.
b;s(mhmmtménﬁlsiy@metman@ bié(dteoxddiphanyisiiyhmetrehec 2bons

oitfineRopgiisthans i eliSapiebiBiasec) 2rfatRpaRibahBinane.

1 mswmthoﬁcymmlggemam UIrabls(metnéxwmeTWImlyt)ethlana,nt;hed

o AP PRE YR Rlant Lt e A He PSR, 1221 de

bnﬁ?@@gﬁ@}dln@etﬁylymeﬂﬂae of, 2tbiﬂetl’lgﬁkrdhneﬁ1blenyl)str_kmtal 12ents;
. t t r r n.
big(rleeSiempBreryaipatend et RSP EIDE. B3 wner e

nis 4 to 14, a nunber of carbons in the tricyclic
structure is _g_ from4 to.d2, and the at |east one
tricyclic hydrocarbon optionally contains a plurality
of sinple or branched hydrocarbons substituted onto
the cyclic structure; and m xtures thereof. [0028]
More specifically, suitable porogens for use in the
dielectric materials of the 5 present invention

i nclude | abile organic groups, solvents, deconposable
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pl asma step (Step 1) foll owed by oxygen (e.g., Oz or
N20) additions to the NF~/ CZF6 etch 25 process (Step
2) was attenpted. Exanples of these C2F6-based and
NF3 based chanber cleans are sumarized in Table 1;

1 & 2. The purpose of the oxygen additions was to

bggi.&g@qxw@ng%,pgﬂgndé%géﬁ.u@osagg.w@@@h hamber vell s,

bis{ttipeenoxgsiiyt)psopane, umba(drmmeSthEﬁllyﬂ)Deref 1.3ori ne

oBl 33l e PR B e, 1.

biRadieth&xyehe Relaiy)ptopaet UBishinetrBaydimebyisy irderance &ds of

e T e T DS e T

bieE2OGANFEHHeIR/)(ZotaEYe O Guse Bxeieyed compZmaisrargor  Art

oSBT Sy R g s L e che

bid@irsthokymeth¥isiyDhBhame fois(disthoxymethyibily)Cet@nel ean t hat

oG Reherds TR DIGERRBH L AR RIEE, ) .

bis(mectATBRIirasth@eiy!) methares, mlséetmawm@h)dalyameﬂweas Si F4.

ot e BRI TR PRy dthaepTiiidhe o,

tetraaGR0Kysiana) miethyliriacatoxysil@he, eltifiripeatexysians, @tmﬁmtna@etoxysnane

BB 1Sl e SRR i ek b o o

_ but@ocstaxpsiinguisebutyljriacetosydiard, rpaerttvlalacptoamlaﬂ@@ec-

odfiitEBelR 58 LROL RN BLAE e Mamytiiboignant

naomestyﬁzlamesto:a/sgarm pbenitpacetoxysiana, dmetmid@eetmesﬂme

dI&HBB%%SH)Q(PSI alﬁg 5?2n B@%ﬁ%c@@%@ c‘ruégpprgéf\ H@?tﬂ%tlﬁne di-n-

bMapetoﬁysllene m&sea{bayidlmmye@amas gi- tedfhbltsédl@ce(thxyélianEs he
dugl.eq‘%ﬁ[érées slzar%girnaac%eg% pan n‘oer&%aﬁjf@ﬁw@%@maq ;) and

mexﬂgmllsgsqﬂmameb (W80, ﬁsmmgvhgar@ﬂ iF alphathyi |gro®0)agdarrpl e 2
F P Art CZF
to @%éﬁy@iﬁpﬁéﬁaﬁﬁq@g g OO\IQlfn DE%\//S ,rb\l'l'glg defoosn tleonse?ln. -
i1 | FB
R R G S L M T e

difEGxnethgsite, dasethvogoethysiianspicopdpoAyroethylisikneati-t

o e AR AT A R AR e e iR 2

iscBommtysitdnea metiadtriddetoxyeitener divwthyidinkthoRrEdeme chanber

dll’ggfh&[%ﬁetwd% %Hé}gylalmséqr&g@wgﬂneg éﬁgé?h é@l?ﬁoufdiﬂglahbof‘ 3,5,7-

tetmne‘@yMcﬂeuayahumkabemtmetbnls:sre@tetmilaxéne Hetr&tsomﬁﬁrte@ and

sthat the clean was conplete, based upon
m‘k‘{‘]’ﬁ%&?’.("‘g‘%a| interpretation of the QWS the conclusion

