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WD 2008/ 048862 PCT/ US2007/ 081139 FORMATO N OF HI GH
QUALI TY DI ELECTRIC FI LM5 OF SILICON DI OXIDE FOR STI:
WOBASR488F2 DI FFERENT SI LOXANE- BASED PRECURSORSPEIIRS 144981139
Il - REMOTE PLASMA ENCHANCED DEPOSI TI ON PROCESSES 5
CROSS- REFERENCES TO RELATED APPLI CATI ONS [0001] This
application is related to co-assigned U S. Provi sional
Patent App. Ser. No. 60/803,493 to Ingle et al, filed
May 30, 2006, and titled "CHEM CAL VAPOR DEPGCSI TI ON
OF HHGH QUALITY FLOWLIKE SI LI CON DI OXI DE USING A 10
SI LI CON CONTAI NI NG PRECURSOR AND ATOM C OXYCGEN. " The
FORMATOIN OF HHGH QUALITDHELEEC ERIGGFELMS OFSHVICON
Pat . p. Ser. No. 60/803,481 to Chen et al, filed I\/a]\é
DBEO FOR 8 Thi: tUSA GR QBRLFBERENT SO XANEBASED
CYCLE PROCESS TO __ENHANCE FI LM %JALI TY OF Sl LI &O\I
PREGUBSORME ARPIldr REMOTEFLASMA ENGCHANCED

co-assigned U S v . 60/ 803, 489
to Munro et al, Dﬁf@@@ﬁ%@ﬁ%ﬂyls titled "A
METHOD FOR DEPGCSI TI NG AND CURI NG LOW K FI LMS FOR
GAPFI LL AND CONFORMAL FI LM APPLI CATI ONS. " The

Y RO S L SR e

U S. Prov. Pat. to
[0001]LulThixiappkagatiohiid rethteloeo28s5ig@i6.S. Bravvisidrial Patdnt App. Ser. No.

SO BETENER L e NIEY 50, FRRC ST SHERHA N AHGR oy

DEPOSEF RN OFARRIE CAIA LAY FEORRLERY SINRUORBIRLEDEYSRG A
reference for all purposes. BACKGROUND OF THE

SILICONVERNNTZNNINGOZREGERSORANEY AT OMEN] Q¥ Y§DNEt Theeapphication is

rappticall ' [ ' '
atso red Brsipcrriged DoAYt AnbeSeh o SRME Y e e st s May
30, 2008mdGAled ©A 1 QVERTRLOSAUONIRL XSMZD COIREIOYET HIBROCESS TO
wth 250nm 180nm and 65nm feature sizes, and new

ENHANGE el QUALEEY (oF §HJIEOOpPEOXHIE " mhhessnphicetipnt ip frtieprelated to
devi i1 n e [ T
co-ssSFEUT8 ok 155 SR BORRLTES P B0 B 20,2006, o

titled ‘¢A BSETHODUROR HERGEITINGANDCURESE HOW-K FllaMSgfORGAPFILL
el ectrical interference, including cross-talk and

AND GONEIRMAICBH M APPEICATIONS) "> Bheampligatgon is still further related to co-
assigngﬁy #%’71'99&12@ 3$er. NE)O%%%S-[?Y { RAURDfifle dfﬁ?& fﬁﬁle%fZ, 2006, and
el ec r I’e Gat ng

rical 1n erence, ectric Ins

titled YIBLBCIRICADEPOSEHON AND ETCHIEA GKEROCESSER #OR BOTTOM UP
ot her . spaces betwee e devi ce el enents tal lines

GAP kd” FHRertscomeRsbal freesiotd apBi GE b berohy omAgsd by

referefleSoF MPFGPolR" their ease of formation in the

BACKGROUND OF THE INVENTION
[0002] Semiconductor device geometries have dramatically decreased in size since their
introduction several decades ago. Modern semiconductor fabrication equipment routinely
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.
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spaces between device features, and their |ow

dielectric constants (i.e., "k-values"). 5 Dielectrics
WQRaoB/04886ker k-val ues are better at m nim zi ng PCT/US2007/081139

cross-talk and RC tine delays, as well as reducing

he, overal | power consunption of the device, . .

l°0031[00ﬁ9é 4o degree ol eleeirical wigr ronse e actria insulsting gupherials are
i . .

st ) GRS AL UETAEE B MRS D A s
other dey@@4tatiies.| Ehe tielektricahaterial$ acahusmt foothalr e@3dd fSbimation in the

xide is acceptabl e for many device 10 struyctuyes
Spacestqt}?gv %e\?e‘févifg 3? S5 agd Qelrégwﬁgle?tﬂgp (Slﬁe n 1VP{u€§,)of
Dielect®dsivith RwRFRNafuch aieeheliBitdt miﬁﬁﬁilhﬁl‘g%?ééﬁ-tt{ﬂk aH@REf AL HEIGYS as

| ooking for dielectric materials wt ower k-val ues:

well agyeduciag greowetalipewes censumptido péthenlevise. Conventivna elielédttic

. ine.to make a.fluorine-doped silicon ide fil
materls 16 RS R gl B R e bERBen g 58 4 bufen
deposiés! wifiotdnvandortad CYTBtechiigiidder has been the devel oprent

of spin-on glass techniques that coat the substrate

Wi A I . : 1.ke hydrqge .
oonef!) PRARDL XA o LIS PSR R RHEHRIE B many v
structfr@) @fe] evbbde@reasing izey andsinkicasing densgRe of deHedclbfbntOhSe kept
. filns have,  been devel ogped with k- values of 3.0 or

semicqndugtor mapulaciursss 0¥1n|g r diplectycmateripdywith dagerkyvalygs. One

; it .af -sili . -
oo 190 500 300 LENE8h bR i SIRERT gk L T A0Mrget gon
oxide filnh (pge. HESE” flloevithia diellecteis colnstant psitosv asdbout 3.4 to 3.6. Another

flyorj ne-doped _silicon oxide filps, th also tend to
has begg, 43 g RRR o SPinsPTrg s (pOiistes (aicuh e ShP iR Eh hghly
flowablePRENYErs HRB TSRS GResduRI@AHS (ﬁ%ﬁhﬁﬁﬁ aPoRAS 16W-k ﬁlﬁlé

i ncreased absorption of water, can i ncrease t

kK-yal ue of.the film Porqus FLi sq have higher .
o005t Koo b Plaen i O fiichiRiee enlopd with k-
valuesBB® ¢i1eRE TheseOW IO InN are 8Rich 8808B&d 15 M6 kh&ficalNidr deposition

there is a need for new nethods of depositing | owKk

of carborrsHlineniaad oyySeni nTemrsors en thegubstratey Wb these SioQet filNERRve

[ . N0 .Ih . t ' 25
ower KSAHES B0 SR EEAEH A0 GRS AR, B ol
substafidiyiiite PorolisiEvhidly EMTh £ ne@ANR ] cofEa etice® NP Srod fiknikeare prone to
) i nvention include nethods of depositi nfg a dielectric
inoreaged ahsorpROTLOf Wt lihesdn v reass thsde Y lbeof thh &lnre Prws fibmg also

have hightt & SR TW i r i licon
eI 68 L RSO 0 S 30 o
and stre$sanmiking. THeispthg@rioa aedd foonew predtmids 6 depoaiting ave-kacatbodi based

atom.ratio of |ess 8,, and the oxygen precursor .
Films g e RRESe 1. (esep DO A BB SPH ot S0 OBhES ana ofher issucs

are ad @SB By xNBOGH ARV Rerishsi de the deposition
chanber. The nmethods may al so include reacting the

precursors to formthe dielectric layer in the gap.
[ 0007] Enbodi ments of the invention also include
nmet hods of filling a gap with a dielectric material.

The nethods RRIEF YOKTEE INVENTHONII ng an
[0006]OrE{%Bgdiﬁieh{sco?@he%lsgnq{oﬁ?rrlch‘rilcpedmgtﬂods of depositing a dielectric layer in a

gap formed on a substrate. The methods may include the step of introducing an organo-
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
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5 oxygen precursor to a deposition chanber, where the
organo-silicon precursor has a CSi atomratio of |ess
W bR/ 0&B86A pl asma may be generated fromthe prECUDS0T081139
in the deposition chanber, where the plasnma deposits
.a first portion of the dielectric material in the gap.
atomicrpeysepgeprsfed palyidg tedgpasitiony ehasmberi hhe mgthofs may also include
: [ t | gl.eehll e [ o reduce the
reactl@;’t?lg g&r&u&grs tQ ?oxﬂ{ fhe %?élééﬁ?c frﬁ?%rﬁffl tlgé n%atp

n content in the mate depositing a
econd portion of the dielectric teriial.in 10 the )
10007Eai§m'§?ﬂ§ﬂ?qt% thgnyeaieulee Poes Gisdhags of Alingiagaperith ¢ dictecri
materiEPt B Bkthbds thivirdfRe Wst%if%iﬁﬂ%ﬂ:ng%{x or %g%con prepursor and an

nmbodi nents of ﬁhe i nven st rther i1nclude
oxygenptdeorker tofa dhposision chamlzmdwheae Healrgany-silicingreatrsdr has a C:Si

terjal .in-a on _a_ substrat The net hods . s
atom AR PEIFES YL 8< AU gRa By B ERRSHCS OBy e REFeuisPis g e deposition
chamtiet, Setsrs e p@d%%a&fé%)géitégm’rsﬁfo%@éﬁ Sfahe HRIRrAGANSHAI iR the gap. The

chanmber, "where the organo-silicon precursor has a
methods miay alsoinaeleds eschong thedustiportion®f thithdiclscwicungorial taradudsthe

cabo 3545 8 4FRE, g B LG Ep A b e R
the gapleWhs fiist dndiieebRd portiondBi tBE Hidlectrlcmaddaltih e gap ndyAsd Mhinealed.
anneal may al so be perforned on the deposited
[ j [ 10 | I ' .S _an

oo, S54RI SR BBB D Rl
annealiingg 4 diekectrizndaterialjan igapvoh b stigtrare Thppastsds ni4y inbladethe step of

.skilled in ,Iﬂ,he art upon _exam nation of the 20
providingsan ¢reng-SEFOTLRTORRISOTIIAA FIB QX YESE BEGCULT08 th? derdstion shamby,

where ¥, %@ﬁlic&weglﬁ%r‘g{a§§ C‘?@idat%ﬂ\fﬁm 54E t%{y §.Pehe precursors are

i nvention may be reali zed and attail ne means: o
reacted trsdeposittheali¢ledtas materiahini thagap asd a dretmakdninedisnay be performed

escribed.in.the specification. BRI EF DESCRI PT] ON
on the%ﬁ@%ﬁgawﬁé@%aﬁeﬂghgr ad lfla?,tmﬁswgf%wlmbwer gged on
the depeited BichRicAdN@nhiages of the present invention nay be
realized by reference to the remaining portions of the

peci.ficatign .and the draw ngs rein_l.ike reference
100091 CAEhoB LBl R GREiee S v MBSl i 5 e B
followk &dn@rin part Sillbe@me 4HERANMhSse skilled HMhel FASIRACREmirdtion of the
subl abel is associated with a reference nuneral and

specificalionogignay bs/dswaad by theamentise ohthednvertipni Bhefestured and advantages

IR f ' .a 30 ref.erence
of the numr%&i?%g‘%ﬁ 9%({)32161 %??@%Pgﬁletggggfnthg%sgf@%ta % abel ,
combihdtians, dndtnesthieds described &t thegpadificatisch nmul tiple simlar
conponents. 3 WD 2008/ 048862 PCT/ US2007/081139 [0011]
Fig. 1 is a flowhart showng a sinplified overvi ew of
a dielectric deposition according to enbodi nents of
t he i nvent i GRIEFOBRAJRIPTHONOF $HE DRAWINGS

il lLustrati hods. of filli a gap with a . .
[0010]; & @Jé‘{‘?fi i PEEgo e ﬁfgg@&n‘%ﬁﬁ%‘m tﬁ%ﬂl‘t%%fn‘ieﬁ%on may
be realiz¥d®yreRfnceotd B8 }é’ihaiﬁinggoﬁidﬁ oPﬂfelsﬁwﬁcﬂfﬁ{m $H@MeWawings

steps for depositing and annealing a dielectric
whereigdikemrefgrence 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

reference numeral without specification to an existing sublabel, it is intended to refer to all

such multiple similar components.
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in a gap on a substrate according to enbodi nents of
the invention; [0014] Fig. 4 is a flowhart
WO Rdoges8set i ng nmet hods of nmaking a nultil ayer sPCT/082007/081139
oxi de fi I m accordi ng to enbodi nents of the invention;
s. 5A-F show a substrate havi n

a gap .
[001 lfst %t&: i i & Tpivghar} hopripgr ssnliied pvenvieveef adfielciic dgppsition
accordﬁ‘tﬁfo'éné%%fméité LESB ‘87&‘@?‘“ | maccording to err_bodl nment s

the 1 nvention; Fig. 6A shows a verti cal

s-.sect, on ew of a str rocessi ng.system
l0012fh§tg 2388 TR Rt R P e B AL G s ] B il B ALelectic material
accorcﬁ%@%ﬁhﬁ&nﬁéht?ﬁﬂﬂghﬂ%ﬁﬁo% of the invention; and [0017]
Fig. 6B shows a sinplifi ed di agr am of a system

