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METHODS FOR FORM NG A SI LI CON OXI DE LAYER OVER A
SUBSTRATE CROSS- REFERENCES TO RELATED APPLI CATI ONS

WO 0®00353Tthi s application is related to co-assiPCEUSI00E080518
Provi si onal Patent Application No. 60/803,499 to
Lubom rsky et al, filed May 30, 2006, and titled
" PROCESS CHAMBER FOR DI ELECTRI C GAPFI LL." This
application is related to co-assigned U S. Patent No.
6, 387,207 to Janakiraman et al, issued May 14, 2002,
and titled "1 NTEGRATI ONOF REMOTE PLASMA GENERATOR W TH
SEM CONDUCTOR PROCESSI NG CHAMBER. " This application is
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This application is also related to co-assigned U.S. Patent No. 5,558,717 to Zhao et al.,
and titled "CVD PROCESSING CHAMBER." The entire contents of all related

applications is hereby incorporated by reference for all purposes.

BACKGROUND OF THE INVENTION

[0002] Semiconductor device geometries have dramatically decreased in size since
their introduction several decades ago. Modern semiconductor fabrication
equipment routinely produces devices with 250nm, 180nm, and 65nm feature sizes,
and new equipment is being developed and implemented to make devices with even
smaller geometries. The smaller sizes, however, mean device elements have to work
closer together which can increase the chances of electrical interference, including

cross-talk and parasitic capacitance.

[0003] To reduce the degree of electrical interference, dielectric insulating materials
are used to fill the gaps, trenches, and other spaces between the device elements,

metal lines, and other device features. The dielectric materials are chosen for their
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nmetal |ines, and other device features. The dielectric
materials are chosen for theirease of formation in the
WG paemess3iet ween devi ce features, and their | owCT/US2008/080518
dielectric constants (i.e., "k-values"). Dielectrics
with | ower k-values are better at m nim zing
cross-talk and RC tine delays, as well as reducing the
casOYoRna A #PIhe SPASK Bk cggviéej.'}@at‘a?éé', 584 (HAMSRNGERARc
dielectric materials 1 nclude silicon oxide, mhlgh has
constin&\(e¢. geviues]) uDidedtvieewith 16wankl-vdlu2s alebetee posiitiedzing
with conventional CVD technigues. [0004] Wile the
crog-toliy anel It tiesdalars ahwell evrrdiqng i yeralepgiger consumption of
the g&%@@.t égﬁxﬁenﬁﬁkal%gpéagﬁ%gt%riﬁfsrillllcqgéfé §Ficor Bﬁd?,‘%flich has an
ecreasing sizes and 1 ncreasing densities of device
avefige¥endlge betwek @it arge? edraulipositatbwithachudrgichal VK ng
for dielectric materials with | ower k-values. One
tedﬁ@%#@ach has been to dope the silicon oxide with
fluorine to make a fluorine-doped silicon oxide film
[0004] . eVhilé HBEG-viluk o} conventianali €@VBsilicon oxkatest acdepabld Dvmany
as about 3.4 to 3.6. Another has been the devel ogpnent
devige sEriuen thy eves degepsing sizes anchincresgingidepsidigp of fgriee
elen\%lf’cg1 hmeglb%% sglln?c\('}ﬁg to? Er?a%mlﬁrfac'c%r%rg fo%ﬁin%yfgf S%ﬁ%trllc materials
si'sesqui oxane O Torma porous®l ow I'T'm
with REeS|k-Mlues. reseapprvactshd i8en-t6Xyge thedlidionoxi& widhGuorine
films_have been devel oped with k-val ues of 3.0 or
to make flumineedopsgl stliqon) axidetilan ey e FSde pbs) with aicleriic
hem V. it C ~Si xy.ge
conSAT A8 AL RERES g A R PR Rl SRR o R

glash adtBiniRiee thd¢ cvad the Subdiadte puttehighly fidvidile peecdefedlike
silicon oxide filnms, they also tend to be

hydsegsstsilsesqaiaanaleQp s fioum a pwriosh levek flave negat i ve
consequences. Porous filnms are prone to increased

[0008D s AVIgnteiracendly, stHt@T-oxWtncdarle@N(SiAECRHBRs hine: beevialetrelopbd
the film Porous filnms al so have higher "wet etch rate

with kiviaes of WBrrsgsst Rhesedan-lrkikes preeottan drpesited By Hifechepnical
r C | r .

vap R A R R Shm L Roork PRI b e
theselSiD-Ceting &evp tdvosr k-YalukovRin pAERRNY dludeise-dopdd IsBRen oxide

cracking. These and other issues are
films, they also tend to be substantially more porous, which can have negative
consequences. Porous films are prone to increased absorption of water, which can
increase the k-value of the film. Porous films also have higher “wet etch rate ratios”
(WERRs) that can make the film more prone to corrosion and stress cracking. Thus,
there is a need for new methods of depositing low-k carbon based films with

reduced porosity, lower WERR values, and less cracking. These and other issues are

addressed by embodiments of the invention.
BRIEF SUMMARY OF THE INVENTION
[0006] Embodiments of the invention may also include a method for of depositing

a silicon oxide layer over a substrate. The method includes providing a substrate to

a deposition chamber. A first silicon-containing precursor, a second silicon-
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addressed by enbodi nents of the invention. BRIEF
SUMVARYOF THE | NVENTI ON [ 0006] Enbodi nents of the

WO pwensizan may al so i nclude a nmethod for of depopUS1008080518
a silicon oxide |ayer over a substrate. The net hod
i ncludes providing a substrate to a deposition
chanmber. A first silicon-containing precursor, a

cont?aglggg gag‘étu(lgécfr%ga%%ﬁs E)Hégﬁaolrs ?g%géf% yfgi;}q a%ﬁl[e\vyd?\i o?i(?eslg?el' SThe

ma sriicon oxi

first%iilﬁd&%n@aiﬂingi preqigser icludeont leawtlond @8 SiaH HopdsindBiesi bbnd.

Si -H bond and Si-Si bond. The second .
Thespeansbsiliecpneaataining preasgesimeludes ptigasy one Si-Dhkendnkhe

Si.: nd. The deposite ilicon oxide layer is
dep R POCO A SERBBATIEN s of 't he i nventon §ncl ude

nmet hods of deposjiting a silicon oxide |ayer over a .
[0005; h Frmbadimenrseof s iygatipminclyry madogds e fepasifing a silicon oxide

substrat.e de i tion ch r. . at oI en
ey 984S SPeid HE BT Ay e ho (R AL e R

dep64iabRehardbék. | Atk AREME B-y gdit Preti o haibRgenérasdd d@dide the
precursor may be introduced to the deposition chanber

depgsitiosichamber gdeiatrosdiseedvingo Hegehagmber SA silicom pragyrsorpmay be

. . about, 8 or ,less. The silicon precursor and the atom ¢

intr R 8 AP AR ion a1 PR PP B o R C S i o) ftom

ratid BEalsdut BeR Mesh! BREEFOON BRGuEdIR aftl GRS StoRNY BRI RCHIBOF may
may be reacted to formthe silicon oxide layer on the

be figstiynixedtie therthantepodhe sidicen presursosrind éhe atparic arygese
anneal ed 0008], Enbodi nents of. .t he i nventi on | so

predIIE RO ‘B FORO RS Ty ek O A iy e

depBMEId AicchRStd@lger TP baRhRAE MY include providing a
substrate to a deposition chanber. An atom c oxygen

ecur.sof. _m enerated by.pla i zi n .\
(oo} CTatERl iR R DPREL R R s AR 2 lpdlot dopgsiting
silicBhdfRMTapiibvienh 6QEkiERE THE MethiRisGhamdeludeArslidig®a substrate

precursor may be introduced to the deposition chanber.
to afigpositipn ehampere A slomirayy griveregurgosinag g igeperatest oy

plas 08 2 eoh e 25 i B RO PRI Uppitoh IR RbEr it
introduced into the chamber. A silicon precursor may be introduced to the
deposition chamber. The silicon precursor may have a C:Si atom ratio of about 8 or
less. The silicon precursor and the atomic oxygen precursor may be first mixed in
the chamber. The silicon precursor and the atomic oxygen precursor may be reacted
at a process pressure between about 100 Torr and about 760 Torr to form the silicon

oxide layer on the substrate. The deposited silicon oxide layer may be annealed.

[0009] 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 methods described in the specification.
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the chanber. The silicon precursor and the atom c

oxygen precursor may be reacted at a process pressure
wheimesss4s@bout 100 Torr and about 760 Torr to POY/D5100£080518

silicon oxide |layer on the substrate. The deposited

silicon oxide |ayer may be anneal ed. [0009] Additi onal

enbodi nents and features are set forth in part in the

description ghaty bﬁﬁtﬁfﬁrgoﬁ‘@wfHE@fﬁAwmbsbeCm .

apparent to those skilled in the art upon exam nation

of the specification or may be | earned by the practice
[00H] théuttﬁelsmdemﬁand‘mng off dlagt natese antladidandagea géthegiresdng

o R P L A o B
and.[ ﬂglgtgg]@wﬁ%ﬁér@ﬁtlﬂ&r}e%rﬁ% TERERs R @ CiRrd: gﬁgﬁw NGEral

urt her understandi ng of the natur
drasdegntoagfes tofintile compsaeantsi hvenhé ontanays, beublkabetli iz askobiated

.Jefefence to the remgi ning portions of the ) o
with aéefer?rtcsﬁu&*ra#?dldt oY éaﬁyrp&nm SpRRt opp REMydRle sHeilar
co hed SVRES rc#éx%ﬂcé Arguehaut re?cggn&e%ﬁﬁéjal \%tﬁ%pﬁcﬂﬁatmn
refer to simlar conponents. Tn sone |nstances, ‘a
to aswdxistinglsubkbals #as iréradtbdiotrbfen to &l etidneealtiplesihdlar@aothponents.
foll ows a hyphen to denote one of multiple simlar

LENGE
[00FQ m@re%ﬁowé/\b ABwWRER tﬁ&qﬁdhaeﬁ?cggsnﬂqga;f&eﬁﬁgé@ﬁg%%g|1 00 of

nuneral w thout specification to st
forming an oxitdekdeds dver nefibstrdte. al | such nultiple simlar
conponents. [0011]] FIG 1 shows a flowchart that

[0012)C | I8 S2 R 1DEPSre lsPh ARatfX G DR R MoR L QLK &%iﬁggh%&%g&ry
an oxide layers over a substrate. [0012] FIGS. 2A-2D

methiod fectvemang g siticos sxisle ddyienwakr ¥ s@wsrashowi ng an
exenplary nmethod for formng a silicon oxide |ayer

[omgerEI@. 8 WsflswicBartsA8WHg &l dtherdedetrary! @¥hShiR¥eht for forming a
showi ng anot her exenpl ary enbodi nent for formng a

silicoin|oxédmlapsd. de | ayer. [0014] FI G 4A shows a verti cal
cross-sectional view of an exenplary thin film

[001c4$ P AEGE 4 QBhEWS b &Y tidaDBEBY-sdetionalhBeivof Aneh&Rl 'lefr}l @6in film
di agram of an exenplary system nonitor/ controller
deposition system.

[0015] FIG. 4B is a simplified diagram of an exemplary system monitor/controller

component of a thin film deposition system.

