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depth to its width becomes high enough to make it challenging to fill the gap with dielectric

material. The depositing dielectric material is prone to clog at the top before the gap

completely fills, producing a void or seam in the middle of the gap.

Over the years, many techniques have been developed to avoid having dielectric material

20  clog the top of a gap, or to “heal” the void or seam that has been formed. One approach has
been to start with highly flowable precursor materials that may be applied in a liquid phase to
a spinning substrate surface (e.g., SOG deposition techniques). These flowable precursors
can flow into and fill very small substrate gaps without forming voids or weak seams.
However, once these highly flowable materials are deposited, they have to be hardened into a

25  solid dielectric material.

In many instances, the hardening process includes a heat treatment to remove carbon and
hydroxyl groups from the deposited material to leave behind a solid dielectric such as silicon
oxide. Unfortunately, the departing carbon and hydroxyl species often leave behind pores in
the hardened dielectric that reduce the quality of the final material. In addition, the hardening

30  dielectric also tends to shrink in volume, which can leave cracks and spaces at the interface of
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Embodiments of the invention include methods of forming a silicon-and-oxygen-containing
layer on a substrate. The methods comprising the sequential steps of: (1) depositing a silicon-
20  nitrogen-and-hydrogen-containing layer on the substrate; (2) ozone curing the silicon-
nitrogen-and-hydrogen-containing layer at an ozone curing temperature in an ozone-
containing atmosphere to convert the silicon-nitrogen-and-hydrogen-containing layer into the
silicon-and-oxygen-containing layer; and (3) amine curing the silicon-nitrogen-and-
hydrogen-containing layer at an amine curing temperature in an atmosphere comprising an

25  amine-containing precursor and water to form the silicon-and-oxygen-containing layer.

Additional embodiments and features are set forth in part in the description that follows, and
in part will become apparent to those skilled in the art upon examination of the specification
or may be learned by the practice of the invention. The features and advantages of the

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

30  methods described in the specification.



30net hods described in the specification. W 2012/048041PCT/ US2011/ 054981
BRI EF DESCRI PTI ON OF THE DRAW NGS A further understanding of the nature and
advant agesoap1zdigo4pr esent i nvention nay be realized by Ppefrarseneessstthe
remai ni ng portions of the Egecification and the draw ngs wherein |ike

reference nunerals are BRBFIHSSIRYRUONtHR TEEVIARAWIENGH ngs to refer to
simlar &?u%o?e (#G%Stalgﬁil%lgi)f t%mﬁaf %/n a%%gl%tage&e 'ﬁfg‘{‘ gpgien't ﬁ]fvglﬁtaqqﬁ%“%} gg ge:ﬁ'lr%]%e{aa?

ref erence nurmer pnen one

conponerdysrefYHRD té ﬂlfeeélﬁﬁh@ﬁlg @rﬂ‘mde)fm getiiceienee thedRmadgsWilideibtike
specification to an eX|st|ng subl abel, it is intended to refer to all such
nul ti pl ECKTGRCE AEMEBHRS roughout ghegevaral drayingsdesfar i SimIU<OMPONFYS:

sel et ednSba0S & feclTBKIBHE iShhbaRl VIS LM ARRRRALAT IR IS RGRI TeNt S

of the invention. spectra o ec ric
accor di nigndte oaniod diutvgrit sinofar tdrepormreusntWin refdr&ice4s Blladmﬂ) eareﬁanémiemh&ral

processi n stem according.to e i.nment.s nve bA shows
a subst r%lf%@m%wfe yg}%%%%%#ngég@e\g ihy lpt?n@%@dﬁ%ém TR BRI o

FIG 5B ghfWacis gas distribution showerhead according to enbodlnents of the
i nvention. 15DETAI LED DESCRI PTI ON OF THE INVENTICN Met hods of form ng

ST con by ) B RBu Rl O S R s PR b P SO i 0 BB et noas

i ncligde @aAEMEMS bMde id@nbd. 1 coOn- ni t rogen- and- hydr ogen-cont ai ning | ayer to
turn the silicon-nitrogen-and- hydrogen-containing |layer into a

silicon fﬁg;‘é P& 94 ﬁﬂﬁts%ig@w@f Ai%&hc AL hé"&‘rcpﬂ%\f{&ﬂﬁod@&?&&% g%’m&e%oh ayer

i s exposed t0 an am ne &t on at ure

anneal . The presence of the amne cure allows the conversion

si | i con-fdRid48hkgehsubsBRcaTeRcHYNs aypeam aoptivaito sradimens af gheawne%m etely
at a |lower tenperature during the anneal. The am ne cure al so enabl es the
anneal tHGuSA showe s sulsstiattairosasieg vhanommantording éd Emboditietsod theansémiont o t he
si | i con-and-oxygen-containing |ayer. 25In order to better understand and

appr eci gtjg. tSB%hbxW@@ﬁd @triblBSEERMR N dad asa}wlﬂ?@@eﬁ@ofhl&tsﬂefm ifbedt®na
fl owmchart show ng sel ected steps in nethods 100 of making silicon oxide

films according to enbodi ments of the invention. Though these processes are

mallides v ansterri ng F HBEE BESCRInDRI s HEASMERRENY MMio a substrate

pr ocessivgthbégodrrhdgelidédtonialeR)are ddieribédoStheah&hsdymbarielude forming a
silicon-nitrogen-and-hydrogen-containing layer on a substrate. The methods include ozone
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20  curing, the layer is exposed to an amine-water combination at low temperature before an

anneal. The presence of the amine cure allows the conversion to silicon-and-oxygen-
containing layer to occur more rapidly and completely at a lower temperature during the

anneal. The amine cure also enables the anneal to use a less oxidative environment to effect

the conversion to the silicon-and-oxygen-containing layer.

25  Inorder to better understand and appreciate the invention, reference is now made to FIG. 1
which is a flowchart showing selected steps in methods 100 of making silicon oxide films
according to embodiments of the invention. Though these processes are useful for a variety
of surface topologies, the exemplary method 100 includes transferring a substrate comprising
a narrow gap into a substrate processing region (operation 102). The substrate may have a

30  plurality of gaps for the spacing and structure of device components (e.g., transistors) formed

on the substrate. The gaps may have a height and width that define an aspect ratio (AR) of
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dur at i or258fCilass thetpereabout 200°C or less than or about 150°C in different embodiments. The
temperature of the substrate may be greater than or about room temperature (25°C), greater
than or about 50°C, greater than or about 100°C, greater than or about 150°C or greater than
or about 200°C in disclosed embodiments. Any of the upper bounds may be combined with
25  any of the lower bounds to form additional ranges for the substrate temperature according to
additional disclosed embodiments. No plasma is present in the substrate processing region,
in embodiments, to avoid generating atomic oxygen which may close the near surface
network and thwart subsurface oxidation. The duration of the ozone cure may be greater than
about 5 seconds or greater than about 10 seconds in embodiments. The duration of the ozone
30  cure may be less than about 60 seconds or less than or about 45 seconds in embodiments.

Again, upper bounds may be combined with lower bounds to form additional ranges for the

duration of the ozone cure according to additional disclosed embodiments.