00130781 35 §BOL Bt FHoabRENARG: ¢osipaannant<lios » diplectrio materal
in a gdpronedubetfate l&:oﬁﬁﬁéfd—&ﬁbtﬂﬁﬁ% BithehhvehtidiiE | NVENTI ON
d[p0018] Systems and met hods are described for

[0014]26?%2 '49& Q%ﬁwgﬁ%ﬁ ‘iltu tjra(t ng%%&ﬁ gfag%r%rarlguﬁﬁ?y& F’@F%ﬂ %9e film

accordtx@t‘o(ﬁtﬂtﬁ:duﬁfrﬁﬂb%gﬂﬁ@nﬁd»ﬂ,l con conpounds that have a
| oner ratio of carbon atons to silicon atons (the C: Si

a .
(0015f TEIQ) sAFRogih [BRHAPLAGAZ: ehP LRSI N HBsEM ety fleg witha
multﬂmmdmmlexm: film ezgogding pr enbodimests by thedavdnyiohave | ower
carbon contents, |lower porosities, and |ower WERRs

[oomtrh filk. 8A s‘hBWE h%ﬁt&aﬁ&@@sgew&aﬁ@@ Jf%ssﬁgsnsaltéfé ﬁ’%'s9§em that

hi s makes t he | ess susceptible to rack

may bg used tb denmsilicon om byera betrding tmembotitents o therlkmytﬁon and
than TEGCS based oxide filns. 25 [0019] The

[0017]0F BN 6BShbWE @ BinGiTRA AREParBY a §Ystéin RMBoACRROAB oA FIRENt of 2
to silicon atomratio (the O'Si ratio) that is equal

substrate peacessingysien aegprdingdo pmbedigests ofth¢ mveiagano- si | i con
precursors with low C:Si ratios and high O Si ratios
produce higher quality silicon oxide filnms with |ower
carbon content than conventional | rrade oxi des t hat

dVEION

excl usi velJETAE-EREBESCRIPEIGN QF;

s Sy 50 I SR o e

on surfaoeseorS substBate| Thé digkestricmattalsiag belferm et frat bgago-siliton

he Si cursor faciljtates the formation
compoyh BBl have ol ergatitof GHRRHORS R SR (PF GrCERBSPan

conver{bhaEEANN sﬂéﬁﬂ@ T EOéP ORQ 4i JiB&ri0 @Al fbnﬁeh 'bg%gmblmrég these

conpounds nay al so 1 nclude hal ogenat ed si nes
compoynflsawith axnpgentpnerurioncypigelln hﬁ\@gewelzmd)an dontepésnlogved pposities,

o N B SR S I B B U
films lésls'sQQ@fiﬁlﬂe $o/6aciafg, void AL Wate? labsOrsith, (I IhriRASEhan

Si-C groups can be readi |y oxidized by mdl ecul ar
TEOS@Q#&@PH #ABe, nitrogen dioxide, hydrogen peroxide,
etc., into Si-O groups with reduced
[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
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carbon levels. Simlarly, silazoxanes such as
hexanet hoxydi si | azoxanes (HVMDS-H) have Si- N groups

W@ bs/o¢ssoe be readily oxidized into Si-O groupsPCT/0S2007/081139
[00211 The organo-silicon conpounds maybe introduced

to reactive atonic oxygen precursors in the
more HePod linkeges éhteiveolequdarfstpethes: Thiclinkage in the Si pracutspofacilitates

the for%{;atl%h opg%/g%'l% \bl?h %ﬁﬁcedcﬁ%gpaﬁléﬁg)élgﬂé?;ec 51'6 glili%l%(g]mf)ﬁ groups.

sition chanber usji ng for exan‘pl e a renote
[0020hi 5 ¢ QEATEP Y/ 1cp semBOWKls draxialsognelnde halpgmmeted silpxauggand
oS8 ) b B8RO BIS 00u TR kL SEE bk 5.0
groupsaﬂl[tehdl(igeﬁated sitoxaavemayinchide dhlorinued siloiaypeasudh gap- f | ow
as | ower carbon content and

Octachg%sr i %%a%'ei#g&%a SRS s Pe SRR 1o i oxIgizRe By piplecular
oxygehSoht, MekrodeR i cXi @R B?dr%géﬂ ﬁ&'&(lﬁé T R S gﬁboug:g WUk @iced

oxygen, ozone, etc depositi on c
carborpigwi¢ls.i Simailar U/eslhzbmbslwh a8 hboamethontydisdhzdxdapes@EBINIDA ) have Si-

r cts ste of _t i nvention wll now be
Ngro"ﬁ?sggagﬁ%ae refgﬂg Fﬁ}oﬁlb%@‘(‘?ﬁ c Deposition Methods
0022] Fig. 1 shows, a flowchart that includes a
[0021k; Wbﬁ prgasetsdigen gprmapowids mayibslintzeduced tocrepwivietalapmic oxygen

e 58 o RS B M TN o I8 551855 e

deposipsdedieleateic fill? Thedtodiic OXy@RMB! BCiuithdf cbfidated odtside the
deposition _chanber. The precursors react in the

deposwﬁaﬁb%v T ohsing for sxample asemete higydansityiplapma gapsatingdimitnbefore

being geit ihe th%Lq» F@s‘iﬁoc‘n afaxﬂﬂg?tosfégcctt\%ﬁl fie i!sgggpolsﬁ Q83 grecur%oE i The
gano-silfcon precursor Rtroduss eposi

resultmg alﬂlrbm oxidy ldyaveandnve Ggoved ﬂmﬁlﬂllﬁyandfgabm dﬂaﬁd&te&sncs as

: C. Si rat|oof7 6, 5,
well af il carbop eorignt ot PoRjsicd tharteopbemtiontheideoas gnedbp secting
the orga.'ﬁolslﬁﬁzoﬁ b foP Mth%’(ﬂe&ﬂaﬁ'%ﬁg%p Qf oS EEY! ﬁ‘i {hRdeff3eRI0h chamber.
l'icon “atom present arison,
Addltlt)mtl rdatilh el ienbrdinen{s R moathbés; tpkc&iusisp:mzﬂ dysteam/offi & ifivention
1 30, ¢C grbon d’;\toms for every atomof silicon (i.e., a
will nQw be disqyssed. ot 8): 5 WD 2008/ 048862 PCT/ US2007/ 081139
C2H50 Si OC2H5 C2H50 OC2H5 Tetr aet hoxysi | oxane

Exemplaydgielermindxposition Metheds- si | i con precursor may be a

si | oxane conpound such as triethoxysil oxane (TRl ES),

[0022] eFfgamehéoxy Soekatal ihbfais a dikpTEEDO¥SlewdfANEelectric
TRIMOS), hexanet hoxydi sil oxane (HMODS),

deposieR A¢ROF g&&q embedimgats of theporgjion.ahhy wethed 100 shown includes
1ntrod§<.ﬁ1{1%x anﬁg&g%%%gﬁﬁ%%&&:?&%‘b@ agmgen p?‘c[:n%lr%r QE)E 'tao 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):



H ~O0C2H5 H3CO /OCH3 H\ OCH3 Si~ Si\ Si  C2H50 OC2H5
H3CO OCH3 H3CO OCH3 Tri et hoxysi | oxane

waeaosamsshoxysi | oxane Tri net hoxysil oxane ( TRIES3)/US2007/081139
(TMOS) (TRIMOS) H3CO /OCHS H3CO OCH3 OCH3 H3CO Si O

Si OCH3 H3COsi -O Si O\ SH CO’ \ OCH3 H3CO |
\OCH3 OCH3 Hexanet ho&y ||,ox89
Octarrethoxytr|5|loxane ) (OMOTS) OCH3 / OCH3
Si OSi O0 OH3CO CoHs OBgEO Si S ----Si----Si
H3COSE oOoCCH3 0 ////1t T~COCCH3 O Si ' OOCCH30 I, |

| \OCH3 H3CD Si 0 Si Tetrasthorysiloxgmoq \ OCH3 H3CO O Si
| OCH3 Cctamet hoxydodeca6iB@¥ane OCH3 10 ( OMODDS)
Cct amet hoxycycl i csil oxane 6 WO 2008/ 048862

[0024]3@4@82@@3@(1&& Beecuts0PRa) bd BeileH a8 Bembirid®bh goMpound
| so be a silazoxane _conpound that includes one

triethogySijeaee (FRIESYdrrareibps siowas CTVR:amsthasupiane (FRMOS),

b ST Y PR ARGt OMD 1) o™

5  octamethbuydokecaaiimtane (QMQAIDDEY, axwng ofteVEifex@d¢ compounds:
hexaet hoxydi sl azoxane (HEDS-H), 5

nona hoxy 05 | azoxBageo (NMI'S nd H
oct arret Pcsi | azo>?a~nes , anong OMS?I/OCH3
02H5O 002H5 H3CO OCH3 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 OCHjs H3CO OCH3
OCHj
Hexamethoxydisiloxane Octamethoxytrisiloxane
(HMODS) (OMOTS)
OCH;
I /OCH3
S'i—O—Si
/i /|
/o S /o o HaCO
l L ocH
/ . 3
HyCO—Si—O—8i— " H3CO—Si—O\ /ot
7\
O /’I ‘\ 0O / \OCH3 0 SI\
S OCHsl /O | | ochs
/S{_O_Si H3CO—S|\ o)
O—-Si
HsCO OCH HsCO
3 3 | “NocH,
Octamethoxydodecasiloxane OCH3
10 (OMODDS) Octamethoxycyclicsiloxane



si |l azoxane conpounds: H3CO H /OCH3 H3CO | CH3, /OCH3

H3CO Si N SiOCH3 H3CO Si N \0 CH3 H3CO/\ OCH3 H3CO /
w@kdsmisseaet hoxydi si | azoxane Met hyl PCT/US2007/081139

hexamet hoxydi si | azoxane (HVDS-H) (HVDS-CH3) H3CO C

\ 1 HH3CO Si N S OCH3 C2H50Si N
[OOZSE%%SE%@&%]%@@%Q#O begsilazoxane compound that includes one

r o SRR I A A o
(HMDS- D H3eth e BethSydidiadxahe BIMDDCHz),l | | \OCH3  Si

Q0 S\ /0. H3CO H3CO HN Si OCH3 OCH3 ~OCH3
chloro}i%f?&}ﬁ?&%@%ﬂO%ﬁ%%h@ CdieandhorsdisiarormeHED Kane
5 an{et¥kRris{16Pxe (NIATRE land BEtaReARRPeyR1ibdi B8k 200 TORKTS, th
non feurt erS be a ehaI ogeggtned si | oxagce}%éoﬁpound t@at among other
silazoxage|compeumise or nore hal ogen groups (e.g., fluoride,
chl oride, brom de, or iodide groups). For exarrp: e,
hal ogenat ed siAo0xane may be a chl ori nat eCHsgi | oxane
|I|c3lg'ﬁ)mund such a;/SC?L('LS’%t etrachl orosi | HsfeP TECS)l /OCHs
chl ofot ri et hoxy® | oxane 7 WD 20087 048/8«62

R US2007/ 081139CHs HeCO OCH;
Hexamethoxydisilazoxane Methyl hexamethoxydisilazoxane
(HMDS-H) (HMDS-CH;)
Cl
H3CO, | OCHj CoHs0 /002H5
H
HsCO /Si N Si OCH3 CoH50 /Si N Si OC5H5
H3CO OCH3 C2HsO OC2Hs
Chlorohexamethoxydisilazoxane Hexaethoxydislazoxane
(HMDS-CI) (HEDS-H)
10
OCHjs OCHg3 H3CQ
H
OCH HsCO—Si—N OCH
HiCO—si S CH ’ NS
oo SN NocH, 0 Sine
8 | OCH,
/Si\ HaCO—Si
OCHs ’ | ock,
OCH;
Nonamethoxytrisilazoxane Octamethoxycyclicsilazoxane
(NMTS) (OMCS)

