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WD 2007/ 140377 PCT/ US2007/ 069899 A NOVEL
DEPGCSI TI ON- PLASMA CURE CYCLE PROCESS TO ENHANCE FI LM
wWORMZNF0870F Sl LI CON DI OXI DE CROSS- REFERENCES H@X/US2007/069899
RELATED APPLI CATIONS 5 [0001] This application clains
the benefit of U S. Provisional Application No.
60/ 803,481 filed May 30, 2006. This application is
also related to co-assigned U S. Provisional App. No.
60/ 803,493, by Ingle et al, filed May 30, 2006 and
titled "CHEM CAL VAPOR DEPCSITION OF H GH QUALITY
FLOMLI KE S| LI CON DI OXI DE USING A Sl LI CON CONTAI NI NG
&WW&?M%&@MA HREafpY CE |RROGESS TO
al so rel at Pr ovi si onal i cation
0 soBNANGE KUk QEA LIS DESTRagGH Dlekin,
titled "A METHOD FOR DEPCSI TI NG AND CURI NG LOM K FI LM5
FOR GAPFILL AND CONFORMVAL FI LM APPLI CATIONS". In

20, SRRSO (P PIEAEN i,

[00011 | IEds Afaficaibn ANGE thabshehit 6 ©. PRR@RE&JSA@MRNE%O/SM 481
DI ELECTRI C GAPFI LL", The entire contents of 15 t

filed May 305 24P6 T8is applationdnalso Friztedio wpgssieaad Poh Pawampwé App. No.

oS S09 g 14O 2051081 By RERRCA £ R

DEPommmm\mGHazyAMTvﬁwmn@ SHAEON DIOXIDE &N

(I CU| ' Lacy. t [ nd 20 D
s TN EA TR BHER L s R AN 2 roblC B BB B apptication is
also rll8&0 96815, PIORsi0ALIT AWRCatidrilb S50/803(4%9, BARSMAhi er N Giled May 30,
structures and the trenches betweeéen stTuctures

2006 pmttitdeds'&’s METBTOBRX FOR AYERQS G Gt AN CITRING LOW-K #hleMS FOR

GAPEERENREONPhRMALITEY ARPERCARRRSS: ooy s applicalion s
relatef It&m@tpsow&oﬁimﬂﬂﬁbmﬂ)m@ d@%0324y9tt§'| Lwoﬂﬁﬂakw f116d Mag13®, 2006
bet ween t hese lenents faster than their verti cal

and tiHed ‘g‘lhROCESS[@MMBER] FOR EH%LE%E)TRIQ (}AtPB leak eTltPeQnTICQeCOHtentS of

str r asi ng, s_has
e prigfe L8 RSt 1A andl AT L ERGEL pllcafiyegfEheren
incorSctRRE by @EfSrened AAQH puffoses. to be packed onto the sane
surface area of a sem conductor chip substrate, it has

al so created fabrication problens. Once of these
problens is the difficulty of conpletely filling the

gaps and trencBACKGROART2 OFSTHBANVERSTION hout
creating a vaoid or seamduring the filling proc

[0002F; | As thg dgiss depsity prowse BBt TR By IS R0 b8 9 and
d1sta1{cre %@ﬁ)&%ﬁ d\%lEQ stgl!lc%]lu%g EJHtfﬁuFFc{/ ﬁc&‘&%é ThhdGarwek %g&h?iﬂ e gaps of

I'S necessary to electrica I sol at e near by evi ce
the staictured andahe frenoheebetiveeart steucturkd 1nt:i'easeg dlpsrane roé height to width (i.e.,
t t.here uld be to
the asprercr:Jt rguo) in these %Drmagons In ooher words the continued miniaturization of
integrated circuit elements is shrinking the horizontal width within and between these

elements faster than their vertical height.

[0003] While the ability to make device structures with ever increasing aspect ratios has
allowed more of the structures (e.g., transistors, capacitors, diodes, efc.) to be packed onto the
same surface area of a semiconductor chip substrate, it has also created fabrication problems.
Once of these problems is the difficulty of completely filling the gaps and trenches in these

structures without creating a void or seam during the filling process. Filling gaps and
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el ectrical noise, and current |eakage for the devices
to operate properly (or at all). [0004] When gap
wor@rhs3ner e | arger (and aspect ratios snal | erpCT/082007/069899

gaps were relatively 5 easy to fill with a rapid

deposif. of .a dielectric.mterjal. The dep Siti
trencligs gtk i.wle%aam teriisiiect oo xiders BessAvir it lesa sﬁﬁf;ﬂfﬂém nearby
devicORPuchites ﬁ@ﬁtéaBNSthEP Iff'tﬂel Ipﬁ Vit 1'3& eﬁﬂ)tt}tr QHBre ol e tob Bfuch

crevice or trench y fil AsS ‘aspect ratios
electricalmadses end frovey aakagetfobthc ainmcmotloe)petatef prioperdyt (or ot 411l |

t he deep, narrow trench w thout having a bl ockage

[0004@t avhe@gaépmt&rwéi@ﬁfgwaﬁd] tpEd:t'rhtldéQ‘hiHl'I@r ) tHOgdpd Q24 relatively

seanms in a dielectric ayer cause cCreate
casy tp fidbwishve rapsd Hepdsitiofig dleimﬁn@mﬁ@uek orhegieppsitor mterighwvowdd

blankfiile ke 43 HokBh>O¥iHe RO gt (L B8 e o 8hf the

crev1défb@&1%ﬂtlﬁwa§)ﬁﬂ‘l Sﬂuzeas AsSEFRE fatiok @adas QN0 vdVdr, iR biIn3 K&
densities, ThIS results in unpredictable and

difficuli bl ther doge, nesre. teash svithoshhavieorbleckagg start a vaid prseam in the
ﬁuvdiﬂﬁg as even etching, polishing, annealing, etc. The
I'ds and seans 15 in the finished devices also create

varlatlons in the dielectric qualities_ of aps and
[0005] ; cYridwand seamganyp dislesiriq jaygicause crenteprohlensdol) during
serch &d’c%l« de@f&g féﬁc%flbﬁ{irk&jlﬁ\fh&ﬁmgﬁﬁfdf igRs! C?héj%idé £hd seams are
ectrical "crossta arge leakage, and even
formeslhrandormig imihetdielectrid ldyet avelchave anpneélcaibmmssshaﬁmﬁﬁ}itlons and

Techni ues ve been deve m ni.m ze
Popu TR ties o £ i G7 LS HIPREGHTEDIe ah g h iU o8, Gapogition
procegélﬁé SChE 'léfyef'%ﬁﬁ{ ésaévén eRhig ?ﬁblﬁﬁﬂl‘échﬂeﬁl‘iﬂz@ efl r’I‘l'l@th{d%%nd seams

hese i ncl’ud sl omnng deposition rate of the
in thecﬁmﬂsdtdlemeMnscematb vaigations $t tluysheimnec qunlitios obgaps end trenches n
devi R STARLAP PSUER B th Sh BS0:aiR o SREE o cecricl

cross@80 CRdrkE LakBle i Bdvel Uhdriifig WhRthd ardd etk & db"\nd@e@ﬂle@lt@f
thé trench and eventual |y seals off the top of a

: [0006:1 at 'gecﬁ;éj.lngfﬁgsr Iltl gvg ftl)t glll Xev@?o‘ﬁ?ﬁ ® %lﬁin?% 150 tr{l]lstlgf 8@’@613418{81 seams

S48 NG eposi t

durinf; @epafonIfke e thafiials@naiigly aspoct r@ﬂi@@tn&turesn Tiadse include
0007] Another technique to contrql void fornmation is

slowipg thefiepagiien rateof the diskaciriq Patgriaksedt stasgaeriecapformal to the
s1dev%'ll§ lau?(f f)ét{o‘fn gPﬁx?rtlleﬁJ:}} | &nIIB}E g dﬁfgl'm:‘ﬁ“dte o8 iEcah! ORI &ééree to

an nore or seam and prevent 1t
whlcﬁ ﬂQMeb@@Hh’r[werﬂil b&ﬂdmrjﬂnthajtef) @€ iniddle bﬁ&leftlrehd:h aral evertually seals
Increasing the flowability of .an _silicon oxide

off theilen elck Yaid. Haarimatchohaesyer. sipinggie BPSPTRIeReang Jesreasing
the dﬁi; 51(5 ﬁrtfﬁ;l%éqﬁu Crefuces E?DQFQ goeff'@@ncﬂ] ghdProdlicHbH fa?&r S

e OoxXl he "wat er vapor
I A T
depodiltl Afiditral ﬁfayerﬁpv‘ﬁ\ﬁﬂftendl RGthSRSTe TR waBRit V%EérﬁﬁleeeqdﬁéI?ghll a void

uring a silicon oxide deposition 2007/ 140
or seRCEhUBRY /0668 IScornimg agiesmangt é¢fs@|11y thef filbwelumige Increasing the
ﬂow%)élﬁg%{f%{l g 1c§1]; O)t(l B d{je‘lee%loncl rtngt%ngllcl ihvd \llel'é%dgﬁllg wa%er vapor or
peroxide (e.g., H»O,) to the mix of precursors used to form the oxide layer. The water vapor

creates more Si-OH bonds in the deposited film, which impart an increased flowability to the

film. Unfortunately however, increasing the moisture level during a silicon oxide deposition
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increased wet etch rate ratio (WERR)) and dielectric
properties (i.e., an increased k-value). [0008] Thus,

w0 b@ra4a3enai ns a need for dielectric depositi oPCHYS100T869899
and processes that can deposit voidl ess, seanl ess,

dielectric films into qus, trenches, .and_ot her device
can algg pdyerseheeffest hemropsries of dhradapositad i@, inghuding Hs depsity (ie., an

incredé%@écl@ra@@ﬁﬁf)f(WE@ﬁ LAIBiefe o%ggﬁeﬁ'ﬁgsﬁﬁ gt B tncf@Bed k-value).

eposit a dielectric’'materials éposition

ates and flowability.characteristi.cs that do not
[Ooosid\ﬁ?‘éetg?eéﬁ‘%‘&f atnﬁ%y@ﬁ g}eﬁWCO epf’ﬂ@_o? Fﬁt%ﬂlderP‘Fe:sse_s that can
deposti@ifleRNLaRliRE iASRAE GimOnidbBlseeidchés, hhd g&‘hgféi%é%% sttuflres

~are addressed by the present “invention. 1
with HEgIVRRYE r@iosT HEhet NVENTINEI ] 0@ 9 [formybteniis mpd processes that can deposit

