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DESCRI PTI ON METHODS OF FORM NG A PHOSPHORUS DOPED
S| LI CON DI OXI DE COWPRI SI NG LAYER, AND METHODS OF

WO ORMOMNGIT RENCH | SOLATI ON | N THE FABRI CATI ON QPCT/US2004/021156
| NTEGRATED Cl RCUI TRY TECHNITCAL FI ELD This invention
relates to nethods of form ng phosphorus doped silicon
di oxi de conprising |ayers, and to nethods of form ng

t hisolationin th f d
cffﬂﬁ.t'rio BACKGROND AHEESRIEHORT P! Leed mat or i al

fHb INOA BiosBHBRLA BOPED SiHICON DIDXFHE ICOMPRISING
ngréie&', Slﬁ‘i%i g? Pﬂg Wﬁﬁ%@ﬂilsﬁﬁﬁﬂb 'YHI;:E(A%’RICATION

i ncl ud| ng property nDdl y| ng l%’f’)pants Iﬁf:cordl ngly,
silicon dioxide mght be utilized as a m xture wth
other materials in formng a layer or layers and may
TEE HARY AL RIELS nstitute a npjority of the given |ayer.
—%—Merl al s are borophosphosilicate gl ass
(BPSD)is iphestiboseldteate ngettagsJS(qisf.@;mlremahbepb@wa defped silicon
T 1 u v
R hPe g TR, =fd, ARISR Tl fefo 13eion in the
faanlcbbonpifostﬁmatmd atron#dry. al t hough at om c per cent
concentrations in excess of 5% have al so been used. As
sem conduct or devi ces continue to shrink
BAGKGROUNBIART such has had a tendency to result in

gr eabhk é&hﬁﬁéﬁ%@éé& Fnté?elhé’lr inZ fHY %b@émb@"?nfé@"f‘ﬂtéd"cwcwtry

the vertica sion. In sone Instances, th
isveilicpo afliodideens$eeh m@héépsees'tl“m@a?ﬁj|e§§§ntliaHY:r%/eopwe or in

ccﬂﬁEﬁFattl P RR E)n?érgl?ﬁat%ﬂaﬂ d'iﬁl)luefngt g&ogﬁﬂ’ycﬁ%d\’f?ﬁ@ tdopants.
It 1 ncreasin I npor t ant rocesses
Acmﬂnrwiablsam@@@l élﬁxr'ql% @mtotbl%rutﬁmeélnaeﬁ sat@wtm with other

mla't%ha@sﬁie%nﬂrnd NCNAAST BY 1858RC a4y tdre i ot Védstitute a

other steps or structures. A typical dielectric
meierityi af tbe giMencleygas brempiyemadptals: aimdipyeghosphosilicate

gl%'sg' gﬂgs@ O)ﬁ'hggpﬁegi%bﬁé @%é@t(leé@}l Snd Bbr&iAEReglass (BSG).

bove. DOpants such as boron and
nggbhora@craarmawam derea RYWBAehg fioM t He deffostt ted atomic

Corrp tréﬁ?@d? %‘kfﬂnotfgéﬂgﬁrﬁérgé/grr]t@dcs%ﬁ&rbé3ét8rrr§3r£though atomic
percent concentratlons |n excess of 5% have also been used.

As semiconductor devices continue to shrink geometrically, such has
had a tendency to result in greater shrinkage in the horizontal dimension
than in the vertical dimension. In some instances, the vertical dimension
increases. Regardless, increased aspect ratios (height to width) of the
devices result, making it increasingly important to develop processes that
enable dielectric and other materials to fill high aspect or increasing aspect
ratio trenches, vias and other steps or structures. A typical dielectric
material of choice has been doped and/or undoped silicon dioxide
comprising materials, for example those described above. Dopants such as
boron and phosphorus can facilitate a reflowing of the deposited layer at a
higher temperature to facilitate more completely filling openings on a
substrate. Various reactant precursors can be utilized in forming silicon
dioxide layers, for example the silanols disclosed in U.S. Patent
No. 6,300,219.
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substrate. Various reactant precursors can be utilized

in formng silicon dioxide |ayers, for exanple the
wa@doamaed7s6 di scl osed in U S. Patent No. 6, 300, 2RCT/US2004/021156

9. SUMVARY Thi s invention i ncludes nethods of formng a

phosphorus doped silicon dioxide conprising |ayers,
S!@@!AW hods of formng trench isolation in the

ation of integrated circuitry. In one

i mpl Brentraeingion anghedired mefthbds mbh foampim sdhphospiwped doped

e i axide. o b ool Lo T
sifit e B e LR ARTRR SIS B KRR o HEApRRE L EheR i8ation in
theetabnigatiapoef priageatedacireuitry. atre onet inopligdegntation, a method of

t .ed. | .0: t.h .
B 78 EnGEhO R R ST E ) Spl g Taver incluces
paeiioRingi @subgtrhes withdera depesitiporehasiperct Firet apd second vapor
08d h d, $d 1 i QX |.Si
o RERdeaSRAS AR Rt Bt 15T putses
tovihigosulpstzate wishut the shambr@(ioR) pliratity ef Mepgosition cycles under
: r .and an . of t ' a oL o

oQPHSRE SHieotiZaC B, BAEITe gtosgfofs *UgR Bicon  dioxide
cdpprisiogr layker onnthensubsipatenenegt oothe firsteantbgeopnd vapor phase