[Od)%;]t hede I'Lp%hmna £’l§b aﬂréS%@‘ﬁftﬁé Eé‘rﬂﬁég?ﬁ& r‘éBFeSﬁ%ted by ’&he

ective Fenov resi rom:t
forsiuta ISaOWGd'i,tElz twrwag vowsérmw 1Q01%.t\hig fIQpeBS &9 AR Ao Y. W is from 10
to @8 %%r{'uc?@ i§ ﬁ'&'n ﬁg 7d1at3ﬁ|@ ﬁfro['rp%g%] dd %\anﬁlP/o RIrRSE8%rom 0 to
Inven a re ucing ¢ ry 1's use or renovi ng
15tafemigds.ous 5 dielectric filmfromthe CVD reaction
chanber walls, i.e., DEMS-ATRP residue. Although not
wanting to be held to any particular theory, it is
bel i eved the present inventions use of a reducing or
prot on donor process step reduces and cracks the
resi dual porogen | eft on the VD chanber walls after
porous dielectric deposition, generating a saturated
hydr ocar bon, that does not polynerize in the
subsequent fluorine-based clean plasma. 10 The proton
donor or hydrogen source of the proton donor
contai ni ng atnmosphere may be H2, CH , CzHe, C HY, NH3,
or FQO mhere X |s 1 5 and Y |s 4 12 preferably fuIIy

. o,



10

15

20

25

30

20 can be generated by RF of 500 to 10,000 Watts. The
pl asma can be a renote plasnma deconposing the fluorine
source upstream and outside the reaction chanber to be

~ cleaned or it can be an in-situ generated plasna

within the reaction chanber to be cl eaned. O her
energy sources, than RF, are contenplated f

[QRaTAr Fabrigationeof gouataed seaicondupioes @QF’fQFt%h‘L% having a lower
AR ESrdRdrit ARanHRROSH o Sﬁﬁmhg 034). THe &él@&‘ﬂﬁb RoRétaht st mter!ayer

resent I nvention used to clean a CVD chanber Ii
dle#ﬂctrabclleDhme@@alsyﬁn berf@dwddyenc@p@aﬂnworpﬁ'% & a%{ﬁ gade

pboud cﬁntu%ﬁngpi B&Sﬁén Hes r;ﬁ'@ne@ﬂ&rh‘@i’ch@hlé&i’ abdridapssition

reC|t din rofile during th

(G¥PbgEe BPregan psss@ﬁgweqtlu rq:m@\{ﬁdefrqm the Fenegit qqqg.mgm in a post-CVD
trQét‘?ﬁém (. g BBatlar W@*\Ebs@?e)%’eﬂ uﬁ?trdd&cé-QQQdéSwhé‘reﬁhé bb@:g@h had been,

lons due to drocar bons ( HC are ob é:j
oxide

recwgm@ahe ﬁgmrraéfﬂema aAndeielestis qoe&@ﬂf t(Rrpefpped sifcon
(d:wés eéﬁdslﬂea ugih@ 'alé%ﬁ&%@t%énwlﬁomﬁ ecy;méa@ rta@@k@é:@eltﬁd constant

interf erence

ofp3 } 8o B atrod cinadamencn uaps GV Beieciolntiuntonsiantisan brgeqyoed to
t@% A"‘p&oger‘x eéiu Sddrareint %ﬁ%‘a@@nﬁﬁaﬁ@ QYdH ﬂofgze'ﬁbﬁi#é Qoid
e Subsequ pl