. Jdnvention, include nethods of .filljin ap on a

a dieleE PP Ia g1 Freh epPriighraigeiand fovwiblife Srebaterilge Ak do ol
adverbdIp effédt e @falitynéfitRel AGishe AIN. Ph&RRAd Sthet SpRctR 0 di¢lcefic film

and an oxygen precursor to a deposition chanber,
depositiancare addressed py depressnsinyentfosr m a first silicon oxi de

| ayer in the gap on the substrate, and etching the

first silicon oxide layer to 15 reduce the carbon

content in the Igg r. The nmethods may al so incl ude

form ng a secBRE gUNM&R‘GQiFdE‘IE NddOMhe first

0009, 8o I RSN L AR o B D wi

silicorayidee Taa nethodd nafytiacluddihe geps bBinfrodlicinl arf Q@akg-silicon precursor
Enmbodi ment s of tge i nvention al so.in¢clude net hods of

and ap G FGRPTECURIN {9 p ASRASION ChEBher, E5RFURE e PrACBIsOLS to form a first

silicoﬁ WRRENANE in ti-ﬁg %gﬁ?ﬁ RRASHERYe, 120G LR tthefint SRSoPbxide layer to

ormng a p ty of silicon ZOgOX|Qe layers on the
reducs tiesdartadneconvené inethe degylar. sSTHe roethodsanagalsaystudedernging a second

ol SRR oR ey 00 8 SO0 T LUERS Ry

conteRf BGHE BYEr. A siIRRDNIXRIT 1SyPNEP Be BARGIHISPEr the glp is filled.
reacti on chanber, (ii) reacting the precursors to form

o0 g b o bl L8 e sicon
oxidePfil &4 & bibsthte] THEnEethEEE nidyanclige heRRPE 8fforAg DSlhddlity of silicon
Enbodi ments of the invention still further include

oxideslpyare as tifeubsiats, ovheraresch sgpn pxide Jayreehass thickaess 9f pbrut 100A to

t:0Mm:, U apfills -of S . y
svou T HE A 15 53R 1 SR BAE e Sy nd
an at@BR dx§PérppretuisoratAstdctibe chanbe) (@) reaoth@the pravutsop tasomn the
generating system coupled to the deposition chanber

layerpndhesubreatp) ad i) gishinedhe Hycsipgedireimpurdesdn by layer. The
pluragﬁgogﬁ?%eg %g%ﬁ{eﬁ'ﬂe%nﬂé%&g” precursor. The systenms may

an organo 30 silicon precursor source
used to_supply. an organo-silicon precursor to the . .
(001 He pBabpdigtentsf shiaventioneil fprtis indlide sysiame ifwg}wg{}%m% a multi-

Usi il b&Edm- Qfer sBYERE. TRE SFEWNSGhay includ
cydeaﬁlgg?%gxgé F I C onﬁhgggﬁl?i%ﬁéaﬁ%té% t he sdeposi ti ong}%h arrbe?}., metude
a depbhitiop chanives dn whichdhé pap SnahiAg 8Ttstrd@37 Field, and a remote plasma

P 2007 . . .
genera%-rll-é LsJySstgrrcl) cc/n?p g t%gthe deposition chamber, where the plasma generating system 1s

used to generate an atomic oxygen precursor. The systems may also include an organo-
silicon precursor source used to supply an organo-silicon precursor to the deposition
chamber, and a precursor handling system used to direct flows of the atomic oxygen

precursor and the silicon precursor into the deposition chamber. The precursor handling
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system keeps the atom c oxygen and silicon precursors
fromm xi ng before they enter the deposition chanber.

wab@78ysrem still further includes an etching BYFUS2U0T/@69899
et ch i ndi vi dual silicon oxi de | ayers deposited during
each cycle of the nult cle fill. .002t]f)
sySterR SaFS B O A S IETTeCuPRlS SOt iog peTpisithey prer the

depospcﬁfn chhﬂleIh eflfd:%%f@t'éfn@tﬂl%ﬁ&@ﬁcl&dés%le%g 88nd B i@ ihdividual
beconme apparent to those skilled in“the art upon

s111comaudﬂ teyeisatepositediduring pachi dycleatfitmmolti-epe gepfillear ned by
the practice of the invention. The features and

[0012fd VAT A& emBbdihiRatsiand EsHniredardRYt fBfh rne?é:t #fitle @Bription that
attai ned by neans of the instrunentalities

folloveso il cnartonid] begomie gppaend do these skilledini the amielpon examination of the
T
spem%%gééff %%% an}eQi bsg Elt'a@gés %r?l gtﬁol g\he na rfgﬁg\rﬁv 'e\llﬁadvantages

of theaﬂvambﬁm Béfrezilﬁ!éd phi@steditied BWRBANsT theiistnigertdltles z ed
reference to the remaining portions of the

combgp,g@gmsr, pedmethedadescribed athewnsgdicaliier ei n 1i ke reference
nuneral s are used throughout the several drawings to
refer to simlar conponents. In sone instances, a

subl abel is assocj at r en ral and 15

Toll owe o hyBRBEF PEsGRSHON R BHERRERAREE b1 &
[oomﬁormm%} ﬁn%émﬁﬁhlﬁggﬁ?ﬁ R&Rird aald%@%nsgbs%ftﬁeegregeﬁpﬁl%mmn may

umeral w thout spécitication to an existing subl abel,

be redlized by refelen@hetd th@renmﬁmng partiah$ of the specifidatiomp hed &nemlravangs
nts.

| har,t h. ..
wherdi By [HLPHERC eI s fredsoi b el (o ST SRy Ty g similar

compgﬁ‘é}ﬁsc' ! I‘il' s@ﬁle‘i‘ﬁ&ﬁfc@é rzlgsut)ﬁbﬁqp SdbETRIRE Svifhf a feh@erl B \@RTct Aind
0 [0015] 2 i's a flowchart illustrating methods

followﬁ a hnihengo denom onid efyeultipie|simidar coxipgnerts.| Wiheaeeforet¢eig made to a

e FARRE PR Ao fFgh BB e AL et o

such ARItNSISnGfr 6Rkpsien@. nul tilayer silicon oxi de film
according to enbodi nents of the invention; [0017] Fig.
t h t
oord) e P AR HBBERY RO R i e

depoﬁﬁ&ﬂﬁhcﬁﬁflﬁ%to@mﬁddﬁnd:rﬂyeﬁﬂhb divenfi®Q18] Fi gs. 5A— F show a
substrate having a gap structure that is progressively

[0015{]' I 2@ o@cha?i‘ihﬁ#aﬁ}ﬂ eBldds B?Ha[agfélfg]em@'tﬂa{?eﬁﬁﬁ%@éyﬁ& film

nts of vent| on
accoramg&btetnbaﬂmmncssd tbemvetiom, vi ew of a substrate
processing systemthat nay be used to formsilicon

Xi [ d
[OOl(ﬂnvg%t {IQ gsyaeﬂéwﬂﬁfﬂﬁﬁ }ﬂ%lfg’lasi%tg&?ét%;ét Uslg%stE %gélg%lgds of making a

multil382€]icdd akid6Rln sccardingl énibhalimeits gf thminfentiory st em
nmoni tor/controll er conponent of a substrate

[0018f op%sg i ehoBEs RBWCRAE Dfudirtthel RetBORT niEM Sa AlultilfRer silicon oxide

I'nvent i on.
film according to embodiments of the invention;

[0018] Figs. SA-F show a substrate having a gap structure that is progressively filled with a

multilayer silicon oxide film according to embodiments of the invention;

[0019] Fig. 6A shows a vertical cross-sectional view of a substrate processing system that

may be used to form silicon oxide layers according to embodiments of the invention; and
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DETAI LED DESCRI PTI ON OF THE | NVENTI ON 5 [ 0021] Systens
and nethods are described for nultilayer, nmulticycle

waeleposswsrons of silicon oxide in gaps and on BC¥/Usm968%069899
of a wafer substrate. Each oxide layer is thin enough

about 5 o about 300 A) to allow an etch
100205) T B g Sapelég@ dbwamgl arsaﬁtsménpwmﬁpmr@?r sefponegsof a
ly effect
e e R R S L A
When a plurality of the oxide |ayers have been
deposited and etched, an anneal 10 may be done to form

the | ayer SDEMLEUDEQCHMIWOFIME INSENTEON Ooxi de

film [0022] The silicon oxide may be formed froma
[0021} e dxyisicors apfl nitlgds arg @@@mbe\defoammlcye@,ﬂygl@nycladcpoamons of silicon

oxidedy BRfnRay'shithee AVl nupdties R NS Hiee ORUTHENS e

about\§0RetotaBEutBBP L) th iallow G @tihSro@dssltd<d Rociatldndtrefold Mipurities such
organo- silicon precursor until thgéaare m xed in the

as orgenigrAnd hydrppal gresps tﬁlﬂtrf@ngﬂwreqiﬁ egrat dlee qualibagnsghieledrie pegperties
of theafﬂgl thFEll Hr@%%h i bo %\ﬁ%gérp?a\% b%glp 8?? otsité)c{]arfdl %metdhﬁlt anneal

easr | narr o

may Yel ®ne heﬁormﬁkhé &lyeRin@tatighpgasigdowensilias (ﬁstldé ﬁmt sone
of the larger carbon groups and hydroxyl groups in

[0022?1 2 erileRRdhloxe Ihll}%e ﬁ)rt?lla’(l? %Hl betfof dgﬁg Pesakttl 'ﬂoﬁﬁ:yoxygen

over the first [ayer e etc to t e next
and an mrgﬂlﬂo-lsﬂwen pre'Ehtsor;)sud:leasrﬁMClﬁéI‘ S.ePexnitatlic coygen alay fivstde

t exa or tr chlsfll ed
generple QRiSHS (o4 HaamheE ) 18 QRS s Grkes islets e e oreano-
s111<30161l ?Y&ﬁlssor 1Syt hﬁi(é‘d 1?1 R OfGsher. "PRe lk(}@lﬂﬁn% eilied @ﬁd% & carbon

bottomu gapfill. Additional detaiTs abou
rich ane highdis ﬂowabid,LmOsldlrgraoﬂepystl@nﬁhmthat pasily dlpauistto dre bntﬂoms of
now be ssg‘?ﬁ ar O( de L\%i;/ﬁ For magjth n b
narrop g #3 TS TN e Aty £OF OR e larger carbon

group%'aﬂ@ h&&ﬂoﬁ?l UMb e @ep@'éi'téd' fi16Y 6ls@bssiphdnt BRide MbpiitloaiBay flow
25 deposition according to enbodi nents of the

over tha fiesttlayen andrheetehedhioth tho oexiteside lpyrsl dhesyclpmayibgirengated

nt ai ni subst at e to R n
severfRo@ I BT Tols ARt £ Seb BB fROR I Rba IREREm WPye
pluralifydféfRof BRRIe 14yetd) cnﬁ§muﬂtc9c1e prddebs Iibahi ref@rad tdtab a bottom-up

aspect ratios of about 5:1 or nore, 7:1 or nore, 10:1
gapfibly A.ddrt@nalwtqls@ow%meﬁ@d& pspdugisy and systems[af @12641}1‘/9&“1011 will
ral ity of silicon oxide |layers are then fornmed in
“°“”%H§s%%%%y(and on ot her 30 surfaces) of the substrate
104. The S|I|con OXIde may be deposited by reaction an
plary Oxidebayen Faimaiion Precesses and an organo-silicon
precursor in the reaction chanber. The oxygen

[0023]onNFigi h s]mg,vsm fowcimor ofrmrmphﬁédmieembwmmulﬁwgbrsiltdoatoxide layer
was renof. ener at ed side.the_ 5 /140377
depogsizay 29 %’6%%‘5@““@3& oEiRe PP B moRd 100 g inludes
provﬁﬁé%ﬁ%hg%ﬁtaﬁﬁn@ §HRHrak 8612 B dshBnthases @i aheQhibstrate may have
structures formed thereon that include gaps, trenches, etc., with height to width aspect ratios

of about 5:1 or more, 7:1 or more, 10:1 or more, 13:1 or more, 15:1 or more, etc.

