H GH QUALI TY SI LI CON OXI DE FI LM5 BY REMOTE PLASVA CVD FROM DI SI LANE
PRECURSORS CROSS- REFERENCES TO RELATED APPLI CATIONS 5 [0001] This
application is related to co-assigned U S. Patent Application No. 60/803, 493
by Ingle et al, and titled "CHEM CAL VAPOR DEPCSI TI ON OF H GH QUALITY

FLOW LI KE SI LI CON DI OXI DE USI NG A SI LI CON CONTAI NI NG PRECURSCR AND ATOM C
OXYGEN', filHAGH QA BITY280EICONSOXIDERILMS BY REMOTTE{RHASMA
co-assigned U. S. patent application having attorney docket nunber Al

1125/ 779600, by 10 Mal | iICNRFROMEBDESTLANE P SARSYSTEM FOR

| MPROVI NG DI ELECTRIC FI LM QUALITY FOR VO D FREE GAP FILL", also filed

Cct ober 22, 2007. The entire contents of both related applications is

her eby i ncorporated by refe r S, D OF THE
| NVENTI ON 15p[ 0002] éﬁ%d@?ﬁﬁ@&@?fh@%@ﬁ%ﬁé%@sm ation
structuses [60"6-[] ST gppli%%mg%? 'ré’lat%HPd &¥|§é§¥n@d ¢ €t @Jplplﬁcétﬁﬁhh@&%oﬁ@;o@m@m S on

sem conduct or devi ces. may 1 nclude a trench or gap fornmed in an
i sol ati on bgdnge eod!, andstethddc SN CA LSUABORADIEP OS HAON OF HIGRQUALIA Ya

st 1 uct ur es PO GLIRE STRCORGBLoX I, BTt 81 RiaRPARnE PReta AR08
i nt egr at ed ANTH AT ARIEOEPEENYERAIA NBFEE2966. THR appE&tidRGs Aistddis&eiobet ween
device structures is decreasing. However, the vertical heights of the STls

normal | y deotstigtdds Sapatertsippheationdaving attornhp dockshahben At 1S 5/T78600.thyng i n

aapect That MR e ot PR THIORERNB ST BPERR RV o Buer pEaRiF:
i ncr easi ng FASMEQUALAT Y FORMSIWSFRIZE (X BII(”, hRE fiddd O&bbEER, 0607 - The entire
transi stors, capacitors, diodes, etc.) to be packed onto the sane surface

area of a sewkudrtbethoelacHiappkeaions itherebiy tindeaporated by eeferenesifor ab wutrmséson

problenms. One of these problens is the difficulty of conpletely filling the
gaps and trenches in these structures without creating a void or seam
during the filling process. Filling gaps and trenches with dielectric

materials like silicon oxi dﬁA@((ﬁ?@Eﬁ\ﬁ?@ﬁ fﬁE(ﬁLI ﬁﬁﬁk} ly isolate 30 near by
ther

devi ce structures fromeach o omn mze electrical noise and current

| eakages I[0082] aspgcindrtRintRS sutls ieddfowitienbieormEsn sRa@us ($Tisre to fill
deep narrow trenches without <c¢reating a void or seamin the dielectric
mat eri al t anmon]y emplpred togdgetrically isolate elements on semiconductor devices. An STI

may include a trench or gap formed in an isolation region of a semiconductor substrate
that is filled with a dielectric material to hinder the electrical coupling of nearby device
structures (e.g., transistors, diodes, efc.). As the device density on integrated circuits

20  continues to increase, the size and distance between device structures is decreasing.
However, the vertical heights of the STIs normally do not decrease as fast as their
horizontal widths, resulting in gaps and trenches with larger ratios of height to width (i.e.,

higher aspect ratios).

[0003] While the ability to make device structures with increasing aspect ratios allows
25  more of the structures (e.g., transistors, capacitors, diodes, efc.) to be packed onto the same
surface area of a semiconductor chip substrate, it has also created fabrication problems.
One of these problems is the difficulty of completely filling the gaps and trenches in these
structures without creating a void or seam during the filling process. Filling gaps and
trenches with dielectric materials like silicon oxide is necessary to electrically isolate

30 nearby device structures from each other to minimize electrical noise and current leakage.



[ 0004] Voids and seans in a dielectric |ayer cause problens both during

sem conduct or device fabrication and in the finished devices. The voids and
seans are formed randomly 5 in the dielectric naterial and have

unpredi ctabl e sizes, shapes, |ocations and densities. This results in

unpr edi ct aBb espgnirafiotinnsass, éritecpoet mdegpbfficuitdn fijrdsce satireny trsfichehavithayter , such

as uneven etching, .polishin nneal i nq, .et.c. voi ds and seans in the
o ore gGeT i vaiff 8y S itne SRR Ao iR T el C0 et b of gaps
and trenches in device structures. This can result in erratic and inferior
devi ce per (9Pdlandeidspadisearss i dipleatricdayss sause Rroblamebeth during saigendusted i n

some | NSt AREES: faBAGLHA8d il Tl doBE AARNLC e HTRRUnG LOGHS BE PRI anddhHf 0>

Techni ques have peen devel ope o mnimze ormatl on O S and” seans

during slepishé dielecafc datetigicindilaveratediatableaieh siiipeaspestionsahd desssitiddct ur es.
These include slow ng the deposition rate of the dielectric material so it
stays nor eThismgsyHsil unpsedigiable andingansigerimgshdaposittrd pracessing efifbe layar, seshe
conformal de it I C i, al i | t .

trench and ]ﬁ%§%tg§@8gg$ﬂﬁﬁ@gﬁgF??%l e?égigwgg§3g%?%}e]§R§%gﬁgﬁﬁﬂ£%%$£the

top of thealks emeate vafatidisiin thevdiélecttia qpalities @fpsmat itfeashdsein deviedsthrnass.
"breadl oafing"). Unfortunately however, slow ng the deposition rate al so
il

means i nclBASphE K eepissandipfisrip dvicepsriormancgddie & pleefiiealrorgtaltf i ci ency

q . _ . _ : . | ) . .
o1 horbas opRERES, analiORE ROk R R int AoROF shfie YOl phifeliy | on 1 <
material wth nore fl, owa%iQI ity can nore quickly a. vaid,or aeam and

prevelnt i':] 10008k Jecturiauss havpsemisuslopeslip dpipimige fl{?ieflo{ﬂmrqow|vwé.an ggams
T & permuner _ . s, SAM
exanp! € H&ngde%bﬂvi@rpl)?dl%fékf?lc%at%12?§§n %%%E ?agfrér : Fﬁrés‘. k[‘fxe?eﬁ%ﬁlfuhé 8

24, BTBAS, ettc., were convention e ng trenches with
good conf oslowirigtthe defidoitieneate of er dielsctrig niateial koitatayk ntoye odnfarmad itd theon oxi de

dielectric .material by such 25 conventional, SOG filns often results, in an
as- deposi t sifewal saad oftem o fh ??‘Wﬁdéﬂ@P’EVon@Jﬁ’éE@Fpﬁﬁlt‘PQ§?‘aEFQI“C%@PE’BW and

si | anofs gr BRSup Mke ggrbirfng el ah&‘ﬁ{e%%ﬁﬁ: Jﬁdiéi&ctﬁfﬂﬁ&efria?ﬁ}eh& r%l?g%ﬁir%f(? de

hi gh-t enperature ann en curing the SOG filminto a si
fil m Howevithe tbhef thegtentk hpforatancad énprebleinngmesiacts referredrovas r esi dual car bon

and OH grgups I ause a.consi derabl e, degree. of volunetric shrinkage
of il m | Prasieieol PREAERELDHGMCEY SIaBIS BAAFRLIon R RO IBERSs t od i | Mo
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porous or void containing structures. [ us, there remalns a need
For imnpr Ovﬁ)%()gf OGTother tefcl%iqlilen 'g)rceo%?riopgoié oermda ion iistt% ir?cfrease the flowability of the
20  deposited dielectric material. A material with more flowability can more quickly fill a
void or seam and prevent it from becoming a permanent defect in the fill volume. For
example, highly flowable spin-on-glass (SOG) precursors like PSZ films, SAM 24,
BTBAS, efc., were conventionally employed for filling trenches with good conformality.
However, increasing the flowability of an silicon oxide dielectric material by such
25  conventional SOG films often results in an as-deposited films with low film density
caused by residual carbon and silanol groups. One approach to increased film
densification is to use high-temperature annealing when curing the SOG film into a silicon
oxide film. However, the high-temperature annealing used to remove residual carbon and
OH groups may also cause a considerable degree of volumetric shrinkage of film. In
30 narrow trenches for STI applications, the as-deposited films are constrained and unstable

to shrink, resulting low density films with porous or void containing structures.



