FORMATI ON OF HI GH QUALITY DI ELECTRI C FILMs OF SI LI CON DI OXI DE FOR
STI: USAGE OF DI FFERENT SI LOXANE- BASED PRECURSORS FOR HARP || - REMOTE
PLASMA ENHANGER:fARES! TI ON PROCESSES 5 CROSS- REFERENCES J&,E@ﬂ@,‘};ﬁ% 9
APPLI CATI ONS [0001] This application is related to co-assignhed U

Provi si onal Patent App. Ser. No. 60/803,493 to Ingle et al, fil ed I\/ay
30, 2006, and titled "CHEM CAL VAPOR DEPCSI TION OF H GH QJALI TY

FLOW LUKE SI LI CON DI OXI DE USI NG A 10 SILI CON CONTAI Nl NG PRECURSCOR AND
ATOM C OXYGEN. " The application is also related to co-assigned U. S
Prov. Pat. App. Ser. No. 60/803,481 to Chen et al, filed May 30,

2006, and titled "A NOVEL DEPCSI TI ON- PLASMA CURE CYCLE PROCESS TO
ENHANCE FFORBUATION @F%ILGHCIQ[DLDKIEB)IEBF&IB&G FALMS OF SIWHGEN

related to co assigned U. S._ Prov. er. No. 60/803, 489to
Minro et al D %\/EPB@TIZ%BA%E&E@T EEBENRSE@@ME%

%Eﬁ&#?&%&#ﬁgﬁgﬁﬁnm@ﬁ%mwmﬂ%
11 od Jne 22, 2006, and ti ATEROSHEORFRECESREST " AN ETGH BACK
PROCESSES FOR BOTTOM UP GAP FILL." The entire contents of all four

rel ated applications is hereby incorporated by 20 reference for all
pur poses. BAO(G?QJNDCRBSBPEFEWEMSESJHO[MQQIEISQEPEW devi ce

tri dra
Pt oauct oAt e At Sin S SGEo RattmeRans ZinatanE A eR fon. Se5 B
equi prrentcs{r/mm%ab Yngkderfal, Gty 8 \OOS Sndvifiel ‘XIEMICABMANDR and 65nm
feature sjzes nment._i.s_heing devel oped and i Ierrent ed
o tmke duprasaiOR AF KGR GRBE My HaBhLI: SE1CRES RS
hOWE‘VfU SeatofeYhigeAeBEPRECTRYOR AN TORTO By dRget el Wﬁbéif&n%a”
i ncrease the chances of electrical interference, including Cross-talk

and par as#ld welagedpa ep-repgned U.§. d’@%}’arrépp S d¥o. 6HBOHEYr ocChsh ettlefled Mexl
interfer eith@oa? b g&écf 4 ANOVEL BﬁPgﬁlﬂ@Wuﬁéﬁé%tﬁaE' é%LE%%bbEsé h9
gaps, trencéhes, ot her spaces between t evice elenen tal

| i nes, anENHI%WEWQéMIdﬁEL@E&LIﬂZ@N WI@GXIEdR 't iThe aptlieatic is fiather whadsign
forthelreas formatLan,in the. s en deyigce atur

and t hei r°T6% %ﬁ ‘égoﬁol cb%o gnﬁ? ?O';}g&s%g%% Oe%m;f.fﬁ%d%%g}}g’cﬁ)ip’c@d
w t h 1Dwetitidd- \AaM@EE{CH]J @ORHDEHDSI@N@MMIRI@G@E@WSKE&LMS&I@R RARF e

dovi to, COMPEnoNEREMA SR AL AT Chon GRSRHRHL v o o-

whi ch haSasal@@y@rsagﬁwkwaAw See N s sds, 973&8%14011%1 effled SRR SEbedh
conventional CVD techni g%gwﬁooom Wii'le the k-value of conventi onal

CVD si | i cétrdoHEELSREe BN M}“@HMI%BR@@SSB&E@%BOTMMUP
ever decr i Si

ave Kopt o mm o e R Sl el SRR birBoaths BB Ry
mat er &l srefiirerve fovedrpukposed. ues. One appr oach has been to dope the
silicon oxide with fluorine to nake a fluorine-doped silicon oxide
film(i e, "FSG' film with a dielectric constant as | ow as about
3.4 to 3.6. Another has bee%develﬁment of §[p| n-on gl ass

techni ques that coat the st QUINPt {EW

[0002] Semiconductor device geometries have dramatically decreased in size since their

introduction several decades ago. Modem semiconductor fabrication equipment routinely
25  produces devices with 250nm, 180nm, and 65nm feature sizes, and new equipment is being

developed and implemented to make devices with even smaller geometries. The smaller

sizes, however, mean device elements have to work closer together which can increase the

chances of electrical interference, including cross-talk and parasitic capacitance.



15 fl owabl e precursors |ike hydrogen sil sesqui oxane (HSQ to form a porous
low-k film [0005] More recently, silicon-oxygen-carbon (Si-OC) filnms have
been deveWopeas/ossssh k-val ues of 3.0 or |ess. These | ow leCriusa®7a8839f t en
deposited by the chem cal vapor deposition of carbon-silicon and oxygen

pr ecuriﬁ(@% Ogl't he substrate. Wile these Si-O C filns have | ower k-val ues
than p hndl G Tegiss the derpe af dpgtiical interterguces dielpsincripayatinegpatedslsateo be 20
subst antd a,! I i LV Parous
s D A P iR ERRRRAL RO nes B

k- val uethsf detiee featumesPdheiselédtticrmateriats anactestn fiindhicit' swst offotiatiat @ that i 0s”

(VWERRs) that .can ke the fil r rone to corrosion and siress cracking.
Thus, @Baepp%f)?tgegn H%Vé‘(‘f %BW%EW%‘?)IHEB‘E&S ecH@pf@Qth“i‘tﬁz"q'g\J& Y@(i]‘ée&%)opn based

fil 55 WiblBctiESWREdowaOd1hss ard BUWRE aMBRRNYR 3168ss-AIdG8S tifledckiy8%s These
and ot her issues 25 are addressed by enbodinents of the inventron. BRI EF

SUMVARYelirs Teducing\vEpgyemhll pogesionsurhpsatinmgribsdeyicet oniventeml dislettnicl ude

met hod . deposi,ti.ng a di.el ectric layer in a formed o ubstrate.
The e ag%lsaﬁjsrrl@gﬁlflﬁéﬁg%mpﬂ% V@P‘étbh%?fani a&?’iagﬁlg'cviah%%%}}”?fpg“a 6“‘{%2 “éﬁepi con

pr ecur geposited with coxy@Eionsl'CEDh&Dhigues.2 deposition chanber. The
organo-silicon precursor nmay have a C.Si atomratio of |less than 8, and the

oxygen ur i ] Vi enegr.ated out si de the .

Genasr LS (Tl YL I5S S Bl PSR R B A il TorBey St or s 10
f odén t keuctiveb,ah¢ ever dearyasing sizdshad gapeasing WRditiéydraidiive Rlictmenfs Habekégivent i on

al so include, nethods of filling a ga wth a dielectric material. The

met hod SETHEYNGuEaT Rpnufacireis dppking for Siglesitingmalsrials gathdower kvalvepr@ewr sor and
an 5o Ik 4 OD: r r .silicon
o cour SEORANABEEL acpB ik SERAANDIE AR 1 RS aleRe REBBNTIG o1 ot e
f r om t lsidp fidm(f. 6.0 IS G hiilnewitle p dldeirnconbiantmlow \ah abaut Bhetod. G sARotHeposi t s a
first portion o tE)e di eltectric terial in the %i?p. The net hods may al so
i ncl ud asel?et?ﬁﬁll?‘?g‘;etvﬁ PricRLeL pyY-01 glasiechmapesthat eeat thesubstrate wath highly educe t he
. oL il . £ th

cafbon fleeabr %edufbo}glﬁ(é%ﬁ%%eﬁ 511se§&ﬂogﬁf3QﬁS?2 @(gﬁgm:a‘;@gﬁ% BRLE KRR © €

dielectric material in e gap. The fir portions of the

di el ecti erial j,n the gap ma e . [00Q8 nbodi ment.s. of the
ot 18d05) Mol Blepd, SRrER SR RS BATETH Hine hiNariren AR SoReaa iy o

di el ectilues 6. @b} Rbs. i Thede B¥Rk 3ilma afeldHeh @b Ssited B HEHRREA VEor dBSdskis t he
step of providing an organo-silicon precursor and an oxygen precursor to a

deposi ©f eaberhsifiper and pragen preewiserg andhessubstean PrhalouheseSiHhE fdimEhave at om

ratio 8 recursors .are 15 reacted t e i.t the

di el ec?JrvYéé Fra%l&ee?i%ghn I?uﬁér deﬁlé%ﬂ?)n,e'%g’ag 31%??1%?’9“8? %Eﬂ?ﬂgﬁy E}elg‘gtso rformed on

t h20 depuistaneallylinetesdrois; wikdhasah abve ﬂlegaada&ddsetpmaesp IPRFIH RS ER! préftoal so be
performed on the deposited dielectric material. [0009] Additional

enbodi HSHasehah§orEan of waterghigh earrigetepse; the kypluejof thendlng Rpugilmsrlsohat
follo I 1 ' hec e 0 killed jn the art upon
exam \rllvg%‘llegfgg%éfr Wﬁgét%mstli)ta&gsi @g?}{g%%t %}}ﬁ ag(gtﬂpeefzfr%%élg reb%rop?] 9 %’rné)é]toflce of

t he i naehitresncradtieg.f Ehng)ttese Brchead fameagraheds dffiepositieilowol cdrByn baed eal i zed
and atb i nedhb%fpélne ns of ;({w iveﬁgklu‘g&nt alities, conbinations, and nethods
descr i H&BS VHR LSRCehRAP$IEG WG praserpssFrackingr Thege adafeNdsues [ 0010]
A D3ir t BRradiRIRUYyaRtioatm&ts bftfe fRlHAsH. @and advant ages of the present
invention may be’realized by reference to the remaining portions of the

specification and the drawi ngs wherein |like reference nunerals are used
t hroughout the several drawings to refer to simlar conponents. In sone
i nstances, a sublabel is associated with a reference nuneral and follows a

hyphen to denote one ofBRARESYMMARY OBTHIHGBYOENHIGN Wien reference is made

to a [0006] Embodiments of the invention include methods of depositing a dielectric layer in a
gap formed on a substrate. The methods may include the step of introducing an organo-
30  silicon precursor and an oxygen precursor to a deposition chamber. The organo-silicon

precursor may have a C:Si atom ratio of less than 8, and the oxygen precursor may include



30 reference nuneral w thout specification to an existing sublabel, it is
intended to refer to all such multiple simlar conponents. [0011] Fig. 1
is a flowbanis/@ssai ng a sinplified overview of a di el eeCTiuS2€d08HB2 i on
according to enbodi nents of the invention; [0012] Fig. 2 is a flowhart
illustrating methods of filling a gap with a dielectric material according
to enb@HINHE FK¥SEF senpBted pisids e depstpnzhambey. Theimethodsimaycse inchidowi ng
steps f . ey | 14 ric material in a gap on a
i€ BRYLAACORY A IALLRGR IAIPIEHE bhE

substrate according to e ein ion; [0014] Fig. 4is a
fl owch Illustratin t hods of king . a nultilayer silicon oxide film
accor dﬁ{ﬁ@‘}ﬂ o) ITSHJB Tt toga’t?fm‘(eﬁ’é‘opﬁ g,xﬁc!lm;metho S[Qféﬁ‘?}}g ‘I‘:B?}kwltBA-dFl%qm a
Subst 1 gt gAY TRInRIHAR nBl it AhAY Be Eﬂag_tof I%V{?ﬁﬁ)%r?%%hﬂcﬁéﬂic&* Heg&seﬁ‘ dnfl ot 10

f ing to enbodi the

mul tilayer silicon oxide filmaccor nments o I nventi on;

[ 0016] okygrn BEcwHws a depasitidnochiamben sshesdabe drgand-siticempretumorshdsat@:8t e
processi ng_system t hat be used to for ili.con oxide, | ayers according
s T Gt M R MR AN N

di agr agh@hb@, HHsleqhe PRGhA Q8PosRMA ﬁglt #ﬁﬂﬁoﬁ QFBRIMELCHE nﬁte?ﬁplﬁltth@E%)ngc%f essi ng

system accordi ng to enbodi nents o e invention. 15 DETAILED PTI ON

OF THE mathaEsmaanel§congisfie sighingrise irstiportiom ofithe sisdectids maickiebtofreducd éhmosi t i ng

di el ecty] terials in ps d on surfaces gn a substrate. The dielectric
mat er | é:lr’fsbgn JHiER I%I?Sen%ﬁteﬁgloﬁ?%&eé’gﬁﬁ%ials?c&'} P8§WB&£?}&%‘§F]ﬁ§PC Iﬁ%ﬂ-g@“ai“} over
ratdo e gapl R fastomE stendipotttdl ofiteWelédthe nfateridl in'thé k&) mhPBE atfaled.
conventional tetraethoxysiloxane (TEOCS). The dielectric filns fornmed by

nbi ni h ith.. ically.h |
car bon 0008l (9AEL SRR BE et i YA RurRlcE a8 et odR o bR T 1
deposi tentalib®s divisutrc miateriabin 20gapde.a sibiteaterEkigsmeeds inbchRisshéugsept i bl e

to cracki 2% void forpmtion, water absorption, and/or shrinkage than TECS

based SXIVYENE AN RES2DS S{l50R OTCCHIET FIAFMAKXYSPN PIEBHSAIRPSigRRRitiorshagibsh have a
oxygen i ] - Sk atp or
o vat or Tk Bpint sBR8 BRI st ip bElckPMhah B IHE BrEGBs 4G
r ai § os reactedhio ghpdsitShe diatecie matedhl detheiggh.emdauthéintay asidal map beyerdanied! ns wi t h

| ower carbon content. than conyentignal | de oxides that excl|usively use
TEOS aQNPISGqpORiR] GFlecttr auonat, Bt & plapme annral Haw aBp s Revemadssn
precur iy depb§ifld d1Q¥Qri@RftRfal. More Si-O Si |inkages in the ol ecul ar
structure. "This linkage in the Si precursor facilitates the formation of

SiOx fi i £ bt ed t tion f b hydr axy! .
r00zo] 1R ARG FRbafiRh R ol ek e 367 FRpestie et odpiandi | oxanes
and si felwa Bebint paat wil lek iele apiath @ e thaBSIskldd RARNarB s SkahiRfion dpuRRe easily

oxi di zed into Si-0 ) )
specification or may be learned by the practice of the invention. The features and advantages

of the invention may be realized and attained by means of the instrumentalities,

combinations, and methods described in the specification.

