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WD 2005/ 033359 PCT/ US2004/ 029478 DESCRI PTI ON ATOM C

LAYER DEPOSI TI ON METHODS 5 OF FORM NG SI LI CON DI OXI DE
WOEOMBRBSENG LAYERS TECHNI CAL FI ELD Thi s i nvent POTYUS2004/029478

relates to atom c | ayer deposition nethods of form ng

10 silicon dioxide conprising |ayers. BACKGROUND ART

Sem conduct or processing in the fabrication of

integrated circuitry invol ve& iSe deposi tion of
| ayers on sem conduct or . Exenplary 15

processes |ncld§ égﬁawal va q&ﬁg&ton (CvD) and
SRR - Lt s

substrate upon a wafer hol der or susceptor. Miltiple
substrate chanbers m ght also be utilized. One or nore
T es are typically provided to a

shovwgiiBaadenfiéhireidtBs ohathieic Myiet Hdfoditid®Hethode bﬂformmg
uniform y provide the reactant gases substantially

siliAfb JERIIR CPMRFESING fRYC'Sut er surface of the substrate.
The precursors react or otherwise manifest in a

deposition of a suitable |ayer atop the substrate.
_ﬁﬁwﬂw ment nay or may not be utilized. If

pl asg@EmRIRINCEE BrotSsdihy! iz QHe fIRidHtRDRS m@gmed circuitry

gener at ed and mai ntai ned either di r%it Iy withi

|
InYPHRB IS0 SPOS TPBEK LIPS R SRMIRPRONEOE AHRSASS  Exemplary
prBEéEéé@dlridﬂﬁdé aéhé’rﬁlc%ﬂ Qb@bﬁ%éb@snﬂ@hef(cﬁﬁg rand atom|c layer
sem conductor fabrication is E bj
AP (ALER | G AORALD &R he:coagerteqapiBin CoRMbers which
remhh@d%;@élef QuUBLHEtsS| lips®Na dwse'dameaprmsm@cbpy@f S. Multiple
In onelr%@ mantatlon asubs e LS ositioned

SURSFRTR GNATBRERS {1IBRT Alstine: Utifestor RpesPT dReTe Oreewney gases

arEOtybhﬁauyC@mhpéd ed ehdwédeddRfthirgate baafnlb@wahbﬁ is hetended
under conditions effecti ve to cghom sorb

toflﬂfﬂ'&r“%'rbélfp&denﬁ\?of%a%?”wﬁ%‘?? St @taﬂt!‘%”@! 'BHQS”PH\%W%V‘” the
oEPslurRice ofl i fsUbstratéwerrthegpsewrsbks)\n@ﬁlctabr athiérmate manifest
rate. After form ng the first ah
NG BERAPIAD 1 B GHIARK AU AR LTS SHOS R Eoc SRR Thancement
mg?soﬁ falyl FYEHe tiftilized. Cﬁaﬁﬁ%m#@dﬁbneéﬁﬁrﬁl@nﬁmzed the plasma
fectlvetoreact t he OXI é echem or b

cn ke IHRIARD A frBia'rW%'n nSI'tQ§ér '6%?1‘2%"5'”1’1'& @Eﬁi“ber or
remotely therefrom.

One commonly utilized insulative or dielectric material in

semiconductor fabrication is silicon dioxide.

SUMMARY

The invention includes atomic layer deposition methods of forming
silicon dioxide comprising layers. In one implementation, a substrate is
positioned within a deposition chamber. Trimethylsilane is flowed to the
chamber and a first inert gas is flowed to the chamber under conditions
effective to chemisorb a first species monolayer comprising silicon onto the
substrate. The first inert gas is flowed at a first rate. After forming the first
species monolayer, an oxidant is flowed to the chamber and a second inert
gas is flowed to the chamber under conditions effective to react the oxidant
with the chemisorbed first species and form a monolayer comprising silicon
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1 WD 2005/ 033359 PCT/ US2004/ 029478 di oxi de on the
substrate. The second inert gas flowng is at a second
WO 21068/033889 ch is | ess than the first rate. The BQT/US2004/029478
trimethylsilane and first inert gas flowing and the

b) oxidant and second inert gas flow ng are

suc eSSI el eat effective to forma silicon
IR 3D Y L arhE” Ferbicsid e Senhohiha s p Hngcond rate
whgbl Wﬁsﬁth@m,thémr@t (c: (Y |'ﬁy@ra)dﬁih¢§th?/|s®l%ngeéh@¢n@i inert gas
sil'ican dj oxi de conpri sin a er on a

formn . .
flfing A eﬁt%wu% aph&nd 8ﬁPﬂgg {NoE, s Mawing efg ugcessively
recbamsdt effectiv@nier forkf | aekiidom |cﬁ6ﬁ|d|e5 Jdrﬁwﬁétntgo léiﬁer on the

nber under conditions effective to chem sorb
S"?':l? §?t speci es nonol ayer 10 conprising silicon onto t he
subsin ahe. nn‘isflémfenft@tréﬂ ngn tah@n'fld: rléyersaeﬁbemonﬂme@ﬂm@d%f forming
n .0Xi dant cLeS fl owed to the chanber under conditions

a FIHERR | GOLARTSINde IAXE 4Rt av\ﬂ”HSttrW@ dpIHASS PRgitioning a
stfjbsrtsétes ﬂ&mlreﬁa &!‘é’pbcfs}fﬁh actﬁ@_rtﬂﬁleﬁyegrlrrfétﬁ?khl&h@g|ss'tf|dV\t¢eﬁH‘ to the
i 0 t he substr e oxidant is flowed to
oAb Bl Rt ackivEr 12 S SRB03 SoPRRiSe monolayer
cdmpﬁetﬁylﬁlléaﬂeomd thé eubdmbte.f | OMdIUFoRhRg the first species
successi vel eat d effeghlv to forma silicon

MENGIAYES: SBSHITY R PuSH Lo R AP ECORRIONS ffective to

reamlmaecmlaanpm@thamb @ﬁ@ﬁﬁé§rb¥oﬁﬂ€ﬁ%&é@é§téﬂﬂ f & FeFmonolayer
Pr ef erred enbodi ne

0
C‘U?’pf'ﬁlé‘q ﬁ&gﬁ’ | St?xé‘i’% ‘Hbyé‘?|Sdé§”l?éﬁowTﬁFtﬂX'F'@ﬂér'§rf&@N% to the

chidrabef citl awiow eaeowatyle@@tdzmrwfcmﬁ qrheltrhﬁemylsnane and
posi tion

nmmatic view o ed
o3e HENDS i SHrCeauel BPener slpeys on Torngh Sticog dioxide
ccﬂmﬁnegfgamyet od thecdulmiadtevi ew of a substrate processed
8?\ accordanc with a aspp (%t of the invention.
Fi g, OheIgmpIGMaytaons and; apests afs cpafamalatad.
proceSS|ng step subsequent to that shown by Fig. 2.
PREFERRED EMBODI MENTS 30
Al c | ayer deposition

met hia@ﬁerce‘d enﬁ!ﬁUdiﬁtélﬂs of fHe| ihemioN AXdetRriosuTBSIbW Wit rbRY&Hce to the
e subst for exanple a sem conduct or

f°@‘mﬂ§9 P8?°é'”pqnﬁ'n9ﬁ‘éa"3'8ﬂ? ext of this document, the term
" senffigontiuist @ cBaI@Mmmtaei"c Qfew SN &£ ddepuditiy® chamber used in

acsc%kga%gé %’Vlthl gn Ciaesfpler(]: fttl%)e rirrllevaenntion.

Fig. 2 is a diagrammatic sectional view of a substrate processed in
accordance with an aspect of the invention.