[0026] 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

15  tetrachlorosilane (TECS), dichlorodiethoxysiloxane (DCDES), chlorotriethoxysiloxane
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15

(CTES), hexachl orodi sil oxane (HCDS), and/or
octachl orotrisil oxane (OCTS), anobng other chlorinated
W@ 2008048862 conpounds: C | OC2H5 OC2H5 ClI Si GrCTZUSI007/081139
OC2Hs C ii OC2H5 C G OC2H5 Tetrachl orosilane
chl or odi et hoxysi | oxane Chl orotriethoxysil oxane

(CTES)rhssashlprsdistioyane¢fiES)S), ad/qyoctachlerotrisiloxane (YCES ameng other
chlomgtecﬁélh) id ¢ Sq%‘un .\ad a a a d

Hexachl or o l'oxane Cctachlorotrisiloxane 5 (HCDS)

( ) [0027] The organ l'icon conpounds may,
hgv:aﬁan OSi ratio of ab%c'ta—iso 0.5, 1, L{])c%%ls 6,
| ]

etcl, or_ nore. For exanplle, TMOS has an OSl atiom
ClvarSioof! 4 (the samblasSEOSPCHO her or gaPlo=siSiTToPCaHs

conpounds, such as TRIES{ and TRI MOS, have an Q Si

ratcp of 3. Still otherg, such as HCDS have ar
Tetfa%hio@osﬁllﬁn@ 5, andDIdH§robRthoasilOx@he I at i 0 Cbforbkrie xysﬂoxane

The organo-siligporoyEgycursors may furt herres
i ncl uc?e an Si -0 Si Ilngage Sgs seen in HMODS, (]\/D‘?'S,

OMODDS, HCDS, and OCTS, anobng ot her organo-silicon
conmpounds. This linkage in the Si precursor nay
facilitate the formation of SiO filnms with reduced

conCham nation ffobm carbon andlhydr oxyl oups. [0029]
The oigano silifcon precursors }\ay still [further

i @ —arDAROS8IFaREs such &—3Si-H-IosHgEi-amoe—SSAY ¢l
Hexargét hyl di si | §zane (HVDS), S/l atrane, \
Tet caki S(dl met hy m no) si | ane) o Cl

Bi s( . no il ane,
Tri s Wﬁi&@% chl or osi | ane, Oacrtflé:hlor 111 P4t rane,
anong ot npounds 8 WD 2008/ 04886

PCT/ US2007/ 081139 iCH3 CH3 OSIH3 /CH3 H3C Si Si N
[0027]0~Th¢ ergapdBilicop-cq@hri¥punds 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.

[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
Trisilylamine (TSA), Hexamethyldisilazane (HMDS), Silatrane,
Tetrakis(dimethylamino)silane, Bis(diethylamino)silane, Tris(dimethylamino)chlorosilane,

and methylsilatrane, among other compounds:
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H3Si SIH3 O H Trisilylam ne Hexanethyl disil azane

Silatrane (TSA) (HMDS) (H3C)2N /N(CH3)2 (C2H5)2N /H
wWErBepM6d Si Si (H3O)2N Si -G (H3C) 2N N( CHXUS2007/081139

(C2H5) 2N H (H3C) 2N Tetr aki s(di et hyl am no) si | ane

Bi s(di ethylam no)sila &

Tri s(di et hyl ami no) chl{o? osi | ?ﬁéso N ~ ~Si -

O MNthyl sil atrane [&030] The o no-sili ¢gon

preclursors may gt gt heeSi cfgge di si ane

i ncinpdi ng,  al koxy (disi | anés,  al y-al kyl
Hy alkgxy- acet oxy °di si | dnes. The al koxy di

I ncl ude: 1S S/ R 5Rj/" \R6 wherein

~ y
Tesilylapgi@pendent | y, : y group. Forg.exanpl e,
th@%ﬁbkoxy disilaﬁg?gﬁggaﬁgg¥%%é hexanethoxf%ﬁﬁﬁ%gne,
and hexaet hoxydi si | ane anong” ot her al koxy di sil anes.
[0031] The al koxy disilanes may al so i nclude cyclic
di si | ane conmpounds with al koxy 10 groups bonded to
the Si noieties. For exanple the al koxycycl osil anes

y i ncN@h), oct aet hoyypme! ob Fisi | ane, (H3C)oN
(H3C) eva u{aoxycycl opent asi | a%‘,s?a{nd (H3C)2N—>Si—CI

bl\I
11 apesH

il anes y

dodetaret hoxycycl ohexasi | arfe, appng ot her,s.
Hsopranpl esNGH3)a| koxy diSHpdhes are  shown Béi’% ' 9 WO
2008/ 048862 PCT/ US2007/081139 (H3C) O | CI—B@I—BCI—IZCO '
Tetrakis(iimpbppmigdgiene ~SiBigficthglagis)silageH2 dos etlgylamino)chlorosilane
\ OCH2CH3 (H3C) O O( CH3) H3CH2CO OCH2CH3
Hexamet hoxydi si | ane Hexaet hoxydi sil ane H3CO OCH3

N(/\t/>8i—OCH3

O

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;:
Ry R4
R2—>Si—$i—/\— Rs
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
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:
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H3CO" \ Si / OCH3 HCO-~Si Si_OCH H3CO | | i ,OCH3
" S OCH3 H3CO S\ \ H3CO/ OCH3

w®owe0#ser hoxycycl ohexasi | ane [0032] The al kokgF/ES1091/081139
di silanes may include: R7\ RIO Rs Si Si \ R11 RO R12

in R7-12 e, independent,|l C1-3 al k

\é\(ﬂgé?\s{sa_ C]@i&%g? | oxy group, g?%’zﬁﬁik in_ 5_/_3:166(: HaCHs
[EeP "ond ofS'Rl_o? 3?3 a al kyl gr'&lpehg-at T 8asg OoiEHs
of HRI'12 is an &%) oxy group. AHEFO al kyl di sPFeeds
may BéemeihBg)disghecyclic disil anes Wi tﬁex%jﬁﬁ%& d%'fa%e
al koxy noi eties, such as butasilanes, pen S|1anes,
hexasi | anes, heptasil ane, octasilanes, etc., having at
| east one al kyl and,_@dmxy gcwup bonded thereto.
Exanpl es incl ude ggaanet !/1, 4ohgxa- 2, 3, 5, 6-
tetrasilacycl ohexane;\ _~S\_
1, 4-di oxa- 2, 3, 5, f;doptresi | ac tHelexgne; and
1,2,3,4,5, 6-hexa oxy 10 oc
1,2,3,4,5,6, - hexa?ret‘ﬁyﬁqxclﬂ?si Mine, anong ot her
al koxy-al kyl cycl osi l/Anessi”So xanpl es of
al koxy- al kyl di si Paftfés a/e\ﬁhowf?cg'él ow. H3Q\ / CH3 H2
H3Q\ Si Si Si O HSi BCRO 1Bl | i--CH3 | "H2 \Si/

\CH\H- 3 H2 I'B_ﬁéde\:%hox cyclohexasilane
oct anet hyl -1, 4- di oxa- 2, 3, g 6-tetrasi | acycl ohexane

, Ae di pxa- 2., 3 -tetrasi l,acycl ohexane H3CH2CO
[0032],1, TpeaRoR-Aus dtirkf bafdhfiel) O EAE o 1
1, 2, 2-tetraet hoxy- 1R2- di met hyl d&si | ane
7

\ / 10
Re—_Si_Si <R11
Rg/ Ri2

wherein Ry.1; may be, independently, a C,.3 alkyl group or a Cy3 alkyloxy group, and wherein
at least one of Ry.1, is a alkyl group and at least one of Rz, 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-
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 |
«—CH (@] SiH
o) Si 3 2
g N\ g
SN\, e
HaC CHs
octamethyl-1,4-dioxa-2,3,5,6-tetrasilacyclohexane 1,4-dioxa-2,3,5,6-tetrasilacyclohexane
H3CH2CO\ OCH,CH3
H3C7Si—Si<CH3
HaCH,CO OCH,CHj

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

10
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10 WO 2008/ 048862 PCT/ US2007/081139 [0033]
Al koxy-acetoxy disilanes may include: R13,, / R16 Rl4
WO 3108848862 R17 R15 R18 wherein R13_17 may be, PCT/US2007/081139
i ndependently, a Cl1_3 al kyl group, a Cl1_3 al koxy
or an acetoxy group, and wherein at |east one

[0033gf ‘AF&??‘ yrgeefoxy disslapepapayjinlyde:and at | east one of R13.17

is an 5 acetoxy group. [0034] The organo-silicon

precursors may yet fRus i ncl 6 or ganocycl osi | anes

such as cycl obut asRm&e—SneyeB RiAasi | ane,

cycl ohexasi | ane, cyck ohé%ta5|lan cycl ooct asi | ane,

etc. [0035] The oxygésn precur sor 1f?ay |ncI ude

wherefioR gAY b6 o:DeRisTtch CE Ayl ol Cia Aot S iriony
group CAIRAMEIEn @?legst onE'%Q(l A0 i P0Roxye6up anst 1MRL bndSE 1915 NSE an

oxygen contai ning precursors and conbi nations of
acetoxyrggeup-sors. In  sone enbodi nents, the oxygen precursor
may i nclude atom c oxygen radicals that are renotely

[0034 € MaE at@@oaflikoh Prdcartufatay it Furktire 1&ﬁﬂiésdr% ByQ6AIR& such as

w th the organo-silicon precursor. [0036] Referring
cyclobyingilane, pygopentasilare, eygdohexesilane, syelohentesilane, wwelhoctasioge, erc.
of filling a gap wwth a 15 dielectric materi al

[0035.c The Ak ygentprecindod diayandlgdemolebilar s¥4@Bh (©F), 6458 OYYNa nitrogen-
The net rbo(g 2Q0 . may .i ncl ude ﬁr oviding a substrate to_a
OXYZeR SAFBPYIS-So PADER2, Mok efde V(#Pg%w&@g campoygH§s-, H20,

i ;
0w 1), S90S R N R AR lrcrs 1
some gmbalimertsgthe ory g2 Premysod ﬁﬁymmludkﬂiﬂorma ox§'en radidalsabut are
fer) and i.ncl ude ructure devi.ce_ conponents,
remotgly éengf?ts AR TQdEcEd I th %@@@é@g@g ampsr veieihe PEgang ficon
precur§dipstrate 20 may include gaps, trenches, etc., with
hi gh hei ght to width aspect ratios (e.g., an aspect

100367, Referif wos o Pl F Tt ftfiipg s o o S fing's g witha

dielecthi: rﬂatB@zﬂQcc&Hi‘ﬁﬁ)to erhBEdiMREs & f titein iR G4 £Ho‘3vnﬁaﬁh%fﬂ1é%hod %00
deposited in t ap and other surfaces of

may lwﬁbmr@ﬂémg[a@@@s;qatw ardweatlarb dwlber,f?@dcﬁh@anUO@dmmrgano-

i U002 N s DEIIS B SNEE MELAGE T PRy e

semic@idyare waldri(€9.) a CO0REN|BYD ﬂM‘le#(ﬂ) hhe etcGiffbort @) aal |n9anylclude
| ess than 8. The silicon precursor may be mxed with

structires, devge @(H%P%’éﬁfér @c., Ermgd in eagligripsoqentes o Hacexaowle, the wéstrate
may ng:ﬁﬂfésg h gl{ekgn%gtrwn (lﬁ?lrl{eﬁ%{t t@?gdrtﬁr% ?ﬁ‘aﬁ A e?g(ai? h;aa;s/]?ecﬁratlo
of 5:1 of mohe 6dxmrd301fe; T:inoo mdrdS]GS sofxabread 2 .or mxaeploesoahore, 11:1 or
more, E?g:nlacgrrg,(ﬁ? iz';h 2‘5?8??3 %SBGJ | %‘1[2 mgt%ggl is 32;90%Red ﬁllntge gap and other

surfaces of the substrate.

[0037] As noted above, the organo-silicon precursor may include a siloxane, halogenated
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

gases.

