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 CATI ONS 5100011 Thi s
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 QUALI TY FLOW LI KE SI LI CON DI OXI DE USI NG A SI LI CON CONTAI NI NG
PRECURSOR AND ATOM C OXYGEN', filed on May 30, 2006. This application
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struct ukes (9087 cHamanst reachessueh 35 shpllaw kerich dsolatian stignrtwes A& ater r ent

| eakage. commonly employed to electrically 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.



As aspect ratios increase, it becones nore difficult to fill deep
narrow trenches wi thout creating a void or seamin the dielectric
material that fills the trench. [0004] Voids and seans in a
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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.



30narrow trenches for STl applications, the as-deposited filns are
constrai ned and unstable to shrink, resulting |ow density filnms with
porous or void containing structures. [0007] Thus, there remains a
need for inproved processes for increasing the density of the
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[0009] Embodiments also include methods of depositing a silicon 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 subsirate,

[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
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25silicon-containing precursors react and deposit the silicon and
nitrogen containing filmon the substrate. [0010] Enbodi nents may
further include nmethods of formng a silicon oxide filmon a
substrate. The nmethods may include providing a substrate in a
deposi tion chanber and generating activated nitrogen species (e.g.
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accordmg o embodlments of the present 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



[0014] FIG 3 shows schematically chemi cal reaction steps for formng
silicon 20carbonitride Si:C N H fromdisilane or polysilane
precursors and radical nitrogen precursors generated by the
deconposition of ammonia in a renote plasma according to enbodi nents
of the invention; [0015] FIG 4 is a sinplified flow chart

1 lustrati i L : )
tilustratl ighi8 ”‘Ft(ﬁ‘.oﬂsgﬁfws deRAS dctifgofa éﬂeﬂl‘ﬁ@?}t ﬁ’gé‘?slﬂb’%% ﬁﬁ‘%r%%}%%%%%

containing filmaccording to enbodi nents of venti on;
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havi ng 10ne imludedurngShe Bowhide dileviricHila to adhivealthaBith (@D < bpdzdnto siare
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annealing (e.g., steam annealing). Anong ot her applications, the

net hods rra%o’B@tl%‘éfimflétTFﬁPfﬁ?)hi gh quality silicon oxide gapfills
(e.g., the formation of STl structures). [0020] FIG 1 shows
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according to an embodiment of the present invention, This diagram is merely an example,
which should not unduly limit the scope of the claims herein. One of ordinary skill in the
art would recognize other variations, modifications, and alternatives. As shown, the
chemical reaction is a CVD (Chemical Vapor Deposition} process during which a silicon

20  containing precursor with at least a Si-5i 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-Alky! Disilanes, Alkoxy-Acetoxy Disilanes, and Polysilanes.
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according to an enbodi nent of the present invention. This diagramis
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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
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exanpl e, the radical nitrogen species may include nitrogen ions,
hydronitrene radicals NH', where x = 1, or 2. Because in the
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converted ilnt.o Si.- O Si _.bond, resul%r;g a formation @E ar}: sili c?n
oxi de fi | nf!seReiuds grRoCETiBg ARS OrRYre raflfal BEoRYIPreRTRORT @3 thitoh e aple, the

i mredi at el yneld WRRSIraaithl difkbQiaGRecaofMhaktpefdrak@ M Pithlote irhohil Blasma
chanmber. 30[00241 FIG 2 is a sinplified flow chart illustrating a
met hod of §y&tem qeypled & the deppsibign@bamberm on a substrate according to an
enbodi ment of the present invention. As shown, the nethod 200 may
utili z&0 t hPoEFlenTleahethed2®l may pribeasdudidstodusig thaorel dBmote tadichlonitogen

silicon oxide fil enpl ar t hod 200.incl udes a nan-exhausti ve
Seri s of RpEFe bW A SRPRURN Eh IR Reiead il SRE iyt Rl TLRR e
added. Onepreéursrd{24ay, Yeadifpltd the depdiRionrof a HBwWhisle BRROGHRI M WBHNYI-N(H)-Si
variations, nodifications, and.a ternative; In the enbodi nent shown,

the met hodP@80n HieIsuRREten 1 gaditiony the msibed 208 mayipeluderisasinneaive dhanber
(210) . Theoygthmd 3Q6hdsitd AGabld GbIBARS fik S MRLSH0QALHIM (29BY. The

silicon containing precursors wth at least a Si-Si bond in'their
mol eculdar $teanexidizigipncess (B&0)depyosélndemfiloheypprsion RR0Y theThryansiorheldi-
al so incl t I re radicals nitre n.pr [sor
(230) . For "Cpamyre® oRE Bt (Y SubaikEhf bAGERaR: B3ty bl gt
be gener at &the hydeoxykegrotys feonidiei GVIPldesirhedsiad. e ©auylt, eltk Batantdef the film

deposition chanber. 10 [0025] The, net hqd .200, . may furfher include
i nt r oduci nBFPREPTARG sBRnlags é’a}’%atﬂiadjépsen}"f‘ 558 thﬁ?%%%’fs_%whﬂéf%? tepg
depositio nreﬁﬁb’%ﬂ?ﬁiba&iﬂa{ stagdckitiptdie 1 RreQBEbAAg MBHAuCEH be‘hﬁ%ﬂh@ a&ositibh Al
precursors (240), leading to the deposition of a flowable di'electric
filmw@h @med H)-Si bonds on the substrate. In addition, the nmethod

200 may include steam annealing to oxidize the CVD deposited flowabl e
di el ect ri c[0026]m Inmne embediicon theant dembielsitichR bjtainihp prebbsbtwamed in the

oxi di zi ng cess (.250) may. incl.ude a fil.mexpansion.due tq t
conver si onegﬁ %?qesﬁ%(’a)’zies'imﬁlé’#gy dfogykgrogpsdp thSHr%‘ﬂe "%frag'ﬁﬁ’ﬂf r EE? s a
filmshrinigaigaytigieupsoart Raii@IaviR) CeD-dpisted i pooyidiy LAPS-Hke om t he
CVD- deposited film As result, the balance of the film expansion
and shri nkdigectedshsofihy Bmydagis simjilar t-thateok canventional 3G dBripionrFlasshfilm.