The flow rate of the ozone (just the ozone contribution) into the substrate processing region

during the cure step mav be greater than or about 500 sccm. greater than or about 1 slm.
4
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disclosed embodiments. In disclosed embodiments, the amine curing temperature is less than
or approximately equal to the ozone curing temperature. The duration of the amine cure
may be greater than about 5 seconds or greater than about 10 seconds in embodiments. The
30 duration of the amine cure may be less than about 60 seconds or less than or about 45 seconds
in embodiments. Again, upper bounds may be combined with lower bounds to form
additional ranges for the duration of the amine cure according to additional disclosed

embodiments.
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filminto the silicon-and-oxygencontaining filmor the silicon oxide film
Car bon reydeoiilmyhl0. nbte dye apnespbere niay hehassaitially avac@in, or it may include a noble

ni t r,agen- and- hydr ogen- cont ai,ni ng.,fi.l.min enbodi.pents .of the inventjon. If
s el R AR SRS OB SR iR s ST ER S oSSR R i ng
filmreshttsnviehting! . FTHARM bindaeWaipeRAIR D TR B rdtOimah ®c Idsh@lanDrlab&@n oxi de
film It also results in | ess volune reduction (i.e., shrinkage) of the

e .
fi | m durlilf@° G Hessdanasrabpuinl 008°¢.Hessghan eohossGUPEC ordass theawpkbout §RBHeing
si |l icon-gpj O8hs f.or (o) r - [.Di (RN o
precurs odr}gfg{ergy S O%E%Jrg%‘%%}%%é%%ﬁgﬁ %%#i%%}g gﬁe%l[e? L abblﬁ%o <
greater than or about 600°C, greater than or about 700°C or greater than or about 800°C in
25  different embodiments. The dry anneal may be in-situ or in another processing region/system

and may occur as a batch or single wafer process.

The oxygen-containing atmospheres of the curing operations each may provide oxygen to
convert the silicon-nitrogen-and-hydrogen-containing film into the silicon-and-oxygen-
containing film or the silicon oxide film. Carbon may or may not be present in the silicon-
30  nitrogen-and-hydrogen-containing film in embodiments of the invention. If absent, the lack
of carbon in the silicon-nitrogen-and-hydrogen-containing film results in significantly fewer
pores formed in the final silicon oxide film. It also results in less volume reduction (i.c.,
shrinkage) of the film during the conversion to the silicon oxide. For example, where a

silicon-nitrogen-carbon layer formed from carbon-containing silicon precursors may shrink
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by 40 vol.% or nore when converted to silicon oxide, the substantially
carbon-free silicon- and-nitrogen-containing filnms may shrink by about 15
vol . % or WO612/04804a result of the flowability of the PCT/US2011/054981
silicon-nitrggen and- hydrogen-containing filmand the | ack of shrinkage,
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carbon-free silicon precursor tgo a substrate processing region,

The
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a si
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ot her cljgsses f silicon recur sors. .The silicon (gr edgur sor aéé f

oxygen- FAREXSTIP Y APETAHAN Lo IS KGR e dhconmniopecRndshy BIgrFesfUUnE (<t n a
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silicon-and-nitrogen-containing |ayer forned fromt precursors. Excess
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shri nkage durin 15deposi t.i.on s t hat renove the hydroxyl (,-OH)

o1 et oL PR e s ERTERG hyliror-SE Rk Bt e et o1 i con
Prequer safydrdi@Y ptddatsel@®r sislidbn AR E - B d A 2D t@inkid) prebdh«léo'il iR othed

N(Si H3) 3, anpbng other silyl-amnes. The flow rates of a szgélanrne may be
gr eat er aldsag ersﬂb;b@mecw@r%cﬂmsﬂgaoeaﬁtr@uraorimy&e oxbgen-freom asdddionge gr eat er

than or %Po e%oorhggg@dztg) gg%rf n]%%l%%tla%g?\ggy BRLLReatibh | fglla?l\gll {s"i‘tr(rfi%sgar'ﬂl‘{ $in

herein re rate processing e waf er

syst ens thosilidor-efithit@gh@bdnthinBgdafdr dvynicat fasn arecbrectdirﬁfrs \/\Eic&lgs silanes woul d
require flow rates scaled by the processed area. These silyl-am nes nay be
mi xed witPicHfdnt f‘oﬁ*razp&&érsfélgl R geuTPHPoraRIcd RErQEHY pnéphripkage duringRast ve gases,

or th g&@i ]ﬂﬁﬁﬁg , d Ar, anong

othg? gé?gé aﬁ%ies 0 ﬁLo - )?ggﬁﬂ§#ggﬁgggk%0%§?lalgo |nclude

SEACE N FE L o e ok

Car bon- g @qsﬁrgblmrslngﬁ%ﬁ Sﬁiﬂ?)énﬁ)h@%tﬂe?@rﬂlﬁdﬁmﬁéss'Tlﬁrﬂ’ow Fhdssilaang)- even
and ?@{

hi gher - order si |l anes, ori'nated si |l anes, alone or in conbination wth
one anotarlmne ory th grqztr@\thmlabomﬂm sosracercaebiban pr dwus p0G som praseaiershas. A

agi on. oo d0PDaPE R s R RaRE S P S5 P ah R PRt Bufli 2R ng

pr eQQr s WhatbBat subgtsat@ piRERtRGystem. Single wafer systems would require half these flow
rates and other wafer sizes would require flow rates scaled by the processed area. These
silyl-amines may be mixed with additional gases that may act as carrier gases, reactive gases,
or both. Examplary additional gases include H,, N,, NH3, He, and Ar, among other gases.
Examples of carbon-free silicon precursors may also include silane (SiH,) either alone or

25  mixed with other silicon (e.g., N(SiH3)3), hydrogen (e.g., H,), and/or nitrogen (e.g., N, NHs)

containing gases. Carbon-free silicon precursors may also include disilane, trisilane, even
higher-order silanes, and chlorinated silanes, alone or in combination with one another or the

previously mentioned carbon-free silicon precursors.

A radical-nitrogen precursor may also be provided to the substrate processing region. The

30  radical-nitrogen precursor is a nitrogen-radical-containing precursor that was generated
outside the substrate processing region from a more stable nitrogen precursor. For example, a
stable nitrogen precursor compound containing NH3, hydrazine (N,H,) and/or N; may be
activated in a chamber plasma region or a remote plasma system (RPS) outside the

processing chamber to form the radical-nitrogen precursor. which is then transported into the
7



outside the substrate processing region froma nore stable nitrogen
precursor. For exanple, a stable nitrogen precursor conpound contai ni ng
NH3, hydreioizne/@s®itd) and/ or N2 may be activated in a clraFusSzoplos®sn regi on
or a renote plasma system (RPS) outside the processina chanber to formthe
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H20, 03,rcHR@DlasNBOwhisOvwal a2 prcadthd fiyn wpbakygay, while dadrsing ploeabiigpr may

be used ich does not contain nitroge n it r
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sect i on mfrogamdosisstlicanaitrassesdigrogericortaipag lnysrantgn provided biepbegan on
regron V}’?oqirdﬁlé S ILEENR 0&1§co%affniﬁ§§rercﬁlas8£ to dep_os! t the
si licon-and-nitrogen-containing er on'a deposition substrate (e.g., a

sem conduct or wafer). The radical -nitrogen precursor may al so be,
acconpanP&mbeginengsimplaying achamber piasma gevgehc (aP§al-nHregeB GEFURRIS, hel i um