BRIEF DESCRIPTION OF THE DRAWINGS
25 [0010] A further understanding of the nature and advantages of the present invention may
be realized by reference to the remaining portions of the specification and the drawings
wherein like reference numerals are used throughout the several drawings to refer to similar
components. In some instances, a sublabel is associated with a reference numeral and
follows a hyphen to denote one of multiple similar components. When reference is made to a
30  reference numeral without specification to an existing sublabel, it is intended to refer to all

such multiple similar components.



5groups. The hal ogenated sil oxanes may include chlorinated sil oxanes such
as octachlorotrisiloxane (OCTS) whose Si-C groups can be readily oxidized
by nol ecuWwano@sosgssn, ozone, nitrogen di oxi de, hydrogen peraseee/8ase., into
Si-0 groups with reduced carbon levels. Simlarly, silazoxanes such as
hexanet hoxydi si | azoxanes (1-1MDS-H) have Si-N groups that can be readily
oxi di zé%“lilxt 18 L 1§ adfasiphart shovmg@sapphficd qyiegaas of p dicdestricdapesitinns nay be

i nt rOd%&ﬁldihg t& &ﬁ%dﬁfﬁnéto?mecin?éﬁfﬁﬁn precursors in the deposition chanmber
|

to further crease the formation of Si-0 groups in the deposited
dielectric. fil.m, The at om c_oxygen y.,be_iLnitially generated outside the
deposi hém]cfﬁdﬁ‘%ﬁs,a QPSWCI%@“F]J) Strd %ﬁﬁﬂi’fg&‘o 5 ¢ P%aﬂ?@WIMF]FWE%WI

gener atab@didBid embEdiRicAtsREMRAnS&bni Nt 0 t he deposition chanber to react
with the organo-silicon precursor. The 15 resulting silicon oxide |ayer

cancha iaproved. flowabi | i and, gap-fl ow.characteristics, as well. as
oudr - LEn Y s R o BE o e R Bt sifed by
reacti mga ol h GatRGafkl dcbsaingb emBbdidlenW dfihd Bl &fiohar oxygen, ozone, etc.,
in the deposition chanber. Additional details about enbodinments of the

hod 3 - he i i. i ]l .be di d. 20
oyl 300y ot G BN R Bk Y RUSRE e R R e

t hat i mcdoudiag t@embodilnchis@d theMaventiowy of a diel ectric deposition according to
enbodi nents of the invention. The nethod 100 shown includes introducing an

or gano I<h C &C . position
chanbel@lﬁeqjggéégﬁrg%@?ég%ﬁ% gla'?ﬁg%)c%g?rg%r §§H§t§$h¥oép eglslgigig?mrglﬁé” lftha er in
t hé0 gapml@lagercilic@b oy aledilnf mcardingfto tmbodinkents dtte h®entidn§023] The
organo-silicon precursor introduced to the deposition chanber may have an

C: Si afeune] atpip X sHoRa Jr@dhl Brok€ &tionaﬁtvgwsjaf 4 s'ﬂbisgatgfpr tcess@n% sgl-siieﬁxeth% 2, or

1 or Iess). This neans there are 1§ewer han 8 carbon at ons
or ganomayltieased forfovnsdison ppide dayless dcoordmgdo gmbbdincmts afttherinpestiantnd By
conparison, the tetraethoxysil oxane (TEOS) nol ecul e shown bel ow has 8

30car bgeo1ay ormg faB stRwaraysid Eﬁéd)diﬁ%'hﬂn' dTQRyétbmnoenifdr/eomtkollefbbBpMenBdfa WO
2008/ 048862PCT/ US2007/ 081139 C2H30, .. (_)CE/HS Si CQHS]()DCZHS

Tet r aeSHSRPWINTesessiBES sYsEDSRcooiing jo erhizodiments of thielinsotiopr ecur sor nay be a
si | oxane conmpound such as triethoxysil oxane (TRIES), tetranethoxysil oxane
(TMOS), trimethoxysiloxane (TRI MOS), hexanet hoxydi sil oxane (HMODS),

oct anet hoxytri si | oxane (CJ\/DTSr&E and/ or 5 oct anet hoxydodecasi | oxane

(ovoDDS), anong ot hePESAIBRRAER GRFIIANOF THE INVENTION

[0018] Systems and methods are described for depositing dielectric materials in gaps and
on surfaces on a substrate. The dielectric materials may be formed from organo-silicon
compounds that have a lower ratio of carbon atoms to silicon atoms (the C:Si ratio) than

20  conventional tetracthoxysiloxane (TEOS). The dielectric films formed by combining these
compounds with oxygen precursors typically have lower carbon contents, lower porosities,
and lower WERRs than an initially deposited TEOS based silicon oxide. This makes the
films less susceptible to cracking, void formation, water absorption, and/or shrinkage than
TEOS based oxide films.

25 [0019] The organo-silicon compounds may also have a oxygen atom to silicon atom ratio
(the O:Si ratio) that is equal to or greater than the TEOS O:Si ratio. Organo-silicon
precursors with low C:Si ratios and high O:Si ratios produce higher quality silicon oxide
films with lower carbon content than conventionally made oxides that exclusively use TEOS

as a silicon precursor. Embodiments also include organo-silicon precursors that have one or



HOC2HS C21- 1500C2H5 Tri et hoxysil oxane (TRIES) H3CO ".../OCH3 Si H3COOCH3
Hi ?--- OCH3 H3COOCH3 H3C0\ / OCH3 H3CO-/\ S1-0- Si - OCH3 H3C0OCH3
Hexamet howpaoes/d4gséane ( HMODS) PCT/US2007/081139
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more Si-O-Si linkages in the molecular structure. This linkage in the Si precursor facilitates

the formation of SiOy films with reduced contamination from carbon and hydroxyl groups.

[0020] The organo-silicon compounds may also include halogenated siloxanes and
silazoxanes that include halogen and nitrogen groups that can be easily oxidized into Si-O
groups. The halogenated siloxanes may include chlorinated siloxanes such as
octachlorotrisiloxane (OCTS) whose Si-C groups can be readily oxidized by molecular
oxygen, ozone, nitrogen dioxide, hydrogen peroxide, etc., into Si-O groups with reduced
carbon levels. Similarly, silazoxanes such as hexamethoxydisilazoxanes (HMDS-H) have Si-

N groups that can be readily oxidized into Si-O groups.

[0021] The organo-silicon compounds may be introduced to reactive atomic oxygen
precursors in the deposition chamber to further increase the formation of Si-O groups in the
deposited dielectric film. The atomic oxygen may be initially generated outside the
deposition chamber, using for example a remote high-density plasma generating unit, before
being sent into the deposition chamber to react with the organo-silicon precursor. The
resulting silicon oxide layer can have improved flowability and gap-flow characteristics, as
well as lower carbon content and porosity, than conventional oxide films formed by reacting
the organo-silicon precursor with molecular oxygen, ozone, efc., in the deposition chamber.
Additional details about embodiments of the methods, products, and systems of the invention

will now be discussed.

Exemplary Dielectric Deposition Methods

[0022] Fig. 1 shows a flowchart that includes a simplified overview of a dielectric
deposition according to embodiments of the invention. The method 100 shown includes
introducing an organo-silicon precursor 102 and an oxygen precursor 104 to a deposition
chamber. The precursors react in the chamber to form a dielectric layer in the gaps and on

the surfaces of the substrate 106.

[0023] The organo-silicon precursor introduced to the deposition chamber may have an
C:Si atom ratio of less than 8 (e.g., a C:Siratio of 7, 6, 5, 4, 3, 2, or 1 or less). This means
there are fewer than 8 carbon atoms in the organo-silicon precursor molecule for every silicon
atom present. By comparison, the tetraethoxysiloxane (TEOQS) molecule shown below has 8

carbon atoms for every atom of silicon (i.e., a C:Si ratio of 8):



OCH3 H3CO /, OCH3 H3C0-Si-0-Si -0 Si -0CH3 H3C0/\ OCH3 OCH3

Cct anet hoxytri sil oxane (OMOTS) zOCH3 Si-OSi /1/1 00 //00 1ly,- - s,
?ecH30 , /WO0/2008/048862 /51-0--Si\ H3COOCH3 PCT/US2007/081139
COct anmet hoxydodecasi | oxane 10( OMODDS)

Cszo\Si /002H5
C2H5O/ \OC2H5
Tetraethoxysiloxane
(TEOS)
[0024] The organo-silicon precursor may be a siloxane compound such as
triethoxysiloxane (TRIES), tetramethoxysiloxane (TMOS), trimethoxysiloxane (TRIMOS),
hexamethoxydisiloxane (HMODS), octamethoxytrisiloxane (OMOTS), and/or

5  octamethoxydodecasiloxane (OMODDS), among other siloxane compounds:

H OC,H H3CO OCH H
N ik g7 Nei”” oo
VN ~ ~
CoHsO OCHs HCO OCH HCO~ OCHs
Triethoxysiloxane Tetramethoxysiloxane Trimethoxysiloxane
(TRIES) (TMOS) (TRIMOS)
OCH
H3CO\ /OCHs HaCO. | ° OCHj
H3CO /Si O—-Si OCHjs H:CO——Si—0—Si o] Si OCHjs
HsCO OCHj, H3CO | OCH3
OCHj
Hexamethoxydisiloxane Octamethoxytrisiloxane
(HMODS) (OMOTS)
OCH;
I OCH;
/S'i_O_SI
]
]
0 4 /o(l) HsCO
l L ocH
HyCO—Si——si— 1~ ° HyCO—Si—O OCHj,
N SN
O /’I‘\ O / OCH3 0 SI\
e OCH3|/O | ochs
/S{_O_Si\ HzCO——Si o)
O—-Si
HaCO
H3CO OCHj \OCH3
Octamethoxydodecasiloxane OCH3
10 (OMODDS) Octamethoxycyclicsiloxane



[ 0025] The organo-silicon conmpound nmay al so be a sil azoxane conpound t hat

I ncl udes one or The sil azoxane conpounds may i ncl ude

hexamet howpdoes/d4sssoxane ( HVDS- H) ,

(HVDS- CH3), chl or ohexanet hoxydi si | azoxane (HVDS-Cl1),

( HEDS-

nonanet hoxytri si | azoxane
oct ameM cyﬁﬁ QgaMos3 ison rompoNdsay 3

SR Budache PR T AR AR i I hametoydioge

H3CO
CH3

H3

more nitrogen groups.

met hyl

hexanet hoxydi siPCaAS2@NTH81139

NMTS) ,. and .
g astlpeaxane comppuaddhat dnghesien @ne

( HVDS- (HBIDS-H)GinetH3exaBEHid x ticilzbk ard-( BMOSHH H3CO/ \ OCH3
chlorohexamethoxydisilazoxane (HMDS-C1), hexaethoxydislazoxane (HEDS-H),

nonamethoxytrisilazoxane (NMTS), and octamethoxycyclicsilazoxane (OMCS), among other

5

10

15

silazoxane compounds:

HsCO

\. _H

HzCO——Si—N—S5i

/

HsCO OCHs

Hexamethoxydisilazoxane
(HMDS-H)

OCHs
OCHs

cl
HsCO I OCH;

N\

HzCO——Si——N—Si

% N OCHs

HsCO OCHs

Chlorohexamethoxydisilazoxane
(HMDS-CI)

OCH;
HsCO—Si Si—

3 J/ N TN
HCO N OCHj

Si
H3CO/ I \OCH3
OCH;

Nonamethoxytrisilazoxane

(NMTS)

[0026]

OCH;

HzCO—— Si——N——Si——OCH;

H3CO OCH,
Methyl hexamethoxydisilazoxane
(HMDS-CH3)

CoHsO

N

CoHs0—Si——N——Si

/

C,oH50 OCoHsg
Hexaethoxydislazoxane
(HEDS-H)

OC2Hs

OC,Hs

HzCO

H
HyCO——Si—N

N\

0 S
| I\OCH3

OCHj

HzCO—Si

HaCO HN——S8i
OCHjs
OCH;
Octamethoxycyclicsilazoxane

(OMCS)

The organo-silicon compound further be a halogenated siloxane compound that

includes one or more halogen groups (e.g., fluoride, chloride, bromide, or iodide groups).