¢ . h dap ik 4 axi o
e s R Ao RIS BL B B 87 cRREE o theChrst and
setmuokyap@np basmbeactants isrSi ORYe@Hewhese Enisniwbiolsatbytlo

a surf St r i:rst .S '

monaragle Snplstipititiin 2 b oF formind) aoPRpEERorus doped
sificorstdioajger cohuywisingaleyantinclodiesi BPRIGOPIIIOR) s3 Psiase evithin a

| S hyd | . ATheC 1:50r:he | ecl '

SBITBYKRETRRY, ATHSIEEEE" SoEh LSl phers o drace or e
swmttatestngdosn( arfirgOsipeviesr maradlay ey dnde aiftgy Isurteser whithin the

o el ! i S _
o TBEPLRYET FRRARY e P08 SRENSAD 0 0K e
hydrechewy|w tThe leheseisorked dust apeciae isueerigstak|with a second

ve&ﬁd}eghggeu taﬁto%gwdr@ﬁﬁ %i&éﬁggéﬁ,t\ﬁhg?@%ifa flydrocarbyl, to

osphorus doped silicon %IO I de conpri si ng Iaye¥ on

formea sabselesee comprigingspeand Can§ Hamisenkingavitbrivediret species

a @%%@ét ‘{ihe Rl AhidG I%Téps\gciE@EWWe'\@cond reactant are
referrede

odi nentsof the I nventionare
sukasssivedy bepeaied Hindsiree@iitions teféective to deposit a phosphorus
db,544 QMRAAFERALYMBILS NS onihS: sdbdiPare.
dﬁ?agramm?tlﬁc sect%{oﬁall r\%jlmle\%gofona sesml}tz:onductor waf er
Other aspects and implementations are contemplated.

BRIEF DESCRIPTION OF THE DRAWINGS

Preferred embodiments of the invention are described below with reference to the

following accompanying drawings.

Fig. 1 is a diagrammatic sectional view of a semiconductor wafer
fragment in process in accordance with an aspect of the invention.

Fig. 2 is a view of the Fig. 1 wafer fragment at a processing step
subsequent to that shown by Fig. 1.

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

Fig. 4 is a diagrammatic sectional view of a semiconductor wafer

fragment in process in accordance with an aspect of the invention.
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fragment in process in accordance with an aspect of
the invention. Fig. 2 is a viewof the Fig. 1 wafer
WO e@giesTic at a processi ng step subsequent to tPer/USIVONOR1156
by Fig. 1. Fig. 3is aviewof the Fig. 2 wafer
fragrrent at a processi ng step subsequent to that shown

éénlg gzbsu I"?? q"all ?r%ﬁ f Gral yf‘r%ﬁtog?l Y)'rgc\f\éégmg step

i N process
smeqmdanmatwmtéhcamn szyplélgt 4of the invention.Fig. 5is a

\s“ug .Of é%?se %Iv%h\’gt f‘;‘ﬁ{eerﬁér %gﬂfé%r Wa@?n@ﬁtog?sasg?gcéésqﬂg step

Sch‘sbetqhenFtcgtha svirﬁf\en bfyr%ugrrént at a proceSS| ng step
su t to that 19 F 7 .
L0 AL P UreP el % BukBting step

sitiseignend tiat $l’imunsﬂyoﬁug By Fig. 6 DETAI LED
DESCRI PTI ON OF THE PREFERRED ENMBCDI MENTS | n one

|an emant ation, a nethod of form ng a phosphorus doped
: @h MHE PR REDi EMBOBMMENIS t  oni ng

a sups t
SR A ORS00 1 i SBESLEIORS o
siligom odmeib|¢orabtnemgatleyamdncleldp§rapsgtlogémrat ggbstrate to be
d%ﬂsﬁ%%l {J§ Fnhvﬁ Hbac’to"e?)%%tYHrF Phé‘m‘b'%‘? Qﬂ%d 5BcBnd vapor phase

posi tron CycCl es under tions
regictadsiare mttrodelpesh in altgpnaip kodusnvpely Sanagaied pulses to the

,ﬂ_l, F%tgeh/\fémr{h% NhdA¥EF iRNa t?e r%'i’iﬁf‘téfato%pogl%r?fc}d”'& under

second vapor phase actants is
covditien®R iedfaeyideoctar bqepoaxh et hetrosgtharys fdcrmd afdicon dioxide

irﬁgﬂgﬁl\ r%&%rr o%h?rﬁeersn[@ﬁﬁégt or DS o PHOR st3'9|’& s%SH@ \Bdo‘? phase

Foc nduct ed atom c

rerbe:pwstst ISORQ(NR))s, T ereR ($ drydenemipivé ! Al gtinefﬁgof fe first and
sg&ﬁm §gé Eﬂtaggdre Wgtlérﬁg t)@lqsilvhew F@h@rﬂy@%carbyl Such

ot her net hods,
m@htv\leda Icoasiubpectbmtnmlpdﬁy;eroﬂepﬁ%@@n 2t mathegds KEtsexample

m%\{%.ﬁggl ngépolggedar{@r@bﬁta%%nbef@éﬂﬁﬂist)o by tdMmical vapor

CoO- pe I cation Seri al
damalsengmvm|m¢tbﬁd$\pramd oby xgber aemthedsd eat orglk as by

k}@%ﬁﬁ{ac}l%%‘%oéf e ARG Reds %%@hé‘&e% aVQDRLDDﬁr@Oéééd fBBrein as

and isting Brian A. Vaartstra as
réfavrent tor in the soyndisg 943 . dpgient ApPdaatien e%ferdfