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processing in the fabrication of integrated circuitry involves the
deposition of |ayers on sem conductor substrates. Exenplary 15 processes

i ncl ude chem cal vapor deposition (CvD) and atom c | ayer deposition (ALD).
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| ayer deposition nmethods of formng silicon dioxide conprising |ayers. In
one inplenmentation, a substrate is positioned within a deposition chanber.
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retain a single substrate upon a wafer holder or susceptor. Multiple
substrate chambers might also be utilized. One or more precursor gases
are typically provided to a showerhead within the chamber which is intended
20 to uniformly provide the reactant gases substantially homogenously over the
outer surface of the substrate. The precursors' react or otherwise manifest
in a deposition of a suitable layer atop the substrate. Plasma enhancement
may or may not be utilized. If plasma enhancement is utilized, the plasma
can be generated and maintained either directly within the chamber or
25 remotely therefrom.
( One commonly utilized insulative or dielectric material in
semiconductor fabrication is silicon dioxide.

SUMMARY

30 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

35 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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comprising layer on the substrate.

Other implementations and aspects are contemplated.

BRIEF DESCRIPTION OF THE DRAWINGS

20 Preferréd embodiments of the invention are described below with reference to the

following accompanying drawings.
Fig. 1 is a diagrammatic view of a deposition chamber used in
accordance with an aspect of the invention.
{ Fig. 2 is a diagrammatic sectional view of a substrate processed in
25 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

30 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

35 limited to, bulk semiconductive materials such as a semiconductive wafer
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and as is recogni ze peop In the art n many appllications,
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20 the substrate. Theoretically, the chemisorption forms a monolayer that is
uniformly one atom or molecule thick on the entire exposed initial substrate.
In other words, a saturated monolayer is preferably formed. However,
chemisorption might not, and typically does not, occur on all portions of the
substrate, such that a discontinuous monolayer is typically initially formed.

25 Nevertheless, such an imperfect monolayer is still a monolayer in the
context of this document and as is recognized by people of skill in the art.
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

30 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

35 the first species. In some cases, the two monolayers may be of the same
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and may be used to establish a purge time limit.

ALD is often described as a self-limiting process in that a finite

20 number of sites exist on a substrate to which the first species may

chemisorb. The second species might only bond to the first species and

thus may also be self-limiting. Once all of the finite humber of sites on a

substrate are bonded with the first species, the first species will often not

bond to other of the first species already bonded with the substrate.

25 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

30 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

35 pressure and according to established purging criteria to achieve the desired
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process regime may provide a simultaneously contacted plurality of species

of a type or under conditions such that ALD chemisorption rather than CVD

20 reaction occurs. Instead of reacting togethér, the species may chemisorb to

a substrate or previously deposited species providing a surface onto which

subsequent species may next chemisorb to form a complete layer of desired
material.

Under most CVD conditions, deposition occurs largely independent of

25 the composition or surface properties of an underlying substrate. By

contrast, chemisorption rate in ALD might be influenced by the composition,

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

By way of example only, exemplary methods of forming a silicon

30 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

35 positioned. Deposition chamber 10 is diagrammatically shown as having
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chanmber 10WG:2@smsp3sMati cally shown as having 5 22 Mar chCR@8Z004MEd478

2005/ 033359 PCT/ US2004/ 029478 feed streans A, B and C. More or fewer
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silicon onto the suhbstrate. 15 Fig..L 2 depicts an exe ary first species
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O course, the first inert gas  mght also constitute a m xture of inert
gases. By walasppa @@J}%P@oan%vght e Mihip ﬁ‘iﬂ%‘-’r'@?"r‘eﬁ"%ﬁé%&% FyHar teste

i nclude frofperefiens. to 400 Torr. An 20 exenplary preferred tenperature
range, for exanple by nmeans of a tenperature controlled chuck, includes
anywher e from 200 egelippiemeriatippetimgyisilang ifgfipwedotatha shambesAnd fi r st
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will be inherent fromthe continuing discussion. The invention was
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under condi {10
might also constitute a mixture of inert gases. By way of example only,
exemplary preferred pressure conditions include from 1 Torr to 400 Torr. An
20 exemplary preferred temperature range, for example by means of a
temperature controlled chuck, includes anywhere from 20°C to 1000°C.