DETAILED DESCRIPTION OF THE INVENTION

[0016] Systems and methods are described for depositing a silicon oxide layer with
desired flowability that is then annealed (i.e., cured) into an oxide layer or fill having
a desired quality. The desired flowability of the initially formed oxide allows it to
fill aspect ratio gaps and trenches (e.g., aspect ratios greater than 5:1) without gaps or
seams. The annealing step then drives out moisture to leave behind a dense oxide
tilm having a wet etch rate ratio (WERR) that may approach the practical limit for
silicon oxide films (e.g.,, WERRs down to about 1.8 to about 1.4).
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conponent of a thin filmdeposition system DETAILED
DESCRI PTI ON OF THE | NVENTI ON [ 0016] Systens and
woredobosis4@r e descri bed for depositing a silicoPCDKEIE8/080518
| ayer with desired flowability that is then anneal ed
(i.e., cured) into an oxide layer or fill having a
desired quality. The desired flowability of the
ot . 1 , , .
ool U R TR A P hie e Sl EondPaREC AL
atorhiclgxyweh batsid gapsp siti@pasactiohkbamibee dlhawgostiepxyigeanay be
drives out noisture to | eave behind a dense oxide film

firstyaikedgvish wetlicen Prequases haxingo CRERRIM ratia ofplpubp pF kpge in the

e BB AR o 0 LAy b s
andedepapit aili¥oekideds R Yubstiltel dEhd Hads Ritaied rBenRaaL 4 QbsiRld
reacti ve atom c oxygen outside a deposition/ reaction

leved b hperoxyrgreugs baneedio/denilivay, Whichicas makethel oxideslegirably
si.lican ecur.sor,, having . At rati o .of about

Rovgapig (e RO SV S leina Dl Hn gty R braores to

fill HRRERt Y& arit sdaBiW duR LS gdp bEEeKIPI ERSUARS tAdBeposition,
deposit silicon oxide over a substrate. The oxide

the ponaaiigstap inay eory adtssinradolehd tho$i-GYlagroxps inge siligen dioxide
bonded to the.sil..con, Ich can . t he oxi de

andgRaeT Spney Mt bR EPPRR Ak "o de i 1
desirably flow even at | ow tenperatures to fil

Exemplayaripxide Ldgerdriinusiond’radeassasg a gap or trench fill.
Then after the deposition, the annealing step may

[001BP NG B siddvaatuRichett thdtendidédtgpoinps: dxdinglalylmhednod 100 of
di oxi de and water vapor, which is driven out of the

forrgiaygsi @ade Yayprm ovex e spbsraie Ckheimethgael00mgpipglidp providing a

Prac s [[0018l FlL.G .1 shows .a,f A o
subpihAF AL s PEpe T e W PP 02 RO ARt Ry b g ttcon

sub&iate)d BV @ugicundsebsiatesilite Arertbaivii (3106) sldtratan epi-
i nclude providing a substrate 200 to a deposition

subgtratatresilicon-en-épsulagor (SHpswhsbote, atdispiaoswhejratresugh as a liquid
il i.cqn rate, a,ll]-V ¢ ound tr . .
cry iy PP b ebeley ol BERPAI A AR e B isptay

or adi%it i@y Qol & @ HRstbstr 6] for Skdnpleallf some @hrifld@Nents, the
substrate such as a liquid
substrate 200 may include at least one structure, such as trench structure, well,

junction, diode, transistor, metal-oxide-semiconductor field effect transistor
(MOSEFET), interlayer dielectric (ILD) structure, inter-metal dielectric (IMD)
structure, circuit, other semiconductor structure or various combinations thereof.
The substrate 200 may be a semiconductor wafer (e.g., a 200 mm, 300 mm, 400 mm,
etc. silicon wafer). In some embodiments, the substrate 200 may have at least one
trench such as trenches 210 formed therein as shown in FIG. 2A. In some
embodiments, the substrate 200 may be a semiconductor wafer (e.g., a 200 mm, 300
mm, 400 mm, etc. silicon wafer) and may include structures, device components, efc.,
formed in earlier processes. For example, the substrate may include the trenches 210

with high height to width aspect ratios (e.g., an aspect ratio of 5:1 or more, 6:1 or
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crystal display (LCD), a plasnma display, an electro

| um nescence (EL) |anp display, or a light emtting
wWel@desBWED) substrate, for exanple. In sone PCT/US2008/080518

enbodi nents, the substrate 200 may include at | east

one structure, such as trench structure, well,

junction, diode, transistor nmet al - oxi de- sem conduct or
moxgﬂ_' 911%1‘%51%03“55?{5?% &M:@Egpo’r nﬂcﬁ‘% {1' XFIF-\ore 12: 1 more,

el'ectric’ ructure er-neta

etc.\, I MD) structure, circuit, other sem conductor

structure or various conbinations t hereof. The

b .
[001% Sh's éﬁg O%x%dﬁﬁ%g%eﬁ% Iﬁgctmg& 06 P‘Fa gﬁclﬁg ‘a{e) xfe?rrc%e ggl?%atlon
of aarsiaicmygen ptdrarsuas b lahdor aatsmas/thbaiepoahoh ehshbeni@ step

trench such as trenches 210 formed therein as shown in
104 £iThe atomnic oxy SEhRTEWISOH MY egenetadeds iy she dissocptionphpnpe

oxyg?f? 9591’:891”%%&%%{1{;5\6@ &rh e( mglebulgr %)8)8%6 Fﬁ %2 uI[HT(‘S 351 & rﬂ%gen-

evi ce

oxygéﬂif@@ﬂpﬁﬁﬁd (8. NO, Nmfzmgbj d’tc ﬁalﬂyld@cﬁgeﬂf &682828mpoahd (e.g.,

exegy t he substrate may include the trenches 210

HahiH2hsigh wr@ﬁroxﬂewcamoagéé@g £8Y (6% (te) gs welrs other
7:1 or nore,

oxyggﬁgg ntalmn%Sr 0{1 %rs ang. mblﬁ}atl(lns ?fo precur(s:“Orfl 1 or nore,

rm re
nore, etc.). {0019 I n some enbodi nents, the
002%t Haéoq@@mbaxyhmﬁe sUide atereicaYBER PERSHESCA Enhbegengrated by

the gk%@l&t SR bt o cdhithing F;ar%lié’ocratfh% bQHE %b&%mﬂ‘ precursor

eposition C atomc

maPbes ufishire FRY ofxsygen anaioedndYrdriekashipts ok géﬂ @m bzafpramded
oxygen contalnlvgt recursor such as nDIecuIar oxygen
) 1

into(ap 9zong geRRratas the PreRpegeyHen ag Eﬁ@ﬁmﬁ@rtp@ qj oxygen
can Hgazgﬁ%& as 9%0 & (in)aslbrélg reg%ﬁ rdgl%ggtggt)ﬂ\ég)ﬁg aéf ave g%@ tate

betzéen alRfuk 3)stana1%rdl\ﬁjce|rs Bér @tdfe (Dxyged aB@lﬁttm gl Q\fter the
precursors and conbi nati ons of precursors. [0020 In

0zZoBFREORAFOHE MEHER OXYSra raap hive dXpiEH Psreatagsdetwesn dwut 6%
and2eR {ﬂyﬁd by the dissociation of an ozone-contai ni ng
recursor The ozone-containi ng precursor may be a
xture gas of oxygen and ozone. For exanple, oxygen
[OO?één P EOTHE Shgdiments, the dissociation of the oxygen contalmng precursor
to generate the atomic oxygen may be done by thermal dissociation, ultraviolet light
dissociation, and/or plasma dissociation, among other methods. Plasma
dissociation may involve striking a plasma from helium, argon, efc., in a remote
plasma generating chamber and introducing the oxygen precursor to the plasma to

generate the atomic oxygen precursor.

[0022] The atomic oxygen precursor can be introduced to the deposition chamber
in step 106 where it may mix for the first time with a silicon precursor, which can be
introduced to the chamber in step 108. The atomic oxygen precursor can react with
the silicon precursor (and other deposition precursors that may be present in the
reaction chamber) at a temperature between about -10°C and about 200°C and a

pressure between about 10 Torr and about 760 Torr total chamber pressure to form a
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into an ozone generator. Wthin the ozone generator,
at least a portion of oxygen can be ozoni zed as ozone.
wo poogosB4enbodi ments, the oxygen may have a f|POUI/Ds10e8/080518
bet ween about 3 standard liters per mnute (slm and
about 20 sIm After the ozonization, ozone wthin
oxygen may have a wei ght percentage between about 6%
silicBR SRR 2RO fHC DBS A8 IR HHIRRi G b film 220 can
I'SSoci‘ati on ‘of the oxygen contalning precursor to
red@enhe adpRect Rtioalf e trenotieg 2N0 tethabef WardedYItaher mal
di ssociation, ultraviolet |ight dissociation, and/ or
[002@’ asﬂ@sﬂ{cﬁﬁ %?éc%%oq%@fﬂa%ga @.ISE Q{orﬁ'%tfboﬁsaboﬁl; 8ofMRss (e.g., a
ssociatiron may I nvolve striking a plasm from
C:Sihvatib b7, G690 8, 2,6t & less).NThis hesadt ehgrk asmbe Genearthin 8garbon
chanber and introduci ng the oxygen precursor to the
atorps Hsthg silison @requase MAECHE 69 @V eBK§iHen POBERTSHR. [ 0022]
The atom c oxygen precursor can be introduced to the
[002dE p O bdrne Brmbbditherits, the siliepn p&&uvdre meayi be aBijoxaink cdmpound
the first time with a silicagn precursor,ﬁEQich can be

such a3 risthedlesre (ERERBerehoaydlpaps (TM®)at oni ¢

. . h B  Thj precur sor
i B B R OB kR DR RGP et
octainfethde;tfisiasiahe (OMBIR)Lnd /alr catahtsthexyalodeeasilekaeeg®MODDS),

about -10C and about 200C and a pressure between about

amopg ofbersilaxaneaBPOwBl: Torr total chamber pressure to
formasilicon oxide film220 (shown in FIG 2B) in
step MQ. Ihéxbﬁdiconkb de LLDEHZZO can Heduceoche
aspect E?ﬁio of the trenc 210 to that of “¢ifenches
210aHsd OzéycﬁggssiIiggﬂgpreEub@gg nayHggyéza\GSCHgtom
ratio of about 8 or less (e.g., a CSi ratio of 7, 6,
5, 4Trigthogysildxape | essYetrafiriloxysilaxemet herBinaoxysildxener
than 8 ¢HRIESH atons in t h€IMDS) con precur SGRIVMOSECuUl e
for every silicon atompresent. [0024] In sone
enbodi ments, the silicon precursor may be a sil oxane
conpound such as triethoxysil oxane (TRIES),
t et ranet hoxysi | oxane (TMOS), tri nethoxysiddgpgane

Fh@@QLNCS), hexgﬁﬁﬁhoxydisilo (HNDDS),l OCHs
HaCO7Si O—-Si OCHjg HsCO——Si—O——Si O—S8i OCHjs
H3CO OCH3 H3CO OCH3
OCHj
Hexamethoxydisiloxane Octamethoxytrisiloxane
(HMODS) (OMOTS)



oct anet hoxytri si | oxane (OMOTS), and/ or

oct anet hoxydodecasi | oxane (OMODDS), anobng ot her
W@ 20000533¢0 conpounds: Tri et hoxysi | oxane PCT/US2008/080518

Tet r amet hoxysi | oxane Tri nmet hoxysil oxane (TRIES) (TMOS)

(TRI MOS) Hexanet hoxydi si | oxane Oct anet hoxytri sil oxane

(HMODS) (OMOTS) [0025] I n other embodinents, the

silicon pregg#sor may also be a silazoxane conpound

that includes one or e nitrogen groups. The

si | azoxane gonpQundg” nay i ncl ude

hexanmet hoxydi si T az tane (HVMDS- H), net hyl

hexanet hoxydi si | ane ( HVDS- CH3), o

chl or oheyxan®t hox dl%i | azoxane (HI\/DS&?,\

Wééﬂh xydpslagoxan®CPEDS-H) . oo 50 ocH,

Snanet OX¥BLFi-s iaz&; ane (NMIS), and

oct anmet ox:yqycl CS/ Ia ocapge (OMCS), a@ong ot herSi

si | azox8ne élﬁirb% ds: Hexamet hoxydi si | azoxane Mbt\hstH3

hexanet éxydl si |azoxane (HVDS- H),c6 - CH3) o)