etc.sth eﬁ%&hgﬁ% ScRloATF R ﬁgstﬁaqg P%%&%e@goﬂ SafHtHoREH BRI E4dPoGion region

"plasma-Tree" during the growt

si | i con-wiidre dgemecunarhmiy aglereac omtiepositnige dilagomraraAdtrdgemi-cogptdiineg llayer on a
tenmperat ure .ozone cure. "Plasma-free" does, not necessarily nean the region
o Govol tIPGTOT SONEHE Fhe- B BEPRSTOr T Tantedio e CEhBIFSEROpIAL A0 Sg1 on
are har dytRcs8pdni&l B4 cABY: SRGLOREM n}(ﬁ?} AHRBER @QBTIE%%E{?%&! MGhel €91 ON

through the aperturé€s in the showerhead. In the Case of a
i nduct i webstratopekeding|regima mag bg.desaibsdihbicinagso prasmefiréed divng thorgremath de

i.t hi n. the 25sub : i i on, di ly. Furth :
| ow 0t ahe PR B R BHRRE Riee ud AR T Bbeath v on o
wi t hout kd. MPiakiat@ed” iBed huRbdsSarllqtntas tRf rekioa i VB flhdnia. THd botdstses for

a plasma having nmuch | ower ion density than the chanber plasna region
during tHéhaplagni prtherhamer plagimeapeinn picdyehtoplcding psdmay sneroechoenghe from

the sco ps%Bé%]fatéf' gﬂoéés’éﬁﬁ;gfréﬁ% t}ﬁ*&ééf%g aPSREL I oA PRLE 21 PmR Q% SFShNY T egi on
may al so be plasma-fFreé; usin
inductively-coupled plasma, e.g., a small amount of ionization may be initiated within the
25  substrate processing region directly. Furthermore, a low intensity plasma may be created in
the substrate processing region without eliminating the flowable nature of the forming film.
All causes for a plasma having much lower ion density than the chamber plasma region
during the creation of the radical nitrogen precursor do not deviate from the scope of

"plasma-free" as used herein. The substrate processing region may also be plasma-free, using

30  the same definition, during the amine cures described herein.

In the substrate processing region, the carbon-free silicon precursor and the radical-nitrogen
precursor mix and react to deposit a silicon-nitrogen-and-hydrogen-containing film on the
deposition substrate. The deposited silicon-nitrogen-and-hydrogen-containing film may

deposit conformally with some recipe combinations in embodiments. In other embodiments,
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30t he sane definition, during the am ne cures described herein. In the
substrate processing region, the carbon-free silicon precursor and the
radi cal - woropamasq@iecur sor m x and react to deposit a PCT/US2011/054981

si | i con-nitrogen-and-hydrogen-containing filmon the deposition substrate.
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These short chains grow and network to form nore dense dielectric materi al
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T AR SrRE AT At e phne Ao PP et iR R SR FReRP sor
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filmis also substantially carbon-free. O course, "carbon-free" does not
necessarfiregpursps and thegadicalmiiragdagrespesor ereaeasbanben the dbositadisdironaairersi-

cont am t e ' C U S ri at_ fii heir wa
ot notd s gBuRRaE R Ixhilo BRb AR ARG ET (B ulidZ el " 1Y

amount afoet heseceillg indanmhy filnh Bskhowaveice ameuoncdrbss Cirbon wenthidinaatsf ound
in a silicon precursor having a carbon noiety (e.g., TEGCS, TMDSO, etc.). As
descri beBayabsoriesent Hethg gprsurspepnatstiplsdl fmdithghwuay aﬁa theydspeyie-sHisabaPAi ng

| aye - > . Z it .

vay 18ty OB nRERERARE pRU ORI By e B R RGP R e
si | i con-thantvauldibedoyrdeiawrssiaronpagcubser bgaeg b icatbby muiitty ¢genTEOSe TMIDSO,

enbodi ments. I n sonme enbodi nents, both the carbon-free silicon-containing
precur sdtchnd the radical - ni trogen precursor contain nitrogen. On the other
hand, the radical precursor may be essentially nitrogen-free, in

enbodi neht descabad abhee.ihe depgeited whicank@trogen-and-hydrogen-containing layer may be

o DAL SIS0t R SO RETB LAV TRt S SURRLUSS e
radizoal dehRehS preciisbls. MBe carbon-free silicon-containing precursor may be essentially
nitrogen-free, in embodiments. In some embodiments, both the carbon-free silicon-
containing precursor and the radical-nitrogen precursor contain nitrogen. On the other hand,
the radical precursor may be essentially nitrogen-free, in embodiments, and the nitrogen for
the silicon-nitrogen-and-hydrogen-containing layer may be supplied by the carbon-free
25  silicon-containing precursor. So most generally speaking, the radical precursor will be
referred to herein as a “radical-nitrogen-and/or-hydrogen precursor,” which means that the
precursor contains nitrogen and/or hydrogen. Analogously, the precursor flowed into the
plasma region to form the radical-nitrogen-and/or-hydrogen precursor will be referred to as a
nitrogen-and/or-hydrogen-containing precursor. These generalizations may be applied to
30  each of the embodiments disclosed herein. In embodiments, the nitrogen-and/or-hydrogen-
containing precursor comprises hydrogen (H,) while the radical-nitrogen-and/or-hydrogen

precursor comprises ‘H, etc.

Reference is now made to FIGS. 2-3, which are FTIR spectra of diclectric films according to

embodiments of the invention. The amine curing treatment described herein follows the
9



referred to herein as a "radical -nitrogen-and/or-hydrogen precursor," which
nmeans that the precursor contains nitrogen and/ or hydrogen. Anal ogously,

t he precuweaniZd4emed into the plasma region to form thePCT/US2011/054981

radi cal - ni trogen-and/ or-hydrogen precursor will be referred to as a
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cure)). @Quiksijelewingthe alpm@s:@mc@wﬂpalter?éﬁa(m ABINELUES) et ﬂb?s(@s/amh@ CSre)N peak

0 ow.te erature r cur a 204
30420 naTkgsEne Plstheb AT weiune ST aPgy MR rsTon Bk PR RBEr By ety
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significantly increased. A dry anneal essentially conpletes the conversion

to the dhelovotemmserbuy getercorm d dbelesadpydodimenssrsbd thesyrfer roughputicandat i on.
25 Exerrps ﬂcaﬁ'tlgr 11909555%(. g%r%&r?e% égsgtﬂla‘l?@/%%&metes the conversion to the silicon-and-

oxygen-containing layer in embodiments of the invention.

