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TO RELATEBvABRRLALAT ONS 5[ 0001] This application cl ai nectioszibrresdot

of U S. Provisional Application No. 60/803,481 filed May 30, 2006.
This application is also related to co-assigned U S. Provisional App.
No. 60/803,493, by Ingle et al, filed May 30, 2006 and titled
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15  the priority U.S. Provisional patent application and the related applications are herein

incorporated by reference for all purposes.

BACKGROUND OF THE INVENTION
{0002] As the device density on integrated circuits continues to increase, the size and
20  distance between device structures continue to decrease. The narrower widths in the gaps of
the structures and the trenches between structures increases the ratio of height to width (i.e.,
the aspect ratio) in these formations. In other words, the continued miniaturization of
integrated circuit elements is shrinking the horizontal width within and between these

elements faster than their vertical height.

25 [0003] While the ability to make device structures with ever increasing aspect ratios has
allowed more of the structures (e.g., transistors, capacitors, diodes, etc.) to be packed onto the
same surface area of a semiconductor chip substrate, it has also created fabrication problems.
Once 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 nearby device structures fromeach other. If the
gaps wer e wehboygipty, there would be too nuch el ectri cabTigbfeusogyad
current | eakage for the devices to operate properly (or at all).

[ 0004] When gap wi.dths were | arger. (and aspect ratios snaller) the
gaps werEnehesafithdisloctne matpriply ke pificqn exidegs pegsssaryde slesirically isglate nearby
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10[ 0005] Voi ds, and seaps in a dielectric | ayer cause create praoblens

bot h >dur§agtodihivithAdped stk adicleeins malstizl nThs dgpesiionmeatsiah wepldd

devi ces. p k8t #hO5ides AADoEERITE 1Rl Bp b ERbntARIIMN o iR Hoﬁ&nqlb%ﬁ%é ic
| ayer and have unpredictabl e sizes, shapes, |ocations and popul ation

densi t i edeviqrgrdrepelswiag @lly flledh pAetipeqt s5ios ingrgsqdrhoomsersit beqame more
post - depQgi.ti C i . [ .

Por i shi ratealt RARRRERES oo Qrchol it EheyBElaARLE AR RhA B i e
devi ces @l saumeeate variations in the dielectric qualities of gaps
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(i.e., an increased k-val ue).

25 ° [0007] Another technique to conirol void formation is to increase the flowability of the

deposited dielectric material. A material with more flowability can more quickly fill a void
or seam and prevent it from becoming a permanent defect in the fill volume. Increasing the
flowability of an silicon oxide dielectric material often involves adding water vapor or
peroxide (e.g., H2Oz) to the mix of precursors used to form the oxide layer. The water vapor
30  creates more Si-OH bonds in the deposited film, which impart an increased flowability to the

film. Unfortunately however, increasing the moisture level during a silicon oxide deposition



[ 0008] Thus, there remains a need for dielectric deposition systens
and processes that can deposit voidless, seamess, dielectric filns

i nto gaps,worenafws; and other device structures 5 w tbchigghod&psot
ratios. There also remains a need for systens and processes that can
deposit a dielectric materials at high deposition rates and
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in the layer. The nethods nmay also Include formng a second silicon
oxi de | afeersely effens the quality|of fherfinishadi fidt Thésagnd etbersaspestachildinjestria ffm
reduce t } .. The silicon oxide |ayers may
be anneé#ﬁ%ﬁg%ﬁgga@ﬁgﬁgg%dbgp%gﬁfé@%ﬁF8010] Enbodi nents of the

i nvention also include nethods of formng a multilayer -silicon oxide
filmon a substrate. The methods may include the steps of formng a

plurglity of silicon 20 prfivensy o fiensvbsriGie, where each

silicon oxide |l ayer has a thickness of about 100A to about 200A. The

| ayers nif(0Be Embodimensyof the ynvenfiondehederipetbods of Hingagiap v 6 sulisirate tvitor
and an aken y r . r R '
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t he | ayemdtao oxpgingeccurspuivi & depssifion dhmbtrayeecting Theprpéwiscat fotfyrnod fikshyer s
may then.be anngal ed. 25[001 Enbodi nent s, of .t i nventiagn,still
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i ncl ude a_deposition chanber in which the ontai ning substrate is

hel d, andliconsifsdeyeppmthedirgdsier. 40d ?’F@h@%’t@égﬁ%gé B9 redice fie cadeBsi t i on

chanber, Mgt f thd'By FRTRiIIISSHAL s B%5 beMreRlel 888 hPzHe0RNAL € an
atom ¢ oxygen precursor. The systens may al so 1 nclude an organo- 30

to the dbBEGH tEEh SRS te Hah o R AR r GO BRI G Rk
di rect fé0defikd od Heubstrael Thoxyheds rayeacindothe aapk dfifernsing & plaralipy efzilicenr
nt 02(3[ heoxqgep I%%rg ior(l) Hw%gl%?rgt%,r Wht;l;‘g gac r51 l%glli g}?iae a?;grq'lais Qghickness of about 1004 to
about 200A. The layers may be formed by: (i) introducing an organo-silicon precursor and
an atomic oxygen precursor to a reaction chamber, (ii) reacting the precursors to form the
layer on the substrate, and (iii) etching the layer to reduce impurities in the layer. The

plurality of layers may then be annealed.

25 [0011] Embodiments of the invention still further include systems for performing a multi-
cycle, silicon oxide bottom-up gapfills of gaps on wafer substrates. The systems may include
a deposition chamber in which the gap containing substrate is held, and a remote plasma
generating system coupled to the deposition chamber, where the plasma generating system is
used to generate an afomic oxygen precursor. The systems may also include an organo-

30  silicon precursor source used to supply an organo-silicon precursor to the deposition
chamber, and a precursor handling system used to direct flows of the atomic oxygen

precursor and the silicon precursor into the deposition chamber. The precursor handling



WO 2007/ 140377PCT/ US2007/ 069899 system keeps the atom c oxygen and
silicon precursors fromm xing before they enter the deposition

chanber. Te8yat@m still further includes an etching $¥shRtMsegdeCh
i ndi vidual silicon oxide |ayers deposited during each cycle of the
multi-cycle gapfill. [0012] Additional enbodiments and features are
set f or t FSFERKseps the pompreoxyeetsd silicom Prepursors Tow miging befave they eptar the wi | |
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speci fication or y _earne e practice I nvention. The
f eat ur essiligen oAtfe daversglegosded diring eacteencleonf theayultiecycleagapfiled and at t ai ned
by neans of the instrumentalities, conbinations, and nethods
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[0013] Aﬁﬁurthe%. under_ﬁ andi ng of the natuyre and advantages of the
present PHYERHAPGI Ry iderquas fPpagnidy thase shilleria theart wroncgpratmationp! the

por ti onsgpefifitdtion SPeEl bi Gatded B{ aRDridaBe i tBYNRGSioAN ThE kiR d LB RfBRC e
nuneral s are used throughout the several drawings to refer to simlar
conponerffdhe inrerionmay s repisedsandatigingd Bbaeansof thedeatiueenidlitst h a

ref er encg HHIREA %&gdg%%%@\égé@hgg&%gﬁ%odenot e one of nultiple

simlar conponents. enr a reference nuneral
W t hout specification to an existing sublabel, it is intended to
refer to all such nultiple simlar conponents. [0014] Fig. 1 is a

fl owghart showi ng a si NPRIEF BESCYRTYOR\WETHBIDRAWGGS Silicon oxide
| ayer de[z.gsi tion according to enbodi nents of the invention; 20[0015]

Fig. 2 il9083)s | &ferther bnderstandineafitheqatise andopstverttages RT thg peeseri invientigpanay
silicon i i r.di j | jan-. 1 0016]
R e AR B L T e
met hods whereinlike teferemginuivierajsare seditronghoxi e sévietalmmwings do rederttosimilar
enbodi nents Q anot her .fl owchart

f .1 invention; 0017]. FLg..-4 |
1T st r TR RERLE B FamE FRIARE g subtabatf reagatd i dcbfr BRT S
accordi n@libes ehiydeh teddnsteaine bhmuitipleesihil@tompbRdds8 | Whdngsferdnle fs nsddo v &
substrate_having a gap structure that i.s, progressivel illed with a
mul ti | ay&feraicpf ﬁfag‘s'(ﬁ‘&%‘t fRaCHiCAnIP an RYST Sé‘ﬁlrah“isii lﬁ’é‘r’l{l‘éﬂ%ﬁ t H?ger to all
i nvent i ofych bR sifdildr ctfponfipys a vertical cross-sectional view of a
substrate processing systemthat may be used to formsilicon oxide

|2 8% ‘73 ?I.?. 48@?5;‘Bd i ?1% E % ﬁgﬂ&%@@g@%ﬁn@ £ sﬁ%ﬁﬁé&é’&%é@ ) ﬁtﬁ@-@yclé’@ﬁcon oxide layer

deposition according to embodiments of the invention;

20  [0015] Fig. 2 is a flowchart illustrating methods of making a multilayer silicon oxide film

according to embodiments of the invention;

[0016] Fig. 3 is a flowchart that highlights a two-stage etching step in methods of making a

multilayer silicon oxide film according to embodiments of the invention;

[0017] Fig. 4 is another flowchart illustrating methods of making a multilayer silicon oxide

25  film according to embodiments of the invention;

[0018] Figs. 5A-F show a substrate having a gap structure that is progressively filled with a

multilayer silicon oxide film according to embodiments of the invention;

[0019] Fig. 6A shows a vertical cross-sectional view of a substrate processing system that

may be used to form silicon oxide layers according to embodiments of the invention; and