Fig. 3 is a view of the Fig. 2 substrate at a processing step
subsequent to that shown by Fig. 2.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
The invention encompasses atomic layer deposition methods of

forming a silicon dioxide comprising layer on the substrate, for example a
semiconductor substrate. In the context of this document, the term
"semiconductor substrate" or "semiconductive substrate" is defined to mean
any construction comprising semiconductive material, including, but not
limited to, bulk semiconductive materials such as a semiconductive wafer
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any construction conprising sem conductive materi al,

i ncluding, but not 35 limted to, bulk sem conductive
wOon0s/03mbs such as a sem conductive wafer 2 WPCT/US2004/029478

2005/ 033359 PCT/ US2004/ 029478 (either alone or in

assembl i es conprising other materials thereon), and

sem conductive material layers (either alone or in

(eifsnBlans Yolprassiempliasn HOMPpREiagi athgr. materiaks thereon), and
seﬁlw Lﬁ:ttﬁ/e H%ft@ﬁﬁl qu&@y(&wmdm ot %Eéﬁrblles comprising

I NC but not limted to, sem conducti ve
omstrwaé¢@%18éies26he bt@dmabsw@trajev\mer@& e anyv e p@iings structure,

il &nbeBut ﬂo@nnmela faetthe%e%.csﬁanwae %u%%‘tr'a?é’s”d%@%!b@@ above.

conprrsing layer, the invention does not preclude such
Whileathe invensienng direstagdoan HhPr methed of ferainads eigen dioxide
CSH'[SWSIPF'Q rlgyélayt‘?\% IVdRBPY o8Bt A8 ratikek sh@l"i‘na AlaPer as being

For exanpl e by way of exanple only, the
fomﬁdeﬁ’éIP@tréQf mﬂlm Hiidde comyifing lay e fqrmﬂﬁi lay m@ta@ds other

tr%Q{TPALé' ng Iﬂofi‘y%&aﬂerIQV%hda By 'wspno@“ OX%h 81 & OFRK/ StHég method
r deposited ., and/or a silicon "dioxi

C@@éﬁﬁ*@'@ﬁ?ﬁg A'@éﬂeg’!ﬁﬁﬁsque@rwnm glieen apllgxqqecgﬁmprlsmg layer

ogléno)é' gﬁ#cSﬁ”&Bkﬁié"%oHp@%@ﬁ leﬁé‘PQeB%sM BWC@ﬁﬁoéﬁanﬁea silicon

h aspects of the invention. In other
diqutcpmprsﬁlg@ layriotpresited by oY Ri wrﬁﬁﬁmnc@qomde comprising

Ia?y%?%h%e@f by 28D 'n'i“é%%h'rﬁ%é’& WitHYBp BERCEF BRS n‘nﬂantlon In other

a conposite or nogenous Silicon 15 dioxide
W@é%r‘ihﬁ 'rﬁ‘geFHS?@ra'%‘Pl S COMPASSESCOMPNinG nRthedicad aspests of the

iveheiohegithC@d ;ﬁ‘b@@s&eé W%rnﬁﬂgta@)&ﬁmﬁs@t@ &r hbﬁ‘ﬁb%"enous silicon

processing, etc. ALD is desira where the typical
dioxi @ COMPTiINg VAT YeAySUhEIFAtEayers over a substrate.

ALD iAng) hdleshrReiaesngisdn réfirfdfho SEPSItbATE Ia?@r %ﬁ‘liar@t atomic
chem cal species to acconplish chem sorption” of

layigs RrOSesRiNg, Bict héLQuﬁstiea'tr@bleTw@@r%ttheaqypgpaltlnéent is to form

vén‘iﬁ‘mﬁ%y”éﬂs%‘véroé 5% b3 1r30810 A8\ indIDas lskpoYiid 8h 'Thbfm‘P'%@ubstrate
atom or | ecule thick on the entire exposed initial

tosgbg&srta}r@mlcphsg@ﬁ@,s iRorasomalishanestisarpiinibPhyke species onto

tHY Lpsaaky. f?ﬁéf&%tm'éﬂ YIfE .chePhi8BH ISP b ARs M Gﬁ‘éné‘l‘éﬁter that is
and tK/ pically does no occur on all portions of th
al

ugiipgniyapee %Q@ho't maleelgi édnenthswrntiferipRaagd indtial “substrate.

Int Yother! wyrdd)i i §HLNaféH rFﬁSnol%?eP\bi‘éeFﬁé‘f@r%@ f&Mﬁ?éH an However,
nper f ect m)nolayer is still a nonolayer in th

C'@%’ﬁ‘ﬂ?é?(Pt'Qf‘ Mg tRfe @RENty PigRllVadoes rwéceawrz@e EH&/POF’(IOHS of the

s@@é’ﬂ?é% ofucHKindt érdlé&ﬂﬁtﬂmous Hbrf@ﬁ;yeraF!aOWpﬁé‘éI'IPnﬁltlally formed.
merely 'a substantially saturated nonol ayer may

Neyptthgiess, As4eihsaantMReTT§Cts A0 onle¥8T nisnsfitlyar m@“ﬂﬁ)éer in the
cén‘i'ﬁatxt"&f' t|h|'§'d'obhrn\én‘¥|éiwoﬁasd@pl%%'otgﬁdzéoﬁb p@dﬁ]ébcbft §K8 in the art.

e quality and/or properties desired for such
In many applications, merely a substantially saturated monolayer may be
suitable. A substantially saturated monolayer is one that will still yield a
deposifed layer exhibiting the quality and/or properties desired for such
layer.

After exposure to the first species, it is typically purged from over the
substrate and a second chemical species is provided to chemisorb onto the
first monolayer of the first species. The second species is then purged and
the steps are repeated with exposure of the second species monolayer to

the first species. In some cases, the two monolayers may be of the same
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30 layer. After exposure to the first species, it is
typically purged fromover the substrate and a second

W@ b@sioamsb species is provided to chem sorb ontBCT/082004/029478

first nmonol ayer of the first species. The second

species is then purged and the steps are repeated

W th exposure of the second species nonol ayer to 35

speeiesi r Asapadhird. specissnd’ FH8sMayhRet SitrGassbIely dhemisorbed

aﬁayplﬂgeefjughﬁsst?ég%n% %&qgé/f@r‘%g%ﬁ% E&:.rdﬁéﬁgggéle@-zglﬁﬁﬁher one

Speci sSpeci es Oor nbre na
0§ m@s@f V’@l firstheecenst ped thaﬁosqﬁﬁ'a%&ajnm naéeaé%'él? APdgert gas

td %rlp 'b?éss?m@ S56PRHo R PRANKAS -2 FHEENSH . cidBbell or for other
e of the irst, second and third species can be

PHTR@EPSA t h an |nert gas to speed up pressure
sat U'iv%trgm@ P‘Naﬁlh'nvoﬁ/er g%r‘&? shREBAlqued iMidiagheut ndt limited

pur pose Iﬁng i nvol ve a vari ety of tec I ues
te.nePOtARY B6 sithstratei aed/or sonayactwitly 3 Harrier gas and/or

I @ﬁwa emeortom’@é’l'o%’efhé’“ HBpaskdh! | flesgd@fe aR6l/ Péduce the
ower pressure to bel ow the deposition pressure to

cpBgERUAtiAR O 6hEPRCIER iGN BRI dhecsubstatf A1d/RE Ghmisorbed
glé@i%tsr atsy ARPIER oFQ%WuéPrdé%@slglcﬁtﬁ’@é'ﬂi AEXHQ'P“‘@é ofr, Xe, etc.