C Durin ent NF asma_ (St
vczwnne within theresyliant b‘f’b Breadly dhepepaen Garybe %'éaﬁr%@smﬁf@ber

s&bctdd from &Eﬁ&ﬁé&ézgmﬁow qhH %F%a&t‘brﬁﬁt@@ild mrwatrﬁbd Réving a

appearance o I cati'ng the clean i's co

P SBUGH A5 B GHURG RO S 406 AR PURBR & Cogkons in the
cfcﬁ@ Qfrh&dre i8 beRYAERY 4nPi0, Bl the hi—le§st'@ﬁ@"&}blﬁ: r'?ydTnfUaﬁﬁ)n optionally

positions Fol |l owed by 'Pr ot on Donor/ Fl Uori ne

crmt@aﬁ a[nierskty oﬁ\sme Pfht?reécmeddwﬁe%éms,ﬁvb@i'twt@s &@tq *ihs fr¥clic
stﬁdﬁt&e; (& Bt 1B tCIHRYInaAY dr%rﬁﬁ‘dﬂéﬁ' §ét9r%}ed 9%1?@"; o ﬁJW\@fﬂbaWated

resent |nvent|onggoro gen- | ean

hm%m@g thidermyyla Hlayzmm‘gmﬁé‘tﬂe-d ?ﬂéf‘g "Wﬁée on n; {c) at

leB&MR eﬁr?g% QHﬁuﬁ|?lytd?%aﬁJ‘f‘é\ g Hﬁacaﬂﬁm '}ﬁptﬂ%taeéizchdﬂstructure and
col um Chanber

thedermya Casiamwvénﬂm&a atﬁreh%'v@méétu@ﬁ%ﬁ]ﬂ@@ N 410 14,% number of

ca\f%ﬁsstﬁhﬁé)b?dhé sMabtus i s between 4 and 10, and the at least one singly or
eposi tjon-C ean?C ean?d ‘ean?cl e

g L RIBSTER i THPERRANID QBTGB CRRSG Y of STpie or

brgﬁmmﬁrbmdsumﬂh@m %Uﬁstﬂutbd %Hfottﬁé ega@mtredtum tahd contains
rowns esi

BRI PHS R4, o o0l BoPyUBhEen sipsTHEEHE: (@) atfoast
or%tméﬁﬂlewmb@r@ownhbm@ aANEVCHS biruims. aprdARE emolE remq edpre n is 4

tol1de MRS & FEHERS RGNS HEHTGAoBre BB Kb Be gt least one
bi€ych hpdrasamos Ibpﬂdnaély ilcgntfﬁgx@\dhaﬂaalvbﬁ Sgn:[(:;e nDbnchhed hydrocarbons
cl.eane o
sl o B e v ele Stiduist (Bhén st MY sRRLRlRghicvcle
hyglﬁjmtpdn mlnbg a B:cyclméﬁtr*umgrr% aﬂd meﬁong]@;f fﬁmg?e,{a,, where x is a number
escribed above. r educi

of HBRa R e o ke Thod e SABAE L Ye B SRR from 4

to per agethe &tyﬂsg: ahé mdlt@Iyglmsanﬂamd ihédyelit mpmirezntbarsoptionally contains
T T O - ————

stiubaire, arel crmtamm)djr)sm&rratzc&ﬂms:de tehéocs;uhxsmqmmne ofithe hyah'ecamon

B8R, 01% Babl S S 850 ) B g e

folr087d) The, l-m; gszemre nr’slem i 4ra masbatedf eariong th thhdlﬂlcycllc structure is
traditional fluorine donor cleans are inadequate to
renove porogens fromdielectric deposition chanber
surfaces. Such -12_ -8-
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fluorine donor cleans historically had been adequate
to clean dielectric precursors and reaction products
when they did not contain porogens. Wth the recent
nove to considering porogens in dielectric film
depositions to achieve needed | ow dielectric

constants, a solution to po~ogen and por.o reaction
B duet’2. andtheyatisast oee Yickels 'wg@?afh?erﬂﬂﬂ?f?éﬁﬁ CeRtafnseR plurality of
dHnPRESHbramiHRAtHyaFbcafbons 6EBStRtEd ohfo the cE tstrastuRd: ikid mixtures
appropriate to reduce or crack | arge and unsaturated :

there8hens on chanber walls prior to exposure to

flugrine contajning cleanin ses, Wwhjch. haye the .