For example, the halogenated siloxane may be a chlorinated siloxane compound such as

tetrachlorosilane (TECS), dichlorodiethoxysiloxane (DCDES), chlorotriethoxysiloxane

hexaet hoxydi sl azoxane

€
aa]{lzoxane



Chl or ohexanet hoxydi si | azoxane (HWDS-Cl) OCH3OCH3 H3CO- Si OCH3 NZ [ 0026]
The organo-silicon conpound further be a hal ogenated sil oxane conpound t hat
i ncl udes woeoeo4sssee hal ogen groups (e.g., fluoride, chlpamiuseqo7iosnd de, or
i odi de groups). For exanple, the hal ogenated sil oxane may be a chlorinated

si | oxa ound such_as 15 tetrachl| orosil ane (TECS),
di chl o@“&ﬁgﬂﬁswghf st aneHERS), aEWPb?‘ifﬁ?hl@Pﬁ@g%9&4116&Q§|T§),(3(r@ng§9}ber
hexachl.iedis) ]Hga@d .. and/ or octachlorotrisiloxane (OCTS), anong
ot her gﬁﬁoggétﬁgtgg‘ﬁég?f%x ne (S:'orrpounds: Cl 0C2H50C2H5 111
Cl-Si----Cd-$i-0C2H5Cl - Si - 0&H5 Cl Cl 0C2H5
Tet rachl orosi IlaneDi chl or odi et hoxysiHCle'éneChl orotriet hoxys??@ﬂ@ane
(TECS)(D%[I)ES) (SCTEsgI ad d-si-0-49-C

— g —

Cl——Si—OC,Hs Cl——Si——OC,Hs
Cl Cl OCoHsg
Tetrachlorosilane Dichlorodiethoxysiloxane Chlorotriethoxysiloxane

(TECS) (DCDES) (CTES)

CI\ /Cl CI\ C|3' CI
Cl Si 0] Si Cl Cl Si 0] Si 0o Si Cl

/ \ / | Ng
cl cl cl o
Hexachlorodisiloxane Octachlorotrisiloxane
5 (HCDS) (OCTS)

[0027] The organo-silicon compounds may also have an O:Si ratio of about 0, 0.5, 1, 2, 3,
4,5, 6, etc., or more. For example, TMOS has an O:Si atom ratio of 4 (the same as TEOQOS).
Other organo-silicon compounds, such as TRIES, and TRIMOS, have an O:Si ratio of 3. Still
others, such as HCDS have an O:Si ratio of 0.5, and TECS has an Q:Si ratio of 0.

10 [0028] The organo-silicon precursors may further include an Si-O-Si linkage, as seen in
HMODS, OMOTS, OMODDS, HCDS, and OCTS, among other organo-silicon compounds.
This linkage in the Si precursor may facilitate the formation of SiOy films with reduced

contamination from carbon and hydroxyl groups.

[0029] The organo-silicon precursors may still further include aminosilanes such as
15 Trisilylamine (TSA), Hexamethyldisilazane (HMDS), Silatrane,
Tetrakis(dimethylamino)silane, Bis(diethylamino)silane, Tris(dimethylamino)chlorosilane,

and methylsilatrane, among other compounds:



C\1C\ a Cl Hexachl orodi sil oxaneGct achl orotri sil oxane 5(HCDS) (OCTS) 10027]
The organo-silicon conpounds nay al so have an 0:Si ratio of about 0, 0.5,

1, 2, 3, wWO2B08/@886et c., or nore. For exanple, TMOS has &oTQAISS07A8TA?rati o
of 4 (the sane as TEQS). O her organo-silicon conpounds, such as TRIES, and
TRIMOS, have an 0:Si ratio of Sﬁti |l ot hers, such as HCDS have an 0O: Si

ratio of 0.5, and TECS has an 0:81° rati ¢t6f 0. 10[ 002 he gano-silicon
precursors nmaySiHart her include an Si-O an age, as/segn i n\BMODS, OMOTS,
OMODDS, HCDS, and OCTS, anbsfgotHer opdéq@o-silicon ngl&»ds./ hjs |inkage
inthe Si precyrsor may facili¥ate Nhe foraefion of § fi9ms/ W th reduced
cont am n@téoﬂrffr 2T bon and® hydroxyl groups. [0029]\The orq{no-si licon
risilylamne

precursor§ may still® further includg am nosil anes such

(TSA), Hexamsityahidesi | azane (g,

Tetral ci s(di gesAy! ani no) si | ane, ﬁk@%&% ani no) si | ane>iatrane

Tri s(di met hyl am no) chl or osi | ane, thyI sil atrane, anong ot her

conpounds: WD 2008/ 048862PCT/ U82007/ 081139 CH3CH3 Si H3 H3C CH3 H3SrSi H3
Hexanet hyl di si | azane ( HVDS)

(H3C)2N\ / ek (CZHS)ZN\Si/ (:—ng)zl\lN———Si Cl

3 )2 D
/ ~ H LN
(HsC)N N(CHs)2 (CoHg)oN (H3C)2

Tetrakis(dimethylamino)silane Bis(diethylamino)silane ~ Tris(dimethylamino)chlorosilane

Methylsilatrane

[0030] The organo-silicon precursors may still further include disilanes including, alkoxy

disilanes, alkoxy-alkyl disilanes, and alkoxy-acetoxy disilanes. The alkoxy disilanes may

include;:
R4 R4
R2_>Si B Si"/\— R5
5 R3 Re

wherein R;.¢ may be, independently, a Cy3 alkyloxy group. For example, the alkoxy
disilanes may include hexamethoxydisilane, and hexaethoxydisilane among other alkoxy

disilanes.

[0031] The alkoxy disilanes may also include cyclic disilane compounds with alkoxy
10 groups bonded to the Si moieties. For example the alkoxycyclosilanes may include

octaethoxycyclobutasilane, decabutaoxycyclopentasilane, and

dodecamethoxycyclohexasilane, among others. Some examples of alkoxy disilanes are

shown below:



(H3O) 2N-. ... ... " . ,N(CH3)2H (H3C)2N., ..... [(C2H5) 2N. ., ... ... [ Si
N(CH3) 2Si (H(H3L) 2) N2r4-,sICl ,,, ..." (HBO2N -..'(C2H5)2N .F13C
Tet r al ci sWwoizoestdagdean no) si | aneBi s(di et hyl am no) si | aneTr iPsTdiseetiogiiam no) chl
orosilane Methylsilatrane [0030] The organo-silicon precursors may still
further incl di sil anes udi ng, al kox I,.sllanes, alk -al kyl
di si |l anes, a{ﬁgﬁ%‘l\k )gtac«é%)ém di si | anes. Tﬁ@gﬁa oxy... di si_,l/aérsl)&ézzcﬁﬁy i ncl ude:
R27Si R3 R4(*§F)Q57§" 6 “WRePeTH R1_5 may bersGHad@peritientT y_ox €473 al kyl oxy
group. For eka@pl e, the al®ERY disil anes nelpCHERP ude hexam®Chigltadi si | ane,
and hexaet hoxy @jegirheiisv@sRpg ot her al koxy di si | ) 0031] The al koxy
di silanes nmay al so i ncrude cyclic disilane corrp(;ﬁggﬁgm%ﬁ%a% koxy 10 groups
bonded to the Si noieties. For exanple the al koxycycl osil anes nay i ncl ude
oct aet hoxycycl obut asi | ane, decq.g(géaoxng opent asi | ane, and
dodecanet hoxycycl ohexasi | an%c@rmn‘g\s_ her spcizome exanpl es of al koxy

1

di sil anes are shown bel ow N\ -
HaCO— 5 Si~—ocH;
H3CO~—__ Sli | _—OCHjs
/s N\
HiCO  / \ OCHjs

H3CO OCH3

Dodecamethoxycyclohexasilane

[0032] The alkoxy-alkyl disilanes may include:

R?\ % R1o
Re—/_Si_Si < R1 1
Rg Ri2

wherein Ry.1; may be, independently, a C,.3 alkyl group or a Cy3 alkyloxy group, and wherein
5  atleast one of Ry, is a alkyl group and at least one of R7.1, is an alkyloxy group. Alkoxy-
alkyl disilanes may also include cyclic disilanes with alkyl and alkoxy moieties, such as
butasilanes, pentasilanes, hexasilanes, heptasilane, octasilanes, efc., having at least one alkyl
and alkoxy group bonded thereto. Examples include octamethyl-1,4-dioxa-2,3,5,6-
tetrasilacyclohexane; 1,4-dioxa-2,3,5,6-tetrasilacyclohexane; and 1,2,3,4,5,6-hexamethoxy-
10 1,2,3,4,5,6,-hexamethylcyclohexasilane, among other alkoxy-alkyl cyclosilanes. Some

examples of alkoxy-alkyl disilanes are shown below:

CH
H3C 3
HaC Si !
3 >Si/ o sti/ o
HaC | I |
g N\ g
SN\, O e
HaC CHs
octamethyl-1,4-dioxa-2,3,5,6-tetrasilacyclohexane 1,4-dioxa-2,3,5,6-tetrasilacyclohexane
H3CHLCO OCH,CHj3
H3C——Si——Si—CHj3;
> N
HaCH,CO OCH,CHj

1,1,2,2-tetraethoxy-1,2-dimethyldisilane

10



H3CH2CO0. V. OCH20H3 ".., r,,,,_. HaCH200-381Si N 1/4"...n .--2ce, M

T, ., " H30H2C01/ 4/ 17 4., n2t ari a Hexaet hoxydi si |l ane H300. ". _
/ OCH3 H30WO\20080@8&2i Si - - OCH3 H3C01 Si [ Si \ OCHBCIH3B3007/0811B{8 COCCH3
Dodecanethoxycyclohexa3|Iane [ 0032] The al koxy-al kyl disilanes may incl ude:

Ric) R8- %WT ni
) 0833] A]koxy—acetoxy disilanes may include:

Ri3 R1e
Ry 4—'/3i —Si < Ri7
Ris Rig

wherein Ry3.17 may be, independently, a Cy.3 alkyl group, a C;.3 alkoxy group, or an acetoxy
group, and wherein at least one of Ry3.17 is a alkoxy group and at least one of Ry3.17is an

5  acetoxy group.

[0034] The organo-silicon precursors may yet further include organocyclosilanes such as

cyclobutasilane, cyclopentasilane, cyclohexasilane, cycloheptasilane, cyclooctasilane, ezc.

[0035] The oxygen precursor may include molecular oxygen (O,), ozone (Os), a nitrogen-
oxygen compound (e.g., NO, NO,, N;0, etc.), a hydrogen-oxygen compound (e.g., H,O,

10 HyO,, etc.), as well as other oxygen containing precursors and combinations of precursors. In
some embodiments, the oxygen precursor may include atomic oxygen radicals that are
remotely generated and introduced into the deposition chamber with the organo-silicon

precursor.

[0036] Referring now to Fig. 2, a flowchart illustrating a method 200 of filling a gap with a
15  dielectric material according to embodiments of the invention is shown. The method 200
may include providing a substrate to a deposition chamber, and then introducing an organo-
silicon precursor 202 and an oxygen precursor 204 to the chamber. The substrate may be a
semiconductor wafer (e.g., a 200 mm, 300 mm, 400 mm, etc. silicon wafer) and may include
structures, device components, etc., formed in earlier processes. For example, the substrate
20  may include gaps, trenches, ezc., with high height to width aspect ratios (e.g., an aspect ratio
of 5:1 or more, 6:1 or more, 7:1 or more, 8:1 or more, 9:1 or more, 10:1 or more, 11:1 or
more, 12:1 more, etc.). The where the dielectric material is deposited in the gap and other

surfaces of the substrate.

[0037] As noted above, the organo-silicon precursor may include a siloxane, halogenated
25  siloxane, and/or silazoxane compound, and may include organo-silicon compounds where the

C:Si atom ratio of less than 8. The silicon precursor may be mixed with a carrier gas before

or during its introduction to the deposition chamber. A carrier gas may be an inactive gas

that does not unduly interfere with the formation of the oxide film on the substrate.

Examples of carrier gases include helium, neon, argon, and hydrogen (H,), among other

30  gases.

11



reV r'12 wherein R7-12 may be, independently, a Cl1_3 alkyl group or a C1_3
al kyl oxy group, and wherein 5at |east one of R 7 12 is a al kyl group and at
| east onewoOf2008M48%52i s an al kyl oxy group. Al koxy- al kyl @csiusasessmay al so

i nclude cyclic disilanes with al kyl and al koxy noi eties, such as

but asi | anes, pentasilanes, hexasilanes, heptasilane, octasilanes, etc.,

havi ng [6Q38] eefgtr exaraplg) thy organd-silickn pyecyrsoumalp be e dutesi tettioe ddpesitiphes i ncl ude
octanmethyl-1.4-di oxa-2 3.5 6 tetrasil cl ohexane; .

T o pYataiordnt Heq ol bind COhR o BES A o ata Aavatept

101, 2, 3bdut®06 to Hsota BROMYchY BT R XaSiobAMSmpariie oflalesilRbE Pretumbkiy!

cycl osil anes. Sone exanpl es of al koxy-al kyl disilanes are shown bel ow
H3C/ CHprovidgmttow)of the pregurgpr tejhsjchamber at a rate of about 800 to about 1600 mgm.

5 [0039] The oxygen precursor may include molecular oxygen (O,), ozone (Os), a nitrogen-
oxygen compound (e.g., NO, NO,, N,0O, efc.), a hydrogen-oxygen compound (e.g., H,0,
H,0,, etc.), a carbon-oxygen compound (e.g., CO, CO, efc.), as well as other oxygen
containing precursors and combinations of precursors. As described in more detail below for
method 300, the oxygen precursor may also include atomic oxygen radicals that are remotely

10 generated and introduced into the deposition chamber with the organo-silicon precursor.

[0040] The method 200 may include generating a plasma in the deposition chamber from
the precursors, and forming a first portion of a dielectric material 206. In embodiments of
method 200, the oxygen and organo-silicon precursors are not mixed before being introduced
to the deposition chamber. The precursors may enter the chamber through separate spatially
15  separated precursor inlets distributed around reaction chamber. For example, the 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

20  flow of the silicon precursor in a direction approximately parallel to the deposition surface.

[0041] As the oxygen and organo-silicon plasma reacts in the deposition chamber, it forms
the first portion of a silicon oxide dielectric layer on the substrate deposition surface. The
initial oxide layer has excellent flowability, and can quickly migrate into gaps, trenches,
voids, seams, efc., in the structures present at the deposition surface. This allows the method

25 200 to provide oxide fills that are substantially free of voids and seams in gaps, trenches, and
other surface structures that have high height to width aspect ratios (e.g., ARs of about 5:1,
6:1, 6:1, 8:1, 9:1, 10:1, 11:1, and 12:1 or more).