al so hgs apeaiecetheNRRAR HatabteibtiC HRUVDUepliRed RIS biseE S8 MeMBH R0
i ntroduced during the deposition and 20anneal .
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-81 bonds. For example, disilanes with different substituents can be used,
including alkoxy disilanes, alkoxy-alkyl disilanes, and alkoxy-acetoxy disilanes. In
additional examples, disilanes with higher homologues may also be used. Of course, one
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[ 0026] In one enbodi nent, the one or nore silicon containing
precursors used in the CVD process include nmultiple hydroxyl groups
in their nolecular franmeworks. The hydroxyl groups are retained in
the CVD deposited filmproviding a flowlike characteristic of the
filmthat is simlar to that of conventional SOG (Spin-on-d ass)
film 25 Be .0f. the flowlike characteristic,. the D- site
11 m based G RaIGs Bt dEiirents mad el rabeSdefiidhang e B
of subst r ateectiapodi- Andgatyilgny prégirdole deposi tion, reducing the
occurrence of voids around the center of the gapfill or STI trench.

I n anot her (PO dTAENove RV &PBsiQbn PRESs & sithitf o ARANIRERAG M- EGIH&PT S
with at least a Si-Si bond in their nol ecul ar franeworks i ncl ude

di si | ane aHe. SatepiohgplicatiomdNey 6865UP. 48 by lmplvers dl, SladanMay 30, H¥pand titlgdgl e
Si-Si ugite ' r j i
have nmulti pq:lg‘Egi‘@élt "{)%@gﬁ%gl’g%ﬁnp e},h(%?gl alt'trll'gg Ft\j\n@t‘%i&il( ﬁ ?’g?len

subst i t uenDSOXKHIE DEING edSILIGONWCIDNFABN NG FRECERS aReANDaA RKOMYE al kyl

di si | anes, kagxy-acet o di.si |l anes. .In additignal .exanpl es,

i 51 | anes’ SRSl e pecen Buo o By BERiFe b shne. 7
of skil | edpirfodef) eHawéverah hidtHod OO Rl ABBYendeh@hidd floMAse pMatha at i ons,
and nodifications in the selection of di- and pol ysilane precursors.

[0027] ThedepBpesitvreidepeyia seredingeaal aogie prygeafo reert B theerer mesd
in co-agsi gnegh cgnt%nirgaﬁr@mrsd%?%sgﬁﬁb'ir%‘simgbn a@glnﬁg%%ég&té}ﬂin%ﬁiﬂ{x%a?hasal ,
filed at May 30, 2006 and titled 5 " CHEM CAL VAPOR DEPOSI TI ON OF HI GH
QUALI TY FLuwAlikikEhagadterSins dieOxtppresshde@! Aydpil RPN Alin@roups).
PRECURSOR AND ATOM C OXYGEN," the entire contents of which is herein

i ncor por at {028y Aeherdblewef @ictidk hitigePGRESs (st Il .NH ndeNHois20
radical nitr n._generated fromthe, pl asma dec osition of ammoni a
is used i nglf'g‘gg 2%9qma¥ W@%&F&M%@@@g@mmw Lingremgte Rigsme system.

10si i con gRdfeaiof pIhnid ot Sincli@Salebhrd@ chiinBer fak 1sCROpiadeh i t r ogen
containing filmthat haS flowlike characteristics due Ii’o t he

presené® ofiepesiipwshamber. olhswlgssagondigpnsaised togleeuniose tHeaorsnini NYNAd
above, - reaghl Y& i LEQGRD F%ﬁ;@%ﬁerﬁé h’géﬂgééf 3 1W to %‘E‘kmﬂﬁﬁ%&%)ty@?&d n

nmet hod 200 nay be“genera I ntrodu€i ng anmoni a ( enot e
pl asma systusier a fhiwenteepwsmrglaaging freomsht Bor tvaly) Tancdt udbambey eqpapaitere

chamber that is_.coupled to the 15 d ition .chanber.. The pl asm
ool onerigind f6g B drui e 2R alPL 18e dEeRPS Ton s e BoRa the

i nclude: ufghd®dpiRoVEystei prodiREIRdRA] ndrdedh bRcdbork \WitiPad8ed ke kdlieals
pl asma_under a chanber pressure ranging from21 Ton to 10 Ton at a

chanbe?? t eHkreiEon NEl2r dignisdiyeiogen dDamicadnmay alsabeseneraigdo Fer 2poele, The
< tet gt e
econposi t 0foRfreR R ﬂz@rogéh llaﬂ.g%;? g%%&:ﬁer&leéﬁl@cp%%? me%ﬁw. Fradi ca

nitrogen priecursors, such as rene radrcals 20 or NH2.
At omi ¢ hydradigeimitégen paetintsatsanayeiiembestansierrgé tachadepdsitifo chamdenphere the

hydronitre A en, tadi cal s_ar ner.ated in.,st 230 of the
ot hod oo tatp Rt Rk GRbast frd BPE RGNS hERARE b ¢ og
t o t he depesinipletheabmtibenitrofar @edui®r 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.



one or nore silicon containing precursors have been independently

i ntroduced. For exanple, the reactive nitrogen precursor may be
transferred through a showerhead, while 25the silicon precursor is

i ntroduced through a plurality of fluted nozzles. [0029] FIG 3 shows
schematical ly chem cal reaction steps for formng a silicon

car boni t ri[ge36) Si AGhbiwhl) hy’dl:drmérkm AR alsQAE hi @Bt FidfthlsaReoeabdtcalin
pol ysilane precursors wth radical nitrogen precursors generated b

ammoni a r hoPEcess ALhRY dewenigirigmeo Wsh di grege NHyadicaly apd hysigogepity .
3 is one ibhbai ﬁl@ét'tﬂ@dxﬁmgpéyxepo%ﬁarﬁtg91'&'0@3&9% meei&ﬂo\gm%ﬁlchmﬁer tthenigapre
of the clains herein. ordi nary skil the art

recogni ze readise Svalrboaclfi mrdssllan@mrfppbfatﬂanmecmm ab vsmﬁafomkes apart[tgtﬁfmq