arrier gases i ncl ud

ngg\gn@armgzst&%i éh?diu<i‘¢1@louéﬁé3t6&1ffb&:§ﬂh§tr?’fﬁgag’gfgrtr]ngpglayer with
aﬁ U YstIREO Y tﬁélch\/it. Rhef¥omtsH BPGHRobNats &) H@&‘@rb and reduces

em sorgtl on roducts to desorb and reduces
tl@%ﬁ@éﬁ@ﬁ atio afta épgﬁ‘ééél@@%r%tﬁé}‘ 4@ mt\ymf“éc'nat%fwner ﬁaeCIeS A

gﬂgbrée%rqgﬂﬁrﬁ' @ﬁpufém?%éna%'eedéf@%ﬁe@fe r%éﬁta‘ﬁ?nagﬁknown to

eterm Be” nmen known to 15 those s
thosa Ikilied in RhegaRg Fgngayinse g% R Sugep§Siveliufrguced to a

puPgé tm%”tﬂgt ty'léTEStm‘ind’rbﬁbgsmaﬁlnh Hrb@As Gatd) fAN riﬁhcrease in film
grow h rate. increase in fil grow h rate m ght

GHpwim g eamiat &5 a8 BeERgEN o & HGHORLS %P@@e’%éDr%@cﬁés regime

awaquyyoénasé&w ets@atﬁfsthaalﬁus edjmpén@gattime limt. ALD
is offen described as a sel Ilmtlnﬁngrocessmtha

a fi ki is20ftennBepcibed; pesa exPETiMYANG BIRRASSatR gt @ finite

Nk 164y tersftbésbxﬁl?GShe§ 'E@]bstr‘é'ﬂ@mogthrchThﬁeSﬁﬁﬁn@pemes may

speci es m _ght bond to the first s
chetrys frehy ﬂs@ss@ogewp%'ﬁﬁtmmjﬂ eRbebat & tertft%é"?ﬁ fippgies and

tﬁ‘lh'é"t?ﬁéy Ais§ideeSeinitinguUbS i Qllaéiett{@ﬁﬁﬁé M\djﬁwbeﬂtﬂ‘ S|tes on a
first species, the first species wil . &ten not
b

Q
StU@SHlalt“l%raréfb‘?’H@q |V‘f'§‘t t'%?)élf§5§p§ﬂeéa&§? A etPSRIgH "‘f'ﬂe"ften not
oS ttbabther of the first species already bonded with the substrate.

However, process conditions can be varied in ALD to promote such bonding
and render ALD to not be self-limiting. Accordingly, ALD may also
encompass a species forming other than one monolayer at a time by
stacking of a species, forming a layer more than one atom or molecule thick.
It is further noted that local chemical reactions can occur during ALD (for
instance, an incoming reactant molecule can displace a molecule from an
existing surface rather than forming a monolayer over the substrate). To the
extent that such chemical reactions occur, such are generally confined
within an uppermost monolayer of the surface.

ALD can occur within frequently-used ranges of temperature and
pressure and according to established purging criteria to achieve the desired
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25 However, process conditions can be varied in ALD to
pronote such bonding and render ALD to not be

waelos/Bi3md ti ng. Accordingly, ALD nay al SO encBOPHSE0#H029478

species form ng other than one nonolayer at a tine by
stacking of a species, formng a |layer nore than one

atom or | ecul e thlck It is further not ed t hat
fcrrataatrorbﬁgo ncqveralbALPo Ry &8 8N RRAOIAYUPT 3G LM f JFVesh so, ALD

cbﬁéﬁi@m@eca@marpcgmd’tsj HepehaiHg B eedl $argidliH BRIAGSoRs, layer
nol ecule froman existing surface rather than formn

CaMRRRHIAy FeRRRIMOR HRAWRRNMa @) Other frstorsc@erprdingt to criteria

kAOWR BNERbSAISKIIRRL A QRS éwcuMalr&anhn@rtﬁeg@Q@n@lnlay conditions of
confined wthin an upperpost npnol ayer of

temperaidre. fESEHFF o%'&%rth"rSi W"F'P’é'éﬁérHW"‘{/arﬂF@er%'@é‘§ that may

lrﬁﬁaétemlﬁfoﬂ’é refrRthtiotP apdegg4li§ anehacesuflindgdolerall ALD layer.
establ i shed purging criteria to achieve the deS|red 4

AgertDg Vo PS5 Wiisisoypdittonad tegnpiptyk 8Rd yessure ranges

maMeFigk ForfdRid Ry e HeiRivEDmONaYSjergd! a time. Even so
ALD _conditions can vary atly depending on th

par t iTO8I RNYPRLEFNRQgY Icﬁsre'?em&?rlrﬁf?sﬂ% %ﬂpoﬂéﬁasﬁq\(%}] includes

aeﬂ@m@tryeaf mdévedspebgic brsd<ysesaGROILding e Kot t.ﬁrﬂe@ to, plasma
those skilled in the art. Ml ntaining the

eﬂhaapw &MJP ABhathersns CHD ds compapabyueed 5Pef§§r@r RON-ggiectively

aF&Hrﬁ?F&e NiEp &8 iz mHteAB! of 4 8askirafs W cHBYacteRBAEof typical
ayer formation and uallt§ of the resulting

rRIOCeREeS |igyHie SIMUHBREPHYI Bressperart H'@”Blﬂ'%l?féec'es in the

dbbagntblnmmbemwt%ueet@g@thef & iy tham%sn@aymé@ﬁal Such
fornation of gCtIVG m)noaers

PRI B TFARE M IR @60 MEepra (s {(&BpnAhAKRosberein a

sPstrately @éMa@fedTWtEh aRaRyle @eﬁéﬁﬁ@ﬁsﬁ’ﬁeméé%ﬂdblﬁ@n@ﬂrbs to a
not limted to, 5g\flasrm enhan cgd CVD and ot hers

sHRsHBIASNI (P dsREFYIBUBY: FeRBALICE| SREGIGRI 9N aa%’cﬂ%'léé?e An ALD

pf’&%&l fRfimeBinalyi plovide & SiwhftdrifdusiforenedteaqdIerdIRy idF species
rocesses i i nul t aneoys presen

obf B Shhadsheohadians sveh TeiBLPt FormERtRaR TRk than CVD

ré£@idn boegeishemst®ad of rehben e ﬂhte@dthmwémab m&Y Shehfisorb to
a§lQ%Jtlonls contrasted wit criterja for
t

At PIRMIP YRldr A RO T §B§?'re§t% VgESn?a?c’:'t‘" S\PPtp which

sBbSe@ e SJRINSs MBI nBREEhEMidATaL toCtem & Udvspleee dayer of desired
naLibstLate or to a previously deposited species on a

BSBrate. An ALD process regime may provide a

si MiUnaee onestyCvontandieidngl deplkitiorobcsipeciaggelydind@pendent of
under condi tions such that ALD chem sorpti

%pe or on
the, HUPPRRHHRNCOP SBITRESCPIRETYESUPE. 27 nepdeidyipg substrate. By
corrast, hen®igbigtiin rdteeinSRAEDI ©i$gHelye ¢rhiﬁ!’@r$d§obb9(1he composition,

crystalline structure, and other properties of a substrate or chemisorbed
species.