[0042] After the first portion of the dielectric material is formed, the flow of the precursors
into the chamber may stop, and the material may be etched 208. The etching step may be

30  used to dissociate and remove impurities in the material, and also to planarize the material.
The etching process may include a single-step etch, or a multistep etch. A multistep etch

process may include first etch may include using a lower-density plasma to dissociate larger

12



O H3C Il 0 sCHS3 SSINCH3 Si H2 H3CCH3
octanet hyl-1, 4-di oxa- 2, 3,5, 6-tetrasil acycl ohexane
1, 4- di oxaw®,2808H48862 et r asi | acycl ohexane PCT/US2007/081139
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organic molecules and remove at least a portion of the carbon in the dielectric material. This
lower-density plasma etch may include using an RPS system to generate an Ar/O, plasma
that etches the oxide layer. The etch conditions may include, for example, striking a plasma
from a flow of 1600 sccm O, and 400 sccm argon at a power of about 5500 Watts and
introducing it to the deposition chamber at a pressure of about 760 mTorr. This plasma etch

can dissociate larger carbon groups and remove carbon impurities from the oxide layer.

[0043] Following this etch, a second etch of the oxide layer may be conducted at a higher
plasma density to remove at least a portion of the hydroxyl groups in the layer. This higher-
density plasma etch may include exposing the layer to a plasma formed from the dissociation
of a flow of molecular oxygen (e.g., 600 sccm) with a high-power RF field (e.g., 6000
Watts). The oxygen plasma may be introduced to the deposition chamber at a pressure of, for
example, 8 mTorr, and react with the -OH groups in the oxide layer to form silicon dioxide

and water.

[0044] Following the etching of the first layer, the precursors are reintroduced to the
deposition chamber, and react to form a second portion of dielectric material in the gap and
other surfaces of the substrate 210. The second portion may also be an oxide layer formed
under the same reaction conditions as the first layer, or may be formed under a different

conditions (e.g., chamber pressure, temperature, organo-silicon precursor, efc.).

[0045] After the second layer has been formed it also may be etched to reduce 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.).

[0046] Following the formation and treatment of the first and second portions of dielectric
material (as well as any subsequent portions that may be deposited) the material may be
annealed 212 to form a uniform, high-quality silicon oxide gapfill. The final gapfill may
have a dielectric constant (i.e., k-value) of less than 3.0, and a wet-etch rate ratio (WERR) of
less than 2:1 (e.g., about 1.8:1 to about 1.4:1). The gapfill may be uniform throughout the fill

volume, and contain few, if any, voids or seams.

[0047] Fig. 3 is a flowchart showing steps for depositing and annealing a dielectric material
in a gap on a substrate according to additional embodiments of the invention. The method
300 includes introducing the organo-silicon precursor to the deposition chamber 302. The

method 300 also includes generating a highly reactive atomic oxygen precursor 304 by the

13



H3CH2 H3C7/S. H3CH200 OCC H2 CH 3 Si "% " " 1-12%..113 _
1,1,2,2-tetraet hoxy-1, 2-di net hyl di silane [0033] Al koxy-acetoxy disil anes
may incl me20RI88%KTRL7 te' e n15R15 wherein R13-17 may BeT/Usnaependent|y, a
Cl, 3 al kyl group, a Cl1_3 al koxy group, or an acetoxy group, and wherein
at least one of R13-17 is a al koxy group and at |east one of RI3-17 is an 5
acet oxylisge@ation ¢ipoIxygarheonigigiag presitsocaichps ewlecsbar sxygon (Pe), ofaret(B), i ncl ude

' I [ e y¢l.gpent asi | ane,
cyer ond SRRk 35Tt iih AR £F. RO N N e D AR B e mtde. oxygen
precur gag., HaQ, HHOJ, ¢ao), 164rB6t-brygedcpapoutdRlg., 08006,,(H3), as ¥ellial bAYEN- Oxygen

conmpound (e.g., .NO NO2, N20, etc.), a hydrogen-oxygen conpound (e.g., H20,
oxygen containing precursors and combinations of precursors.

5 [0048] The oxygen containing precursor may be dissociated remotely to make the atomic
oxygen. The dissociation process may include thermal dissociation, ultraviolet light
dissociation, and/or plasma dissociation, among other methods. Plasma dissociation may
involve striking a plasma from helium, argon, etc., in a remote plasma generating chamber
and introducing the oxygen precursor to the plasma to generate the atomic oxygen precursor.

10 For example, 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 combined gas stream of
argon gas flowing at, for example, about 900 to 1800 sccm with molecular oxygen (O,)

flowing at, for example, about 600 to about 1200 sccm.

[0049] The reactive atomic oxygen plasma is then introduced to the deposition chamber 306,
15 where it may mix for the first time with the organo-silicon precursor, which is also introduced
to the chamber. The highly reactive atomic oxygen will react with the silicon precursor 308
(and other deposition precursors that may be present in the reaction chamber) at moderate
temperatures (e.g., reaction temperatures less than 100°C) and pressures (e.g., 0.5 to 6 Torr

total chamber pressure).

20 [0050] Embodiments include sending the atomic oxygen and silicon precursors through
separate ports of a multi-port showerhead. For example, a showerhead positioned above the
substrate may include a pattern of openings for the precursors to enter the deposition
chamber. One subset of openings may be supplied by the atomic oxygen precursor, while a
second subset of openings is supplied by the silicon precursor. Precursors traveling through

25  different sets of opening may be fluidly isolated from each other until exiting into the
deposition chamber. Additional details about types and designs of precursor handling
equipment is described in co-assigned U.S. Provisional Patent App. No. 60/803,499 to
Lubomirsky et al, filed May 30, 2006, and titled “PROCESS CHAMBER FOR
DIELECTRIC GAPFILL,” the entire contents of which are hereby incorporated by reference

30  for all purposes.

[0051] As the precursors react with one another in the chamber, the dielectric layer is

deposited on the substrate 310. The total pressure in the chamber during the deposition may

14



10 H202, etc.), as well as other oxygen containing precursors and

conbi nations of precursors. In sone enbodi nents, the oxygen precursor nay

i ncl ude awvormas/massegen radi cals that are renotely generarea/isad7iostisoduced
into the deposition chanber with the organo-silicon precursor. [0036]
Referring nowto Fig. 2, a flowhart illustrating a nmethod 200 of filling a
gap wi tbe, f@r ¢xangple] about (.8 Tomtteabeut 6abwor Highgr totel prassdenterg. sl.dTotthmaynvent i on

is sho e 0_may i ngl ude..provi.ci ng a substrate eposi tion
ch an‘oe\rﬁfép(e)as-rll_{lzl ?’ﬁgénﬁl%g t I%g‘drtljocrle élﬁ Va eo(ﬂ"@gﬁ‘ass i hi(ljlg éﬂvffrpé%sﬁ?@ﬁ fe& O&zg éﬁ&g é‘%yoxy gen
pr ecur sigposaAmbRe doRforeAPseE laydh eTHeRpbdiRdEtelp¥raffe fn e Fedeabl bigdner Waf er
(e.g., a 200 nm 300 etc silicon wafer) and may incl ude

. mm 400 nmm \f
st r uct wpayde rglafively 10w hpenabrus 10@Ceor lesshr Faiddapasitien Fitesmpy rsoge em abbok

exagpl . in W@,g@p ty.ench etc. . with high height
to \;S\rnp d? Roégglggyg?é&t?ggoﬁ €. gX?’géﬁlg aspec 'rsfa{}eidé)l%o esgzgﬁthgﬁayﬁ%%,ytbg:agmgr nor e,
7:1 or 508rte ab8ut’500A (exr,@bo®t: 1D0Arto abse, 2004).1 or nmore, 11:1 or nore, 12:1

nore, etc.). The where the dielectric material is deposited in the gap and

ot her o : FF At e . t ilicon
or ecur S e IR Ee SUR U S and PR kiAol oA By HR o RHAARCS 2

si | az oxizat eerooves apodjonanfdheppisture bnudimcreagmnibe kirlineso of theipeunTsiswidile t he
C.Si atomratio of. l.ess than 8. T silicgn ecursor._ may be mxed with a
carri e,améegi%p@y dnglp edliﬁagﬂ% tl}etogﬂcreﬁflye(gég}‘ca%ogﬁ{ PR HopouiesiBAn étdnber . A
canyi efen@ashnidy (L€, A8ry-RACHINANRAS. AL G8nddPlenthd \ér%;dyl%rsfef‘eﬁf%d"“ th the
formati on of the oxide filmon thé substrate. Exarples of “carrier gases

i ncl udéhataill nai daveage mesaldioes foamed liry the sylestrae-@iuctuseysnch atwisen tBOgrides .

[ 0038] ,Far. exanpl e or.gano-sjlicon precursor nmay be.introduced to the
deposi tl?ygﬁlscﬁ?dﬁ%gpétﬂt/&aeggpg365115 P‘bsétﬁg-og?rl @@i‘?@‘(‘?ﬂ%ﬁﬁﬁﬁll?‘eﬁas or |iquid)
with heliumat a flow rate of about 600 to about 2400 sccm through the
room t ¢9581 atAltenayivghier 81 additinn) thedirst apealisteppnayindwde expasingdhe sihieon

precur t e char t f .about 800 to about 16Q0 m 5[ 0039]
The oxy Side 184k REWEIMARE AN el BBl 13Ete 8 el oiaiptles; e 685, %

ni 15 ogérermakayrpesl, & Urvpaiieal 18y Bmovdi@ pol¥idh ofEdmoRtie presént hiy tHeQRigAHPXY gen
compou H20, H202, etc.), a carbon-oxygen conpound (e.g., CO CQ2,

d (e.g.,.
etc.), I&SRO%‘%P’“% fiynand adseyigensasedhe harAnesg opthediimsor s and conbi nati ons of
precursors. As described in nore detail below for nmethod 300, the oxygen
pr ecur $054irayA fdrserniimationd tlat fivsi mnealy g ssrond direal siep ay baperfo@adtal o 10

gener at.eqd and i ntroduced jnto the deposjti o,g chanber. with the
or gano ¥ FEROYsTRISHEGInd S[ﬂ%‘li(ﬂon% omghoEidobyetdy thisaneabstgpdthat i ng a

| S ha t i first
pl asma shuytdnfig1f g e Bikk !n%]stﬁféaa[ﬁﬁ%lﬂaﬁdfl %ylﬂé%e@%g%%{m%hg Fz{}gnlé % ﬁ)éx%‘r ggf&fhe I TS

portion of a dielectric material 206. e t he
ox¥¢en aahower YABRRR sialuedhan qithernesuitisllndeponitdd oxideeat dfief thedayue iwag trieated oduced

to the.d i,tion.chamber. Th recur sar ent er. the chanber through
separ at"éﬁlg gi?tiaﬁP?aS; Stfg'gg ﬁjﬁrsﬁfoéﬁ a%fl%ag A dPCSIF ‘}é‘tPQSIHg therxids layerde apligmaeact i on
chanbethat UTHiE¥RER k@noiRewaky SRdsiRhSCHbISY frdfR YheEd1E18Etrit bRIHea Oh&’vl%% the'
inlets) at the top of the chanber and positioned directly above tHhe

subst r difs anragb howlerer, theroxidedayendas sufficiont hahdnessdpgeducp(emuesnt) tha a

direct| ] to.,the substrate depositign surface. anwhi l e, the
sili cohf‘%lgrﬁ[l g;ﬁfjogg@?}uﬁglﬁ{ehﬁtcébop RS RECSEt lﬁgqego’ﬁl% 'eﬁ?sa}l:(l’f):!ﬂ%’ﬁt ‘Ff‘élvg% des of the
depsi tomaintigaoxidy layethiehd plasths ativiedl dhick 86t reldc g8 Waon i fachdabd CON
precursor _jn a direction approximtely parallel to the deposition surface.

[ 0041] Sigaificartlnthy kavplugof the agto- si | i con pl asma reacts in the deposition
chanber, it fornms the first portion of a silicon oxide dielectric |ayer on
t he sulB0SShRefecinmsiv fodfigs4yrahaiher fldWehartrillistaking ¥ inttthddegoRroffdsimgxe el | ent
fl owabi | i jgrate_into gaps, trenches, voids, seans,

ty, and can, quj ckl . :
etc., F‘r‘lllltflﬁ%e@ﬁ}cﬂ’&f’?ﬂdgghﬁﬁé ng4e emh%dla@ﬁgéﬁfﬁhedmﬁlﬁ#oﬂaﬁ:@ownhiTsheaI | ows t he

et hodmethod 400 includes providing a substrate to a deposition chamber 402 and introducing

30  precursors (e.g., atomic oxygen and organo-silicon precursors) to the chamber 404. The
precursors react to form a silicon oxide layer on the substrate 406, and then the oxide layer
may be etched 408.
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25200 to provide oxide fills that are substantially free of voids and seans
I n gaps, trenches, and other surface structures that have high height to

wi dt h aspwotoesaussse (e.g., ARs of about 5:1, 6:1, 6:1, @CI/USR00L/08MG? 1,

11:1, and 12.1 or nore). [0042] After the first portion of the dielectric
materigl is formed, the flow of the precursors into the chanber may stop,
and t hi(’?ﬁﬁ é¥ithis PRI atfie@% BRY e prde torgrtergtingif ty cmaativg\thiskness ofithed t o

di ssocigh&sidhAxIRTREE 1 hid | t 9]5 ze the
mat er i alf.) '}'he étc%g pdggg%géd ﬁgg/és%}ryépﬁég@ 'aﬁrst%ln egas 8%&6%?106}1’?1 O?rtﬁlé;ﬁal

mul ti stoajledilohhasAcenicacietiether tizhlepositi@s andatyh Eyutd mdg efid,land tiet filkh Mm@y bé ncl ude

i | - ity pl. to di iate | i ¢ np| ecul d
Femove AnealeLAE” Fpivel e bRt kY ganS it hehe RrtdheEheneer iter  al . Thi s
| over - dRpssitioh fdPsiePeyRlcayBdcut REAIAGRE 14481 1R Adte BERSYA IS IPmIGRREAt & an

f
Ar/ 02 plasma that etches t%e oxi de layer. The etc COﬂélthﬂS may i ncl ude,
for exdfmle, striking a plasma froma flow of 1600 sccm 02 and 400 sccm
argon at a power of about 5500 Watts and 5 introducing it to the deposition

chanber0es7] Depsr@ssing Whetherde ekidéGmMHES tdachdd _e@été%ﬁﬁe@ﬁﬁékn@s%ﬁnéylfesom ate
| ar ger carbon groups and renove carbon inpurities fromthe oxide |ayer.