the dielectric filnms in the trenches, gaps, and other device structures with
hi gh aspect ratios to achieve void-free gapfills. There also remains a need
for dielectric deposition processes that can deposit dielectric naterials
at high rates and good flowability 5 characteristics w thout adversel

af fecti ng 0A&7lquEhus, thers remaensa neied fierd mpagyed IproceTies der inprgasing Herdengpyedt s of

dielectric,fi,l eposi t.ion are, addresse he present i.nveniion.. BRIEF
SuvRY e e RTERTIscR e B ETRRES ARC et det e B BR EES cy B Bt o1
form ng sitti6P aeKiedevdidliieef Qpfilld TReEHRE kaHidiiga Aectiefot RIS d¥posiayn Ce.
Enbodi ments i nclude nethods of formng a flowable dielectric filmthat

i ncl ude t hoegseasithatican dernsitdegiensiie mererigbs\abhighfratep ang ghadlowduliys f or ned from
silicon pr rsor il n r j radi cal
i rogen i aREos g i pffRifiete gl Be Rhed BRE s B "o C
deposi t ed dthéraspertcoff@eledteic €idm\dpbsifiditarSaddiedded Biy tigy sragsit irvetidd. con oxi de
(e.g., Si-OSi), 15 increasing filmdensification during a post-deposition
anneal (e.g., a steamanneal). The nethods can be applied in form ng high
quality silicon oxide filns for STI (Shallow Trench Isolation) structures,

but it will be recogni zed BRAGF SUMNMARY ORI Higy INNIPDNTI@INI | i ty. [ 0009]
Enbodi nents al so_j ncl ude net hods of depositing a.silicon_and nitrogen
cont ai ni ngl0PP8Im Bhis anventen relates topyaethad AbIPSMMES G Qxade fileiddt eps of
intro i i : i ni : : it t hat
cont a1 . 1 RaRk R € entOR Mol N0 BF SElESRA Bl RE RO be AT
| east two SowihiodicRoitsfilmlihat inelubde therchymadab capon depadeiong €VED Yadfi N (BE)-Si east

one radical nitrogen precursor with a renote plasnma system | ocated outside
the deposi RanghIUMERBOM STAGRA PHeRFaPTs aving eneek KA %a%}quﬁé% t?abre@ﬁw@mjci ng the
radi cal ni t he edapositt i i cal

ni trogen angﬁglgng%?‘?géﬁ(g%oﬁggﬁﬁpﬁ’g@g?’eéﬂlﬁzgg‘%hse%rlgd;%q?n ?%g%%‘gﬁ ﬂ?ﬂe silicon
and ni t r ogdepositdtfdimnis kgreflitd comowert théBi-NiE 8 @beps foGlildh okideddignSHGsSnay
further_include rrggg d%%of form.ng a siJicon oxide filmon a su]Ssihate. The
met hodS meXPCTeAtNg HEn BERNAICHIAR d4ringp Bpst-eRosiioantEpldeisidoirashatnsay- ARt
generatin v Wi k 4 . 1 i ) with a
ot o pl B O e S e S hal Ty, e
met hod i ncTeeddsIsphatipodcictuges, but it wdhbemoo@irmdibatphechavsorvidemapplickplatsi t i on
chanber. The silicon-containing precursor includes at |least a Si-Si bond.

The met hodjobys]t hEmbbiizldtdedsd MERAE Wekis b 8eRSiink als@itboR and nitrogen

containing film on a substrate. The methods may include the steps of introducing silicon-

20  containing precursor to a deposition chamber that contains the substrate. The silicon-
containing precursor may include at least two silicon atoms. The method may also include
generating at least one radical nitrogen precursor with a remote plasma system located
outside the deposition chamber. Additionally, the method may include introducing the
radical nitrogen precursor to the deposition chamber where the radical nitrogen and

25  silicon-containing precursors react and deposit the silicon and nitrogen containing film on

the substrate.

[0010] Embodiments may further include methods of forming a silicon oxide film on a
substrate. The methods may include providing a substrate in a deposition chamber and
generating activated nitrogen species (e.g., hydronitrene radicals) with a remote plasma
30  system coupled to the deposition chamber. Additionally, the method includes introducing
silicon-containing precursor to a deposition chamber. The silicon-containing precursor

includes at least a Si-Si bond. The method further includes introducing the activated

3



ni trogen species to the deposition chanber, where they react with the
silicon-containing precursors and deposit a first filmon the substrate.
The first filmincludes a plurality of Si-N(H)-Si bonds. Moreover, the

met hod i ncl.udes annealing.the first filmin.a vapor . mosphere and form ng
a second fqlﬁr?ﬁeBﬁp?cﬁ%satg ﬁlﬂ)‘g‘iierpgﬁlél?n aéngeét‘ghﬂe Fl?qyrﬁeﬁg)cg@flttlﬁé% 8131 %n'p?nt}giQPEt y of

Si -0 Si bgpettirsokPihbildepbsltli Fit@figh carhodibaRat s TAAHrsh Gidh Uni@adedragple@tityfadr t h in
part in the description that follows, and in part will becone apparent to

those ski ISidWH)rSibredsarYoreguer, theansthed inshdes annedlingsthe frstithmtn 8aper nay be

| ear ned by_npr i C he i nventd ur \ s of the

i nvention aﬁé?/sa%éreraglg&{)r%%gggﬁgcogﬁatdéﬁn%géﬁggugﬁgg%s T%? S%E)gdfgﬁill 1%@%1?&%2%m alities,
conmbi n3t i Ghsraligrd SiEI-Bpeksnddescri bed in the specification. BRI EF DESCRI PTI ON
OF THE DRAW NGS [0012] FIG 1 shows schematically a chem cal reaction

process of ct} S| 4 Sl | 1] r: -\ W

nitrogen Bgﬁlﬂes)‘?‘g“%a? m%iggﬁ?@)tsgé{a f%%t%{eglg%i “’%{gﬁ) 12%%136%1%?%%%&%%@%

oxi di zi ng foliews; amp dlpaswilhbeobie-aPpSentco miiak Bkillgd dotipaungen easamadomgf t o
enbodi ments of the present invention; L,00113‘]hpl,:| G 2 ii a sinplified fl ow
chart il 8¢ sReeification orempphe larmed byripsstise of the dgwgnden gdhe fepfuissada substrat e

accor di N9 10 RIRAT HRNNSerBlon il RPN shAUERALSEY mbARIHIFI G 3 Shows

schemati ca chem cal reaction steps orm con 20 carbonitride
Si : C. NOH fingrantingdlitiasieombinaoibys iahd nethpide descsibed inathel spediicagibn.ni t r ogen
precursors generated by the deconposition of ammonia in a renote plasm
according to enbodinents of the invention; [0015] FIG 4 is a sinplified
flow chart illustrating a nethod of depositing a flowable silicon and

ni trogen containing fil nBRAEBDHEIGRIPII@NAITHEIDRANING® | nvention; 25

[ 0016] FI S schemati cally a chem cal reaction chani for acid
cat al yzed%?é’}o% dfsﬁe‘gf Bt rRLeal %@1&3}1 r %tl%p@gm@gﬁ%ﬁc{l@@gﬁm@én c
filmaccorgifigod grecﬁﬂgpe%maamfmﬁ&en' sgya&tﬂo%m Bﬂﬁ%ﬁ}-sﬂ&%am - B show
chem cal reaction nmechanisns for base catal yzed renoval of carbon-based
speci d$ i rcoaporsdsdapbthien esiiddiied thetcompotndsimtadi-€)-8i oantaivingrebogonmedst s of t he

30 invention; .and 4 [0018] FI 7 shows a.cross-section of a exenplary
process syStEMNESP e’F“%P i tSaOfg}“f PReit invention;

[0013]) FIG. 2 is a simplified flow chart illustrating a method of forming a silicon oxide

film on a substrate according to embodiments of the present invention;

[0014] FIG. 3 shows schematically chemical reaction steps for forming silicon
20  carbonitride Si:C:N:H from disilane or polysilane precursors and radical nitrogen
precursors generated by the decomposition of ammonia in a remote plasma according to

embodiments of the invention;

[0015] FIG. 4 is a simplified flow chart illustrating a method of depositing a flowable

silicon and nitrogen containing film according to embodiments of the invention;

25 [0016] FIG. 5 shows schematically a chemical reaction mechanism for acid catalyzed
removal of carbon-based species in an as-deposited dielectric film according to

embodiments of the invention;

[0017] FIGS. 6A-B show chemical reaction mechanisms for base catalyzed removal of
carbon-based species in an as-deposited dielectric film according to embodiments of the