[0024] A plurality of silicon oxide layers are then formed in the gaps (and on other
surfaces) of the substrate 104. The silicon oxide may be deposited by reaction an oxygen
containing precursor and an organo-silicon precursor in the reaction chamber. The oxygen

containing precursor may include atomic oxygen that was remotely generated outside the

5
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such as nol ecul ar oxygen (02), ozone (03), an

ni trogen- oxygen conpound (e.g., NO N2, N20, etc.),
wW@20vydsBgen- oxygen conpound (e.g., H2O H202i BCTU$200Z069899

car bon- oxygen conpound (e.g., CO C(C02, etc.), as well

as other o en contai nin recursor nd..conpi.nat | ons

deposiforsehibet Lk slomjccryen 1k Daeeasseied by S difsopiiion of & precursor
h r

o g S0 B 0 80 A Bl 0,10,

N,O, dt@smby@pg@hoxmﬁummppwm &% dhDatdto) a carlmngpxy.mhmpound

OCI ation i nvol ve str.iKi
(e.2. TR P ai ] SRt oy gren B iiing PEFeltspes s sombdafians of
precud®fer ati ng chanber and introduci ng the oxygen
precursor to the plasma to 10 generate the atomc

Xygen The en.
[00253 'ﬂ} dlg%o {)Jli g%th{e &))Qet ﬁpsl)r to ggol rr]lgllag e ca c())n 1prox en¥nary arI?]o be done
by thérhel diskwigiioh, ulfibeiors Jaatisblibten) aﬂd/ef:pnaeﬁa di¥Bycidtion) afeng

onpounds with direct Si-C bonding and/or conpounds

othermqthpde Plaswaglésseriaion mawinypls saikieg yalsnp frigrehalivp, gegen, erc.,

[
in e PR SRSl fTtine PErifafl FRORGR R vrrenisgneo tpplasma o
generbeetthameinliyy bxorgeh pedchirsoat e ( TMOS) ,
tetraethylorthosilicate (TECS), octanethyltrisil oxane

[0026] OMiR) atoﬁha l@ayygtfmﬂagxe ka?%%f&ﬁbé@%%& %/&Iﬁ}:on recursor in the

tetranet ot efrasi | oxane
chamDE‘l\/S:hermgetnpl-silﬁcroinqirm%os niaanmcl(lddeEﬁ)pounds with direct Si-C bonding

henyl di net.hyl.s yl.sil ane, anpng ot hers.
and/o QDo SV SN oy g DS AL SrERa 06 e egeRs may
include &iﬁfcﬁﬂﬁﬁlaﬁ@%ﬂ&%ﬁ@kﬁaﬂé t&fhﬂéﬁ@léﬂaﬁe d@&h&l@f‘laﬁfédua lon to
osition chanmber. A carrier gas nay be an

tetramq:thyﬂortg@lga@ (IAEOSH sesmethylorthosidicaty (TROE), foetamemﬂtnsrdmne

(OM{(;%r @W&y&%ﬁr oxi.de Mﬁg N ﬁ?afﬁ %tggl%y %{P ﬁSIFg%gem es

(TOM@A'I‘SQQIMQT@(DS PEMY) n(&ﬁ}@ tri IBG8Silarde QNEE1S)| phenyldlmethylsﬂane

enbodi nents of nethod 100, the atom c oxygen and
and phegpdsitpngi amargPthrécur sors are not ni xed before being
i ntroduced to the deposition chanber. The precursors
[0027TTRY TRNé1@Eno-gficéhgrecitadtingy bundied Witepadraércgas pafor@bd during its
separated precursor inlets distributed around reaction

mtro@wamsérrt e deposehiaiyRiRmber. v CETIgHE2s 183X, PRt Waghisreas thaggdges not
unduf:sml% fefd Pith A f{oﬂ%ﬁfon(ogﬁ%ﬁ c?yégét ﬁﬁn %tﬂe@ﬁb 0P U%Ianhﬁ@s of carrier

er and positione ove th strate.
gasesliheludheltung incen,tasgdn) end hylsogdn (Hz]r; AMOKY geher Rases.ur sor in
a direction perpendicular to the substrate deposition

[ooz@urfr?&%odi&@&wmkﬁ 0d 106, thé Lﬂoﬁﬁ@oﬂg‘é‘ﬁ Whe e%gfaﬁaxﬂeaﬁ Bfecursors

romone or nore inlets around the sides
are noepded before bdingrinroduddddo ithe depesitiery cliintect Thépretirsevs ofay enter .

e S C recurso di t [ I .
e s BB o S 2B TEL o rssion
charBer/ F@%Q%f)@?@l% Qfmic oxygen precursor may enter from an inlet (or inlets) at the

top of the chamber and positioned directly above the substrate. The inlet directs the flow of

the oxygen precursor in a direction perpendicular to the substrate deposition surface.
Meanwhile, the silicon precursor may enter from one or more inlets around the sides of the
deposition chamber. The inlets may direct the flow of the silicon precursor in a direction

approximately parallel to the deposition surface.
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[0029] Additional enbodi nents include sending the
atom ¢ oxygen and silicon precursors through separate
w@ooora4377 a nmul ti-port shower head. For exanpl ePCHUS2007/069899
shower head positioned above the substrate nmay include
r the precursors to enter the

f f
l0029&ep%é41§$1§h g@hﬁﬁ%%@’iﬂt@g@g stending thy ategminprygen A sibeon precursors
< 0
B N

abovepthe subrstrate. md3r includs e patterh pévpnimgy foihthe petoucsofsfte reatet the
set s . of e be f.lui d i SO rom each
deposgishamher | e brens opering ey b Seled By eriiienyeen

precuf¥dfl '\ﬁﬂllé"hadec&ﬁi ﬁﬂbh& oRBpéHingP SFHphied byl @R éiil‘fb%n‘}frecursor Precursors
precursor ling equipment is described in a

travelgng-theoigh defderentsets o opmmg)may bpaluisty isplatsidi foem ieach dtheri ungl

i R R R AL Mo oo

handligfqEphRntis@EEritel in a tblaSdgrda 1 BepPoeFROERYatast Apification having

present ap gllcatlon the entire contents of which are

attornﬁﬁ dedlet nwbepd0 Htl6d/ THY 700 by Lahewirslar, and fitlpd PROSESS CHAMBER
FOR ; glglgﬁ ﬁfq Fﬂﬁ’c@io gi F(g §1¥ d ré n@@ %a? P#h%%l??seﬁt a%kiLgaero% the entire

contefifsloff bichoaté H&ebﬁlkﬁbrmmtéd]ﬁy ﬁetﬂéisﬁde&bﬁalﬂpm&dsl on
surface. The initial oxide |ayer has excellent

[003({] l OMe a'tc;n)ﬁc 022 Cﬁl'a sﬂwoﬁﬁk%u%%g‘a&ﬁ ifl fheldd osk?l‘?(]ir{ ﬁﬁﬁlbgf' they
t structure e substrate
form shﬂ:rsﬁlm ox[dé(lsyldr oAftheegubetaaté depasitonlsaxfece. Iﬁledmmalsm)tléejlayer has

an y be erforned t he | r enpve
exceu%ﬁw% Yﬂl&%@éo e&?&@@éto? ﬁtf 838F ithe structures on
the Slg,rs AR fggeoups i nt 0 srral | er carbon contai ning
ecu es and di ssociating at | east sone of the Si-OH

t d. sili d 0032
st ek B b e RS e
remo@é 1n§;5dritfé§’ nTHPé 'n‘i’é‘;‘/ ih@U&E GissRMiting 'Pdig@' org@ic %‘% F@fnﬁ@irﬁﬁﬂar carbon
further drivé out noisture and turn t ayers 1nto

contaaunigm@lﬁcuhs,gmd disedipting a\¢agesond of thefh Ol bands to fora| water and
i 5%0 rm ng an anneal after all the individual |ayers
SLICO %icon oxide have been deposited and et ched.
Addi ti onal enbodi nents may include internedi ate

[0032nnEellosving tl@rdeeweu@r andtehing of the plusglity of silisoy ex¥ide fpyers, an
ef | |
s i35 e PO outhoRRy g MR AR i Bl v

quah?r ox3de Alm. 5Emed>1mentshﬂc}lﬁd§p@fo@mﬂ%mmmw afttodll ﬂm&nﬂlbl)duai layers
nal anneal of all the | ayers, (50033] Referring now

o st L >3difigha) erporioniggepRclude
1nteng9n5§gtgi nfteals. oegr bﬁ&e{no?é S thOTyES I Pffohhwn_?ﬂgﬁ%nlgz't fﬂndatl meeal of

e Inventron“Is s
all thﬁ&?ayefsnmoudﬁaﬂlpltanﬁtéuﬁedigeram@ﬂxmwy be tleneafite posiyi2, 84, 5, etc.,
hanber cantai ning a 30 substrate 202. As noted above,
1ayef§ R dﬁP@%@ﬂs@ngﬁ%gy ?rﬁ@l"‘t&]’éle%lr?féhé]ﬁ? ]@y%?y gen precursor
and an organo-silicon precursor. The atom c oxygen
[0033iay Rbferrreervatoekigi 2, aaflovesiattellimtgtingle nsthod 2001 of sweking a

mult eneéi 1%%{; oéﬁg B%&%{é‘igg% érgbo6d9r91ce)nt\s/\%¥ hlsé iI(l\/eénglbfl isss?lg\c’)vn. The
method 200 may include introducing precursors to a deposition chamber containing a
substrate 202. As noted above, the precursors may include an atomic oxygen precursor and
an organo-silicon precursor. The atomic oxygen may be generated in a remote high-density

plasma generator supplying 4000 to 6000 Watts (e.g., 5500 Watts) of RF power to a



10

15

20

25

30

7 WD 2007/ 140377 PCT/ US2007/ 069899 conbi ned gas

stream of argon gas flow ng at, for exanple, about 900
wo 200180B375ccm wi th  nol ecul ar oxygen (02) fl ow,@ImyUs1007/069899

for exanple, about 600 to about 1200 sccm [0034] The

organo-silicon precursaor may be infroduced to the )
combms%cgéi; stresm ofpigeregasflowing 2t ¥fg cxAmplegahayt 209 toclRP0 scem with

mole SRR (B RoRina fob Rl dndy By BoRanbkeh 2
oS SRR e i et

ixir AR HERTLRIPBEHE BAS 0B HENdPRith a carri h as heli
mlxnfgct anet hyllcl:ycl gt é)t%r as%aogangm(%g)ca?gr %&rlsos\/uicd(:‘fz1S ae %lllrr(l)\(/)\f

moleaflar@ydic@en ¢Hi)h ot breamipde, hetium mayt lee bubbledd atflo80Gte af about 600 to

t 1600 m [0035] The precursors.react with one
abou 7 et o et ISR Tp B B oS RIESHR) SPs
octaréthylR16tetRa116 24 (AMCTINS phtidd a AERDTOMCIB tb bR chamber at a rate

chanber during the oxide layer deposition may be, for
of abeut AP teabaub 400 WEH- Torr to about 6 Torr. Higher total
pressures (e.g., 1.3 Torr) may deposit a oxide film

[0035) tThomecuridroveati With Ghi@dricthed $n thetthh@bérawEsmps Esst vkids layer on
Torr) may _deposit_a nore conformal oxide

.g., 0.5 , . le
the su(bgvgtp 20Ge Ehe tedalipressire dnfhe chapherdurmegtheprige layecdgpogtion may

0S4 i =y ;
e, PR} O SRR e 3L RS ormay
depodi¥d ebeidel 60 svithi asrerfine ik ¢rqualitias) gehiferloweradressuret 26 g A0iSTorr) may
to about 2 gm mn ie.g. about 50Q A/mn to @out )
deposipypmory sanformabexide 1ayeh ABeRaNsC tBe alofuic FREgeR weheacive, the

o g R SO, b
less).| Gyile depositirmmtts mdyerafigeoiomfabowtd 26 rAdmim woabout 2 jor/mie(e.g.,

abou&@%{@ é%nglyopié())@q éﬁﬁg glg}euéag@nﬁél e?é)el‘j egyl'?gggss kc))? the layer

may ﬁ% SRR 5@ S0 St KEORYEg] BRI 100 R%o hvbut PE0ARYeEr, and
also to planarize thefTayer. As noted below in the

escriptiaqn of.Fig. 3,.the etchin raocess. nay. i pcl
1003¢]° S AP e S Rideier i ol it AoV 3 Bie R o b5 pHlRoer
may §i8p,| RWtROfifshExi Eyen@apbe bldBed 2065 I THeaY@ing §tBemay be used to
precursors are reintroduced to the deposition chanber

dissopia®, andnempeainapurisics by the layse @t alse k9 planariagdhe lyen: s noted below

.. Substrate 0., The .2 d : .