[ 0043] deae byitigkness measurgmend of the dhaposited Andétchddd ayers, e mayyberdomapybe

conduct . i.ghe ensity.to, re t .l east.a portian of the
conduct syl Pull s B} A58 SR heb PP PolsREs e B e | 1
ex10si nigpdsied bad erchédlageris a601R tHiek, aRd tHe'defirdd@infiihickasdsaAl 2 pm, #nqb a fl ow of
mol ecul ar oxygen (e.g.., 600 sccm with a high-power RF field (e.g., 6000
Vafts) .demlwlmyabﬁﬁh%%béomwrfm&@ ilmy Theahiglness of pash depesiteér at a
pr essun frar. tqgrila(% : 1. ] - roups.in the

oxi de Ilgfg%la?’ g))gfs or m Si .81&%1% t%al }g%(rfarg%@fa}'ﬂlaz{t\%a%‘tétrtﬁé P%&%B?p%gf_‘ %\a}\ﬁeh%cPﬁ% et chi ng
of t he tlid types dndyftrw ratdseoftiiecactberpsecarsers, dietbrabpiesete inathé depokhidaposi tion

charrberh aﬁd react to forma sec%gd portion of dielectric material in the
gap and*Yrher anéﬂ’ﬁ? Loaneraiprey fraong pfleT Daraneiqry. Apmetedabarel tuealidepesifion al so be

an [ 3 | N i rst
o 98 B RTINSO LSRG 008N 0o 0
ressur, e re, organo-sil.icon precursqgr, . etc.). . [0045] After the
E econd [ﬁ(ﬁsﬂ(ﬁ%a@g e%’r‘?“ﬁ‘ao?'{%é‘aat? a‘ﬁp%ﬁg?éﬁt“ffémﬁtﬂ%ésd’r?g)eﬁ%[ ¥ 8llpdpithiat y _
| evel s nAfhiRDEH sAicoR! xR filZRusit}Cerh BB fthentd BLtHS ?xﬁﬂl@@clf{%’eﬁfﬁggﬁ%e&ﬁ ofjdehed using

the sanme process as used to etch the first |ayer, e etched using a
di f f er daier proetier processg Fig. §iAf shews atsubninateef020tn which i ggp §04bas bedn fidrerednt et ch

Sy dif | |, .et.c. 04 Fol | ow. t f ti
b tr Qs el ROP squ 5K i s A F e Bl ek Bl e Rap TR | s
Wwel0 aaspoyratio b foueslbarPOdtiowas ptdpadssioR v B RRROT [a§ehs. Bt oARh&H! & ey be

present gapfill methods may include void and seam free depositions into gaps having aspect

ratios of 5:1, 6:1, 7:1, 8:1,9:1, 10:1, 11:1, 12:1, 13:1, 14:1, and 15:1 or more.

[0059] Fig. 5B shows a first oxide layer 506a deposited in gap 504. The silicon oxide that
formed the layer has good flowability qualities, allowing the film to quickly migrate to the

25 bottom of gap 504. Thus, the thickness of the deposited oxide at the bottom of the gap 504
may be greater than the oxide thickness along the sidewalls of the gap.

[0060] Figs. SC and D show additional oxide layers 506b, 506¢, etc., being deposited on

previously deposited and etched layers in the gap 504. These additional layers may be

formed from the bottom up in the gap 504, until a desired oxide film thickness level is
30  reached (e.g., the top of gap 504).

[0061] Once the last of the plurality of the oxide layers is deposited and etched, an anneal

may be conducted to form the layers into a uniform film 508, as shown in Fig. 5E. The film
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25anneal ed 212 to forma uniform high-quality silicon oxide gapfill. The

fmal gapfill may have a dielectric constant (i.e., k-value) of |less than
3.0, and woOwets/@sssh rate ratio (VWERR) of |ess than 2:1 eeTgiS2ooasuss 1. 8: 1
to about 1.4:1). The gapfill may be uniformthroughout the fill volunme, and

contain fetvtfy, i f ,an% voi ds or seans. [0047] Flg. 3 is a flowhart show ng
steps P Redlenarized by dprexample Plasea gtcliing r GMP do rrmesieidsposition matgrigip on a
substr ' | ¢ ' : i ' met hod
300 nel e Rt Relth SAnE B8 204 Mk AT IR R einalint BcOPYSR RTINS, 1T,
chanbeha@@g fewi€amyp vhiold o8 8€nes| sml havirg idels fityewenlityiang déeldvitihéhardceaticsy e

at om ¢ oxygen precursor 304 by the dissociation of an oxygen contai ning
pr ecur FREmpUENSASstiaR Iesdssine @X¥e/n (02), ozone (03), an nitrogen-oxygen
compound (e.g., NO NI, NZO, etc.), a hydrogen-oxygen conmpound (e.g., H20,
11292, ) & carbon-oxygen co und (e..q. ,_etc..), as well as
orrar 821 RS ROR Y BRlr S PSR S B merh bt e itveaBPu g [ Goag)
The 0Xyigudeaigh-aentith PIRARGHESRA] ERor B HitRAHADIEYD) %ﬁ&&rﬁé,xmatsﬁlaﬂak_e the
atom ¢ oxygen. The dissociation Fpr ocess may include thermal dissociation,
ul t r avicahauced ehgmicaivaperdenpsiben (BB} systemsnenbdatmwephegicichemicahwapgr ot her

nmet hod i Al ].0 ih st riking. lasna from helium

ar gon, ST ACVI PG AP el FertS b B8 BaR s oGk At ne

oxygen types ofisystaimst Spebificpkanpis bOCYDBLRIS thdlenAtiaiplénsx ¥8Bbdipieasgwrsor . 10

For exanpl e, the atom c _oxygen may be generated in a renote high-density
THdos W Bbs be

pl 4% ma thfgABFLIo8 Anclygdsthg HPPrGVPechgmbemsystematand) of RF

power i r QOF Re £ or. ex | e, about
500 1 0 RS SR ER AP SRS RAAlon BaH o) AU Bheerk GG ot
600 toGdreLCalifefmia.sccm [0049] The reactive atomic oxygen plasnma is then
introduced to the deposition chanber 306, 15 where it may mx for the first
ti me wi§(s3) RRauRpLSBPsBLIrE BRocBEREYSRins MM ca{Thd Ssethwith d he
chanber[. _TLe %Ii%hl y reacti \?e “atom ﬁx%%mnlc%ﬁ&sregé@% %%bﬁ?%ﬁg%gﬁtd?ggn

pr ecur $ringggiop amey in¢lhde thoepswinm and desaribed Socsassipatd BBY. Rrevipivasldiatent n t he

28+ bR NBOL B Ho PaBh RSy & Tid MR Sodknd GG HHLGESE pressure)
20 [ 005 AMBERIFOR R LBCIRICSG APRIIIYOtHe RA iR BRichtsOf ¥ifith RMEres | | con

precursors through separate ports of a multi-port showerhead. For exanple,
a showdicaegatedby raferaees fabal pumphsess disiditionaleexerapliry systaes map atcluelethast

open naoRind AR LES: Boe o BB P Bu BRI bHA STV LR fhinepritona

subset hekindperisigreifor Alpppows. by the silicon precursor. Precursors

travel ing through 25different sets of opening may be fluidly isolated from
eagf o W Job | i RHLO ditional details
Do IO REklring i LI B b SRS R BB Y el bea ™ n

cOo- ass slypvadthat IBis aRraowirs oo pacefiatgashbmBapl 5 that inBl0d&GcHAADet Rall uboRid sky et

al, fi Iﬁad Maii 30,6?1]% 0? a,glgﬁél tl ed "PROCESS CHAMBER FOR DI ELECTRI C

GAPF| L Fhambey lid asg Int VErsysismcH) congainse gaslistribwionananifodd bl foref er ence
30f or  @lsheRbPARESs cdsO0R L) RSHE | ot in the
chanber sb% 1eg ielectric | 5‘9@?“%‘26‘82%05. t)zlgﬁgerls]iste@g&l%%&tgésdt%eg?%a@? .et}%eg t ot al
pr essumathimthe processanhbmberl fr. i Gap disteibutepasaanifodd 1 irmay bedormiel framanpl e, about

Bt aBer PR SR AR rde s T a8 SR Sohings CURGIBE (e 0.
0.5 Top])asfﬁE.YDdﬁﬁ% ptdceddil DR sGBHAAS (). a@éhﬂ:%nﬁlﬁ:‘(&.rwaflyg?sl }gc\ijsvﬁ%?la&g b9

at
tenperature in the reaction chanber may be relative about 100C

or | eséor slightly erayeoisutfaee Hatafshepgdestanide Fheqedestal U can be@avedn t o about

3000A/ mi . 500A/ m.n) . ..Th hi ckness..of the la be about 50A to
Sbout BB pendan loWeDbaoif BB gBinE BRscH (dsBiEsn HElG SR anamber

deposi plooessig pokitiodi(ikiatediby daghedrline 1%iih FIG 26108 MhidkaY clBSelP 8dih&mPRAL312 t hat
re%ves a. portion of the noisture and increases the hardness of the |ayer.
Th

ht& i apifeld 1dnHeegnterbedsd g shemmhineudrsesensess fonprayiding inforyration on tebout ~ 1
m nut epdBticklofthdthiss.! N an inert
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10 environment (e.g., a dry-N2 environment). A thermal anneal tenperature

may be selected that will not damage netal lines fornmed in the substrate
st ruct ur evooen4ss2when t he oxi de | ayer is an internetalPCaitsb@acisiigd bei ng
deposited over an alum numnetal lines. [0053] Alternatively (or in

addi ti on& the first anneal step may include exposing the silicon oxide

| ayer 00631 Derosition ard qamnigr gasesiare mifodugsdnto theshamber 49 thipegh pesfratediut es

Li ke t : i r PQLL the

noi st u?l E%f‘é@'éﬁ? lglgllﬁvet ﬂ@@?ﬁ’i@gﬁ?{?f%pom %e%nox‘{%}eﬁﬁ? ﬁam%g}rﬁ %‘ﬁé%aﬂl}hcr ease
t he harddpesisorofrotdse gaseb fofvGftodhe Aidnsrer tironghnthe irdet manifod@ 11 ith®uglanneal , a
second anneal step. ma e . perforned 314 to_ further. renoye noisture_ and

o1 | anolcoBvstlensl psoratd @%@épfaw.th%thmgg hglesdap in gasshisinibution fBeapiae i al | v
al | sof jghe noi sture and silanol may be renoved to give the |ayer a |ower
k-value 20 and | ower WERR value than either the initially deposited oxide

ey 1 naeed By EackBE e BRiifa 1 B AsdSriton i GORG HorSare okl FomiBn at
r enovi REurdes Mo Gas blppiPlindd M8 RSnixim Byblem Whek BelrEcibisd adhboWLpg t he

first anneal, however, the oxide |ayer "has sufficient hardness to reduce
(or préyaanifoldid. Srensradlys the suntily Hnpfareach precesa ghoinclydeu@sseperabeafitty i n t he

oxi de. u rbon .25cant ai ni ng. oxi de | a S h | asma .anneal
does nggmf@ﬁ@gése@oﬁ%hé@g%gﬂm{%e 'fsﬁgioe @@ng?célﬁ?'iof Bﬂgﬁi{‘ﬁ!}' %’Hfioﬁ-ﬂgeaﬁ%‘@ o6t the
| ayer . préiRbHiasmhebalie ¢Haghber\ndl Qiifthass flow @bl (AIbORGIAGHN) thhirptdsatd tAY @
met hod 400 of making a nultilayer silicon oxide filmaccording to

enbodi oMt of gss thraush the swrnly Hing.s Wsa iaxic gases arstusestiingbopiogessute seysralvi di ng a
bstr L1 2 VT O Lng.,. regursors (e.g.,
ot o ¢ afett SR ofiTRARE McHIRIDGN el Qibol O R R a0k | © O

pr ecur act to. forma silicon oxide |layer on the substrate 406, and
t hen tﬁ@@)‘ &E‘E%ngwnr%?ceﬁ%p%f%é iyythg CVID sisiem 13can he sithssiathermal check may

be nmad t- S5 ML | atj ] it xi de

| ayer s%ﬁ%cgss?(graa?r}ed aeﬂ;%{areléségt% rg%é:g%\!t E4dl%gsr+¥é]?ﬁg9%fp§§£e%sg’{bﬁ ilgfﬁﬁcgelgésr Sﬁgk’,l& of the
tolldl erpliss eldcirmahpewddetweeadlhga, digthbutidnfecapigpo $34 drdrthapetlestat 12 syad € may
end, and the filmnmay be.anneal.ed 412. However, if the thjckness | evel has
ot bodheTAE (14 HERFSRRET RERIGD QT HBlaes BYGI bh Y indERalsyBioE DRaeB BT ¢ o
add at fiRphic DAGnIWEALAL 120N ahis!rayi6h Wi bt ReerPd Bcldih M thb 0{%3&% n

Det ermi ni_ ng whet her t'he oxide filmhas reached a predeterm ne i ckness
may be e bFopstitkinikefdbe plasms trachterdepasit a desirakfilis oh ¢t sniiceofthed | ayers,

or na . e.h | cul ating the of |ayers. need reach desired
film %’ﬁ?@?ﬁﬁ%@“ﬁ%ﬁ “eXRRBI% ,"C}We 8%@%?@5@88“& R ‘B’B‘Eﬁigaqwe&ﬂéﬁi s 100A
th2ek, pawer supplyctast tygidally suppliéy gowne a6a figh RINFreduRREy (REF198PPS 56 MVl AR et ch
cycles should be done to formthe film The thickrness 0f each deposited

| ayer Ab¥193eRE dtequgncy dRF2L0M 369K A to enbengecshe decontpesition oé itactivesspesicsle
deposi t i t sr.ang fl rate the reactive

pr gculr té%t&gu Eﬁ]@ot %fg gtﬁc‘%?heésﬂs&ﬁlrbgy ?5?1 {“ﬁaeﬁ‘a%%%vﬁr‘%ﬁe%snﬁ’éﬂ%%%%?f SHRRLY pyRuld

t enper abiiveeytilzedmmd thdyerocda panmibais. thamal g redtsab aysositiidideatd drRosi ti on 15

rates for the o Lde | ayers are about 500A/mn to about 3000A/min (e g,
about H £ ﬁgt_ e semiconductor wafer supported on the pedestal 12, which is resistively

25  heated to provide thermal energy for the reaction.