Chl oro i si | azoxane Hexaet oxydi sl az/oxane

(H ) ( HEDS- %t)cg\@_l amet hoxyt ri $i,tgzoxadpe—Si

Qct’arret hoxycycl i csi T &zoxane (NMTS) ( OMCS) [Ob}pCHEI

st i Detapiethexydoabmadioxent s, the silicon precursocHymy be

a hal ogepamvebiss) oxane conpound t Datamiethokyigtelicsidmener

nore hal ogen groups (e.g., fluoride, chloride,
[OO%&O%gﬁmr% Yo ﬂshgﬁts%ggﬁﬁ)m FQur &% 80 bB§ sﬂazoxane

| ogenat e oxane may be a chl orinated sil oxane

compoupduhat intlatesisnd et maesdmhitrogen gameps( THBESjlazoxane compounds

di chl or odi et I S
mayerrhidsthexang ox?#&%@%&% m&@ﬁ@mor odi si | oxane
hexérﬁgg&gﬁgﬁ%oxgﬁe Nﬁfdgt@ﬁpkm&bﬂ%g@%@%%%@ BIMDS-

orinate Xane conpounas
Cl), hexaethoxydislazoxane (HEDS-H), nonamethoxytrisilazoxane (NMTS), and

octamethoxycyclicsilazoxane (OMCS), among other silazoxane compounds:

10

CH
HsCO\ OCHz H3CO\ ° OCHs
. H .
H3CO /SI N——8i—0CH; H3CO /sz N—8i—OCHs
HsCO OCHjz HaCO OCHgz
Hexamethoxydisilazoxane Methyl hexamethoxydisilazoxane
(HMDS-H) (HMDS-CH;)
Cl
HsCO OCHg CoHs0 OCzHs
. H ,
HCO—— Si N Si OCH3 CzH5O Si N Si OC.Hs
H;CO OCHs CoHz0 OCsH5
Chlorohexamethoxydisilazoxane Hexaethoxydislazoxane
(HMDS-CI) (HEDS-H)
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ad- -Si- -d d-si CHdOA- -Si- -0&2H5 d d OC2H5
Tetrachl orosi | ane Di chl orodi et hoxysi | oxane
w@hioonstznt et hoxysi | oxane (TECS) (DCDES) ( CTES)PC/ustooshsos518
aa\v/\v/,d--si- -OSsi- -d d- -Si- -0- -Si-
-0- -Si- -/ d d d d d Hexachlorodisil oxane
Cctachl orotrisil oxane (HCDS) (OCTS) [0027] The silicon
precurs may an OSi ratio of abmmt 0, 0.5, 1,
2, 3, 4&(’%3 6, Q& ., or nore. For exanpl\g, TI\GB has an
O S atpm ratiy{) ofoelput 4. QO her sidO-e6ISiPr-a¢uUr SOOEH;
§'&F€@1Ta/?9'ml %&S'xmd TRI MOS, have an O Si/Tatio f About
3. udd1 | others, @@idh as HCDS have an ¥ Si rati :
0.5 and TECS has an O Si ratio of 0.[pP028] The OCH;
silicon prgcursors may include &@hC8—EiS |inkage, as
seen in , OMOTS, OMODDS, HCDS, d TS, /anong
ot herMgapa, P con conpounds. THiEO! i nkage '"wthe
silicon precufsor may facilitate the fornati an ofPClp
films with reduced contanination from carbon Qi
hy dNenapiethryitipitazofa929] | n sone efstrichenysycligsiazoxane
silicon gR&I®sors may include aninosil a®4C8uch as
Trisilylam ne (TSA), Hexanethyl disilazane (HVDS),
[0028] | dhrsallethdr@iniidisetismichyliconi pieguibdangy be a halogenated
Bi s(di et hyl am no) sil ane, Bis-tert-butylam nosil ane;
silogpre @qmmtﬁﬂ that iwskides gee @ngmg}l,alogen groups (e.§., fluoride,

Tk sedi h 1 no) chl aresi | an a hyvl sil atrane
hl%rr}r(%eh é)g%rﬁ_ﬁ&& XIL %ﬁﬁ%{‘oe u%r%gp% ¥k exaxgple, fd h%?ége%at%d Aok thay be
a chlorinated siloxane compound such as tetrachlorosilane (TECS),

dichlorodiethoxysiloxane (DCDES), chlorotriethoxysiloxane (CTES),

Ox

hexachlorodisiloxane (HCDS), and/ or octachlorotrisiloxane (OCTS), among other

chlorinated siloxane compounds:

cl OC,Hs OC,Hs
Cl——S8i—Cl Cl——Si——OC5Hs Cl——Si——OC,Hs
Cl cl OC,Hs
Tetrachlorosilane Dichlorodiethoxysiloxane Chlorotriethoxysiloxane
(TECS) (DCDES) (CTES)
CI\ /Cl cl C|3' Cl
Cl Si 0 Si Cl Cl Si O Si O Si Cl
/ \ / | N
cl cl CI A
Hexachlorodisiloxane Octachlorotrisiloxane
(HCDS) (OCTS)

[0027] The silicon precursor may have an O:Si ratio of about 0, 0.5, 1,2, 3,4, 5, 6,
etc., or more. For example, TMOS has an O:Si atom ratio of about 4. Other silicon
precursors, such as TRIES, and TRIMOS, have an O:Si ratio of about 3. Still others,
such as HCDS have an O:5i ratio of 0.5, and TECS has an O:Si ratio of 0.



Tet r aki s(di met hyl am no) si | ane Bi s(di et hyl am no) si | ane

Tri s(di met hyl am no)chl orosilane o Methylsilatrane
wQ 0®30353kn ot her enbodi nents, the silicon precPCBHUSR08/080518

may i ncl ude disilanes including, alkoxy disilanes,

al koxy-al kyl disilanes, and al koxy-acetoxy di sil anes.

The al koxy di silanes may include: wherein R -6 may be,
[0028:]1‘1@1@%%%%&1' precitsérs rﬁaﬂnlewdwl QIOYPHNIGR, KXRER hﬁHM@@s

koxy di sil'anes may i'ncl ude hexanet hox d|S|Iane and

OM(iEB&aélM@DﬂB $1CRH endrAFS cicheg atllknm;gadosillicaneempounds

31] .Th | k di I cl ud
Thl%ﬂl@kqgﬁﬁe tﬁ%ﬁbﬁ%@ﬁ%ﬁ %@%@@yﬁé @L?ﬁgﬂgé%ga% i fikpas with
redH&ldleJd ?&unﬁﬁgnﬁf&m&%f) E\h&%@l F&Zr% g?é’LﬁJsps' | anes may

I nc e octaet hoxycycl obut
but aoxycyc). opent |lane and
5 lﬂﬂ@idﬁeéﬁ% BiiettgsTlicRRP BTG Thiariide ggyposilanes such

o< BT R S KRt ey et mhgpael
Tetﬁk&@@ﬂ@hﬁem@@cﬂﬁﬁeBa&ilbmyiar{lﬁﬂﬁsﬂ]ana' Ifﬁs-adr’e(-bw;y-laihkyblsﬂane,
di si |l anes ma de: wherein R7-12

Bis e raeRor anedb BN 40l Kot BB DR Rars 19Ty

f R7-12 | kyl
met%&%ﬁgﬁ Iﬁ%%ﬁm\%&%%%%neé&%%fgg |os an al kl/lsoiyagrgup.

Alkoxy al kyl disil ane y al i ncl ude cycli
di silanes with al kyl St:nrgaalko%ﬁ noi eti es, ch aso

but asyitanes, penha3| nes hgxasidHgnes, h Iané,
oct as| | anes, etc. 'ng at Feast one alky%EF*qy,/sm
al ko group bondeﬂ3 ereTo Exéﬁﬁles i ncl /
r@a anet $H3IA di oxa"S" b-tetrasil acycl ohexaneg; 0
4-di oxa2, 3,5, 6-tetrasilldcycl ohexane; and |,273,4,5
Emﬂ lagHng hoxy- | , 2, Bledangetlgdisilazane Silatrane
hexgﬁ%vhylcyclohexasiIaﬁ@NﬂﬁﬁDng ot her al koxy-al kyl

cycl osil anes. Sone exanpl es of al koxy-al kyl disil anes
are shown bel ow

octanet hyl -1, 4-di oxa- 2, 3,5, 6-tetrasil acycl ohexane
|, 4-di ox 5,6-te acycjtbhexane
(sl /ﬂ(éf—i )'2 id, ﬁégr\l ych (HsC)oN
\Si /s ~ (H3C)2N—-7S|——-CI
™~ H
(HsC)oN N(CHg) (C2Hg)N (HaCIN
Tetrakis(dimethylamino)silane Bis(diethylamino)silane ~ Tris(dimethylamino)chlorosilane

N O,,)§-—OCH3
\/O

10 ' Methylsilatrane

o

[0030] In other embodiments, the silicon precursors may include disilanes
including, alkoxy disilanes, alkoxy-alkyl disilanes, and alkoxy-acetoxy disilanes.

The alkoxy disilanes may include:

10
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1,1,2,2-tetraet hoxy-1|, 2-di met hyl di si | ane [ 0033]

Al koxy-acet oxy disilanes may include: wherein R13-17
woreg9oes346 ndependent |y, a Cl1-3 al kyl group, a EIF/BS2008/080518

al koxy group, or an acetoxy group, and wherein at

| east one of R13-17 is a al koxy group and at | east one

of R13-17 is an acetoxy group. [0034] In still other

enbodi ments, the siligan precurs®,;s nmay incl ude

or ganocycl osi | anes SYg gkcygkﬁbggasilane,

cycl opent asi | ane, cyclghéxasiléhe cycl ohept asi | ane,

cycl ooct asi | ane, etc.RFOOSS] I n s%%e enbodi nents, the

silicon precursor may be mxed with a carrier gas

wheysioRes Bpy @eripdgpandsniliina Gourlkylony seoumeFaepeiple, die alkoxy
BTl B BT ey TR BR L DRE 58 LI oy

alkdtiedieartés. fil m 210 over the substrate 200. Exanples of
carrier gases can include helium neon, argon, and

oy R0 BEERshRBhp i tcny

gropp€boridal  thadi SioldtieonF @ eabi8g the MpxGicldefaids sl include
bef ore bejing introduced to the depgsition chanber. The
octagthesycydpbutasiianendeqabuisexyevstpentasipptighds epar at e

ot Rol R FIB SRl LRSSy BBl AR FHREy aisilancs

are OyWRDBelecur sor may enter froman inlet (or inlets)
at the top of the chanber and positioned directly
aboug)d he substratiey The inlet maycdisect the foavoef
t hgy,Epydes—preCubgey) i n a di rectjgn,@bssiantdallogH,cHs
perg cul ar ?Boﬁﬂ% substrate dqpa%b5r6n sur?a%@%CH3
Meanwhi l e, the si i ton precur sor ﬁay enter from one Or
nore FffeErEdondisiaig t he sides of the dépegioxydisilane
chanber. The inlets may direct the flow of the silicon
precursor in a direction appppxi mately parallel to the
deposi tion surface, [B837] Jns embodi ments, the

atom c oxygen precudrsqrs i sy+|06n precursors can be
sent through sepq&e&ezﬂmrts oﬁxafﬂygti-port
shower head. For qhgggLi} a oty
-
H3CO OCHjs
H3CO OCHj3

Dodecamethoxycyclohexasilane

[0032] The alkoxy-alkyl disilanes may include:

R7~_ R1o
R87Si‘—‘5i <R11
Rg Ri2

wherein Ry.12 may be, independently, a Cy.5 alkyl group or a C1.3 alkyloxy group, and
wherein at least one of Rr.12 is a alkyl group and at least one of Ry.12 is an alkyloxy
group. Alkoxy-alkyl disilanes may also include cyclic disilanes with alkyl and
alkoxy moieties, such as butasilanes, pentasilanes, hexasilanes, heptasilane,
octasilanes, efc., having at least one alkyl and alkoxy group bonded thereto.