11
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30 gases. 11 WD 2008/ 048862 PCT/ US2007/081139 [0038]
For exanple, the organo-silicon precursor may be
WO ntosloehssed to the deposition chanber by m xi PQI/ES2007/081139
organo-silicon conmpound (gas or liquid) with helium at
a now rate of about 600 to about 2400 sccmt hrough
[0038} h&or owmnle dleergann- @hmrglan@lrmrlma)dw lptred;luqeém thealeposition

cham&¥ émqgmgg%lo?gvagg%ﬂ%cgg 5 %ﬁ?&%@ }ﬂmc@ \Tlg'%%nﬁ-%@ flow rate of

about 60()’@)&1&)09( BAD0Is8&h thregh the rosie- téfﬁﬂ)&ﬁtuf@drgﬁib\lﬁﬁébdﬂgéursor to
ozone (03), a nitr Ot% n- oxygen conpoun
g ek

prov1dﬁ@jlongf)the SFEEULSOr o abg(gp@% ﬁb&ﬂﬂ'{g ap@utgl 600 mgm.
H2O, H202, etc.), a carbon-oxygen conpound (e.g., CO
[0039]COThe ekygeh, precuirsde ilaydscladdasleonyngeiyge (0F) 262008 ¢0s), a nitrogen-
recursors and conbinations of precursors. As
OXYgeR SQEPPH{ ¢i8n N%rlgoaéizé) Fichet Bv@rpsffn-owﬁﬁ semppnd (eigo H20,

H,0,, %950 51‘?%5& g°e‘ﬁrco ieoé{/ (;g' era?% %gﬁéé’l ﬁit%ro

radi cal s that” ar e
containing <pr¢chfsonbeqmdsuombmatlonamﬂqﬁecumdm Ab éesongahm rﬁd)ﬂelde’mi below for

methog éﬁ@,&ﬁ% Bgcpégeg 8«%:4 HA& sQdn cg ZOglfl}r(r:a | ncwég:]alsftng,ﬁe remotely

generatdPand i8I Ed fato eHele EQilﬁ%rf‘ﬂlaﬁﬂ;ef Wwith tMI%WSIHEOIPpreCUISOI
dielectric materi al I n enmbodi ments of net

m0ZS R ABSR  FRE B GBS om
the pr&hﬁﬁ’ﬁb@ tnd fOR@INY LE14f S6HiSn BBY dRICRIC thit8rifl PABD &Y ethBsAHGHts of

Ear ate spatially 15 separated precursor inlets
methOQQ 9.rthe ox¥a¢n and grgane-sHicPn preculsonsises notmpce@h@fnm tejng ingoduced

to the Qéﬁ@ﬁﬂn cRﬁrﬁﬁ#f e p%%\ﬂrns‘é&tlﬁzg] c]; rt%r&é??hagﬂ)ea Ig%lﬁ%}csltesglra% Qpanally

separatddrecuirdoe m:‘létb distitiged afbend reh@iondha@bérs Robexdrhsiv 1é ok{ien
oxygen precursor in a direction ger pendi cul ar to the
precursQriagy %Pct%r ft%%% inlptdar wigty) 4¢ the tapaktha chanberigad ppsitiensd directly

above B{cSabé in ehg'écts Ihreqmmp@lethg %@B%ﬁc@kﬁ%& ﬁ'e?gsl%r#g@n

the si es o) eposition c
perpemilqudartto theesuBdratd deposifioh berfae! Meanwhileahk siticon pre@ursor may enter

e
flow oP{&%ﬂ&oh%?&hﬁsok thid &%Cﬁ%ﬂ ? REto ke 4 b&Hon biface.

|rst pOTtIOﬂ Of a sil ICO ectric yer on

ubst rate OSI t. urface ini tLaI de
100411 25 PSR fnf FRAR- D §rocts e PRt Dghrmoes, i orms
the ﬁrmﬁgﬁaﬁ@flammoﬁ@ﬁme didledtad ﬁ?er orViBk @l@osuﬁf%%os&&&surfab@ The
e structures present at fhe deposition surface.

initial gxideayer bas eweellcatillowabitity, el ganowickdy wigrate iftolgeps, ttmmhes

void, BEn RS R Ptk RSl MR 0o 300 PEECE., s RS shegppns
200 to rpm@ﬂﬁ otide ﬂ)ll.dthht 28 @ﬁmamany 8%e bEvdlds ariReak P! trénchles, and
1, 8:1 ., 11:1, and 12:1 or nore

other quefeeﬁzqtruﬁhr@rth@tﬂ@w h@&athewélﬁ fo widtoaspestaatinsde.g6 AR cof about 5:1,
6:1, 6:184: iarg 9 0-£ lflqr C?12t1|3?111fghﬁw of the precursors into

the cha er may op, he material may be etched

0 e etchi ste be 30.us to, di ssoci ate and
[0042]; e?r@sa'ﬂmiﬁwmo%softﬁ iRl iR BRSSO of the precursors
into the tRAABer #Eayisip, BRI ffe!nterial may be etched 208. The etching step may be

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
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The etching process may include a single-step etch, or
a nultistep etch. A nultistep etch process may

WO pBAOES6S | rst et ch may i nclude using a | ower - PERES1097/081139
plasma to dissociate larger 12 WO 2008/ 048862

PCT/ US2007/ 081139 organlc nDIecuIes and renove
organif mplecules 3d FIRRYeAt 14aner RUNBRAL the crnhen i e digletrc Material. This
1 o) | I t
over B4 e Syt DRI A998 X8 S50 e 0 e
that etehas hlﬁox‘.lﬂtelawn déheletoharonditioes mig linorlmiedfdr Iemmplmagtnkmg a plasma

| f | triki f
from o 5% B ESO0L S 0D 668 S 6 B2 OLAOBRARIO0 Y b
1ntrod1§35ﬁ)§1t WitHedepoiition dARTHREAMG Iﬁgsslnte Jf%b&ﬁ'tem@%’!?%r t TR]I@ glasma etch

nber at a pressure of about 760 mlorr
can dlwelhte latger eirbaogroupseandaryeye eabdoimpyritep fomrtte meude Vayer.
carbon inpurities fromthe oxide |layer. [0043]
[0043 A llonhthis &bt abedhd lchSETRRN6ki8E Bfeithal HEcohdueRd laRY Bigher
may be conducted at a higher plasma density to renove
plasm%ﬁleu%&& reznoye et feas aoapmcmeofrtb@hxsimyl growpn the layee This higher-

densﬂr §1¥1§I{Ia et-EH tl‘% 3“}’%‘{1@% e;ip%%ﬁ tlﬁé/ laﬂaﬁ g%},gtgl%rf?%%/d[% it Ithe issociation

of a flév ssnmie@ulao nylgénaéé 22660 sangfwmm mghlp@wve@mqmu geeg .96000

)V&q_{escc thahlgh power RF field (e.
Watts Q(yg g, ey bp IfEdECd) thredepasition g qr@t # psssure of,, for
f e .
cxangS BT FURTEAN B BSREHL B O ey KRR fon v
and witetyer to formsilicon dioxide and water. [0044]
Fol l owi ng the etching of the first |ayer, the
[0044]DVF8MV§19§ $heiéhihbthe @i?éé@ﬁl@ r, e $ia&u ééfs %ﬂeﬁmfop&&d to the

anber, and reatct to a secon portion o
deposmb@ Fleasnber,candweast teaformma Sletmldgmptlcamf dlciemic meterfah rethe @hp and

The seco ortlon al sp he a
other sfifeS WA b Rra2tp. ThebroriorCaay st bF on oxedrte feed
under @8 shrfi€ rdactisd cdrlittins a® the MRyt 1Rferf ATARFLURAAGE] fndlr hiSir& Bt
conditions (e.g., chanber preessure,” tenperature,

conditigng @ - ehambenprepiues (emparaturs; orgpno-silioamspresfiser, etche
second | ayer has been fornmed it also may be etched to

[0045]refistaie $capid lalysr Hae bediSformed Aalohaybeadicied 26 rddnBe IndyBlty levels
The second | ayer may be etched using the sanme process

and/or plangaesiihe dayept The sorend 13V@ftm%wtcheérusmyhmam prioeess as used to
etch thHSﬁ'r 9 ‘Hrfn]ia? lﬁgh(t?]'gﬁ ?191‘?1?% dtll{fﬁ'eﬁ’t proéjeI g et cffefr%ré g.rﬁ)tber of

ste eren recur§
etchmg)swm difbmﬂit ,etchtm:ec).lrsofd)ﬂﬁ&}erﬁpbbvemlleﬂ@ &th@ formati on and
treatment of the first and second portions of

[0046]FoBbRSig thE forfRtiEA hd trézﬁ‘ﬁleﬂ\edflth?ﬁrs 5% S%U%?tﬁg‘fﬁgﬁs of d1electrlc

portions that may be deposited e mat
materigifasweldas ayy @bsequmtfportmm that infayrbeydepositied ptha Imatgnal may be

anneag 31 EBTp 251 B0 sty poal el Bepet 36 frbensfimay

1
have aﬂ[&l’eoﬁqd’\?ggﬁflﬂ(@ Ieréﬁl\%thg@gg Iglsjls{ MEBE{)O 8fd a {ﬁgﬁgtg% %Q@ra%oj(W]%RR) of
less thapnz ? 6¢-8n 2t i bieraborel i) Thwgﬂﬂﬁ&ﬂe’ﬂa)abﬂiumﬁmmthmughwt the fill
Volumé @Q%ﬂtal\ﬂ%xgslf?ﬁo)( %gﬁfmor s% 0047] Flg. 3is aflowchart

steps eposi g and annealing a
d| electric materi al
[0047]  Fig. 3 1s 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
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30 in a gap on a substrate according to additional
enbodi nents of the invention. The nethod 300 includes
WO p0B/048863 ng t he organo-silicon precursor to tPE&r/US2007/081139
deposi ti on chanber 302. The nethod 300 al so includes
generating a highly reactive atom c oxygen precursor
dissocggign lg)f? an RXygeEs cv@am@pr@mamum ruslzaﬂw @82e890>), ozone (03),

[ ng, psecur sor such as
an nitdpBE0FEh BpBlnd 5 NO 08 el pefect-Sect S Ppind
(eg., Hmmm;deté 9 agcarbdﬂanygeﬂ coB&uindge. ? ,)CO, Ty 098 WK NORRer
npound (e. O, H202, etc. a carbon-oxygen

OXyge’é 6%‘56‘% I{r@cvgsors @ﬂ contlyinationg of pregursqus) | as ot her

oxygen contai ni ng precursors and conbi nati ons of
[0048]pr &he psygen.cohtaliithBlecule Iﬁa(}ylgﬁadlsswﬁteﬂi 18in0 @1 PloatakeRE atomic

di ssoci at ed renDte to nmake the ataom c

ma
OXY8Cx ?B%ﬁlssoﬂ?éloal%%‘@éﬁ BeY Bilyde shesmal dsspeiaion. d&@a‘tlﬁléP lght
d1ssocf!1't1§ﬁ %Hﬁﬁ?%ma%&f)ﬁ%&l &ioh 8 E1 r mgfh%ﬁéa dPl%r ? Hrss&m{oﬁ may
 asma di Ssocli at1 on armng er net
1nvolvg| isgikong aplasma fram hqlmxm hrgensdre.| i mmt@langérreﬁIMg chamber
enot e gener ati ng

and infiS R 0 s et S ST BBHTF B HIBI GgBgRrecursor.
For exEﬂn@ﬁ:‘Tﬁleta@brﬁl@ ?Qérﬁnﬁﬁ@e giRpi&d ﬁ’i’%)ﬁ%ﬁﬁteq{lgﬁ- r?s‘?t? plasthaffherator

exa om c oxygen may be gener
supplyi th |6@90 Wattsi(e.g., pFCEWattgerf®Iapawer te appinpined gd@ﬂfbam of

argon b (08 4010 oottt O ot RlseSie il BRI Piven 0

flowin@>ag fot @ganfpmubo&@@mt@aﬂo%@m(ﬁp&mnw th nol ecul ar oxygen
(02) flowing at, for exanple, about 600 to about 1200

X l.a is,th
0049 B 04RO E S BT AP 3R 3 AR 06,
where mya)mmo( fop thet fivet firne sdithttherergand-kilithrepRe@es9 whichii€ 8o introduced
re ursoi'1 V\:E ch is alsao introduced to the chanber.
to the &}?@Qqﬁr -ghig/hig chfi‘C\‘?’é(e atogs exysepguH rgact withghe siliogn pregusgor 308
(and ngrei'e gﬁg’glé‘?{sl% ﬁfsgﬂs‘%ﬁ;%ay( %e&tnpﬁlr th?ﬁeglr%ex{ &F%ﬂ‘gﬁr) at moderate
tempehaehierg) , redction denpdraturcs dexp @raat100 &) ané pgessure€QCt.j @B to 6 Torr
1 ]tee eratures | ess than 100C) and pressures (e.g., 0.5

total chafnber PEgssure}. o1 a|  chanber pressure). 20 [ 0050]

Enbodi nents i ncl ude sendi ng the atom ¢ oxygen and

[0050]§3meSbme@iS ermlnul@cspsdmgu thewgdmicoxpgeradnd spaonprafursars through

TR A N TR

subsmaé ey @ﬂtjhﬁ@?a pedterd SopRAMEY fot @ﬁespfeau&ﬂs & elﬁa&héaﬁﬂ%iubh on
cha One subset of openings may be supplie

chambgy. o(ﬁm;s@ggﬁ@é APgHRgsUREObe suphliedbythe atarain @xggﬂmm:cwsfor whlle a

th i.con
second R B8 SourtnedEBirbfe BY Bl RReEr ERP3E5 raygling through
d1ffereﬁ'pms of@peRing beay Helfuidly lsosaé@frsﬁh datipBiherEiil @k iRk i ihd
intqg . the deposition chanmber. Additional

deposifieq Q?q“g’eébédfh“??ﬂé@%lﬁ abeRt 4YRgA NG flesgﬁnéaﬁ preshrshebandiing
cquiprfelt1sAIEScHvclitn CE SRR § I BPRAR KRGE Ay NoTBOSARNG

Pat ent App
Luboniitslzy 80/, 81800 aye30) 2006,land t1‘tlE’<RCmsESSV€L\FB£HB:ER'\’FOR

DIELECTRIC GAPFILL,” the entire contents of which are hereby incorporated by reference

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
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DI ELECTRI C GAPFILL," the entire contents of which are
hereby incorporated by reference 30 for all purposes.