The inert gas flowing is conducted at some first rate the materiality of
which, with respect to one aspect of the invention, will be inherent from the
continuing discussion. The invention was reduced-to-practice in a

25 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
30 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

35 substitution of the Fig. 2 methyl groups with oxygen atoms of the oxidant.
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the ingti athnfé}ﬁyrsﬂghetﬂr@m tHY cﬁ%n?oeﬁl!hfé@é@”ﬁeftag}é‘s fiBAnG W

fie P
inert gases mg he sane, be different. Furt ﬁ 3 tﬁe oxl| dant
flowing m ghmeibylﬁdadedﬂl%ta{@eratm mamq fiest rage &fanﬁetrgamf@mmgomrmme

pl asma wit %ﬂlatl Qﬂeﬁngg;cbqfoq,gés}dnéatoag _Flﬂ‘?ereﬂﬂé gat ed/ energi zed prior to feeding

to the cha not'e he second rate of inert gas flowng while
flow ng the OXI dﬁm first amCéfthlldymﬂrt rgaS@St Mmighb09%% dhet hanfd, r gt mighé

flowing the, ki Sr}et fheqasthé ox@léﬁt G %}3' f\}?}]ﬁe&? :p?%"q%; EH"EE‘?G‘? her

fl ow ng, and pr e erabl nor e t
pr ef er dbl y,chtamebercomdhtat eomrzse bmma 250/Hmh t thee f ictetmbat, e, amadtoe be

preferably a a 0% of, t he e referably at
oast 389 AEtREeTer S St g (o [ ndie nE EhomMmET WA RERE RIAHRE 2 1 con
ditoxi de conpri siTige | synd lnateA\Ldd mert|gaswgldwmgetmnyle5|floawagwtﬁeh axigasonsl
rate inert gas fl vmng whi 0 first fir
Pert gas. MHBIETAGTE B MEcs: than par o 8-S Fak PE S B Tifidnafess ©
fﬁr rrgtlon Ctﬁ]?Sbhéﬁ*ﬁﬁérddovihdethd:@fm'@tﬁh]dmbﬁane Cfltﬂ/vl ingpi 8ad M%Yeoﬁ)réiféﬁa"ﬁ%fm ng
t he degree of satura nol a onh a ,substrat
referriqrf?g t'BOfEhé}‘%Qe‘iéag Fﬁh%ﬂﬂ'ég %e & UisHoPERferaliy éBea S&¢ éa@ygé‘tof
the Ir es peCtI]lcahiQt Fse@br gl@e wrstcte]gt@orndrbqwemblﬂat Fé?dste&@%pblﬁ&h%fliﬁo%éaﬂékﬂ at ed
nonol ayer of silicon dioxide strate wou e expected to
have a thi S5 BE Hrfeﬁlﬁaé’gbﬁf?%amﬁig};@f’@gﬁse firﬁ $Bt&ngstrons. Typical prior
art silicon di oxit¢asPbéeprdis€ssas dahiat €vEnidg a silicon dioxide comprising layer
by 'ALD utilizing trimethylsilane with a second rate inert gas flowing which is
20 lower than the first rate of a first inert gas flowing can resuit in a more

complete/continuous monolayer formation of silicon dioxide. For example,

one typical way of quantifying the degree of saturation of the formed

monolayer on a substrate is by referring to the average thickness of a

monolayer after a single cycle of the respective reactive precursor flowings.

25 For example, a 100% saturated monolayer of silicon dioxide formed onto a

substrate would be expected to have a thickness of from about 3 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

30 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

35 for some first period of time, and the oxidant flowing is for some second



aver age thi ckness across the substrate of onl y about | Angstrom or |ess,
i ndicating one-third (1/3) or |ess coverage on average over Q@magap%mate
In 30 accordance with one preferred aspect and inplenmentation of the

i nvention, w&ake9dsss he silicon dioxide conprising monol ay %Fr}” dto
an aver age E&ckness of at least 2 Angstrons, and nore pre @‘14{,09%13?

t hi ckness of at |east 3 Angstrons. In one preferred inplenentation, the
stated trinethylsilane flowing is 35 for some first period of time, and the

oxi dant fl Ogbﬂgd'oﬂ‘ tiife WABH ﬁsemi@@r tﬁaaahéfbﬁr@,h pePRE oMEhr00%) @33pkferred
PCT/ US2004/ 029478 period of time which is gger than the first period of

time. In on@%‘ﬁ@?%ﬂt?@&n’ |th%I5&?9|ﬁ‘fjatﬂm8rPerﬂ% IS 8¢ derptt twiee s 1w RS the firshst
twice as | opgqag PF@‘eHéoSﬁmglérﬂeﬁfﬁugN eth@réééoamlnem@aa 98- mbhe Jﬁéﬁoﬂ‘é

time period 1s nore secon le the first time period IS no
greater t harecomdsewbiashedjrshdine R@Floéix§n®@egr©ﬁt%r than 2)8afptends. By way

trinethylsi Lane fl p@’é”. 8Aly! 11 Aehid frﬁné{hgrglﬂalgus,?&g}:ﬁ% fin2 BEABAGY fritht ) 2

seconds being a s prefer exa y way of exanple o
a preferredsesonirtd 5l wcngis.lwﬁhp%rsiemﬂ)nuds béingmalspecificdptefehi@ds egamgde.

with 5 seco [ ci S r rre e.conditi for
exanpl e tenggftgggrbgpg% %?eés{aﬁ%@ %J;'S'I n 8[,?;8% oxf)ééjr?tng f?%%ﬂ?gﬂﬁiegﬁfgﬁ§g Phe
sanme or dif frerent sasonide tediddiseconds dunihn@ skeontis | beihhy ksspacidict bmfengd and
for exarrpl e as provi ded above. In one exenplary reduction-to-practice
exanpl e, thE&X Bq%é‘gnt included a conbination of 12% by vol une 03 and 88% by

vol une ﬂ? fl owedTa'e aohgitbmnd)i ftﬁdek&h’@l@fteﬁmasamnan'ﬂh@réﬂemﬁe gasrimgsthe

heIiumrovved 3000, scc [ was 37. S‘V qu of the flow rate of

the i nert oaichint iinge WEht BeL itk Shang Aifieien) Ballix Beauifons Shing the
nper at ur etﬁhﬂétrﬂﬂ5ﬁn@nﬂowm\@ erard roea@kamméeasurpeommvaﬂﬁ\m nednator@bout

100 Torr. Such rocessi ng,.continued for 5 seconds Any al ternate oxidant
coul d be ut FKFZWHRIY20 r@ldug’HGPstQ -PRRAGKCRer eXRMRIENg e yEXIdRNhe 'B%\V@égpe@ By

way of exanmpbgmtiRdtion €KIIHEBy NEIUME OXYHEHN 8% &3 s/ollkﬂa@ob%eadoet 2O,
etc. ThetrlrrethyIsHane flrst i nert gas flown ong wth the oxidant
and secbhd FABKINGGrat Foﬁf%’%’ alséc@ucggé%%%'ityg?%p‘@g? [é*l”%eEPYV\‘?Q £b ¥ a
silicon dioxiée, wnahlvsa@ml 8%EBy 0BIUrRE oF YRE tiTod fatel OF tHRXRIEM §ab ARINGtheas
" trimethylsilane flowing. Substrate or chuck temperature was 125°C, and
internal reactor pressure was maintained at about 100 Torr. Such
processing continued for 5 seconds. Any alternate oxidant could be utilized,
20 of course, whether existing or yet-to-be developed. By way of example only,
examples include oxygen radicals, H,0, H,0,, NO, N;O, etc.