30 invention; and



oxide filmon a substrate according to enbodi nents of the invention.
DETAI LED DESCRI PTION OF THE | NVENTION 5 [0019] This invention relates to a
met hod of forming silicon oxide filmfor nmanufacturing a sem conduct or

devi ce. Enbodi ments include chem cal vapor deposition nethods, of form ng a
f1 owabl e dP®I8IctFIGe 7shos o KEassSerdion9ée es?mnleﬂ)prssce%w@rofﬁ{f{lwga% ¥98t i on
of a sili 16S [ Al Pitha0dsiopi th a radical

ni t rogen %%@g%tr%s%ﬂ§?lbsﬁ§t\é agﬁr& %tgémg%? E‘groneﬁlﬁn alorem)t e plasma. The
met hods may al so 10 include curing the flowable dielectric filmto convert
the Si-N(H)-Si bonds into nore dense Si-OSi bonds with post-deposition
anneal ing (e.g., steampENOEREDBESCRIPION OFSTHE IRMENADNNS, the nethods
may be used to formhigh quality silicon oxide gapfills (e.g., the

f or mat Son [0019$TI Tlss myentivrers)ates10@204théd @& fomnmgmosmmeﬁlmc:@rl y a cheni cal
reaction process of conversion icon precursor to
SN H - ST i By e e gvife: ot e d? sy nopiial i gBh G i
enbodi menty@hodshF fOERL BloWABRYié18&ric "ﬁlrrh&hﬂhmlﬁ@msw(mﬁisewn@rﬁ&m{épl e,

whi ch should not unduly limt the scope of the clains rein., One of

ordi nary gkadtipnfa siligon ampumuh@mge@@gmnz@e &i- ﬁebonﬁér\fwﬁwm@al PO@R¢N cat i ons,
and alternatives m cal rea n cal Vapor
Deposi ti ontﬁr procé (ﬁl’rmﬁ I\RI,H"EEO 11 B8R o%t g%l%m%bh%gr?g{c sS?r with a

| east 18 Siin&uddaitihgithe Mbwele Midldetric ﬁmltoc@!nvaitttrqueﬂ‘(fs)pﬁmoaas ingemereat ed from
t he deconposition of anmonia in a renote plasma (i.e. pl asma forned

separ at el ylenseohir@1¥é bardsokith pesi-dspositinn &qné«'mg| (e gslstwmallw@ | fynongieghery/D

br ccur sor o st (Y ELPUPRag be Theth (AN REHMd ITIRGN SRR BRERAEE CCy 1

Si -0 Si bdbdﬁatmurdflsglatrwb@e)quent anneal i ng 25 step, where the annealing

may be done in for exanple a steam (i.e., H2O vapor) environnent. Because
oxygen at aVﬁéﬁl sﬁ&&?% h%}n%ﬁbaﬁ Vé)éﬁéﬁﬁczﬁ? u B bfR8&DH b A Esion Bfﬁ-%ior mat i on
of silico OXIde urin e annea resu the expansi on of the

di el edtSri dohidd ma s[1ﬁ@ﬂﬂﬂre<Abmreo M(H}-Scbxsﬁls rtlmll ax@msswemy mlmlﬂc[)a%; @hds east two

react ants i ndependent 30 in a depqsiti.on anber and le t| n h m r eact
at a pre- %?%5%6%6n86‘£8¢1ﬂ68h0}‘%ﬁ PERiEt IBYRBHER- niglts diagram ismerely n be

one type Qfpipy ?rfd-&[cﬁ%t unht qm@tﬁe s@Gb@of%@HBm&Oﬁb’?&lﬁt (o of%fdﬁﬁ&@%ﬂ’l 1Ptl§:' | anes,

Al koxy- Al kyl D sil anes, koxy- Acetoxy Disilanes, and Pol ysil anes.
art would recognize other variations, modifications, and alternatlves As shown, the

chemical reaction is a CVD (Chemical Vapor Deposition) process during which a silicon

20  containing precursor with at least a Si-Si bond is mixed with a radical nitrogen species
generated from the decomposition of ammonia in a remote plasma (i.e., a plasma formed
separately from the deposition of the flowable Si-N(H)-Si film). The CVD process leads
to conversion of Si-Si bonds in the silicon precursor (or precursors) to Si-N(H)-Si bonds.
The Si-N(H)-Si bonds are then converted to Si-O-Si bonds during a subsequent annealing

25  step, where the annealing may be done in, for example, a steam (i.e., H;O vapor)
environment. Because oxygen atoms have a larger atomic volume than nitrogen atoms,
the formation of silicon oxide during the anneal may result in the expansion of the

dielectric film.

[0021] Above CVD process includes introducing at least two reactants independently
30  into a deposition chamber and letting them react at a pre-determined condition. In one
embodiment, a first reactant can be one type of precursor selected from a group consisting

of Alkoxy Disilanes, Alkoxy-Alkyl Disilanes, Alkoxy-Acetoxy Disilanes, and Polysilanes.



For exanple, the Al koxy Disilanes include Si2(EtO 6 Ethoxy D silanes,
Si2(MeO 6 Methoxy Disilanes, and Si 6( MO 12 Met hoxy Cycl ohexyl sil anes,
where Et denotes Ethyl group (C2H6) and Me denotes Methyl group (CH3). In

th | e, K Al Kk 4(Me) 2
Totr act hotp! Braialfhe AR st ins ek AP RDy B R U MEDR 1
Di sil anes M§h8>(yﬁb@)l&(é¥eélﬂi %méwfym@%&ﬁag&m&xy@@h&@mre ERledbiVe OMA{ M) 2
Tet ranet hoxy- Di'met hyl Disilanes, and Si 402(Me)d Methyl  Cycl ohexyl si | oxanes,

Si 6( NeO) 6 @bkl Me dtnatestyiehshgropb €CHande n@heraxampls the Alkoxy-Alky!

D 51 1 anws S Fat ARG IR B dRlsaho Py Disfutis aEdRER
Tet r angt hYﬂetlﬁltﬁ@@t-gi@fh)@'[ﬁblﬂeﬁlﬁﬁ$12(E@ﬁ€m)§m&tﬁ®by2fﬁﬁ@éh@mui%b Tet r acet oxy

Di sil anes, where Ac denotes Acetyl group And et still another exanple,

t he pol ys|S%M§@)4(PYL€DMB@@HW@XU&8¥M3}1II}§|D1%l?f?é1§5 @nd 5!4 (Me)s ddethelt i t ut es. Eit her

gﬂ: th(;fer t h?{s}% %?lngi x,%[les @?@f]ﬁle% ﬁox@fﬁéflg(ﬁ:} %&%héﬁq%laﬂ% BE gepOSI tion

[00221 In W-@@’bloﬁemﬂldmﬁﬁs, Th het otRf exo@slé,and Aiwxyaw@y@ﬁlme@ms is a
second 15 react ant i ncl udi ng_radical_ nitrogen species generated fromrenote
anmoni a pllléf‘slw# SigfgycO)e sotpreDisilaaess §d{Man(A4rQ)r dgermetpecPiaseteny Disiangsde

nitro n| f r e in the
nol ecglﬁar ﬁélb%%(&&bo)% Iﬁﬂlggﬂg@%&ﬁlle%x %QF‘M%%P?‘%% éﬁjed © gtgséécet% @% HIzors t here

is at |eaS4ncﬂn$let-§>ill abmﬂd:r\emrﬁﬂsleJ the Polyhillanes ﬁﬁﬁtdbyeyclcbpwtylﬁdaemmbas may
result in a product _containing a plurality of Si-N(H)-Si bonds in 20

addi ti on ts8bR§HpssyFitheraws of Hige argﬁw&?ﬁs@ﬁ@éian%dp%vwaymsue&%ﬁ%n@ the he
product 'Sde t?dr{ dh%%e?@fthguﬂ Iﬁée'nﬂg gﬂ# bf@g}@%ﬁfé? ke berkﬁ%ec‘?pﬁgbéeg% . The

CVD- dep05|t Icon carbonitri 'S armrp ous and e due to
t he exi st n e of tho e hy xyl oups and car species. 100231 In
yet anot hip @r}b&alaﬁﬁ £r e@g‘gp@ﬁﬁ%gﬁ&é‘?ﬁr r@qq@nﬁgq ag rOG\‘/’rSFILﬁ%Seﬁo ter 25

vapor 1§nvit QR Hklddﬂ%&%@%a?xﬂ&%@&f SFS% é}ﬁkaté&ﬁ&tn' OB oREMNBERa bl8mE! FbEON

carbonitride filmand the his reaction I's an oxidi zati on
process i mxmmkaehthtlnmh&lnN(dg)mSpecldsow innlutlé eiteigkn cow, inalrdonete radiealsi | m i s

converted to Si - n resulting,a fornmatio f an SI i con oxide
DT e Ny Bttt o Ay g b et PR kst Koo B R xt oy
punped outpd IOk sEd pRYMBYIS thY & £ Tl SﬁSlf&fndtvﬂﬁcl?ﬂqrf@ﬂff readfivd, @R241 FI G 2

is asinplified flowchart illustrating a nmethod of formng a silicon oxide
filmon aGUbDgrecgssemay sonltimgptoductreostapong aphiralgy of ReNgHeSebendsavent i on.  As
shown,, .t he

20" "SGddition to hydroxyl groups and carbon-based species. For example, the product is a
silicon carbonitride film deposited on the substrate. The CVD-deposited silicon
carbonitride film is amorphous and flowable due to the existence of those hydroxyl groups

and carbon-based species.

[0023] In yet another embodiment, the subsequent thermal treatment within a water

25  vapor environment induces another chemical reaction between the silicon carbonitride
film and the H,O vapor. This reaction is an oxidization process in which the Si-N(H)-Si
bond in the silicon carbonitride film is converted into Si-O-Si bond, resulting a formation
of an silicon oxide film. One side product may include NH3; ammonia which can be

immediately pumped out through an exhaust system built for the chamber.

30 [0024] FIG. 2 is a simplified flow chart illustrating a method of forming a silicon oxide
film on a substrate according to an embodiment of the present invention. As shown, the

method 200 may utilize the chemical reaction process described in FIG. 1 to form a silicon

6



met hod 200 may utilize the chem cal reaction process described in FIG 1 to
forma silicon 6 oxide film Exenplary nmethod 200 i ncl udes a non-exhaustive
series of steps to which additional steps (not shown) may al so be added.