By way of example only, exemplary methods of forming a silicon
dioxide comprising layer on a substrate in accordance with aspects of the
invention are described with reference to Figs. 1-3. The layer formed might
comprise, consist essentially of, or consist of silicon dioxide. Fig. 1
diagrammatically shows a deposition chamber 10 within which a
substrate 12, for example a semiconductor substrate 13, has been
positioned. Deposition chamber 10 is diagrammatically shown as having
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a substrate or previously deposited species providing
a surface onto which subsequent species may next

web@siosssh to forma conplete |ayer of desiredPCT/US2004/029478

material. Under nost CVD conditions, deposition occurs
| argely i ndependent of 25 the conposition or surface
properties of an underlying substrate. By contrast,

f%ﬁf@@ﬂtﬁ PorP ke G- n MeIs AT JavepLRREISREneed Eve?ﬁ'@ could of
cGGl‘Qéoﬁbtbr‘U\‘ﬁlde&rylsﬁﬁhél‘ NGedt §N§£M“sem|%mb@t5@rhbmed Ignd mixed

properties of a substrate or chem sor Specl es

Piay teffeesdtngnie csﬁmberek@rrp‘ﬁfawemaﬁﬂédgr @fth%firﬁtﬁauaon devices
(vt 5ROAN) 3RidHtoRisde SOBLISH, NBe! BYRAdED WithHPThadiser 70,  An

accordance w th aspects of the invention are
eyes®lad e d/agUum r epbireling tdamdpwn/exRaugthdingy)6r extends from

chafpRd Modhor eQRBULERY . ‘El‘ﬁ'?ééétbdesgsa%méﬁ&'b Odrodct from the

consi st of silicon dioxid I g. rammtl cally
syhsifatea anch b t:%ﬁﬁo&lnsn@@mmer \mr@ﬁqfevm bR geposition conditions

céHt&tnﬁBﬁ@e Mashal g &2Rba & §Fi’8§s‘?%b?ralﬁHb$ﬁé Sirécursors or

has been 35 p03|t|oned Deposi tion chanb
ba.wﬂa%ataw Igenematian of ARy iaidths m%@cvsosfwmer any such

pFégFﬁéJ%laggﬁA'%ﬁ;gﬁte%@ ﬁ/‘it”nﬁ@'ﬂ%pfbsnﬁ)rﬁ%a%bé@r@ @hd/or remote

fewer precursor feed streans coul cour se
thateWioded. Further, feed streans ni ght be conbi ned and

m xeg, opEl |9{pléﬁ1efn@§%ﬁ‘gtrtn9et¢lzm‘%‘é |%OFI0\§QQW€rth%a&§arﬁbfer and a

ot her distribution devices not shown) m ght al so

fisguinert gas pisovlaned wia Hhe chamher vodepncenditiens| &ffpctive to
cHéﬁHé’d'PbCan‘irrs‘t)@ e‘&%éjWWWérecBﬁ\Lbﬂsﬂé '?ﬁllélcﬁ'\ %’httgr’cﬂﬁ substrate.

from for exhausting unreacted %as and
Fig- %r%mets ﬁrloﬁwrnelaryuh@ttr%ﬁe@'e%\mowﬁy@b G semmiping silicon

théE@%/\Dﬁﬁ%ér SubdthgtedgBOgA | 'd?ﬂe Q)WlﬁbFé c?Eﬁmacrffinmethyl groups.
onpri se plasma generation of | east one or all of

Atnh@X%'iﬂ@tﬁn/sfdﬁS& ingt g%'%u@eweﬁwa&n@b%e%ﬁufaﬁ B'fSt inert gas

nght @lsd %n@hﬁﬁﬁrﬁorh%(tul;é”dfhi%rert §%¥e§UC@qula@| 6$"83(ample only,
generation m ght be within deposition chanber

eXRARRTYr RigdeEed pressi Fe fPNHRicpse el s frem AtTQfﬁ to 400 Torr. An
ekEl Ny|p$r'e|fé9rrr‘§d'$er§1 eYﬁ@réoré ,Chanbexampi abyf'nﬁééns of a

|nert gas is flowed to the cha er under condltlons
t@T‘PéEﬁ"PO%CPBthﬂ@rﬁ%kb”EP'W?%PWWQSF%@'%@@I nyé’r 000°C.

CONPIThal iR@riSyad ‘?I%'Wlﬁ@tl@ doR@usteRp bt 3bme ﬁIEStFr*age tRe materiality of
depi cts an exe first species monol ayer

w&b%rwgh H§SBRF ﬁneb%m?éa Hdhgi mHeﬂHenswétheatn@eient from the
cBRENGIRG OdisBDESioheManhe MphVBHtidH OWRS. reduced-to-practice in a

reactor/chamber having an internal volume of 5200 cm?® Trimethylsilane
was flowed at a rate of 175 sccm, and helium at 8000 sccm, for 2 seconds.
Reactor pressure was 100 Torr, and chuck temperature was 125°C.

After forming the first species monolayer, an oxidant is flowed to the
chamber and a second inert gas is flowed to the chamber under conditions
effective to react the oxidant with the chemisorbed first species and form a
monolayer comprising silicon dioxide on the substrate. In one
implementation, the second inert gas flowing is at a second rate which is
less than the first rate. By way of example only, Fig. 2 depicts a
monolayer 25 comprising silicon dioxide formed by displacement or
substitution of the Fig. 2 methyl groups with oxygen atoms of the oxidant.
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An exemplary first inert gas includes helium O
course, the first inert gas mght also constitute a

worRoos08B5Df i nert gases. By way of exanpl e onl BCT/US2004/029478

exenpl ary preferred pressure conditions include froml
Torr to 400 Torr. An 20 exenpl ary preferred
tenperature ran for exanpl e by neans

tenpgrr%fleu?%'ycﬁﬂgr G?Ifléﬁ""eﬁuf@l? °¥'H@P&d%s’fh§n9lﬂ\ﬁépérfW?rrfeac'for is
pafed &f ¥ edhEhsd 'tﬂﬁféthﬁl@ﬂa'ﬁé OWIrn%n'eS e‘k@ﬁfﬂ!&rtyeﬂnﬁtementatron

sorreflrsE?yratet he materiality of which,

SHEB GUSHITS BY RASIORABE W HEne BRI Y RIATe 0 Bie chamber while

floWiey emd f'f’étollﬂi‘efrhgas &8 thi MM amgb &k ﬁﬁ'@%‘n?é‘ efid® effective to purge
i nvention s reduced-to-practice in

thirgttvdilantamod thavshagnier i %@Pn'aﬁrwaﬁarf@%mgsvzbded%gmg the

trimbfRUsA e hAget bwes tﬁb@@ﬁe&trsﬁrét@t@f Meri §as Srshgad\fting the
hel ium at 8000 scc 2 seconds. Reactor pressure

injgal alrmiserptionngr @ arfldff%ﬁfﬁé?‘éﬁ ‘ure was 125C. After

formrng tife Ah8SéeSHRLIiRSItNGAS AR ghtalﬁ‘e OphieddBind, Sor might be
|owed to the chanber and a second inert gas is

dfffedwetj tlHRthRr. dhenpxidanh diawisgnenightoRe ve'd ef piagmaewithin the

cth'b%@Ct rﬁrbﬁt O HseM tiladh8 CRRAISOkREd dHdriber, and/or be
eci es and _form a nonol ayer conprising silicon

aa Redéenaiofasd BUBSER &%dmg fodRe chamberiyramois plagiaa.

secomfei eeéén@aré‘atélew.nertl%aetﬂwm?cwre" artoﬁav.WP ﬂhe iskidant is
Iessthantheflrst rate exanmple o

PEETRERR YO HIOTROhGNaYR T 9‘5”‘teofr£ﬁrt @rtwfsflqw'@snth&n %satd@ert gas to

tHeD rohREh BBy G'uﬂﬂbaﬂﬂémmnélhyﬁ@lIéHbsﬂd)\TvH{qhoan@f mohe ;Er'egerably no
gen_at ons e ox] dant WO