[0068] During a plasma-enhanced deposition process, the plasma heats the entire process
chamber 10, including the walls of the chamber body 15a surrounding the exhaust
passageway 23 and the shut-off valve 24. When the plasma is not turned on or during a
thermal deposition process, a hot liquid is circulated through the walls 15a of the process
30  chamber 15 to maintain the chamber at an elevated temperature. The passages in the
remainder of the chamber walls 15a are not shown. Fluids used to heat the chamber walls

15a include the typical fluid types, i.e., water-based ethylene glycol or oil-based thermal
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[ 0058] Figs. 5A-F show a substrate having a gap structure that is
progressively filled with a nultilayer silicon oxide filmusing enbodi nents
of the mwWOi2098a14886deposi ti on-etch oxi de |ayer formati onPprase®s/08HBYy. 5A
shows a substrate 502 on which a gap 504 has been fornmed. It will be
appreci ated that gap 504 shown in Figs. 5A-F has been drawn with a
rel at i v@nsfer @W%o ks beating{referredstons heatmgdyithy "heabgrcharges ) bgreficdalbn of t he
oxi de fidjeed V&S tggmq' i y include
void an usee:ameﬁlr elela epos.b‘?g.ag{r’]‘z°?ﬂ%éggga§gés&§§t\%ﬂi§&§%pée%%dq§@@%§“{)E? 5:1, 6:1,
7:1, 8elimithtibn of Oolatilelptoductsict:the fidedss gagks hnd atheér ddntdminantsthae migt059] Fi g.
5B shows a fi rsthFoxi de | gﬁ/er 506a“cﬂ%§ osited in ga%p 504. The silicon oxide
that fSPHBERARE RIRAESHALICY JEe 9 SPiophewally eficos! vaghpmhpasgeendt i | m t o
qui gkl Yoi ol GHcR it tﬁé‘ﬁro@e@sihgtchﬁ}ﬁbé}fduﬁﬁg s o-flﬁH%gs hb&. thi ckness of the
P804 ‘ray

deposited oxide at the bottomof the g e greater than the oxide

t hi ck t he, si | I's.of the .gap,.[006Q]. Figs. .5 d D sh
a1 30007 48P St 8 s i iyet BT BB: cpivied i s dnchBRE peeipbus
deposi bprodhéls,as sViRbatb@ ¥ofSthe Bhdn#er A3y 20Acudtkh ?ﬁlglpgﬁi&i shb@ApR! s_ﬂe%m’cﬁ}?y,rmy be

formed rromthe bottomup in the gap 504, unti esired oxide film

t hi ckndlgsgasesap exhpugiod dhrengvan annylar, sloteshapgd avificgd p sBOd)ndifgibe tdacmee t he

| ast of _t | i oxi de yers is;de ited. and etched, an
anneal fr?%{;}?%'gi 1@%0?14(5{“%%(18%& £ %@Strﬁr%qlﬁ%ﬁasé? %Imiu}ﬁrﬁf‘))gfﬁﬁfl Wﬁ?ﬂuﬂﬁﬁg, as
shoon idefifddby the gapl Bewken the tofyf the cRdnita’ c7iatliryl sidOwal X saphduding arma

et ching or t.o_renove deposition materials formed over the top of the

CVP
gap 504ppgridiclectric liningd domdhe wal) sidithe botiane ehthe eiraalagehsmber 1i6 20, Thavi ng f ew,
i f any, i anﬁ‘ml i i i ielectric
char act3gérj'iag |%2.ﬁrc@xe%‘%i a?@d u stg’g?g&%?é%éldﬁ%@égé%%‘?nﬂ’g p?edlglg?ﬁ ‘ngosi tion
syst emsmpérént teeachiavid geamend formnfixoed bfiprotsss ghses beerthe safdr sb ay RN ddpesit sy i ncl ude
hi gh- den%i%%ﬁﬂleasn%ch m cal vapor deposition (HDP-CVD) systens, plasna
enhanc&! QP REWHPT- deposi ti on (PECVD) systens, sub-atmospheric
chem cal vapor deposition (SACVD) systens, and thermal chem cal vapor
depdsi {0050] Eyam ghressxhausb plgnamtgy thewpees fofv wdetreath. a 1Seedd ickieasiex pogiog210f CVD

t hat i t . embodi f 10 the | tion jnclude th
CENTL TRRG R P B TV LR A RBEr ) G o m peb AN R
chanbekad 5a45de@ 18, pAY ivhahPsHuf BN VARRI 24q U nbYR Kdyal frtedrited with tRAWR: C ar a,

California. [0063] Exanples of substrate proceSsing systens that can be
used wichamest svabl 1De) andinte the exhaush eutlet 28 that opnneats to the axtlendlivasens pawp  and

descri i | dq: U Provi si Qnal Patent 15 App. No. 60/803,499 to
Luboni E‘gq§h§¥®§@%§f?%g§eﬁ%@8,n°gﬂt?&n and titled "PROCESS CHAVBER FOR

DI ELECTRLC GAPFILL," the entire contents of which is herein incorporated by
r ef@r e 1) Ehe wrfer supnesidatier afithetriedestal 12 xpuefsrahly abyninemscenayici ord ude t hose
shown j i: - nd 6, 830, 6 ich are

al so i g@%?%%ﬁgal{ glgl%ﬂgrlgfegls%el?g%aet‘re&;ﬁ%%g ?%%Igé?(fdgétﬁl%égeélggl? e%f%%gﬁlfa Referring

now t oelemént hfigurditd arke ewo fidl thattih divalorid o€paraldé] canéMBiSHEd&MAite shown
that has a v?tu m or processi ng chanber 15 that includes a chanber wall 15a

and a BNHRBEL the heatsr elemsntruns pdiacenbtoapsrisgeleraithasuppert alatsr, avhilggn

di stri el 96+iBR Rl ' [N 119%% te (not
shown) thaﬁ&}les'?g{ Sg]'r?qgé etgt% g%g%e glg?acﬁiglleg{ag@%? Zsre vﬁmﬁd[dhgh%th Eg&} %}rl%g)ess
chahbethelBateCalementspassds tliiongh thestehroofthd pedeatal b2 f or med from an

25el ectrically conducting material in order to serve as an el ectrode for

f or m ngner2pepRcilly, ¥8y & APSBhe Binhd 1iﬁfn%9§?%zitﬂ@9maﬁihﬁd ?%?Pf?feg%ﬁ/g%&s a

sem conductor wafer) is positioned on a (or slig surface
12a of otheeregetgebardwarare Made putdd snaggrial Suaheas abeninumeshadiret] mbiniatnyobet ween a

| oner | i ng{off-logading, pgsi-tion (depicted i.n FIG .6A an _upper
pr ocesg‘%}%g_lcpoé‘sli? )facr)anqf P{F\%’?‘%& 2 @Pﬂé@ﬁgﬁfeﬁ? @diﬁc?'ﬁs*g’@?d I-g%i},)at\l;h’{?-ch is
cl osel §,5887&7 entitldd0'OMT® Processing Chamber," issued to Zhao et al, and hereby incorporated

30 by reference in its entirety.

[0073] A lift mechanism and motor 32 (FIG. 6A) raises and lowers the heater pedestal

assembly 12 and its wafer lift pins 12b as wafers are transferred into and out of the body of
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30 manifold 11. A centerboard (not shown) includes sensors for providing
information on the position of the wafers. [0065] Deposition and carrier
gases ar ewpreoosodsssed i nt o t he chanber 15 through perfor cedashal7e81138b of a
conventional flat, circular gas distribution faceplate 13a. Mre

specifically, degosi tion process gases flow into the chanber through the
i nl et Aigghapibgr 11by arebet fledg (ved shewm)i threah pe ifsertignempyal okening Rairethand t hen

- caont Aot AAREl 0TI Bl o2 Mkl FNEER) Pl 2 b APR® b om gas

sour cepotition Wgand atovedtpwhigr-loadig positiona THe Xiohg, Salsdseonfihesstiolley are

conbi ned and then sent to manifold 11. CGenerally, the supply line for each
pr oces Sowsted e theupplyles,gas fi%llveaéﬂéiey%émtﬂeo%{v BiF\neaver patplys #otn)  t hat
cansbe ed |t SR =Qf cess
gassi ntcgéﬁ. %é a@ﬁg{rj‘rﬁ%er, Hae%@ll% %6{S ns‘ar%gglﬂ:%%{vmégg%yglsﬁ'set%%ec g g%\ér%fc\)'? }g%lgr\%ng) t hat
measur dints) ef Mhook axfly spmse drbisbosgh  Chwetrallep pdlies b feedbMikefiforh @ptical gases tar e used
in the process, the. several safety shut-off valvyes are pqsitioned on each

gas suSBIIe e PoSiHag R ERRYeBIranS<UBHFR gremtblisn suchyas sberrottle velead 1 on
pr oces $yREHLPWIRA dr&mbP&d 6Vt B8 Mmbtbre BP EreSlohl6T oftoh

gn Grﬂé%al process or a
pl asma- enhanced process. I'n a pl asna-enhanced process, an " power supply
15appl i ectrical, powe et n the gas, distribution cepl.ate 13a and

t he pe&@@t“i : e§81_m?1]§‘p>f ?}n@fﬁﬁn?’\éfﬁ‘?éy %‘%8%@91 én‘ilr\“i/g‘ts t?r(r)“é“{ sk EFYFI a pl asma

Wi 10 N (Embofyyl 4 NepPycdbk &9 413 HRbYRSH. e ptaesRl 8dRaihsa sRBR-Bdagd pedest al

12. (This region wll be referred to herein as the "reaction region").

Const i co@puist 6YBE)n angdogandadigisal deputioupupbenrds, anteréasierbedrds iahdrstepper meteur f ace

of the ' fer ed. on,pedestal 12. RF _power supply is a
m xed f?%ﬁ%%ﬁ@%&% posveeaﬁgé"ﬁggﬁéswg% 1‘?&’1?@‘3‘1‘ ioytﬁs Jg{,ﬁaﬂ@g&ﬁa@rgﬁqaﬁa hi gh
RF fr equME)stdnBirl)wiiith defirks biid, eurd cade, and evtinB¥tof difiHE06YardRyEds. The360 KHz
to enhance the decogosi tion of reactive species introduced into the vacuum

chanberVME standard alsecdefines the baesiructurp as kagvipgnd6-bif deis bpsand p @4t addesss

ut ki zgq and the process gas mxture thermally reacts to deposit the
desire ?'i | ms on the surface of the sem conductor wafer supported on the
pedest which is resistively 25heated to provide thermal energy for
the r eiﬁiﬁjsi ﬁystflacfeeﬁroltsﬁrcp%olaaﬁp dracitiHaheldhe ﬁéfangaﬁhleﬁ Browesm the

pl asma haadifr bhEuRR | 4tEm REATASSAGIRIRAL LG vevgg ihg of the
chanberc bodyr15ausur¥oundi ng the exhauscth]i%gggﬁ%@%t rd aﬁ?i%tﬁﬁllégshut-off
val ve 2dmp\ercatlilde pledsmasuch as @tmdémorye Rreferably, the mhemyors id bardwliskdizivesi t i on

proces hot liquid,is circulated through the walls 15a of the process 30
chanbe ?’hﬁtg’e ogt:tA ﬁqaé’i arlfotsbr‘?e"ﬂé?{i(ﬁ‘gjté Pgﬁle%y'e{ﬂ@?/%‘fnéﬂu?reﬂ%@@ﬁ’t igfladests Passages
i naphe iﬁﬁﬁ@ﬂid}QQﬁatQﬁct?tQ encaiiAMBShiWaEl0F gds8, @%Faﬁregn&wehanﬁéﬂ :téillZpe'r'ﬁ&% to

heat the chanmber walls 15a include the typica urd types, i.e.
wat er - Baspavesdevglse suscenitgroisition, ard otherparhmdters ohh pentiawlsf procéssuiOdlser Thi s

heatin referr to.as.heating by the."heat exchanger") bepeficgially
reducegorcq)jpﬁtg PIOBTRgstorRd 888%531"8%%‘#“6??&&‘%1‘?‘@8& orr%‘ﬁfﬂ %P%PBH@E??I and
i pr ov ethet Bigothdri aphroptineniriet, Mey alkd beusdad upérate@onirblgerpr ocess gases and
ot her contam nants that m ght contam nate the process if they were to

conden t ¥o S jarate back.in t he
or oces a7l A piGedBirticRleifinty RS YRR EIs RuChgh e BaRLE: ot
t h@5 gasambeinlemeritad usisg 5 odbmpwpOpioLeh prodact!teyt ey execedl byl itongalidri The
byproducts, is evacgéldtéed fromthe chanmber 15 by a vacuum f)urrp (not shown).
Speci f CERPYT PIOgENYcRASCan b WELESH ki BBHCAIN PRfiRgR Commitierpadablegiregramming d
orific i i i en i J t
ol enum TP S SraARpRAGH (R SRR AREhES PACER b0 R BRGNS, SHRRYE
program code is entered into a single file, or multiple files, using a conventional text editor,

and stored or embodied in a computer usable medium, such as a memory system of the
30  computer. If the entered code text is in a high level language, the code is compiled, and the
resultant compiler code is then linked with an object code of precompiled Microsoft

Windows® library routines. To execute the linked, compiled object code the system user
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10 defined by the gap between the top of the chanber's cylindrical side
wal | 15a (including the upper dielectric lining 19 on the wall) and the
bot t om ofwOheossi4sssal ar chanmber [id 20. The 360. degree. ecTask@r/ospmanet ry
and uniformty of the slot orifice 16 and the plenum 17 are inportant to
achieving a uniformf]|ow of process gases over the wafer so as to deposit a
uni f or ARYokesthepbjgsbcades eausingthoernmutersypiemiie leaditheicadein aramoary.7The GBUgases
flow u r t r t j rth Qg 2% .t haust pl enum 17,
bast a o Bl Rl ool B BeH il BRE BRI AERRERRIN G Dac passage

23, pa cuum shyt-off valve 24 (whose body is integrated with the

| ower jﬁ%méﬁe\%?‘ifacfg‘ﬁw cenAdrspiany the eontsollstisividy CRAtmonjlar3he apdlight@er t o

t he extsgpNdbwhas FEm ¢! PhitnRt { | ine: t shown).
20[ 0071] 'The waf er sup’por%mglaas??’g}rm%q‘&1?%@&%}&%5{%{6%{5@%&@#2%\@% al um num
cer am system 14 i oishbstatd pocedskieg systom,) whick siagtinohedeyorieea hete visdnitgerannehdedded

si ngl e-| nbedded heater .el epent configured to. make two full_ turns in

t he forpﬁ?(%gl?e(g%{flg?ﬁ@lemc r?é’é?ﬂl?olriz Feps; o B‘éﬂt@f“‘g‘g? elegmropm Ak fordhe er

el enentopbrdfys Al @6 SfHer bhiAd RRWAIEIoR theQbrviddae SRRt ThE R drflors %’eﬁ' le an inner
portion runs on the path of a concentric circle having a smaller radius.