One of ordl ar, n reco r
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with at | Egegnige mgny sprigions, meditipasions.asd elemativesy dwdhwombadimentshewaidbosi ti on

I
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t he dep05|t| on chanber. 10 [00251 The net hod 200 may further include
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b 240
Coading t o1 FRReNCaeoRS: RbreTRE I ERDEARGR Bp0f FSEHBREE 740

bonds on bheosmbrtradics. mﬂr@geaqﬁectmam mhh&e geddiaied ROOremayte amﬁioudmsm&am
annealing to oxidize the CVD-deposited flowable dielectric filminto a
silicon oﬁYWFWﬂW{@Hb‘} deppgionshambeim oxi di zi ng process (250) may include a
fil mexpansion due to the conversion of Si- N(H)-Si bonds to Si-O Si bonds

t hat ¢toOunf@2att Sha rfidthed 200 mak ﬁg&edimlude intheluciapulv@dneodr meremedital ditooggh

groups fromthe C\/Dg osited As a regthft t he baI@nce of the film
expansi on PERHSeIAntqKAg denositiga %m erde frast WiFB e anes mgre SULIGAN GARBING] | m t hat

al so has gregﬁl%gféc@ pre%gglté {Ohteyde 551 @?ﬂ%ﬁ&vﬂﬂ@dﬁe%cﬁk rg%@ﬁh@?wﬂ%'smroduced

during th epositi n an 00261 I n one enbodi ment e one or
nmor e sil i bomdscorthasuhstrgteple eddison, Sheumeﬂhod 200 hey iGdDiqutemmessndahog tode nul ti pl e

Cetar nod PRHRD MR Lo IS i 1 Gsen PRES TERAFGE &Pt ot ¢ o
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25 Because of the I'1 Ke characteristic, CVD-deposited fil mbased on
met hod 200(H)-Snbendsdo BeOchi honds drit caiunltdmctbmﬁimrshxpnkalgcdne of ths whsovahve gap or

trench during, the depositijon, ucing t occurre of .void und the
Center of SOTEPYIERTAr g i the CHDHEpP T s & bbdn BB or ot e
silicon ceptmkidhRbd E’l‘iﬁrﬁéégéfbraés W d e’ VoRPEEe liddn éhdcbﬁﬂﬂ' thaRalsb R 4 ol ecul ar
framewor ks i nclude disilane and/or polysilane precursors. The disilanes

reduced probability of cracking due to stresses being introduced during the deposition and

20  anneal.

[0026]) In one embodiment, the one or more silicon containing precursors used in the
CVD process include multiple hydroxyl groups in their molecular frameworks. The
hydroxyl! groups are retained in the CVD-deposited film providing a flow-like
characteristic of the film that is similar to that of conventional SOG (Spin-on-Glass) film.
25  Because of the flow-like characteristic, the CVD-deposited film based on method 200
tends to be collected in the bottom portion of substrate gap or trench during the deposition,
reducing the occurrence of voids around the center of the gapfill or STI trench. In another
embodiment, the one or more silicon containing precursors with at least a Si-Si bond in
their molecular frameworks include disilane and/or polysilane precursors. The disilanes
30 have a single Si-Si unit in their molecular framework while the polysilanes may have
multiple Si-Si bonds. For example, disilanes with different substituents can be used,
including alkoxy disilanes, alkoxy-alky! disilanes, and alkoxy-acetoxy disilanes. In

additional examples, disilanes with higher homologues may also be used. Of course, one
7



30 have a single Si-Si unit in their nolecular framework while the

pol ysil anes may have nultiple Si-Si bonds. For exanple, disilanes with

di fferent substituents can be used, including alkoxy disilanes,

al koxy-al kyl disilanes, and al koxy-acetoxy disilanes. In additional

exanpl es, ofsldli¢chinabe wit Would ghegniteonadyodeemtivey vatisgmnseandseddifiGitionpurthe, one
7 of Skl|| din tg ar t | d reco n|ze many al ternatives, variations, and
modi fi cat PORLIAPE hénd§8r§§?Wbmf6F and pol ysilane precursors. [0027] The
above CVD deposition process is S|n1Iar to that described in co-assigned
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10 Ton at tgpz% a@seﬂotéc?%%fzalrg%e n‘it?ﬂb%h@ﬁecfxésc{ﬁﬂcrh%‘%”}\l NRELAL W Pﬂh&da} out

200C. The nposition o enote pfasnh sy ste produces
radi cal ninetiogEdD0phechy memtecslngchtraéudmygiammohrae{m{ﬁ &damaiose Blastha kestddd or
NH2. Atom ¢ hydrogen (H) radicals may al so be generated. Far exanple,

hydr oni trJﬁéf%‘éfeﬂﬂi’d%ééﬁemémyc%%‘d%?ée@éﬂ%%& ritbat dy ppEddo e t he net hod

200. The gegflifd ch@fn%élogﬁ{%rﬁémo%ﬁ{t%ngﬁé’ed%ﬁgcéﬂﬁp&sé ASISh6ad of RHNA

dep05|t|on anber where 't one or nore sili contal ni ng precursors have
been i ndepstichninby inchideookeddd powarin ae:n@mjfé kWhe 16 &&¢ ta generutd thegéasmpr ecur sor

may be tran ferred thro h a sho while 25 the silicon precursor is
i nt r oduced"fHASHER afIHF%ﬂg“aq Iiafl%mé\f?e ﬁ%eatﬂé%ﬁogsat AHHBYFT ENELrAIE hons

schemat i CaldofnCRGH GG Gt oSHER20bRE. TRE JBEBsitibh bf #Mmonia in the

remote plasma system produces radical nitrogen precursors, such as hydronitrene radicals
20 like NH or NH,. Atomic hydrogen (H) radicals may also be generated. For example,
hydronitrene and hydrogen radicals are generated in step 230 of the method 200. The
radical nitrogen precursors may then be transferred to the deposition chamber where the
one or more silicon containing precursors have been independently introduced. For
example, the reactive nitrogen precursor may be transferred through a showerhead, while

25  the silicon precursor is introduced through a plurality of fluted nozzles.

[0029] FIG. 3 shows schematically chemical reaction steps for forming a silicon
carbonitride (Si:C:N:H) film from the reaction of disilane and/or polysilane precursors
with radical nitrogen precursors generated by ammonia remote plasma according to
embodiments of the invention. Fig. 3 is one illustrative example and should not unduly
30  limit the scope of the claims herein. One of ordinary skill in the art would recognize other

variations, modifications, and alternatives.



carbonitride (Si:CNH filmfromthe reaction of disilane and/or polysilane
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recogni ze many alternatives, variations, I cations.
recognize many alternatives, variations, and modifications.

20 [0032]) In another example, the chemical reaction may further involve a reaction
between the dimethylsilanimine radical and a Si-C bond existing in the silicon containing
precursor. As shown in the process 350 of FIG. 3, the reaction is a bond insertion process
in which the dimethylsilanimine radical is directly inserted in between the Si atom and C
atom to create a silicon carbonitride product. Of course, one of skilled in the art would

25  recognize many alternatives, variations, and modifications.

[0033] FIG. 4 is a simplified flow chart illustrating a method of depositing a flowable
silicon and nitrogen containing film according to embodiments of the invention. This
diagram is merely an example and should not unduly limit the scope of the claims herein.
One of ordinary skill in the art would recognize other variations, modifications, and

30 alternatives. As shown, the method 400 is a CVD process for depositing an amorphous
silicon carbonitride film with a flow-like characteristic on a substrate. The method 400

may include providing a substrate in a deposition chamber (410). The deposition chamber
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[0033] FIG 4 is a sinplified flow chart illustrating a nethod of depositing
a flowable silicon and nitrogen containing filmaccording to enbodi nents of
the invention. This diagramis nerely an exanple and should not unduly
limt the scope of the clains herein. One of ordinary skill in the art
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i ndependent|y. For exanple, these precursors are fromone or nore separate

CvD
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i ntroduci deposition c n anot enbodi nmen t he
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in their nolecgul ar fra wor ks ,and/ or onS|Ian miultiple Si-Si

hayi
uni ts, | ForMugaisnt the §ca Saniiping arreuiSISEe firesies it e APeosiiot dambe wi ¢ n
ethyl  hydgoegln RHAYADr 8RampPRWRede brEd iR orSare from one or more separate CVD gas

sources and are not met with any ammonia plasma before being introducing into the

20  deposition chamber. In another embodiment, the silicon containing precursors include
disilanes having a single Si-Si units in their molecular frameworks and/or polysilanes
having multiple Si-Si units. For example, the silicon containing precursors are disilanes

with ethyl hydroxyl groups as shown in FIG. 3.