As sh ' ical
qener atod 1 ARGl T U S B RO i BB 88001 e
NH r adi caIEIGaBldAhmﬂamg:dm thd Sied bomdssn digitdnes hﬁpaﬂysﬂal’(ealpﬁsuﬂbrsmﬁy)b@i | anes

recur sor |nth SItIO a Si -.Si onds
1 G s | anEekeg Bstyiron g dralanic s daried alekb bTb eb hong o 8
form 5a sigrb&esdtydresyl. OfchueRl ode@fBIANGER thd &hwoﬁilhﬁeco%ﬁz%@.gm ina

reaction process 320 of FIG 3. Alternatlvely, the Si- bonds in
di si | anes adernabysssyarighiens, yddeedifeptienstay be broken to form a
silicon-hydroxyl radical re-bonded directly with -H, as shown in a
si de pfrOoce[Q&3]325ndife dxhGple3howh, acsilinosdydiorg godupsiontddelith o -NHeradcs! may

woul d recogni ze t ati.ves arjations, and di fications

0L 0031 TR d e SRR R cndi e bRt HRe 25 HEo Bl o RkReplen o
-NH2 1 adi cbé hytyxyld @RREROSe ofiginal slidoh @Oitainbig pRetusb R Reptided b ¢hdto Yhat

rel easi ng an al cohol group. For exanple, the hydroxy gﬁﬁup in the

or i gi nal - SIPATigAne o gRoey (5 oER drednal (CROHN-G Sapom Bbmpresess 3 1t
to the ni tregenTed aenhy bRITRLRBDeAsi| RN by §§a§ﬁﬂi"ﬁn?y Tholdase the

process 330 of e met hanol produced can be easi renoved by
a vaculdm pformatiop ofizdditéone hmethsndl o hexemaimingf poatiie afitisneghctantbheonss 2 ratial

f
LT 0109 R0 St SR RSRQTER A6 SV Mg
bonds may maji qukdkyy reebond mjfdrm afdmamylsﬂhuirﬁmhydcﬁdal azr‘th mSﬁ}é\IH ddutdabond, 4 a

Si =NH douhl,e bond, .as il roce FIG 3. O
course, orUUBRIELER T}Fé’éocf?flﬁhé’?gﬁ? %B?Eftcauv é’Bﬁﬁ gx"eaﬁ“t‘@?%‘iti ves,
vari ati Onsreco%ﬂﬁc Ry El&&ﬁéﬂv@@&maﬁ%@%@}nohmc@tﬂ%her exarrpl e, the
chem cal reaction may further involve a reaction between the

di met
o et ) o 13l b Bl S B BLHO9p AL RySl 07
reacti on itstveeehdrdlimathgistiandmine radied snd anMﬁ iboind ¢xtisting iinrie Ritdcsn tamdinihg e

radical is_direct i nser atom and .C atomto
Create a SHIMEDH ARTSRAE e RO tiex, israBon Bacbion TuRiopn atporss
the art wdihhticRIkhediogihybdanlmme radit id@tdel Ssertedlih Bétive@eSthe 8Nstom and C
nodi fications. [0033]. FIG 4 is a sinplified flow chart illustrating

a nmet hod &fewy Eopggqtq f ﬁgc% qarhoRiHdeproduct. 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. Asshown, 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

9



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 woul d recogni ze ot her variations, nodifications, and 30
alternatives. As shown, the nethod 400 is a CVD process for

deposi ting.an I ph shlican.carbonitri ilmwth fl l.| ke
char act er -5 Pup R S Rearid i THCbH00 800 el ol MyBiodd Dy
substrat e ammanidépo Hietreote phantaeystdd kOproduth @ ratbed aitioganprehasds &om ths

coupled to.a renote &J asnm.s) stéem Thq rreth[glg 4dOO rrlg% al so incl ude
i nt r oduci nfEARRBTIR FHATENYRI S s meteRI2se iy 185 LR PHOBTIIERISOR

radi cal ni blo@@RA ndyehdhicedydfon@ftnt N1 AeRATRAShydreden ®f raddIBNDAcduisel he
renote plasma. The radical nitrogen precursars, produced may include

hydr oni ? r efhérengn paetheralismativeshyatieigsnand pedifieatioss. Of course, Sthere
can be other alternatives, variations, and nodifications. [0034]

Addi t i onal [0834]t haddiEohedl, Hhe Grethod|400 ewludesinmistmingtye hixromireired tadicats
NH radi cal s. and hyd n . Hradicals.intp the i tion,chanbe

(120) 1 SRR e e SR SinR et 2P oo Pnii AR e P g gen 1
radi cal s i Bydroidfieic@UH ediidaly a4 GhdRg& o walidagad trhidfdrrel lthtbad ya Shoupihesd t he
deposition chanber tq the renpte plasma system For exanple, 10the
reactive nietdyel crurleths derpsitian shaaepia il FRoteRlpyg sY§aRe £PT HeyPknt er
the deposi fHe9ehoRATRESont QIO LB lhhiifY AR WEIBPALY drtkehd Mo
shown in co- asgi nedg%.nsr. 1Patt.anAgp. ge@?%. 1%??5&?%24tby Lu gm'lr sky

et al, filewmbaythxsigh adeffle capepwarhdad dike HROCESEWOHMRBERIFOR UL Bet-GTRI C
ref orence oIt b Bockel durig Ly Bl Ry ] RE PROPESE:

i nt roduci nGHAMBER FOR RIEIBGTRIO @APRIAL T thgepirecumentr of whiidhherabertiaast a
Si-Si bond.into ﬁa% d%osi t{Donl chanber (430). In one enbodi nent, the
B gall

silicon colffdPhi ¥Pe% P¥PBi®ected i nto the deposition
chanber i ndependently. For exanple, these precursors _are from one or
nore sépar mﬂg‘ilcvﬁlwsth%ﬂl@%go iaplgdesrintrodyeingene o mere SHIFOR ATHHNIAE pl asma
bef ore bei I i L : 20 4ePRSh b ot her
enbodi nment Bﬁg{:thgﬁrg ?’ﬁ# gﬁ)lr%gs(t: (% r@:’ég} %ﬁhﬁd%g recu ?g%{rlésmih%@ﬂél}ggi% gﬂp?% es
havi ng a sémbddem@it, tBE silindrt @niamitdpiecursiys &e diragted infortbevderositiam ditaprber