25  Exemplary Silicon Oxide Deposition System

Deposition chambers that may implement embodiments of the present invention may include
high-density plasma chemical vapor deposition (HDP-CVD) chambers, plasma enhanced
chemical vapor deposition (PECVD) chambers, sub-atmospheric chemical vapor deposition
(SACVD) chambers, and thermal chemical vapor deposition chambers, among other types of

30  chambers. Specific examples of CVD systems that may implement embodiments of the
invention include the CENTURA ULTIMA® HDP-CVD chambers/systems, and
PRODUCER® PECVD chambers/systems, available from Applied Materials, Inc. of Santa
Clara, Calif.
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Deposition chanbers that may inpl enent enbodi nents of the present invention
may i nclude high-density plasma chem cal vapor deposition (HDP-CVD)
chanber s,wplaprms@mhanced chem cal vapor deposition ( PEGUDUSeH1ANBSRE,

sub- at nospheri c chem cal vapor deposition (SACVD) chanbers, and thernal

cheni cal Ewwdﬁs of eplstiatd pyAceskiagisbasbera hoheprochised W@@gempla&on@ﬂ@dbef e

hvent | aACoROR oY b R Rl R R il BP Rl £ P SRR e
PRODUCER(p. NE6Y/B08 Aagrel sonyisdke e al, &k Mapbe, jOOGmnﬁnﬂledeﬂRWE@Si als, Inc.

of Santa Clara, Calif. WD 2012/048041PCT/US2011/054981 Exanpl es of
subst rat@é%@%g% HHAHO ERIC CAdFIEES thieenise gonienthobwbiehinhsfeiet hods of

the isnv

L T S S S R
2006, arsdoWntahédeScBRéIESs SCPH,WEER ORI 7EnEGTRI0® 28ARR] chlayd altsdnmcemoratei
cont ent i C e S incorporated by reference for all purposes.
Addi tio Fe”é %h?)t?@iﬂgﬁ E’{rﬁ EHPO8Y i ncl ude those shown and described in U. S.
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15chanbers 408a f and back. The processing chanbers 408a-f may i ncl ude one
or nor e BYsbewcd iperear she wibstatp vefars fgm the Aeldimergca 406 torkke BiREFSINZet chi ng
a fligwa I m on the substrate wafer. In one configuration,

t wo galgggog&§4g§%?g§%§%%hg chanber (e.g., 408c-d and 408e-f1) nay be used

to deposjt theflo ed| tric terlal on the substrate, n(g t.he third
pai r of d’é%%eé?lﬂ% fP%y g ﬁ@éé%‘jm%r?“ﬁ&l CRURPERS LofreRPS g
deposi t egneiipbe&ling anHR)r %i%ﬁ{ earﬂ&g’aﬂflé glgfe%ﬁlccﬁrlm S SABErafRa PRl Ihnef
processing chanbers (e.g. 8c-d 08e-f) may be configured to both
deposi t @nﬁgmh@altwapﬁimwéﬂhbermmmhanlbef (elgn%Ctdmlds‘lﬁ)BS{ﬂmﬁEbemdlte t he
third p

408 ﬁlg g} E- beam curi ng
of ¢ he asped] PEARRRPlsvic Rt mef PR f sttt 45F e Bl P PFoRe S Wai < of
charper scha@béks (c.408084-)) MBy b®8sod26 @ﬂﬁdagﬂfe%péﬁtedﬁ%& anghaghre a flowabl e
dielectric filmon the substrate. In yet another

configuration, the same two pairs of processing chambers (e.g., 408c-d and 408e-f) may be
configured to both deposit and anneal a flowable dielectric film on the substrate, while the
third pair of chambers (e.g., 408a-b) may be used for UV or E-beam curing of the deposited
film. In still another configuration, all three pairs of chambers (e.g., 408a-f) may be

25  configured to deposit and cure a flowable dielectric film on the substrate. In yet another
configuration, two pairs of processing chambers (e.g., 408c-d and 408e-f) may be used for
both deposition and UV or E-beam curing of the flowable diclectric, while a third pair of
processing chambers (e.g. 408a-b) may be used for annealing the dielectric film. Any one or

more of the processes described may be carried out on chamber(s) separated from the

30  fabrication system shown in different embodiments.

In addition, one or more of the process chambers 408a-f may be configured as a wet
treatment chamber. These process chambers include heating the flowable dielectric film in

an atmosphere that includes moisture. Thus, embodiments of system 400 may include wet
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configuration, two pairs of processing chanbers (e.g., 408c-d and 408e-f)
may be used for both deposition and W or E-beam curing of the flowable

di el ectriwQ 2od2vd4804a t hird pair of processing chanbers (@eCEH/US4O8a54981 may be
used for annealing the dielectric film_ An%/ one or nore of the processes
descr i betratragnt gharabars f@tr-band meehpraprssing chayabras 40%dd fo parfarmebogipwet and

fabri catd on. systemn sgte)vg]S. i(gdlgilefc er@ant enbodi nents. In addition, one or nore
of the process cha eris HE) a-tnmay e configured as a wet treatnent
chanber. These process chanbers include heating the fl owable dielectric

filmin Hf- afibaprstratcrmagessing phageer rB seqording indisclossdisarhodsnends-ob system
400 ' ) 4 ' '
4082 b’ AR areat e L AN R A e R TR o TR

anneal s asentlie Stiepbeoptdestindi glsaopply chdrninkmardVi@blowithin the gashslket atsemplyocessi ng
A renote plasma

chanmber 500 agcordin di scl osed enbodi nent s. tem
(RPS) 51%qn‘é/§ﬁF ef@élg% %1390&&1‘1% o o Bipory Gusled RS e A S Eﬁf’g
Sassenbl s o5 dile 1 oHl Shdmel 5 BAS pasRP I FENNE! P8t Mafhdl!se2 Wdyenistie gas
inlet assenbly 511. A first channel 512 carries a gas that passes through

t he rendbethglpasaess gagsing theRREpEIdianndiSll & neydeasedi faghdrmthers £3s ydsdesed t he
RPS 510. The.first..c el 502 .y be us or .t he process.qgas, and the
Socond RGNS STRATRE R8T B lor Rr e 3o dhe b REr PREGTRR 83RO

enbadi Mafesred 118 4 iHbwicRica@PHERIGE KNyt RithRA AU é@g‘% 5206h BethREh, artatied
partition (also 10 referred to as a showerhead) 553 are shown with an

i nsul at iahlgwsiap\ Gpatentipl e boermicd i theHidal2 lopktisg toasrissatedpattition 5 hellppl i ed
‘o the Ii ) ' WS
0o SR e BB ARFELRDEL S0 MALRELEP BT TRG POOSEIRTES ) e

exci t ed dyyited p} aplBmi ih ciaaitee plaphasdgor £ Aond@ln @bmbmation with@RR0S Iat i on
with RPS 510. The conbinati on of chanber pl asna reBi on 520 and/or RPS 510
may be rERSOMNation 9§ chamber plaspirdcgipiasihand/er BRSHdPangy, bemgerisd ie ot at ed

ar tyist i s reai f
B b ate o e A e O P e PRSI ™ Slhpat b
al | ows alpinmsmpioprsés dvim a substrattpescepdings mgianetjildren&2D shovakedds5di rect | y
excitin ases i ubst r at rocessi.ng, regi on 570, .whi stil] ,allow ng
xcl t ed UpRered 035 PSR DB PERERIB D BIOS e RegaRT 3019 s GELTT at o
processifgiting by i {thstrald prAQUERNRALOPD, WRilPOSI AilARRE REIIRBRIEBTRSE]

pl asma region 520 and substrate processing region 570 and al ows plasnma
ef f | uentfeoni ehanbeplagerirogion V2@ insé syrstetgmsercssing ragidneY70gases) created within
chanber plasnma region 520 to pass through a plurality of through-holes 556

t hat2ot r BiRkeehdal 853 [N gsNRRSd BétwebE clitindice Fla‘ﬂﬂ@ r&ioVsz(haackudsdatepoRe gy one
or nore holl ow vol unes 551 which can be filled with a precursor in the form

of a vapesionp/gand plieyethplagmacihlents (exsHed dertvatinesy PHrErSsYTothrdspas s