WO 0®8/0)886% t he precursors react wth one anot hBCT/Us2opTie81139
chanber, the dielectric layer is deposited on the

substrate 310. The total pressure in the chanber
be, forxampdp, h@t@eﬁpB@rtq dwuﬁﬁ;l'%mﬂlmrmaspresss&@;‘eg 1.3 Torr) may

deposﬁggé(l‘&%éﬂ%or i ;i}]q ﬁp‘Squfr‘htge),éggE Ié)gvef Breasuresl(e§ -IC{ﬁ ff?rr) may

deposit@aynord e@lﬁShﬁalﬁbeiel ldﬁerf IThéTH&pdshloﬁQérﬁpérht@if& ihitk@reaction chamber
qual ities, while lower pressures (e.g., 0.5 Torr) may

may be sjaively lovhisree abent HI0h@or iss)d dhe aiymsnwm@tea @stiil@gecﬁ\om about

S00A/ETREARH SR G, & OB SR Rfcig Yo e SLARMYEL thous

50A tmﬂ;ow am@zk (d.g.0ubcalb 000A o MM@MQ). to about 3000A/ mn

(e.g., 1500A/mn). The thickness of the |ayer nmay be

b

[0052€ @Hflowﬁlgosz?ep%g’lﬁk% &?ﬁlg%(fwl@cngc la gllbegﬁ%s’h alg’%% ﬁgy gtpgéﬁbmed 312
that rediowkea poition b fhermeaisture atd 1a¢ram$ thedprdnesspefithotayed TiLinitial

that reno a_portion 0 i sture and i ncreases
snncal i3 ma¥ UGS 151 e Paigl lavertfar aby i ul 15 h@ainigs gpan inert
env1roﬂﬁﬁén! (fécé Uy eadnvionth BR). OA'tHJ&ﬂaﬂéiﬁfealft%Félgﬁﬁ‘é mlly'% Qb &ed

mnutes In an inert 10 environnen
that Wd} lyot mm@m/mﬁtahhmﬂf)mnw intthe subistratn ss‘mttuneemh raawlmene theakide

layer lgﬁn%lﬁ% S i udthe toromted TR AT alFlim b Tpst o

is an internetal dielectric being deposited over
[0053lan Aéqeumlﬁ@lvh(%naﬂdlltlphb@e firg @mqal #iep erapiandluds! gxppging the silicon
de ex
oxide ﬁﬁgﬂ fH C\éltrc])ik? Mﬁ%tgfégfﬁ?otug % ! utn?‘y atbq gb& NE %3 olélk

thermdl tann@ﬂ),QLIUV lanfead wias re@o b Portion oﬂth&liﬁﬁ&urd-prkﬁnt hethd mitially
anneal , a UV anneal nmay remve a portion of
deposwié»a% Gl ppd Bk@é@ﬁ?as? thethaedness ofithe film. deposited oxi de
film and al so increase the hardness of the film
[0054]] 0BFi¢T tehination efmem‘mﬂannead),fa debendf dnhsal sepriasyt be gerfoemoendl4 to

furthe SO, st BB sk DRt s middaysti eNsrseal fap 314,
substahtidIfy ATYRRE mdisERe §Ms1lan§%§§ 8é I'én?d A tbive Bile 152& 3low lower k-value

nmoi sture and sil anol may be rermve to gl ve t
and loyet WERR Kalveithan eitberdhelinitiallyrdepgsiied valdeor bfiarthe iaylaewas treated

|aII e ted pxide or. after t
inthe [ aniial i, YE SRR bl ay Tefids Sxaciing B8 ol Rttt plasma
that is BEtidn &l bR VINERPAENEdISNEnd 6k AiPs RN Ethe IR IR 1K &858 FJlﬂﬁhng the
is efficient at renoving water and silanol groups from
first anngal, Bowevestthe exide layer hassnflioint handhess t¢ radute @mpesyent) the

s BBy 15, Ay LB 0B B S5 R o

containiag beide ¢iyertp theplesaeiinntdl doBEnd¥érféve ehidugh c4rBén lodiNekase
carbon 25 containing oxide |ayers, the plasnma anneal

Slgmﬁ&@é‘é’t%lf'vﬁlé‘ﬁl?@gleéﬁﬁ&gh carbon to increase
significantly the k-value of the layer. [0055]
[OOSS]Rhﬁ"emmg mgwrtoWig. d, Eiagher 4lowahaxt iihrstrﬁmrcg/\a:imathbd 400 of making a

trati.n met had 400 of Kin
multllayer s1ficon 0x1deg ﬁﬁn according to embodlments o? the invention is shown. The

method 400 includes providing a substrate to a deposition chamber 402 and introducing
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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mul tilayer silicon oxide filmaccording to enbodi nents

of the invention is shown. The nethod 400 includes
Wpewsogissry a substrate to a deposition chanberPdDES2NT081139

i ntroduci ng 30 precursors (e.g., atom c oxygen and

0o-Silicon precursors) to the chanber 404. The
[005610-{"*8%&& Rt 2 Fheskmayha Bad o dsterminsiit tgicamulagye ihigknessef the

o SARIG m  f BAGPe co

oxide ﬁhnélapbeantreacheat,hhﬂkthﬁdypdtsﬁldmmﬁd etoh oyelicenay end, iufd the€ilm may be
ve thi of th sited oxi de | ayers

annea glﬂ# iillé)ﬁvg&er 1tﬁﬁ%§1éc§(n5§§|1ﬁ\fe ]gﬁ_sonot %Fen( }et, Byegﬁgther oxide

depositﬂ&h%h& BRA ck&‘é %anyccﬁlrtG aH@bfkast B%é Ht%ré Addm iS}Tgs@/Ietg r%e oxide

reached en the deposition and etch cyc
film. and the filmmay be annealed 412. However, if the
t hi ckness | evel has not been met, then anot her oxi de 5

[0057PPpefhinirp widiBerShE ki@ filr haPnsadHed ldrprédéte@&%e@tthfcﬁﬁés& may be
one nore additional |ayer to the oxide film [0057]

done by Wioknessigeapresat ofithedepesigel and Qﬁtthftééa}te@aohmay ae done by

a th ckness
clou B REGE S BE SRR T 308, Bl D1 g o
deposinc&i zdﬂrwclieyl layeaisclO0At thivg, dddahedesded fioh thiedelss 1 QQ&H théh 12
a desired filmthickness. For exanple, if each

deposxtlenae% sishcyelenshoud kedape oy fosm the filmoAhe Huelﬂleswfcpa@h] éeposned

layer rggf’ = CP chﬁﬂcﬂﬁt&g gt%%%%s at @%?n tl'geﬁoxu?ee(? %%k].ﬁlﬂl? ?at@ such as

the typickiand flewsraes oftheheattipe pret:ﬂdorsj thy estalraysshe if etie dbposmon
ontrollel [ n the paraneters that effect the oxid

chambyp, sodit Pprafice, 283008 oger PRIgEICiS)HeAs BRfad APQKR, iyicakdeppsition
rates ﬂnhﬁe b%ﬁ‘fétlé})é?s QE %G('rlft %@Oﬁfmﬁlhg bt 3boPk AT (L. gn,)hlgbutt 'fﬁOOA/mln)

ep03|t|on chanb he terrperature

(00586 3§ oy SBQ%%E@%%?&Y@ b RS eCB Gras el Misdoyith
multilBRP Sificon Bxide fithn usinb @HboditY cﬁ’tﬁ@ multic§e %Lpd:sﬁtﬂﬁl-etétob)ﬁde

show a substrate having a gap structufie that
layer fpﬂﬁ@}t@sﬁ peess. yFigi $A sbiowss a wbgtratmﬁpz oh awhéch & gy iﬁélrhas bieeteformed.

e I TR

aspectSt@tl(SfNMBre&l@bl?%hdS\alt& &Ggre%bﬂ/\@ﬂ B8 oRide FM 12f4s. "BSbE@RRNts of the
forng It wll|l be appreciated that gap 504 shown in

presenr:ga%ﬂll wathpdyyaay Bedidediosd gnd soem feee depesitians|ipto|geps RAying aspect
ratios BPRE6:1 :jgi,'fzﬂ tq) g‘f%efr? St‘flte?%'lylﬂ‘ it gﬁd Rﬁqgorgﬁtgégﬂt of
00598354 ehcsis Pt @(ngngqigq%gﬁg,x%;tg@gﬁgapf;iﬁ[“a@zgﬂmgn pxide that
forme® th.le la}7er has Q)Oh ﬂo%va%tht} guéhtle% ]all]ow%%thé ﬁflﬂnr g tﬁutg}%lﬂr d‘tln girzﬁg go the

or nore. ayer
bottonsobgapdddo §“|hugdh¢ ﬂmc@ams&ﬁ&te depesitidloxiderat thel lbetotrhaltthe gap 504

oo B S DS ENTRAA B  5 ot o

gap 504 Thus, the thickness of the deposited oxide
[0060]£1gt ﬁ@ andtD) shavoadditienag axpids uyersridfb 060 @t being Hepositéteon

prev108§ﬂ/ ggposﬁe& K 5F g‘tshe%l layegs 1nqﬁe Eépdﬁdlia | 'f‘hsésg ztdcfitlonagJ ﬁt@ers may be

formed from the bottom up in the gap 504, until a desired oxide film thickness level is
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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[0060] Figs. 5C and D show additional oxide |ayers
506b, 506c, etc., being deposited on previously
walzpesisserl and etched | ayers in the gap 504. TPE&EBES2007/081139
additional Iayers may be fornmed fromthe bottomup in
until_ a desired oxide filmthickness
may bg sﬁggﬂ%peé y8 &rﬁéaealédple%n@etchma or L terregiape deppsition materials
t
formef 903 the (DT UTEm 27" 1% “ERipRs HTbhitnfl 58 SHldiiprin 510,
havmg:fgm;i ufcangdvdids éroseams,read hayiag :tuglrﬁlm -quality foat dielectricich@@cteristics.
as shown in Fig. 5E. The film 16 WD 2008/ 048862
Exempibrl/ $45308¢ PRI Syem be pl anari zed by, for exanple,
pllasma etching or CVMP to renove deposition materials
fo of. t 0
10062}, 2B R0 Gster B h B dri et s dimenlsht g Srginyppiton may
includa Righ-deabigsplasms Claimicalaago pbﬂﬂoﬁl(}ﬂlefG\l’DL%@rﬂst Plags
di el ectric characteristics. Strate
enhan@ﬂ@élé@sqahgapsyéﬁmﬁt@n[@@@i]l))ste@s,tsubwtrsgwemcheﬂm@alwapor

s chdvent ion
dCPOSI.ItlHH I(ﬁé‘évpl) gﬂﬁgﬂ%@p‘t alsérlr{l%ﬁ]é l%g%ogl osmq,n salgtﬁglg' %/rp%l}g other
types oiﬂd@EteﬁV Dppe&uific exumnpley (ﬁfS(iﬂ@D sgdiban tRimah QﬁpléﬁienNéiﬂlSUdlments of

osjtion PECVD Syst ens sub at nospheric chem ca
the 1n\<;:g§%q 1nc ﬂ‘b@& T HHAR-C VI ghambkgrergystems, and
t