ol ysi | anes _.havi,n | tipl 1-Si units. For exanple, the sjlicon
ont ai ni nggrabtolrEorcelinde ik mel bR FAE P S troar e hYD e

shown in FidarceBand 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 muitiple 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 insertjon process to form silicon carbonitride molecules.
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[ 0036] The net hod 400 further includes performng a CVD process to
deposit a 25flowable silicon carbonitride filmon the substrate in

t he deposition chanber (440). As the silicon containing precursors
neet with the hydronitrene NH radicals and hydrogen H radicals in the
deposition chanber, the Si-Si bonds in the precursors are highly

reactive s t .t he disila r_polysilan recursors.wt.h Si,-Si
bond( s i T10BEF L ER FafaRL 1R RS ol 47 pahSe PAbed B oot flan tigPer

t he sil i conadey diedulidwiag procewdicomlittionsafFe¢cussor Abwe @diels sdlindeamyrRd$inng
and rebonding reactiv r ss,..may, tyrn into a dinethylsilan mn
radi cal s. @it %ﬁv?fg*i%i %ﬁﬁ?ﬁ%@%_ 57 s B Prerayre haut | aﬁ%ﬂéﬁﬁ ut
bonds i n t By PEREMES ) ThBber tBaPHatiRISENHBNe PPRGENTbbE (PO idAtHiut A00e
carbonitride nol ecul es. 0037]  For exanple, the CVD process 440 may

be per f &r mdbe famationeys dkd silieon-hyHemiieene tadirals takee plees duwingite proessed) of

ot anes 5 . v o
08" gt i . T8y B ARl A ch S lheRES kb flGERGPL CyTAEILD | ©
t o about 660QyTwiudedrgeacti®h s€hahite 4@, enpFlathows in BIG 8nflhe kdseltinp eivenen

about OC to about, 400C.. 5 The formatio f t i li.con-hydranitre
o cal's  SRETENGFRITHEF A e ed 8o BBl @SS a i i g A
chem cal r gagtdrsHbuPnOOHE 85d had IRWIEE chirattBhstiRb OB hCUBXArd6HSs n thé0 may
i ncl udef theoﬁea]gtlgron steps 330, 340, and 350 shown in FIG 3. The
resul t g Golscrlghitamswski t ri de nol ecul es are then deposited onto the
substrate to forma solid film The filmis anmorphous in nature and
has fl ow | {0088k hdhaflowatilesdépositedifilin fhgmbraovopd-irge ganbidl that hesreerg Bw density
nol ecul ar fr K. [0 . The, f| deppsited fil mfar a
voi d-free g"argifg?‘ péf)&f Iﬁ%t%‘c Sgjgalh\(/né'r ?hff %\%ﬂﬁ‘g%@l T ?Pp ﬁlgperdg(\:}fl%eeana?éeﬁngglferi C

i sol at i on. fidtveblesitib@ccadd@itridy fifint dnexidizied embéroanasad fang atdeasefdilivoabl e

silicon carbagnitri filmin an idi.zinhg environment to form se
ST con CabRal il L4y et etres Aoab g ke S S B A4 oeke PR S,
such agsa GERAMROhikRAMhperithre hnhdalif} cAubtd th 8RS IRRLA dhkSesiiAPEboAdo

causes the hydroxyl groups and residual carbon to deconpose into
wat er and/ 8ecogIpesstinlo waigsend/onplcelivl saners witeliarg twmpdigighyaunpsd out, resulting

resul ting kNSl @0f 4 1 ' .
Spoci 110 eRbuiiah AGPRkinkhieThs BELIAER 204 R RO i EorBalng,
in an oxi dpwiesy 46hisiartbermahianneilitgiin amosidizangeawainareny ajibin) seanm(Spieer €.
o per o™ G in BB 200ROhe oS bR Sbhe Ta e Y3
pressupe dwhipagtae fel Abot J08°@hPtstabaut 15CE. fhe Maler prrﬁﬁbséuraaﬁﬂr(gi €.,

about 760 Ton). [.0039] In an alternatjve enbadi nent., the annealing
process 458mealingis 8 argngg fomelforr 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 altematives,

variations, and modifications.

[0040] In another specific embodiment, due to the existence of the 8i-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

1



Wi th substrate held at roomtenperature up to about 600C. The ozone
treatment may further be incorporated with a UV light irradiation. In
anot her alternative enbodi nent, the 25 annealing process 450 is a
filmcuring process involving nol ecul ar oxygen treatnent from room
tenperature to about 900C or atom ¢ oxygen treatnent fromroom
tenperature_u gne,of ,skilled .n the art
would 1 ecosit HABRY Epdition eSO IR apl S v enitcriiti L atolne

[ 0040] I n dewotibelrinFD@CH. thﬁs ﬂhﬁ)acbaﬂﬁm coudteeactsQhd filen shtinkigariue twthe ld%eof
Si -N(H)-Si onds 3 for n the sited silicon carbonltrl

film the YY¥EHH SDEEIGS: \A}al}el “GE%?E & s fIlgY CXpARSLOD an
Si-N(H) - Si sippirese &ﬁllt@'ln Q]éhelbsﬁ’lﬁﬁlﬁ s1136% sHaE Al RitR 138 8Veral Qfﬂnﬁagrﬁeoﬂ)d!%h
of oxygen than nitro is conversion inherently expands the film
For exétrrpF@feaﬁwéih@d%liﬂb’dhm@rfﬁawaﬂ%@s@sBﬁpsﬁlh% sane as the cheni cal
reaction process described in FIG 1. This film expansion counteracts
t he fil m sHdibkabeandther embmdime:htomedmgulmmm:kiMnhmMmmﬂemm is

species. The_.net .effe 0 n expa n_an ge
et T3 nPEA B e s bt MR b el Pioh e LRt et g B¢
shri nkage, d&p&uwﬁlm iV d10ing aBe~ly Subsiufa dilhnes Maide Rl dhefréiodnd hay Qbld+d r ee
gap filling. [0041] In another enbodi nent, anneallng the fl owabl e