%85&“@@3@8 %‘I‘P?JS‘E@@)JP(%%%%”P’?%P&?‘C%?9'yprth%rsqcc9nd rate is at

lé‘ds@@ﬂ%] of Re @itk £l pdte, hPoreh e‘fé‘r@'ﬂ]’@rat 1686 SGACEOthd first rate, and
g ed of on adhered trinet hﬁlSlIane I n one

&ry'S ?riﬂbéYréﬁtl%\ertoﬁpo of JBR TYEELR® by ceasing the

f | omtHad Beehrdigeé Vel ihafdoirRinghs ﬁf@dﬁ@ﬁo%ﬂé'cﬁbmprrsmg layer
i me

f he chanber f
o A AR 08t 87 & AesanryRGs 1apes Sasfipuis which is

|oWeHThRE . f.&rchatenerft aga'ﬁrsfI.awtn@awhlfiowﬁyrebﬁgréétﬂt in a more
th sfrlanem t the sape first rate of
chBTtelamin G hAaYR fieration of Siicambmeanpe | Bar example,
ofE a,tpueardwafyercﬁnhuéathung higef Ide‘@treandfse?:tf@n@lmb@eér the formed
di eren

AR Bha SHPRRATE 15 ok T8Nk fBihBo RYCEAGS| thigkgess of a

muntohwertmer aGisgrRNbAtle dfi bt réé@@@frtré&eﬁbﬂﬁéf&)réfcb@tdﬁ flowings.
prior to

S LA I DAL SE L M C R
stiséteatel wo DR be 3G dotOMito hawli 4 Qhﬂ‘ckﬁ%ﬁgaftf%noé%&ﬁrﬁ Angstroms
to 4 Angstroms. Typical prior art silicon dioxide ALD processes achieve an
average thickness across the substrate of only about 1 Angstrom or less,
indicating one-third (1/3) or less coverage on average over the substrate. In
accordance with one preferred aspect and implementation of the invention,
each of the silicon dioxide comprising monolayers is formed to an average
thickness of at least 2 Angstroms, and more preferably to a thickness of at
least 3 Angstroms.

In one preferred implementation, the stated trimethylsilane flowing is
for some first period of time, and the oxidant flowing is for some second
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preferably no nore than 50% of the first rate of
flowwng the first inert gas to the chanber during the
wo eoos®sizyd sil ane fl owi ng, and nore preferabl yPemuiso4/029478
nore than 40% of the first rate. Further preferably,
the second rate is at |east 25%of the first rate,
nor e preferabl'cé at least 30%of the first rate, and
petiedl afdirae prleicarigbopgar thamdhe wst periedofftimst Inaere preferred
mlmfaletﬂ?ec‘ntQESH ?ﬁé%@\é@ﬁ@q r@)@ebte fo‘?f @ QQIé’és‘f'tW&?Bsqbﬁg #Lthe first.
conprising | ayer izing trimeth
Irwionie arssfétr@mImaﬁénqemi@tlpngéhefsmr\%tlmﬁ @IEP”|0§| ispgore than 2.5
560 st\k)ﬁné th&trirsBlifn E Aol & SHo Ghedter RSN 13 BWMINER By way
resu in nor e conp contlnuous nonol ayer
of @%ﬁmnlgnorw &in e¥ampde drdrrtﬁéhylﬁdan@xfé%mg tlm;m@erlod is from 1
u fyi e
SEHEN T B Dol Ath 12 o8RohP b e DIt dyBiern Sxample.
Fugthendvaweyagk exantilacydy.of Riefaisadl exjidankfiowing time period is
I e t egithVe §&a5idy r
B o gc o0 haame wth B SERTids B sacfte preferred
e&ﬁmﬂ'q%l con di oxide formed onto a substrate would be
eXPeFhBdcbRMBHR, Hob NLLIHBRS topbr a8 AN BroddRd! Aing the
to trons. Typical prior art silicon dioxide
omd@@és‘mngcwgme arthe sama gy diffieckhlegs té@r@%%dltlﬁés durmg the
f
gméét ?aﬁqgé)oﬂgwh\% r%ﬂyllfé or eg:';n %%vgfozg%e%nag%?a eIn one
easemplanye gadyetiondo- nrﬁceee aces?mitve Hheh exigant included a
Bl t?(?rg SSRes} W%mmee@,mawd @891 by h\?olhméebtz' flowed at a
each o he silicon dioxide conprising nonol ayers
combired treterrfab@Pegeccm hi Jlbﬁes“terbfga@t Wasgdeligm flowed at 3000 -
sPERAS WHER w87 BBE &y S LIRTABY M’\et ﬁo@ rrat't‘é %lf'ﬂﬁésfné’ift ols during the

'east 3 Angstrons. I'n one preferred.inplenentation,

~ timethytisitang tflawisghy 1 Sybsirates Powinngki temperatere dvaRe 125°C, and

itk Fredl F?@ébt%q ?;regéﬂfe wad thentihdant:f Lewurg1b6 fefr.  Such
sone second 7 WO 2005/ 033359 PCT/ UuS2004/ 029478 peri od

prcassiig gRANERURY fpbRgeacanesn ARe Ateraatepexidgat spuld ke utilized,
of BoQR&: Mﬁét@n"erreeq(lstiﬁﬁ’h?%m&%'eo@evélﬁ eéeqw]q’aty' 6Weexample only,

period’is at |east tw cé as gl he first. 1n one
SHPBERS é’tplﬂ%loé‘fféﬁf‘af?mﬁ@'&t*ﬁeos e®rdNQ. rf’ézcbe?‘icod is

mor e ThadiefyISRHRNERd Mkt |lﬁerttrbea§ fb¥Mingd Qﬁn@e\y\litﬁdth'esomdant
no greater than 2.5 seconds. 5 of  exanp

agd ssqensl et ggst hgwiia, Afe Sfumslsg/etly ﬁﬁpgeﬁdoeffegtw@ é‘%form a

sﬁlcoﬁeélfb&‘i"dé %o?nﬁﬁéﬁﬁ@d%aye\‘“dm tRe %Q%@l%ieb%m%xﬁmple Ia?/er 30 as
speci f IJ)_preferred exanple. Further by way of exanple

d@ﬁl%ﬁedan trred oxidant flowing tine period is from

ip:gﬁ%%?eﬁsﬁggomod’ﬁﬁ%ﬁ p1B§ A ofPehd'dciamber preferably
occurs after forming the silicon dioxide comprising monolayer with the
oxidant. In one preferred implementation, such purging occurs by ceasing
flow of the oxidant to the chamber while flowing the second inert gas to the
chamber effective to purge the oxidant from the chamber. An example
preferred time period for the inert gas flowing is anywhere from 1 second
to 10 seconds, with 5 seconds being a specific example. Of course, the first
inert gas flowing time period while purging trimethylsilane at the first rate
might be the same or different tHan the second inert gas flowing time period

while purging oxidant.
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exanple. 10 The conditions, for exanple tenperature

and pressure, during the oxidant flow ng m ght be the
wa 208/08835di f f erent as the conditions during theCT/US2004/029478

trinmethylsilane flow ng, and for exanple as provided

above. In one exenplary reduction-to-practice

exanpl e, the oxidant included a conbination of 12% by

vol utt 3GSCERN e v thy aneihghed PeSt |IYvibe Rveatios, (%ﬁblﬂﬁ’@tﬂ’endent

of aht HePME S GBvel el BIdnt@AS merhghéte@ QhOWE@ Method of
3000 sccm which was 37.5% by vol une he flow rate

fymingea  $IHFPN gdioxiflf |°ﬁ@ﬁr!%ngt|ﬁyﬁétml%lq%§éraﬂ$ odhig§. includes
fISWRE] I BieiyISIMEK IEMRRS AabHARDERS Ukl c’zm.t.éﬁg egfidktive to

react or ressure was mai nt ai ned at about 100 Torr.
ClgRpsor rgcé@é.%P@cmmqnﬁay%m@pg@dwo%lw%wnto the substrate.