62 MiGre Shp<Rishbian farts Porade i ot use Ming sl ehgierial of te
Q#?ﬁit?ﬁv?hﬁ@fﬁn@@deﬂafbil?%ﬁéd 't ﬁoopé,%otvtb_&tsp@émm_t sfnl@lelmlymers,

it relative i ner u er. reaction cl eani n )
SBaGRRRs Ser e E e Biarihe BoKRER: ol Blkilbng soFgolfos, organic

rﬁ@d}b@w@re@uréfbp?r wmbi:mi.aﬁbﬁer@cﬁfocr?;siaairm}rogws imgyde; aiphattérginens,
presence o ar ge ecul e and/ or unsat.ur .

o S8 SCRPE R A metleriihsxand, g i dlidtls gyclooctadiene,
cafrfpheRe deiapiarid kAt IBRitadibng, aabttitoed i ahdres vaisrd aees18 and

cl ean i nadvertent depositions of such nol ecul es. has

degenysEen $¥1%nced, of even recogni zed as aprobl em
resol ution

bibdi NG, RLLOr art has .th f th N
thdsty dn Peifonernsass 98B ALk FArERs BHBHORRIRG fTBlechys containing
pRfceprfuddionany bondedpahe gitita pedusbry sactrmmwfﬁastebewlsm

en

id Lfi b i .. 0038 Th
SRR I G A5 es B b -G B BROe B e
bR ey sy REerticRE, Irimettiisityranfiul, 3,5 seepamethylchelo-tetrasiloxane, 1-
BPEOHE ! ik R o s EtrasoRa v TBoPRINYr bOGY ' or
tattapeathylQyoistBirsieRans; héém‘ﬂ?yﬂdibmoayﬁlaﬁé,mdgmmethoxysiIane,

BB P BRIEHE LRSI D0t oLERBb e Shubosiane.
(Gl e oL i PO Db AT ot it B 28 HloctREr woically
udsgiostéceporoget, Her @qmpieraipha-terpihance 'ATEETX ant ATIGP bligomers, used
i SBE BBt <R Mafic 1P i S eeifr BR8P ECPAH Habebs, nowever.
The prquesses typicaicesed ta @lean CMi2 ciparobars ¢e.gf, QcF @0pol NF; plasmas) _
bS8 AR AR Al 80 488 copepiop recivs.
Iritredly fa onethatetodotatize thent BRM reridust orotbp R cha@nberiwalls using an O,

. oy : i ;

PP {iE R R Plolted B bR 85, G UrEo) gt olE NFyoF, eteh
procasa(3temg) was atteptegr dixemplbsrb these ii-i-hasey and NFs-based
cliatrﬁ%’ez'gﬂ%ngavrmé PH%F'%Q%(? R AT a?’%ﬁdﬁge%F%e oxygen

n uori ne aonor con .
additimrsphes to dxidizd helposegsoussidise hn theeC¥Bichambenyala, e volatile

c4B6n BLAES (k. ORY, A8 CON iGN JxIdRS RIS ISatized as SiF, by the

fluorine plasma.
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5. The process of Claim1 wherein the proton donor
cont ai ni ng at nosphere conprises an agent selected from
the group consi sting of hydrogen, nethane, ethane,
ammoni a, water, CxHy where x = 1-5 and y = 4-12, and

m xtures thereof. 25 6. The process of Claim1l wherein

the proton donor atnosphere conprises a reducing
atonpsphere 14 7. T . FroseascRarapetess ol 1 wherein

i ¢ PP RO9—b G ICaRR AT Rifeet o g fin ity Yin Sity
£1 (SPYFR |SSHIFBUNPOYEr ect §6° froé\#cﬁ%"gé rggﬁ onoéllms?%l Rgree? (F:z‘)“'er
of [F2, NR3, CF4, CzFe, (3F8) C Brinds: HB0, 'CHF3, COF2,

bi $f | uor dxydi f | yor onet hane, or Sgg,hgr 0%

HY UG, FUgigIcar bgNenand PREAd Uqeecar bong And| Xy geneéed 2000
fl lor ocar|lbons wHere x =|1-6, 5 and m x|t ur es] t her eof .