[0020] Fig. 6B is a sinplified diagramof a system nonitor/controller
conponent of a substrate processing system according to enbodi nents
of the i nweobdwn4sBETAI LED DESCRI PTI ON OF THE | NVENTI Odedi@8iddeusyy
Systens and net hods are described for nultilayer, multicycle
depositions of _silicon oxide in gaps and on surfaces of a wafer

subst r atl8920ka dfie-$B igé sima)ified idingram of asvyeamgimqnitogcontrgBer sormporent of mbout
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y effect the

such as organ|c an roxyl groups that can adverse
quality and dielectric properties of the film Wen a plurality of
the oxide | ayers have been deposited and etched, an anneal 10 may be

done to formthe | ayebBTAMED @EJSOMPI:[%TDFWHEWENHUN con oxide
film [Olgéﬂl The silicon _oxide may be forned froma reaction of
hi ghldy Vrsisps apd mshegdesre dsstingd foF @a%aygr, mv&quﬁéawso&ﬁ of silicon
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|
o ovi di 1 e RS g B B e irRhe s A ki N e

narr ow gl Slad Whencpleslity’éfttes oxdde layemhmcbeasdaepbawﬂm ctalied| @pgihedone
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be etched into the next oxide |ayer. The cycle nmay be repeated
several WB?M Theesilicgnoxide maybe farmeg fiom aregetion el htg%@rréww@ atpmiq GFSeT om

the b tt
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enbodi nents of the invention. The nethod 1 sownlncuesprowmg
a gap coMrerrgaRgand bches: dfiep an otgh BIOSTSE FamPvehdrenst somyof the aree 158 Pat e

may havegghisuml %&%xﬁ%&mé it 18 a@@aném;n h@@éseq{@ng@@& debbSHGH By I C.

with height" to width aspéct rati'os of about 5:1 or nore, 7:1 or rmre
10: 1 or enst the frg: layeoandrhﬁreéchedm thsmexiprxéde lastcs. Tlgmle@]m%(hﬂre@eatedt y of
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2007/ 14034+ B&dikdda<07/ 069899 deposition chanber The atom ¢ oxygen
may be generated by the dissociation of a precursor such as nol ecul ar

oxygen J 0 en conpound (e.g., NO N2,
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25  deposition according to embodiments of the invention.. The method 100 shown includes

providing a gap containing substrate to a deposition chamber 102. The substrate may have
structures formed thereon that include gaps, trenches, efc., with height to width aspect ratios

of about 5:1 or more, 7:1 or more, 10:1 or more, 13:1 or more, 15:1 or more, ete.

[0024] A plurality of silicon oxide layers are then formed in the gaps (and on other
30  surfaces) of the substrate 104. The silicon oxide may be deposited by reaction an oxygen
containing precursor and an organo-silicon precursor in the reaction chamber, The oxygen

containing precursor may include atomic oxygen that was remotely generated outside the

5



5precursors. [0025] The dissociation of the precursor to generate the
atom ¢ oxygen nmay al so be done by thermal dissociation, ultraviolet

l'i ght di sspgh@bihaRy; and/ or plasma di ssociation, anong 9%’?/%520%66@@93'
Pl asma di ssoci ation may involve striking a plasma from hel1um argon,
etc., in a renote plasma generating chanber and introducing the
oxygen pﬁie@@%iﬂ@b?hﬂmgﬂt- Hidie ploaieraxyasn 16y fe gencaated hyhibe dissnviation r§gpuecursor
precur sog

oM A first introduced e
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may i ncl N eegnpbydrdgenvixtyberdiongotndie:eC o Hi,0g eandd airbaosgygenetenpsinhd
Si-OChb nm. cléxatrrﬁ,l es qf O{Iﬁanosi | ane.silicon precursoqrs ,masy
i ncl ude ‘G B P WeliaR YR XYRFILFRRTRIIRY PrarEsdTs Mad qompbinations of
di et hty| sprb@meys, 15t et ramet hyl orthosilicate (TMOS),
tetraethylorthosilicate (TEGS), octanethyltrisiloxane (OMIS),

o S i AP S P

pheny! di byethbryiad fissoemtion ndirayimetylighi dissodiatiamanijorg4seraslisspARRT] arfbre

organo-siJico regursor. may .be mxed. with.a carrie .before or
Qurng e ey BHGRR HistaayOF pilb B80Sk Alismscror PR lon e
may be aif dr&@ack iplemg @endrdtitle cHaBBer AH intrdtiting thebeycbe Fﬁcws&ﬂ'to telasma to
formption of the oxide filmon the substrate. Exanples of carrier
gases i n#REale RRMPHIA OXEFHPIGEYEN, and hydrogen (112), anong ot her
gases. [0028] In enbodi nents of nethod 100, the atom c oxygen and

or gano- si0P2@onThsrasemicoaygenanay tedirstiixehicdsietd direcor pagiorsilicion prasuisesid theo

t he depogj L} itik rLecursaqr.s enter, . .25t he £

thr ough Spieeh T BRAR- e B ER Y B o Bb SR T g
around rasdiricompodaivith Si-EeC bending| Bxantphs of bxahadilaeysfléon preetidors ofaymay

enter froman.,inlet . .(or inlets) at the t of the.chanber and
posi ti on’é‘&lug‘? ?lg@{l}yiﬁﬂé%\l}‘gm’tt Sl@ﬂ&é?tfaéﬁe@?y?#lﬂ%e’ idiﬁq’@@ma]i“?’ ects the flow

of tie oxyaeBhPEARMLIRAl (TRIGE)KehfEHyIGhoRBERSNIHERY cvtark@niiRiISMASt M at e
deposi tion surface. while, the silicon precursor may enter from

Me
one or MYMTEh P@?@E%V]Gg‘rriﬁe'{f%%ﬂndé@WTSBHétT@GPﬂHé?)@@Qﬁa@i %&Wanber. The
OhF ot . ) g . . - !
Iniets bh%?’aﬂYh%Még)’%%s’ d@&hﬁ!nkétﬁ&!}m ?glgfgﬁgf, %&ﬁmﬁbﬁ?ﬁﬁéﬂ%{‘

approxi mately pa tot position sur

2007/ 1403d1PerylsiBaeGropge8es. [ 0029] Addi ti onal enbodi nents incl ude
sendi ng the atom c oxygen and silicon precursors through separate
ports of @27l The @gﬁb—ﬁﬂi@ﬂ@f&@ﬁdr mbPbe RXRARPM.2 dArrieh Qi¥eRfaer during its
positioned above the substrate may iInc]lude a pattern of openings for
the ff eclifredyction & thp flepositins dé?é‘ﬁlﬁ%i ficaHICE BaRpAYbe apARaclYheasthag flocs not
openi noSuliRYy Rt AR @Y ihalifieo ARl S, B APfe REAEUES Bholedllid:ic
second subset of openings I1s supplied by the silicon prec%rsor.

Pr ecur sogases inaludé heligm, heayw gitgonli abfl bydngendEibls awbngpptberigasesmay be fluidly
isolated fromeach other until exiting into the deposition chanber.
Addi t i onpio28et Bi dnsbodlimetits diitpisodaltd, e sfogiisSox0fepiricisaorsilivan glectgors

equi prent i s descri tgeclﬁ n.a co-assigned U.S. Provisjonal Patent

Appl | cat 6 ﬁ“’h’é*ﬁeg _Be t% %9“‘396’6%@?0 tﬁ‘h‘%@@?“ Pl %‘2?&?}“53’3{' may enter .

Lubona 1 sty chamskr kirbl gt R TR ONWBER 1 Heeckisht fl il déeliRlibe £206MMd debction

filed on the sane day as the present application, the entire contents

of whi chchambenefaisyamplo.chpdemicerkyBgn prequesos el chler frem [an pietdersialsts) at the
top of the chamber and positioned directly above the substrate. The inlet directs the flow of
the oxygen precursor in a direction perpendicular to the substrate deposition surface.
Meanwhile, the silicon precursor may enter from one or more inlets around the sides of the

30  deposition chamber. The inlets may direct the flow of the silicon precursor in a direction

approximately parallel to the deposition surface.



[ 0030] As the atom c oxygen and silicon precursors react in the
deposition chanber, they formthe silicon oxide |ayer on the

subst r at e wWlep@siddsen surface. The initial oxide | ayer Bagexetédsnt
flowability, and can quickly mgrate to the bottons of the gaps in
the structures on 15the substrate surface. [0031] After each oxide

| ayer i S0P oshdditipnabemiadinenis mpludesendiag the ftomnigwayzsn apd silicenprecursors

renmove i it i i j j.atl I .
or oupe. | Rk koo pbrls B SRR UcfeRd M Bl LA OREMOIRMSed
| east sbevothe sihstr8e n@H itxbnits: pattethef npemrigs fordhelpsedrsaoty anier de.

20[ 0032] , Fol.l. owi,ng. t he, deposj tion .and etching.aof the plurality of

si [i con BRYFLN %@%P%r; %éﬁ Sgl?isﬁt%ﬁwmgsol@a%%ﬁ%&ff@&)yﬁge ?tgrngg i ve out

oI stsur epredugsok,urhiletalyecdnd watisst dfivpeniAgsde BigPlicdbyite Gilidbi prtc@idrderebhksts

Enmbodi nent s_. i ntgjl&%de Qﬁrfor m ntg an annegl a_f%e,r al | the individual

| ayers dfaVEing Conehditgernhsricoinpenng ey st fleghandated Erurachetiriinghal

enbodi MedhishTRY the ehbBor SHaRb B K RifonaN ek Shétk h;ks a{aedeeign{aff@e&is& he
of 25 h a

|l ayers are formed, but before a final anneal of 25all t layers. For
exanpl e, handling aguipimentis dpssabebinwwp-dsugurdrib S dirowsional @atent 2pplation haging

Cayer s, TEbE oM SRR Wi 11608 by Dol R ANNE R R RS A SfER
nmet hitd 200R HTEWEKTRIC GARBILT"| filed on shel shmo daypad tHeplesdnnupgpdication] the ehtire
embodi nents of .the.inventian i h . .The t hod 200 i ncl ud
|t r odUCIRI S e G YA PRASEFS POrF E AU FHHOAT i g & 30

substrate 202. As noted above, the precursors may include an atomc

oxygen pl083Qr sb¢ tha gtenumoeiega ael slionpsrrupspidacact brthe depesitenehasbes fagsn
b ; ) e - \
7000 ¢ o BB SRkl Sy e EEPUELE SR HE AR AT, FRORIAN DfiaHOR KL O