OSSOSO 8 YRR
Clara, Capifeenient enbodi ments of 10 the invention include the

CENTURA ULTI MATM HDP- CVD chanber s/ systens, and

[0063]%@%%%%@%@&5@%@ "s?s/t@rﬁﬁhﬁf@m wRURLd @hh%x{;ﬁl By methods of

lied Materials, Inc” of Santa d ara, Cal
the an[e!)O@Bl]naE%mhpleébOS@fshsm gnd d@serlb‘rdme:ssasmgnaiy@ﬁe Reoviidierial Patent

App. N8 Do S8 to Vb RIS TR AL Bl it 0520085 and s bRl vRh
CHAMBER FORDIELBOTRICE AL 1’5hé'\91ﬂ1re Nsmexﬁ%ﬁ%cﬁ%hérem

Lubonirsky et al, filed May 30, 2006, and titled
lncorponam@clﬂssfe&mmﬂmqspﬂﬁdmm@l exeEplaty, systeins nemytinclede those

showncaﬁﬁtdg%lzﬁ'l%gcg L fg’gﬁeggt k%arkg? I 7 a&@&on%%a@, ¥ Y relfﬁ(i{p%gr%%rated

mxmnby¢hﬁﬂmcéﬂmaﬁ pusgoeed) and described in U S. Pat. Nos.
6, 387, 207 and 6, 830, 624, which are al so incorporated

[0064]"I%gé'ff§rirdﬂgki’1¥wr tSfP?Ge@ & %ak@llogsp 5181? SRewsaor [éé)gﬁ%stgﬁn 10is

ng now to ver | ca CT 0SS-
shown\thfﬁt\hss aVauuiM pyctssing thamtser 15 timmindides alkhsmberwadiUlSR and a

| ud hanb | |
chambGEHPARETE [ I VID YR dRSPYTSS EoTABiR0s pptipklid for
d1sper§1@§‘fn%béb§ gscd 35 a ShhrateHO! PBwHRML] Rbd ofi h Hc Bed pe%estal )12 centered

di spersing process gases to a substrate no
withintieprogess changer d 5h éms distrfedios trenifoll Hembgbe formed filoiman

sl TR s 5 3
plasmdAYED@ir gibrotRsiAf ABE stRBRTY.S. AfendiBorRhubet HALL) i PositiBhdd i flat

a capacitive
(or slightly convex) surface 12a of the pedestal 12. The pedestal 12 can be moved

controllably between a lower loading/off-loading position (depicted in FIG. 6A) and an upper
processing position (indicated by dashed line 14 in FIG. 6A), which is closely adjacent to the
manifold 11. A centerboard (not shown) includes sensors for providing information on the

position of the wafers.
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pl asma. During processing, the substrate (e.g. a
sem conductor wafer) is positioned on a flat (or
W@ Li0gh4d8y2 convex) surface 12a of the pedestal HBQRI/UTI87/081139
pedestal 12 can be noved controllably between a | ower
| gadi ng/ of f -1 oadi ng position éde picted in FIG 6A) and
[0065Repgsyion and camist g5t apsguirequsad mio thechambenls theangh gerforated

holes l3lp§f aléd R/Fxgi:dn%l ﬂa@c’aelrcu‘ﬂi1 ?dlst}b?h@l? ﬂc lgtgj 1§§eMor£9 etcﬁft:ally,

mani A’ cent erboar not s
deposﬂ;len:pmcsss‘ gaseflow iindo tig: chafmbenthtdugh tlmmldn mameBIJ 11i, chrowh a

conve LS Bt blocl A8 e e rond b P taton e

13a. into the chanmber 15 through perforated holes 13b of a
conventional flat, C|rcular gas distribution faceplate

fi osi ti on rocess gases. fl ow
10066} Btord RAHFERE marf Rl V1, depRR it S 2R Breaput Trom gas
sourcds reusiga su ﬂﬁ\lfh@ﬁ inft0 2 iRk kpitah SeheRd REK &re cBh@h?ed%ﬂQ then sent
then throug oles 13b in gas distribution faceplate

to mamifoid 1. Gougally, tes sipely laedhf mhmemsﬂnﬂlcﬂeﬁ 11) several safety
shut-ogfe&%?\;esgﬁ(%th oW thal cra}l%% blg to au ‘rgiat]:c ugré{l%# mlllggﬁlét);gf @ﬁ]ﬂow of

rce gas st
processfgas itd thechamBere adb(ii) ﬂ(hs@ﬂﬂwtcbﬁﬂi‘olﬁéi‘ﬂalsotﬁbt BRgvid) @h#l rdehsure the

Cener al | the supply_line for each process gas
flow of gag f@a&sﬁ(thf) supplyeing “Whenstoyic gapestargpyedya theaogassthe several

s SR O B GRS o BB

flow ers (also not shown)
10067@5%4?&’8 ififi Process e Pﬂa%émtt ¢ Gﬁ(@gsxswgl Wipam e frlthﬁxea tlwm@i
procests%}(h?lﬁﬁ‘éf‘e%hﬁ{c%d Rfedssl rIntcl FastaQnfi %e&eXﬁi@' power supply

safety shut-off alves p03|t|one on ea
applies elggtrigall jomer betweom thergas drstsribuuom facgpﬂa‘ath%rasd the[;&ﬂésﬂl 12 so as

osi tian e per f or me; D_sys
to excilEhepEORER s niyBin Gt R s HAo i e dRAL o pRsBgen the
faceplﬂté Qgﬁﬁﬁd theHedeshll 33 MRFIAS Fé%ﬂﬁle@lllme"-l‘éfe%%d tGHertin RWE reactlon
15 applies electrical power between the gas

reglonb'l) sé)qnsmltem@ @f flmpézpﬂnmrsac_t. Badepodit aldesipdddst &l the Budaread the

r SR e T X
powerl;ﬁppl? ritcht tMaﬂl@@ﬁﬁﬂﬁ% pdWwer 4t bHigh RBGeqlently|(RFPFof Bf Y M?ﬁ and

herein as the "reaction region"). Constituents of
ata 1°YVH%F Brersnay (l%%?atof 860 K&lrdeienhance g degempoditioroef nesative species

1ntrodl§éég Pl Z?eovafhlﬁﬁlghﬁrﬁ%rcl%n Cﬂ'f %tﬂ%nnmﬁgar%%es% utgg gl?éag)ﬂ eﬁ ggpp#would

ower sup n xe
not be &ﬁllpﬁd;vand Ehemﬁd)opsst gmtmﬂxym ﬂﬁhhadl}sﬂé@@b tcedeppSititie datired films on

(RF1) of 13.56 Mz d t | RF
the sustycpg icsymichasycioy st SygReriedon ecRedesiri, which is esstvely
heated48 pRITRASthL eﬂérgfl?&%é f’e%ﬁt?(ﬁlec' es introduced into the

vacuum chanber 1 I'n"a thermal process the RF power

| d t t.i.l d, d
100681383 3HTes Frl e GmiELion Brfipote e e teentrs progess
chambei1 0, ilGudibg iRGRaIR iR HARBECEIIFUSE Qﬁrr&?{dﬁ{z%tﬁﬁ ekt egle

on the pedestal 12, which is résistiv
passaggway 23 and ﬂ@rshntkofémlwg%f When tlee plesnod 1S(mt turned on or durmg a

thermal deposition process, a hot liquid is circulated through the walls 15a of the process

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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[0068] During a plasnma-enhanced deposition process,
the plasnma heats the entire process chanber 10,

w0 pBOgissy the wal |l s of the chanber body 15a PCT/US2007/081139
surroundi ng the exhaust passageway 23 and the

shut -of £ .valve 24 \Wen the plasma is not turned on or
transffagﬁ%l#?g This heaing fefegred 4 ps hesting by thes beatexphanger” ) bensfipiglly
[ t . I
reduochick AR P8 A Tl aBletoR i ploRcR LA BTfiod e
eliminhgorpef atlatile profinets phegyesss gasthand otheraonaearinaits thhiemight
cha r wal ls.15a are not_ shown, Flyjids used to heat
contarf R dPERIETSS AP Srsig CPIPIEh ihsavallyoF €601 vRPATpassages and

migrate bAES intd th%-prodé@éilg%cﬂhﬁﬁﬁgdﬁ‘i &108s 8f ¥& 04s Rfw.0i | - based
thermal 18 WD 2008/ 048862 PCT/ US2007/ 081139 transfer

flul ds. . This. heatin referred to as heating.by the .
10069} Pt SRt Gl B3 Mo Ree i ) asposlt S v inethdmisaction
byproduRe] &Sk 8 Rém WRH@RbaPl £by £ 6duaRE plhP Bk sovt)d Specifically,

i mproves the elimnation of volatile Eérioducts of Phe

the gagss geerdaydeddirensh apanerlag slot-shrpad arifce Hasurrdugting the reaction

. . almi if
e ST LS RIS . IR b R 7 e

defined by thd $up HRtweRSES Y of e dRmMbeRY dyligdied iskidsyr 1 9aqir@ARling the
flow  [0Q69] The remmi nder of the gas mxture that is
upper dislecticliung ton thegvalhyind thehostommiiihe cizadarichpmber lid 20. The

i \Y . o
360040 B8 S GRS ST D SRS i 1
imporanttawshieding rumifgim dloweofipudass gasbodves limpeafensd 4sit6 defddit a

for S UE T oUn ing _the reaction region and into an annul ar

umor@;iﬁmg}t Y% m 17. The annular slot 16 and the pl enum

17 are 10 defined by the gap between the top of the
[0070]dFramitbe exhausti ilerdmi t3ths gaes flow lundéraedth addterd] exgerisium portion 21

upper, dielectric li.ning 19 on the 1) .anq the hottom
ofthe SRREH i . 265 R pPASShovA rahel g dgyagard oxtending
gas paSda€ 23, PastVEERirh Shaskr VAl E 94 (vhose Bbdy ﬁ‘%@g{%"{e(ﬁ{litﬁ tHeQower

[

16 and the plenum 17 are inportant to achieving a
chambghwalhd fa)f arslintst the egheasiouglgt 25 that/emnedie toshf extesml wacutum pump

' LWformfilmon {he wafer. 15 [0070] From
(not S}}%ﬁgﬁgﬂ){%@ﬁ %g‘%hen%&rwns‘ﬁ,otn;th B%ases flow underneath a
| ateral extensjion portion 21 of the exhaust plenum

[0071]Ehe wafst suppoit glattarofibe pedesist 12 rsefiatablyt Huwingim, geramic, or a

. - Xt i ac
combiEALESI IR 1458 RTRSANE R 5L Ty e
elemente@osfigured tnhelte twal full 1iods in the dorinéfpakdiR] extvantsic cavles.€An outer

. 25.that connects to the external vacuum purlr_P @é not
PO“IO%%%ﬁeﬁtﬁr SNt Aupsdgacenido g peametcs ot b sypport plattqrowhilg an
inner pbAgon¥&th€bn ﬁiéﬁil%}{ &f Phodbiific Bfrcit iﬂ%\;iﬂgg g@%ﬁ% rgtc’izius.o%he wiring to

(preferably alum num ceram c, i natl
the heatérealenént passes teoughi thestymiod dheepbdastalnl®. an enbedded
si ngl e-1 oop enbedded heater elenment configured to

[0072]B}pecal 1y rlalltof §idSchiabENgnih ,rg‘té'%] tfietRAdrifol Eac {t]l;:é,eaﬂlhrviaﬁous

circl es. outer portion o e heat er ele runs
other reafiterdardware are madei que pEmatstiak sueh ssiplpminung| aapdiged alwimituen, or

) GO PR Pl 08 & BSAEEFU o

5,558,717 entitled "CVD Processing Chamber," issued to Zhao et al, and hereby incorporated