Examples include octamethyl-1,4-dioxa-2,3,5,6-tetrasilacyclohexane; 1,4-dioxa-

11
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shower head positioned above the substrate may include
a pattern of openings for the precursors to enter the
walepossBikon chanber. One subset of openi ngs mapCHES2008/080518
supplied by the atom c oxygen precursor, while a
second subset of openings is supplied by the silicon
precursor. Precursors traveling through different sets
A [ [ ot her
2 o b B A G 1 ol
hexgigbahyls chbexisilby@esn tlesalgosy-alkypeatesilanss. Sand éxagnples
equi pent_i s described in a co-assigned U S
of afkopyiatiyd Wagilapgs anstshapp bebyy: 60/ 803, 499 to Luboni r sky
et al, filed May 30, 2006, and titled "PROCESS CHAMBER
FOR DI ELEGIERI C SAPFI LL, " the entire contents of which
are hereby ?hgérporated by reference forﬁgl? pur poses.
[0038fﬁ%5\§he'at8nic oXygen precur sor si,ard sitd con
precuggg?é'nay réact in the deposition chanberL t hey
can forn1t§§psil%ﬁgnxgxide | ayer 210 ovey_the sH,
substrate sttiqn surface in step 110. %€ initia
oxi de | ayer pBy havé&Hdesired flowability, dfd can
desi rabl y Ha¢'gr at®:i nt o gaps, trenches, voids, seans,
Bdikimethyl-N4-U02a-B3, 5 BedrbHiIRSclpieRSENt  al4-diha- 23Stk dsilddftlohexane
surface. This can allow the nethod 100 to provide
oxide fills that can be substantially free of voids
and seams in gaps, tTEHERes, and ePHeFHsurface
structures that have hifg@ 1éigh® Wi dth aspect
rati os (e.g., ARs of Habeed 5:1, 6: DCHEHE, 8:1, 9:1,
10:1, 11:1, and 12: r.e). 03 ferring again
to FIG 1, a post déb%%ﬁ%gﬁﬁ&%ﬁ%ggf%%¥g&%F t he
deposited silicon_oxide |layer 210 (shown in FIG 2B)
[0033hy /Hkogbaretery disdanegmaarsingiidegr nul tipl est eps. A
singl e step anneal nay be done, for exanple, by
heating the depositebtdayer to/aBGUt 300C to about
1000 C (e.g., about BEEEC$io—aBeutRHO0O0C) in a
substantially dry atmggphere (e. R, dry nitrogen,
helium argon, etc.). The anneal can renpve noisture

- h i I d -
b i RO A e B e e PP D S PR or
acetoRy ghaye ahdprlevreid ot ldast opadf Riy/(iea glkoxs gElRand at least one of

Ri3.17 is an acetoxy group.

[0034] In still other embodiments, the silicon precursors may include
organocyclosilanes such as cyclobutasilane, cyclopentasilane, cyclohexasilane,

cycloheptasilane, cyclooctasilane, etc.

[0035] In some embodiments, the silicon precursor may be mixed with a carrier gas
before or during its introduction to the deposition chamber. A carrier gas may be an
inactive gas that does not substantially interfere with the formation of the oxide film
210 over the substrate 200. Examples of carrier gases can include helium, neon,

argon, and hydrogen (Hz), among other gases.

[0036] In embodiments of method 100, the atomic oxygen precursors and silicon

precursors may not be mixed before being introduced to the deposition chamber.

12
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about 6 to about 3, or less) and inproved qualities as

a dielectric (e.g., a k-value approaching or equal to
WEe00e/0533k0 con di oxi de). I n sone enbodi nents, tPET/HMVEHIS0518

step 112 may be carried out at about 900C in a

nitrogen anbi ent for about one hour. [0040] In sone

enbodi nents, nulti-step anneals may include a two-step

The &R0 g&t@ﬁtﬂe%}ﬁ%xb@ Eﬁbué E‘eﬁé@é’t@r %1%%?"%%3&@&@ al

tage, suc eating t er to,
preabsort inEBOdistribdtéd apneslersdiof chahd@m Fd}hemrrqﬁg', theatomic
followed by a dry anneal, stage, where the | ayer can be

OXY BB PEGUESST an'cw Fheriremmpdniat (ranleds) gt thednp ot t}%@a@)ber and

pos:?‘ﬂm%& 'Eﬁ’% kﬁg&é‘%% 53% rfé%?s*rﬁ‘@g{l?} hdy {:lfrg@t tﬁé ﬂHﬁ ogtth'éf xygen

prectd"redsmla camelah siBstaiid1Br pexpordicilag td gelnbsiuas de b:ﬁfi@n
in conbination) may be used to anneal the silicon
surf@s@ dMealawbﬂe thesiligpepiechiror Gery entet fsem e maanorenlets around

the glﬁgs BPdne ad%pS? klbn C e? hehl els &gg R Bk ?%)Wof(thgphlc

annea raV|o anne an e- ean1annea

pre@lﬁs@cihdi MBdEbn @@b%ﬂ&bﬁelyﬁpaﬁﬂbl toh® d%poéi’&&@&u&étba' ysis
~anneal and/ or a mcrowave anneal, anbng others.

[0057304%]501@ %g)]lcﬁ) anfd e %%Oc‘xfﬁsce%&égﬁl g%cﬁks%g gch? X\QIQ&I S&cursors

ructure

can |ba)§@ﬂit tﬂﬁﬁlgema@ afdSe oﬂl$ gha geitsipoyt dHodssiReth €6 eRAmPRPAT
deposition (H er may be formed over the

showgRwaR oo d shous fhet iéafy@ne mclugemttem obppRingsfor
the Bre(c%l‘f:soli]s Poxén(iier tha%l[eﬁoaz 1G04 ¢ es Zﬁn? s&blgletc&' %ﬁu%% ayebe

mreglon 0 renc arger

suppbhiéd BY d@lﬁbhﬁc &ty deprbs a6l aauléh@ec@ﬂws@:%@e@ftoﬁemﬂg@ 1§f
the trenches 210a may be desirably reduced.

supplied by theyiiljcont preciser- elanem@orsdy@fe ipghrpmghishffersnhesgs of
t
opeml%SrP%% gPVAIy ]; ate% fro nrég%s %ﬁ%rplérggrexggl %o thte eﬁo%lﬁgn

chahibet. e&ﬁﬁiti’énbﬁ&’e&éﬂszﬁ%ut ks Qie Rehadionp ﬁicarsotr h@ndling
formation of the dielectric |ayer 230 can be optiona

equipimertds dsciceibed iy e co-as0gm Ude Srovdappyalifiatentt/ep- the REAE0S,499
43 S

o LsbdBRY Pr G Frah Al 80 e R R TR B LR

DIELECTRIC GAPFILL " the entire contents of which are hereby incorporated by

reference for all purposes.

[0038] As the atomic oxygen precursors and silicon precursors may react in the
deposition chamber, they can form the silicon oxide layer 210 over the substrate
deposition surface in step 110. The initial oxide layer may have desired flowability,
and can desirably migrate into gaps, trenches, voids, seams, etc., in the structures
present at the deposition surface. This can allow the method 100 to provide oxide
fills that can be substantially free of voids and seams in gaps, trenches, and other
surface structures that have high height to width aspect ratios (e.§., ARs of about 51,
6:1, 6:1, 81, 9:1,10:1, 11:1, and 12:1 or more).

[0039] Referring again to FIG. 1, a post deposition anneal 112 of the deposited

silicon oxide layer 210 (shown in FIG. 2B) may be done in a single step, or multiple
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treatment such as an anneal process (not shown). The
thermal treatnent nmaydesirably densify the dielectric

wo 2000/05380. | n some enbodi nents, the processesPEDDS2008/080518
formng the dielectric layer 230 and the therma
treatnment may be optional. The silicon oxide |ayer 220
(shown in FIG 2B) may be fornmed and substantially

s 5 P82 B LA Y ot

to abbat3004C amalbdiarl 08X Enpk aaoud0d U td abfouft 600TCTH gh aBubstantially
silicon oxide |layer. Referring to FIG_ 3, the nethod
dry agryospfrere Grgv Hy HEOSe heBrmo 23298, ¢iay) e Fheennepheanigemove

R A D .

ThesihbehledisBicoRYxhl 18y d¥irhay hiee g osedSitrh hah@ﬂ([@. g., a WERR of
descri bed above in conjunction with FI 1 045] In

abogt & @t 30t lepsy rnd iimpovedcgnlisien e dislestiie €, a kg value

C il -cont ai ni n Lecursor an n_annoni a
R L a R R BBt h 5 2B R et
step ElP&hay b&lc£&@iE RBOShdRIDG'C fhenitdobsh ambient for about one hour.

silicon-containing precursor can include at |east one

[00@? " ?{1 }%%%o%%gr‘%‘s'%hl@gt% 'anlxlgalgglga in 12;88 %ihr{z%pst’céc'ep %Mr.tulgeﬁal

i'concontai hi ng precursor n reactiv

whd¥biBhelagienfiest &ah @hddrbo atv@anaedl e odpiich, astheetihg fAstlayer to, for
A g 4 y
si | i con-cont ai ni ng precursor naﬁ I ncl ude at |east one
exaigpler gpmn 651G et s gasncobiteaTiRhigosyy be followed by a dry
chl sl koxane S, . SAMP4, TMCTS .an
o ARER R R SAE0G bERPRba g iRy et 6, S

9008)) lih 60 BtrAesRIOHAY isHuDetAnEally FRY ohdvastare(e B, d :
rgtio of about 8 or |ess. [6%46] In sone eggogﬁﬁg%ts,

oot PSEEROG SRR S8 T e

(alopé eciif &wnbinayordeshy BbLyed RAiit@alshe isilicag oxidfe 1414@ 114. These
. .silicon oxide layer. In some enpbodi nents, the second
incladl¢ 2 gigaocsneal ﬁitk\é@rnml esned o Weliciygrsauplid phaser ¢CP)

B HELAES BT 8 5T B S Y o e
a ba8@Vair catalysis anneal and/or a microwave anneal, among others.

[0042] FIG. 2D is a cross-sectional view showing an exemplary STI structure. In
FIG. 2D, a dielectric layer 230 such as a high density plasma chemical vapor
deposition (HDP CVD) layer may be formed over the annealed silicon oxide layer
220a. Since the annealed silicon oxide layer 220a can have a thickness at the bottom
region of the trenches 210 larger than that on the sidewalls of the trenches 210, the
aspect ratio of the trenches 210a may be desirably reduced. Accordingly, the
dielectric layer 230 may be formed and filled within the trenches 210a without
substantially forming seams, gaps or voids within the dielectric layer 230. In some

embodiments, the formation of the dielectric layer 230 can be optional if the oxide

layer 220 may desirably fill the trenches 210 shown in FIG. 2A.