2007/ 1408F7ARGT 10182007/ 4 389 Quicldwiniiget tg ie bettomand thé gasgothegasctieom ng
at,v\isor tgl%(a%ketb agout 900 to 1800 seem w th nol ecul ar oxygen (02)
f1 owtshg Af PP &A1 e, about 600 to about 1200 sccm [0034] The
organo-silicon precursaor may be introduced to the deposition chanber
by ni xi n§03H ofBerfackpyideigrerdpdapatitid. T $50 MR Rerfomnedonthe taves tar
0aS SUCHhefnd Sl floR! Tits HHBY Rt MR st Sfled URdlniclepbup XAT B Alcr Db
may be bubbled 'at a flow rate of about 6500 to abou 5400 seem t hr ough
a room t emtraning mekechlegyy andidissogiatiog &t ledstepmemtdlea FidH beudstio fym water and
octaneth digo\ﬁclxg)éeet rasi |l oxane (OMCTS) to provide a flow of OMCTS to

t he chanber at a rate of about 800 to about 1600 ngm [0035] The

recursors_react w.th one another in the chanher forma first
8Xi ded | agp@ﬁZ]onFolIowing the geposﬂion and etcl‘rllmg ote the pl%rrgfﬁy otI s(l)hcon O)rgde layers, an

anneal may be performed to further drive out moisture and turn the layers into a dense, high-

quality oxide film. Embodiments include performing an anneal after all the individual layers

of silicon oxide have been deposited and etched. Additional embodiments may include

intermediate anneals after one or more of the layers are formed, but before a final anneal of
25  all the layers. For example, intermediate anneals may be done after every, 2, 3, 4, 5, efc,,

layers are deposited, followed by a final anneal of all the layers.

[0033] Referring now to Fig. 2, a flowchart illustrating a method 200 of making a
multilayer silicon oxide film according to embodiments of the invention is shown. The
method 200 may include introducing precursors to a deposition chamber containing a

30 substrate 202. Asnoted above, the precursors may include an atomic oxygen precursor and
an organo-silicon precursor. The atomic oxygen may be generated in a remote high-density

plasma generator supplying 4000 to 6000 Watts (e.g., 5500 Watts) of RF power to a



10 the substrate 204. The total pressure in the chanber during the
oxi de | ayer deposition nmay be, for exanple, about 0.5 Ton to about 6
Ton. Hi ghewotatzakospr essures (e.g., 1.3 Ton) nay deposi pcayuexndesogdel m
with nore flowlike qualities, while | ower pressures (e.g., 0.5 Ton)
may deposit a nore conformal oxide |ayer. Because the atonic oxygen

i s hi ghl Sprvingdigag aircapynd agpop 3% Howing ebiyerample cabont 0Rdo ﬂ%@@p@n i

chanber I Q(l de
deposi ti lgﬁ%?lgfﬁeds §%%@§%%ghgrmo %ggmﬁlgbdggﬁtk m9 2&%%5%}1)2?8 tS m n

(e.qg. mn to about 3000 500A/ m n

et hi lish SHe ot R ihoR Blrtbrssianan s Mrinsdl § e 40 Sl%%%bat%’ )
about 10f#inganadagatio-sARGALompalRA GEasAk ligid) With b barfbr ©X kld 2 ayafn bss
forned t he flow of the precursors into the chanber may st%gfbeand t he

first oxpalecyl %Naffir%ﬁry(fbé Evraagplogiplivmqaayicivbhisd at atlove W90 e)

20 di ssogjont ﬁto@@@l:n'i ﬁmgﬁ alraaﬂrtelﬁlse%&ufemqhiaeorgaﬁ%%nmoﬁB&c@s&%u&pas
pl anari ze the |ayer. noted bel ow in the description of Fig. 3, the

et chi ng wm@dcwttaﬂéqm@w@ﬁﬁbﬂ@r@uw Sowpf OMCTHtotthethembersh a rate
steps. [QQ34l: do8kd éﬁ%pgs tching of the first layer, the

precursors are rei ‘0 the deposition chanber 208, and react
to form dOX|deIa n the ubs e 210. . The 25 sec

i o 1 aFET oo S SRR hBiont AR o e GRETSSS (6 foBmaif oMo e o
firstol aﬂﬁ@%ubsﬁétcm e bl pRe‘ukt i e chaflbéd BB the@RMIIAYeP MpokiBodmay
chanber pressure, tenperature, organosilicon Pr ecursor, etc.

[0038] Aba & e!‘ﬁél’@:eaé’@ﬁd) 3 Rysfo sheyt hdew Highepigtal presusss (agy 184 ogd amd
212 t i d
0 mray g&i‘?&' oﬁxﬁ@ﬁﬁﬁ b¥in %Yﬁhéw 3nd qg%mgé We 'Ic?v?erE) dir & & ;éhﬁ]r@%?;“

| ayer e efc usi ng the same "30prdcess as
first | a@azppsit mmomac;onfmemelcudmkzdam| Bgcaasaihé ﬁtemmmxygcrmsé@}y 1eactiye, the

di fferen e Chl st.e ffer eLc urs

Gi 11 or onterRSET ey B iz be A GR o BN RY (6 RO8300 Cbag)
I(:ol le nEs%Q@xf&rdapdsltm éaefimej fah;geﬁg%mfabmhazsle\mﬁﬁldosbdutagammm @%l | gyer
and any addlt oxX1 ae ayers fhe oxigde.la Y eanneae
214 to f@?%‘\téo%‘g@?l%i‘%boﬁi 100 dyimith; o i1 W‘%@ﬂmbﬁ?/ Se%aggﬁlﬂnr»ss of e lgyenal
gapfill HﬁybE'QWcﬁt 90&'%&41)%3{500% (@grn%aﬂtwémeaboukzm ue) Of | ess than
4.0 (e.g., less than about 3.5; essthanaout 3.0, etc.), anda

t-etch
el SR ! s SRR B R0t ey,
and cont aiap sffopvundltﬁe fmqudaiam nay bs ehed 260 %e]etcﬁmg step nelybemsal to
fl t hat hl i ght t i t h

ki 7 2L Y eRnalh FEBRT T B AL LD T %%Wa&.%ﬁ?@ﬁ
the inv eﬁ{theaescﬁﬁﬁmrmztg)d 80 Brching 8 iddyaNdI6d e ki1 & btBIS bteR o niu@iple

reaction chanber” 302, and i ntroducing
etch steps.

[0037] Following the etching of the first layer, the precursors are reintroduced to the

deposition chamber 208, and react to form a second oxide layer on the substrate 210. The
25  second oxide layer may be formed under the same reaction conditions as the first layer, or

may be formed under a different conditions (e.g., chamber pressure, temperature, organo-

silicon precursor, efc.).

[0038] Afier the second layer has been formed it also may be etched 212 to reduced
impurity levels and/or planarize the layer. The second layer may be etched using the same
30  process as used to etch the first layer, or may be etched using a different process, (e.g.,

different number of etching steps, different etch precursors, different power level, efc.).



10 precursors (e.g., oxygen and silicon precursors) to the reaction
chanber 304. The precursors then react to forma silicon oxide |ayer
on the sub¥Or28784806, whi ch t hen under goes the two-stageTaszinz/odigndl]
The two-stage etch starts by conducting a first etch on the oxide

| ayer 30 hi r-densit | asma
o) di saon are T (e hallB iR R R dE IS o
portion editignel gaddleyers)the dradd la)ms' majbe snnleaiem. HMdefsint ywiifesnRigeiedlity

may i ncl te ener S

ot enes o Feo SR T SN LB SRR Birdeohih bt e oo eflenp o
st ri ki ngthan plods. gale‘ssthamabd‘uk @w eistﬁﬁ%oﬁtesemea@ aitth #Ot SRR M OONERR) @
power . of bOL{ SE&M%P rodum ng it to the deposition
char‘rbSer ’E'Jar“gs & Eutto Bt hitd#-r Therggpgll preydrunideratiheonghout the
di ssoci aﬁnvbmgeandcoaﬁﬂame@n@wv@iago%%alh@mve carbon inpurities from
the oxide layer. [0042] Following the first etch, a second etch of

th d t

bt 1 onsy RO ig: S SRR ? dd BlnBall A0S ordbe BRMR 60 B iehiBa 5688 ©
hi gher - dmalsngynpﬂfdsm sifitahoxide/filimack oidimgex paBodigetth of thaysenttdd, ahel asma
Lor e IR BTSSR e e oS G B 0

pl asmmr ﬁpcjécl.bﬁars Mg Qﬁ@g@ﬁbnﬁ@llicb@pﬁ@lﬂgﬁk)ttb e r@:ﬂﬁﬂ@ 8hanfer 804 rﬁﬁ%ﬁ‘@cﬁrsglfs’
for exarqf1 8 mlorr, and react with the - arou ps in the oxid
0

| ayer t oRERFSaFidp (foraymsibigomoniss lgiseome s¥bstipe o4 ]whrﬂethqrep@srgomﬂwm
etch cyclkges @y be repeated with a next oxide |ayer 312 formed on top
of the previ ous | ayer. The dep05| ted and etched oxi de Iayers are t hen

built u redet e nber an /

Dhi kool | 18 e RAE e S B7 Eotbati s £ o Y e Pde ke tobt Thiss.