8. TNRe prjacess diNoké al mjflieWwnerl@ion the [@ay og can| Yes 2000

at  Neast |ane nenber sel éeeted fleam the [@rooup! Nonsi $Yesng [ 2000

of : (a) at least one cyclic hydrocarbon having a

cyclic structure and the forrmula 10 C~-H2~, where n is

4 to 14, a nunber of carbons in the cyclic structure

i s between 4 anExkhpl@and.FhPriartArnt Eaambem@leagcl i c

hydr ocarbon optionally contains a plurality of sinple

[031br ACiredicay dvazaan lvader tha lzshditiansadcitet abovh afterya RiGcum DEMS-

AR o e Py 70 MRS AT 2 OB

- AMRPI degostitien tR—'ngreI 1 aﬁ‘pe&r@d 1@sudfestither tbe 0, pl@sma dGesavalatize the

ARP 105 aia ik BERIP BeRveod g8 paans bEls Rarillp ierease inthe

CCy phitial plessureueing i Oh plabma(Btep ICshEv 28E00M e t@3300 5 in Figure

1 TR, s A AL bRl Rl b ol Rodds, ByMETRR"

subBeqgaerd G.RgOapldsems(Stame, shiowglag 3500 sub #OPO § in Figure 1), the SiFs

p%rf’ %apé%s[%treesd%e?%ﬁ ﬁ%ﬁg@ HEE@%&S .e a%ﬁb ?%@g,rtl ng@n{}.@ A5 iR F,

presfist |tma1(ant:&'npalrbes trteLdeEecbasatirmStPads g gobdd encdpeiptmaniégr. Since the

e FR LA BTG D P e BPES o A fp and

DBMSy ceépeciﬁv;ed},r m@mpm&mnm@caes)tmmeards somptete (e, Argiciean time

S ArREHEg artFLA ol b g Bl v
artdera;blng e'aasruned)per d:nllamnl4|€d Tabéribcar bon optionally ’
contains a plurality of sinple or branched
hydr ocar bons substituted onto the bicyclic structure;

25 (e) at lrlliﬁﬁﬁﬁole@?hméléé sMoHé‘ﬁ@ﬁdNe@ttgfbrﬁBr%béF% Clean

hydr ocar bo avi n bi cyclic structur
[0p3RInufzerdhnaz 2. @Esz!EMSwh B depesitiens{ehH B0 Wy cumulative

dé;bB§i%H)r ééé’rﬁjfoﬁb%@& b¥ 3 GJ’S éhérﬁbér”olea‘?l eﬁld:BJﬁ&ﬁor‘H reﬁ?éob:ﬁnﬁabte 1, the

bicyclic structure 1s from4 to 12, he at

PE%\A@tchaﬁ@eﬁwas N\§U§"Wﬁ%%ﬁ0¢ﬁdat%60’l!ﬁ'dﬂ7%¢|¢ @meyat @fdﬁﬁ\% fesidue
remame@%' th¥ cﬁ%bea WalsPark wﬁbm@ xh&fneﬁbmo%n% 4*@.# 786890 Since a

hydr ocar bons substituent's subStituted onto

waiictaad hagl kpanrarioreed an tha BRENPhagbey h@fafwaﬁt@ﬁtmg this
ch'aﬁ?de?' €Ie§H QHEBéBhdjlﬁor%f A8 PRt/ End iSery SkiRiRG! &Ridering only three

subst i t uent
wafers had been processed While the QMS monitor indicated that the clean was

complete, based upon traditional interpretation of the QMS, the conclusion is that the

-10-
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(f) at least one tricyclic hydrocarbon having a

tricyclic structure and the fornmula (a) C'Hz~_,, where
nis 4 to 14, a nunber of carbons in the tricyclic
structure is from4 15 to 12, and the at | east one

tricyclic hydrocarbon optionally contains a plurality

Bl SRR TRESH AT LS BHBRIH B G fppmoer. A
similaessulb ivaGlobsanvéd Vardine NF,-tiean fairconditiorsomepitedsie Jable 1).

conmpound sel ected fromthe group consisting of

al pha-terpinene, |inonene, cyclohexane,

@Oél’:gl %%%@%ng%ggﬁrbﬂgggg%mmﬁ chemls ng is used for remowrgﬂqthe porous
dieBctiigtidd ifmthEQL@teacmmedhmbehveaﬂes aMﬁEMSx‘\'ER@reBMUG Although
ﬁc?tg@%%gb ?c? 8%“%1&%!3 %ﬂ%gﬁ@ﬁlﬁﬂtﬁé% ﬁ?s Baﬁg&g{he ﬁgse%pinvg%ns use of
aoecttamgu mg:raonﬂspmreceasdtem@uaewaracksfthe)ygsg:énl paregen left on
t;ﬁg?%\g{) %ﬁ%ﬁﬁgﬂ/ﬁ%@ ,ﬁ{e%&rfyg‘a ?%cu[ﬂ'&;e OE@gﬁrdg%fa?'ﬂgg saturated
Ryslreesarieon, ﬂlnairdoea eogmjwpemns itha $ungeaiient dyorine:; basgd w@an plasma.
1“@(:% ﬁ{%%ﬂq d;Sr{dr%r ﬂfy‘dlrgge L[r%é)gﬁth Edrign g&'lJIQSF@EeﬁHp&mogghere may be
34, GaCarld GaHgNHanobHEP wiberesois HHeand fés 4-12prafembinkilly saturating