BR300 3, I SRR FARETN B, r e

etch &t8pser, or may be formed under a different conditions
(e.g., chanber pressure, tenperature, organo- silicon

re [ £ G.a): r
0053, 553 Gl AT M o550 AR,
depokifiptl thdnybdr 208 smdaedbt ar fophanacdmicoxidelayaoarthe Sitbstrate 200.dThe
| ayer may be etched using the same, 30 pr.ocess, a

used
secondyoxfle leyeraay be Grmed yader the samgeprlioncendionsstle Hrst Tayer, or
may gé Hrﬁlreﬁ Rhd® LGS Rnt {fhdftions (e.g., chamber pressure, temperature, organo-

silicon precursor, etc.).

[0038] After the second layer has been formed it also may be etched 212 to reduced
impurity levels and/or planarize the layer. The second layer may be etched using the same
process as used to etch the first layer, or may be etched using a different process, (e.g.,

different number of etching steps, different etch precursors, different power level, etc.).
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di fferent nunber of etching steps, different etch

precursors, different power level, etc.). 8 WO
WQR®7n4080877 PCT/ US2007/ 069899 [0039] Fol | owi POI/Uk®07/069899

formati on and etching of the second silicon oxide

0051 B0 8o o b e s Ut i
addlthh@fbxmtﬁlhyéry) thé bkide Mye®thalebddmehled D14 t@rhiaN@iform, high-quality
have a diel ectric constant (i.e., k-val ué)

SlhcoafOde@ﬁpﬁHh dhe ﬁln@i gepfil} may haye a disdestrienmstagt Ge., kewdue) of less

than 42 V\%IF]ZEE} Hegyf]'\@ﬁ lagout%t% lgss ﬁl?a%dakgutvﬁ% e?{)g %& ?tw%t Eifa El rgtg 5265{& (WERR)

of lesd thanD): 1 (eTheatgapt 81l to ﬂibyutble4 Ui Thor gaptill meayoienuti folia@hroughout the
fill volunme, and contain few, if any, voids or seans.

fill vc[lg@gmndlgoataug e YV HISHSKHPE: t hat  hi ghlights a
two-stage etching step in a nethod 300 of making a

[0040jul Figl Ziterwssi flowednriakatdéghlighty aaeoetatieregching sopindi methbs 300 of
.of th .inve tion. od 300, i clude rovi dj ng
malkidh g, TR S ion PRETBACEHARBAS Sbod el oF dhe Bheitiong The

meth(;(p3(§U' RERUSOpBvidh r%% subQ¥M8 ?J‘a At éHaﬁﬂB@r 3’(529% fftfodlcihg
the reaction chanber 304. The precursors then react

precmft@rs @rgm axysgen ibnlicnui Mecur&w@rto the redmionwhambert3®430He precursors

e 2 (P RSB R0 e b0l e oo

stagelelt®. oxi de layer 308. This first etch nay include
using a |l ower-density plasna to dissociate |arger
r C and grove |.eas rtio f o
[00413 gﬁ{]é OITBL e elf{I},]sstarl%sgb e(%ond 1n§ 3 %r\it?t 8?1@1 tcv?(g 13%%;%09 This

first @élﬁﬂﬁaﬁﬁyzlude Sing A€l ow&i-Achs AN Eﬁaﬁa £ Gk QNI OlagRn O AR dlecules
Ar/QZ plasma that etches the oxide Iayer The etch

and rergeivs 4tileaska perjion A€ thggarbopan th@wf?gw Shisdewerdensitplesma gigh may

L R e S

etch abapitivin hmay indlade) €or exatpke, fitiking lar;ﬂasﬂ‘fa fadan atflod6Of 1600rstem O, and
This plasma etch can di ssoci ate Ia%(%er carbon groups
400 sge7p argon at ARowWerahabent 3RV pits and intredHcingdt indhg deposifion chamber

ata p%é)%?l.g'g]olf ERdd: 99 Rerdherdil %nll%tsl‘éﬂ ca@dﬁf‘dgﬁ% a?%e‘f‘ Ra®bn bRfips and

ayer s conducte at a asnma
remod@cwbdnylmpnntlesrﬁmmtheokxdaskayea portion of the hydr oxyl
groups in the layer. This higher-density plasm etch

[004,’11‘3YFél[H'Ezsl'ngI heSirPRSENY sEéb%d oyt tﬁ@oﬁdé’ia?éﬁ“@ cbRIueRM 310QM
he dissociation of a flow of nol ecul ar oxygen (e.g.,

hlghes @tasmacdnylsﬂm to meraovd aj Iheqsm\mrtléaFOf fthe Ihordl(osybgroulzﬂnam)layer This

highehQisn St nlaia By i Bpate P8 1t to°s St itied Trog the
dissoBth6H of AN6w oEAfdlecMdr Bx{@ (2.6H600 @é&@ erfh b H%hgib‘vﬂa@ RF field (e.g.,

| ayer to formsilicon " dioxide and water.

6000 d@ﬁi@é i Thopxyged péasola rnfw:beelgtrﬁ@;dsé to o clapesition Qhan@eh@tﬂpressure
0x| de 312 n of th eviQus I

of, o s X Tt il At Sion 8 P BB P Bt BT ] sicon

dioxid® asthivhier.a

[0043] The deposition and etch cycles may be repeated with a next oxide layer 312 formed

on top of the previous layer. The deposited and etched oxide layers are then built up until a

predetermined number of layers and/or film thickness is reached, and the plurality of layers

are annealed 314. The anneal may be done in a single step, or multiple steps. A single step

anneal may be done, for example, by heating the plurality of layers to about 300°C to about
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30 predeterm ned nunber of |ayers and/or film

thi ckness is reached, and the plurality of |layers are
wapeaksd’ 314. The anneal may be done in a si nPCBUS108T/069899

or nmulti pI e steps. A single step anneal maybe done

1000"&@{5@ xa%n‘g@eqo i‘b&’ﬁ b@@’ qurg@) urak I@l dry atmgg/p%ere e.g., dry
n1tro£ gﬁé}ﬁﬁp g]g’oQGth?gThé- QA &ﬁroges m@ﬁﬁh‘@ ﬁ@glotge HQpcﬁQ?&'fayer and

in a substantially dry atnosphere (e.qg.’,
furthqlthDn@;ErSl Ot igramps irde gidinon exide.) . The anneal renoves
noi sture fromthe deposited |ayer and further

[0044%) nVIalt:-Sieprhnifal st BHRSudE b B Sisleh GRACaPWhER- thé R4k Ifirst undergo a
Iti-step anneal s may include a two- st egganneal wher e

wet aniral ptages sucks 4Sr®@tlm31@é laysr to, i@ exemplenghoat 76Q°6a thespresence of

ste Sl‘lﬁsel%tal g% gcgelibg*ed K d%%hrr% sta; %}Eelreetihg zfy%ys adfz gga&:edéc}) a higher

tempaﬁma@de &5tabget 900NEY & @mnbgmefe&hane subsahasl ﬂe@ofmgﬁs@&e (e.g.,
erature (e. g , about 900C) in an atnpsphere th

dry Nz aittet amepl, aydielrhyderlyeq pdditianalSi-C bapds wigh Sl-@ﬁ{ebonds
, |
whllebtg§1 gl? a\'/r\n]“?%“} cgl verts the W}ﬂﬁ oosﬂFBe() q%lléleél%nﬁg 91‘1& oft%ho&gture

onds, anneal converts
from tHedaysirs.OH i nto silicon oxi de bonds and drives off
noi sture 10 fromthe layers. [0045] In addition to wet

[0045?”%dard)htfoﬂ% Rt W%&ﬁ&g alﬁltelal g, éﬂﬁ?%ﬂeﬁﬂn%%m&l%?élone or

alone or Inc ation e used neal
in compbimatibn)trgayoe wsed diceaﬂmybthe pluthiﬁ;; of oxidé layersa Theseainrlude a steam

nneal , a pl asma ann n ul traviol et nnea
anneddy 2t ey 8 FL SRR e EATREE BB DEem aRpEGAndBRg pgetowave
annedl! }66rk otlets[ 0046] Referring now to Fig. 4, anot her
flowchart 11lustrating a method 400 of maki ng a

o0l RpisHRnaRt iodfier s SnbraomReR B RS 168 R g o
multllﬁfy@f'/hﬂédiﬂoﬂdéﬂm hcfo@hﬁng ® antbaRasits boOMe eharhet ish8dwantdhe
Introduci ng precursors (e.g., atom c oxygen and

method ehhinchides promidinge sHbswats yo & depasiionchpmber 408.and reoducing

[ €CHI SOIS [ e
o BESE S0l o SRR BB BATS MR shom
preci@éoz§RAci4O Jorng 061iédn kide hiysr @Dthﬂtsub@rat&mlﬁk aﬂfﬁl}heiﬂ éheroxdlie layer
to determne if the cunul ative thickness of the
may breeieled 4. oxi de | ayers has reached a preset point 410.
If the preset thickness |level of the total oxide film
[0047]asAbﬂﬂmmlﬁ1aa bhetk miyele mhde Weletsminedfitherdmalative tyickress of the
end, and the film may be n ed 412, . Howeyer
deporifedpide; lﬁy%kl%@srgaqhe@aprwagp%&ﬁ@e ﬁtlhﬁ@fese& hishngm diebpf the total
ox1d§)fﬂn§i RastecH PRRAL, ﬁ@geg%gﬁhn GME bRh THle %SI%dt zﬁldetﬁiéj fifth may be
east one nore addition er to the oxid
anne4l6@4E]. Beweven] if wheqhmthh davet ltm 1ox bekta thét] e asothgamrdﬁd
depo?itlgrrl S3.1(1j gtg Egrc g gnaty rélcc(::ui.grr’goe asl(?d gﬁgas? gne more additional layer to the oxide

film.

[0048] Determining whether the oxide film has reached a predetermined thickness may be
done by a thickness measurement of the deposited and etched layers, or may be done by
calculating the number of layers need to reach a desired film thickness. For example, if each
deposited and etched layer is 100A thick, and the desired film thickness 1.2 pm, then 12
deposition and etch cycles should be done to form the film. The thickness of each deposited

layer may be set by controlling the parameters that effect the oxide deposition rate, such as

10
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done by a thickness neasurenent of the deposited and
etched | ayers, or may be done by «calculating the
woeovhae030f | ayers need to reach a desired fil nPCT/US2007/069899
t hi ckness. For exanple, if each 30 deposited and
et ched, | ayer |s 100th thick, and the desired film .
the types andrflaverajesofithe repgtiyePrecuiRosh 4he ok pressire i the depgsition
hamBEHOM h@?en‘ij;%?ﬁufeoaﬂlgﬁ th T i
¢ amdepos(?tt ed Tayer may %Eé Elqur%%/l&]grgn?fs rfotf% ﬁ,‘;tyﬁf:al%ﬁ&ltlon
rates fraitiEnetide kyersate abbfiie$00A/min txdbodet Mﬁ)&min (@rrg Jrabbet 15904Vmin).
as 10 WD 2007/ 140377 PCT/ US2007/ 069899 the types and
[0049] ! Ovd, AP sRbw bREbRRHIVIR doéa%%éﬁféthai i9 ?rdg%s@ively filled with a
fressure in the deposition chanber, he '
multi ﬂ'pﬁeln@mmxede féirmwgng)@mqulmaman’éth@rmultlm@lm@m@dltlabm oxide

layerg 1%1'3 616) &% Ir‘:[f% %%%s%%&%%ﬁ#ﬁz (?%\Ivg.le l g%g [?@4 HbSbeen formed.