[0043] In some embodiments, the dielectric layer 230 may be subjected to a thermal

treatment such as an anneal process (not shown). The thermal treatment may
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| ess. I n sone enbodi nents, the second

silicon-containing precursor nay expand the silicon
w@zoodesdzayer by 11% or | ess. [0047] In sonme  PCT/US2008/080518

enbodi nents, the second-containi ng precursor may

include TSA. In sone enbodi nents, at |east one of Si-H

bonds of TSA can be replaced by Si-CH bond. For

oA O 00 8051 Sy S, el e o

forxpﬂng&hadr@ectﬁelagemmreﬁthjemh@:maexﬂeannait Iﬂdl}abfﬂﬁptlonal The
generator or in the deposition chanber. The f
silicen|oxidsayesrifihovng By BeueBbmax he ?W%@%ﬁbbstanﬂaﬂy fill the
n- cont ai ni ng precursor may be m xed or
'Haéé%%ggtely i ntroduced into the deposition chanber to
i nteract Mﬁth t he NH3_pl asna. .[0049] In sone
Anciherdéinemplay Qxidgd aygoigmmatiomiacessesan 304 may have a
processi ng tenperature betmeen about 0 OC or nore. In
[004dp NFI@Nh3c fiem chart shewgparesérrayeinginre madthoé f(DISformmg an
bet ween about 10 C and about 2 The fl ow rat
silicpg xideraye- refereies tablats. e w%ﬁoe RRHOr RS &7 Sllei%ﬁ’n oxide

o 8 il RO R0 50 8 OB STRBALAEDE

sho@ipiiito 4Mpssicioh chirabél. oMo saibstrate mMdvDnsiadlar be tHeatibetente 200
about 10 mlligrams per _mnute (ngnm and about 1500
desgrhed abeve greoimpd gk §1Gthe flow rate of TMDSO is
about 1000 ngm In sonme enbodi nents, the precursor for
[0045¢ nén atelprdg4 1 hirshsilipbias omtairdng pmcersa)r,fal mm@siéicdnetmming

about 1000 seem and about 1,250 seem SO
Pre@HERIGIIRA @moRE Yoy Raea lrmaﬁgd%f%%ﬁ siligep, pxide

layel‘ ﬂpgorﬁg @@g&%&ﬁg Yhe ﬁ&%gﬁlcgﬁ %B}ltagl‘gggg)} d.??;cﬁr chrh M Tude at

agai n can cure t osite
leasstnhe ﬁfcﬁi-}di bodé ahaﬁe-& bd)rni slnghemndmblb diatenss, tl&t fixat-8iiGonvay

be simlar to step 112 described above in conjun
conigniAg PreESUIsRr PHBS ITaCfﬂHe o HeNERRIg R st lﬂ-ld%ih%roerfﬂlwérrﬁmsf

bout
R e R L R T e L S YR
trimegiosydilxahk (TRIMOS), hexachlorodisiloxane (HCDS), DMTMDS, SAM24,

TMCTS and BTBAS. In some embodiments, the first silicon-containing precursor

may have a C:Si atom ratio of about 8 or less.

[0046] Insome embodiments, the second silicon-containing precursor may include
at least one Si-N bond. The second silicon-containing precursor may desirably
reduce shrinkage of the silicon oxide layer. In some embodiments, the second
silicon-containing precursor may expand the atomic structure of the silicon oxide
layer. For example, the shrinkage of the silicon oxide layer can be of about 32% or
less. In some embodiments, the second silicon-containing precursor may expand the

silicon oxide layer by 11% or less.

[0047] Insome embodiments, the second-containing precursor may include TSA.
In some embodiments, at least one of Si-H bonds of TSA can be replaced by Si-CHs
bond. For example, a Si-H bond on each of SiH3 can be replaced by a Si-CHs bond.
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rate of the precursor for generating the NH3 plasma

can be about 1,250 seem The processing tenperature
w@a0v9oss3about 1C0C. The processing pressure caPCDES2008/080518

about 1.5 Torr. In sone enbodinents, the curing step

306 may be omtted. An anneal process (not shown) may

be applied to the deposited silicon oxide |ayer, the
[00@ negls RIOE BRE BN ‘i)l%rﬁé’\ﬁ’lh? e %teﬁ&%?éa‘ iAAReat ngﬂg&as%a

the steps may have a processing”tenperature of about
gen6HIGG)r ihtthe depasitiaf clidnebest &hs fipgysillvaneontapmiag @esdiuighr and

tenperature of about 8500C. Exenplary Substrate )
the ppcond s1cRg-copARIRE PSS PEPBY Pe PExedYteprtateli aptradyced into

[ ' Ll ke i nvention may
theFﬁﬁ%ﬁﬁﬁﬁﬁ?ﬁﬂ@%ﬁh?ﬁ?&QBQEQHQSC éH@%%%aVapor deposi tion
DP- CVD) systens, plasnma enhanced chem cal vapor

(00450 S 50T £ AT Sy DR B KOS pHER POt ERE RPERR

proYRRe tgﬁg@mﬂe%hfv%%@utw&t&qﬁ@maT&'sélﬁs e FRGIT, Rt
vapof deposition systens, anmpong other types o

prosyssingrtemp&aediefis betovcanpbett T QA syRit@BBCt Mak fl6WYrate of
i mpl enent enbodi nents of the invention include the

TS Aceaqriosrbetvest peguti) stipplacd/eentimasise pey minue é5¢6m) andlabout 550

e PR Pha NP FAUREE ALyt e AU AR 40T
and[db05 B33 (Escarp I Te® flfw 8at o TRESP EACBS bétdef WBOGNE) thilBrams

can be used with exagﬁ%?ry met hods of the invention
per mipute{araraleanchaatt 4 plwmean dindester drpleetlimentse thesiivg netd of

! X! | Patent . «No. .60/803, 499 to .
TSR S 0F Bt b o erst 8B PP Fggerating the
NH; PReXESe GHAVBEBwWHAR: BéthleeRhBb 6t 1608kt dph and hB&utEINS0rsecm. In

contents of which is herein incorporate reference

db
somegmbadimgnispthedlow rafeiof iNiHais hexeegsl alropt é;ﬂﬁg e¢rEn Ay about
125 g(§¢Qe t hose shown and described in U S. Pat. Nos.
! g,g , 207 and 6, 830, 624, which are al so incorporated

herein by reference for all purposes. [0054] Referrin
(00w KeferPingiogaim, to it 3 6P 26688 SSuxi sheapsitdcksikicowroide ayer.

In s RPN 4 R H R R s e TR 1O

conjunction with FIG. 1.

[0051] In some embodiments for forming a silicon oxide layer, the flow rate of TSA
can be about 400 sccm. The flow rate of TMDSO can be about 1,000 mgm. The flow
rate of the precursor for generating the NH3 plasma can be about 1,250 sccm. The
processing temperature can be about 10°C. The processing pressure can be about 1.5
Torr. In some embodiments, the curing step 306 may be omitted. An anneal process
(not shown) may be applied to the deposited silicon oxide layer, the anneal process
may be a two-step steam anneal. One of the steps may have a processing
temperature of about 600°C; the other of the steps may have a processing

temperature of about 850°C.

Exemplary Substrate Processing System
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and a chanber Iid assenbly 15b. The CVD system 10
contains a gas distribution manifold 11 for dispersing
wWEe@eess4gases to a substrate (not shown) thatPCEESHODIBISIS

a heated pedestal 12 centered within the process
chanber 15. Gas distribution manifold 11 may be forned
froman electrically conducting nmaterial in order to

[0052F" {Sersitid s Lt%ﬁIsrtH £§°E REABREmBodRRARE bi 1 RLasR.
nagim UBod b

rin proce sing, t trate . a sem conduct or
invesgifoRrthay ichakd Kipbuiedsion pasinaahefndral sdipcgl’delpjbsition\(HDI’—CVD)
surface 12a of the pedestal 12. The pedestal 12 can be
systRp\cplaspa £PbINcsH I chemisahsaprrAapesison (BEE Y iy sy stems, sub-

amg%);;hérﬁacﬂglg&ggg%éﬂ (ﬁ%otgféfg)ﬁ' % %?ch)%ty tgxﬁj S/%?a }%ﬁg fﬁlemlcirﬂ

vapbidépdsitichiyystentl, amoing cth@sgpys cidjystenist Sp@cﬁmexdmpsibé of dVD
11. A centerboard (not shown) includes sensars

systsm\th@h m@y implsment FaRodimene Obt%@uw%w@flnf Hee MGEHTURA
ULiIR? %Héh%prib%'?%/h?z ,ee(no? ﬁé%)t?é ﬁ@ﬁgced

mmm per maua b of a

cha®DBMg @yst@ﬁglavaﬂﬂsle 1@t @\ éd OagedAlSTRE. biﬂSlaﬁ[fa dlagephiignia.
13a. More specifically, deposition process gases flow

[00§t32f3>9ar¥1 Es %P&%?Jaté glro%?s%ﬂqé %gtrea ) tggg{%%f@éeg v&l%‘h e)aeén%Iaxdy

roug convent plate

methbédof the ﬁmgémnbalrﬁ@y itﬁhldenhgﬁsst@msi dridodiéscibed Brepisighed
13a. [0056] Before reaching the manifold 11,
U.SJapuisianiabRatenrtiApar NPe@O/@Q§889 tor lenhompigek yrat éhﬁbea*sMay 30, 2006,

and%‘%fétd W Vé] %ﬁéﬁ F?jﬁ) Lﬂié (gAltl’Eh?L a’d{% é{tﬂg contents

ey are CO |ne en - sen

of wiidH fsGleteid hco@?@%fe’ﬂ by refédeacesfoppil )puh:p(ﬁkﬁs f addaashl exemplary
process gas includes (i) several safety shut-off
systems yeay mﬁmdeéhmfﬁommndc@ﬁcnbedjgbﬂ S BataNosrfn$G /el 1apd

hut -of f t fl ow.of proc

6 83@,@25m Whi2 g¥e aglfo ubcorrjpaora{é herein blg{tre e ncg%?r aqragullp%tsg the

foer "owco
t hat neasure the fl ow of as through t he_suppl

[005|4] A%fe)rvwgﬁl%sg HGy44ekersicel C@gsécﬁeﬁ#prtq% gigyysRiadsV Dtsbféten%/ 10is
shox%rﬁ\fﬁgteﬁas%qjﬁ%ﬁxmsaﬁsro%sm %X&%e?i@t}?@ﬁ{cﬁﬁfgg%dchgﬂtbgg%]ﬂ 15a

conve onal ™ con I gurati ons
and’éheladﬂ:@a ﬁdtas@ammy Q6B.s The EMDDEyEBsn 110 coMirf\F8 yBitaEbuEon

man(ifaorl]d lile foelrI (il?})ee251?1g process gases to a substrate (not shown) that rests on a
heated pedestal 12 centered within the process chamber 15. Gas distribution
manifold 11 may be formed from an electrically conducting material in order to
serve as an electrode for forming a capacitive plasma. During processing, the
substrate (e.g. a semiconductor wafer) is positioned on a flat (or slightly convex)
surface 12a of the pedestal 12. The pedestal 12 can be moved controllably between a
lower loading/ off-loading position (depicted in FIG. 4A) and an upper processing
position (indicated by dashed line 14 in FIG. 4A), which is closely adjacent to the

manifold 11. A centerboard (not shown) includes sensors for providing information

on the position of the wafers.

[0055] Deposition and carrier gases are introduced into the chamber 15 through

perforated holes 13b of a conventional flat, circular gas distribution faceplate 13a.
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thermal process or a plasma-enhanced process. In a
pl asma- enhanced process, an RF power supply 44 applies
web@ensizeml power between the gas distributi onPCT/US2008/080518
faceplate 13a and the pedestal 12 so as to excite the
process gas mxture to forma plasma within the
cylindrical region between the faceplate 13a and the
<l 5 3 e .
MoREHERRaly, Sepbslibfl pERBLE Lot Hwdftd i Bhdor e ARIEHR fole
martiéAd 111 threlgghos cdnve@nédlesalrpedforatethbioekbhslasuf acktheh thidoegh
sem conduct or. waf er supported on pedestal 12. RF power
holegigpIiy gasdisyributigndaeeriateddency RF power supply that
typically supplies power at a high RF frequency (RFl)
[0056] Bédrd eabhingahe nainifald tlydepoditien bed eyrrieREades ate Bpt from
KHz to_enhance the deconposition of reactive species
gas poiiceti( rqueh gas surply isaudrinin ampiingsystenh9 avhere thegare
[ t F ply.. 4 I Ll
conf8E T NSRRI SURE LN gl B ] Hed e
gas Gepaddst (i) isbeerdbsifétg Ghhit-bfiv abies (R showhpaeit 6dn bd@sed to
sem conduct or wafer supported on the pedestal 12, .
autqiRpiienlly ormeaiusly shpirot dbe Bewtad pyeesvs ges inkethewhamier, gpd (i)
f the .reactijon. [ 0058 ring._a_plasm-enhapnced
mast Bt PoneiiRs: (800 S A8 ks RhE R SRR PgBten e

supEIngrﬁ'aS. INBBREBEF gakds ate\EdetlGh A HridRedspihleSevdral dagets RBADEHT

ody 15a surroundi ng the exhaust passageway 23 and the
valvgly gre poditigeadsen garh gapenpplydins| insmavendionst configheations. or
during a thernmal deposition process, a hot liquid is

[00571 ThRé Hap &b p gy pertormeldlia tASAVOS sylsheen DU egtbSeither a
chanber 15 to mai ntain the chanmber at an el evat ed

thenmahpaecess pea Phempasdages] processe In a pldsmpeenhsncedprocess, an

. h Bl d d. h
RE R0 Rl Sl iR b BAES e e o B ol Rbee

132 bné the Pl 256 8s 81 yitefiee Bloyeslga®miRivlre BAREh 4 plasmal
transfer fluids. This heating (referred to as heatin

withyp theeylindsicel wegiombrivieey thrsfaednletedPr gnd depedestat 12. (This
el i_minat d ti f _undesi r.ab t ant
s PR PR SPRAL S e RERRLBRA SR o e pasma

read® k@ HLISGsSt Ddlesid FIMNAGESS sgaBeSohd sethiehd GeBt dakdradbported
that m ght contam nate the process if they were to

on peglretehbe RErpaves suaplsois agovked veeguendypRE payessepply that
typi@ﬂgyr érﬁpeplgg%l((m}e%] 5Pa Bpg% RF frequency (RF1) of 13.56 MHz and at a low RF

frequency (RF2) of 360 KHz to enhance the decomposition of reactive species
introduced into the vacuum chamber 15. In a thermal process, the RF power supply
44 would not be utilized, and the process gas mixture thermally reacts to deposit the
desired films on the surface of the semiconductor wafer supported on the pedestal

12, which is resistively heated to provide thermal energy for the reaction.