The trimethylsilané and first inert gas flowing, along with the oxidant
and second inert gas flowing, are successively repeated effective to form a
silicon dioxide comprising layer on the substrate, for example layer 30 as

25 depicted in Fig. 1.

In one preferred embodiment, purging of the chamber 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

30 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

35 while purging oxidant.



25 depicted in Fig. 1. In one preferred embodi ment, purging of the chanber
preferably occurs after formng the silicon dioxi de conpri shngramnRjeayer
with the OXI dant. In one preferred inplenmentation, such purging occurs by
ceasi ng g%‘g f03343¢ oxi dant to the chanber while f1 owi NG &26Q00Ms 1 nert
gas to the 30 c(1anber effective to purge the oxidant fromthe chanber. An
exanple preferred tine period for the inert gas flowng is anywhere from1
second to 10 seconds, with 5 seconds being a specific exanple. O course,
the first inertln gaa:s:ofrﬁamcegmth R oplesd adpatt be tipeirigvemgtidn,i mdhyﬂepém@enﬁt
the first rat ht .be the sang or. different tha e sec q9
flowng ti r?g E@I g%s ré%e%‘?lf%vepnﬁb? rlavgglﬁ' %n‘font@"ﬂg k?a? 2‘8’83 aP
2005/ 0333590 RiRgUa280ikioh2 94ci8d mmpﬂsﬂ@mmﬂ oh angnbﬁrawimﬂbh or‘nctd&es

i nvention, .and i ndepe g % of tha Shé i bed ab the | nvent' qu}'

cont enpl at é'é’“é{HQALt’ﬁl?g K5dage teort nben WA ﬁ'l' o?PG‘é't'&S'ﬁprff Y& alPer on
a substgat @nhemisbry @chk@te§peénle§vmaaotaryelre&dmbﬁsin'ynel|tdamt BAtd Reebsyider

conditions effective to 5 chem sorb a fi rst speC| es nonol ayer conpri sing

si licon ont¥ tiRETs RS rBRY. OTAMaNEIAt $fs flawedr QmV‘%d’ch%'éb@'l hing othene
chamber dukjifgthiSiiahe! MRIIMGS! | RBoLIAIEEA0- afEparentRg, el CfirshOldpRed e
first species nbnolayer, an”oxid | owed to the Chanb under

condi ti ons reeneleypuean exidanids flayeed o dbechamben h@deh@mél@pbécpffeqtme to
speC| es an sralplol) i I ate.
An inert gggg%m%ro taWﬂh ﬂ"% ?ﬁ d&'lbga ﬁ*étcﬁ%r%) %J{uogﬁlgmtie OX|§ of

f1 owi ng0 Tro:@rrwmlﬁagtsnusom |cbweldetcm thensubhtiatser Aax lrusrt gae roay measrtotm)o
sccm pref I S rate
o oat Peactlohh €8 Siiindf dting BR0bxAANP e, TBNE SLRMRLAD PR A L2
Slich tri metthg| sharaher amid aoxateant ant5lefalsd>v€01m soen s peefesablye by arerpaatcn‘dat
effective O. C r r h b

Prior art SaTHEatod e aflrd Rl g BER ale 1 P BOGo et BPEER o
di oxi de ar epraefetabbt abd ltadelm‘ &trjpaetSQBDwdom;s SUrantm@Gﬂndsme and oxidant
speci figcal | n n i f