The annefist eta}ymbgz irdtide ukifg ﬁlcﬁ#eﬁ-@b@ﬁ?bﬁﬂma@f m@@ébﬁatenhgersarg,ﬁ& mble&igg! e
done, for_exanp heati n e plurality of

fgsg} " neadarﬁlala%/ @8‘6’@ % RPTHeRRfth @Caﬂm i &Wmo@hﬂ? %@W@S@@EP}WQ 8gtyh may
1000C ( eyBlude ﬁ:ﬁﬁ%‘&n ﬁ@@@sﬁeﬁl ﬁ%@ﬂérat%gﬁ’g}/ J,H1RmS WRs bR ﬂ%s'tﬁéé}ﬂdé%%er Fhe

at nosphere (e.g., nitro hel 1um "argon, etc
renoves #eh eanditions mmrtcmﬂe p@@m&l Sth&ylera plasthaffiom zhﬁow ob he¥rscen Sh-abH

groups i Eﬁ(?sc&hlak%ﬁ% Qﬁ%‘g LQO%‘%QW& s an%lt S@oﬁcm 'S \Aél-te osgtg glfua &

t wo- st ep anneal ayers Irs der go a
such as tteaq:ressgetolﬁebduayﬁ}mﬁ"m;r. This phzxmrpich paxad}@aablatiaﬂﬁ@en dartohgrqupeaence

of steam This be f.ol d b dry anneal stage, where the
Iayeé(g ’fegmﬁgﬁ?rg%}lil??”&ﬁ Oé‘#ﬁg'f‘yffure (e.g., about 9000) in an
atrmsphere that is substantlally free of noisture (e.g., y [42).

The first0043det Felipydng t emew&@emww@mqiamsﬁcoeﬂuc@db?dﬁdgawth
-OH b
S oo Dol MRS 51RO Bl ERGNEL bRt SR e b i

higher-density plasma etch may include exposing the layer to a plasma formed from the

dissociation of a flow of molecular oxygen (e.g., 600 sccm) with a high-power RF field (e.g.,
25 6000 Watis). The oxygen plasma may be introduced to the deposition chamber at a pressure
of, for example, 8 mTorr, and react with the -OH groups in the oxide layer to form silicon

dioxide and water,

[0043] The deposition and etch cycles may be repeated with a next oxide layer 312 formed

on top of the previous layer. The deposited and etched oxide layers are then built up until a
30  predetermined number of layers and/or film thickness is reached, and the plurality of layers

ar¢ anmealed 314, The anneal may be done in a single step, or multiple steps. A single step

anneal may be done, for example, by heating the plurality of layers to about 300°C to about



[0045] In addition to wet and dry thermal annealing, other annealing
techni ques (alone or in conbination) my be used to anneal the

pl urality vwo2eida71 ayers. These include a steam anneaPCTASpHAGIYENY
anneal, an ultraviolet |ight anneal, an e-beam anneal, and/or a

m cr owav. al, .a QI hers. 0046 ef.errjing _now to, Fig. 4,

anot her  TIOBRE 2 PITE om0 Toom osBOH O RGP e ety s

si l'i con wtogha, hdlium, agoen . ITHeantdibfedioredhsisate friie thaonepaite® hykiSand
shown. The, net hod éggﬁ%ncludes providing a substrate to a deposition
chamber ereRaverts - GaLgoHes IplostlisPa 8¥4e-(e. g. , atonic oxygen and
organo-silicon precursors) to the chanber 404. The precursors react

t o form @04 | Mohi-gsp amerlayey inghide héweslep eneeabwhige thedaygrs firstindengo a
oxi de | r e 047] hj j check y
o e Vo anfiL PR, Sfenb SRR o KO Mgk LB RIOR 1o e fEHER B
oxi de | agteans Thismage be fdidwad py e det anpedl Rtagel Wherd the lalgers predeated tdd kikhess

| evel of the total oxi il.bm has been reached, then the_.deposifion
and et oHEEYER GGt SO he O Doies SELALY fipe 5T maBagy s | 1
the thi C&S}%?. Tigv@kt, Rasarmed], Ih?eﬁu droly AL dAAAINRIC Borids QitB SELeprsdrids,on
and etch cycle may occur to add at 1east one nore additional |ayer to
t he oxi dwhilg thednomaeg! comsterp fem§iT fetiheon oxKis bendspmdfrives ¢fimoistie hed
a predet i i ckness may be done by a thickness neasurenent of

t he ggpo%?@g%ﬁgﬁﬁgetched | ayers, or nmay be done by cal cul ating the

nunber of | ayers need to reach desired.filmthickness, [For anpl e,
1 each B4R BeAdlEn 10, FetandREy BpamAl pueatingy afher Hingal eI miRes GIORF P
filmthi pkRgshafion) iy bellzedtoldnele pRPlitrban ctskldelagdts.CYKdse fchideulsidakie
done to formthe film The thickness of each deposited ] ayer, may be

set by cHWerlot Piafge tRsalpan wiratieletlight ganeal ape-beanm annsgl apd/Qra BTN s
rate, sugheaSamhOhe MR2007/140377PCT/ US2007/ 069899 the types and flow
rates of the reactlve precursors, the total pressure in the

depositi a r.. and t t,e ratur ajjong..ot her I, e

nobolb o BDaST BB Rkne R S oHRREE B Sen Mgl {SEnREUATE EIG0g £°
500AJ m'h nnmﬁﬂ@bﬁsuicﬁﬂﬁ@iv ﬁt:trflaCétﬁ’d'glg fo ahmﬂim&:ﬁﬁ)@ﬂhtﬁm}nﬁcﬁlﬁﬂstﬁ,}mFms I

5A-F ow {rate havi a gap structu t hat, | rogr essive
fil1ed Wﬁwéﬂgg R gy&ﬁpﬂ%ﬂ%@%ﬁw&% P JEPIOe @?‘?Fgﬁ plrahelEot
the mul t heyekérs d8pOosbhic iy _n%d%i‘éaﬂ@-sﬁi@&?%re&%d?@ttb a2 REB6@994. Fha. 5A

shows a Substrate 502 on which a giap 504 has been formed. It wll be
appr eci apeduserareagilp fooya shemrpxide fyeyan s Aulstiate40p.md thgndhgoxife ys

rel atjve t ratio to nore clearly show the progression of
t he %gi dé%?':b?\lé{cﬁgd;g%é. Enbodi ments of the present gapfill nethods may

i ncl ude i a seam free depositiqgns | nto.ga havi.n ct
10r ati os Y(g*‘q}s ril‘(g thys gointza f},lecg F‘%}’%ﬁ mpce .efmf%:lfl)f?‘e ﬁ‘i‘f?"il,ag@ﬁ%%mfﬁ?&t}m
and 15: 1 degosi¥® &kide layers has reached a preset point 410. If the preset thickness level of the total

oxide film has been reached, then the deposition and etch cycle may end, and the film may be

anneated 412. However, if the thickness level has not been met, then another oxide
25  deposition and etch cycle may occur to add at least one more additional layer to the oxide
film.

[0048] Detenmining whether the oxide film has reached a predetermined thickness may be
done by a thickness measurement of the deposited and etched layers, or may be done by
calculating the number of layers need to reach a desired film thickness. For example, if each
30  deposited and etched layer is 100A thick, and the desired film thickness 1.2 pm, then 12
deposition and etch cycles should be done to form the film. The thickness of each deposited

layer may be set by controlling the parameters that effect the oxide deposition rate, such as

10



[0050] Fig. 5B shows a first oxide |ayer 506a deposited in gap 504.
The silicon oxide that fornmed the |ayer has good flowability

qual i ti es,waRpGgauigi t he filmto quickly mgrate to thePootSonr/esgap
504. Thus, the thickness of the deposited oxi de at t he bottom of the

504 gy b t i de_t hi i dewal |
of "t ho. g oPTEnBHER] Bl MGt el oA BATGEPP S

506b, 50cﬂmmbat and the mrme,mdng@mﬂp@mﬁm@u 3s o8 ABSel %10@%F@ﬁﬁfﬂ
rom e

| ayers in ”F]P 4. These addit | qnal s may be f or ned

bot t om UBLF "tﬂi"FeO’ij‘ieplaB?Sﬁare@h’?‘ftlso G F"r@&“ Bé/mliﬂl(ﬁf + houk h9A/migye|
is reached (] % the top of gap 504). [0052] Once the |ast of the
pI ur aI i tIpo&R] t eS-é&E&%ymﬁitshd@mgwum thatdmrdgre&dweanﬁﬂMIwzﬂfh

Y e QG TSl Bt SE b e
et chi ng layer@rfiatioh probe.m)Fg dﬁphmvst i mbstfmé £07 @i \shltloa RS aMRE bédAGointid.

of the .004. Fig. sho the r.e i con oxi de ga

510, ha ﬁ’&?g%wpf?ﬂgaf%ﬁfgat 8FBP i shownda h%é 5@%&%&5 Wﬂﬁhf‘rqlﬁ%"&{)(#‘i"t y
and di el &pédt kBioGH MoRCE1dr1ySshb® Ihe P25 SRR Of thRUWSde B Bydzk. Oﬁﬁﬁédlﬂgnt%%@ m
25 100531 Deposition systens that may inplenment enbodi nents of the

pr esent Prﬁﬁﬁéggﬁp &H maikods ey derdudsi gl @éﬁgﬂnﬂ {repflepositionsiniei gapy hayimsaspect
dePop] U Aflod (3T @MD719¥ 8510 ghgsm?z%nﬂainqsq SRAS L myaPor

deposition ( ) “sy$tehs,’ frospheri’c ¢chem cal vapor deposition

(SICVD) SyherRy 800 IS Lol VERSE FERES G OB, SYSL T

i mpl emenforReibe 146tz g86d BOwiliktyiqaMeans, laqewiﬂgqh@ﬂm ohgiRE g4 to the
ULTI MATm HDP- CVD chanber s/ Sé;s,t ens, and 11

2007/ 140%fPPcat a2 68 710089 lmmwléﬁa%@mogy%ft@@p 504
avai | abl g§ wgaeﬁemlm@lewafde&mahéss Al 8Hz: thOiacaam 8 (b 35 Bt CCa' | fornia.