silicon cafB¥raPe Bactan ¢hihesorgnic meices thet agginsicaged g depgsitiqny cﬁfﬁd%s
both wager sﬁ@%&h&&@kc%ﬂ FopeBRA drabg JfE&d%QﬁﬁQ?&fréa?ﬁle 's'd@bdsﬁ&?' ving

al koxy substituted disi’l anes, an acid environnment elpt
cat al yze t Hieleceigdtlingacasding heamrglmdmemf @t present hmnm Tivis- chwsm éxl

during_ 9epasd) Blbsahefeart SR USASO BB e QoY o bR Ol 00 Of

acid catal ysi he as |ng to
an enbodi meniinagf skilhin the exs eould rmognize other vidpiagSordi mgdlﬁmﬂcﬁs read eltqmaﬁes

exanpl e an oul d.not ul duI [ t he scope of the claj her ei n.
e b or RSP, R ian i iabor A0k it BASRAE 2B HERCT L A oD
nodi fi ¢at i efsexpaificahd aeaﬁ;tphm@%uaaksofmem aMH RoftoRGhélicid Mapein afded

during the annealln an unreacted hydroxyl group 15 can experience
an el ectr oBWPMt gleup fnte an ractiveCHyOkherpup biotaking ore elaetrendiam they
turn an ung DLP Al & SRG&EL Ki ng
one el ectr o r om 't he o]gf ngt oM 1o tshg&h 1 ?g&ﬁ%ﬁég%&@?@ﬁpﬁq 2

illustrate rocess 510 of FIG 4 wat er v or.then
my T onat R { A %afaafﬁp% bR ﬂ’ége%ﬂmqﬁ[{&%@eﬁ‘é i The
reaction rgmuéssS20. nrlidlead‘t@ﬁmhlts)m tBd foPhAtRRQlf siblmo¥- QAR upaRd thid¥elease
release 20 of al cohol nol ecule fromthe film The condensati on

of the?$ or falcadio] QH&stl@qlegfr%ﬁ? film. dhe copdepsatiamef the farmed wéanet Sivildn
combi ni ng El‘ﬁgpssdlEaﬂﬁ}ele%kmgdleg&ﬂﬁmheln%ﬁ m#% ﬁ%%u%] 1 8B/ ?\ﬁg I%'d% h)qg@

oxide networks inthe fil I n one enbo e annea
aci d tr eat faesmeti¢nedfisilicon pxide eetwerks h@thtlﬂhm treorei eu'qbotiynememmnezdi’ngwmhbon

speci es ang .k G?Aﬁ%@mthg ?Ec%éalg h‘llctf m V&ggner V%f c(?rr\{?fnryggclil%ﬁgb ée%g‘éos )

of the hydroxy rou hrou
be ot her athhepbssaﬁhty@svoma“ﬁnn&tmﬂﬁﬁougamﬁb et fitheClaidr s groh PO ZJugh Bther

addi ti gnal enbodj.pents, .annea |n e fl.owable silic rbonitride
filmi gg" manner. bim course, there can gmer ztltematwes, vargmons, ('P mo&%cat%ns,

{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 (NH3). 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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perfornmed in an atnosphere that includes both water vapor and a basic
vapor such as ammonia (NH3). For the CVD - deposited filminvolving

al koxy substituted disilanes, the basic environnment nay help to

catal yze the reaction of the organic noieties that are un- 30reacted
during deposition. [0044] FI GS. 6A-B shom1schenatica||y two chem cal

reaction hani se.C d,treatne deposi, t ed
o ecrri cBRnmdR ahforfRGuER & A%y boRB bTE BisiVapB Pl o &
nucl eophi | ammahﬂaahkthisfmedhamhlhyﬂme gikoLprityn o aliaRbs alkapias globptranstiat tdks
anmoni a. In thls ag con

ism the alk portign of a sjl | koxi de
group tr an%‘F‘E‘Pg‘at‘B ‘F Y e pr%?i#)giung &léltré‘ét%c%rs As the 8?‘5% &
during t heaﬂ@la%’i&;%lso lﬁ@olwm Watarab1esulQwhidh@lonktkyd pﬁfoﬂu@re%la‘ée tHeQM@’l ves
a water nol ec whi ch donates a proton to repl ace the al

group t hat 21o¥p thahisileryingrad fermingaysileneli (- rf D growy. -Imselbsngbreathns a
subsequent sﬁa‘?x@f’éo O&_’%i‘t%ahcﬁ'm r§dc|tlaﬁ' May %9&9 géﬁ%&? the ﬁa@ﬁ'ﬁ‘;)&g gf’ 2Hlgit O
convert the - ure

roup into a" - igroup int Ielectric
oxi de f||ngmp@ﬁm5¢cmhédsbmbmdmﬂbdﬁmton mechani sm shown in FIG 6B
i ncludes a nucleophilic attack of the silicon atomin a silicon

al koxi de Wgoasj R iekondRadtioh Mdchinih SdevndNTFERI 68 indingeskGiueREpHiRNattack
i ncludes a substitution of_ the al koxide group attached to the silicon

with the afhBpsidcorAtemin asiligon gkoxide with §pasigaper thatrecludaasmmenda. gFisup
reacts jgi t ?ea@no%ﬁaﬁms dappdigdioh Pme%lmfd% Igraaslaﬁsaﬁk@tottﬁe Elﬁ&sﬂ @ﬁh fhe

al cohol . I n subsequent reactions, am ne may hydrol yzed
to form a shnanigima¢rylerte dermes atyéamhve afhnmlhmade fiaenreaeth mltharpr@tgn tionated

mechani sm ﬁ'gél%r\k’é%%ﬁ‘%&nlg%{é tt%;‘fogl’lb‘an :Iil cﬁm lltnﬁsgggeggerngégct%¥ tHQQ%%m% ma bie

condensati on reac conver roup 1n agrou
the cured Hycbblgmdrto doraxd gllanbli dnchregeﬁ)ﬁételhel dmmdrdall 'ﬂlehammnpxrtectheaﬁaﬂhamhat
scri bed, in FI GS. .6A