t hr ough | ' tar ' r.agi bt

directl y&%%dowgﬁlg%‘ggr%gﬁ 156{%5&7133 Ir%glg)?lc? r%ag(gaf%rs%ﬁrgﬁ r% 181.15‘9 gggpfhggl?%q@?% han t he
| engt h ahatttheecsetid teRknebs afftiegiatb SThofhdweehdad 568 glyehat ese &rxGoterhollbivs

di scl osed enbodinent. In order to maintain igni ficant concentration of
exci t ed ‘ObERseS | peheh P?’e{’cl?erf‘([})‘?ﬁfdr‘ﬁﬁl? & REGFHESPT mtgg BIROE0E38 $SUSHBE £r at e

pr oggssi sﬂgcoh%}wgg}nﬁ%&ec&ﬁ&g 'aﬁii‘?££ t@%%l?%m&ﬁ‘ﬁol@é)?%'td ﬁ%&trﬂ'b ?F&%&ﬁn 50 of

t he through-ho be restricte ormng larger dianeter portions of
t hr ough-rhgibe $76 56t e dircetlyyintchehaudpar plasms hopwer $ia ShbB8rhcdth 653 erbickerahart he

sl st ST 7, 5001, e LPCopOly L 5, 926, . b g parp o der o
di scl oseghRyahAsitMeNbRicr to maintain a significant concentration of excited species penetrating
from chamber plasma region 520 to substrate processing region 570, the length 526 of the
30  smallest diameter 550 of the through-holes may be restricted by forming larger diameter
portions of through-holes 556 part way through the showerhead 553. The length of the
smallest diameter 550 of the through-holes 556 may be the same order of magnitude as the

smallest diameter of the through-holes 556 or less in disclosed embodiments.
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WO 2012/ 048041PCT/ US2011/ 054981 I n the enbodi mrent shown, showerhead 553 may
distribute (via through-holes 556) process gases which contain oxygen,
hydr ogen wodbvo48i4ir ogen and/ or plasma ef fl uents of suclrCprusec@sdsgases upon

excitation by a plasma in chanber plasma region 520. In enbodi nents, the
process lgake ¢mb¢<gm9@t@howm topgeerRPSS 1y dirgriiite chatershphalent o ericess 520

(03 ng0 N PR TRy ey TR F R B Yo PR B BIARD A 106 s

The pr oge6&:sgasscsaponad:@QatidiChyuglplagme &f cHa@ibef plb srabl edpi@s510e | Th eMbodingmis,
nitrogen (N2), etc, The second channel 513 may al so deliver_ a process gas

and/ or dh¢ proepssigag drodyergigto the RPSm8 apsliy clymabey skagme segiemd/thaenahisint ed
. ! . 7 |
conpanent,, f 1 lﬁhdé ggy%&\éin%e% élgojle \E}g?g@eeg%é%), %)%]dﬂe (86)2‘?4%, 0, NeEREL, R

i ncl ude 1oni ze neutr al 0 e process’ gas and nmay al’so be
r ef er r edntloding ™NeHg, stiang disldhe dlSAoxybPRApTde praoess gasaiayralso inaldide alcamict r ogen

precursor referring to the atom c constjtuents of th rocess S
" nt 1 oduca SIahAs iRt Fent <itesa (Naksir g SFWD&&@W%S%@ mgy Gfsﬂéigﬂlsf‘é dhet ween

about 60,504 /o? AQQrricf BEQUAN NP HER-carfe PRYuLAYSrédhoi@h ehWafkdshapes but
are nost easily made round.” The 15 snalles% di anmeter 550 of through-holes

556 nmay doepoetmdm HiseuowidgSmas-depbsebd (itm 2 Bkmme cftbenisensy mblode idnzedamd
abog@ 6nn1{qﬁ§LscLoseg enbodi ment s. Theqe S ?Is tI titude iﬁ.choosing t he
or osd- sdlpt ATV ERR 6T B WATOUEH. RIS Wiy BT walicebsen

cyl i ndr Hﬁ@dur@fr afd/6PIRIdNal-nRfbgeh pidlBrsbMRFGHAR RSthe hignib UoReitucts sTiRd | hol es
555 used to introduce a gas into substrate processing region 570 may be

bet ween rapesst gasgotredicdbout 5000 or between 20 about 500 and about 2000 in
di fferent enbodi nents. The dianeter of the small hol es 555 may be between

about 0.4 emboditetnad) chel nunbeof rdughSB1¢sS55% ot bobotweavatolt 60 shpauh2ei. 553
for use with a processing chanber according to di sclosed enbodi nents.
&

Shower hedougaheley 3 shan By Yasictnel sbaprdhasanash sty inprde reyinds Alhe

Thr qugh- ' 11,304 ' = di he

pot {am o J S E e R Ry BBy SLE el 35 o B o R O BB S e
di st ri butrddtveach sbaurttlinarh lagd eban l6ynno wedis¢lbed surbodmecntd. Thhe is hisoatinetedn even
anongst the .t hrough- hol es 6 which hel to ovi de nore eve 1.Xi ng, t han
ot her crfOOTHE HES e Ses epTHEY B rous 1Bkan BRI T combial salisedl
SUbStra&ﬁa&%ﬁﬂ@&&@ﬁobﬂmﬁwﬁ%ﬁﬁi%aﬁhéH&hb&hﬁ%ﬂ%ﬂw&ﬁéys@s%Hgﬁbﬁﬁ%&hﬁég $s1ng

regi on 570 when plasma effluents arriving through through-holes 556 in 30
shower henw sBbgratopiocersingiregion S0 iag bn bebvicaiahpuid Opred abaw 5060 oi kdtwegent hr ough

the .smal | _hol es 555 orj.gjnati fromhol | ow.volunes 551. Th S trate
or ods < gt aeBd Bodf 208 WPuir BTt SRERARS B SR il dne P A

pr ocessafayshebetasertabound.l i@ aBl abom 2 impr esent during the growth of the
exenplary film WD 2012/ 048041PCT/ US2011/ 054981 A plasna may be ignited

el ther iflcchaben, plasin, 5@@&5@%%%(1%39;@@9&)@@@2@@%@%& RimBUBRLARE

processi ng fegion 0 ower hea s°present 1n c

pl asma rtedisolos&RénbadipeadusSiow drdcadshcairrempdnde gath the sitawesiogad fshown anFichf | ow
of a nitrogenand-hydrogen-contai hing gas. .An AC voltage typically in the
radi o f régquéheyeh-Reys ég%r@ Gepictdppitl & Brgra difpss iamprder h%ﬁie\b@ttt)@p)f lid 521
of tie %@18&/@&1%5&1953(:%@%&%9%%@@1\@@5& eqflaPRSict 955 are distributed substantially

evenly over the surface of the showerhead, even amongst the through-holes 556 which helps

to provide more even mixing than other embodiments described herein.