[0054] One surtabl e substrate processing systemin h can be

d d h t
el F oL okt A TR REE A0 Rtk LBl R on
hadh Fof’rﬁ‘:"“d“ﬁd%%f%%%x‘“???ﬁf ﬁ‘?g‘*‘é?’?é T oD
or a A
system 1%m€f§§imﬁd Pafiom i dhe Wﬁ@é@%lh@@?ﬁﬁ%ﬁ ﬁ%ﬂ essdelides a

chanber waliledteg, BB PorcApRtHr |id assembly 15b. [0055] The CVD
system 10 contains a gas distribution manifold 11 for dispersing

Peqoct al SRS BfatnE Il Syl or IANe 11U 1s UBRRe O RER S duncal
di st 20 butiaphe n:mduﬁted ub fhiim feylayees ﬂlmrmntfofmdiﬁméls ek glidwrr indtid, ysE The film

conductin ria rder erve as a ctrode for,form
capach t | Py P BERazesbhp e raleenei Softhe SEGRE R g doipeig? mateiis”
sem condagied o%ftlfértb bSthB 98 $040118E 50Rhéwd ﬂhatenﬁmngbmg&ﬂdﬂdecgaﬂﬂmio
surface 12a of the pedestal 12. The pedestal 12 can_he nove

cont r ol | Baying fsws ifa@sy valqswsmme}@pahfgm fdmoualitysad die} eewc(caﬁrmtérﬁélas
in FIG 6A) and an upper processing position 15 (indicated by dashed
line 14 Egerfl ate\Procdssing Sgdtesel y adj acent to the manifold 11. A
centerboard (not shown) includes sensors for providing information on

the posi {G088] oDepdraionalaers thbﬂﬁ&ﬁzlmm tb&Timanel oCMe bietdnt gASKTnINS
i ntroduced_ into %he chgnber 15 t hrough perforated hol gs 13b, of a

convent i Bighyde mgatden%i>frn%wh@ta§awa§erdesmlmﬁ%l’c YD) exsterpaplagips e
speci i c@lafeed chemical vapor deposition (PECVD) systems, sub-atmospheric chemical vapor

deposition (SACVD) systems, and thermal chemical vapor deposition systems, among other
types of systems. Specific examples of CVD systems that may implement embodiments of
30 the invention include the CENTURA ULTIMA™ HDP-CVD chambers/systems, and

11



20 deposition process gases flow into the chanber through the inlet
mani fold 11, through a conventional perforated bl ocker plate 42 and
t hen t hr oogzdvoh@s7713b i n gas distribution facepl ate 1BaT/UFDOBG6P899
Bef ore reachi ng the rranifol d 11, deposition and carrier gases are

Syt om G URREEERAEPEEVD PR it A bR oz, ATl MO . AhSita

CGener al | glarat Oglifstppl y |1 ne for each process gas includes (i) several
safety shut-of f val ves (not shown) that can be used to autonmatically

or man u:@b%] shyle s‘ﬁit&bl Fl?os&ﬁt?éﬁ‘o%ssﬁr %95‘?%% \an ﬁltcfig| Qﬁnooetlﬂc?dlﬁé}?tmﬁﬁﬁﬁ and

(i) ma ow contro SO n at nmeasure th ow of
gas t hr canghodinkntsinppdoydancawith W{mqmemnixn@ngasiashmamdscbsbnbnd tm -assigned

(s SuppYS THSeT A BRALA S onek Ry IRarroed FRtbSafe T e or el

depOSI t 1 9iipd3EH FIEGS6 N6 Feptidik Grdsi sédfiienLVidws s h @Vﬂ@st’eﬁm@ﬁa\eﬂg Hedcudn
t her mal process or a pI afiH@‘Bﬁ enhanced process. In a_plasm-enhanced

process, OTRARORES RN ingjudegypchaseper W&@é%ﬁéﬂ@@@b@ﬁ}%%@@y .

applies electrical povver between the gas distribution faceplate 13a
and the [868fdstEie Q¥Dspsters 10 comxins @ gastcheripition spgifgldd 1 fondispessingpréassim a
pl asma w thi.n.t I n 13a and
Phe: poocebdld ;SR GARLOR wd R BUTRRGAP Y ARyt ke
"realt i othambed 150 "Gas dsadisttivh vanifslddl nidyde ibrawddoneacdlcdicatie pasintting
desired filmaon the surface ?/Ql tlae 5 seni conduct.or waf er_ supported on

pedest al Mm3srial ?rdﬁméﬁws abt Slegupde for fonmiye g capARi VRRlESM AR PRSI v
that typiheshtsitare v@R? |al i Q¥ RKordFaldd) ﬁ'pﬁﬁtlﬁ%dfoh%%@(&iéh% :b))nﬂ;x) Hi3206

MHz and at a | ow RIP frequency (RF2) t o enhance the

deconposi4eadthegredesiad 42 Wbe Bpsledtrleld qap b B@tiekwnirallably bréwemmalaec hanber
15. In a r

utili zedioa&lﬁ%g@ﬁ%ﬁ[ﬁ)@g&g@gng&gl m x?ﬁg 6{3%%? %‘?{FEAP%I ﬁBUésgm? ggséeposi t the
desi red (indicaeddy doShadimeddnd BES 6af), which selusdyadjacnoto thabhenifddppoht ed
on the ped stal re5| stivel eated to praovide.t her

oner oy | SPIEHEY GRLTPERS PrBetREs o ol rRh A SRS o
process, w’gf@g pl asma heats the entire process chanmber 10, i ncluding
the walls of the chanber body 15a surroundi ng the exhaust passageway

23 and thps §]h Ube ng& tlge%cygargér gabliehe ﬁﬂ@d&k@ﬁf@thb%hﬁx%erﬁ?fﬁ?&%h%rf@xrated

during a 15ther position process, a ltquid is circulated
t hr ough hdéles 1l dfe comeenténal fat, piraudes g8s @ﬁahlﬁmﬂ fawplate 13ai Moa¢ specifigally,

cha i el ey re r of

tho Ahardaeliar PG B BORTA L BBl RARF AL R kR, MRS, O

wal | s conventional perforated blocker plate 42 and then through holes 13b in gas distribution
faceplate 13a.

{0057] Before reaching the manifold 11, deposition and carrier gases are input from gas
sources 7 through gas supply lines 8 into a mixing system 9 where they are combined and

25  then sent to manifold 11. Generally, the supply line for each process gas includes (i) several
safety shut-off valves (not shown) that can be used to automatically or manually shut-off the
flow of process gas into the chamber, and (ii) mass flow controllers (also not shown) that
measure the flow of gas through the supply line. When toxic gases are used in the process,
the several safety shut-off valves are positioned on each gas supply line in conventional

30  configurations.

[0058] The deposition process performed in the CVD system 10 can be etther a thermal

process or a plasma-enhanced process. In a plasma-enhanced process, an RF power supply

12



15a include the typical fluid types, i.e., water-based ethyl ene

gl ycol or oil-based thermal transfer fluids. This heating (referred

t o as heatwagog4Biie "heat exchanger") beneficially 20PCeUsmes0$9

el i m nat es condensati on of undesirable reactant products and inproves

the elim i .\ ' roducts..of. the process, gases and er
cont am nrqéﬁn%%h?ﬂ% Cfmrﬁagﬁ%séglgg?’%ﬁﬁﬁg > %lﬁtgb%t}%lclg%eg%% ﬁta%?gélﬁ}ﬁé’lﬁgesfagwso

c ﬁ ndens easdo exdiie thmp;g&sm%asemghumdummd phfsﬁﬁgﬁﬁinahfﬁyﬁh@ﬁc[al fbgfb&%léta;}daﬁ o

t he procgssing ¢ e urjn eriods of ng gas w. [0060] The

r emai nde eﬁaﬁqgﬁféqg%%ﬂ & PEHe ) 1o (ThiS Fogzan \ﬂ!i‘da&gsfff@edo forezein ayfag "reaction

i ncl udi n@gioaC oAkttt IS akedaSread: fo RpaGLAIRR iR M€ serRIBEhe 15 DY
a vacuum punp (not shown). Specificall &F t he gases are exhausted

t hr ough SeRGaRduster wafen yppasied se dedssial | 2 KFwst surplirtd ing mixes fessency &F
region dr B @}% VRR nd
the plenum 17 r1 e gtgt?]iﬁ E%gfsg@ﬁgggﬁg%%tget ﬁﬁ?qﬁg&% op gi%ﬁ?ﬁﬁ%%‘%‘?' S
cyl i ndri gallowRFefragubicy IBEZY df 360 Bdizrtg entaecatpp decodipesitiat of readtivespegied 9
on the wall) and the bottom of the circular chamher,lid 20. The 30
360, degr Heodect it B vEGMERbana’ i p PR R GR PRRER S Sinehy B
and the téputlided, fidehé procest gadtmiktratbinellyReach bl Aéfoeit el desivéddfims on
procross t%gge over the wafer so_as to deposit a uniformfilmon_the
-1

waf e c5 9bthe TADISTIveter Hefen SrpPotYEYThr perstipl 12 WiHchHereaistivelis

pl enum 1featddR6 pRRRIR Shdnn@WnkRd @6 8@ Actfinl at eral extension portion 21
of the exhaust plenum 17, pasSt a view ng port (not shown), through a

downwar d engd| a t a shut-off val ve 24
(ahose. BRSO Bl SREaaR ARG o R Rek MG ik oM B ekt
t he exhatimimbeut(, chidmg thatvaltosincdamber odg 18xfieronadinyg dewxhaugnp 5

(not shown) through a fqrelne | sg_not, shown).. [0062] The, wafer
Support ey of aiflue fufeltave 3" RorarsHBry sdiHte SdbaAee, o
a comi Ngeind) dbhiR1iRAblock s, 4 BRILghidVSbiveulgalt 1B upiS ine &vaRl 1 SIdreEdSdcess

si ngl e-1 oop enbedded heater el ement configured to make two full turns

in the fehamber Iplamedintain thanhemher 4t an gleydedismpanaiiont tie nagegssdnthsf t he
heater ej gl?rpfer&;ﬂﬂécﬁgib@lcﬁgﬁs 1t5QaPeﬂ%§£eﬁoF'§§§1§ %ﬁuigé usell f RUPROEhanilcRly i

whil e an nner portion runs on 't of a concentric circ
havi ng alSnmtlhée the iaablluid ypesiiiei, mgter-batel ethlylzat giycdloe nBbhsed dissms!

h h th h l,,12. 0 Typi cal al |l of
the. chanber s e FEERRal rorapontpr et BheslMYoficBher
reace®r hanebsaE eliraihetcsoddematiorod! uiEésdtbla reastifipraducal andiimpidvesahodi zed

alum num__or ceramc. An exanple of such a GVD apparatus is described
in co- a;ﬂ gﬁr@ﬁ@éo@fgofaﬁgtgroﬁwsrg%the process gases an?c(ther Eo%tau?'mants that might

contaminate the process if they were to condense on the walls of cool vacuum passages and

migrate back into the processing chamber during periods of no gas flow.