It will&OGMrédidtdd thaf AU shb@h in s F5 AFhs @e@umtvhahql zi'lﬁs‘l’attﬁgly low
structure that is progressivel éﬁﬁl [led with a

aspecm%mutp mpse cleprly showv iripgegressiom of $haexidedtb davietsn thnlaﬁdlmh@s of the
prese}w%g)hﬁ%étﬁoﬂ%@ﬁ hEltHﬁlEiQ v&‘g%gg géétn? grte% h%y‘g{u@%? wgﬁ%}%{% aspect

rat1os'iﬂ45 hasl, belers I, oried:1, 11:4, 19:1,113bE 1dppasci sl edniddat gap
504 shown in Fi gs. 5A-F has been drawn with a

[005({1?'013% Y8 koW o, 1rsﬁ§ﬁ8§ fa 13.‘1@06‘3 defodiiRl g@en%%ll yl“h%'%ﬂ%oh I?&lde that

ession O e oxXl ayers di nents of
formédnthe lqyeebaiood dlofvabilityrgaditids, alhtayvmgthb fitle to quldklannilgséa’m the

bo“ogquef‘egaggﬁgs%h‘iisor}%‘thlni‘ge ga h \PQ)SE d Px d%%} Ele]b(i))gal%tolf%% gap 504
may l?@%eét@r thaR the BXide thlRAalk1dnl gghe é&v&h@"éﬁ" {i gdpf St oxi de

er 506a deposited In ga The silicon oxide

005ty g5 L Shove et oRicy Tegy SRE- sty - B neipa on
prev19§sq’y aébsitd MRl etdRQ 1Rk CHNBS BapPf04L MitheSle TSt drRf1a9s Giaye

bottom of the gap 504 nay be greater than the
form@:kﬁq:e thhbatiome v imathe 1ggp 68 usfitiedesited ogfdetfibe thiglness tevel is
51] ,Fi.gs..5C D show addi ti onal oxide |ayers
reaCh%gg%g é‘gp ﬁﬂgel ng deposited on previousiy

eposi ted and etched | ayers in the g rﬁo 504. These
[005%1d dOﬂ%ﬁhallasr aljibe plurality & theraxidedayers Bricppsited and sicheds ap gnneal

may ﬁggoqglﬁgteé Qor f¢ éj%ﬁflé iaere sqﬁ%' {Lﬁ?f %gﬁ%ﬁo’g;{? ség%ilﬂ? F% gg] The film

may b¥ipnirived basfor example, plhsm&ttc}tmg of CMTetoazindee deppsition inmterials
deposited and etched, _an _anneal . 20 may be. conduct ed

formedyoes tha topof fheyaap s0tnFie: AF shew vibgvsmppingsalicogoxidsgapfill 510,
havu{gfe n‘pff ean? Eiouﬁjcﬁ' skirh anHﬂXwﬁ%\gh Jélfaﬁgr Qﬁl » dib1@Etric characteristics.

asma etc ing or eposition

orned over the top of the gap 504. Fig. 5F

=N/ at P2 con oxi de gapfill 510, having

fem1 i f any, v0|ds or seans, and having high

[0053]i | Pepesition systeng thiatemwcmpilmnmh ambodigrentstdf glee present invention may

inclugh Bl oy BT et RSP AP PO oL RIS lgpma

enhahfR oﬁ@ﬁﬁ%ﬂ@aﬂo? H@ﬂﬂsitﬁ)‘ﬁ (PREVD) systems, sub-atmospheric chemical vapor

deposition (SACVD) systems, and thermal chemical vapor deposition systems, among other

types of systems. Specific examples of CVD systems that may implement embodiments of
the invention include the CENTURA ULTIMA™ HDP-CVD chambers/systems, and

11
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i ncl ude hi gh-density plasma chem cal vapor deposition
(HDP- CVD) systens, plasma enhanced chem cal vapor

waeleposswsron (PECVD) systens, sub-atnospheric cPenUsmn7/ 069899
vapor deposition (SACVD) systens, and therna

chem cal_ vapor deposition systens, anong other _types
PROGYCERIT BRCVIBlharmbare s wsiemprialable tampAppied Mstarisls Litngt Santa
Claral ORkEABNt enbodi nents of 30 the invention include the

CENTURA "ULTI MATM HDP- CVD chanbers/systens, and 11 WD

007/ 140377 PCT/ US2007/069899 .P M P D .
0054 i iARISHRIERLe RIOCTSFIRg !sxst?m&qme W&E@%dépél,ﬂhze
embolififent$in aeestignce Wit Be pfAbihtliRvdhtitn id ABRAlanPaBscRiBEd ﬁp(l,oeassigned

substrate processing systemin which can be nodified

U.S. Pa. Nos. 16i38¢,208 rand Gi838:1624, which exsanchaparetedihetein biergferesenfor all

i nv i .s shown and descri bed . - assi ed .5
purpaifs 15, PR k3o Yol o] yied oy Told TN i o vaouwum
or prdcssgdéHanibefl 1 5 Babindludys 4 ERiRN GRI1IMGE add b cRMHIRY 3RSssembly 15b.

FIG 6A is vertical, cross-sectional views of a CVD

. [ C Neld ER r .15
l00s]y SHRE Y Py 80 T R U ¢ ISR R Bergit process
gasesas aebstitel(dbt showd i} resionGHaty Peaental 2 comeridvsittin gRSrocess
di stributjon manifold 11 for dispersing process_ gases.

champey 1p. {pasdistabwiqnipanitold hh may s forneg: frorg gn glegigieally conducting

ter it R a :
matoR R 1o R RN B e REBRER e Lhpefas B g ocossing
the sublsteate I(¢.g.ad $eynicarddotot wafer) ispbstiomdd dnma fatder slightlg eomexasurface

el ectraode for form a capacjtive plasma. Durin
12 Ogﬂk?d@ggﬁt*ﬂg& T{Iﬁé’eé?f tlsgf‘%b? moyed controliably patiaes 2 tower
b1 O GREA, 1 0 Sy ks e
(indidaeedripvdadhablmer 31 indiGy 6 Ak twieenisaldselywendjacent to the manifold 11. A

|.oadj ng/ qf f - | oadi osi tion epi.cted j.n Fl 6A). an
centegipait 36t S SR TR POOYSYS ity o fhe slin of the
wafetsi N€ 14 in FIG 6A), which is closely adjacent to the
mani fold 11. A centerboard (not shown) i ncl udes

ensors.for providing inf.g tion.on the posjition of
100515 D st <aisE £ e s REP Bl R the HfmBE L Sl pertorsted
holes IBbIoTALSREENBhA flalQirciiRBaY didBbltbnotiedlaen 30 r Moadkspecifically,
hol es 13b of a conventional flat, circular %a

S

depositien piogeasigesesifloreiptathe chanberithronst pednlet wanifgld 11through a

cons R 1Ry ARERS o100y SUA A1 g TR Wikl

facepPé idg.at ed bl ocker pl ate 42 and then through hol es 13b
in gas distribution faceplate 13a. [0057] Before

eagly [ . @Qﬁ{ QA A0 I ?qﬁﬁﬁ
[005§r555%3%¥%9§% gééﬁhg%%?%égﬁ t 4%%%%1 ga§ﬁ§%6%ﬁ§p inesgaS
sourdds 7 nrough gassupplydinet 8intd awhieing system Sawhere ¢hdyi ane coralmided and
25 then sent to manjfold 11, Cenerally, the supnpl .
v Pl RO, el e ot e robh B RAes ) sver

safety shut-off valves (not shown) that can be used to automatically or manually shut-off the

flow of process gas into the chamber, and (ii) mass flow controllers (also not shown) that
measure the flow of gas through the supply line. When toxic gases are used in the process,
the several safety shut-off valves are positioned on each gas supply line in conventional

configurations.

[0058] The deposition process performed in the CVD system 10 can be either a thermal

process or a plasma-enhanced process. In a plasma-enhanced process, an RF power supply
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safety shut-off val ves (not shown) that can be used to

automatically or manually shut-off the flow of
w@e@crss7gas into the chanber, and (ii) nass fPOMUS2007/069899

controllers (also not shown) that neasure the flow of

st ol G Db BB e S B X T S 2

as to S{cBteRRSPprobRB eds ﬂm@@q@ fd}ﬁﬁ Tﬁl‘dﬁ}ﬁé Withi8e tPlifRRYERER Holween
30 confi gurati ons. e deposition” process

the fap@lﬂflt@ rlgednd ﬂletphéeS@l/ﬂ)ZsffEhle ragian Wﬂhbdmf@redtﬁ@ hergin dsgheririeaction

o or..a enhance r.
regiofl) o KRR IR oLl e PSR B LRV G RO CE BT lply theor of e
semloZ)Q@lZdtdl%ﬁZF s@@ﬁé@&@ﬁ&i’e@tﬁﬁﬁﬁ% prAver REdP19 34 @ LhiiddTRY éluency RF
power between the %gs di stribution faceplate 13a an

poweg ﬁ@pbe@ééﬁymcaliyzs upplieypowey aba bigheRY freqysnex: E8E1)gdd 3.56 MHz and

o B 1 B OEFD B, OSSRl

introduegd o Wel\dachﬁn bﬁrﬁhﬁeﬁ&d f0a Hef@blprocess, ke RF @as/et Qupply 44 would
pl asma react to deposit

.. Constituents of the
not b%u‘&%lé@qdr i the Pracev SenEns RS eyl Tesns 1 degosiciBadentes iims on
f
the sﬁg’f’ar%s &g gﬁé‘@?@gctggg%é;& ﬁl,éﬁgtgsgikglr)rt%dzu%npﬁ pQﬁég?‘ﬂ t1 4 Usgﬁlc?{ ifisikSvely
heated tippioivate thommi ermrgyafonitlgghreddtiohr equency ( RFl) of 1 3 56
Miz and at a low RF frequency (RF2) of 360 KHz to

[0058N"BRGE: 4 PRsHEcARRRed Hé;%@iti@fl f&%é‘st kné g)lme‘?ﬁ% the entire process
introduced into the vacuun1c mber 1 In a thernal

champerokk sxludingthem able wé theshpmber leyvl/ém swroundingthe exhaust
tilized d th i xt . th I
passagve b iq B RuiaL FREEER WHER o st ieis no plohst $Bng =

therna® Hb}ﬁ@ﬂﬂ)ﬁ%&fes%ﬁl@f 1i§H @ ROSiFcRhtNthidugh ARARSIA 52X the process
is resistively heated to provide thermal energy

chamb@r 1 5t teanzintaut the gharipy33n ﬂgvat%tempptaayma Theipenseged in the

remaw?lg C%f Stée gtaqg)ﬁ,g é’r% 652{ :Qr% gB OVVél t @h%g%el'a% %Ea{t t]aeechamber walls

152 i6d1adENBE tRRAEHY ﬂilﬁlaty?w I.8UwaeRBadel @t idna ghicol a&ismmnnal
23 and the shut f val ve 24. \Wen the plasma is

transfeg; Ty Jhisdreatdng (refgrrad tosasthsating:by ey b%qttewhﬁmgﬁrol:@@ﬁmaﬂy
redu&g'br Eﬁlﬂﬁ’l'a% L5 d%hEa%h%tfﬁﬂdésﬁ 15t g&cLaﬂ? %@%sﬁ‘ a&cﬁﬁnﬁgvésqge
pr ocess chanber t o mal n R at "an

climighttnad faddtidapredadtsio fthe ]Sh&emsasgeﬂ othrer icbetamirennres thatemight
of the chanber walls 15a are not shovvn Fl uids used to
contagpate threpreerartfdhexmpredo camiensaen tha avatlp af eqqlivaciung passages and

migeit B&S ko e protfichle tARRE: Al RSP baslon? 1 T o as
oosdl; @E%genam(fér P BAL TGS E GOTRICY T AP ffeduding reaction
bypr&gﬁ%t AN aRaRAURIR (RGhamBEY BVISPa VARumBbun® Gt blﬂﬂmgf Specifically,

atile products of the process gases and ot he
the gms teendxhausted thivengh ah ghiularg slot-shpad pefich k6 Wmleémg ithie reaction