the base c taI |on nmecghani sns

but T ex BBIGEG THF1<h e 5 WA BEP ROHBORENP SrAen AP SR spmverts
undul y 15 i mte -$h@HEARENBI2 SNO-Jil Folp i 8E Blrdd dieRetielox@edilmary skill in
the art would recognize other variations, nodifications, and

alternati Vgﬁ»z@]orh@?%:g gf&@'g ?dt%t‘%ﬁ‘é BEBEal ze%l : RO RHe {;l?a%ség?gé&iﬁé’ﬂn

al koxi de speci'es nplary process I ons
cat al yzed FEMDGAIB afe huatimexafoplay of p@slsibgd remdn aicklyalmsms; ale shodd pst)unrdnlgm

fl owabl e o silic fiil d p05|t n cure

the 11 m § IATARESbp SRS, o st eidy 80 1r B BE S Sfefenise e
exanpl e i Varlakiens) anaificamals, dndaltbee i asiabas atlzed GetmeRiollay dépositdie
deposi nﬁb|ﬁ]ﬂay be heated to about 25 300C whil e being exposed to
a noi st? FAnplRXIRSSBRATSe at a pressure of about 1 Torr to about 40

Torr for about 2 to about 5 ninqpes. I n additi onal enbodi nents, the
anmoni a at 94pheFxempigry preross avoditides fox haye nat¢lpax rgasyal aficsrom (agomiks!

i rogen phisAIBESKRE BBy dalEabRah el EEIB RS A §hettasPappogiion
Cr 0oss- sect twaobthe &ilm éx angivaroymprt olese viudgs st Aba&0vapor. 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 (Oy) gas, and/or atomic nitrogen (N) generated by

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

[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



30 according to enbodi nents of the invention is shown. The system 700
i ncl udes a deposition chanber 701 where precursors chemcally react
and deposit a flowable dielectric filmon a substrate wafer 702. The
wafer 702 (e.g., a 200 mm 300 mm 400 mm etc. dianeter

sem conductor substrate wafer) may coupled to a rotateable substrate

pedest al 7fifh, bRadiamStedcilconBidtbrGabdtiatel waRS by ablied 10 apOGichblo Bulishiste
substrate 702 closer or further avvaé{fromthe over |l yi r ecur sor

di stri but | BieeesigOBRerDElsoME Ay BT ablety ppetien e pBuRal: Fiars Shat er
at a rotat jphal a»\%ggfo% BF oPQRg treduld®: lHQtrﬁaQﬁbﬁ syt%_ggp{({ép Pihé ’Eecﬁ:lst:al é%bﬁUt

10 rpmto about rpm . The pedestal may vertically translate the
substrat e wiai¢ e auhsbate mafgr af orotatioassbesd ddipbont 10p8 torphonb2¢9am (.60 nm
fromt S] f e~r i i i

[0049] e L (R SRgdR o6 el R ESHE i Skl IHLEE dREhEleg
radi al | y ddistandelfting dorsixdmplroziohed s #8to abacthl ani fignothe sidé ndames 708 of
different | en ths.é{jgaqui ti gnal enbodi nents 10 (not shown) the side
nozzl es nal® BISCHFH: YHPSESRMB- a ring of openings distributed around

the wall of the deposition chanber. The precursors flow through these
openi ngs i 9089t hEhedhesvsser disirdoto] sysiem Widsuglndss aipbraldy sf iadialip diskipyted

also inclu Beal.] y- t I
Gh the oot P sBEeoh BIARSH: bERGUGRR s, Affa DA,
may 15t@n {dot shogh) thheide entabes nody dlilendoad th leave 4 Ging of spepiplgy diatripned arcaod
or carrier_gas,W.th a differenf c osition_.th t he, precur,sor.

1 ow o ol S ST b Bpdaiiomnatberng PEORPURES GP™ e i FeBPETiBREH tihe
out si de sugHaader. of the baffle 710 nay be surrounded by a conduit 714
that directs a reactive precursor froma reactive species generating

system (no 0 : ¢ [t i fl
201 The cl5f]Fy T dBbulch A8 b8 REY ARYTHCIIRS LERAR. HBM GRBARET L0
openi ng onthatyeayobs axie! witin fhacentefofiaf fubsrafl:desiad 70heAdppdsianegel @hYmay

coupled.to the r tive specie rati system [0052] T .
onott v opbdebsiEh el gD P A o s e iR ciffreny
syst em ( RP&mpdsitibn §RA elcaresirdol BowRa o SheSRfsidedirddlingpRass sfdhabdfis. e
stable starting nmaterial to the plasnma. For exanple, the starting
mat eri al e | Xd: 1 (A1
ozone). Th ggpo?%{%éﬁ% ﬁ%ﬁ%ﬂtg{%ﬁg?ﬁ)&%@? %%uﬁggﬁcgaggﬁe%g&%%%e
RPS causesdizectsarreactime pfectrber finph e caabtave spsojepegentrating systomi (avteshowm)dhat is

atonmi ¢ oxyge a, highly reactive radi.cal, speci. hat. wi || .chem cal |y
Feact it HoR S oSt FEmb R0 rue BRSLE TR s i SR

| ower pENPRbaivithefe &fl dpenink 88 Shetdudidekfiide dfGaffier710 ahd Béappsite end
dielectric on the substrate surface. Because the reactive species