The wi simigtangousty display detseme énformationphistsmdy oterlighypen 5éb stenabled. Alizhpedest al

12. [0 Typical l.y.. . an al |, of.the. ch i ning s inlet nifold
f acepl gg@rgyn e\g;l rolfglglét po%t?@!’ dF%&%?’@P%%W&ngésﬂﬁﬁgﬁg?aleﬁ@m%‘ Fal such
as 1@l urteedTor ANCKLE G FPetiidribiBhe® b dER SR Care bF tBX 81¥Plag s&teers Mtdpdh&sMke
apparatus is described in co-assigned U S. Pat. No. 5,558,717 entitled "CVD

Pr oces $ufign emthemen 50b; dhe kyches arphehangesdts highlihtrdraoby, orecmavpmeat ed 30by

refere I N4 t - [ Q A i and motqr 32 (FIG 6A)
r ai ses@glﬁ%ﬂ {Qéi 7 ?ag’%?hdgﬁiﬁéé{ngrcg%éﬁlen%@gphfgétgv%%ﬂ%ﬂ%ﬁ@@g%aq ¢ e&)ﬁ?é?’ Si(‘rle?]%' pi ns
12b as Othdrelesicas, sudhr ansiteybogd, mohse, ansth@poiingtod eolafinicafion e hagber 15
by a robot bl ade, (pot. shown) through_an insertion/renoval opening 26 in the
si de oPeupRd 1apsadhedorip addfien fajlight PEp SPiosllow the uses i pemmagisateatithi 2 bet ween
a psocesskdi@rposition 14 and a | ower, wafer-Iloading position. The notor,
val ves or flow controllers connected to the supply lines, gas delivery

t I | ve, RF |y, and 5chanber and substrate heati
cvat emiVBLPlG & Sy i e GBSO PUTELom Bodid HRAEISh phBe, of |
whi ch @RckssSOmRILA 5 SR (OB dbiiBhtdthl @Ri013] &ROARGE! LiLaBLeRE | c2
sensors to determ ne the position of novable nmechani cal asse I'es such as
t he t himsnifpld Mal A ;oanting adaptaytcd maviniscthe semeoterplasia lggnaxppr 6@ on dtedidrot or s

under niLol of contr er, 074]. In the ex | ary_.enbodj nent, the
syste mtaggsglﬁ]t%%o* ibe pS %‘ﬂt PdS ﬁgétﬁaéfd% ' gf}fll)ﬁ),r %és %meﬁgﬁ;&a?,%f mﬁt"r- FOBRYIEi sk

dr2¢e dedce7Pisaoape@to thENPstRIALESSOf the QR di'ht?iﬁuﬁorﬁinﬁﬂikﬁdti@fﬂ?ﬂ}.?ryp gr
(SBC), anal og and digital input/output boards, interface boards and stepper

not or EBRDEGEYiE? 7) eludss awixingigsepFRtdisposeddyuside ¢ stoenf 4 tixingbwcknfero t he

Ver sa N, ((\ d i efines board, card _cage, and
connec t%(;giﬂg ??T%c% %‘Egsa ah e@celg&glf])g gg Qﬁ\}ﬁg(lzse?}ﬁ g‘éﬁ‘eh Qﬁef @8”%&5 gaptoy ﬁzg a’%ﬁ s

st ruct teemixingdewiced 04 FIGS B A). ddkaelattic ROt 684nd)i e MY SFScetdiids. [ 0075]
System contiol ler controls all of the activities of the CVD nmachi ne. The

syst enf5Htt SHohds Addd3P epuaiiy Eaflenhor dhe kst (WherninstaHeds the mixingdavinet er
pregra ; I ad] a . Preferably,
A T G R AL s A RS G SO E e 4
menor y thethetalciapiot 64 fipnoihe arixing devide 30 ard gasafistribution manifold 11 to minimize

the potential for a secondary plasma to form in the lid assembly 15b as discussed in more

detail below. A three-way valve 77 controls the flow of the process gases to the process

chamber 15 either directly or through the remote plasma generator 60.

30  [0079] The remote plasma generator 60 is desirably a compact, self-contained unit that can be
conveniently mounted on the lid assembly 15b and be easily retrofitted onto existing

chambers without costly and time-consuming modifications. One suitable unit is the
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20 instructions that dictate the timng, mxture of gases, chanber
pressure, chanber tenperature, RF power |evels, susceptor position, and

ot her parwoetey®ssst a particul ar process. O her conput ePCprusgeoams113¢ or ed on
ot her nmenory devices including, for exanple, a floppy disk or other another

appr opr} ive, may al e used. to operate controller. [0076] A process
for depts?ﬁL ]ﬁ)ﬁ@ %pnpfqtqﬁ/ag ﬁﬂ%’?%g%i&ﬁ@déﬁle&cﬁb@@c@@?l@gy,ép@&f Yhepwhe chanber
15 25 odsssPahi NETREGN®SE 810 9tiflz &AW Rld Bk s%%%f%so&igéta Pricfyecut ed
by the controller. The Tonputer program code can be witten I n ‘any
conventgasnhl oneexpupks; thegdaatal dsspriatys aprocess gaameiedieg a flaoriesesnhiningG@®00
assenbl y .| angyage, C, .C++ Pascal, Fortran aqr hers.  Sui.tabl e program code
i s ent éﬁ%}%ﬂa r}ﬂfbg'@ LGP Pyl asGreqn Ip gengrate diep ?n%?’vhﬁ;ﬂds ptsdveslerBnal t ext
edi sor ,ﬁlﬁnﬁpggi@riﬁ%eqﬁo@égpmrim a conputer usable medium such as a
menory system of the 30 conputer. If the entered code text is in a high

| evel | a . € 1S C i led, and t resul.tant conpil er. .code is
t hen | i[ﬁ@g@ \j!\ingl %‘ﬁﬁgﬁeS%‘g?eedcstev%rgggrm?)(f(ﬁ%ﬂflété’dﬂﬁ?lPE%IW%IP%)‘%QWtﬁ?ﬁrgrpﬁfjéggl@llt\?%r ary
rout i nest.thatoragisecmbeifichtors] dltepshtive esmiueibmRPiRICquiAtas Ay BY SRSl

i nvokes, t he obj ect code, causing the conputer systemto |l'oad the code in

menor y demgringom the spipikafibe apenton chddiionally, 2 owaberpofyealf mowmnt trecessesk s

i denti f ' ' nface bet. n_a.user and the
contro Iahg 916?{5%11%/8?%‘125%@%%#9 g gg %IO%H%& lc)i gf"u?lé} K pe %”B‘&‘?bsgmﬁf RTSEFRE 6B,
whil@h iisveatien.npkédriiadlydit@gbave ddsctifttonsshstidmonbaiaken aslditdPhdscepsbem 10 in
a substrate processing system which may include one or nore chanbers. In
t he pré}I‘eeIP?’%‘gloé‘nbodi ment two nonitors 50a are used, one mounted in the
clean roomwall for the operators and the other behind the wall for the
ser vi cd0083¢ hnWhemnsangehe viatues isgrrevided itsis imddrstoed that yact iistetvayingvalus ae

i nf ti t i ght, 50b i bled. A light. inth
i of 14 S e SBLTEE Bater Hieyichs B comierd gloestroiatedesiokibroies, begveem o |
parti cuhekppbPatd B®Rr Bhaits YPat ﬁﬂﬁe {sh&oQBEti AL Aly diQusgs }ggckps?ﬁééﬂa? gag%g area of

the display screen and pushes the button on the pen 5 ed area
chafgedeiwesn ahy bibted valug ot ditevening valupawa steted rotge snd eeyiothsr stitspbay ed,

confirmn 2 i Cai bet ween the |igh n and t di spl.ay .screen.
con " AR eP o BEHSE Abbo. EEa obn RSBl
communisgalléraangts vhayandepaiddely be ek lhdbate 3dci0dedin thraffdiahd @ikhtGndd ght pen

50b to allow the user to conmunicate with 15controllér. [0078] FI G 6A
shows ¥heesgither, pritharer ethdimitsare gmludsd in the sonlletrengdsds alss emdoimpadshh of t he

procesg,ififiR i udi istributi.on faceplate 1 and the gas
di stri Evdt i on (r?r%vﬁel}l ﬁ%+’§ﬁiij%& tﬁ%ﬂ%%ﬁe{: ﬁ%é“ga’é%‘%cl?gqlé% Hb%ﬁftgpeﬂﬁgngeeﬁg}lge g?easma
geRer astatedGingerintlodesl dnd orbstrddlthe lihits, rafzehesdludiggbither of béth BfhosdNe adapt or
64 is Méqcallné made of metal. A mixing 20 device 70 is coupled to the
upstre e dingts arpalsqmslugeds ri bution manifold 11 (FIG 6A). The nixing
device 70 includes a mxing insert 72 disposed inside a slot of a m xing

bl ock {82} Anged hereasmdga tlesappénded rciaiing, ths sihgiilar fofrfis i's', Mnacad "agtrween t he
nmount i n apto 4 and the m xin evice 70 (FIGS. 6A). The ceramc

i sol at 8%1‘% P&Hﬁffﬁgﬁr%ﬂwﬂﬁs the E%F%l%cgﬁaﬂiéflmt%% othgrwisea d hig, fonexagwle, pur i t y)
Tef | ongdfdrendy tot"H endihde® indHRR alphirhity!of SucH A&y | Geram c
isolator 66 may form pz;rrlt of atﬂril'% 1Ifi,tlslctl0 ascsengtPgas)l(@ggeféﬁ%lcggooﬁg%%reg'%goﬁ sol at es
t h&5 metngludgsl sgierenceda ohe onmiokepmtuciarg antbequivalétds tharbofjlmsowh &t thodeuskiled

mani f ol l tomnimze the potential for a secondary plasnma to formin the
lid aséngtrtr%lart T}:ﬁlbsoggm&i scussed in nore detail below A three-way valve 77
controls the flow of the process gases to the process chanber 15 either

di rect 19983} A5 tpwends "easmpsiss,” P cemprmsing h &inelude," Bidcludpgl0Rd] " imbheles'e not e

pl asmaygengratio tni§ Qpécﬁicgﬁgﬁ mBXh@fo(flggVPr?gcélairnssealré i_n(t:e?liateg1 .{onsepcei:cilil}? jchte that can be

presence of stated features, integers, components, or steps, but they do not preclude the