[0060] The remainder of the gas mixture that is not deposited in a layer, including reaction

25  byproducts, is evacuated from the chamber 15 by a vacuum pump (not shown). Specifically,
the gases are exhausted through an annular, slot-shaped orifice 16 surrounding the reaction
region and info an annular exhaust plenum 17. The annular slot 16 and the plenum 17 are
defined by the gap between the top of the chamber's cylindrical side wall 15a (including the
upper dielectric lining 19 on the wall) and the bottom of the circular chamber lid 20. The

30  360.degree. circular symmetry and uniformity of the slot orifice 16 and the plenum 17 are
important to achieving a uniform flow of process gases over the wafer so as to deposit a

uniform film on the wafer.
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155, 558, 717 entitled "CVD Processi ng Chanber,"” issued to Zhao eta!,

and hereby incorporated by reference in its entirety. [0064] A lift
mechani smvaadonmnier? 32 (FIG 6A) raises and | owers t herOoeassEn?/069899

pedestal assenbly 12 and its wafer lift pins 12b as wafers are

t ransfer i nt.o d qut .of the_body of .the chanmher, K 15 by a.robot,

bl ade (n@?gléh?rématﬂw’ﬁﬁgﬁp wZoPe EiF RRguds %W?gaifgtemmt pRItioTy

si de of 2ihertehewraast pllum T4 ﬂéwiig pbai(mghaﬂq,ﬂhﬂm@ﬁﬁ dBRAS Stk tchding
a

bet ween a processing position 14 an ower, wafer-|oadi ng position.

The not of2S PREPRESS BRst A VesyuaHut-off velre 24 oriwse baty 1t brtagdedswiisipihg lowares

8, gas dglqver Walf i

chanber an sub%t ¥%§’e é%?fk%&ké@g?@#é@éﬁ?ﬁ;ﬁﬁﬂ%%ﬁ? #{érgf‘égﬁ&aog&gfﬁn em
cont rol | @pt shewm) thogvgh elforelime(eis8@pt shbwmhi ch only sone are shown.
Controller 34 relies on feedback fromoptical 25 sensors to determ ne

t he posi [0062] oThewataldugpsresiandtiof de prdseilrd) (RefetUBbl@tintecd4ihio] drlae
val ve and suscept.or I ch, ar ved by appropriate notors under the
control SAMRRANCR Sereof) 8 zesisfiyle Tafq%%%@n@g@ﬁ%eérswgmww?d haster

syst em cOahE@lohbigubdiCh WORS tvio RAMGE iStke BrhVét phRERONc AR Qir@i&%.l Bter

di sk drive and a processor 37. The processor contains a single-board
conput er PrEBO)L thehekas glemeat mipgyadiasent ta p perimetepefthdswpols platten whilaae

boar ef. ' . pa D
et L TR L
def i nes thearaler aiamaht pasges, thangh the stemaifdie ghdesaidlons and types. The 14
WO 2007/ 140377PCT/ US2007/ 069899 VME standard al so defines the bus

struct ur mogs] hayisdlydantQr Rl bf B3lcRarkbes 1A, s AietihdniRAKEDERID WS various
[ 0066] System cont rol I ér 34 controls all of the activities of the CVD
machi ne. otipraeapfarthardwaphare slafleputof awtsriaksusly a1 dnmawny pradized pludpen, or

which is t | ; it er. - kum

Such a5 SERO P SEmPleRIR e 0D Sl de AR T LAY S IR,
but the HEMHTY7 S&itled{CED Poodessingt Clembler, hgisuedfto Ahavos y/, ailthkeremnipedrperated
program{'@Pcl udes.sets of instructions that dictate the timng,

m xt ure reéeég%cg,m haEE pressure, chanber tenperature, RF power

| evel s, susceptor positjion, and other paraneters of a particular

pr ocess. [Whfler Addhieeianispragmety 321BICa @A) Frusse Aed lowsrrdhy hatsy pedestal
| ncl udi Nguseriy 1 On@HaTRE 1 Birks 199 BYwo MO auRidEE 1A RIA\RE ARBLORY 420 €

drive, may al S0 be used to Operate controller 34.
the chamber 15 by a robot blade (not shown) through an insertion/removal opening 26 in the

20  side of the chamber 10. The motor 32 raises and lowers pedestal 12 between a processing
position 14 and a lower, wafer-loading position. The motor, valves or flow controllers
connected to the supply lines 8, gas delivery system, throttle valve, RF power supply 44, and
chamber and substrate heating systems are all controlled by a system controller over control
Iines 36, of which only some are shown. Controlier 34 relies on feedback from optical

25  sensors to determine the position of movable mechanical assemblies such as the throttle valve

and susceptor which are moved by appropriate motors under the control of controlier 34.

[0065] Inthe exemplary embodiment, the system coniroller includes a hard disk drive
(memory 38), a floppy disk drive and a processor 37. The processor contains a single-board
computer (SBC), analog and digital input/output boards, interface boards and stepper motor
30  controller boards. Various parts of CVD system 10 conform to the Versa Modular European
(VME) standard which defines board, card cage, and connector dimensions and types. The

14



[ 0067] A process for depositing a filmon a substrate or a process
for cleaning the chanber 15 can be inplenented using a conputer
program pr¥83et7/1¢33t i s executed by the control |l er 34. PCRAISZHPELr
program code can be witten in any conventional conputer readable 15

pr ogr amm ANIVASS: X e.. 68000 .ass R nguage,, C, (Ct+
Pascal , I\é i :tgrtan or %tdﬁ%gés. tﬁ%w tsgrﬂftgmpals g‘ﬁ‘?ﬁ%‘? Eggg df‘%%gg?‘?%%ﬁ -leche«dsé
single fbdse, or nmultiple files, using a conventional text editor, and
stored or enbodied in a conmputer usable nedium such as a nenory
syst em ofpoéle SaiRMERfrollbf 34 RBISSLE bEHe GQARId SXihel BV Hlaémﬁéﬂfhdé SWEh

| anguage, the code is conpiled, and the resultant conpiler code’is

t hen | i nk@golifrioReaiesshsien corted sofprargovhichas e spmpeer wbgrrostfred in a

W nd ( i or ! t { onpkd ed ,obj ect
Code 3 e et Eneidlfe HH A Ron IPs FARHLR. 36elab BRI ae B RT B¢
syst em t drivepbut thdveernoyed 8imaynadsureyoihef kimd CPintthery. Taadenpne pexeatt es
the code. to.performthe. tagks..identified in the, program [0068] The
interf aclgc]blg%vﬁg%ﬁfgshgépnﬁﬁ@?qlﬁtét_e e e IE‘rmgﬁ_Gf gas?ﬁi’ &ha&1_ M t or
50a and &hmbeglinppatrd ®F, poweWRels, Budtesior SdBitiondndlbihes parasiiR! drhi ed

di agram of .t he system nonitor and CVD system 10 in a substrate.

pr ocessi PRSI PENRESSMITRY CREPUCHIPEEES sioiednn afsr aegipaydavicss inchidingefor
pref gy 1 eskRIROdinEBR dibve: BB hShG U6 AHRE et he
cl ean roomwal |l for tlhe oper at orsag dpthe ot ﬁg]ray(l%feg Pﬁgéﬁaﬁggﬂgﬁf for
t he ser véaagolesdMni ci ans. The nonitors 50a sinul taneously display the
sane information, but only one |ight pen 50b is enabled. A light 30

sensor i[B06Tie Aippocefs fot depbsifinga 0B o ebsinirate bi @ptoceifdtRaniay tKF¥hamber
di splay._ To sel.eci a {é&rt_i cul ar screen or function, the operator

t ouches = PESIEGHRIEEYNH ysing p comppnter; ripgraR) PRdugidpatanerepyedhibs the sentilies on

on the pgn T@@@om%_%@r ?r@%ﬁﬂ%@d@éﬁ%e%ﬁﬁg%?adg[c%nmnﬂbﬁdlg&hﬁﬂeﬁ@éé%}e or a
new nenu or 15 0071140377PCT/ US2007/ 069899 screen Is displayed,

conf 1¥ mi prgeesming [aaenagerfopetampian 638 assegivly lpeguagn €, Che, Brseqdl Boytran or
screen. r i . pQi ntin
o commitas SARHGESEa 0l AR B AU AR R S e RIS PRE, " o

| i ght pecpnSeisional tettleditor el siwred ot embodieduma catmterusible madinml feh a84. 5

[0069] FI G_ 6A sho a renote pl.as ner at or .60 nted on the lid
assenbl ymf%lBryosfyStleW\«,a\&ﬁl?eoc&gg’é&eE hﬁﬁtt?e‘?ql?ei%ie‘ioﬁﬁ Feﬁfgis A2 P’rr%'fﬁ’ﬁ lagguags. iths fode
facepl at g cddpiled)dnd {he rgaBard h&’h?i'leb dbdeas thaR Mk« withldn obfeciBaialifNg
adapt or 64 nmounts the renote plasma generator 60 on the |id assenbly