gener at ed FI¥PieRdo the agactivespepieeapBtingBisiat i ng system are of ten
highly reactive with other deposition precursors at even room
t enper at ur W052lheVhemagetive spacien gproxating systeramaly dokhagmete ghsmagatetatisg down
condui t 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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714 and dispersed into the reaction chanber 701 by baffle 710 before
being m xed with other deposition precursors. [0053] System 700 may
al so include RF coils (not shown) coiled around the done 716 of the
deposition chanber 701. These coils can create an inductivel y-coupl ed
pl asma in 5the deposition chanber 701 to further enhance the
reactivity j : I . to
Goposi 1 o s rsfRaF b e SRER BB Tpibaihc B HRfthe REGEHERE Wiy
gas fl ow cotherdeppsigon gaoirsors at omi ¢ oxygen di spersed into the chanber
by baffle 710 and an organo-silicon precursor from channel 712 and/or
?ne OEI rrgr f0068] tbsastet‘)rh deo mﬁiaﬂs@&ngQ8rl]1ﬁ'&}6ilb@od§Hb&;ﬁ§ &ﬁleEﬁf@n&tﬂ@kﬁﬁﬁHlé
ormed above the substrate 7 y the RF 10 coi|s. The atom c, oxygen
and or gano¥eh? H%H?ﬁ“lﬁ’f‘ éﬁiwbsé 70F. alficat il sapereqthan euivalyneoualse alagna fow
t enper ag ur gheldepdsRidfcBalib@NbY 1f hirERhRardt HleGEictivity bf th@}e‘ﬁaiﬁer}gecies
substrate surface. [0054] The substrate surface 1tself nmay be rotated
by the pedpseusoragd othgr pradisetordsposifiihg Buididiejectic flmeorthpodistrate Forl m
The rotati I . f

dopos t  on LG ags T ERuRALE hEhnd BohldugiiesBlset o YEiipber by

al i gnnment . baffied1q el aborgdnandgoahecasdr fofm alhangeirvd i tind/dhenerod ke afithof

t he substrate 704 create wobbl e that can, generate fl uj

tur bul encearpogariss S wdy Bp e tid R0 dalist dratractPreins sisie by the RE
Ci r cungg anegs, The h@nﬁwﬁgb@mﬂ)rgm-sﬂkc%ﬁ pRABRKCEHREe 4t il BE Blabia Sfentabhe
dielectric filmdeposited on the substrate surface. The pedestal 704

may al so i &Y ‘gmeeruEclydaan ahighbyrloahiedieleqtrie fikyr e the substratesuifaccq
vacuum chuck to hold the wafer in position on the pedestal as 20 it
nmoves. Typl09a#] dépomibstramsyplaes gselfasay e ibfaed biyanbpedesta§é td enhancebiout

0.05 Torr ta.about .20Q Torr t ch er, pressure . Tor

whi oh makeSETORY 6t P drtRies BBk T reORBRT Mo mag ot met e planof e
posi tion. {aRbBdpoRlEde sirfice, ddtiat tvadlAiBYmBEbgdrtialyarht BYalRnfihiO 'Wiehhe
positi oned bel ow t he _deposition chanber 701 and rotationally coupled
to a shaf t PB% ettt oS ehaserens theratapeyeiipasubsiptp 404 mhié°f§ﬁ&f1t“_f°¥h’e theg gan
al so i ncl uge et Mi@%bﬁ@.ﬁa'?ﬁhé sﬁ%l:?tab&}%qwaegﬁﬁﬁ&n §iftfabel I‘ﬁ%BJnE?g fluids

and/or electrical wres om cool'i ng/ heati ng systens bel ow t he
deposi t i onciequmsizaees( thistturbhignge) mayalstenhprog dlst wrlifomoity ofthe dislechinriim| s

may extend,fr t C # er.i of the. estal to
Tt e unadeRRa o) Al Ehe hBeb{I RTINS s By bAS BREE R Bhsed fharor
waf er 702. ofhtreyruatuss thmnyrebe adesivgnetick @ leikthavafameposithm @ithd pedds2l as

and 3Q_ substrat edestal, . 704 are rotatjng and/ or, transl ating. For
v €0 ST e Ry Prs e e Ghaphen TS TSRS W tr 02
t enper at ur g,Jduf s Tdipsotal ORm it plcBiird 2, deRRS] Whieh nfakest: JacONRBhRKOXI de

filmwhile the pedestal is rotating.
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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[ 0056] The system 700 may further include an irradiation system 722
posi ti oned above the done 716. Lanps (not shown) fromthe irradiation
system 722 may irradiate the underlying substrate 702 to bake or
anneal a deposited filmon the substrate. The | anps may al so be
activated during the deposition to enhance a reaction in the film

pr ecur sor s|0866)5dEposistead? 00 thap fukherlivdsde ahliradidjpnpestém G2 pbsitidned disove

716 is made from,a_transl cent eri.al abl e of ansmtting a
Corttonos e Rl 7S L aRR PE P BT RN G 8 2oy st e o
val ues is M@M%ﬂ@dubstrhtelmzwm& oddaltd o6 filrh Bh eeVsRBitAE:. VEHe Ulnpst O

the tenth of the unit of the Iower Iimt unless the context clearly
di ct at es ofRBAYP Beactiatedduiing the deposidien ihenbprageareactinn insthe filmp Rigeurserh g

is al sos SPQ ofitaalily Adisgt tﬂ@&% -pobintbr it LRI d@ is &0 Qrtﬁﬁfﬁﬁﬁbeﬂigr

stated value or intervening l'ue I n a stated range and any ot
stated or matedrlvepabigofisdnsmitiing 2 peartiosofthelight amgtedifone the dampess s ed
within the invention. The upper and lower |imts of these smaller
ranges may [(i087le pBindad dapgeast vialves 1sgbeshided, @ alndetledod that &2h Iir&&gaun@ﬂﬂue,
each range V\/Eere elther ei ther or, both fil mts are i cI ude n the
smal | er ralfgestept ofthegt mfda‘gsre‘anmlﬁw  fptrh el dffates F@E%e to
any speci f pQakdnthe %ﬁ)e@éﬁ M@b@fihﬁﬁtmthmaﬁgle@s A Pdpea ibARNURc10MbE Bach he

stated range includes one or of limts, ranges excluding
ei t her 1&r #oaller snge heiween ang) smdfaluemw@erwréngﬂ%@ ingstatpdeangerand gy

invention. } @ﬁ@d &%nt‘éﬁvgﬂing%lgbﬂ}tﬂ&dstit& Hi% %ﬁg@ﬁg&g#ﬁhﬁﬁ{xeﬁg tion.

si ngul ar forns eferen nl ess
t he cont exfrhe:ah;mar dngl ldwert lahiesofabdse emalde rangbxuaay mdepeﬁmmp ligcluded or

reference to," cess i.ncl udes a.plural.i uch

hnd”r of or efeldpe R B BB A0 bacianatierchifen bfteb s BHER aRORTBAET
nozzl es antheemulleraays B alsd@hesHipaddtdWAthirOthe hﬂ/@ﬁh(ﬁlkkdﬂj&ﬂtd dhyspiifally
and so_forth. 10059) Also, the words "conprise," "conprisin

"i ncl ulfe, " excluded [mitig the stated rangee Wheessthe %ﬁféﬁ r@gwduﬁest wesor boff of the
speci fi cat j;Rs 3fded ékcilﬂi‘?ngf nbOMUAth SHRdsBThcRlded LRk Ql@eagslp 19cl§c9—:991'1 E‘lﬁt the

25presence of stated features, integers, components
t hey do noinvemtsol ude the presence or addition of one or m)re ot her
features, integers, conponents, steps, or groups.