20 as ﬂ re|f °%§§§r%g‘gdsagggsas§ig 8¥te% &F%['z}(':\}t or V(a)fﬁﬁqne%xcsgﬁg%nnaé%\%iea
conpl ete orcosmpnuslagddyaonoltzh\pauhsftraiel i con dioxide to be forned over a

substrate, and Hﬁﬁg@g?t oaﬁfﬁﬁnﬁgwntra?es ttgea aél;[arr'ntF edsurfin s%r ! RES %POé/eessWo

silicon dioxide are understood to be appreciably less than 2000 sccm, and

nore

specifically less than 1000 sccm. Providing an increased oxidant flow rate

20 as herein described, and independent of reactor volume, can enable a more
complete or saturated monolayer of silicon dioxide to be formed over a

substrate, and perhaps independent of the attributes described above with

respect to the first embodiments. However and regardiess, preferred

( processing is further in accordance with each of the above described first
25 embodiments in accordance with preferred aspects of this latter

implementation of the invention.



respect to the first enbodi nents. However and regardl ess, preferred
processing is further in accordance with each of the above desaquhRgdohH7 rst
25 enbodi nents in accordance with preferred aspects of this latter

i npl en'entati on of the invention. 9 22 March 2007 Wat is clained is: 1. An
atom c | ayer deposition nethod of formng a silicon dioxide-conprising

| ayer on a substrate, conprising: providing a substrate within a deposition
chanber; flowing trimethylsilane to the chanber and flowing a first inert
gas to the chanber under conditions effective to chemsorb a first species
nmbnol ayBhatohpr csahgedi Liséon onto the substrate,; the first inert
gas-flow ng being at a first rate; after formng the first species

nonol ayer, flowi ng an oxidant to the chanber and flowi ng a second i nert gas
to the chanber under conditions effective to react the oxidant with the

chem sorbed fi rst s eci es and form I ayer silicon dioxide
on the substrale; tA8 AIOHHG JR%eE 05' eﬁbﬁ éto UG oA dSHIEPB whi ch

is less t@mldﬁecqmlpétsmm'é)’eérﬁﬂ s%%'é%%*s’ﬁ%l‘}o'ﬁ'@de%ﬂgng said a)

trinethylsil anepesidding s substratgawithin avlepositivrbrhexmbierit and second inert
gas-f | ow ng ef f going tromiedhpisilarss ltoctive diharmber caompr flswinyg | afEst dnetthe
substrate. H‘Qh@thnDEerﬁd@\rlcwhﬂﬂﬁdﬂs tdite SipEOND roHednisdrooanfFst than

50% of the@g h;ggﬁon rT&?n'{Eﬂé]ﬂ@ SlicBnab Mol tNOAB A rafee 1hRCHUd iRdhe | S
Ps

no nore bfg étrg Fs‘i‘trﬁt The net hod of aim 1l wherein the

second rat A)gt J/ of t%e f|r t 5 The rre hod. of .claim1
wh he secBlE! STEING 1T IR iostSiaysry flodRags %'dafﬁ hod
e Tt apkh S iha 2 Secoribyhabsons ouhe Chatiper dnders. 1o

The met hodcen Bi%ﬂ% affegbivei hot F\%a%“eéﬁﬁdo?‘ﬁ’(aé“l 3"'?‘? othe 3%%’?&04 %jofi"%the
first ratespecictheandt figtmofa criinflayanecemptisingr isiicoandieodden®n nbet
substrate; the second inert gas-flowing being at a second rate which is
less than the first rate; and
successively repeating said a) trimethylsilane and first inert gas-
flowing and b) oxidant and second inert gas-flowing effective to form a
silicon dioxide-comprising layer on the substrate.

2. The method of claim 1 wherein the second rate is no more
than 50% of the first rate.

3. The method of claim 1 wherein the second rate is no more
than 40% of the first rate.

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

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

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

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

8. The method of claim 1 wherein the first and second inert
gases are the same.

9, The method of claim 1 wherein the first and second inert
gases are different.