.they.were to.con e, on the walls of .c
resiop 4G B8t AMHISTIGRER BleBdeid s oo BTG Sy 47 are
defindd bl Ak PBHeRAnhe RY F A% dHafiBer's cylindrical side wall 15a (including the
upper dielectric lining 19 on the wall) and the bottom of the circular chamber lid 20. The

360.degree. circular symmetry and uniformity of the slot orifice 16 and the plenum 17 are
important to achieving a uniform flow of process gases over the wafer so as to deposit a

uniform film on the wafer.
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[0060] The remai nder of the gas mxture that is not
deposited in a layer, including reaction 25
whyprodiscts, i s evacuated fromthe chanber 15 ByT/ES2007/069899

vacuum punp (not shown). Specifically, the gases are
exhaust ed throu h an_annul ar, sl ot-shaped orifice 16

[00614, r]?fSH‘ntgP ﬁ %‘é’ e £ 7. Jhe gased fla undernesth @ lafrak eensign portion

I S
21 ot?ﬁ;é"%lrﬁéﬁst | 18 Jl éast En@evﬁﬂg ﬁhlgt(r\}gt esﬁ& tﬁ@gght e?& \pllé\sﬁﬂ-@xtendmg
gas padsagdits; psast awacunon slmﬂ#ofﬁvazlﬁe W (WhakE hody Bdhtaghated wiktethe lower

e 4 S o i AL S DO

(not sﬁba/ﬁyiwugm%%hw (A8 ndthéQRyM ty of the sl Ot or | fl ce
6 and the plenum'17 are inportant to achleV|ng a

o AP RSB L e S B o
combafiion By isPestétveROLA(AR8R3Un niHBddd dﬁ’igl@l&d@)%nﬂ?%@é@ﬁeater

pl enum 17, the gases flow underneath a | ateral

elemenk cefigused @dmkedwo foHl tusns inHbe &mmfsxarqélebmmmmc cisgles. An outer
portlon &‘%@Hea? 4R St%jg@ént t(g h Btteigl 8E Wrs‘%progt }g end%rllcgan

gas passag e vacuu

inner kp@ﬂibnl 18nd 61’( &@rpaﬂﬁtf anohberitﬁ@cﬁa&\ﬂﬁvmgi hafiakér radibs. ’El@?vlnng to
and into the exhaust outlet 25 that connects to the

the heaterslemant passettr Pighthesstemof thanredastak i ough a forel i ne
(al so not shown). [0062] The wafer support platter of

[0063] heT prickdist ady drzall(gfithd elantiey liningngasuniet wenifotd cfaceptateaand various
conbi on t herepf) esistively heated u

other &eAGEY Hivgﬁrﬁ glednads syt eﬁ%@aélosuﬁ% 4 Bpmirepeagized aluminum, or

ceranfieNAnGb R g1 dF sﬂa&?CWaé}HHtust i¥ H@&n‘b@d &-AQ{Ae® 1, s. Pat No.
parall el Concentric circles outer portion of
5,558 HA antitled BGEDt Procassing jhambat,” issued tp @haoret ady andfhetd’m@r 1ncorporated
ort.platter, while an 10 inner portion runs on the
byre%% 36?1gmggﬂaentrlc circle having a snmaller radius.
The wiring to the heater el ement passes through the
[00643t e/ldt medtanjsatantmpton 32 (160 63]) rargqguané lawers theyheater p¢destal

f t l.d_f
asserily 10 Sp 48 Watss ditlithe B 57 athf f BB oA EH Sife boay of
the cHEMIRY 113 byausbotdtad! (HHA shbwh) &P&%Zaﬂdnﬂtwﬂ/ﬂ%ﬁf@valﬁpemng 26 in the
ceram c. An exanple of such aratus i s

side ¢fdbe ¢ham§w |lﬂ Ebe motorgiaaises and lpyers pﬁéestﬁéwe%@n Aprocessing
posmeoFltM g af%er S Wﬁ%@%ﬁ?d% Cé] g? gg)%n%e m?tgg 3’%@%5 {)lgﬂgvb ntfdilers

conn&fﬂéd foethy suppBPbdds 8/\ghs ddhvai@cziyetem thréttld vaRt ORF gawéuPply 44, and
rai ses and | owers the heater_pedestal assenbly 12
cham@ﬁ@ar}dt %lbwéﬁt%heatmgtsyqﬁwn% arg 2l caBtroflgddysa systen sonioller 9eg control

lines g?’a %fev@l? ?ﬁ'lé/ s8f‘neta¥be %%y C%fntro 1&%401133 fe%éoa@i( fR3nd ﬁﬁﬁ%l

hown) thr ough an I'nsertl on renoval ope
sensoz§td detdriiine?the posidowdf ibeatidrmetieanichDassdinblicssuch asSthe throttle valve

rai ses and | owers pedestal, 12 betwe

and syseepior Srhiotvarg mpvad Py RBRTOPTIRE 8101eTs aa&% ep&n f&ﬁc “%HECY 34.
nmotor, valves or flow controllers

[0065] In the exemplary embodiment, the system controller includes a hard disk drive

(memory 38), a floppy disk drive and a processor 37. The processor contains a single-board
computer (SBC), analog and digital input/output boards, interface boards and stepper motor
controller boards. Various parts of CVD system 10 conform to the Versa Modular European

(VME) standard which defines board, card cage, and connector dimensions and types. The
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connected to the supply lines 8, gas delivery system
throttle valve, RF power supply 44, and chanber and
w@aastsmre heating systens are all control | ed PYT/ES2007/069899
system controll er over control |ines 36, of which
only sone are shown. Controller 34 relies on feedback
VMEfSﬁ@ﬁﬁr&mls%@ﬁn%ﬂ@@Hg siructyrg ag Bpwdpgp Ae-bitratajensiand g24dyit address
bus. MOVabl e mechani cal assenblies such as the throttle
valve and susceptor which are noved by appropriate
rs under the control {mcontroll r 34. 0065]

[N
0064/ ¥sicanpamaroflerttherniiobll ok theadiyiliesf &ﬁq?Yle ne. The system
contr%lﬂﬁ'|e¥dé’&1§eg%g§‘t%%oﬂfr§l"so%a¥ee whidFBERCY g gl%ﬁfdlﬁ PRYeddh 3k
rive an processor 37. The proces ontalns a
compstengéadable ame;ﬂlum ongLaser m¢sa@)3s. a‘haﬂembl)aﬂtb 1dé1gb1tya38 is a hard disk
. 1.n t/out oards, .interfa oar ds dste
drive R i BEBEATIRY 80 BpAHESKNgBP EORa, 1 Sirpegprogtan
includosSeR B HB3traOHR At URtdtO the\RADE, ARG BF okl ARGRBer frid¥iRe,
standard whi ch defi nes board, card cagé, and connector
chamum‘rtempm@me aﬁfdpqwésvelsm@cemm mtmomdmtbmameters ofa
arti U8200766£69899 VME st a dtargjt ‘%ﬁ defines, the b US 4o &
particy & BEYGRS e‘incaoxliri‘%eré’r‘i%a%isf OFF o P Aoty dsyich; yeluding, for
exampxéda a8ppy sl or HBEEHHRY & Islﬁ&r};bﬁaa i 0d, n@ly abeb eniRkd € Spedth
of the activities of the machi ne. The system
contreligit3fol | er executes system control software, which is
a conmputer programstored in a 5 conputer-readabl e

[0067TEdA pRocesClor depazitigrifilyh &Ba sulbserhteoablpyocesdfer fﬂéﬁmhg tlﬁ:&hamber
is a hard disk. drive, but the nepory 38 may
15 cap pp amplemented Sing@ROMPUter RECEBRPIREIL %ab@ Fé‘?ﬁutqdrhﬂ tl}a e%ntroller

34. Tﬁ? E&n@&tex‘ 151‘8%[( ﬁggéddg 5n bO¥rieddh G %&ﬁ% 'ﬁb@ntfo'ngf d&pu%r)%%éﬁle

er pressure, tenperature,
pro gramw&ng langedge; for esaaple 068000 Rbdeinbiy 1aag1¢ge,t BeC+pdrascabtkarisan or

articul ar, proces O her  conmput er rans,
othergy i OOl B o P &SN HIPLRR Y Pges; gsing a

conv%frfﬁﬂpll text ealtt)} ‘aﬁmtofed%f eﬁfboefea% a 85apineF usamerrﬁmlmﬁt §ich as a

ive, may al'so be used to operate controller :
mem@x@(h@?t}em/bfph@cmswtém ff ﬂhepntcretdl augle dexft id lmadmglaleselklsltgua% the code

s compii, T SpL RN PR TR pled TR dGRanish 35 oBECk e of

prec&agﬁﬁatmér&&xﬁt\ﬁﬁldw@@rlfblréﬁ Foutifds. T ex&qmﬁé Rikdd BGHhFIEd object
code can be witten in any conventl onal corrput er

code theagyatoimenstbinypkegrtherabing codn gawes the @omew&r@rséem sgloadthe code
in m@&qrymé dgﬁ%@é ?ﬁag% g&d clg:%éa%tﬁ? %gld? Fproerr aiq%é; { gksglflprgl’fsed in the

progi@fm. mul tiple files, using a conventional text editor,
and stored or enbodied in a conputer usable medi um

[006%”%%9 glteatl‘fa ?E‘Jéxe%é 3;@%@%&?@] JOEI?TPE%%% Slaa bf{TtrH 'tor 50a and

tere anguage,

light §exlS0b, isBowR iOFIR 6B, héthtibe sfnqﬁiﬂeﬂalﬁﬁgram Eﬂﬁtﬁe&lystemdﬁomfbr and
t hen I|nked wi th an object code of 20 preconplled
CVD\ysless it in aquhsfaie propessiugsystomy whichmeay inglyde gre i raokegBambers.