tﬂ@rrﬁ/ggﬂgfﬁo% ;)981%?1'0 v\ﬁld ‘Hé f‘@ﬁné@gﬁcgﬁ Lflhﬁrln@&)oﬁc?ﬂigﬁmg

rous
gtrmosphére ngaobd Fg NS @F4 Iﬁ‘gF@szEa,&ﬁ@@ﬁaﬂ |GHffss COMmE,

N
frusr daarbensweidre s 1-6eom otheriydrpfluorocarboms pihe/fMicriae dpnor containing
S B R T ARG 3L OB o
@Nygen hgdode s waten tnixy okide,métrous, Gide, fitrogen dloxlde silicon dioxide and

B HeRCr AP G lRTina b0 100 o The ovacuption step before,
batween asd aﬁerr%tep 1 and. Step @ candedess than ﬁﬁtatcm Theassha conditions
ééﬁ%@@%&?@g%&ﬁf%’%ﬁdﬁé g?@g ry?étg@”ﬁfd ;ké&?é‘ c§r9p85?éﬁote plasma
Eicopposigie-flugiinersoutcepsirgan andmtsnde the reaction chamber to be
cleaned or it can be an in-situ generated plasma within the reaction chamber to be

cleaned. Other energy sources, than RF, are contempiated for generating the plasma.

Example 3 Proton Donor/Fluorine Donor Clean
f0034] An example of the present invention used to clean a CVD chamber is given in
Tabje 1 (Ex. 3). The porogen clean of this example is a two step process using Hz and
NF3 at conditions recited in Table 1. The QMS profile during this Porogen-clean is
shown in Figure 4. During the H, plasma (Step 1, shown as 800 s to 1200 s in Figure 2),
ions due to hydrocarbons (MC, 15 amu) are observed indicating that the ATRP does
react to form hydrocarbon etch pfoducts (NOTE: there is a background signal at 15 amu
due to N; interference). The ATRP préssure is reduced by an order of magnitude by the
H; plasma (i.e., less ATRP outgassing as shown in Figure 2). During the subsequent
NF/O, plasma (Step 2), both SiF, and CO; etch products are observed. The pressure of

<19 -
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t 00% v is from5 to 35 atomc% wis from10 to 65
atomc% x is from5 to 70atomc% y is from1l0 to 70
atomic% and z is fromO to 15 atom c% 15. A process

for cleaning equi pmrent surfaces in a sem conductor

mat eri al CVD processi ng chanber after deposition of a
porous dielectric - filmcontaining a porogen,

thespbyrodysts etams &0 baspline nith ¢he appeacance®f Fhdndicating Mienclean is

o i e ; o ol )
BB TR s PR EEPT R ByeB REE a5 gy Botumn 4 o
Tabte Hi ni ng at nosphere to 10 react with the porogen
deposited on the equi pnment surfaces; evacuating the
zone contacting the equi pnent surface; contacting the
equi p It ' 3. f '
cour ceEsimd 4 THES Dipbduchs otBlued By £RGH pRRGy LKA Danor Giean
[0p3%le chiterdhifeiel 210 pepdEMSATT RIA depesitonsi(ieed 0 wucdmdetiver o
| ; .