[0036] The method 400 further includes performing a CVD process to deposit a

25  flowable silicon carbonitride film on the substrate in the deposition chamber (440). As the
silicon containing precursors meet with the hydronitrene NH radicals and hydrogen H
radicals in the deposition chamber, the Si-Si bonds in the precursors are highly reactive so
that the disilane or polysilane precursors with Si-Si bond(s) will break into silicon-
hydronitrene radicals. Furthermore, the silicon-hydronitrene radicals, after an alcohol

30 decomposing and rebonding reactive process, may turn into a dimethylsilanimine radicals.
The dimethylsilanimine radicals then may react with Si-C bonds in the precursors by a

bond insertion process to form silicon carbonitride molecules.
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(00361 The method 400 further includes performng a CVD process to deposit a
25 flowable silicon carbonitride filmon the substrate in the deposition
chanber (440). As the silicon containing precursors neet with the
hydronitrene NH radi cals and hydrogen H radicals in the deposition chanber,
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340, and 350 own in FIG 3. The resulting silicon™ carbonitride nol ecul es
are tHén deposilardtimetoskt he substrate to forma solid film The film is
anor phous in nature and has flowlike characteristics with hydroxyl groups

inthe 10 0038?30UT}@rﬂcfv{'aM@&QbKlted[ﬁl@ﬁﬂm?ﬁ@ofd—ﬁ&@éﬁpﬁlldﬁmls ed 1biwldandigr s a

void-free gapfill that has ver¥ | ow density for device dielectric
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and residual carbon to deconpose into water and/or al cohol

hyd |
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hri nk
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atm (i.e. ’Va&g‘? Hﬁno%ggerlom)r example, the steam annealing can be performed at a substrate
20  temperature from about 200°C up to about 1050°C. The water vapor pressure during

annealing is about a range from 1 Torr to 1 atm (i.e., about 760 Torr).

[0039] In an alternative embodiment, the annealing process 450 is an ozone treatment
with substrate held at room temperature up to about 600°C. The ozone treatment may
further be incorporated with a UV light irradiation. In another alternative embodiment, the

25  annealing process 450 is a film curing process involving molecular oxygen treatment from
room temperature to about 900°C or atomic oxygen treatment from room temperature up
to about 600°C. Of course, one of skilled in the art would recognize many alternatives,

variations, and modifications.

[0040]) In another specific embodiment, due to the existence of the Si-N(H)-Si bonds
30  formed in the as-deposited silicon carbonitride film, the oxidizing process 450 will cause
conversion of these Si-N(H)-Si bonds to Si-O-Si bonds. Because the bigger atomic

volume of oxygen than nitrogen, this conversion inherently expands the film. For
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[0039] In an alternative enbodi nent, the annealing process 450 is an ozone
treatnent wth substrate held at roomtenperature up to about 600C. The
ozone treatnment nmay further be incorporated with a UV light irradiation. In
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but with 5 increased filmdensity while retaining void-free gap filling.

[ 00411 | ncapbrathe resdtiodiofthet oreama owidties thaharefunagadieddwing dapasiban.obir-t5r i de
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nmoi eties that are un-reacted during deposition. FIG 5 10 shows

schemat i candrgly anekample ahd dheadl net widulydimit ghet sepyesoisthe elaimebgreinh ©ngfdeposi t ed
dielectric_f.il.magcordi ng tao .an enhodi,rent .of th esent invention. This
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cl ai s hengishowfN®itRhin aditidivagsyadelkd bhringitht Bml@ﬁihg\d@uhﬁaét@@ﬁ%ﬂ}biﬂ @bler
variations, nodifications, and alternat]ives. As shown, w th an acidic vapor

added 18ur icAgexnsacageraalleqgphic afpckaeitastl, hydpb Ky lonrempha scid meydwpeani ence an
et rophi | S Py ‘ . t
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unr eact ed 0O an reacti ve one el ectron

fromthe oaxy@etont®hethgdidpen Ay 00EL iwillastatddlinghé procedsBIDIAFEG. 3.n t he
process 510 of FIG 5. [0042] The water vapor then may react with the

cacti v SBBY) R g UL B8R A R ORISR R 11 11
process 520. The reaction results in the formation of silanol Si-OH group and the release
20  of alcohol CH;0H molecule from the film. The condensation of the formed silanol Si-OH
groups (1.e., by releasing the water when combining two silanol Si-OH group) leads to the
formation of silicon oxide networks in the film. In one embodiment, the annealing with
acid treatment help to increase the film density by removal of carbon species and reduce

the possibility of void formation through the loss of the hydroxyl groups through other

25 manner. Of course, there can be other alternatives, variations, and modifications.

[0043] In additional embodiments, annealing the flowable silicon carbonitride film is
performed in an atmosphere that includes both water vapor and a basic vapor such as
ammonia (NH;). For the CVD-deposited film involving alkoxy substituted disilanes, the
basic environment may help to catalyze the reaction of the organic moieties that are un-

30 reacted during deposition.

[0044] FIGS. 6A-B show schematically two chemical reaction mechanisms for base

catalyzed treatment of as-deposited dielectric film. The first mechanism shown in FIG.
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20 of al cohol CH3CH nolecule fromthe film The condensation of the forned
silanol Si-OH groups (i.e., by releasing the water when conbi ning two
silanol Si-OH group) leads to the formation of silicon oxide networks in
the film In one enbodinent, the annealing with acid treatnent help to

i ncrease 16heinélhdmajmr¢$dophilio3attadmzﬁfcmlalqul gmptiqzm lsqsénc"ra@sr tatinckdoce the
possibility of d for t|on h t.he he .hydroxyl graoups
Phrough. otteronis s dicehesi o obr fPRatipg obaaToen BkRERE Hiug aeiras e

variati Onﬁmnﬁﬂﬁja NG d1 6l R8BS aprB@Q‘tﬁi) ddirdad ﬁhx%@&' Ao dhAEAL T, th@nneal ing

the flowable silicon carbonitrid Imis “perfornmed in an atnosphere that
i ncl udes bbwhgmape}sompxbvesainuater makcmdev\alpoln denatés ealsrottmrmmnlépe(tm—@)(yl For the

CVD- d t ed | | k ted di | th
onvi r onmeRoRapREleanE ot At $¥ardl BREDH W S’ 1R st BR g KRR R ee ¢ ha
are un- 3@115me@mn%bhm&cds@ﬁﬁytoban to E&%ﬂﬂth&zlmH%P?@: imhosichenat i cal |y

two chem cal reaction nmechanisns for base catalyze reat ment of
as- deposi geakpdn dleewred diekertrimox®edilfn. r st mechani sm shown in FIG 12 6A
includes a nucleophilic attack of an alkyl group by a basic vapor that

includes [GOWSPNiThe skébridibsctidh @R shéven 81 K. 6BOhEAE DhuckecphilicG@Bck
al koxi de group transfers to the ammonia, which also releases a &@Oton (H

during t hef thesilispaatonnin a silicer alkexride with athasic vaperfhatgpelude ammenianddEves a

wat er  fo | ?eax%bgn m‘MHd%i‘ a 919[{}% u?%n%f E—I Oa@ﬁ%m&e %roglg) 5 GRed thglsﬁ%{) éwt% ? ap t hat s

| eavi ng ano n supsequent reacti ons,

si | anol C@ﬁﬂ&ﬂﬁ@ﬁlbkﬁulé@@fdrhﬂﬂmmy{mUlfhetafll«ﬁiﬁlib\/gibﬁp fdaetswﬁthﬁﬂogmqmaueat o a
-Si-OSi- group in the cured dielectric oxide film  10045]. The second
reaction AOBhaNRSHTORSHE todorm an algpheln &n sibsequgnivigastiws he ﬁklylé@rtl%maym t he

silicon ath 5901 e&‘to's{ h’lhcaoﬂaﬁ%l XYir %n&a%eqhg?ﬁﬁﬁ)'nf’a V@'&ﬂ sihdMaf o A€ k&é@ﬁanﬁéﬁm ni a.

The 10rea n i1nc es a substriution o egroup attached to
the sili C(stcw’bédnrtHfiE} 6ANeRE lanciyregqihey tnddrgr atendehiayionagdcien thiheorslekoxi de
group reacts with a proton _donated frqom a water nol ecul e to form an

al cohdp. ithe §U6)§Je&i?é‘ﬁtmtpéa§t‘po$ﬂs SIQUREN éhewyredaéw ﬁ%t“ﬁé’iﬂdSé'l Mhydrol yzed to form
a silanol and regenerate the amonia. Then, simlar to the nechani sm

descri bed [@0#6FF1 G sipAld lbd‘@p&éclizaed)ihagmelbpserm;alymdeasagdomnmohu:lﬂmsaddsonilbadéacti on

t hat conv Si-CHgroup intQq a -Si -0 d
di el ectri %E‘Ié;%%r?rle tm@@gnlqs OEH?BEW ¢ Bf‘é‘C’é‘ﬁibPlé a&ts ihoPhﬁ“%élgéﬁy
cat al yzed a4k 's@dbefsff‘;rrﬁekz‘ﬂblmei’&ﬁcbgé)sﬁoﬂd ry $KiPin g@lagt »%ﬁd Pato chiBP o @XATP! €S

of possible reaction ani sms not un
variations, modifications, and alternatives for base catalyzed treatment of as-deposited

20  silicon alkoxide species.

[0047] Exemplary process conditions for base catalyzed removal of carbon (e.g., alkyl
and alkyl oxide groups) from flowable organo-silicon films may include a post-deposition
cure of the film in an environment that includes water and base vapor. For example, if the
base vapor include ammonia as a base catalyst, the deposited film may be heated to about
25  300°C while being exposed to a moist ammonia atmosphere at a pressure of about 1 Torr
to about 40 Torr for about 2 to about 5 minutes. In additional embodiments, the ammonia
atmosphere may also include oxygen (O,) gas, and/or atomic nitrogen (N) generated by

the remote plasma dissociation of a nitrogen precursor (e.g., NHj3).