In thcl: bﬁ%&pe’d e‘fr%'&ihh&ﬂ 90 hfttors 50a are used, one mounted in the clean room wall

for the operators and the other behind the wall for the service technicians. The monitors 50a
simultaneously display the same information, but only one light pen 50b is enabled. A light
sensor in the tip of light pen 50b detects light emitted by CRT display. To select a particular
screen or function, the operator touches a designated area of the display screen and pushes the

button on the pen 50b. The touched area changes its highlighted color, or a new menu or
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code the system user invokes the object code, causing

the conputer systemto |load the code in nenory. The
wW@RY7nkBm r eads and executes the code to perf or@T/UR®07/069899

tasks identified in the program [0068] The interface

A RS TN WL - A,
Otheﬁ’ﬁb'vﬁ,*és IsBclfasd H@Jbbgﬂdeglo%ea% St Ofoihtiy HhRMIRRoh A6vice, may

CVD system 10 in a Substrate processing system
be uswhmwadrailon ln@kidudlen tmbglsipendPie tectlbovbthegiser th gomhminicate with
contrﬁli ﬁrred enbodi nrent two nonitors 50a are used, one
ed in the clean roomwall for the operators and

t he other behind the wall for the service technicians.
[0069%h el At hews 3gemotsiplasnageaeator p0 mapledyon the lid asssmbly 15b of

the p o@éﬁg]r H%ét&q S 19&’1{@%@ ltl%;e e‘gatlg %1st1]ﬂgR onF}ﬁciep? Qe 1%1(%1%3 e?b |% esddéstrAlbutlon

sensor

mamfoll(g bt. Amhduingitlg h&apﬁ‘&%ﬂh&ﬂitﬁﬁxe r&'mo&qﬂ&ﬁta genprfdric0Wnahe lid
screen or funct the operator touches a deS|gnated

asseI 45 o135 DAY SEFLPITAG: GAr TBR ARARITSA BPIGAY MaseIof GHEE A mixing
dosc P 1 00 S AR ol GESH.
mixifg@evid8Z7007¢1 0638 Biximrinesrn72 disphsep isjded: slmmfdfrarﬁmglg block for

conmuni cati on between_ the en and _the disp
MIXingraeess 2asep-he CeHEf eseéatorséﬁdﬁ pE}g betwgethe quounting égapéfer 64 and
the nﬁ’ilﬁg HeR&d 74 gP”I@SOSA)? Oﬁﬁl%'{&é&ﬁﬂc'lmatgxe&t iy beﬁiﬁde GFF U&akhic

I nstead of In addition to I[ight pen"50b to a
matetidl suctsay AL O3 (W hpwiityhtTeflinh®hor the hike.oWhen iBalled, he ﬁﬁ@ﬂng device

70 anglggopy IGLSE T L BT S i GOEEEYCIingLF RIS 60 olate
the n‘lefh“f h&ﬁiﬂt&%ﬁft’&n YRSm ke dév*?éét700a{hd‘2§@§ 8RtruBiod AAnABRl 1t1ht% minimize

distribution manifol nmount i ng adapt or
the pommml dortdwscomstany plaghatnferyenthedidorss@ablyr 5b lae disc@sed ln more

15b, as.b n,Fl G..6A. The adaptor 64
et IR rl T sEER DATRAT M bracr sB4F B pidbess
cham@@m &lthet alrédﬁ d#lﬂﬁbﬁ?ﬁﬂi‘e&érﬂ@te@flashﬁ%eﬁ&&to@ et ri bution

mani fold 11 (FIG 6A). The 10 m xing device 70

[007 (QP C'ﬁ'fi’éj 1%%110%6 5[]]6%%5] g 45';‘&8{ éO 1Z %egfa%gpg‘ géjmf)zi}% 'sgﬁ cggt%ln%h uZﬂf that can
a mx proocess
be cdnS&haitEil’m@lﬁmtd:cSOIpﬂﬁQﬁl(hsm&M& @ﬂb blli‘(ﬁbémisﬂy rd‘t@fﬁtda phtor exﬁiﬁmg
and the mxi ng device 70 (FIGS, 6A). The ceram¢
chambeys|vthout epsthraid Haermonsaing anctdéﬁ%ﬁﬁaoes (g BHtahle wifdn thes
e r
ASTRERE BESHORHalME frolEADA Seicyfe abd, Peck bRy MET g,
Mass6 G headyS TRONRpgankraodr wtihieed 4 bwafadndrbidall pllasmd tvedissoolatet Dprocess

6 isol at s 15 the metal] adaptor 64 fromthe mxin
gas. 3@%%%(%’ cathf r&a%nadﬁhé%omafﬁm ACC BB iBe! aﬁn g athloﬁ‘Pﬁ‘cgﬁ“Q’é‘mg gas

such %bﬁFp%@ﬂgA{rﬁkr %ﬁrs r 3nBafSiE ﬂL%naeleemsme@d to clean
i d asse usse in nore detail below A
ﬁlmddpom&mhembmcﬁﬂnbﬂriﬁrol s the flow of the process

gases to the process chanber 15 either directly or
[0071]N" PGRg B ribeBvRra? bABOENRARSTt il be 8&ognized by those of skill in the

art that various modifications, alternative constructions, and equivalents may be used without

departing from the spirit of the invention. Additionally, a number of well known processes
and elements have not been described in order to avoid unnecessarily obscuring the present
invention. Accordingly, the above description should not be taken as limiting the scope of

the invention.
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[0070] The renote plasna generator 60 is desirably a
conpact, self-contained unit that can 20 be
w@oowasident |y nounted on the |id assenbly 15b eemukm07/069899
easily retrofitted onto existing chanbers w thout
0 y and ti onsum n nndjflcatlons sui tabl e
10073]n; Whis ATeee o4 esrgrogj%ﬁ@»rlats&n sroterd St saﬁrlew\wemng value, to
th teﬁ@lmﬂtﬁéimmptﬂe o dinfie BRI R ot
© STRON(r) gener at or E%t ?g%nsté)g%reaﬁ’fd W%rélg? oi éPetween
the umpeaamrhlom@r tinsts of that eange pr adsrespecifigaldy dikclosede Ferlasmphléer range
t he I SSQci ates a proces as i ncl.uding a
betwdefl g SHF GBI i oo valbe 6 rued Tpss iy Ohef petsd o
1nter\&ﬁ§1§%ﬁi& iAthal Elﬁ&ﬁ rlu%eQE &%oﬁ{p‘ﬁsdceﬂe?hé Lps¥riang ld/WErQHmtsSof these
used to clean filmdeposits in the process chanbe
smallg¢rangey0nay mﬂmnndgltlyémnclbé@i oresxeluded entho dangemrsl each range

cogqn b of .skill,in the. hat
wherd itter ich G BOME i e i AB e T s Bt i tenCffgpssed
withi® eHél i Pdriioh Ssubfeyt ©enyspetifdallyentludsteRmittin Bk sftz{t&ffiahe@ Where the
spirit of the invention. Additionally, a nunber o

stated gange Toskdes onecrdoteef the limis, angaswrekidingeitherar begeof those
%ﬁﬁ to avoi d unnecessarily obscuring

inclu ﬁﬁﬁ?ﬁg Sgr&%@@%&lon Accordi ngly, the above
descrlptlon shoul d, not be taken as |imting the s

[0073s Ag peedibereimendin thqepnmﬂ%fb@?fmm@wmgp@rf%g@d'@‘?/" 98@@"the"
1ncluéeg@er A e hfs uﬁle@?ﬁg%oﬂlfextvﬁééfﬁﬁdlétﬁteg’ Bﬁl\éfvglgéj Th f& exalﬁple

that each interve val ue,
referace td'ta procdss'oihclinties d plveadity ofduch prdcessss amiereﬁﬁmenoe)td) "the
clearly dictates otherw se, between  the e
precufRshoinelidh FLTEHoH RAPE PEAIGE HE i o B AR (it known t
those@kﬁféh%ﬁﬁ ar-asd'ssfoRhl €r range between any stated
val ue or infervening value in a stat ed range and any

th ated qr 5 i.nt erveni valu n,Jh state "
10074 nSlso; 2 e saTee. TR e IOty @npyinciudes
whentR68 f thfsr@kélﬁﬁatm%asn fRYoll e;m;iﬁ@ heVinfeBdddelspEas) thE

excluded in the range, and each range where either,

preseneq QﬁﬁéactecbfeamSh int¢gers, sompenentse pm;@m, but thepedasmatipresiude the
presegﬁeb a%lpu{og ﬁ)ge §nco &g “afdgllturee)s( CIP eggré h(feonlirﬁnoi Irllt% %??Ps acts, or

groupst at ed range. V%ere the stated range includes one or
both of the limts, ranges excluding either or both of
t hose 10 incl uded Ilnits are al so included. [0073] As
used herein and in the appended cl ains, the singular
forms "a", "an", and "the" include plural referents
unl ess the context clearly dictates otherw se. Thus,
for exanple, reference to "a process” includes a
plurality of such processes and reference to "the
precursor" includes reference to one or nore
precursors and equi val ents thereof known to 15 those
skilled in the art, and so forth. [0074] Al so, the
words "conprise,” "conprising," "include,"
"“including,"” and "includes"
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when used in this specification and in the foll ow ng
clains are intended to specify the presence of stated
WO e@r040337 | ntegers, conponents, or steps, butPCTE§20d00069899
not preclude the presence or addition of one or nore
| , integers, conponents, steps, acts, or
WH‘%%‘%Q‘M%VD 2007/ 140377 PCT/ US2007/ 069899 WHAT

ISCLAIMED IS: 1 1. Anethod of filling a gap on a

substrate W Alnéthdd SORIIAY b 98p oh BSuBRaRAFith dlicon oxide, the method

conprising: 3 introducing an organo-silicon precursor
compwthgan oxygen precursor to a 4 deposition chanber; 5

reacti nlﬂtrt heci recur sor_slitco forma fi,rst silicon oxide

layer i NUPREREE BERGUTICH REREHYAnd a0 P} LRGN0 @
depoéitios thahbdrcon oxi de | ayer to reduce the carbon content

inthe layer; 8 formng a second silicon oxide |ayer

on t he Tepé¢tEg theprepursensdo &rahi fitgt sileonsexddnldyerdinitize/gap angthe
mﬂmﬁﬁguce the carbon content in the |ayer; and 10

anfeal ing the silicon oxide layers after the gap is

fill ed.etdhidg thefstsilidoadbxide 16yeritdrelucathe cibon thgte®Xy G layer;

precursor conprises . . 2 atom c oxygen that iisawgenerat ed

Fe

out si deforHinEfesseend silispnaxadalayer on the firsh fay, gtching the second
layerctl) ?é(fﬁ‘cgthe\’gﬂ.r’c{oﬁ' c%n#eﬁ?inachgﬁg&; ggygen is formed by: 2

formng a plasma froma gas’m xture conprising argon

and 3 i amedihgcthaegiliaon oxiyig tayesraftetiths @ap iofilldde pl asma,

wherei n the oxygen precursor 4 dissociates to form

the atomc o en & ?. Th? t hod, of claim 3, wherein

the oxyhen plicmpbef of Heige i ok PREn PO HYEsh RS PBERPrises
atom$O6Sg8h tHAisYPen iti and ni trogen

e R e 1 ¢ he

atom c oxygen is forned by: 2 introducing an oxygen

precur sbr i nthke methnd rbelasr dcvherpiarthe slamieexygends ormed by:

exposi ng t he oxygen F))r ecursor. to ult rsavi al ef. | i,ght,

wher ei nPREEA RIFEUE BP0 44 SHECroCAELNS 48l e

oXygen pereeudis®in &:0ygk procaiseMothO¥Maan, wHeréin tHdéxygen precursor

~ nmethod of claim?2, wherein the organo-silicon

dissogtagasiip Seym He @tanke 0XYeeit o ¢ oxygen are not ni xed unti |

after being introduced into the deposition chanber. 1

r7Jr e;:rz(r:)s!gft hoghOhefbdofkthim Wﬁ&'efﬁ thé 8xﬂeg%%h§o} {s%@tcted from
the group consisting of molecular oxygen, ozone, and nitrogen dioxide.

5. The method of claim 2, wherein the atomic oxygen is formed by:
introducing an oxygen precursor into a photodissociation chamber; and
exposing the oxygen precursor to ultraviolet light, wherein the ultraviolet light

dissociates the oxygen precursor to form atomic oxygen.

6. The method of claim 2, wherein the organo-silicon precursor and the

atomic oxygen are not mixed until after being introduced into the deposition chamber.