15b, 24s presamuied Micrpsedt & indors®rifsanyaaiiines. buyexesute (heilmked, gompidpd abject
met al . o ) i | : | S
TN b o s (e G i L
a m xi nginimenewy. The EPYherendadsraod deecutes thetcodettopkrfarmmihe itaslys identified fimthe
m Xxi ng plgf%g%ﬁf gases. A ceram c isolator 66 is placed between the
nount i ng- adaptor 64 and the m xing device 70 (FIGS. 6A). The ceramc

i sol at or may. be de, of a ceram c, materjal such as Al 203 (99%
purity), [9?3% oRhs Tteriee petieq A0eT PAdhe SOREPLIT A Via RO mpw@r%%@:@e 70

and ger aff pksS 90 kRwiBR FIBY 618 QU IR sindfliflell iakriath ASEEHRIM hoftor TRE

isolator b6 isolates 15 the nmetal adaptor 64 fromthe 'm xing device

70 and g&¥Doiystem Buniasnbsimgieipreressinglsystompivhichimay indhulepoe ermprgichigbers

secondar m i y | d i re

detai ot B P Bk Sk Do o, SRR oheoBed LR EERLOL IR

gases t ofdr e qpemters sndcthanther behindahd walt fod ireasetviog tethnichune U mhérdtoreitat e

pl asma geneiator 68. . . . . .
simultaneously display the same information, but only one light pen 50b is enabled. A light

30  sensor in the tip of light pen 50b detects light emitted by CRT display. To select a particular

screen or function, the operator touches a designated area of the display screen and pushes the

button on the pen 50b. The touched area changes its highlighted color, or a new menu or

15



[0070] The renote plasna generator 60 is desirably a conpact,
self-contained unit that can 20 be conveniently nounted on the lid
assenbl y 90 2@id48e easily retrofitted onto existing chrampsrws7/wmivsdaout
costly and time-consum ng nodifications. One suitable unit is the

. of Vs eles Stia o R AR e st Bt nnd Heclimioviiipen.

t or oi dal Ofhkadavites, auch as&ﬂeybdaed AdUER) OL SR eIGRMtink Br @cﬁﬁm@fﬁmh%ww @nay

pl asma di sso late i ncl udin | uori ne- contalnlng gas
25such gge e of rin ¢ dé‘iwfg‘gi‘lg@meﬁ 50 thﬁ%@ber he Bseg i roppigatewith

fluori necdﬁﬁbné}gu_s used to clean fil mdeposits in the process chanber
15. [0071] Having described several enbodinments, it will be

recogni z y t i tiQns,
1t ornat (OSSN HEEBA fion® Slehiord Medeesihuch 85 el R0 Sy Babee 16
depart i nifje prooesstchamispil § mchmiﬁngthegasnirmﬂiun@ﬂ facépidﬂetlsé)m[ﬁi thy gasadistibiin Of
wel | known es 30 a nts ave not_ been descrg bed in_order
to avoi dnﬁﬁﬁoécgggs‘gﬁquﬁn% mPH’étS I&Fé%[&?ﬁp aﬁ"\l?%ﬁ?qe&aﬁor R@dhsitidigl vy,
the abovasshesensmtub bt ﬁéﬁhﬁm(}l@h e ta 6aSs ﬂgdet&}%éﬂoﬂ%n%
the i nventl on, .16 WD 2007/ 140377PCT/ US2007/ 0 00721 VWere a
range ofdeyie(B4s souplsd &/ thg @pstrepm sids of heesias ﬁ@@@utlwaﬁmll diler tbniThg
val ugy tgQ xt
crean y SPLIEIAROTD IS8 miflnd et TP R RUFmoiel By MLRSRIISATHE
that r anfgéim@ra%s&)g@pfedk téramid isolatps@ i pladed Eawdensneabtting adugﬁorlﬁdtam&e n

any stat ng.. val ue. i.n range .and any ot her
S0% o o Ry Setle OTEREL RN e Britic i ot S RGBSR

'lI)'h eu plpematgﬂai shﬂyBIrAI%j{D{j(BQ% ;mht}t),t Edln®pad thelike. ﬁﬂg@ﬁmﬁfﬁl\g\%ﬂ, ﬂl@@:ﬂﬁiﬁ% @.9&11:6/
e included ,or excluded in the ran each range ere either,
nei t her ’g)ra“gd’FW‘? ISPIRIOT 89 By A RASP gt L RAEPTithe i‘fﬂiseé?kh'll@? @H%@OF@IQ‘P@SS

enconpastke theydl hdvptor 6B Erobd e Hﬁklﬁﬁ' devidddiormll ghOdidRYuRERdifof®d 1 ¥ minimize
excluded Iimt in the stated range. Were the stated range includes

one or b&e RoteRtial i ajsperndary plagmg ée foamdn theilidgsssmblielSbars disoessediin mdrose
10i ncl ud S 1 I i.n the
appended St *aThe B 07} Lot hoRT br 8 pHRES ARE fie Bilcl

pl ural rehmbentsscitnt dsstly ethoogh éetrerabte piakya dereratre®. ot her wi se. Thus,
for exanple, reference to "a process” includes a plurality of such
processemoaa)d Tiaf ©meRGRashA g'éhé!@topﬁ@ﬁldéﬁﬁbity d d&bﬁipu@te&wc@h&i&a%t tHat One

or nopre precursors an eCIUI val ents t hereof known
20 Dbeconveniently mounted on the lid assembly 15b and be easily retroﬁtted onto existing

chambers without costly and time-consuming modifications. One suitable unit is the
ASTRON® generator available from Applied Science and Technology, Inc. of Woburn,
Mass. The ASTRON® generator utilizes a low-field toroidal plasma to dissociate a process
gas. In one example, the plasma dissociates a process gas including a ﬂuorine—containiné gas
25  such as NF; and a carrier gas such as argon to generate free fluorine which is used to clean

film deposits in the process chamber 15.

[0071] Having described several embodiments, it will be recognized by those of skill in the
art that various modifications, altemative constructions, and equivalents may be used without
departing from the spirit of the invention. Additionally, a number of well known processes
30  and elements have not been described in order to avoid unnecessarily obscuring the present
invention. Accordingly, the above description should not be taken as limiting the scope of

the invention.
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15t hose skilled in the art, and so forth. [0074] Al so, the words
"conprise,” "conprising,” "include,"” "including," and "includes" when
used in thivempeaizfi cation and in the follow ng clai nsperesint/ansied
to specify the presence of stated features, integers, conmponents, or
st eps, do not preclude the esen e or, addition of one_ or
more ot h b”% eal' QFES rangsiod yapes 1s e&%ﬁéww Gtteqithatfaglintesrening Va5 i9s
VHAT | S b A lfERD heSinitlond T84 BOSn 2 mlel he hich 1R MHotBkcS bRSIYY Beskhd
silicon oxide, the method conprisin introd u0|ng)an organo Silicon
pr ecur sche apRer and loxpplimitpelibairenge is Jsespaeifiodivdissipseh diash smaklesaange ng
the prec n the
substrat w%ﬁéﬁfﬁta{ fvgﬂug P{ %E&%ﬁnﬁglc‘}gﬁl%g?(? a{%ﬁ {’%%g{l Mr]yegggegg 9c ar bon
cont ent mtmtehmglval)ue lin that stated range is femampagseé. FThowppdr &id lowarlinmixd adehdsayer
on the f|r cond l.ayer, to reduce the carbon
cont ent TS i EonEiderhy Pr ot BeRER g up B lncsfndss il inef “ana
second Swhdré am&mﬂmbawmmmmm&a&ed in the smaller range8 X208 dh@orhpisdday er
to a first plasna having a first densjity, wherein the first plasna

di ssoci atulintheigention, sybjgct i mcspraifcally emédqdaly@ﬁmtaﬁ@fated range. Where the
exposi ngstﬁt@(?ra.'n@é’ﬁﬁluﬁ&s &e%?ﬁ&ﬂ@f@e%ﬁﬁ ﬁﬁ% s@gclﬁ‘d1ﬁ§&%goxdl%ﬂ§bft}‘10§ehat i's

hi gher than the first density wher el n e second plasna dissoci ates
si | i Ebn- mh@ddfrctixnmarb@h@lmcmdei he | ayer; and annealing the silicon
oxide |l ayers after the gap is filled. The met hod of

cl ai m 1, [oobdr eAnudel deeityadrin ﬂfe&ppﬂnﬂ&t clﬁ@”ﬁplhb siggulat Rhe"O)Xwggand hag" i s
gener at ed ogt5|d? t he deposition ch %

mclude plural referents unless the context ¢ eaﬂy d1ctates otherwise. Thus, for example,
reference to "a process” includes a plurality of such processes and reference to "the
precursor” includes reference to one or more precursors and equivalents thereof known to

15  those skilled in the art, and so forth.