SRRt BRIABES by W REE e ind bl D68 PRIED, mo VD
chamizep has oisuaty indpectedh Theze wagaw. brawn reBiduemrolbe shamber walls, as

I I [ fl uorine donor containing
r%’ﬁrltoésﬁpﬁgcroe ﬁioﬂg{a%]gélé an inert gas. 18: The process
of Claim15 wherein plasma is generated by radio
frequency of 5d0 to 5000 Watts. 25 19. The process of

Claim 15 wherein tlﬁg?lﬁ\g?lég%b?%@ireﬁmﬁqJn}gtfl)gﬁsed2t 0 Z

pressure no _greater
drfoxemple f gMNunteexof ng | Sdhowerhead s GhambesWialls a | Throttle Valve Port
sefxdondugtdepositiorer i aICIEVT proceSiEang chanber |{lean?
deposi ti on ciganeypiesous diel ectric filmfrom
TEE OXYTTet fTytSg Tamme gt T 10| Gt Gibah Grow [ ER clean; per-
Horogen, ¢omprising, ' spotty residue meter and port
' covers all surfaces | coated with brown
residue
Ex. 2 3 Clean Not clean; brown Not clean; peri-
' spotty residue meter and port
covers all surfaces | coated with brown
residue
Ex. 3-4 . 3 Clean Clean Clean

[0036] Feasibility experiments demonstrate that by including a reducing chemistry or
proton donor {e.9., a H; plasma étep), the PECVD chamber is more effectively cleaned
following a porous IL.D deposition such as the porogen-containing DEMS-ATRP
deposition, i.e., carbon-containing residues as described above, The reducing chemistry
of the proton donor step, such as H, plasma, reduces and cracks the porogen, typically
large unsaturated molecules otherwise subject to fluorine-generated polymerization,
generating saturated hydrocarbons, that are not polymerized in the subsequent fluorine
plasma. The silicon oxide source, such as DEMS is etched as SiF, in the NFy/O; plasma
process (Step 2).

[0037]1 The present invention has determined that traditional fluorine donor cleans are
inadequate to remove porogens from dielectric deposition chamber surfaces. Such

-12-



10

15

(a) evacuating a zone contacting the equi pnent surface
to a pressure no greater 5 than 600 torr; (D)

mai nt ai ni ng the zone under plasna conditions generated
by radi o frequency of 1000 to 2000 Watts; (c)
contacting the equi pnent surfaces with hydrogen to

BERF Aboe BBo 538 S G0E  BARRbl orsano
caotiere pnodﬁcts hgggqti%m ot gmrttﬁ:gg)erdg@na Wﬂtagisel rezenmamove to
[ er than
HrfiRtlsrbapotiers mallebtin e sbliiiiions T aSRalFadRR O fitectric
chnstants,rd solfitionrto demgehtaed p@rog‘eheeaﬂ:un prmjubtsanﬂfmmedmcus has
ces

| e
@?e@aﬂ?wﬁ'esﬁ MR Sen ieLiGEas pecesdary, LR RATEAE Spropriate to
reailies oatrativargy amemamgammenafmejhadmmam prior ¢d exposure to

B RE AR50 bt BT IRl e g porosenat
e aite af ungatarationand wﬁ;b@rﬁmormgtetohte pemgepgmmgke itrélathesly inert to

t t han - orr.. ) - .
RRReRRtd, i 8e50hS redea. TPaddniisafiettEhave Rosr wog o
diermtt:ard?mtdrraﬁdumambeoﬁro&?%g, bu2Ner M?Eé Sre;énae of large molecule
actl | nmen C ogen
o gLt potisn s tyoRbiee s Theblard oBS BESAER rftanonor
teemmamédiftreawohmmbet b@faceé cb clexamagvartemt dieositione of such
ment surface to a gr essur

GPLIE neR ! hest SGBRENGar ok FBR roq el b 2Bl e g 08 prior ar
resyUna e tesslitiba ok theinddve fZhtlepositiéd ot such paaigenindiedutes by proton

2k 8 b sg%%ufe@,g B AR hoates then WEAITEDY e BrloPRS
(oRB81.. g PreRUPE 3PN
P'NPRP PY\‘U@PN be%NQngﬁlh with regard to several exemplary

embodiments, but the full scope of the present invention should be ascertained from the

claims which follow.
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6. The process of Claim 1 wherein the proton donor atmosphere comprises a

reducing atomosphere,
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FRHAIEE 104 abbB Wheibid o 10%1& () - 71y SLOYE () - 71 kS