7. The method of claim 1, wherein the organo-silicon precursor
comprises dimethylsilane, trimethylsilane, tetramethylsilane, diethylsilane,
tetramethylorthosilicate (TMOS), tetracthylorthosilicate (TEOS), octamethyltrisiloxane
(OMTS), octamethylcyclotetrasiloxane (OMCTS), tetramethylcyclotetrasiloxane
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2 conprises dinethylsilane, trinethylsilane,
tetranet hyl silane, diethylsilane, 3

wao edorassrhyl ort hosilicate (TMOS), PCT/US2007/069899
tetraethylorthosilicate (TEOCS), octanmethyltrisil oxane

cronf G A R ST S S ST psbpimettsian,

phenﬁgyngszoow 069899 5 (TOMCATS), DMDMOS, DEMS, net hyl
triethoxysilane (MIES), phenyl dinethylsilane, or 6
phenyl silane. 1 8. The nethod of claim11, wherein the
first &nd sddemetbod dpiodmmokivdereil theajret andesacdndriliconaxide

t hi f. t, 100A OA. 1 9. Th
layers e BTG TR o e dORATREDRHAPRY of the 11 st
and second 2 silicon oxide |ayers conprises: 3

exposi g t herHeai@hod 6f Aaihi T,S¥hepdiA HivPetétang 60tha fikdtlafid second
density, wherein the first 4 plasnma dissociates

silicop griglerlayesy eppTifgs:ecul es in the |ayer; and 5 exposing

that | S5hodfl e gep Rt B BRI BN RE L R HERR, REBRIA dhe frs
plasngatissodiates dap@r ditvaanoladidss iaithd koer; yddr oxi de bonds in

the 7 layer. 1 10. The nethod of claim1l1, wherein the
anneal iS¥EOBRE thedaxst q 2 eRsopkPlaema hpvipe p seconddensitydhatps higher

[4. . - ' 4. .
than APASR g e85 Ol P SEPEI AL Bl n e
layerwherei n the non-reactive gas is nitrogen (N2) 2 and

the tenperature is 900C. 1 12. The nethod of claim1,

wherein the t hod includes form 2 addi tional... .

o111 con %xi duremyaed OeiinE witkeh i g e Hgisan oxide
layer@ESpHLRE 8h BrrRAFH inbh@8akive éassdt |a't€1ﬁ§er99ﬁkéj@f dbBUES00P@Sr more.

a thickness of about 501 to about 5001. 1 13. The

met hod of claim 12, wherein the additional silicon,
oxi de |ldyer sThermaethod ef d#ian1Q, wheran dermonrrganiive gasismifsogen (N2)

first and s silicon oxide layers. 1 14. The
and tl}%ttewgaragt%re éﬁ%né

aim12, wherein a total thickness of the
silicon oxide 2 layers is about 500A to about

10, 000A2.1 Ifhe nhétRodref ¢iaith Dfwlsdréinthelmethbé ireludet fi@ming
.anneal ed silicon oxide_ |layers have 2 a wet etch rate
additjone} sliqoprpirge layerspp the frshangsegqnddayers, gpd Whﬁ@lrhﬁtcwadlapnal
e Gl Ak [+ e S oxi de | ayers
silicoy 14 yer ISR Bl ale B B o A ot 1801 to
about 1.4:1. 1 17. The nethod of claim1, wherein the
anneal eld. si | Tleometbmd dfclhiay &2, svleasie the additional silicon oxide layers are

etched in the same manner as the first and second silicon oxide layers.

14. The method of claim 12, wherein a total thickness of the silicon oxide
layers is about 500A to about 10,000A.

15.  The method of claim 1, wherein the annealed silicon oxide layers have

a wet etch rate ratio (WERR) of about 2:1 or less.

16.  The method of claim 1, wherein the annealed silicon oxide layers have

a wet etch rate ratio (WERR) of about 1.8:1 to about 1.4:1.

17.  The method of claim 1, wherein the annealed silicon oxide layers have

a k-value of about 4.0 or less.
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2 a k-value of about 4.0 or less. 19 WO 2007/ 140377

PCT/ US2007/ 069899 1 18. The net hod of claim 1,
wob@raia37t he nmet hod further conprises 2 pretreBCT/NR0DTIE6I899

substrate with a high-density plasma before

i ntroducing the precursors to the 3 deposition

chanmber. 1 19. The nethod of claim1l, wherein the gap

has a He ghtThegnethed af daipe biwhezeinhq Hetspd Aisther comprisss
e R T Q0 el AT YOG . R0 v

depositisrechainbet. A net hod of forming a nultilayer silicon
oxide filmon a substrate, the 2 nethod conprising: 3

formng a plyrali of siljcon axide |ayers on the.

subst r glt9e, r%?thg%ﬁﬁcﬂal&l Li Wheteih REgWas 2ystehhipowidth aspect
ratio bPAKEN €9 Sorhorabout 100A to about 200A, and wherein

each layer is 5 formed by; 6 (i) introducing an

organo-silicon precursor and an atom c oxygen

precur s t olhemmethpdatelpionl.crizaneia the Sip(tias p height to wigith aspect
ratiotPeoo%[ LT SOr S to formthe |layer on the substrate, and

8?III? 'etcﬁlln% the layer to reduce inpurities in the
| ayer; and 10 annealing the plurality of layers. 1 22.

The net210d oA nedtteddof4drming @ mailtilal éresiladon ixédedXtO@Na substrate, the
precursqr is 2 generated outside the deposition
metho¢ 6OMRASINGNd wherei n the organo-silicon and atonic

oxygen fogl-g %%ﬁl%ﬁfgﬁoﬁflﬁ:oﬁ %&idgil%%rrgsew% ls&l%s%%% whle aah

I ntroduc nto t reaction ch e nmetho
siliconfoxidedyarhas a Wiekressoftdbeutet0ORAi togiboiit 2004, hwd/@herein each layer is

conprises: 2 exposing the layer to a first plasma
formedld¥ing a first density, wherein the first 3 plasm

di ssoci @tiﬁf%oéhﬁﬁr%ea[n S5O REMIER ahl ah Eﬁlﬁi@éﬁ%g'en%&ursor to

4 exposi'ng the lTayer "to a second plasma havin
arecagmnohdmbensity that is higher 5 than the first

density,. whereipn the secon | as di ssoci at es

11+ confih et he PEGHECH R fpRh Hegeyeapa i sHobte g

met hod @i) é%éh’iﬁ@h% layeriiereghde ihipariasdiaahd RYe9hind he

plurality of | ayers conprises a thernal "anneal, a

st eam sammealing the plusalitpoflasieral , an ultraviolet light 3

anneal , an e-beam anneal, or a m crowave anneal .

22.  The method of claim 21, wherein the atomic oxygen precursor is
generated outside the deposition chamber, and wherein the organo-silicon and atomic oxygen

precursors are not mixed until after being introduced into the reaction chamber.

23.  The method of claim 21, wherein the etching of the layers comprises:

exposing the layer to a first plasma having a first density, wherein the first
plasma dissociates larger carbon molecules in the layer; and

exposing the layer to a second plasma having a second density that is higher
than the first density, wherein the second plasma dissociates silicon-hydroxide bonds in the

layer.

24.  The method of claim 21, wherein the annealing of the plurality of
layers comprises a thermal anneal, a steam anneal, a plasma anneal, an ultraviolet light

anneal, an e-beam anneal, or a microwave anneal.
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20 WD 2007/ 140377 PCT/ US2007/069899 1 25. The net hod
of claim 21, wherein the annealing of the plurality of
WQ@200a5€0337 conpri ses: 3 heating the substrate aPCHUS1005069899

anneal tenperature in the presence of steam and 4

heating the substrate at a second anneal tenperature

in dry nitragen. 6, .The nethod of claim 25, wherein

the first anH¥dpe %‘iﬁ%‘i’%‘%?]@ Whereip gher anncalmg e thepusality of
layersEGRPtskegnneal tenperature is about 900C. 1 27. The

met hod of claim 21, wherein each of the plurality of

| ayer s Hestin@tht enipstiteatt adirstamneacd terafevattirelid FheApresent o of steam; and

about in. 1 28. The nethod of claim.21, wherein
each oﬁ‘egﬂ?égﬂhﬁ%l?%ra'esat A5e5Ang anpeal fperatyredn drypirageny
less. 1 29. The nethod of claim 21, wherein the

pluralizey ofTHeAMENSd bEcIFRNEA AR IR the%@bgﬁeaﬁé}n?ér%}eeﬁ about
or less. 1 30. The nethod of claim?21l, wherein the

650" pug Hicisegongdfanhen) dgrepernatyre isahmt 980€h 2 rate ratio
(MERR) of about 1.8:1 to about 1.4:1. 1 31. The nethod

of cl aim 21, ] ral it layver.s. have.a .

k- val ueﬁ' 2 ojfﬂﬁlég}ﬁ%tg{)&]ﬂf{lgg&#é‘?ls&el%e%.o P 1rl%reat1 o%lf18¥ers 18
formed atiaralof abherieb d/idhetoaboui 2 axemisi | i con oxide film

has 2 a thickness of about 1000A to about 3000A. 1

33. A system.for perforni ng a nmulti-cycle, silicon .

oxi de torﬁh?ﬁnagﬁqp glaimp lofwl&gﬁ;g eapk of thekayers is etched in about
3 mirdRYgriate, the systemconprising: 3 a deposition

chanber 1 n which the gap containing substrate is held,;

4 a renote plasma generating systemcoupled to the

deposi t3%n cherhethod ofclaie? kiwherdie thel rdenatitygeilayeat isagnealed in

ed to generate an atom c oxygen precursor;

temis
abouéyozlﬂl%ﬂteﬁé)ﬁieﬁ@i licon precursor source used to supply an
organo-silicon precursor 7 to the deposition chanber;

8 a prexur sorhdraaHbd 68cisns2 EMHesaal tHedlataliBCdf 1hyedyBavefa wet etch
the atom c oxy 9 precursor and the silicon

: en
rateratﬁfe(:\UEB&)Ofﬁbw%tlrSél thethoyt t-Adn chanber, wherein the
precursor 21 WD 2007/140377 PCT/ US2007/ 069899 10
handl i SYSHRN, : oo J :
or ecur Q%r' . ];Q‘fr' Ie X %ﬁﬁgc? ?1% &Elg} %fr’%eﬁeéf; We%q&aﬁ%fqﬁ}elrgﬂ&e a k-value
of about 4.0 or less.

32.  The method of claim 21, wherein the multilayer silicon oxide film has

a thickness of about 1000A to about 3000A.

33. A system for performing a multi-cycle, silicon oxide bottom-up gapfill
of gaps on a wafer substrate, the system comprising:

a deposition chamber in which the gap containing substrate is held;

a remote plasma generating system coupled to the deposition chamber,
wherein the plasma generating system is used to generate an atomic oxygen precursor;

an organo-silicon precursor source used to supply an organo-silicon precursor
to the deposition chamber;

a precursor handling system used to direct flows of the atomic oxygen

precursor and the silicon precursor into the deposition chamber, wherein the precursor
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11 enter the deposition chanber; and 12 an etching

systemto etch individual silicon oxide |ayers
waeleposswsed during each 13 cycle of the nulti-PgDUS2007/069899

gapfill. 1 34. The system of claim 33, wherein the

stemfurther conprises an, .2 annealing_.systemto
handjis 5o K Tiq AOPR3E5R Absitedh me- a6 Aot Hpibadre they
enterllthe dgptRRioh@h8mbdr; & The system of claim 34, wherein
the anneal i ng system conprises a 2 thermal annealing

syst em argetehing Aysiem én¢trin indéviduad gilican pxids teyersrdepagifed gluring each
cyclesgﬁhgfﬂultﬁg%c?f«f g#tﬂlﬁvi ol et light annealing system an
a

e- beam ann g System or a mcrowave annealing 4
system 1 36. The nmethod of claim 33, wherein the

syst em Bhnpr Tikessenho aited s inth¢reiR thelsastei fafkdFicéRIprises an
vapor deposition (HDPCVD). system 22
annealfaIPg systempto annea? a p&urahty of )sﬂlcgn oxide layers formed on the substrate.
35.  The system of claim 34, wherein the annealing system comprises a
thermal annealing system, a steam annealing system, a plasma annealing system, an
ultraviolet light annealing system, an e-beam annealing system, or a microwave annealing

system.

36.  The method of claim 33, wherein the system comprises a high-density
plasma chemical vapor deposition (HDPCVD) system.

22