[0058] As used herein and in the appended claims, the singular forms "a", "and", and

"the" include plural referents 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.

mn "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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What is clained is: 1. A nethod of depositing a silicon and
nitrogen containing filmon a substrate, the nethod conpri sing:

i ntroducing silicon-containing precursor to a deposition chanber that
contains the substrate, wherein the silicon-containing precursor
conprises at least two silicon atons; generating at |east one radical
nitrogen precursor with a renote plasma system | ocated outside the
deposi tion chanber; and introducing the radical nitrogen precursor to
t he deposrtr6ﬂhmhanh@nedwherern the radical nitrogen and

si |'i con- cont di Aingthed efdereeitimgraesilidorsadl repgai ¢ortiiaig | i con and
nrtrogen cqnﬁﬂmma@@bﬁn*@nn@nkﬂ@b@g@ﬁ F&ing; wherein the silicon and

ni trogen contgidivethd siffoho racm 'ﬁre@h'fbbf‘@o sitr 2. The

met hod of cl ai g lny, £l g§P§§ﬁﬁé c ni t rogen

ol
er i o o PR ing fﬁﬂ%?&ﬁ%mtﬁbaécmgs@ P e adi cal

wherein at |ea
ni trogen precuf @3?5’ 3. The nethod of claim11, wherein the radical

ni trogen prcecﬁefa&m ﬂ@%ﬁt"tﬁﬂﬁfdﬂﬂ]%ﬁ%‘%«z phRMussor with Q. 1 or 2. 4.
)

The net hod ‘of Elb?é abma\BRltEh RS RBlifioR Pr ecursor
conprises a precursor or a po ysr e precursor. 5. The
met hod of C.| ergl n.the silicon-cont arcgap ?_ precursor is
sel ected fr’B % E&i‘@r@a‘?ﬁ r?ﬁur%ﬂrﬁ% SFfiQRes, al koxy- al kyl
di si | anes, P&é’r’ HREL 31'3@103 Bod sticaaregnom 1, wherein the

si licon and rimnﬂma‘ﬁcmmqaﬁmtﬂgdﬂepmmtibﬁpﬂlcsesnénﬁrd i con carbonitride
film 7. T@nm:entxmdngfﬁlmkm’nhekubvﬁmearhe:‘ehﬁhehihconn and ni trogen

cont ai ni ng f ishthnieogen S@Rtaididg il il flowablaais gping film 8.
The net hod ofijggl ai m 1, wherein the met hod furt er corrprr ses anneal i ng

t he srlrco t@ip ilicon oxide
film ETIF]}% %‘ﬂ%?ﬁ?lgﬂﬁg?m%rg% eege e ann §I ing is perforned
in an atrrg6 SFE gan?ap RESHARof ¢l ai m 8,
wherein t ISWHE‘%IP aﬁ a, systeanss Whersen ahlcast aaP%é"ﬁ‘Héfrtéecorrpr i sing acid
vapor . zmmnowadmmeemt@ltbe radcalwhgpgemprehursanneal ing i s
perforned &. Eha meperdofcimabgiwhgrdinahe abdictl 2frogent 0 about 1050 C.
precursor has the formula NH,, where x is 0, 1 or 2.
4. The method of claim 1, wherein the silicon-containing
precursor comprises a distlane precursor or a polysilane pre-
cursor.
5. The method of claim 1, wherein the silicon-containing
precursor is selected from the group consisting of alkoxy
disilanes, alkoxy-alkyl disilanes, and polysilanes.
6. The method of claim 1, wherein the silicon and nitrogen
containing film comprises a silicon carbonitride film.
7. The method of claim 1, wherein the silicon and nitrogen
containing film comprises a Si—N(H)-~ Si bond containing
film.
8. The method of claim 1, wherein the method further
comprises annecaling the silicon and nitrogen containing film
to form a silicon oxide film.
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12. The method of claim@8, wherein the annealing is perfornmed in an
at nosphere conprising ozone (03). 13. The nmethod of claim 12,
wherein the annealing further conprises exposing the substrate to
ultra-violet light at a tenperature ranging fromabout 20 C. to about
600 C. 14. The method of claim38, wherein the annealing is
performed in an atnosphere conprising nol ecul ar oxygen 15. The

nmet hod of claim8, wherein the annealing is perfornmed in an

at nosphere conprising atonm c oxygen (0) at a tenperature ranging from
about 20 C. to about 600" C. 16. The method of claim38, wherein the

anneal i ng i$ e kR oftlam! 8&RRERAIN bR ARRGliRg i§ pem about 200 C. to
about  105@rfned in an atmosphere comprising steam.

10. The method of claim 8, wherein the annealing is per-
formed in an atmosphere comprising acid vapor.

11. The method of claim 8, wherein the annealing is per-
formed at a temperature ranging from about 20° C. to about
1050° C.

12. The method of claim 8, wherein the annealing is per-
formed in an atmosphere comprising ozone (G,).

13. The method of claim 12, wherein the annealing further
comprises exposing the substrate to ultra-violet light at a
temperature ranging from about 20° C. to about 600° C,

14. The method of claim 8, wherein the annealing is pei-
formed in an atmosphere comprising molecular oxygen (0,).

18, The method of claim 8, wherein the annealing is per-
formed in an atmosphere comprising atomic oxygen (O) at a
temperature ranging {rom about 20° C. to about 600° C.

16. The method of claim 8, wherein the anncaling is per-
formed at a temperature ranging from about 200° C. to about
1056° C.
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