[0048] Referring now to FIG. 7, a cross-section of an exemplary processing system 700
30 according to embodiments of the invention is shown. The system 700 includes a
deposition chamber 701 where precursors chemically react and deposit a flowable

dielectric film on a substrate wafer 702. The wafer 702 (e.g., a 200 mm, 300 mm, 400
13



limt the scope of the clains herein. One of ordinary skill in the art would
recogni ze other variations, nodifications, and alternatives for base
catal yzed treatment of as-deposited 20 silicon al koxi de species. [0047]

Exenpl ar rocess conditions for base catal yzed r val of rbon (e.g.,
al k;]rlp a%@elé!e@ﬂla&ﬁtﬂée’@#%’é}ﬂ%m’f_ ﬁ‘iffﬂ?wga%ab?@—?i%‘iol%r@%a%ﬁ% SHB“F?&?/ i ncl ude
a post- de@&ﬁ:kltal @(@thﬁﬂ@%lsgfvehﬁﬁy§ 'trhﬁ@lét@olé'fb €&Yﬁc{n°tﬁ rhialo2icifskrges wat er

0 the base va

and base Vvapor. r exanple, | por 1nc S e anmonia as a base
cat al yst, further alemofomatie bvdripimpyrebersdrefittabution systomt 7065 T3R@Edestal lneybei ng

exposed to a noi st anmonia atnosphere a ressure of a | Torr to
about 40 Fufte TRoRDy BBt e s &B@&na Srenof et T phde e d ol e dnents, the
anmoni g %6@%93%% ARt qb@%@#ﬂéﬂiﬁdeﬂgﬁ@ *fdallgamnsaRdhO5uRiMEIC i trogen
(N) generated by the renote plasma dissociation O0f a nitrogen precursor

(e.g., NHBstanfOhdB]foRekampiengbomolStnomFd @out 108 non dos: e sidearwzoes I exenpl ary
processi ng system 700. 30 according to enbodi nents of the invention is
shown. Thgleéiflg‘iuéﬁﬂr?iﬁgﬂ?”ﬁ‘@flﬁﬁ%%ma depositi on chanber 701 where precursors
chem cally react and deposit a flowable dielectric filmon a substrate

waf er 702[0080F Vit recut@r (istripution spadn i irB0Glesraplutddy pBradmllyatigribaedmet er

sem conduct,or suybstrate fer) may co ed to rotat eabl e substrate
podestal sdanprAE 108" b Ry Bbone B ryF Py lePaliee Tt B GRRIE pRROTIER st 1 at o
702 ch@senRshoiithd'Gle A¥BYesihBMRINMBARY &5 le¥V8riRE BEYP M s Hiskibit8dirlo@id Syst em
706. The pedestal” may rotate the substrate wafer at a rotational speed of

about 1 rpmwal elizbetde0®nrchamper. JChe pecalrout 10 thrpnglh desdeneningg te the) . The
pedest al vertically translate the substrate a distance from for

exanpl e, g@%‘ﬂhero.S mmto about 100 mm fromthe side nozzles 708 of the
precursor distribution system [00491 The precursor distribution system 706
i ncl udes #0050Lr dihie dystrputiondiysteiny’ Odinsayr dlgnuinelgde ¢ icdricallyzshaped pdafféaack havi ng

ft iff t .| ths. | it | [ t,.Sq 1 t th
of de- moz s ek g EPeris REPL AR e e B SRRl reregi alingen i st ICESY ound
the wasl @in ﬂmﬁﬂ@lﬁw&iniér@ﬂt}féhﬁmﬂoﬁﬁﬁp ¥ QGHERNOS of baVied PHsauaha HifR it
openings into the chanber. [00501 The distribution system 706 may al so

i ncl ude acewpostiain than Hgpeerurssp floafiig dovitl the ouiside direptinesurbas iohtheiattle. t he
center of the substrate pedestal 704. A fluid channel 712 may 15 run
thr ﬁughd_t f SeENtE odfsideherfaad b the Bdlet700 stbyekupolfidebySOdondlit G4 tHaer gas
with a different
directs a reactive precursor from a reactive species generating system (not shown) that is
positioned over the deposition chamber 701. The conduit 714 may be a straight circular
20  tube with one end opening on the outside surface of baffle 710 and the opposite end

coupled to the reactive species generating system.

[0052] The reactive species generating system may be a remote plasma generating
system (RPS) that generates the reactive species by exposing a more stable starting
material to the plasma. For example, the starting material may be a mixture that includes
25  molecular oxygen (or ozone). The exposure of this starting material to a plasma from the
RPS causes a portion of the molecular oxygen to dissociate into atomic oxygen, a highly
reactive radical species that will chemically react with an organo-silicon precursor (e.g.,
TMOS, OMCTS) at much lower temperatures (e.g., less than 100°C) to form a flowable
dielectric on the substrate surface. Because the reactive species generated in the reactive
30  species generating system are often highly reactive with other deposition precursors at

even room temperature, they may be transported in an isolated gas mixture down conduit
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conposition than the precursor flow ng down the outside directing surface of
the baffle. [00511 The outside surface of the baffle 710 may be surrounded
by a conduit 714 that directs a reactive precursor froma reactive species
generating system (not shown) that is positioned over the deposition
chanber 7014 aflhdispasdiinto tht deartiyn temebes 70 hbyhafflei7l 6 before Béing whredwvith one end
opening on_the outside surface of baffle 710 and the opposite end coupled
to the reler JePOSIHORIPEEEROher at i ng system [00521 The reactive species
generating systemmay be a renpte plasnma generating system (RPS) that

gener at es 4088} r astein/Esipay hlss irb\}'ucgﬂdbmihgn@t shrowa) etikeldlagowiddhe dorge 7hat er i al

to the pla . For...ex l.e e.starting materi al e a mxture that
ol udes. 28 Tsiebdtind HBREE A0 Foriess S o TRt arp ma il <Bre fpfRd Wief g
materi gl i @phliasABhdi7b e AARS GHHSRShArddetivihPsr 1E rddofva®etielll ar oxygen
to dissociate into atom c oxygen, a highly reactive radical species that

wi | | chenipesghtsyr ansbethengireqursms tr depasit tielflubdiclscaisuilooen the sybstrateTNViOs, OMCTS)

at nuch | ower tenge[fgtureﬁ%ig@g%@acglggs t.han 100C

f fl bl
di el eotri X HAPIELAES B POt 0 SR ARt Ba RO B bR S et at e

in the reagtfieVA038d 2ADEdME-ULDA PéduRGr FYMt @Eh g 1 2hh@Br fhcddt fore@@eHe Ve Wi th
ot her deposition precursors at even roomtenperature, they may be

t ranspor t sifleingzaes 70onay beldigestedinia uplesoinmed abeie the subsiraie A3 dydheBEr sed
into the reacti.on.chamher 701, by baf.f.l e 710 befor.e, bei i xed with t her
bonos i DF oRSi SRR S el S &badRlilita Aty el S it Mettiaatd &
shown) coild tn@fepatnd tb femtl® ARhFLBowstle BRRRCERMMS 6 0@ sGhafkedurfabd. These

coils can create an inductively-coupled plasma in 5 the deposition chanber

c coupl ed pl a | _ '
ot her pr o0t 2h, SHBRERCRAERE o b pt BN CRRRERERET S For

exanpl e, angasnity &Mhe depaRited filin.r ERCEdtat D1 rhayobiygeilldlits e piaed of filed t he
chanber by baffle 710 and an organo-silicon precursor from channel 712

and/ or ondvaiir deppwitiert surfase, ogitipatweclenes gnape netjellycoudpf dlignaeent.ndiea thy asma
{ or eqs ADQYel (1€ AMBEHThEnd M BlarkllBe e hBsufild b miPEr BN GoiE YL LN
ecurs rapi y react 1n e plasna even at ow

organo-si ' con pr

t enper at urgendrate fflmidnuebliergh iy tHel spucddbevelitel depbditien furfage.om ddnge substrat e
surface. [00541 The substrate surface itself nmay be rotated by the pedestal
704 to enkHAEBStRYRcSS, thisitubrlenes may alspenbpnse therusiformitypf thediglentie fibh pl ane nay
be parall I i L] ST t wo pl anes
may be pa?%?éfﬁs(g/ Blg ltjl'{é s%pgtg\?% Sgl}r%-?f%ﬁt Tﬁ%ﬁ%dﬁggﬁg(ﬂ 1Inlc19 A3 I @feGecdes agﬁ/og

other structures that create a vacuum chuck to hold the wafer in position on the pedestal as

20 it moves. Typical deposition pressures in the chamber range from about 0.05 Torr to
about 200 Torr total chamber pressure (e.g., 1 Torr), which makes a vacuum chuck

feasible for holding the wafer in position.