Aal u@énabasoxmai,anér GAdy dnBe bé i fibked. t80tid &l‘?é‘rh%%r during the
whet her eX|st|ng or yet-to-be develo of

ped. By
trupstipieiang yil OWé&%npl &egq{ﬂ%e @)f%erforramg;atlge fipedy species

rri'd?‘@ayé\lo’an"aﬂdaﬁt 5 fla_\'i\}édttbl tﬁétéwérﬁbbﬁﬁﬁdéﬂ@oﬁﬂﬁﬁins effective to
i nert gas, fl ow ng, along he oxi dant and second

ﬂ?arrérttheg%'dﬁ%vo/w@ th%r@e@uée&eﬂ ViEst spagiest aad dpfraca imenolayer -

cob@phRing @lllcfbln| di‘é&fdéjbﬁ%hg%lm%mtés'm M&Y%rasorﬂa&htﬁ' may not be
substrate, for exanple |ayer 30 as 25 dg_pl cted’in

flewgd tp, th%caﬁ@bafecfl@mgs@%%&ﬂn*efmw%r hegowRanhés flowed to

tHhambeibdt at &f abty ofosc Wsstabbeo §élfrﬁ‘ Metdiabfy ldtCOMNate of at
di oxi de conlﬁpl sing monol ayer with the “oxidant. In one

le55¢ PO0PeCq F’W@rﬂ@ﬂ’ﬁ”@r‘?'y ah@nr3igrefi AyleRst A Ggcem, and most

pESTBFABIY atfd Pate0bf AhR 42X iRt sddint r@u@ﬁ‘m@’thwiléﬁe and oxidant
flow ng the second inert gas to _the 30 chanbe

f'%\“’f’b&ﬁu*\‘fé t%‘cﬁﬁﬁé'é’e%ere@ﬁlaé%t SHRERYS hio CREMb@ Siigon dioxide

c@m@mirfg |éye$f(ﬁfﬂ@s@bé’[ﬁaﬂéerl od for the inert gas
fl OV\%G%&I s anywhere from1l second to 10 seconds, with
se

Snhepridant dpwcrates toxanphambey dusingan AkP process of

smlbbﬁtdlokw brgamddrotoddid baeapsrdcabiyhlielse AP WD scecm, and
trlge?pglsua e at the first rate’ mght be the sane

SRC! Jg5% 1A 000eseermontreviding aasmprme@om?@t flow rate

aPeidreth deScibed eamd!iigd &1tk e iladt rea@t N SIRARE, OcbiBeAable a more
PCT/ US2004/ 029478 I n accordance w t h anot her aspect of

CoRRIGIRy BhiSBHatEHdMANPIPERTdBAtSIlieen tHqKidgede  hpgrmed over a

salbsivgte, tdiR] ipeYRabd ddSEEHEIMI 6t afe éﬂrvﬁlu@eé'f%le'%@ﬁb@ﬁ above with
formn siljcon djoxide conprisin er on a
5 R 1EPORBSE (I oAy VR E by FePR RS, o Preferred

ptd&s@hﬁy“f’ﬁ@ffuttﬁéern edird 406 vafH elchverf tiee above described first
embodiments in accordance with preferred aspects of this latter
implementation of the invention.
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5 chem sorb a first species nonol ayer conpri sing

silicon onto the substrate. An inert gas may or may
wmoedaos0s33t9 owed to the chanmber during the PCT/US2004/029478

trinmethylsilane flow ng. Regardless, after form ng the

first species nonolayer, an oxidant is flowed to the

chanber under conditions ef{e% | ve to react the

oxi dant with the chem sorb t species and forma

nonol ayer 10 conprising silicon dioxide on the

subsiyak & cldimednert gas may or nmay not be flowed to
t he chanber during the oxidant flowi ng. The oxidant is
flowed-to the chanber at a rate of at |east 2000

sccmy, prefagr akdriicatlaydr  gdpgostfonaimeth6d@séf IGPAnG C&Msilicon dioxide

nor e _erferablay %t a rate of at |east 4000 sccm and
CopREising jayeL P SHRstrate, FMRNgNgat | east 5000 sccm Such

t ri npbélibsing antibsiigteNtHRAdepBsitib® BhaBbeRl €

successjvely repeated effec IVE to forma siljcon

di ox a\gmgcgﬁrﬁth@?l%q toy e GhamRer angstiowing. a Mirstolnedrgas to the
clrhBanturfdep Weoidishst efeciinderchiisdtd an fitdtD JPEEIESS onolayer

of sili ﬁ,on di oztbde ar e untger,st ood to be appreciabl %_
corapsipg giicon 8ptodae sHPstrRte. g dEstinerhops fipwing heipgatipiyst rate;

SCCMaftél RvintHg theafitsi BSchas Afbroldyda Mowih®Wn! &ti®¢ardGoafie chamber

h(grel n descri bed, and i ndependent of reactor vol une,
apd fowingA gecPHRer 988 4 ithe eNYPPLINfeLcondiipns pHSRIve dp react the
oﬁahﬂr\]tcwmh @he;&h@iai;bﬂatdae?r&?émbtstwﬁa f?rm %glhéhél_ég@raccﬂigﬁrising silicon

erhaps, in ende 0 e attributes descri bed above o

dloxide ‘R}@?rﬁé’ggtr?f&; hgesecrp ﬂneéh%%sdﬁ%wséqe%we%?cwdate which is
les€ gedrtiiheShst rafectadred processing is further in

accor dance, w t he. ahove, descrjbed. first

th each of 25

bR SHEEUS TR AR &) imainylang, 3nshst petigas dlowing and b)
okiast aied seEond Mertegan flewingneffctivao i foMe ™ sildon Biokfde comprising

2005/8%9%&% PCT/ US2004/ 029478 CLAI M5 What is clained
layer o the SYGSta{eni ¢ | ayer deposition nethod of forming

a silicon dioxide conprising |layer on a substrate,

conpyLi sing; positiqgning a.substrate within .

depo itio%hEhéﬂ%‘@Pg ﬂ?oﬁfﬁﬁ@t iWEPﬁ?/H"si%e&H@gt §atehgs no more
theiraBber otk fitsdwateg a first inert gas to the chanber

under conditions effective to chem sorb a first

speci es nonol ayer 10 conprising silicon onto the

subs8r at eThehendthoat dfnerdimgas fhevéing deeioRd @hted is no more

fir raje; after formng the first species nonol ayer,
thﬁrb%%’gog&e ﬁfsaéﬁfe'to t he chanber

4. The method of claim 1 wherein second rate is from 25% to 50%

of the first rate.

5. The method of claim 1 wherein second rate is from 25% to 40%

of the first rate.

6. The method of claim 1 wherein second rate is from 30% to 40%

of the first rate.

7. The method of claim 1 wherein second rate is from 35% to 40%

of the first rate.