An exemplary film is created on a substrate supported by a pedestal (not shown) within
substrate processing region 570 when plasma effluents arriving through through-holes 556 in
30  showerhead 553 combine with a silicon-containing precursor arriving through the small holes
555 originating from hollow volumes 551. Though substrate processing region 570 may be
equipped to support a plasma for other processes such as curing, no plasma is present during

the growth of the exemplary film.
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ignite a plasma in chanber plasma regi on 520 during deposition. An RF power
supply generates a high RF frequency of 13.56 MHz but may al so generate
ot her fr eyoencym@so4al one or in conbination with the 13. 5@Chvis26meseency. The
top plasma may be left at | ow or no power when the bottom plasma in the

subst r at/ plome e iagitedegithoninghamper plagmregeion 320 abpyhehowstlrced 3538 I m or
clean the, i.nteri r er | t r | teg 70. A

ol aoma 1D g st BB ST R BP ohBRe P b, £ AR TE G S PR

vol t age prgnverepios 500es pddcdthd ratichl hhfogpe gastabr fombkatih 06w of a hittbgehanber. A
cl eaning gas may be introduced into substrate processing region 570 while
the pl asWi-hydrqgeasanpiningasi AMACivoltageiaryally Hytha mdie fregwangy (RE)range is

enbodi i i ) y.

changel PhisEBethif IR CERMCADe (b RS ARERR BRENIALE BaNERhaRERD55E

t enper atigniée 0plasthe irseHastbeaplesmd hdgsorcRf dugimgatepavitial. | AnB Ftiosves silggiy at e

tenperature to he coqled or h intain relatively_|ow tenperatures
(fromr cﬁﬁﬁ?r@@ﬁﬁgv%h @?éreﬂh?wgﬁﬂgg@?ﬁi g@fejl?y i SPREEte eﬁﬂeﬁgﬁ%nm% P fray
CO”D”Sf‘or%Bé(ﬂﬁi%ti&l%ﬁRkheadeséﬂﬁit}&ffreq-ﬁleﬁcy’."af er support platter of the
pedestal (preferably alum num ceramc, “or a conbi nati on 20t hereof) may

o oo bsER SR e B S b LR B S = o
enbgddedrb@atiss r&i@Metis @anéd evtRdihbPcurBK &ilinvR clddh thd fdpidr kuifdcbe form of

paral |l el concentric circles. An outer portion of the heater elenent may run
adj acentbordermgsubstrpgs pocesping iegianpPbr A phisaratia subsiyiic] rsoepssing eiopdtk Bon runs

on the . c i i i I i I to
25t o hag ety BeBAE TaCOBH B SO G B 505 L s Ak o OIS RE £ %
pr ocessichgmbys t2 lchsing @ad mal be thtivduec dsiyit @istenn pfodtdsaig. region 30 evhélophear y
enbodi nent, the systemcontroller includes a hard djsk drive, a floppy disk
drive arfdasinays PEsSEoNo DtpENis g ek dymecHnna rwing s sBeEmEBiS of thedAyRitien-
(SBC), analog and digital input/output boards, interface boards and stepper
not di5 ¢ Oftterpeldbstal nxgalrats a hatrdéxobmep @htmebfhr@EhGuiiicls y St @ rex clamizo flmd fbowdhie

Versa Modul ar  Eur opean (VME) standard. which defines bpard, card cage, and
connect GOER AR BTE Rt FoaDS o  UEO S et AT BPHEE pe s

St ruct urg haoHay bPSeafedt iihtaBiabAtiDHS 180 erBpRAuRs (884668 SehpSatulD
2012/ 048041PCT/ US2011/ 054981 The system controller controls all of the

acti vi t itbeough abdvg 1209 )mddiaiheet. exThangs ylidempy oprnpiode athylencegmead and ypateam
control .software, which is co r programstored in a co t er-readabl e
medi um  Brerar aupySrtpfiler e RASUL GiraiRH Qniint &rlle Y RESRERIR, oy

al s@obe thé¢rbef) nidyndke 1f resTRiNRIYhealddein ©edR 4 8¢hiPcadlairly AedhueRpcafirss (Blom
instructions that 5 dictate the timng, m xture of gases, chanber

pr essur exboghEivbe throagipebeut | #@0°Cresips we embeddedsingdertoop prtheddrsdiceicsn, and
other paygmel g&%ﬁ re@to%{l e'&%l il Tngfrng’&et%% f(?ré% @ﬁj’a{f%ﬁéﬁcgfnsrj@rc%fe@. nHhupiyed on

ot her menory devi<Tes I ncluding, exanp oppy or ot her anot her
appr opr ipirtordsf the hedi@yel@hQm ni2g rus edjatent ks periradteit dfehs ygiperaptater,ohileedn. A
process for depositing . a fil r’rf] stack qn a sglbs,trate r a process. for
cl eani ng"BrPREFISHN T otk hEPaliecli aRoNEsREHE 8dclasrYIge & sehputdis pl by FEMEPoduct
thabs! S EXREHLBerbhi PRRCSHPAGMFONEL YR poall, conput et program code can be
witten I n any conventli ona onput er readabl e progranm ng | anguage: for
exanpl e, 68000 assenbly | anguage, C +, Pascal, Fortran or others.
Sui t abl TSGR BoaBSTE SHCd et ST Y GiRgre Phirelero IT RSB 1| es,
usi ng a GHHaaREdtoRaky & toRebifcP inchRIRE a BhRN &6k AiveaPREpEdisk Qride GRIPUL er
usabl e nedium such as a

processor. The processor contains a single-board computer (SBC), analog and digital

input/output boards, interface boards and stepper motor controller boards. Various parts of
30  CVD system conform to the Versa Modular European (VME) standard which defines board,
card cage, and connector dimensions and types. The VME standard also defines the bus

structure as having a 16-bit data bus and a 24-bit address bus.
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15 nmenory system of the conputer. If the entered code text is in a high

| evel | anguage, the code is conpiled, and the resultant conpiler code is
then |ink&o 20i¢ds@m obj ect code of preconpiled M crosof PCIUSd@ADG4981 | i brary
routines. To execute the |inked, conpiled object code the system user

i nvokes Thesysbineontrebereoncelsslled tharstiziviepot e Cs%m@hm@ lTbaayatm code in
k
Ing gﬁ[ ?/ f |C§B§°1%D%ﬁ&g§% %gt%glsco%{}glrﬁem{a# vvsnf éﬂglg bC%&%élEe? pro ser {ggéncp% t asks

cont r ol |@mputer\teablefrh@linrpaPedferablye the S@AIrh iiy/€hara rigkQtrive) HShtttlliEBdelﬁfner red
enbodi nent two nonitors are used, one nounted in the clean roomwall for

t he operB#btleo bnetheringds efapepei AdecRBIPWES Proesim inedidss sefF pBInsEegiions thahs .
The ©wo MORURL §miTRY ik &&Q@&Ua{a&b%k EI%E%XQI, AEm ﬁ@ﬁ@mg&fa&"ré@iﬁ UII‘?&W 4 N which
case onl y one accepts | npu at a tine. 0 ect part I C ar screen or
functi or1¢vd1:heumpptoapmtldroandhemeapajmmgrsadfa@amww@’rodekm Othoctomspnsi ti ve

noni tor. The touched a ea chang&es its r hl i_ght ed menu or

screen iREOHREISPIRYEEN ¢ briF PP RGIC s iet g G e eﬂ H%V%EP&? F' and the
touch- sepsitkl YoM Bive, %a@%‘iso%‘ﬂs@@?o inStE tiRSsyRekfppaslid. nouse, or other
poi nting or communi cation dévi ce, be used instead of or in addition to
t he touch-sensi n|t ser to 3 cmmnlc te with the
syst em conton o S8 admeTuen %%étfarta%a iy e” SR b oth o o

wi t hoor b ibdpRithentaMBin 4 @miRAcrtfRes@RHrodite tiak RR{EEutSUBY iﬂe@ygemn@@u@n
insul ator or a sem conductor of a variety of doping concentrations and
prof i | esTherf@mpaier praprara gadpean bepwrittensiamng spansational sompuicareaddile t he type

e A A D50 B s BRI GSEY el YT il R0E O
ot her elshent ShitabEbptatesdds iseitbredsntdiatsimpgefile, dsryrdnlug&rﬁlegalsilngm and the

like. In sone enbodi ments of the invention, silicon oxide consists
essent | Zonyersionalj trxtedion Apd siRieder cmRogisd in 4 camputskseplemediumesuch@sar i bes a

gas l\ﬁherrﬁérﬁ?@tsg S A éﬁé)gfmsﬁ%%tf gltete it KAVIET 18RS H1§1 level langélage the cqsde

vi brati ona XCI t and/ or i1onize
precur sas ¢omp191ed9enchthemedmiltaﬁtqompﬂef cddeos then hinked géab es obpctemda o6r s) The term

T R IR e, | ORLLE o o0 Lk L L ched BaaTE

t r enchesodBYhARPEAT ustf ﬁ&ymrthe@aﬁ@ét,co@@lcxwdhe chRGLRAGHER to 1Bhd evabety of
ot her shapes. The term"via" is'used to refer to a | ow aspect ratio trench

whi ch may nommarpy Tho CPbethén fdadsland ¢><I¢c1mbe$ e code fogremoamies taslsallderd! feedtin thsal
connection. 10The term"precursor” is used to refer to any process gas (or
vapsPi ze8°¥78ui d dropl et) which takes part in a reaction to either remove
or deposit material froma surface. The term"trench" is used throughout
with no Th@pmeéfa@q eriweernt utchendtheiventreléasieyipy fgpanel teuchscmoliv oarigr a8 pect
ratio. e r I al ,

pol ygonakg }Sﬁgecr{ an uq%‘aﬂ}{&g&@g n\?/o%litfogst are u#ed ?rﬁehl% u 1natHQ ?%En fdonr? W@ﬂ f0r tﬂg

used t o gpefaddrs ad alelo@Msr bsmaﬂﬁ&twalafdr@hd geeﬂcdntevﬂmlcﬂansmphmorm@fmmi mlag f| | | ed
with nmetal to forma verti cal ectrical onnectlon As used herein, a

conf or metmplignspuslp isplay the %H&éﬁ PAIQN, i &hrﬁaﬁea%ly OB¢ AGRSPIS AHRYL A iEge.

sur face Td’se?&'?a ﬁgrg?%%p gtggeenftg Cfﬁltf'&loﬁu{hfe 3 Qt’a dr t&cheﬁt ?@Tsﬁﬂa{eﬂ%‘?eaocff tﬁ@ﬁ)ul:ﬁ?‘-y er

and the surface are genera y par a person havi ng
or di nar yseskiivd mbnitarhdhartduched hren ebogas Eehtghhghtedh eolde posintednamtaest@bn Isi kel y
cannot ch 18 JIO%%) c(::oo 1];‘r?1{nrgaclomar1r1]19nléar%1%rsl btepweee% he ope aﬁgre an% tllg touch-sensitive monitor.

Other devices, such as a keyboard, mouse, or other pointing or communication device, may

be used instead of or in addition to the touch-sensitive monitor to allow the user to

30  communicate with the system controller.

As used herein "substrate" may be a support substrate with or without layers formed thereon.
The support substrate may be an insulator or a semiconductor of a variety of doping
concentrations and profiles and may, for example, be a semiconductor substrate of the type

used in the manufacture of integrated circuits. A laver of "silicon oxide" mav include
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20al l ows for acceptable tol erances. Having descri bed several enbodi nents,
it wll be recognized by those of skill in the art that various

nodi f i catworne12/@Bdaser nat i ve constructions, and equi val enPsTrsgoibos498ed

w t hout departing fromthe spirit of the invention. Additionally, a nunber
of wel | -IRMOUHY qonedvrsions efrthercderpantal chassuddt sush epnisen.iydwgen orgar t o
avoid u ssariql.y ri sent 25i. {..on cor di.ngl t he
above doadiioiR haBERa LRl R AR ERgr S E R B fEE RN el e

i nvent i qfilicowhad @xPgdhanggasaih avdbused istutddrdevdribeda ghd whéercinnd ésast wadt dfhiaé each
intervening value, to the tenth of the unit of the |lower Iimt unless the

cont ext 4 B¥ecplegiars impakradenalyvixstcd, Hessopend arboyigpard aws| ovs (P mits of
Lhal st angeeurdr AP b8 REGMbInGRLA ¥r N6 SR Las ERFMAIRL) OThd @it e fRhuRen any

30stated value or’intervening value in a“stat range and any other stated
or i nt erusedilmgughaliueith no tthplicasibatled theandedigsomnicy pasbegt. hofizentabyppectand

|l ower Iim.ts_of these snal|er ranges y independently be included or

excl uded?i% Y}P@veﬁgﬁ% ?b%VﬁdL%%Fﬁ%%tﬁg}@ﬂ%ﬁe%éa@e%@aﬁwﬁ@P&gpnfﬂot hilimts
are inclideohlst, sNevaR) bEShEARIES. The HrO@IGQ TRASS @Ckelol Dot dsP&et ratio

i nvention, subject to any snecifically excluded limt in the stated ranae.
Wer e t Heensh athedh magneremianedtihtddlod@y id0maiadws0nh RETIHYBRA L1108 498 1cctine. or bot h
of the ljmts, . .ranges,excluydin ither or both of those.included limts are
o1 sd0F notised FEAHEE R e o rY bresess gt frdarbian it ora el i
forms " aakespaft'in ad&ition ReCitheP fdnil@ oBldbpdRlt nh8ERI ERina WiERSS the cont ext
clearly dictates otherwi se. Thus, for exanple, reference to 5 "a process”

i ncl ud vality. g . ) " "
e e e e T

t 0 t hosehoskbhthledped rithe Wictved &itoeh s vt did durfadd, Sencliddenayaip@sar ctroniar, iosel, "
"conprising," "include," "includi ng@ and "includes" when used in this
speci f i PtYeRlargtanguieher parTighnioh giher shapgs- aFle terp eniged wsed &ptsrity 2 dews

presgnc gsg{ft Rl R Qleat ﬁ‘lﬁ}e&é ré%? %&%rfﬁ%ed%@ﬂl@ﬁm toforfa \%h%?? elcBHtalt hey do

not pre e the presence oOr I on of one or nore other eat ures,

i nt eger soncaniponAstused sdreipsa cadbosnal dayegraderpso a girally uniform layer of material

2012/ 0480(%1421:1'sl?lgr%la_llcéJ 1%2&% ]s'a/mqg S ga%% as the surface, i.¢., the surface of the layer and the surface
being covered are generally parallel. A person having ordinary skill in the art will recognize
that the deposited material likely cannot be 100% conformal and thus the term "generally"

20  allows for acceptable tolerances.

Having described several embodiments, it will be recognized by those of skill in the art that
various modifications, alternative constructions, and equivalents may be used without
departing from the spirit of the invention. Additionally, a number of well-known processes
and elements have not been described in order to avoid unnecessarily obscuring the present
25 invention. Accordingly, the above description should not be taken as limiting the scope of

the invention.

Where a range of values is provided, it is understood that each intervening value, to the tenth
of the unit of the lower limit unless the context clearly dictates otherwise, between the upper
and lower limits of that range is also specifically disclosed. Each smaller range between any

30  stated value or intervening value in a stated range and any other stated or intervening value in
that stated range is encompassed. The upper and lower limits of these smaller ranges may
independently be included or excluded in the range, and each range where either, neither or
both limits are included in the smaller ranges is also encompassed within the invention,

subiect to anv specificallv excluded limit in the stated range. Where the stated range includes
16



VWHAT IS CLAIMED IS: 1. A nethod of form ng a silicon-and-oxygen-containi ng
| ayer on a substrate, the nethod conprising the sequential steps of:

deposi t i ryo20Vd48@on- ni t r ogen- and- hydr ogen- cont ai ni ng | @geErUsen 1581
substrate; ozone curing the silicon-nitrogen-and-hydrogen-containing |ayer
at an ozwser bothfghslimppaneges cxclpding gither on bothortthesaiindudadriseighae alse o
convert tqrd§fllcon ni trogen-and-hydrogen- containing layer into the
silicon-"and-< oxygen-cont ai ni ng | ayer; and am ne curing the
silicon-nitraogen-and- hydrogen-containing |ayer at an amine curin

t enper at%@eﬂ%e@m gdpdhmamendssigizimsi the Sﬁlﬂué HESCANt & Ay e ghu%r and
wat er t I I r of

ol ai m L e e ! B MR oy S e e

car bén- f”la@eocgssl"lmﬂndafslatplmghtwffrsdelhymblcexgmmiaﬁfemme mg”thapemrsor 1ncludes 3.
The netho% of cIa|n11 wherein the S|I|?on n|tr?gen and- ydrqg ncont aj ni ng
| ayer id°¢ 5758 &P $jjf: Or more precursor g N ¢pts thereof Known to those skilfed in the art,

ni t r ogenmnand/fe hydr ogen-cont ai ni ng precursor into a plasnma region to
15produce a radical - ni trogen- and/or-hydrogen precursor; conbining a

silicon- ont inin ecur sof, wi t.h. the.r Gal. roge T an dr oge

ot ecur sdr it aREs BRSPS Lot Maea "B i pRgPEN AL RSN ERTE ¢ ne
silicon-ip |tﬁ1§ ficafién M@fn&ﬁ@fbl%@nﬁ%blﬂinﬁwarb a&ide@no @ﬁ&@ aRsire@hee of stated

4. The nmethod of claim3 wherein the silicon-containing precursor is a

20cdPborfedtrss, 18icRpis orpreRamERis MrtePprtak thoyslo not preclude the presegee qddifiantdd of

cIa|n13(%@§;%k) kg%&ﬂ;ﬁﬁggﬁﬂﬁgﬁp &ﬁﬁa%g&QQ%&gg&&qh% (Precursor conpri ses
o :

at | east one
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6. The nethod of claim 3 wherein the silicon-containing precursor conprises
a silicon-and-nitrogen-containing precursor. 257. The nethod of claim3
wher ei n twe 2812/(d4g8@m- cont ai ni ng precursor conprises N(Si HEYAS28.1/M9sNet hod
of claim1l wherein the ozone curing tenperature is |l ess than 250C. WO
2012/ 04 8WEYEHY CEAOMEMEN 981 9. The nethod of claim 1 wherein
the am ne curing tenperature is | ess than 150C 10. The net hod
of claim1l wherein the C ubstrate
processi ng regi onrﬁ 511. /%@eeﬁ%éitﬁ{fg%g?g%sg}c?nﬁ%ﬂa%X#%Enac a%%ggli gﬁgo%t ai ni ng
atnnsphembmﬁm%tﬁmﬁm@mabbm@ﬁsngﬂeaﬁqmﬂmhﬁuﬂﬁeﬁsubstrate is at the ozone
curing tenper 12. The method of claim 1l wherein the am ne
curing tenper eﬁlténg & SiligQsnitiegAn-8Rd-BBRECT FYREIELANS P ONEERat ur e.

13. The net hQQoﬁ’é Clﬁ‘k tHé &11@&?5&1‘0@6@ aﬁidll h?éh‘ogéh ﬁ(gnt{llﬂﬁl (%ﬁ:?%t &P&io'ﬂg cﬁltn?é)
10exceeds about 20 seconds. e net I%o of claim1l wherein a
dur ati ortemperatuee Mnrcezouunomtgmstgeq:omemm calvoart the Gilsew-mitdsen-and-hydrogen- 15,
The net hod, of. c ai m e silicon-ni t nd- hydr ogencont ai ni ng
Fayer et et o Siomabdhueom@tsinhe HEERBE o ol aim 1 fur ¢ her

conpri si ng I ain§ih&®Burthd BEBRICER-HItRgeh-ahflBydrogen-containing layer at an amine curing

temperature in an atmosphere comprising an amine-containing precursor and water to form

the silicon-and-oxygen-containing layer.

10 2. The method of claim 1 wherein the silicon-nitrogen-and-hydrogen-

containing layer is a carbon-free silicon-nitrogen-and-hydrogen-containing layer.

3. The method of claim 1 wherein the silicon-nitrogen-and-hydrogen-
containing layer is formed by:
flowing a nitrogen-and/or-hydrogen-containing precursor into a plasma region to
15  produce a radical-nitrogen-and/or-hydrogen precursor;
combining a silicon-containing precursor with the radical-nitrogen-and/or-hydrogen
precursor in a plasma-free substrate processing region; and

depositing the silicon-nitrogen-and-hydrogen-containing layer on the substrate.

4. The method of claim 3 wherein the silicon-containing precursor is a

20  carbon-free silicon-containing precursor.

5. The method of claim 3 wherein the nitrogen-and/or-hydrogen-

containing precursor comprises at least one of N,H,, NH;, N; and H,.

6. The method of claim 3 wherein the silicon-containing precursor

comprises a silicon-and-nitrogen-containing precursor.

25 7. The method of claim 3 wherein the silicon-containing precursor
comprises N(SiH3)s.
8. The method of claim 1 wherein the ozone curing temperature is less
than 250°C.

18



substrate to a dry anneal tenperature above or about 500C after the am ne
curing step. 17. The nmethod of claim 1l wherein the substrate is
patt er nedwandi2maso4a trench having a wi dth of about 32 nECorusb@s®s4981

18. The method of claim 1l wherein the am ne-containing precursor 20

conprises ammoni a. ) ) ) ) )
The method of claim 1 wherein the amine curing temperature is less

than 150°C.

10.  The method of claim 1 wherein the amine curing step occurs in a

plasma-free substrate processing region.

5 11.  The method of claim 1 wherein the ozone-containing atmosphere

further comprises steam while the substrate is at the ozone curing temperature.

12. The method of claim 1 wherein the amine curing temperature is less

than or about the ozone curing temperature.

13. The method of claim 1 wherein a duration of the ozone curing step

10  exceeds about 20 seconds.

14. The method of claim 1 wherein a duration of the amine curing step

exceeds about 20 seconds.

15. The method of claim 1 wherein the silicon-nitrogen-and-hydrogen-

containing layer comprises Si-N and Si-H bonds.

15 16.  The method of claim 1 further comprising raising a temperature of the

substrate to a dry anneal temperature above or about 500°C after the amine curing step.

17.  The method of claim 1 wherein the substrate is patterned and has a

trench having a width of about 32 nm or less.

18.  The method of claim 1 wherein the amine-containing precursor

20  comprises ammonia.
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