[0055] Pedestal rotation may be actuated by a motor 718 positioned below the
deposition chamber 701 and rotationally coupled to a shaft 720 that supports the pedestal

25  704. The shaft 720 may also include internal channels (not shown) that carry cooling
fluids and/or electrical wires from cooling/heating systems below the deposition chamber
(not shown) to the pedestal 704. These channels may extend from the center to the
periphery of the pedestal to provide uniform cooling and/or heating to the overlying
substrate wafer 702. They also may be designed to operate when the shaft 720 and

30  substrate pedestal 704 are rotating and/or translating. For example, a cooling system may
operate to keep the substrate wafer 702 temperature less than 100°C during the deposition

of a flowable oxide film while the pedestal is rotating.
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15 planes are out of alignnent, the rotation of the substrate 704 may create
a wobble that can generate fluid turbulence in the space above the
deposition surface. In sone circunstances, this turbul ence may al so enhance
the uniform the diglectric, fil deposi.ted on th ubst.rate surface.
The pedeatOlse}od sy dB0 it fiffben e EliSHiTER St e BB HERLAE hay

create a VRSB TisYdlaniid (ROl Hobhpirv@itRE ir}aﬂid@i@ﬁ'rsr%sit&ﬁ 700 ifarhedeshel as 20 it
noves. Typical deposition pressures in the chanber range from about 0.05

Torr to ahdastyimoqbIteate 70D tcbake loa aivesal pdeppsiiedelilne o the subtepty., Thwhlagips makes a
vacuum chuck . feasi bl r.holdi.ng the wafer in paosition. J 00551 Pedestal
v atton i e T fided QAR gRR Hgd S Biner B rBRTRAIE e 8 PbsRE : on
chanbes 7@dpRREd fikh aht RARthyt i@toftthe 8o 6 isiiiel figh astipPRESE t he
pedestal 25 704. The shaft 720 may al so include internal channels (not
shown) t hatatesiat egpablsaifitiagsthitingis pertidn of thelliebt ehidtgd figin 8 lampim

cool i ng/ heati ng systens bel ow the deposition chanber (not shown) to the

pedest al T6057) TheB&e ahaiReIfs alRY isprbanel, it io thddieo6@ tHa€éachAnfeReningeaiveher y of
t he pedestal to provide uniformcooling and/or heating to the overlying

subst r at e tae éently gbthe pri I HedewaplmBankpss thgweateroclepbr distatefmBiervise shaft 720
and 30 su I . l,ng: / . .atlng. exanpl e,
a cooIing%§§%?%§Fﬂ§§g§%%gP§£§h@ggﬁgg%?%hggguE@ﬁ?é?ggﬁgiggﬂggg'Fgﬁéerature

| ess 1han sthalée ranyel begwédneansis paa ddlwor inferv@nfrgoailel i agwdteterahizd aadrnyl e t he
pedestal is rotating. 15 [0056] . The system 700 may further include an

i rradi ati 6Hesyated oF Toerveyag valyp dythabyited range irisampassed patpsthe iptentdembwn)
fromthe i Lati i i i VAR trate 702
to bake o 5 Aea g HyRA A I Rl L B ) MG HRERE e BB T 12 e
acti vat ed estludeadgn tiecratdgp aad tachrahge whdranitieer anaighacsdi tth limits e intludedinecur sor s
or 5 deposited film At Jeast the top portion of the donme 716 is nade from a
t r ansl uceMie snpdleranges i ajsaisneompassedapidivn the Myeniogesubiesh taanyi wecifirglt emitt ed

fromgbe Lanpgd k0 e ‘?Jderaﬁ’}%% %‘?}ﬁege 9{5 &’ﬁé%&?ﬁg%@c%&?&’ j)rgefe&ikhogﬁ ?f fhe Under st ood

that each I nterveni ng val ue, uni t ower limt

unl ess t hénmigntaexds extmdingyeittiecdreiodts obthbermeladed lidaat wealso ihelud@parthand | ower
limts of .that range is also specifically disclosed. Each 10 smaller range
bet ween aM}’¢8t%t-ed val ue or intervening value in a stated range and any
other stated or intervening value in that stated range is enconpassed within
the i nven{00®8] Akheed pprein awidn ltiegmpehdedi damefthe kmgelas fratilséa", ' amljesndray

i ndependent!y. be included or : .
P r')ttheb’llncieude P urgl reflerents unless the context clearly dictates otherwise. Thus, for
20  example, reference to "a process" may includes a plurality of such processes and reference
to "the nozzle" may include reference to one or more nozzles and equivalents thereof

known to those skilled in the art, and so forth.

f"ong "o

[0059] Also, the words "comprise,” "comprising," "include," "including," and "includes”
when used in this specification and in the following claims are intended to specify the
25  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, or groups.
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excluded in the range, and each range where either, neither or both limts
are included in the smaller ranges is al so enconpassed within the

i nvention, subject to any specifically 15 excluded Iimt in the stated
range. Were the stated range includes one or both of the Ilimts, ranges
excl udi ng VeHAHES GrAIMED I8f those included limts are also included in the

i nvention. [0058] used herein_.and in the. appended cl ai ns, .t he singul ar
forms lan bandt, ald thEeRHF EROSG AR OBRaH SHfr ooy ARG R OR f oxt

clearly disgh@afsRINERY SSmpridis. for 20 exanple, reference to "a process”
may includes a plurality of® such processes and reference to "the nozzle"
may i n8l ude ref er endwraducimgeilmonponieinmuy pieegsartd asigposiadrechtambehthabof  known

to thogse skilled in the art, .and so forth. .[0059] Also, the r

+eompr §oe tontaog e gtbife. MWareiB R feonihbine Ao A PRI BHEE Mhnen used
in this spBrbAheaison and in the followng clainms are intended to specify
the 25 presence of stated features, integers, conponents, or steps, but they
do not 6precl ude t he gepraténgaldeast oreddilichlontregenarecussor ygthea rsitoée plpsmaa ur es,

i nt egers, ¢ nent.s, .steps,, or.groups, 16 WHAT IS CLAIMED IS: 1 1. A

met hodr70f Sﬁsg%g?ctapeﬁlgduésli‘? eg%osétﬁ)dl cﬁ'la{nPSrggﬂdcont aining filmon a 2
substrgte, the netheghr&ROPEItE RdicaBnitroLEOsliairsst t6 e E&PBsitioRN tidnibeng Precur sor
to a deposition chanber that 4 contains the substrate, wherein the

si | i cofi- covherimthegagied mitregen apd icpaeentamingRiseursatp reast aid depesit e sHiwon 6
gener atin t.least one.radical.nity n precursor with a renote plasma 7
syste bI ogg{?ggmgg?g?lﬁzgnf%zfﬂale%gﬂetsy%sg%%hanber; and 8 introducing the radi cal
nitrogen precursor to the deposition chanber, 9 wherein the radical nitrogen
and si i con-cont ai ni2ng prite wigkddSof st 1, avt@drade feSdehefation 6f the @wmic 10 and
nitrogen containing filmon the substrate. 1 2. The nmethod of claim.1,

wher ei A t RETQRSAEPHPTIERT CEPOTRRABMERIA0 2 DiasMadp &ie 1eBwi Plawna B5efasisrdlmoni a
to a pkas Lo .the:re . i, . portion of
the amont e a8 SganiEThe R R IR RER D Bl eal bR PO L P hod
of claim1, wherein the radical nitrogen precursor has 2 the formula NH,
where ¥ is 0, 1 or 3. The method of claim 1, wherein the radical nitrogen precursor has

2 the formula NHy, where x is 0, 1 or 2.

1 4. The method of claim 1, wherein the silicon-containing precursor

2 comprises a disilane precursor or a polysilane precursor.

1 5. The method of claim 1, wherein the silicon-containing precursor is
2 selected from the group consisting of alkoxy disilanes, alkoxy-alkyl disilanes, and

3 polysilanes.

1 6. The method of claim 1, wherein the silicon and nitrogen containing

2 film comprises a silicon carbonitride film.

1 7. The method of claim 1, wherein the silicon and nitrogen containing

2 film comprises a Si-N(H)-Si bond containing film.

1 8. The method of claim 1, wherein the method further comprises

2 annealing the silicon and nitrogen containing film to form a silicon oxide film.

1 9. The method of claim 8, wherein the annealing is performed in an

2 atmosphere comprising steam.
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1 4. The nethod of claim1l1, wherein the silicon-containing precursor 2
conprises a disilane precursor or a polysilane precursor. 1 5. The nethod of
claim1l1, wherein the silicon-containing precursor is 2 selected fromthe
group consi sting of al koxy disilanes, al koxy-al kyl disilanes, and 3

polysilanes. 1 6. T ereln the.sil.ico rogen
cont ai Li ng 2 film E@rrprlt[ggéne S ?talaé‘ﬁ‘ ont e'aageafh%fgﬁ’? B??Of%ré%rggﬁnet hod of
claimi, whessphérecb@psibihyaoid vapsk. nit rogen containing 2 filmconprises a

Si-N(H)-Si bond containi ng film 1 8. The nethod of claim1, wherein the

nmet hod further conprises anneal ing the silicon and nitrogen containing
filmtd forma silidén oﬂ’ﬁé‘leﬁhqdrﬁfcial@ 8, vrheremp the samepling|inpeH@MedAER ei n t he
anneaIQngté e?ﬁﬁ%%x&%ﬂ h% u{zzms&m@g@ genprising steam 17 1 10. The
met hod™ of a|n1 erei n e annealing is perforned inan 2 atnosphere
conpri si ng acid vapor. 1 11 The nethod of claim8, wherein the annealing is
perforired at a 2 téﬂperﬁﬂmmthc&h@'cﬂv@mf&mmmme aﬁﬁ@ling ispofirmedCan 1 12.
The nefhod of ¢laim8, wherein S1e annealing is performed in an 2

at mospher 8 ?F§PWB“8?8HémFﬁ§¥ 1 13. The method of claim 12, wherein the
anneal ing further conprises 2 exposing the substrate to uItra violet |ight

at a tenperature rangi ng The HBRROMLCIARG 2L %ex%uﬁ@@%n&@%furlhe%omﬁh@esfTEt hod

of claim8, wherein the annealing is perforned in an at nospher e

conpri 8i ngxpmir@dhe aubstirigde mlt(apdiplet lightmt a Ryepersutegdnginig éﬂoal gho®t 2@ieetoei n t he
anneal tgﬁ &ﬁrned in an 2 atnosphere conprising atomc oxygen (0) at a
terrper 8 g fromabout 20C to 3 about 600C. 1 16. A nethod of

form n_g a SI licon oxide filmon a substrate, the nethod 2 conprising: 3
providing a substratie i nThe G ¢fl PAImCY) AHRESn the annealing is performed in an

2 atmosphere comprising molecular oxygen (O,).