10
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and flow ng a second inert gas to the chanber under
conditions effective to react the oxidant with the
wae b@giosssbed first species and form a nonol ayePCT/US2004/029478
conprising silicon dioxide on the substrate; the
second inert gas flow ng being at a second rate which
is 15 less than the first rate; and successively
repediti ng T9& @eH)od off iwkaiRy 1 swhakein 4he first andispaandgiert gases
afd o& BgpRNd b) oxidant and second inert gas flow ng
effective to forma silicon dioxide conprising |ayer
on the substrate. 20 2. The nethod of claim 1 wherein
secogd ratrpel $eModRE @laikl 3 WREMIR thE st bhalsdrit inert gases
The net hod of claim 1l wherein second rate I's no nore
afq e 4iff8T@Ntt he first rate. 25 4. The nethod of claim
1 wherein second rate is from25%to 50% of the first
rate. 5. The nethod of claim1l wherein second rate is
from!95% tihesovethad ef alaintirwhereipeeagh shdhaesiiggn dioxide
ceﬁwpcils%é“ %M‘ﬁ‘@!&?b& secondrmale tos EHO"A\%} kO Hckneds of at
the first rate. 7. The nethod of claimI wherein
least hangatramss from 35%to 40% of the first rate. 10
WO 2005/ 033359 PCT/ US2004/ 029478 8. The net hod of
claim1l wherein the first and second inert gases are
the danme. T9e mathpdt RHFIBIM 1 aWhﬁ&e'\ﬂhéﬁéhnO?HBefFH@Pn dioxide
cé%r%‘?ﬁé’n%bﬁ‘&%ﬁle%s% forAEg tie thfﬁéﬁfabe 1@ickiss of at
of claim 1l wherein each of the silicon dioxide
'Qﬁﬁ’fﬁﬁ@gﬁﬁoi’ﬂ?nol ayers is formed to an average
thickness of at least 2 Angstrons. 10 11. The nmet hod
of cI aim1l wherein each of the silicon dioxid
conprsi nd heoAathgdr af |°§a'f7br1nﬁﬂ‘etr§"hﬁh9v%¥'§@ét is flowed to the

réddiek ReaSr2E Alat 16868152050 4BESIL I ONE.

13. The method of claim 1 wherein the oxidant is flowed to the
reactor at a rate of at least 3000 sccm.

14 .The method of claim 1 wherein the oxidant is flowed to the
reactor at a rate of at least 4000 sccm.

15. The method of claim 1 wherein the oxidant is flowed to the
reactor at a rate of at least 5000 sccm.

16. The method of claim 1 wherein the oxidant flowing is void of
plasma within the chamber.

17. The method of claim 1 wherein second rate is from 35% to 40%
of the first rate, each of the silicon dioxide comprising monolayers is formed
to an average thickness of at least 3 Angstroms, and the oxidant is flowed to
the reactor at a rate of at least 2000 sccm.

11
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15 12. The nmethod of claim 1l wherein the oxidant is

flowed to the reactor at a rate of at |east 2000
w@ewmIn3lksB3e The nethod of claim 1l wherein the oORCTIERL004/629478

flowed to the reactor at a rate of at | east 3000 sccm

20 14 The nethod of claim1l wherein the oxidant is

flowed to the reactor at a rate of at | east 4000 sccm

15. the méhBowredrod|ofi rimwhavaenein iaidirimathy|silane flowing is
fdr! QWﬁgt ttl%é E@no@%ﬁ@%‘éﬁ@%ﬂ&arﬂ fielvthPls 2br hegsdorRPBfhe period,

sccm e method of claim1 wherein the oxidant
the éwp%d tigs, BREOEfoeing dangerinan e fist dimeperiodso 17.
The met hod of claim 1l wherein second rate is from 35%

to 40% of the first rate, each of the silicon dioxide
conpiPsi ndhAomEtagEef ¢laimotdavherein dhe SRgGefgktime period is at

|éd¥t%ﬂ,®§s%n@bsltﬁé&trsﬁtumwﬁéfueas and the oxidant is
lowed to the reactor at a rate of at |east 2000

sccm 11 WD 2005/ 033359 PCT/ US2004/ 029478 18. The

net hod of TakahBtHod\BEERIM $9Imﬂ1értearnm@xéébh@mmqé l@Moddis more
is for afirst time peri od sai d oxidant fl ow ng

than 264 sacerdv AN m?ef'[iﬁérti"ﬁa Pertorﬁ’e'ss'é%Gﬁ%iafteirﬁfBaﬁé’r 5&&00”0'3
being | onger than the first tinme period. 5 19. The

nmet hod of claim 18 wherein the second tine period.is

at Pdast Anvptadnigslayghglepesitipn mq@@dwfn@rﬁ@ngoaj siligpn dioxide

cghﬁ)rfﬁ‘?ﬁé‘%é?forpb%d”ﬂslr%té\h%t%bﬂshrbﬁ‘ second time period

is nore than 2.5 seconds, and the first time period
i s nBO§itioning at%ﬁt@ts wighigrridepepition chambebm c | ayer

depogay ifRwiABithatbtRIstiahBi tBdha é’ddrhﬁ@ﬁaﬁd@ﬂvﬁﬂg inert gas to the
conprising |ayer on a substrate, conprisin

chagiber gHidRy BORAIEONE ATEEGHMeniH Chemiped & Bfﬁtcﬁ%@ﬁjﬁ monolayer
céﬁoprfsl.@gwsﬂl@cdrf Ioﬁ&t iwé ssldb%m@téomélen@nagﬁwrloanﬂgf&@nrgn@t a first

inert gas to chamber under condltlons

rades eé‘?l véftes fé’rﬁ@h’i‘%dhﬁ Hr?tl PRECIES I Mol CRASING flow of the

tﬁrﬁ@ﬂfy@ﬂlé& %'ﬂh%OBh@m‘b@rt\hﬁllélmﬁtht the &t i W to Qtﬂé chamber
being at a first rate; after formng t

ofpptve 3pacires thgedndpiiane deo the ‘PRawbest ¢ ho

tri mggHhybsiel ang njgirR; tthe Ghrethgisithe erdnh aenehbiderN€lolwing an
o%%santtoagdh?lo&mg the inert gas to the chamber under conditions effective
to react the oxidant with the chemisorbed first species and form a monolayer
comprising silicon dioxide on the substrate; the inert gas flowing during the
oxidant flowing being at a second rate which is less than the first rate;

(d) after forming the silicon dioxide comprising monolayer, ceasing
flow of the oxidant to the chamber while flowing the inert gas to the chamber
effective to purge oxidant from the chamber; and

successively repeating said (a)-(d) flowings effective to form a silicon

dioxide comprising layer on the substrate.

22. The method of claim 21 wherein the inert gas flowing while
purging trimethylsilane is at the first rate.

23 .The method of claim 21 wherein the inert gas flowing while
purging oxidant is at the first rate.

12
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effective to purge trinmethylsilane fromthe chanber;
20 (c) after purging the trinethylsilane fromthe

wae b@sioaszso f| owi ng an  oxi dant and fl ow ng the POBRUS20ga629478

to the chanber under conditions effective to react

the oxidant with the chem sorbed first species and

forma rmnolayer conprising silicon dioxjde on the )
subsfat el "enBgthedt oy faim R N IEM fhet Wert gasgdpwing while

pM@W%;n&nbéﬂh'Ws@tnealss%@otﬂ@ firdterat8] eRdl thd §Ssrit fl"oW?ng while
first rate; 25 (d) after forming the silicon dioxid

pH&iﬁgl@i'%@nWﬁrﬂﬂ thedirst calgsi ng  fl ow of the oxi dant to

the chanmber while flowing the inert gas to the chanber
effective to purge oxidant fromthe chanber; and

succéSsi vel B8 r'@ﬁ&lﬂq 9§ <aing %b)wla%l')e"mwmga‘ rer edicopedioxide

cbﬁhpfr%"r‘i% a n%lhd)l‘égﬁrs dij@Xifdgn&QMbLI SARY é\?éfv\geonthIiMess of at
substra The net hod of claim?21 erein the

lgasd it A @9§trPF‘(§\M ng while purging trinethylsilane is at
the first rate. 23 The rrethod of claim 21 wherein the

i nert gas flowing while %ur g oxidant is at the
firsebratdheim QOG%P@%JBB F’%‘ﬁ"@@(ﬁﬁﬂm 2d4thg silicon dioxide

ca_ﬁfbr%ﬂﬁ@()dn@ﬁol tyéfsm 24 wbgredn tbheahnefderdge fIHAMIMEs of at
while purging frimethylsilane is at the first rate,

leasd 3 ABISH@MS - gas flowing while purging oxidant is at
the first rate. 5 25 The method of claim21 wherein

each_of the silicon dioxide conprising nonolayers is
for méd- t o TAR &MRihgde afhrlatmedd orhesein| sggeng rate is no more

tHH8bYPBPthefirst g et hod of claim 21 wherein each of
the silicon dioxide 10 conprising nonol ayers is

formed to an average thickness of at |east 3

AngSQBOWBTh§7 mdthedmeirhe@iml 2l alnedin Wessshd |5aQ§0réd no more
te is no nore than 50% of the first rate. .