"nu

[0074] Also, the words "comprise,” "comprising,” "include," "including,” and "includes"
when used in this specification and in the following claims are intended to specify the
presence of stated features, integers, components, or steps, but they do not preclude the
presence or addition of one or more other features, integers, components, steps, acts, or

20 groups.
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The met hod of claim 2, wherein the atom c oxygen is forned by:
formng a plasma froma gas m xture conprising argon; and

i ntroduci ng an oxygen precursor to the plasnma, wherein the oxygen
precursor dissociates to formthe atom c oxygen. The
met hod of claim 3, wherein the oxygen precursor is selected fromthe
group PORST 3¢ CAYIMENS: ecul ar oxygen, ozone, and nitrogen dioxi de.
The nmethod of claim2, wherein the atom c oxygen is fornmed by:

i ntroduci ng an oxygen precursor into a photodi ssoci ation_chanber; and
exposi ng the oxyhgen pk&ethedef fitlnew gap eniachlestrais with siligiieaxdden themesthod

ul travgoqﬁﬁgsﬂg_ght di ssoci ates the oxygen precursor to formatomc
oxygen. ' 6. The nethod of claim2, wherein the

or gano- si |l i con pingcdirca@rananghnbisdicah pracarsoxaygein caygenrpotcundox &ch dapbsition
after tﬁei ﬂ% introduced into the deposition chanber. 7.
The net bf claim 1, wherein the organo-silicon precursor conprises
di met hyl sil ane, fehdiiBlidreddraneio heh b &R LIS btiadRyerdh i vah ohligne,
tetramethyl orthosilicate (TMOS), tetraethylorthosi ?ri cate (TEOS),

oct amet¥yiratej si | oxane (OMIS), octanet hyl cycl otetrasi| oxane (OVCTS),

t et ramet hyl cycl of.at- il gM:ﬁ )i rCNVEMES, . .
triethoxysil ane %t%@e ﬁgﬁgﬂ‘;‘f’%gm géstlollane, orcalp?ﬁgﬁ?/]}tgﬁﬁgﬁg.laym’

8. The net hod of foahmigmsicondisdicen nxitll &yki orsthe find layec endletshihg twrseamidde
| ayers, each have a thickness .from about 100A .about 200 )

0 Tholoe ROTER HEICATA: SOMGRIAP BN Chet SERAB A1 G OPEFU0R e et a5 de
| ayer s s¢onPLilisRsoad: Bpeadmprited dry non-reactive gas at a tenperature
of about 800C or nore. ) 10. The net hod of claim 10,

wher ei n the non- r eact®pesiggticilayentors Hgarammeavingd fupelepiip@hgeir e i s
900C. : ol ' Whet gl e net hod

i ncl udes fo?h%ﬁrﬁsé[ pcli |a td?%%éﬁhgﬁgé%b@x@glg}; ‘];Il%syler S 13%&1%43 first and
second | ayers, and whepesing taddyenadi secomigilassia liagmg agréad demgrgthdias a
t hi ckness of .ahout 50A to abaut 500A. 12.. The..nmet hod of
i m 15, widlaieh e e BRENarTERm bosecssd BemagaRslt §ilftned i n
the sanme nmapRkR6xiashddde if ihe $dyeandd second silicon oxide | ayers.

13. The nethod of claim 12, wherein a total thi,c%gpess of the silicon
oxi de | ayers is aBHmeRboHlises s Ryeroal d oap is filed. 14. The

met hod of claim 1, wherein the anneal ed silicon oxide |ayers have a
wet etch rate rapio (WERRML&S oK 1, hbred the 88 $gen precursor compriséPatorhite
met hod of claim1, wherein the anneal ed silicon oxide |ayers have a
wet et ekygeathat issgeneratedERR)dedhe ¢apetitionclgamber.o about 1. 4: 1.

16. The method of claim 1, wherein the annealed silicon oxide |ayers

have a k-value of abopfe gdelofbs élzﬁﬁﬁz, wherein the atomic oxygen is formed by:
forming a plasma from a gas mixture comprising argon; and
introducing an oxygen precursor to the plasma, wherein the oxygen precursor

dissociates to form the atomic oxygen.

4. The method of claim 3, wherein the oxygen precursor is selected from the

group consisting of molecular oxygen, ozone, and nitrogen dioxide.

5. The method of claim 2, wherein the atomic oxygen is formed by:
introducing an oxygen precursor into a photodissociation chamber; and
exposing the oxygen precursor to ultraviolet light, wherein the ultraviolet light

dissociates the oxygen precursor to form atomic oxygen.
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19 17. The nmethod of claim1l, wherein the method further conprises
pretreating the substrate with a high-density plasma before

i ntroducing the precursors to the deposition chanber. 18. The net hod
of claim1, wherein the gap has a height to width aspect ratio of
about 5:1 or nore. 19.The nethod of claim1, wherein the gap has a
hei ght to width aspect ratio of about 13:1 or nore. 20. A nethod of

formng a multilayer silicon oxide filmon a substrate, the nethod
corpriging 6" e o7 02, et oG prebre UGt biere Ry Bs. on
the subghiab8geMhRMBt MiRAGRBiflek 66IRg Mlodecddame ihd @pogtibmiakibess of
about 100A to about 200A, and wherein each |layer is formed by;

(i) introducing an organo-silicon precursor and an_atom c oxygen .
precursor to a réact i a¢fhedhelrclaim 1, wherein the 0{3@9"5’#’@%P‘ieﬁﬁs‘irﬁémpnses

precur ﬁﬁ’i’ie?h;}lﬁlaﬁ@,rtmnt:!ﬁ?isllﬁ)é,efe_trgﬁe&pﬁiléiép&i%fh?fsﬁane?ﬁ@ame%bﬂhosilicate( i)
etching the layer to feduce inpurities 1n the |ayer, erein the

et chi ngrOSH, hefrdethybithosirpate EBROS), octamethyltrisilexqred DM Dhe | ayer to a
[t BLARERINA00 SLLLSOMIERS! L HSE LRI LS RIERTS,

di ssocra es’1n yer, an

exposi DLkEDY, MBMS hetBylSEEod stV B \ihRgyldins8odditine @n phdnylsilgl i S
hi gher than the first density, wherein the second plasna di ssoci ates
silicon-hydroxide bonds in the.layer; .and anneal i the pluraljty of
ayers 21, The. et hodl BrmEh i B PR E Re AR thecmes i pride Hych
Precur sgh HaSe 8aREMmhalsathrRHbcu 4604 ReatdePmsidl i on chanber, and wherein
the organo-silicon and atom c oxygen precursors are not m xed until
after being introduced into the reaction chanber.. . )

9. The method of claim 1, wherein the annealing of the silicon oxide layers

comprises an anneal in a dry non-reactive gas at a temperature of about 800°C or more.

10.  The method of claim 10, wherein the non-reactive gas is nitrogen {N») and

the temperature is 900°C.

11.  The method of claim 1, wherein the method includes forming additional
silicon oxide layers on the first and second layers, and wherein each additional silicon oxide

layer has a thickness of about 50A to about 500A.

12.  The method of claim 12, wherein the additional silicon oxide layers are

etched in the same manner as the first and second silicon oxide layers.

13. The method of claim 12, wherein a total thickness of the silicon oxide
layers is about S00A to about 10,000A.

14, The method of claim 1, wherein the annealed silicon oxide layers have a

wet etch rate ratio (WERR) of about 2:1 or less.

15.  The method of claim 1, wherein the annealed silicon oxide layers have a

wet etch rate ratio (WERR) of about 1.8:1 to about 1.4:1.

16.  The method of claim 1, wherein the annealed silicon oxide layers have a

k-value of about 4.0 or less.
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22. The net hod of claim 21, wherein the annealing of the plurality of

| ayers conprises a thernmal anneal, a steam anneal, a plasma anneal,
an ultraviolet light anneal, an e-beam anneal, or a m crowave anneal.
conprises: heating the substrate at a first anneal tenperature in the
presence of steanm and heating the substrate at a second anneal
tenperature in dry nitrogen. 24. The nethod of claim 25,

wherein the first, annegal t erature i s about @5 nd the.second ..
Anneal tenper at uFe. | o EEREOOBGR - whirci he mediod Rye GeRis GreEiiem
21, wWhefe@lbsnRackitiod hishelepiyAdshiabetre it 8iding the HOIIRErsas tHR depds@iddif

about 125 A/mn to about 2 um m n. 6. The nmet hod of
cl ai m ohambgher ei n each of the | ayers is etched in about 3 m nutes or
| ess. 27. The nmethod of claim 21, wherein the plurality

of layers is anngal edrfjen,@RQHer BAmM, Mk @k glq?%-a height to width aspgtg ratio
The nethod of claim 21, wherein the plurality of layers have a wet

et ch rafa@onkiilor MPERR) of about 1.8:1 to about 1.4:1. 29.
The net hod of claim 21, wherein the plurality of |layers have a -val ue

f about 4.0 . . f_ elaim.; i
Che molti T aver siF oot metiod of claimil whlRfh FELA0H il it o MG AL

about 38D4At 131 or more.

20. A method of forming a multilayer silicon oxide film on a substrate, the
method comprising:
forming a plurality of silicon oxide layers on the substrate, wherein each silicon
oxide layer has a thickness of about 100A to about 200A, and wherein each layer is formed by;
(i) introducing an organo-silicon precursor and an atomic oxygen precursor to a
reaction chamber,
(i1) reacting the precursors to form the layer on the substrate, and
(ii1) etching the layer to reduce impurities in the layer, wherein the etching of the
layer comprises:
exposing the layer to a first plasma having a first density, wherein
the first plasma dissociates larger carbon molecules in the layer, and
exposing the layer to a second plasma having a second density that
is higher than the first density, wherein the second plasma dissociates silicon-
hydroxide bonds in the layer; and

annealing the plurality of layers.

21.  The method of claim 21, wherein the atomic oxygen precursor is
generated outside the deposition chamber, and wherein the organo-silicon and atomic oxygen

precursors are not mixed until after being introduced into the reaction chamber.

22,  The method of claim 21, wherein the annealing of the plurality of layers
comprises a thermal anneal, a steam anneal, a plasma anneal, an ultraviolet light anneal, an e-

beam anneal, or a microwave anneal.
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23.  The method of claim 21, wherein the annealing of the plurality of layers
comprises:
heating the substrate at a first anneal temperature in the presence of steam; and

heating the substrate at a second anneal temperature in dry nitrogen.

24.  The method of claim 25, wherein the first anneal temperature is about

650°C and the second anneal temperature is about 900°C.

25.  The method of claim 21, wherein each of the plurality of layers is formed
at a rate of about 125 A/min to about 2 pmy/min.

26.  The methoed of claim 21, wherein each of the layers is etched in about 3

minutes or less.

27.  The method of claim 21, wherein the plurality of layers is annealed in

about 30 minutes or less.

28.  The method of claim 21, wherein the pharality of layers have a wet etch
rate ratio (WERR) of about 1.8:1 to about 1.4:1.

29.  The method of claim 21, wherein the plurality of layers have a -value of

about 4.0 or less.

30. The method of claim 21, wherein the multilayer silicon oxide film has a
thickness of about 1000A to about 3000A.

21