30 presence or addition of one or more other features, integers, components, steps, acts, or

groups.
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conveniently nounted on the lid assenbly 15b and be easily retrofitted onto
exi sting chanbers w thout costly and tinme-consum ng nodifications. One
suitable unit is the ASTRON(r) generator available from Applied Science and
Technol ogy, Inc. of Wburn, Mass. The ASTRON(r) generator utilizes a
low-field toroidal plasma to dissociate a process gas. In one exanple, the
pl asma di ssoci ates a process gas including a fluorine-containing gas such as
NF3 and a carrier gas such as argon to generate free fluorine which is used
to clean 5fil mdeposits in the process chanber 15. [0080] Having descri bed
several enbodi W”Whaﬂfsd%dle@?s recogni zed by those of skill in the art that
various nodificat :lons %(O(Sfﬁt? Ive. conaﬁr uctijaqns, and eq |val(fnts may be
used without depa tAﬁBTf Osging @ legtiic laneem a 24D [0@ed i onal | y, a
nunber of well bnwsubstme,smsxneﬂ;bcbd:@m@mism )ave not been described in order
to avoi d unnecess [ rdingly, the
above descripti onﬁéh ?Lgﬁg g?ﬁgg’ﬂq‘%@ﬂ %’Fﬁghg éﬁﬂf a@c%’é@'&f t he

i nvention. [0081] V\Dé@c‘élr&OI’r@r@ CpPSNig lnuéham IpMaBrethe; argagounder st ood t hat
each i ntervening vailivoniftebio s o OB biten 4id oflessBah BYRad | 1mi L unl ess

t he cont ext clearlygvgl t.es ot herw se r_and lower limts

of that range is al S@éﬁ?oﬁlgleyp&%’eqs%@@m%@ﬁa%@& @¥XY#dhge 15 between
any stated val ue or thattieigenaraied vatsideithe deposition chamyeeryaddany ot her st at ed

or intervening vakéhecﬂ ﬂﬁa@ hatﬁgcéngﬁgcﬁﬁopgﬁéqﬁgmg @ upper and

lower limts of t ese enendent e i'ncl uded or

excluded in the ranﬁgrsoéiﬁ@ H%Pé-ﬁﬁ c@%%:l%yr:‘é'l{lﬁ gaﬁm ther or both linits
are included in tﬂe"[he&héﬁiodr@ﬁ‘l@amulg \ahmn@th:&) orxemsesiliconltpire- t he inventi on,

subj ect to any he stated range. \Were the
20st at ed range ?ﬁs a%aelﬂ 25;(%&?@?% a|r111rr:1§ts @81@5 excl udi ng either

or both of those aHFlelaéW @feillhl:h%ﬂgimo[' 9l PAS- used herein
and in the appe@mrﬁalanso Sheatid of feaﬂtelfgram a" and "the" include
plural referents yn e. Thus, for
exanpl e, ref er encg ?@%ﬁg&ﬁ@aﬁ@@élﬁﬁhﬁﬁéﬁeﬁlmﬁb ‘ﬂm ﬁl@éﬁ’éﬁ met hods and
reference to "t RBIHCOIRBBECS 28indDuds boatler ence to one Oor nore precursors

and equi val ents tBef[‘ﬁ@meﬂ@@bﬂ@lahhqsawﬁ@ﬂeﬁﬁﬁﬂe bfgahfé)esml’cbnyﬁféd so forth.
[0083] Al so, wor. ds EESQ 9?(?51 ‘onpri si ng, i ncl ude, i ncluding,” and

"incl udes” V\/nen Hﬁ%qoﬁn ation and in the followng clains are

i ntended to speci By The auf Stveherein dw sitexane istselgsted conponent s,
or steps, but E*ﬁﬁt)in‘iﬁe g?éu &6ﬁ§1§ﬁ§§wpﬁ%&cﬂ( #BRGfeOeafithoRn of one or
more other Teat{iiokane, methoxy oXane; fméthoxyﬁhslfoxa%e ups:

octamethoxymsﬂoxane, and octamethoxydodecasiloxane.
7. The method of claim 1, wherein the organo-silicon pre-
cursor comprises a silazoxane.
8. The method of claim 7, wherein the silazoxane is
selected from the group consisting of hexamethoxydisilazox-

ane, methyl hexamethoxydisilazoxane, chlorohexamethoxy-
disilazoxane, hexaethoxydislazoxane, octamethoxycyclicsi-
lazoxane, and nonamethoxytrisilazoxane.

9. The method of claim 1, wherein the organo-silicon pre-
cursor comprises a halogenated siloxane.

10. The method of claim 9, wherein the halogenated silox-
ane is selected from the group consisting of tetrachlorosilane,
dichlorodiethoxysiloxane, chlorotriethoxysiloxane,
hexachlorodisiloxane, and octachlorotrisiloxane.
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VWhat is clainmed is: 1. A nethod of depositing a dielectric layer in a gap
formed on a substrate, the nethod conprising: introducing an organo-silicon
precursor and an oxygen precursor to a deposition chanber, wherein the
organosilicon precursor has a C.Si atomratio of |ess than 8, and wherein

t he oxygen precursor conprises atom c oxygen that is generated outside the
deposi tion chanber; and reacting the organo-silicon precursor and the oxygen
precursor to formthe dielectric layer in the gap. 2. The nethod of claim
1, wherein the organo-silicon precursor has an 0:Si ratio of greater than 3.

3-t_The ][ret hodt of ;:%B.i mélllé,m‘dgﬁi&iﬁff ¢1bﬁn01,gwhferléin! i;h‘@@rg’dﬂﬁ?—ﬁ'_ﬂﬁﬁ{nhhas an 0:Si
rati o of greater an 4, .. The ai m herein the
organo-si?icon pP§§ﬁ¥§8}?9%W5F%§é§p§5§%géﬁ;§&5fn58%&1%ﬂn DTl het hod of
claim 1, wherei nalkoxyodigdane,san alkexypalkyl dsslanegapralkesy@ceidxyxane. 6. The

met hod of cl ai m gisimher 6t A ckBRysHanexane is selected fromthe group
consi sting of trlei t.hoxysi.| oxane, tri nethoxysil oxane,
e

si | oxane,. tefrane
et hosyer ot 1 ek S en g had i Rin I Ferels HeRygen prectRser
oct anmet hoxydodechgithepcomepriseymoléeulaeoRypgenfozong, mater, Wydragen t he

organo-silicon p &&HH&QQHQ%%ﬁﬁé 'O?j élazoxane. 8. The method of claim7,
wherein the silazoxane i's se 3% fromthe group consisting of
hexamet hoxydi si | atdx{hamecthagiaiyelaiaxhizhersuy dhe ptemxaxggen 1s

chl or ohexanmet hoxystingéd szxane, hexaet hoxydi sl azoxane,

oct anmet hoxycycl i cs%pl azoxane, and fnonam&*t hoxytri si | azoxane. 9. The nethod
of claim1, wherei Qﬁ%@gdiﬁgﬁgn%ipn@dﬁgﬁﬁég YEe COBHISIBEATE0Ral ogenat ed
si | oxane. 10. The amd hod of claim9, wherein the hal ogenated siloxane is

selected fromthe oun. ¢ i stin t rachl o ila .
di chl or odi et hoxysi %&0 éﬁﬁgﬁa&éﬁbf&éﬁ%@& q%oﬁl’f ?@%g@?ﬁ%%ﬁ}%i | oxane, and
oct achl orot ri si | oxan@Xygen saurcer Ssaaiaes t@ffosmﬁ@ai@mmwygﬁnt he
organo-silicon pregar j i i isil ane, an

al ony di sil anel,O a%wéﬁgé Iﬁeﬂ:fblld ?Pgllaglﬁ} gn@éwgégbg 8%(2? %Ilt%bygédelssi | ane, or a

OXY- .
cycl osilane.  19OTIPRESC @E&ufﬁr QRYYZER PZORASK MHOLRR AQXIEN pr ecur sor
further conprises 15! §hel metiod o¢rtlaea dhewhersigrthehydtiage fupkeoxi de, or

71 ogen, ent decompHlUeol B A1 RB AR drnd OB bR, © Crdoen 1
i ntroduci ng an ofheerganousiiciamand OXygeamrecwsorsi n t he
16. The method of claim 1, wherein the method further
comprises etching the dielectric layer to reduce the carbon
content in the layer.
17. The method of claim 1, wherein the method further

comprises annealing the dielectric layer in the gap.

18. A method of filling a gap with a dielectric material, the
method comprising:

providing an organo-silicon precursor and an oxygen pre-
cursor to a deposition chamber, wherein the organo-
silicon precursor has a C:Si atom ratio of less than 8;

generating a plasma from the organo-silicon precursor and
the oxygen precursor in the deposition chamber,
wherein the plasma deposits a first portion of the dielec-
tric material in the gap;

etching the first portion of the dielectric material to reduce
the carbon content in the material;
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oxygen source di ssociates to formthe atom c oxygen. 14. The net hod of
claim 13, wherein the oxygen source conprises nol ecul ar oxygen, ozone or

ni trogen di oxi de. 15. The method of claim1l, wherein the nmethod further
conprises formng a plasma in the deposition chanber fromthe
organo-silicion and oxygen precursors. 16. The method of claim1l, wherein
the nmethod further conprises etching the dielectric |layer to reduce the
carbon content in the |ayer. 17. The method of claim1l, wherein the nethod
further conprises annealing the dielectric layer in the gap. 18. A met hod

of filling a gap wWikpogitiduel RebhH [N trg | Sing:
provi di ng an organo-gi | i cg prggu?ggﬁbgggﬂg%dgégg%@% ragec(fﬂ?gigmfo a
deposi ti on chanber, r&8h the organosi |l i con precursor has a C. Si atom

rati o of | ess thanggnedf i I f [S) s1Sh4,1 £ON precur sor
and the oxygen precu eajﬁiggelr%@%tﬁmdg%%ssi%té?%g %@%&r?p%?yﬁq@g pl gsma
deposits a first por{[f‘lg%n%lf I gg?ipel ectric material in the gap; etching the
fi '[St' pf)rti gn of th8. Thelmethodofelsni 48 Kﬂlél@ﬁ_&"ﬂf?e b![i‘gal‘i@-rsﬂgbrpolrlt ent t ihn the
mat eri al ; epos f e dielectric material in e
gap; and annegl iR%éc?lﬁse&f%g?@gﬁgpd;[@cgﬁagégtgiogﬂgs%f the dielectric materi al
in the gap. 19. meTh@pl‘nﬁﬂlodf ofkckdim 18, witeregi the bﬁ%_zmc!}aﬂﬂ}oﬁi licon
precursor has a gf&'um(ﬁ{hé%éﬁ{(ﬁgpﬁﬁéﬂgébgﬁﬁg:%imégﬁ' he met hod of claim 18,

wherein the organo-siljcon precufsor h io of about 3 or nore.
21. The method of 2l.alhe18et erlaimné8ondreteinsthe organer-sidicosor conpri ses a

Si-0O--Si bond. gre%%rsoﬂt% 15@dq 8f—ohal Ry §8pdwherei n the organo-silicon
precursor conpri il azoxane .23:0The nmethgd of claim 22, wherein the
met hod conpri ses 223@? g© O%I Qf\Fk’éden“&r‘?éeg 8180 -SHEOtor ming a Si-0
bond.  24. The pmchogbrafompases 28ilapdearsi.n the Si-N bond is oxidized with a
remot el y gener at ey gt Iﬁeﬂi@@@fblﬁﬁﬁ%r%rereintﬁénﬁéEPSd% @f claimis,
wherein the or gano.;qﬁl. | c%prﬁ%rp%gr. cbﬂgr I.%(G;S a ha (%ginat ed si | oxane. 26.
The nethod of cl @282 re Hetthe F1EERBANE B1oROANAIEd a Si- X bond
in the hal ogenat 88— bordne and forming a Si-0 bond, wherein X is a hal ogen
atom 27. The m?ég é)f @th@ﬁ%figl’a'mje{ e%ém t@pgl\?(%]lﬂﬁi ges et ching the
second portion of he di éﬁ;lec riC {m% errtal perore the anneall ng.
oxidized with a remotely generated atomic oxygen precursor.
25. The method of claim 18, wherein the organo-silicon
precursor comprises a halogenated siloxane.
26. The method of claim 25, wherein the method comprises
oxidizing a Si—X bond in the halogenated siloxane and
forming a Si—O bond, wherein X is a halogen atom.
27. The method of claim 18, wherein the method comprises
etching the second portion of the dielectric material before
the annealing,
28. The method of claim 18, wherein the oxygen precursor
comprises atomic oxygen that is generated outside the depo-
sition chamber.
29. A method of depositing and annealing a dielectric
material in a gap on a substrate, the method comprising;
providing an organo-silicon precursor and an oxygen pre-
cursor to a deposition chamber, wherein the organo-
silicon precursor has a C:Si atom ratio of less than 8;
reacting the organo-silicon precursor and the oxygen pre-
cursor to deposit the dielectric material in the gap;
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28. The nethod of claim 18, wherein the oxygen precursor conprises atomc
oxygen that is generated outside the deposition chanber. 29. A nethod of
depositing and annealing a dielectric naterial in a gap on a substrate, the
met hod conprising: providing an organo-silicon precursor and an oxygen pre-
cursor to a deposition chanber, wherein the organo- silicon precursor has a
C.Si atomratio of less than 8; reacting the organo-silicon precursor and

t he oxygen pre- cursor to deposit the dielectric material in the gap;
perform ng a thermal anneal on the deposited dielectric material; and

performng a plas r&ﬂﬂﬁ I it ' %ﬁk i = 30. The
nmet hod of clain123%: ergfngﬁ énﬁﬁggﬁgﬁa%ﬁﬁégkg% nppkgéggﬁggb?ng t he
dielectric naterialIpéﬁ%ﬁlbﬁ%ﬁrature of about 300 C. to about 600 C. for

about 1 minute to pdrformid@ aiplases. annéil. o ke rdgposdedf dieledtric29, wherein

t he pl asma anneal cqﬁ&%' s exposing the dielectric material to a
about 1 mnute to gbout éo ginutes. 32. The net hod
mﬂtg e

hi gh-density pl asng 'T0r
of claim29, wheretth The mathadofsclrim P, pvbeiais dhe thermalcamealati o of about

e T T T o DO
p gTagheE o hod B . i gl Bl 06, 1

29, wherein the of Sitti'@
The method of clmimat2s, wherein the organo-silicon precursor conprises a

siloxane. 36, They gk AbAGYERNAO20 MRAELR Haop BEANE R con precur sor
conprises a silazoxane or a aloge ed 'sil oxane, A {ﬁ%ﬁnephod of claim
29, wherein the CHIPBRCHFERYHBB L %2@§ﬁpggénﬁﬁ§ﬁ?kkb&§ggh ailYi s generat ed
out si de the depoglasinarfochbobed .minute to about 10 minutes.
32. The method of claim 29, wherein the organo-silicon
precursor has a C:Si ratio of about 6 or less.
33. The method of claim 29, wherein the organo-silicon
precursor has an O:Si ratio of about 3 or more.
34. The method of claim 29, wherein the organo-silicon
precursor comprises a Si—O—=Si bond.
35. The method of claim 29, wherein the organo-silicon
precursor comprises a siloxane.
36. The method of claim 29, wherein the organo-silicon
precursor comprises a silazoxane or a halogenated siloxane.
37. The method of claim 29, wherein the oxygen precursor
comprises atomic oxygen that is generated outside the depo-
sition chamber.
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