th?db"'?ré’( Abthefirgliraten 21 wherein second rate is no m)re
than 40% of the first rate. 29. The nethod of claim?21

vvhergi n se%ond rate is from 25% _ ,
9. The method of claim 21 wherein second rate is from 25%

tfo 40% of the first rate.

30. The method of claim 21 wherein second rate is from 30%
to 40% of the first rate.

31. The method of claim 21 wherein second rate is from 35%
to 40% of the first rate.

32. The method of claim 21 wherein the oxidant is flowed to the

reactor at a rate of at least 2000 sccm.

33. The method of claim 21 wherein second rate is from 35%
to 40% of the first rate, each of the silicon dioxide comprising monolayers is
formed to an average thickness of at least 3 Angstroms, and the oxidant is
flowed to the reactor at a rate of at least 2000 sccm.
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20 to 40% of the first rate. 30. The nethod of claim

21 wherein second rate is from30% to 40% of the
wo eeos3yzads e. 25 31. The nethod of claim21 wheP@i/ms2004/029478

second rate is from35% to 40% of the first rate. 32.

The met hod of claim?21 wherein the oxidant is flowed

to the reactor at a rate of at | east 2000 sccm 30

33. JIhe néhponietiiod|adictaidl Athavheirains oo xkidanteflowinfg smmvoid of
p%x%@agsﬁth‘frqo(ﬁg hfa%érl rst rate, each of the silicon

e co ising nbnolayers is fornmed to an average
t hi ckness of at least 3 Angstrons, and the oxidant is

35 13w 2007 63T plirieb B8l in SRSy R AR arst tme
paﬂodl andh e \(heflowinghie i dasecéndwimg peried; dhefsecond time
eRHBSER NG o es ACR R s pelf8f. 12 " € peri od

and the (c) flowng is for a second tine period, the

secong U The, AEEA0H Sl ! Q09BR ERINL S dd TN ld Boron 1 a

letsistdwioer asdong astthel ferastinterpedods | ong as the fi rst
time period. 10 37. The nethod of claim 35 wherein the
second time period is nore than 2.5 seconds, and the
firsB7ti n@hpemethbd of ntai@ré&tv\d“rereiram@ sBcenddimis pedi®d is more

t e t 0 [

trgélhog 53%5&%9%0%%@%@?"%% tgﬁeltH%rfb%dls 5 g?éé‘{er}%énsi 51 &% nds.
conprising: positioning a substrate within a
dep tion.c r S
chanBer uAioRtT ey ey e MR FRMBLSb Pifihg 4 Sficon dioxide

cbirwpslsnsg)weafsomermuwymtecowppnsmg sili con onto the

subs it nol ayer,

fl om}’[ﬁgh%ﬁ"“i dseln%gtfgot \'E'gh %rgdﬁgn%hﬁpg e@ﬁgg‘rzdl tions

ef f efoimirg ttomethglsilane taxitilrchambbér wneler ctrnditionpeaffective to

cg%@iéloc@pgcﬁr%% HLid OB R 19D LBY i ERINiliEA N Britd | thE%ubstrate;

after forming the first species monolayer, flowing an oxidant to the

chamber under conditions effective to react the oxidant with the
chemisorbed first species and form a monolayer comprising silicon dioxide
on the substrate; the oxidant being flowed to the chamber at a flow rate of at
least 2000 sccm; and

successively rejoeating said trimethylsilane and oxidant flowings
effective to form a silicon dioxide comprising layer on the substrate.

39. The method of claim 38 wherein the oxidant flow rate to the
chamber is at least 3000 sccm.

40. The method of claim 38 wherein the oxidant flow rate to the
chamber is at least 4000 sccm.

41. The method of claim 38 wherein the oxidant flow rate to the
chamber is at least 5000 sccm.
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on the substrate; the oxidant being flowed to the

chanber at a flow rate of at |east 2000 sccm and
wGerwsesBsivel y repeating said trimethyl silane apdr/us2004/029478

oxi dant flow ngs 25 effective to forma silicon

di oxi de conprising layer on the substrate. 39. The

met hod of _claim 38 wherein the oxidant flow rate

t he #Ranbéheigetiiod ghsiaigndd Whersinahespxidpnt isng m%*ure of O,
aﬁ’ﬁ(?'.a' m 38 wherein the oxidant flowrate to the

anber is at |east 4000 sccm 41. The nmethod of claim

38 wherein the oxidant flowrate to the chanber is at

| easly35008h8CHRthRP ot 41N A¥0WHEBSFPthe oxidant flowing is void of

PCT/ U82004/ 029478 42. The nethod of claim 38 wherein
plasama wilimthe $hamstt ure of 03 and 02. 43. The net hod

of claim38 wherein the oxidant flowng is void of 5

plasma Wi thin the chanmber. 44. The nethod of ¢l aim 38

wher 8fn t RBeoxiethad of S1aimh38: Wherein s oxidanyss aaRtixiuge of Os
aNS"C§i UndPisaPdTB o JIBEMal WRhFNESHamb@r45. The net hod

c'ai m 38 wherein each of the silicon dioxide

conpr|S|ng nonol ayers is formed to an average

thi ckgessTat Aethb@ast claifN @3t WHEeirt@®ach -Bhfthgeisi'ﬂi@dn dioxide

of clalm 38 wherein each of the silicon dioxi
cCe@ppising ngnongaysifol a%/elf%mi‘%dfdPrreﬂntc?"&rﬁaagertggcémess of at
Ieta@t@k)qﬁgﬁrgﬁqsat | east 3 Angstroms. 47. The nethod of

claim 38 wherein said trinmethylsilane 1 ow ng is for a

first time period and said oxidant flowng is for a

secopg, ti ‘T’ﬁe FPﬁéth@@' of EBfn %@Q/@Wé’retﬂ é&i:h oftfE isidoR &lidiHe comprising
Ion%yr t han e first tine period 48. The net hod

srwiwmioé%\t%g%ﬁ%w&S% Pﬁ%’f '5%?". Dangsdrogis.
|l east twice as long as the first tine period. 49 The
met hod of _claim 47 wherein the second ti

nored75 Thamethed stelawmIas Wil e matnyisiae eﬁ@w'%'s for a first
tiln® PEHdY 8Ad @hid BRBamt fowiRga8dsr aldecond time period, the second time

period being longer than the first time period.

48. The method of claim 47 wherein the second time period is at
least twice as long as the first time period.

49. The method of claim 47 wherein the second time period is more
than 2.5 seconds, and the first time period is no greater than 2.5 seconds.
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