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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25 the heater el enment passes through the stemof the
pedestal 12. [0072] Typically, any or all of the

w@bsbeas6ld i ni ng, gas inlet mani fold facepl at e, PERTS2007/081139
vari ous other reactor hardware are made out of

material such as al um n anodi zed al um num or .
the ch@l@b%rrh%by yebatdlads @Obq*hos‘glé threugh g inpgsteniranzoviak 0pemng 26 in the

e o SRS 58300 Ik BB 5 o i

positic 14 malob lbe.'reﬁ lwaférloadipg peditch. Bk Mytor,8faBice BE Howlbohtréllers
en (ﬁ73 Alift mechanismand notor 32 (FIG
connegje t°r Fé%@llé Bes, Stededivenysysieny Brotde yalveRY pewerspply, apl

hond 8508 O S R L5 AP o

lines, GIBThicks20 2008 hiSshowth ecmuaﬂhaeliéﬁorbﬁeed)abb fioin dptivdbsensors to

R SR B TR B G
susceﬂt&”&?l‘h%h Q&%&Jeﬁl ldp R)%h‘ﬁf%‘?ﬂot@rs%ﬁ&%@ b@&l‘rol RPEbittdter. 14

| owner, er -1 oadi ng position. The not or, val ves

ol b B By AR AR bR b
(memé&Hy a&wp[tp?mrdrﬁe 4ng HPSIceoE TRAHroBEsSY DB Adifgldbbard

contr ed by a systemcontroller over control "|ines,
COMPUHEr (ﬁﬁﬁammgwndd@taérr@ugwm boaxslst intsirfaee brpagﬂs argl shepper motor

contol EHRE VL Pl vRRARERY0 St Vesk Mosuiar gropean

(VMED btanddrt &/hvehl definddibbard, arBge anditofilecft @iriBnsashs l%Md types. The
ri ate m)tors under the control of controller

appr
VME rtaardas ? alsg, defines dhehws| sugtuERs gy ing i L6-bihdata pus and a 24-bit address
controller includes a hard disk drive 10 (nenory), a
floppy di sk drive and a processor. The processor

ntains a.single-b comput er. (SBC), anal og_and
(0075 5140 Fontimy 9%%%%‘3%? adivitigsiof T Disaaihas. g system
3| t . CQVD
coneoR Bk RSBty o) LG PHOE oy BEAC B8 o )
complstramd@blj: mpdivm sueli anemehnoay. dPre&aahiy,dhgm,emn;dlscadrmiadmb drive,
i mensi ons andard al so defin

but g RERTEY PPt PSR A1 L1 0TSt PSR e ses of

instructdn®ttat ALEAEHS tlnﬁﬁ’g bMigturd 90ds, a{zﬁﬁl?é?b%%mré Oéhlaﬁfber temperature,
controls all of thé activities of CVD machi ne. mﬁ

RF powgxlesels, susneptos Ipp@tlomﬁ@d othss p@ymte@m chanar@ctulaqfroms eQther

R R R W———

other noeheRBEPIONTidtS dﬁvé} A Adoe wked UeoperdiélbodthleEMOr'y may
al so be other kinds of nmenory. The conputer program

[

(0076} ARALEStoF b eRiog AL UBhiRDS: L BRctl 6L Oy Dl chamber 1

can betiﬂ]piﬁl@tadrlfsmg Honganaprogrual ppodirtthacigteREcuiaishyt the Bontad)ér. The
ot her Hgters of, a particul ar, process. O her

°°mP‘E‘3rﬁ5?ﬁr GRLPRWEHER BeA0Y OB aiPnaheRpPY ien Esprlatle programming
langudgBCfol! E’keﬁﬂ)le fé%bo@éé@%bf;y laﬁgJaga,REﬁ-rdll %Escgf Fogf &r others. Suitable

anot her appropriate drive; y e Used to operate
prograpoerideas érdered into a single file, or multiple files, using a conventional text editor,

bus.

and stored or embodied in a computer usable medium, such as a memory system of the
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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[0076] A process for depositing a filmon a substrate
or a process for cleaning the chanber 15 25 can be

WO pqeBe#s8st ed usi ng a conputer program product RCEUSI087/081139
executed by the controller. The conputer program code
can be witten i.n any conventional conputer readable

invokesy the Phifi age, crBriBg RgEompYter sysim feload §B00de ismampyy. The CPU
then rézA8 g.H@Q)?ecu%s te'chde d’a?eq'glrm tFQ [atsf(sair(]ieﬁ)c ﬁe?itlﬁ ?ljie prog%}nt abl e

progran1co e ls ent 0 a si I A ;
t] files, usin conventlona text edi t or an
l““”ﬁllaer @Eﬁ fee berbom @38?%@ thegopirpler 15,%a19 R Fraanitey S0 s light pen
50b, sﬁ§wﬁ‘1ﬂ BRP 68, Shithash 8fm t#lff[%d:ilgclgfeﬁﬁgf"{h%rsystl:r& h&EEREESTD
code text 1S in a high [evel 1 anguage: e code IS
systeng b@rpl 3 gibstratn gracssing systeht, a\dnclunmpmlchlde oneler insre dhambers. In the

prete e PS50 52 B B BB Ran vl for
operat6RHRU tRotBbl RAIndARE Fatl 16r 1BY §éref& Ve%ﬁﬁlcl%gs Weh2RBR1 48852

PCT/ US2007/ 081139 i nvokes the object code, causi ng
simultapgouglydisplasr the sameinfermationdut helyond éghlrpem-ﬁ@bngl ena‘ﬁtael A light

d t.e
s e S B S Ao S A 0 Dt
screenbﬁ’tﬂh&ﬁbn,atha 9pErafdf ouches Ldu’ighelel @fealof the (ﬁs;ﬁa}%?eéﬁ%ﬂtp%hes the
and Light pen 50b, shown in FIG 6B, which is a
buﬁons%%? pen &eb- dle?gthheéfarqawéa@ﬁ te highbghted colandr @vey 1genu or
screensiy ﬁ{sﬁfggé& cbﬂﬁﬁnﬁ ?Cgl{’ﬂgl:’lh%l% tgéngge?%gé%ntﬁe ?éﬁ tpEn @P&hlbec(ﬂqua}y screen.
Other éel\bmi; mhtas h\k@ylmafd noyuse, W attrf pointaglor @ﬂﬁnﬁﬂdﬁlcﬁcﬂdv{ée may

he cl.e roomwal | for 't he operators and the ot her
be useé i3 of e dktionp lighkperdiOpite allew ket Brpommpicate with

itors 50a simultaneously display the sane
Controlﬁﬁl?orrmtl on, but only one |ight pen 50b is enabled. A
ensor inthe tip of Ii
(0078} ﬁ@%’ VE BdeTgte eiF EepTalpT 6 o4 aubiedon he ﬁiﬁsfe@my&lwb of the
procesé eh&Ab£248 idludiHg tel %ﬁ@ dlshjﬂﬁltleﬁ ¢ic’pRte 1t3%léﬁﬁ B &hs distribution
desi gnat ed area of di spl ay screen and p es the
manifeldd i oA waunting adapros6hmotinte theogulobrhlamengamicrtayed drt the lid

sy 335 TSl B SRHLTE RhouS5SE0 S miin

deV1cepE)|’1$ anEp1éd o the BpEtRYmSfdeF the gdXdNRibIHRWI kAR ol HE {F 1&564). The
yboard, nmouse, or other pointing or conmunica

mlxmgj@?}’l“@e 0 lﬁﬁl}‘ e MmN RE(insers 72 d@p@ﬁedmmdw doficifia romngablock for

m1x1n I(BJn ?ér;sgl 5Q‘[b é%%l? %3(1)%0[1 %:le i cr&%f) Cgll’l(gl.]n;l ﬁﬁdaptor Y64 and
the migiageevice WO GIGS06AY.eThOcerbi 1bdlﬁkoﬁ66ﬁﬁz|b)é tnia'@lg O?E clafic
as _distribution

1 | udi_ng the
materi ég‘glg g%f\ggl 229%}& HBSEYIPPSF eé];§®@l 8%@# |11E$9t V8ien ingigllelothg mixing Aevice

70 andr%%lht ﬁ?ﬁg@ lﬂas X nggé ﬂ? a§s {yelSSge ﬁf%lgﬁsogaﬁ%\e&%ﬂo ates

the meTath edapdefidofrorG 4hé mlmlyg)demztel 30 and@s dfstrnﬁltlgh ma]éilﬂﬂl?q INg rdifimize
e 70 is,coupled to the ups am si de of the gas
the pogii31 A e RTARLABFEH tp PIAR S Ickpay bl 56 i SisPgseibapiraere

detail Heow @\ tHﬂa%swfy \FHI% mcdn%i%rtfle figwdr 6Cksk g?éegﬁo ?i‘o%%ss

of a m xing for mXxing process gase&s
chambprbi eithst dl@@ﬁ)’sor plhraugdthb etmeteplastna generator 6. adapt or 64
and
[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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the m xing device 70 (FIGS. 6A). The ceram c isol ator
66 may be nade of a ceramc material such as A12G3

W@ 28861 ty), Teflon(r), or the like. Wien i nBEEUS®AT/081139
the m xing device 25 70 and ceram c isolator 66 may

ASTRAY e Raucf peaiRfledtom dplot Shance ot IeHmciesy - abWiober,
Mass. 7@h@R§TR®§~I ®| g&{é'rétgﬁﬁﬁl%s EIW el ddtogolda%l glamnrditsrhﬁgo%i%tg & process

potential for a secondary plasma to formin t
gas. Inose nxﬂnyplqsbe nlswia diseasaies a proness @as ietuding dofiaritie-cdntaining gas

lve 77. controls the flow,of.the .proces
such o5 NES 3 et s shét 35 el esnet P Fin Wbk fyisgy to cean
film dépysas @hthe Peoce&ydbmbel B generat or 60. 30 [0079] The
renote plasma generator 60 is desirably a conpact,

o080 68 sl 080 RAR, RS SR B bY B B n e
art thaexarsduis mgodificutiohs ra&emﬁm&lst@mfohy aal @qﬁu'vﬁ'l@nt@ Wd@gd without
modi fications. One suitable unit is the 21

departingfgom Aspwrited the joyeniong guipFpnalig Promher Oééfﬁlé kaown processes
c
and el@ﬁﬂgﬂtg ﬂmeer@a t b cf?éﬁ&llﬁe ? Sleoﬁf@e ine ger%g%r:ﬂ %gdélgngghe present
1nventianw—A0cefdJInglp,rthe dlaivemle@cs’rmoh @h(ﬂlld; aeeahleenas BinGGRS the scope of
as. In one exanple, the plasma dissociates a process
the inyeRloR.hc| yding a fl uorine-contai ning gas such as NF3
and a carrier gas such as argon to generate free
[0081F | Yheree ranige ofi valgesiis prbvidedcit éamdsrstoddrthatepdsintavéting Alue, to

the terth 8E R nf L o Tpwi t alert s G SR Gy S sl Biosag. etween
the uppét dnbll@owe lfmitd ¥ thmahngeUs al® Yeciftcaily Qfsé}os&i t@e[cﬁ@fﬂa}’l@r range

constructions, and equivalents may be used w t hout
beWe%ﬁafr%tﬁbV#lu@m intesveniig valueoh atstated rauganandoany other stated or
umber of we ses

nterv G b PP sl AR Bt TR oo of these

smalled Fi@eemaR indeperRatybé HBIUIBE oPERRRRE irl fheirAVRN il Pdhch range
Accordingly, the above description should not be tak

where gither, ?ﬁlihieh@r hatle ligwts gee ipeludedhial theysrarller sange§ o] emmsed

it RORE) Y oMb g R BB e

stated tdnge irzivies bhérort bathbete linfies, Lapésecludinadithyr 64 BoiRbEHose

%ﬁervvl se, bet the upper and lower limts of that
includg %S?@a&oslacmg &kifically disclosed. Each smaller

range 15 between any stated val ue or intervening val ue
[0082]i nAa ustddtesein mad gethaappendyd cihine; thetsiighthr dorms "at £an'e Rhd Othe"

at .stated ran enconpassed. The upper

incuc ot e e S0l TPRR S s oot
referericB 46 PEMEMBH" cRded HFBIRH PSR )ﬁ’fétﬁ&ﬁ dnd Pef%ljaﬁ‘ d t]@n'ﬁf‘e precursor”

and each range where either, neither or ?1
includegreferense telert ¢nmerq e)r@motsandreqngfebntssh@rb(sfdmmamdass sldlled

t.hi,n invention, subject to any specifically

mthem@fldao%br& in the stated range. Were the 20

stated range |ncI udes one or both of the limts,
[0083]; afiestheeardsicampeise, higomprising W insludeioSecluding,!' and tincludes"

when Uskdid ﬁlsas'i)gmﬁl:zﬁﬁml aﬂﬁllﬁl ﬂl%qbllowmg claims are intended to specify the