[0058] During a plasma-enhanced deposition process, the plasma heats the entire
process chamber 10, including the walls of the chamber body 15a surrounding the
exhaust passageway 23 and the shut-off valve 24. When the plasma is not turned on
or during a thermal deposition process, a hot liquid is circulated through the walls

15a of the process chamber 15 to maintain the chamber at an elevated temperature.
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processi ng chanber during periods of no gas flow
[ 0059] The remai nder of the gas m xture that is not

walepossded in a | ayer, including reaction byprpduUs®gs/080518

i's evacuated fromthe chanber 15 by a vacuum punp (not
shown). Specifically, the gases are exhausted through
an annul ar, slot-shaped orifice 16 surroundi ng the

The/ RRA64Je@ E}%%%n?dbq oEm&ch%PnB%? NARA 5L XA kh ﬁwmbazused
he annul ar slot 16 and the plenum 17 are de

to heh@thgahaﬂmbemeﬂs 1Fweintiople dhe tyipécat Haitbigpes zeyWamirbaeedl
ety E ol e AL UBR Co P Rl TSR G Hfersibie:
heajclhéi %%Qhe Gt &Qﬁ &r')e:?eneﬁ& ?ﬁﬂ 3y 48 %a?Q:EQOnder}Ls?ﬂon of

rmty o ‘ot GFIFice 16 and t enum
undesieableperctaa tprcbdhc@@dithceﬂn]m@vas the eﬁmmmﬁduow \ﬂﬂatﬂé Peedscts of
gases over the wafer so as to deposit a uniformfilm
the BFPqeﬁ%g%ﬁ? #rd othsp sontamyipants fhat exabicontamisatathe progeseif they

werd 35 E5nddr ot @geewgﬁémo J]bs\éﬁﬁﬁﬁoa&gégssna%{&& ke Qa‘)ﬂ b the

enum ew n

prosdggmkhambép@@hngpdﬁmwﬁy@stfﬁﬁdl ng gas passage 23,
past a vacuum shut-off valve 24 (whose body is

g s o, B Ry
reacti@fhypirgdus, (Hetacaiedijon ot gimiser 118 bglai veuddl memp hot

shown). [0061] The waf er su&ﬁ&rt platter of the
showgb e%ﬁ»eégfmfﬂy,( P BREIBABE 9x}3ﬂul§ ghargafnulargslogshaped orifice

16 sﬁ%ggﬂ{g B rd %r ﬁ?%%oﬁ %}6& g%t'g (fgxh\ﬁglt Yar%%ﬁét?sq H?e%u%g 1#Mhe

enbe si'ng er e

annahnblog 16 afdd tie prlakemt Woark definédiby shd gapt h@wkerk Mexbp of the
paral lel concentric circles. An outer portion of the

Chalﬁbalt veyladeieghiide wal 1aa(iackeding hieanper Hinbecaic bningHd on the
waug %ﬁﬁ% b&!t&&to the (.Vi@ddmer @{QIAI%P R 28O Th 280 fiskize %gmtlﬁr

aCOHCGHtFIC cir Ing a Sna

symhi@ryhrid ﬁglfcb@nit ef thealRlorigice meaﬁd passlefumhl7ai#g inpbRant to
stem of the estal 12. [0062] Typically, any or al
achigyingipeunifpy @qu PreRess gesss pretethe waleifsol ag tp deppiiba aniform

fllm%?ldthe wafer.

[0060] From the exhaust plenum 17, the gases flow underneath a lateral extension
portion 21 of the exhaust plenum 17, past a viewing port (not shown), through a
downward-extending gas passage 23, past a vacuum shut-off valve 24 (whose body
is integrated with the lower chamber wall 15a), and into the exhaust outlet 25 that
connects to the external vacuum pump (not shown) through a foreline (also not

shown).

[0061] The wafer support platter of the pedestal 12 (preferably aluminum, ceramic,
or a combination thereof) is resistively heated using an embedded single-loop
embedded heater element configured to make two full turns in the form of parallel
concentric circles. An outer portion of the heater element runs adjacent to a

perimeter of the support platter, while an inner portion runs on the path of a
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vari ous other reactor hardware are nmade out of
mat eri al such as al um num anodi zed al um num or
W@ e00an$340 An exanpl e of such a CVD appar at us i BCT/US2008/080518
described in co-assigned U S. Pat. No. 5,558,717
entitled "CVD Processi ng Chanber," issued to Zhao et
and hereby incorporated by reference inits

a | T, . .
conSJE S R il LR TROL I U0 TGl By

thr@ipth theStetbethelpgelibstpi 125 12b as wafers are transferred
into and out of the body of the chanber 15 by a robot

00 39B 5 15 o QB 568 LIRS B gpa
variodis 98%erabsttbroveterapesteshade dizt ddehaneesl saclp hoglasshiith,

position 14 and a | ower, wafer-|oading position. The
anogizegraluminupasorgergmiswAeoerale ef @Cb@n‘gié apgparadus igelescribed

i ALBBLY LIS P g85adel K PISOB o DSRLE St e

ZhaVe$ W BRd AeRbglihcdpoiatad besbfinde Byt @mregnt rol | er over
control lines 36, of which only sone are shown.

.0l | | 4 f . j
[OO(EQE E%Ire meecha%g'ltr%ag'ld $3taP132 rgﬁlg? q%@%%’%%gamﬁ@@wegﬂhﬁ Y 'i)‘édestal

ermne positio ani ca

ass@BBI§N dnisitsSsmger Bft Jife1 b Hsobvifess aralvasfendd susceptdit of the
whi ch are noved by appropriate notors under the

bodgrithorhasnberditbyc] 1obet Blade (BERPWIH thREgh Ak iRseRign/ removal

enbogdi ment .. t he system coptrpl |l er |gpc] i
PG Triliaicl S5 SR I0, The uien TR IR el ar 2
betWéen d BEodRERREL HEALi0k VN hAd AIowres WigreoR@ithds RIERAU TR motor,

(SBC), analog and digital input/ output boards,

valyastazffoaceoritaletscanmdcted ép g supplio ineschgas flelisrery st

' f C\YD f he.
el AR, BEPEReS hoRTed oy ARl Bhley hAmEL3Gms are

all @RAHDI16AHY.a FHBRNEEIHIRP brél (FRRDI DAS 36)6f WhiR@only Bemyde
standard al So defines the bus structure as having a

show@- Kianteidlen 3bralicann feedback fronnephicad serisgrs, to[dpbBline the

st control ler .34 controls all of the.activities of
posfR T e Sy ertbie Buht veome b OIS b Slselor
whieR Ak Rlove@ bl WppbRopridié 6ot vihde TR oPb &M@l er 34.
[0064] In the exemplary embodiment, the system controller 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 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 VME standard also defines the bus

structure as having a 16-bit data bus and a 24-bit address bus.

[0065] System controller 34 controls all of the activities of the CVD machine. The
system controller executes system control software, which is a computer program
stored in a computer-readable medium such as a memory 38. Preferably, the
memory 38 is a hard disk drive, but the memory 38 may also be other kinds of

memory. The computer program includes sets of instructions that dictate the timing,
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stored in a conputer-readabl e nmedi um such as a nenory

38. Preferably, the nenory 38 is a hard disk drive,
wheronss4enory 38 may al so be ot her ki nds of PERDS§2008/080518

The conputer programincludes sets of instructions

that dictate the timng, m xture of gases, chanber

pressure, chanber tenperature, RF power |evels,
mix%%?%gsl%s &%?ﬁﬁe&%?ess%cﬁérnﬁé’r t&%@%&leer RF fow% levels,

parti culaf process. ér conput er progra stored” on

sus@ph&T pd¥Rie, ¥nd ethee @ardmetersdif Agarfiailacp@rpdse Otherf dodpmyter
di sk or other_ another appropriate drive, may also be
progrpap fteredsuy ether memorp AP eicessncluflims & exapypde adloppyrdisk or

deposi tinag a film.on a substrate . or a pro f
ot B8RP rrihe AP o R BT Bl R 2R,
conput er prg&ranlproduct that is executed by the
[0066b At proressfodepaFiEgoiipy PR B SEPEEHART @ diecesalyr leaning the

itten in .an nvent i onal [ _rea I .

chalffct 1k U A SR o LB RSP R8LE sy o erecuted

by thadgntagiesr 3¢, TherdomPi@BE ptogrin@ldotiaRa®be Mrftesin aditicbatdrRional
program code is entered into a single file, or

compyiter epdalile pregramsning languegednt omaplet 68000 aembly, langdage,

tored or. enbodied ina.c uter usabl.e dium, such, .

¢, G B RaTei ey ot ety EHEB T ieat SOR B RN ch e Bt s

or i¢@EPId 1%, dsﬁ1§| dcchvdh@bnd1 e leditar QHaGeored be eABEGieSN a
conpi l ed, and the resultant conpiler code is then

conjputktassabletrhedinnp sjidcas xogmasy spstemorphe eenpiier o ¢he entered

codg A B High Aot 5ot S e R BISY Vg RBs MRS compiler
cod OB 1B6h LIAREEwiGRHSIBIE t kD& 60PREGBPilISY Mi€iBsb® WiddwisBaibrary

code in nenngz. Thé CPU then reads and executes the
routiueke Tocexgeutt cheninkesl, carvpied dbjacti dode dhé systdve uperdgy alms the

.[0067] The interf bet d th |
i GRS BRFAO TV BOR GRS POt an O A
therthdeds 4Rd XSl thé c8dStdWridrhthe $hdkah @Rt edliR @hS PRI,

nmoni tor and CVD system 10 in a substrate processing
00 3hE s RY A8 08 B AR m et 8
and MR HEA 501) shBENGh &0, 4B) WRivRIsla JigiplikiBe depesmt dithe Sfem

the other behind the wall for the service technicians.
moriita amgrii Y Bisgst80al Ginma dubatreteus bsessing sy stpmy, Wéhidhamay include
one or more chambers. In the preferred embodiment two monitors 50a are used, one
mounted in the clean room wall for the operators and the other behind the wall for
the service technicians. The monitors 50a simultaneously display the same
information, but only one light pen 50b is enabled. A light 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 screen is displayed, confirming communication between the light pen and
the display screen. Other devices, such as a keyboard, mouse, or other pointing or

communication device, may be used instead of or in addition to light pen 50b to

allow the user to communicate with controller 34.
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i nformati on, but only one Iight pen 50b is enabled. A

light sensor in the tip of Iight pen 50b detects |ight
wepiobossd4by CRT di splay. To select a particul apPCHUS®E81080518