10



gases are the sane. 9. The nethod of claim1l wherein the first and second
dnert gases are different. 10 22 March 2007 10. The nethod znggllcgizm);l
wherein each of the silicon dioxide conprising nonolayers is formed to an
aver age thickness of at least 2 Angstrons. 11. The nethod of claim1
wherein each of the silicon dioxide- conprising nonolayers is formed to an
average thickness of at |east 3 Angstrons. 12. The nethod of claim1l
wherein the oxidant is flowed to the reactor at a rate of at |east 2000
sccm 13. The ne®hodTbe oiethediohwisl 1 whereki each obitié Gilkkcon diokide-
reactor atcempaisingf mbnodagers30Q0 fecmad 1o dmeaverdgd ohickineiss lofwhetr ei n
t he oxi danfgds$ jm\ggqr@mst,he reactor at a rate of at |east 4000 scorn. 15.
The met hod of claim 1l wherein the oxidant is flowed to the reactor at a
rate of at |east,5008,sSC . neth el al ILf :
oxidant-flow n ﬁs Vglh% Hithﬁlﬁlagfrg%ﬁ%ﬁ%ﬁ%wﬁ%gg?# Y‘?ﬁ sf? e’Il rrrmé?ﬁ'od(f'of
claim1l m%?fé\p%'%'ﬂs %885‘@3 Ygfse s TPf 3‘9’/0?@ 26T 308 ANIGNESS (¢ @t each
of the sillie& JARIIER DS prising nonolayers is formed to an average
thi ckness of at |east 3 Angstrons, and the oxidant is flowed to the reactor
at a rate of at1ReasThEoorethescaf cigm thwhesetvihefoxidanis fiavesdita thai d
t ri met hyl sréasterfatl awabg ofi at east2300 sceti.me peri od and said
oxidant-flowing is for a second tine period, the second tinme period being
Ionge(r]I E_han they&i rsird tf’f&?tmrd 8flcldith 1Tmetr@tmw?%fxif§bat tﬁ&tﬂ%vv\é@ft@!tﬁgt hgo
secon [ ri Sarta ng as e firs i me period. :
The net hogPeo 8Ir%*n$?§t€mogrel n t%?@:%%gh?i nme period is nore than 2.5
seconds. ,and the, 117 she WEHEY b Gditn 1wHeFalFtne Badnr is TRWEE Yo the 22
reactor at a rate of at least 4000 scem.

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-fiowing is void
of plasma within the chamber.

17. The method of claim 1 wherein the second rate is from
35% to 40% of the first rate, each of the silicon diox de-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.

18. The method of claim 1 wherein said trimethylsilane-flowing
is for a first time period and said oxidant-flowing is for a second time
period, the second time period being longer than the first time period.

19. The method of claim 18 wherein the second time period is
at least twice as long as the first time period.

20. The method of claim 18 wherein the second time period is

more than 2.5 seconds, and the first' time period is no greater than 2.5
seconds.

11



21. An atom c | ayer deposition nethod of formng a silicon

di oxi de-conprising |ayer on a substrate, conprising: providi Q%Mar%h'?é@’f ate
within a deposition chanber; (a) flowing trinethylsilane to the chanber and
flowirng inert gas to the chanber under conditions effective to chem sorb a
fi-rst species nonolayer conprising silicon onto the substrate, the inert
gas-flowing being at a first rate; (b) after formng the first species
monol ayer, ceas2hg f Aowasominelayeri gepesiichamethod nf toening ansilieonl owi ng
the inert dgioxide-ddraprisingtiayeefineatsubestrateyugeprisingt hyl si |l ane fromthe
chanber; (c) afpividii@iagubbfraiéivihityhsdepositioroghabahanber, flowing an
oxi dant and Tl ouhngydfe "lﬂh’iet@\ sil&hé 18 %ﬂ&h%mb'@ﬂ%hdcﬂaw,ﬁ QRert ghsect i ve
to react theyoxldanhurtlnd P DR SRS elvéttosm@nﬁfé? " P éies

gas- 11w C° 'S'” ﬁb*‘éﬁﬁwﬁ?éﬁn RIS S Tyl e Baowng 1 oo

than the f ?%\Q? Bfter forpn silicon dioxide-co nsmg
nonol ayer, ceadl F?'b wping, the)} Vﬁhgpeﬂﬁ§ FROEAaNRLy CRASING rTF fhe