1 15, The method of claim 8, wherein the annealing is performed in an
2 atmosphere comprising atomic oxygen (O) at a temperature ranging from about 20°C to

3 about 600°C.

f—

16. A method of forming a silicon oxide film on a substrate, the method

2 comprising:
3 providing a substrate in a deposition chamber;
4 generating a plurality of hydronitrene radicals with a remote plasma system
5  coupled to the deposition chamber;
6 introducing silicon-containing precursor to a deposition chamber, the
7  silicon-containing precursor including at least a Si-Si bond;
8 introducing the plurality of hydronitrene radicals to the deposition chamber,
9  wherein the hydronitrene radicals and silicon-containing precursors react and deposit a
10 first film on the substrate, the first film including a plurality of Si-N(H)-Si bonds;
11 annealing the first film in a vapor atmosphere; and
12 forming a second film on the substrate, the second film including a plurality
13 of Si-O-Si bonds.
1 17.  The method of claim 16, wherein the generating a plurality of

2 hydronitrene radicals comprises exposing ammonia to a plasma in the remote plasma
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4 generating a plurality of hydronitrene radicals with a renote plasm
system 5 coupled to the deposition chanber; 6 introducing

sili con-containing precursor to a deposition chanber, the 7

silicon-c ai nin ursor nt r oduci ng
o1 OB CRM oL RERU Ak DL Mol G2 hefeSin SRl ™ ho%ut 19,
t he hy4lr oRidrogifene adicad). s and SI | i con-contai ning precursors react and
deposit a 10 first filmon the substrate, the first filmincluding a
plurality of Si-N Si bonds; 11 annealing the first filmin a vapor
atmosphere; and 12 18 ni i ealeéf@édﬁ&laﬂmﬂﬁ» wherﬁﬁwethga%@wawam@wrg%wd film

i ncl udj ng I 7. The nethod of claim 16,
vvherel% tﬁ&ngljel#érqgﬁl%ae ura atcé/O Sfllgﬂézlg% ‘a&orlnl trene radicals conprises
exposi ng ammonia to a pl asrra in the renote plasna 18 3 system wherein at

| east & portion of t9e afﬁmniemad&cfcatqimsléswhemm thb éirplfimabither indludes

hydr onj trg‘f di cal s. éB The net hqd. of claim 16, wherein the

silico Heax |%‘i%up§r"é‘gh? givabls hYAPFILs a disilane precursor or a

pol ysi |l ane precursor. 1 19. The nethod of claim 16, wherein the first film
furthey includes 27pydr quye{AUEZ1an 1B, @h@ﬂeﬁm%ﬁn&hﬁé?&tfﬁ%ﬂﬁ%ﬁ 1 20.
The nethod of claim 16, wherein the annealing the first filmis 2 perforned
at a ténp@clécbrmedanamgnpﬁgamreamlgb@@tonﬁﬂmutbO"éthowtbogtC@@f’Cl 21. The met hod of
claim 16, wherein the vapor atnosphere conprises a 2 wat er vapor and an

acidicyvapor. 1 22 he tho f 21 mhe in ng a second
film 21corrpri ses us?‘ gt ﬂbolc‘)j‘{fg‘(}%?l 8&% Fvg;gor gﬂ%ﬁphgre %P‘[plrlg?f bf the
pl ural 2ty water Shpd¥aki aPlacidit Wpogls in the f| rst filminto at least a first
portion of a plurality of Si-OSi bonds. 1 23. The nethod of claim 21,

wherein the formng a second filmfurther 2 conprises using the acidic
vapor to catalyze a2?eactihemegiodniiciamt2dd WhgigioRg forgriagipsesapd Ailm3 t he wat er

(e i uSPRSEmEIR SHPLARR o3 = 1 o Bl pERERRBIRFBESENRRFY T e

aci di c3 vapotidsda i firseflm into at least a first portion of a plurality of Si-O-Si bonds.

1 23.  The method of claim 21, wherein the forming a second film further
2 comprises using the acidic vapor to catalyze a reaction of unreacted hydroxyl groups with
3 the water vapor to form reactive OH groups, resulting in at least a second portion of the

4 plurality of Si-O-Si bonds.

1 24.  The method of claim 21, wherein the acidic vapor comprises

2 hydrochloric acid or acetic acid.

1 25.  The method of claim 16, wherein the second film has higher density
2 than the first film.

1 26. A method of curing a silicon oxide layer on a substrate, the method
2 comprising:

3 providing a semiconductor processing chamber and a substrate;

4 forming a silicon oxide layer overlying at least a portion of the substrate;

5  the silicon oxide layer including carbon species as a byproduct of formation;
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2 hydrochloric acid or acetic acid. 1 25. The nethod of claim 16, wherein
the second filmhas higher density 2 than the first film 1 26. A nethod of
curing a silicon oxide |ayer on a substrate, the nethod 2 conprising: 3
provi ding a sem condyct.or. pr SSing. . S tr.ate; oy mng a

S i cot oxi de | ayer g“gr\?gﬁ?‘?g %%ggﬁvsﬁpggls“?&%‘g%%‘?‘fﬁﬁﬁuﬁ r #ﬁ%%ﬁ%??%ﬂi?%z e P he
sil'i con owhsdeap@yresctingalittihegilican bride $PREiccremase ehelyppioddipetieofrothakigrat i on; 19
6 introducing a base vapor into the sem conductor processing chanber, the 7
base vhpofilic@nerifelyei:@Adt he silicon oxide Iayer to renove the carbon

speci fromthe 8 silig ' ' ' por from

t he sgiiconductor p?%%%§@$%§¥%ﬂ§ﬁ%§¥ﬁgmﬁﬂg%w%%ﬁgﬂﬁg¥%ggkgﬁmgﬁgﬁ%¥ 6, wherein
t he base vapor conprises 2 anmonia. 1 28. The nethod of claim 26, wherein
the silicon |ayer i27depdte methadsifripim?26awhaieloky badeanpopcamsss 1 29. The
met hod, of claim 26, wherein the silicon oxide layer is 2 deposited using a
pl asma? CVAPBI8ss. 1 30. The nethod of claim 26, wherein introducing an
base vapor further 2 conprises flow ng amonia gas into the sem conductor

procesgi ng chanber. >4 31ThdhRuPtFRhiA26ChAERABe sIREH BlyBr fs@%p&@té@uéﬁﬁé’or
functions as a 2 catalyst to conplete reactions in the’silicon oxide layer.
1 32. ZTheamelkhyybilefie plog¢sn 26, wherein the vapor is a mxture of acid and 2

water. 1 33. The nethod of claim26, wherein the vapor further conprises 2
nol ecul ar oxygen (02). 1.34. Th hod of , cl ai,m 26, wher.ein the vapor

fur thet “compr ses. 3+ endtemy hgdinaacs abfeh Pastiet SREEIGatA” 1758, The
met hod? of depaRited vfing MPREML T UIDQrdce@Ct i on between the base 2 vapor and
silicon oxide |ayer is perfornmed between about 60C to about 600C.

1 30.  The method of claim 26, wherein introducing an base vapor further

2 comprises flowing ammonia gas into the semiconductor processing chamber.

1 31.  The method of claim 26, wherein the base vapor functions as a

2 catalyst to complete reactions in the silicon oxide layer.

| 32. The method of claim 26, wherein the vapor is a mixture of acid and
2 water.
1 33.  The method of claim 26, wherein the vapor further comprises

2 molecular oxygen (O;).

1 34.  The method of claim 26, wherein the vapor further comprises

2 remotely generated radical atomic nitrogen.

1 35. The method of claim 26, wherein the reaction between the base

2 vapor and silicon oxide layer is performed between about 60°C to about 600°C.

1 36.  The method of claim 25, wherein the reaction is performed at about
2 300°C.
1 37.  The method of claim 26, wherein the processing chamber has a

2 pressure of about 1 Torr to 760 Torr during the reaction with the silicon oxide layer.
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1 36. The nmethod of claim25, wherein the reaction is perfornmed at about 2
300C. 1 37. The nethod of claim 26, wherein the processing chanber has a 2
pressure of about |I Ton to 760 Ton during the reaction with the silicon
oxide layer. 20 1 38. The nethod of claim 37, wherein the processing
chanber has a 2 pressure of about 40 Ton. 3 4 39. The nethod of claim 8,
wherein the annealing is perfornmed at a 5 tenperature range from about 200C
to abdut 1050C. 2138.  The method of claim 37, wherein the processing chamber has a

2 pressure of about 40 Torr.

39.  The method of claim 8, wherein the annealing is performed at a

oS

temperature range from about 200°C to about 1050°C.

W
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