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 col or,

r i

e

15b 9€ Eteeprocéks ks mbevi Tesluding thegms diseybioan theeplawsida aad the
ot her pointing or communi cation device, nmay be used
gas disdtidgoromapioldnl la ddmauaking adppigh 64 peerrgp Biergmalts plgsma
h er 0 j i . l.
sl B0 EOTUALG AR LA, SORLE Rl o S QOB 6,0

typichlty agderbhietaloR Mikitd\@eviiicomEs sSogplad e theldpsteahsidags the
the gas distribution Taceplate 13a_and the gas .
gas disstibitien ingnifelshilf (1@ 44%). Thempiging dryiceddpndudesia mixings

.t enot e .pl.asma nerator. 60.on the.lid assenbl

imseE2 S8R B BE TR Eniind bk b AT Resks. A

cerdn¥iRiigoRdtby 641BGLaRH HEBL/&dn thd n%ﬁﬂtﬁ% AR SE64THhd the eaNRIged
to the upstream side of the gas distribution manifold

device 70KFIGS. 4A).. Thheerainyd inglatie b ceay7ioe inadk wfle serammi¢ miatgyial

such 35 S50 e R BBOCAMRACE o Bl o Pl BBl ice
70 aPlieRenie eorasned %ersﬁg}%gﬁg)f AR QEsehbIRnsh.t Tiee RbMEdI%6

device 70 (FIGS. 6A). ceram c isolator 66 may be
isolmesltheghetal adapdnr @ fratethe atixingotevae 781a2das Sisksibution v) |

Tef | r), or. the like. en installed, the m Xi .
margiat 8 b bngfiios Bt e w Oy vieet (R 5 eh G e
assenhbly 385 88BIs¥usked in Afife tsQkFeRw.OA th FééL&gy%?ra b7 eBA@bls the

adagtor 64 fromthe m xi ng device 70 and gas
flondostheippotasegasea o frel mrodess thamber 1h eddhet Hgeght enthiraugt de

a s condargﬂpla;ga to formin the lid assenbly 15b as
remgieRIAYER NGB8 det ai | bel ow. A three-way val ve 77

controls the flow of the process gases to the process
[0069h&hbeamats phasniregerdirater 60 15 desirably aungimpdeb selénontained unit

| asma _gener at or 60 0069],. .;The r t lasma . .
thatJaRaF GpBr B0 Pamgeis L e acLrmaEy baR R ORely frgppfitied
ontd&ibting 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-containing gas such as NF3 and a carrier gas such as
argon to generate free fluorine which is used to clean film deposits in the process

chamber 15.

[0070] 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

22



10

15

20

25

that can be conveniently nmounted on the |lid assenbly

15b and be easily retrofitted onto existing chanbers
wowrabosts4cost |y and tinme-consum ng nodi fi cati oPGT/USIVE8/080518

suitable unit is the ASTRON(r) generator avail able

from Applied Science and Technol ogy, Inc. of Wburn,

Mass. The ASTRON(r) generator utilizes a lowfield

: . : Ny o

B e e

desériystiditihogldndl hictakaeachmitbigihegcgasofstie mvantibhk3 and a
carrier gas such as argon to generate free fluorine

o2 0542 380 L4050l e SRR g
valgybothertemthsof thd umit bf tHedowerThgiit rdekshie tdraset ddarbkdittates

in the art that various nodificatjions, alternatiyve
otherpriss, belvtaeniibe upper awuliowsr it hdbatpangeis@lsy spreifically

. i i . . . .

sl FaBrny PG BResh LB R e yappeima

stated esrpletandnayeth@tstired dr dessihbeddlie B thet sthedvahgk is
unnecessarily obscuring the present invention.

encagpasaflnghy upphreansbloveer disyitsrof ghesssmaflsurangsdmaye t aken

. .as limtin h cope, of .t.he invention, 07 r

indenglily b Bl G RRRa i ol YR rRlharh PR I e

neitBachr bdth Ve Hr thotadidétin the sinBBeit @AEHs 8 faldoh@coiiphssell within
the lower Iimt unless the context clearly dictates

the grvieatiansubjesetovserspesificalppeicluded limitén the siited remge: Hhere
ra is also, specifically di.scl osed. Each.snaller
the R8s slSRE of kbRoSsar HBS e Ree ORI RE RhPler oo of
those iftlatied 1ihaRgLe AR iddyd&i.her stated or intervening
value in that stated range is enconpassed. The upper

d jower.limts.of ..these I I ’ a1,
100720 iR e 6B < 3 SR o B HRg PR Yo o "ant, and

"thed ikl @ACHluk ANeRraMe 1aleed tHrebnteretlbAey dRftatbObihelwitet Thus, for
are included in the smaller ranges is al so enconpassed

exapplehreferenee fn\aenethed, inglisjes etplagligngf sishenetheds ayd reference
Lxcluded Limt,in the stated range, r .
o FTpsbEUEfnt Wb Releb BT FREE profffieR 1FeTLPAER
thex@lasplkm_ﬁmlgo giogélﬁﬁu@a irb@lehirgtné Bes@th.ncl uded limts are
al SO | ncl udead.

fn g

include,

nons

[0073] Also, the words "comprise," "comprising, 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 groups.
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[0072] As used herein and in the appended clains, the
singular fornms "a", "an", and "the" include plura
WO edoensssss unl ess the context clearly dictatesPCT/US2008/080518
ot herwi se. Thus, for exanple, reference to "a method"
includes a plurality of such nethods and reference to
"the precursor” includes reference to one or nore
WERA e RICp anSiEang: equi val ents t hereof known to those
SKiTTed in the art, and so forth. [0073] Also, the
words "conprise,” "conprising," "include,"
"i ncl udilng, " Aanethod fied efdepositinga silswd axide lajer on a substrate,
thl%g%giciicati.an and in the following clainms are intended
COSFSPeEI YR presence of stated features, integers,
CO”poneBhﬁﬂdﬂlzﬁﬁ&@&a&ﬁH%ck%%%ﬁ@ﬂcﬂ&kb9&30|Ude the
presence or addition of one or nore other features,

i nt eger sgactiogp dimgrsilgonstopEningqirecursor, g senps . sildAR-doStaining
CLAIMED IS: 1. A nethod fqr. of d siting.a silicon |
Prea%ﬁarear}da@gﬁﬂsdﬂa%n%%@% licqnidb st thofit SUepgeontaining
pre@iRYi ﬂtmi@% subsk Bﬁf_ B $i0HBoABRAS Ji ISP Bt 3O §dcond silicon-

reacting afirst silicon-contalning precursor, a
congdgingpreddrsardneladitgaitieasgoe sieNrwad; amdl a NH pl asma to

forma silicon oxide [ayer, the, first

silicon? 19g thedernpsiied siispn pxideddisty at | east one of

Si -H bond and Si-Si bond, the second siliconcontaining

precursor i nehdighefihdads dHAST, wikeeirithdNiRe BlficoRlOntaining

anneal i ng the deposited silicon oxide |ayer. 2. The
preqrasdiod sdécted fiom the guhep epmsistiveg ¢fi TNMDSO, trimethosysiloxane

i li.cqn-cqnt ai,ni.n r or_.i he
R s R oAl D L S0 o fhflere it BTBAS.
(TRIMOXS), hexachl orodi sil oxane (HCDS), DMIMDS, SAM4,
TMCTS apd BTBfSmethod dTR1A8 1) Qchebin Ghafifst dilichhebRiathihf e
first silicon-containing precursor is TVMDSO. 4. The
pre¢rrseiod IMDSPai m 1, wherein the first silicon precursor

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

having a C:Si atom ratio of about 8 or less.

5. The method of claim 1, wherein the second silicon-containing

precursor includes trisilylamine (TSA).

6. The method of claim 5, wherein at least one of Si-H bonds of the

TSA is replaced by Si-CH3 bond.

7. The method of claim 1, wherein the second silicon-containing

precursor is TSA having a flow rate between about 400 sccm and about 430 sccm.

8. The method of claim 7, wherein reacting the first silicon-
containing precursor, the second silicon-containing precursor and the NH3 plasma

has a processing temperature between about 10 °C and about 25 °C.
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having a CSi atomratio of about 8 or |less. 5. The
met hod of claim1, wherein the second

W@ pdoposR34€ont ai ni ng precursor includes trisil yPErUsmo8/080518
(TSA). 6. The nethod of claimb5, wherein at |east one
of Si-H bonds of the TSAis replaced by Si-CH3 bond.
7. The method of claim1, wherein the second
silicon-containing precursor is TSA having a flow rate

bet ween 9a bo Ut Iggtlﬁj%l%}qc?aﬁ‘gl A Melﬁ%ga&ﬁ%%e ﬁrst -gﬂféon-

met hod of claim 7, wherein reacting the®first
consdihing@reantai therfsimikbaursotainidgepreansodis TMDSO having a flow

silicon-containing precursor and the NH3 plasna has a
ra“ﬁ#@@@%%1ﬁ@“@éﬁberature bet ween about 10 OC and about

25 0C. 9. The method of claim7, wherein reacting the

first sy i congonbaiod dF¢RHeL Wh%%m tB@FJH {|8dma i 1s enerated
silicon-contai ni ng precur Sor is i ng a

fromatreairsadioting a 0% rmbetb@en Eh@.ltrieit(]@@dcmfandlabom ]7250 sccm.
wherein the NH3 plasma is generated from a precursor

T,a\zl I5 8 J s 2],; | e & ﬁ'@%ﬁg\/\ﬁ% ?F/vq‘&a}r%}%\ﬁ%ggals 5 et??g acl%pompe% silicon

oxic?é"l‘a?@tl ddnSpridae aﬁﬁaa%nte%@ aStdahn® AKX la0BetRAnEANRY, irkRRtively
at I east ‘'one of a steam anneal, a thermal anneal an

coupledydtsme (KZPQ\. @Iulp&taédmpﬂasmle(tll@) amrﬂaéailn e-baam anneal, an acid
ultr V|oIet Qt anneal n. e- be nneal an acid

Vapgh Ff Yé’é@&ﬂ?& ?g AAGYERPT cdfa éléém%?‘é @a‘f‘éﬂr Qwp¥e anpraly
and a mcrowave anneal. 12. A nethod of depositing a

si | i conipxi dg rhéed oPBeso 4 Bifik6n o%ide 14RY bAG substrate, the
conprising: providing a subs rate to a deposition

metbhdwberprisingg i ng a plasma froma gas nixture
or cour SBOUERe B BLRa P S PRECARPERERY C oxyoen |
PL tegu tr sgezfrmlﬁgg pla3l0066] N\ehsthi e @B rRNYIERalBEEE bAs OF
ionizing an ozone-containing precursor by the plasma to form an
atomic oxygen precursor, and introducing the atomic oxygen precursor into the
chamber;
introducing a silicon precursor to the deposition chamber, the silicon
precursor having a C:Si atom ratio of about 8 or less, the silicon precursor and the
atomic oxygen precursor being first mixed in the chamber;
reacting the silicon precursor and the atomic oxygen precursor to form

the silicon oxide layer on the substrate; and

annealing the deposited silicon oxide layer.

13.  The method of claim 12, wherein the ozone-containing
precursor is a mixture gas of ozone and oxygen, and the ozone has a weight

percentage between about 6% and about 20%.

14.  The method of claim 13, wherein the ozone is generated from

the oxygen.
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chanber; introducing a silicon precursor to the
deposition chanber, the silicon precursor having a

w@2@p/053a0m rati o of about 8 or | ess, the sili cPtI/US2008/080518

precursor and the atom c oxygen precursor being first
m xed in the chanber; reacting the silicon precursor
and the atom c oxygen precursor to formthe silicon
oxi de layer on the substrate; and annealing the

deposi t g5l Si ThEQRHH SRILAYRS whtdein TTRWEEDBL RIS AL

12, wherein the ozone-containing precursor Is a
betwiert alramt Jatarnclhrd bitne panairony (bm) asdi dbolt?0ckane has a
wei ght percentage between about 6%and about 20% 14.