inert gas trtrnetmxels pagbde dheeshiarebed whilge flowiaghtth erdnermega;mahﬁbéhe and
successi vetlyamdpmraeifagtivai o payge djinfetbyisitanefffeot iheechamenn a  silicon

di oxi de- conpri s{g)g aftgerporyihfetrrubsmethyisifZne Thermpidachahberaifiowlhg

wher ei n th&n'@ﬁﬂtarﬁaﬁnalww WHb' RerPydl 18 thel aﬁhmﬁéﬂ haB@rlcSoﬁéutubh% first

rate. hP&’ r% 'emog(jrd € WA H‘ th'%echa?ﬁl%
pur i ng o 8510 anm ﬁﬁ*ﬁ“s'ﬁ‘é ngg% ek h%géﬁ' n the
the inert VY# tbq ROt '?hseechrf%t %t"\éh 55 The

met hod of 3& thant Jfrél aeavch of the Si Ilcg d| oxi de- conpri si nq

monol ayers is ftHedaf@rafoERRAgEe hpitiesss sdiexide-cqrapesing AREEIelansr. 26.
The net hodceasiriaifiave oithe @lxrﬂ@rat:kp dhet eleambiarcwhiledilowi g thenipeirs oag
nmonol ayer sta thé @hagtbes effeciive dgeurgieckxigantdroat the ehsemBernmpdr onms. 27.
The nmethod of ckatoesiwdigreepeatireg ssaidn(a)-4dE ficwimgs stfeetivieato So¥mofa t he
first rategilicon 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 wheréin the inert gas-flowing while
purging oxidant is aft the first rate.

24. The method of claim 21 wherein the inert gas-flowing while
purging trimethyisilane is at the first rate, and the inert gas-flowing
while purging oxidant is at the first rats.

25. The method of claim 21 wherein each of the silicon
dioxide-comprising monolayers is formed to an average thickness of at
least 2 Angstroms.

26. The method of claim 21 wherein each of the silicon
dioxide-comprising monolayers is formed to an average thickness of at
least 3 Angstroms.

27. The method of claim 21 wherein the second rate is no
more than 50% of the first rate.

28. The method of claim 21 wherein the second rate is no
more than 40% of the first rate.
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28. The net hod of cI aim 21 \/\herel n the second rate is no nore than 40% of
the first rate. 12 22 March 2007 29, The nethod of claim 21 whekghnobhe
second rate is from 25%to 40%of the first rate. 30. The nmethod of claim
21 wherein the second rate is from 30%to 40%of the first rate. 31. The
met hod of claim 21 wherein the second rate is from 35%to 40% of the first
rate. 32. The nethod of claim?2l1 wherein the oxidant is flowed to  the
reactor at a ra&a® of 1ae M@ibBpd2ghElauBng 1 wherain Hae nsrcond clatenisoiromper ei n
t he secon@5%t® #O% rafrhhe3Brsti@ta0% of the first rate, each of the silicon
di oxi de-conprising nonolayers is formed to an average thickness of at |east
3 Angstroms, ag@l. t hEheximdahbdi of fdlaihd2 owheeeircdisé Osecdnad reatbeisofrorh | east

2000 sccrgo%dio does et tedfipdt &dtal m 21 wherein the oxidant-flowi ng is void
of plasnma Wlthl n the chanber. 35. The nmethod of claim 21 wherein the (a)

per o et dfi Tk MARoBEE LTt r Tl B eod Badio MRS 56°

The net ho 5§t 4'Re second tine period is at |east twi ce as
long as the first tine period. 37. The nethod of claim 35 wherein the second
time periodis 32mreThﬁaﬁ\§h9ds@écﬁi§§“ ahdwheeen the exidanieis dawed to
greater thhe eactoyeatoadate 6. atdeast @OQ0 Iseger. depositi on net hod of form ng
a silicon dioxide-conprising |layer on a substrate, conprising: providing a
substrate W'th'@e,a depasiidipRd Bardain EHOWH@QeH ARt bytehtangpet i than
chanber ur@@& nghdd s tiid RSk MRe, té’a&ﬁ‘%"ﬂ % ,ﬁcghra 0ABECESH ,q ayer
Co”p“s'”grn§| %garmw 8d FdJQ%t §§ ft F‘c’kne ”bf‘gt‘i rﬁ?ﬁ P
b