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

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

groups.
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[0082] As used herein and in the appended clains, the
singular fornms "a", "an ", and "the" include plura
WO 208048865 unl ess the context clearly dictatesPCT/US2007/081139
ot herwi se. Thus, for exanple, reference to "a nethod"
includes a plurality of such nethods and reference to
Eﬁiﬁiﬂ%@£§ﬂ%@ﬂl§§r" 25 includes reference to one or nore
precursors and equi val ents thereof known to those
skillefl | NALRENGQ bt deBBiA0a bRIdcfic L0k #hb Pmeklaf o
words "conpri se, conpri st ng, I nct ude,
substrate,rth¢ natthod compnidingi ncl udes"” when used in this
specification and in the follow ng.clains are intended
to s peleﬁf’ UGN EANQs HUEOTHPreCYTSOTeid A8 QR YSRPTEFHER dR A's
deposifi6ABRARKYr Swh&EinTh& BiandblicdprécetSorik a@:gP%tHﬁ%aﬁ@ 6f 188 than 8
presence or addition of one or nore other features,
and whateia dleg exygen prasnrsat eompyisep stonée oxygen that iy genpmiedmtsiie the
deogﬁ89§§° 8862dPCT/U82007/081139 WHAT IS CLAIMED IS 1
POSTY« et Aot “of depositing a dielectric layer in a gap
f or medregdting th@pebisérs @ ormt the dIBRIchRAa @R iHeSap9: 3
i ntroduci ng an organo-silicon precursor and anh oxygen
precursor to a 4 deposition chanmber, wherein the
or gano%-si | i Esnmpthed of elaim hawhegeig:thgy orgpmorsiligen preoirsordias an
Qi wherei n the oxygen precursor conprises
O:Si r%{bi&%ﬁéea&r%@ﬂt hat is generated outside the 6
deposi tion chanber; and 7 reacting the precursors to
form the diBicomethdd of elyien 1, whérkia thaprgado-glicdhpresmbdidths an
erein the organo-silicon precursor has

o of clai
O'Slra@?{’r?ogfr@?%i]th‘?nﬁ?i o of greater than 3. 1 3. The nethod of
claim11l, wherein the organo-silicon precursor has an

2 O Si4.ratiphedhetdb@st Shint [‘,aﬁhé}?in*hé"orgﬂtﬁsiﬁ@&ﬂ‘ﬁ@%ﬁgor

claim1l, wherein the organo-silicon precursor
comprisgipPi-OeS bendi - O Si bond. 1 5. The nethod of claim 1,

wherei n the organo-silicon precursor 2 conprises a

si | oxape. . d.of, cl.aim 5, wher.ein the

si | ox%e i iT ﬁsjeerflge-tg?%g}eﬁslglgnml’t‘ﬁ}ée%eélﬁgﬁlepOfg%noé%lhg?%?rleﬁlﬂs‘gf
comprised ®filoxaysi | oxane, tetranet hoxysil oxane,

tri met hoxysi | oxane, 3 hexanet hoxydi si | oxane,

oct anmet hoxyt.ri si | oxape,. and oct.anet hoxydodecasi | oxane.

1 7. The rmf*}?daetg?d EF dlpimg 3, Whineip dhesiloganegs gelaeied firmcthe group

consisfESUFiERbxysHoR MP SRR hRx FdiloR4RX Bfethoxysiloxane,

hexamethoxydisiloxane, octamethoxytrisiloxane, and octamethoxydodecasiloxane.

b4

7. The method of claim 1, wherein the organo-silicon precursor

comprises a silazoxane.

8. The method of claim 7, wherein the silazoxane is selected from the
group consisting of hexamethoxydisilazoxane, methyl hexamethoxydisilazoxane,
chlorohexamethoxydisilazoxane, hexaethoxydislazoxane, octamethoxycyclicsilazoxane, and

nonamethoxytrisilazoxane.

9. The method of claim 1, wherein the organo-silicon precursor

comprises a halogenated siloxane.
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1 8. The nethod of claim7, wherein the silazoxane is

selected fromthe 2 group consisting of
w2088 xydi si | azoxane, et hyl PCT/US2007/081139

hexanet hoxydi si | azoxane, 3

chl or ohexanet hoxydi si | azoxane, hexaet hoxydi sl azoxane,

oct anet hoxycycli ¢si | azoxane, and 4 ) ]

nona rreﬁ ﬁ'o Xy t%/‘? meﬂﬁ‘&%&l@ 91 whereynibe halogenpiesk siloraneqs selected

from tHB gFdip"tohdi§ir cﬁﬁ&?&cﬁl&%%I%V%ﬂ%%géLﬁég@gégslﬁQEmer, ises a

hal'ogenat ed si | oxane.
chloraB@Ith63S2007n0 Sick 3¢hlorbdikilox ahke candadctuohloed trisil @dane.9,
wherei n the hal ogenated siloxane is selected 2 from

the group cQnsi st,i of .tetrachl orosil ane,..

di chi of b e_? H%W@?‘ﬂﬁg%fﬁf?g}ﬁswgﬁ‘ieﬂ} PrE3PRGIIFen PECHTer
comptig¥ ag AhMoRtlintd, bRYRYEdisddHe, ACIRGHY ALRIE] & d18%808ky1 Histtne, an

The nethod of claim1, wherein tthe organo-silicon
alkoxyrpestexysdisilapecoryiclasianen ani nosi | ane, an al kyl

di sil ane, an al koxy di silane, an al koxy-al kyl

di sil ape, a t isilane, or a
cycl os ??’a ne Thi%fgl.ola%ﬁéhﬁngtq hg/gé{rg ﬁ’ t@f’ 3{{¥§eil,prmsr05 W}leﬁ e
compdsey getlecnia® oMy Sl ofanie] water, h¥dgempérsLide, B2 ngEdden dioxide.
oxygen, ozone, water, hydrogen peroxide, or nitrogen
di oxi d 1 . The thod of claiml1, wherein the
atonic?%xygiﬁeF§HP82§€gHBQ?WhQEFHPﬁPWGHQ°§ﬂ§§ﬂ%ﬁﬁﬁmﬁbﬁ
gas m ) d: g an
oy gen i £PHRh) Rt BledRurp oottt HAGHARED 0 ce
4 di sstntiodu@sg awokygemsbimee &t thaiptasmuywhereinlthd dxygth&ource
di qgtﬂoq ofﬂfl?innls wherei n the oxygen source
1ssocugles P 1AL theRIQmic OX¥eel  oxygen, ozone or nitrogen
di oxide. 1 15. The nethod of claim1, wherein the
met hod14.ur t f1R¢ meMidr of $R&m 9] Whétbin the SxyRleASHRc BorhfiSses
deposition chanber fromthe organo-silicion and oxygen
molecplag exiygenr azong o1 gitrogpiedigsidiod of clai m 1, wherein the
met hod further conprises etching 2 the dielectric

| ayer re [ Nt Layer. 1 17. .
The el fod oyt B8 of Bl ERMFithe hbpioddunfi Ehptises Tomming
a plasmne irpthieslepositdbrechaabkt frgmttheodamd-sititionant aypgeni predubrs.
gap. 1 18. A nethod of filling a gap with a dielectric
material, t nmet hqd .conprisjng: 3 providing an i
or gan_of_ il Jggﬁmﬁﬁa’@gﬁif gélm Zn\‘f_[‘%fﬁmc}g?/@’@Woﬂrflé‘@!}ﬁ@@mpfléesa?tcmng
the diélER9E 1alybiOB redhice ARIQRon MARMEINHL ibs/ell‘?r gano-si |icon
precurSor has a CSI atomratio o ess than 8; 5
generating a plasma fromthe precursors in the

deposi t7-on Thempod ofipleineil nwherein 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 precursor to a deposition
chamber, wherein the organo-silicon precursor has a C:Si atom ratio of less than §;

generating a plasma from the precursors in the deposition chamber, wherein
the plasma deposits a first portion of the dielectric material in the gap;

etching the first portion of the dielectric material to reduce the carbon content

in the material;
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6 the plasm deposits a first portion of the
dielectric material in the gap; 7 etching the first
w@orshesenf the dielectric material to reduce BEEUS2007/081139

carbon content 8 in the material; 24 WO 2008/ 048862

PCT/ US2007/ 081139 9 deposjting, a second portion of

the di é?Pé’é{“nnSc“ Sﬁ%&r@rnomopq ‘htJ t@%@ﬁbﬁﬁmc matgrialon thergsa) Fnly

the fibRleaRiighie$rQN6d B&Ohi BBRioRE of B dIELSE atefial i

mat eri al iaﬁﬁ%jhe gap. 1019.9 Tﬁe Pna{hhog;'l og cfl%fe%alllg,thegap'

wherein the organo-silicon precursor has a 2 C Si

rati o 9. abdhe method of eleim 18, whkreifilthe orgphmdiliofn pleaumsor has a
< 18 erein the organo-silicon precursor has an 2
C'Slré}ds‘?f\,\élr%g}l{s%%]’fessabout 3 or nore. 1 21. The nethod of

claim 18, wherein the organo-silicon precursor 2

conpri 2@s aThe methdd olfolafin 18, WHereihiiBe SMLAREi1i06N FredirBdr has an
wherein the organo-silicon precursor 2 conprises

. 18,
O:Si rgiospf abpytpemone. 23° The met hod of claim 22, wherein
the nmethod conprises oxidizing a Si- 2 N bond in the

si | azoxpane ' k- 4. .7
of ol o 23 M meRolcPfaf 8 fhediihe dreifl-siof MELIRS:
comprises @ $peSybapdner at ed at omi ¢ oxygen precursor. 1 25.

The nmet hod of claim 18, wherein the organo-silicon

precur sor conpri.ses a hal ogenated sil oxane. 1 26.

The: methiod ShEEF oft o glaiml & eikoip e RIS e pyer et
compriséh BsddAddage. Si - 2 X bond in the hal ogenated sil oxane

and formng a Si-O bond, wherein X is a hal ogen atom

1 27. The nethod of claim 18, wherein the nethod

conmpridds elhhmgdiod péclaim 23 cwirrteip dirg ethod Lompxises oxidizing a Si-

L ' i al . hef h ling. 1 28. Th
N bon e R B TR e “Guygen b ecursor

conprises 2 atom c oxygen that is generated outside
t he depbsi t Thomethadbéclaind 22 9whefeifelidSidN Gbnd Bnsditédith a
nd annealing a dielectric material in a gap on 2 a
remoteiﬁggqqraat? AOPRGORNECA BEFCEBAPr i si ng: 3 provi di ng an
organo-silicon precursor and an oxygen precursor to a

deposi 3 on THe HBA I Herdi Osifibdd
or bour Sor - ha AT ST LT eS Adif r QARREL fi8fhrsor
comprisesie hilngenatad sploxangr sors to deposit the dielectric

material in the gap; 25

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 deposition 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 precursor to a deposition
chamber, wherein the organo-silicon precursor has a C:Si atom ratio of less than 8;

reacting the precursors to deposit the dielectric material in the gap;

25
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thermal anneal on the deposited dielectric material;
w@es/P4886x f or mi ng a pl asma anneal on the deposP@EUS2007/081139

dielectric material. 1 30. The nmethod of claim 29,

wherein the thermal anneal conprises heating 2 the

di el ecperrf@n%s @ theanal ayngal g thedeposited dieleetrie matatdendo

about es.

31, R e Bl aindh B4R dePoch RO ORI 2.

conprises 2 exposing the di el ectric rraterlal to a

hi gh- da@si t fhehmtwd of olaira20uwhéreim theitherhal aahealicothPrised heating

.mnutes, 1. .32. The neth of aim erein the .
the dielrelih 5y eghiepipeine o aveas 300 EsSlaba T Brgpowipominute to
about 80 inhtess. 1 33. The nethod of claim29, wherein the
organo-silicon precursor has an 2 O S ratio of about
3 or nore. 1 34. The nethod of claim 29, wherein the

organo3ki | | @bﬁmﬂl@d@f slaim 29, wherpinitbeplasmsani@akionyuinds
wh t .
v AU LB S LTS, i s 1

minut&d. The net hod of claim?29, wherein the organo-silicon
precursor 2 conprises a silazoxane or a hal ogenated
siloxane. 1 37. The nmethod of claim29, wherein the
oxygen3pr ec ireBiethogd9b Flaia 29, whereighe orgayersiicematecirsor has a

C:Si 1696 Mobl6 s de the deposition chanber. 26

33.  The method of claim 29, wherein the organo-silicon precursor has an

0: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 deposition chamber.
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