The net | th i t ed
[t om ¢ nboxy PR eRioea sl o uMetelep ar v e ol Shereay
re&h@(\ﬂ‘ foah€ a@im& Bﬁyglihy}ﬂ%ﬂuﬂs& RYWREM @&%q 18 afl %Qé{ 00:1.

liters per mnute and about 20 slm 16
met hod of cIa|n112 mhereln a nolar ratio of.phe
sili con%r ethest@ﬁthOd qfl@l@l@tl@nw@emymhpg desiiom precursor

and JFE ARG 30 @ik R R B tone etseut Reeat aPout i and

abolibBr0BL &A1 C oxygen precursor has a process pressure
bet ween about 100 Torr and about 760 Torr. 18. The
met hod of claim 12, wherein reacting the silicon
precur sbt anthe Iﬁ@t}@ﬁd}ﬁc@l@x]y?g‘e’ﬂileﬁﬁi@ é‘%ﬂc‘ﬁ@g theagligpn precursor

B ERR TRALAR S R  BRPE ER ART REM 20

andRbeGu2®eC. has an O Si ratlo of about 3 or nnre. 20.
The nethod of claim 12, wherein the silicon precursor
i ncl udes . . 1
19. The method of claim 12, wherein the silicon precursor has an

O:Si ratio of about 3 or more.

20. The method of claim 12, wherein the silicon precursor includes

at least one of siloxane, silazoxane and halogenated siloxane.

21. The method of claim 20, wherein the siloxane is selected from
the group consisting of triethoxysiloxane, tetramethoxysiloxane, trimethoxysiloxane,
hexamethoxydisiloxane, octamethoxytrisiloxane, octamethosydodecasiloxane and

octamethoxydodecasiloxane.

22, The method of claim 20, wherein the silazoxane is selected from
the group consisting of hexamethoxydisilazoxane, methyl hexamethoxydisilazoxane,
chlorohexamethoxydisilazoxane, hexaethoxydislazoxane,

octamethoxycyclicsilazoxane, and nonamethoxytrisilazoxane.

23.  The method of claim 20, wherein the halogenated siloxane is
selected from the group consisting of tetrachlorosilane, dichlorodiethoxysiloxane,

chlorotriethoxysiloxane, hexachlorodisiloxane, and octachlorotrisiloxane.
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at | east one of siloxane, silazoxane and hal ogenat ed
sil oxane. 21. The method of claim?20, wherein the
W@ 2000053340 i S sel ected fromthe group consi sti NBCDUS2008/080518
triethoxysil oxane, tetranethoxysil oxane,
tri met hoxysi | oxane, hexanet hoxydi si | oxane,
oct anet hoxytri si | oxane, octanet hosydodecasi | oxane and
oct amet hoxydodecasi | oxane. 22. The nethod of clai m 20,
wher ei N4 he fid AZEEANE cladmIS! FRERG THMdR! ﬁt)r@&ﬁ*%’r comprises
consi sting of hexanet hoxydi'si | azoxane, I
an dmenamMyalkyl dilaﬂzmeame alkoxy disilane, an alkoxy-alkyl disilane, an
chl or ohexan hoxydls zoxane, hexaet hoxydi sl azoxane,
alkQyyraskiorh GusHepel eshrKles ae%me, and
nonanethoxytr|3|lazoxane 23. The nethod of claim 20,
wher ei g he il Qg@RatdE ¢ath! quazﬂ@rélﬁ 15l Rioh8ithrerio Sa1Eded
group consisting of tetrachlorosil ane,
fronditlehgrompaionsibitngy f trisiplagine (ﬁﬂﬁﬂ)ohmamd’ubydsizsulhmr(éiMDS)

hexachl J Si ane, chl oIr ane. 24.
sila iﬁﬁﬁg EY@PH?@@Im%hEFégﬁt ﬁﬁ?@%ﬁrsor
but%lQH%ﬁdsﬁSﬁe,% éf’cﬁ Ialrxﬁg@sﬂaﬁé‘ M/AS d' S' ' ane an al koxy

I silane [ ane,” an al koxy- acet oxy
sﬂs@hBmﬂﬁmmnunom&ﬁomeAnmaﬂdanabyE$ahﬁhe met hod of claim
24, mherein the amonsilane is selected fromthe group

ﬁggzlmi: [ di qt rélﬁtiwg ol(fagﬁgem( f‘({g%e{u? gﬁ%ealing the deposited silicon
oxuieeﬁi &dopd is@ﬁﬂ)é!aé%'@n@%}?s{eéﬂﬁameal a thermal anneal, an inductively
di et hyl am no) si | ane, bi s- tertbutylan1n03|lane

coup]ed pdlasmm ﬁ(jPhammm@ahaﬂEa@B[enght anneal an e-beam anneal, an acid
sri s(di.reth o)chlor i |.ane an t hyl sil atrane

Vap SRS REOYCE DS ERRPH IS v S ABPEH A B S HaveaL
deposited silicon oxide |ayer conprises at |east one

of a stzam anneahed 8f HERITBg AEINEM oxidb 1dyRd bf kisviBbtyate, the
coupl ed plasma (I CP) anneal, an ultraviolet |ight

method eamprigimge- beam anneal , an acid vapor catal ysi s
anneal , a b se va cat al ysi s an and a m crowave
Ay

anneal . P§V1lﬂgﬁgﬁ BLYHPAG %nglficon oxi de
layer ORyrmisdRpldslaSrorhRBras mixture comprising a halogen gas;

ionizing a precursor including a mixture gas of ozone and oxygen by
the plasma to form an atomic oxygen precursor;

generating an atomic oxygen precursor by plasmaizing an ozone-
containing precursor outside the deposition chamber, and introducing the atomic
oxygen precursor into the chamber;

introducing a silicon precursor to the deposition chamber, the silicon
precursor having a C:Si atom ratio of about 8 or less, the silicon precursor and the
atomic oxygen precursor being first mixed in the chamber;

reacting the silicon precursor and the atomic oxygen precursor at a
process pressure between about 100 Torr and about 760 Torr to form the silicon
oxide layer on the substrate; and

annealing the deposited silicon oxide layer.
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met hod conprising: providing a substrate to a

deposition chanber; formng a plasna froma gas
woreoobasB4conpri si ng a hal ogen gas; ionizing a PCBEUSNSL080518

' including a m xture gas of ozone and oxygen by the

plasma to forman atonm c oxygen precursor; generating

an atom c oxygen precursor by plasnmaizing an

ozonecont ai ni ng precursor outside the deposition

chanber 28 andridihe@bdCdf RhitlT, AheFaif HRXYHAR hRE § GHiSRr
into the chanber; introducing a silicon precursor to

perdentngddipbgedan arout béndret abauth@0%i | i con precursor having a
C.Si atomratio of about 8 or less, the silicon

precurs ang the.at.om £.oxyge r.ecuyrsor  bei first.

i xed | 0t nel AR TR e Rt MR et Bl B srbts
betvddkth d0dRit 8 RMAGr PHIILPerhREHE BOh) Ahd AbAItPORESR. Pressure

bet ween about 100 Torr and about 760 Torr to formthe

silicon oxide |ayer on the substrate; and annealing
con

the depdit éaiesmpt@ﬁmfélﬁime?ﬂ wiereing mofpkratieth doe ¥
gk fealit S RO s 000 S Ll AR 33 o0

claim 28, wherein a flow rate of the oxygen is between

about 33t arfar ethoderf slapar27nwheiein (Sctihg dreckikidoaLpre@@rsor

sIm 30. The nethod of claim27, wherein a nmolar ratjio
and dhe piognig PKY EBPLSFEEAT BFra Processderpsrataredefyaen about -10°C

I s between about 1:10 and about 100:1. 31.

and%gﬁyrrﬁe@g%d of claim 27, wherein reacting the silicon

precursor and the atom c oxygen precursor has a

pr ocess32 enpreahsthedd clatar?7aybatein flE0@icndrabiosdr includes

2 y . Th h f_claim?27, wh [ h ili
at leﬁgtég}?oocrcggﬁoch{@reﬁ@%mg& aond }(%algéerplated siloxgrrlg 'n the silicon

33. The method of claim 32, wherein the siloxane is selected from
the group consisting of triethoxysiloxane, tetramethoxysiloxane, trimethoxysiloxane,
hexamethoxydisiloxane, octamethoxytrisiloxane, octamethosydodecasiloxane and

octamethoxydodecasiloxane.

34, The method of claim 32, wherein the silazoxane is selected from
the group consisting of hexamethoxydisilazoxane, methyl hexamethoxydisilazoxane,
chlorohexamethoxydisilazoxane, hexaethoxydislazoxane,

octamethoxycyclicsilazoxane, and nonamethoxytrisilazoxane.

35.  The method of claim 32, wherein the halogenated siloxane is
selected from the group consisting of tetrachlorosilane, dichlorodiethoxysiloxane,

chlorotriethoxysiloxane, hexachlorodisiloxane, and octachlorotrisiloxane.

36.  The method of claim 27, wherein the silicon precursor comprises
an aminosilane, an alkyl disilane, an alkoxy disilane, an alkoxy-alkyl disilane, an

alkoxy-acetoxy disilane, or a cyclosilane.
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at | east one of siloxane, silazoxane and hal ogenat ed
sil oxane. 33. The nethod of claim 32, wherein the

W@ 2000053340 i S sel ected fromthe group consi sti NBCDUS2008/080518

triethoxysil oxane, tetranethoxysil oxane,

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

oct anet hoxytri si | oxane, octanet hosydodecasi | oxane and
oct amet hoxydodecasi | oxane. 34. The nethod of claim 32,

wher ei n3t he Bhd REMRING d8mIT feRIn tHOTF{ONSi1aHeAY Pelected
consi sting of hexanet hoxydi si | azoxane, meth

y
fromh @h@gmulpmyaislsmg afwisdplamine (TSA), hexamethyldlsﬂazane (HMDS)

s gRsxaneL oy dL sl | seoxanc,  herackionydl 3l aggane.
but%ﬁﬂ%lﬁﬁé%é Hﬁhétﬁﬁﬁ&&ﬁﬂ@sﬂaﬁ@ BDREAgYEt hod Of cl ai m 32,

erei n the hal ogehat ed SI|O ane i s selected fromthe
sﬁs@hmmﬂu&nnsx&dﬂm@mdﬁndmmimwﬂbmnhshhane

di chl or odi et si | ox ot ri et hox xane
hexachl ot odi %ﬁﬁwé %gﬁaamo?g)t bereiR amaé%gaiz%ﬁ%m%tsd silicon
0x1(irJ1§ ik aLC eQét'Hrﬁény a‘é’t&%ﬁ%ﬁketap Q Jﬁéﬂ ﬁ%ﬂn@z{leﬁy{r@%:hvely

rlse an am nosi | ane, an al Isilane, an a
coupl]esllﬁlaﬂﬂﬂa (1aR) axlﬁmk,)a{ﬁllt«y{homtﬁthMeaBIanai-Manyaml @n)ac:ld
di sil ane, or a cyclosilane.37. The net hod of cla|n127

vapgheatalypis pRaealm B@%Maaﬁlécat% ygis pepea and Agpicrawayh dsal
consisting of trisilylam ne (TSA),
hexanet hyl di si | azane (HVDS), sil atrane,
t et raki s(di met hyl am no) si | ane,
bi s(di et hyl am no) si |l ane, bis-tertbutylam nosil ane;
bi s- di met hyl am nosi | ane ( BDVAS),
sri s(di met hyl am no) chl orosi | ane and net hyl si | atrane.
38. The nethod of claim 27, wherein annealing the
deposited silicon oxide |ayer conprises at |east one
of a steam anneal, a thermal anneal, an inductively
coupl ed plasma (I CP) anneal, an ultraviolet |ight
anneal , an e-beam anneal, an acid vapor catalysis
anneal , a base vapor catalysis anneal and a m crowave
anneal .
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