roact the o S iae A T o

react the %di
conpri si ng% T con

34. The method of claim 21 wherein the oxidant-flowing is void
of plasma within the chamber.

veto
ayer

35. The method of claim 21 wherein the (a) flowing is for a
first time period and the (c) flowing is for a second time period, the
second time period being longer than the first time period.

36. The method of claim 35 wherein the second time period is
at least twice as long as the first time period.

37. The method of claim 35 wherein the second time period is
more than 2.5 seconds, and the first time period is no greater than 2.5
seconds.

38. An atomic layer deposition method of forming a silicon
dioxide-comprising layer on a substrate, comprising:

providing a substrate within a deposition chamber;

flowing trimethylsnane to the chamber under conditions effective
to chemisorb a first species monolayer comprising silicon onto the
substirate;

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 scem; and

successively repeating said trimethylsilane and oxidant-flowings
effective to form a silicon dioxide-comprising layer on the substrate.
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di oxi de on the substrate; the oxidant being flowed to the chanber at a flow
rate of at |east 2000 sccnm and successively repeating said txiwmichyosy! ane
and oxidant-flowings effective to forma silicon dioxide-conprising |ayer
on the substrate. 13 22 March 2007 39, The method of claim 38 wherein the
oxidant flowrate to the chanber is at |east 3000 sccm 40. The net hod of
claim 38 wherein the oxidant flowrate to the chapber is at |east 4000
seem 41. The n3®hodThe methedofwlaimi A8 whasrinidhe pridantaflow gate He
chanber i gshat chaoshes®0at deast 3020 stemaet hod of cl ai m 38 wherein the

oxidant is a mxture of 03 and 02. 43. The method of claim38 wherein the
oxi dant-fl owi ng4aps VPhe nidthpldaafechimnhB3s Wirereimnber oxidan{Tfiowraabe doof

claim 38 whey ehanther Rxdashst doao0nsxémre of 03 and 02, and is void of
plasma within the chanber. 45. The nmethod of claim 38 wherein each of the

silicon dioxidgsco ISl ayer s, | ty@ a8 [ ss of
at | east @ngggrogﬁ‘% . ﬁg QJ %@&&op%cwénﬁg% t&ﬁe?’éﬁ%ﬁ%@‘%p‘aﬁgg
silicon dikFHAMBALIS &t AgaRbn 8¥¥Ms formed to an average thickness of
at least 3 Angstrons. 47. The nethod of claim 38 wherein said '

tri met hyl si | aned2f | oliheg methast of ¢liairm: 38 whesein dbeanyidantdisor mEKturel ow ng
is for a etOgnantdi@g. period, the second tinme period being |onger than the
first time period 48. The nmethod of claim47 wherein the second tinme period

is at least twyge aghieORbtASd B cldirsR WHRrBAT 198 oxi@antiRvWiRighedvel cl ai m

47 wher ei nt Pfa%%owrﬁhrfﬁep&ﬁé%ér.s more than 2.5 seconds, and the first
time period I's no greater than 2.5 seconds. 14

44. The method of claim 38 wherein the oxidant is a mixture
of O3 and Og, and is void of plasma within the chamber.

45. The method of claim 3B wherein each of the silicon
dioxide-comprising monolayers is formed to an average thickness of at
least 2 Angstroms.

46. The method of claim 38 wherein each of the silicon
dioxide-comprising monolayers is formed to an average thickness of at
least 3 Angstroms.

47. The method of claim 38 wherein said trimethylsilane-
flowing is for a first time period and said oxidant-flowing is for a
second 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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