3; " <S(;§ (%f%]a‘gf/ %%%)@% ﬁ]ﬁc@r‘%oﬁ haviAg AQBic(rutire Sinedofmula
Cnﬂmmergsuﬂm 1ﬂmqmberro@mwr(tpe SyqiEBrosiesss Ppivean 4 and
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94 0% bk at Jeastome haeav@r pranciied, saturated, partially or fully unsaturated
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(c) atleast one singly or multiply unsaturated cyclic hydrocarbon having a cyclic
structure and the formula C.Hanzy, Where x is a number of unsaturated sites, n is 4 to 14,
& number of carbons in the cyclic structure is between 4 and 10, and the at least one
singly or muitiply unsaturated cyclic hydiocafoon optionally contains a plurality of simple
or branched hydrocarbons substituents substituted onto the cyclic structure, and
contains unsaturation insigie endocyclic or-on one of the hydrocarbon substituents;

(d) atieast one bicyclic hydrocarbon having a bicyclic structure and the formula
CrHazn.2, where n is 4 to 14, a number of carbons in the bicyclic structure is from 4 to 12,
and the at least one bicyclic hydrocarbon optionally contains a plurality of simple or
branched hydrocarbons substituted onto the bicyclic structure;

(e) at least one multiply unsaturated bicyclic hydrocarbon having a bicyclic
structure and the formula C,Han.i2424, Where xis a -number of unsaturated sites, nis 4 to
14, a number of carbons in the bicyclic structure is from 4 to 12, and the at least one
multiply unsaturated bicyclic hydrocarbon optionally contains a plurality of simple or
branched hydrocafbons substituents substituted onto the bicyclic structure, and contains
unsaturation inside endocyclic or on one of the hydrocarbon substituents;

(f} at least one tricyclic hydrocarbon having a tricyclic structure and the formula
(a) CnHan.g, where nis 4 to 14, a number of carbons in the tricyclic structure is from 4
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COMPIIEYR () v10$10$10%$ , 3"s?10%& ()-V , 0l ; v10%& ()-F
[:vU410 , , 010%%$& ()-, ,fF10%$& ()-, , 10%$& ()-

, 100/@muesmg a zpnegeryacting-the equipwesteriayely T6| [ : vU410

, ,"S10%$8 ()-, , &10%$& ()-, ,110%$& ()-

| #310988rainng the Zosepadey plasme ovgitiens; ) - 60 |[ vu410 |,
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+10%4tagting the eqgppent wﬁaees with m@%ts&d?'yon q@&tﬂ&l%@l@mphew to

rebdOEPRe (Do 'r (gﬂag ment surfaces
)10%35]5& O <068 10681068 | &v%(?/ew
1O‘V@@%uéﬁnd\{hb[zoﬁ%éﬁtactlng_@a@ OéQ%m@\t su rface;

contacting the equipment surfaces with a fluorine donor and oxygen source
containing atmosphere to react with the dielectric film deposited on the equipment
surfaces to clean the equipment surfaces.

16. The process of Claim 15 wherein the proton donor containing atmosphere
includes an inert gas.

17. The process of Claim 15 wherein the fluorine donor containing atmosphere
includes an inert gas.

18. The process of Claim 15 wherein plasma is generated by radio frequency of
500 to 5000 Watts, '

19. The process of Claim 15 wherein the evacuatmg is conducted to a pressure
no greater than 600 torr.
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terpinene porogen deposited on the equipment surfaces; then,

(d) evacuating the zone contacting the equipment surface to a pressure no
greater than 600 torr; and then,

(e) contacting the equipment surfaces with NF; and O to react with the dielectric
film deposited on the equipment surfaces to clean the equipment surfaces.

21. A process for cleaning equipment surfaces in a semiconductor material CVD
processing chamber after deposition of a porous dielectric film from diethoxymethylsilane
containing an aiph-terpinene porogen, comprising;

(a) evacuating a zone contacting the equipment surface to a pressure no greater
than 600 torr;

{(b) maintaining the zone under plasma conditions generated by radio frequency
of 1000 to 2000 Watts; -

{¢) contacting the equipment surfaces with hydrogen to react with the alph-
terpinene porogen deposited on the equipment surfaces; then,

(d) evacuating the zone contacting the equipment surface to a pressure no
greater than 600 torr; and then,

{e) contacting the equipment surfaces with C;F; and O, to react with the dielectric
film deposited on the equipment surfaces to clean the equipment surfaces.
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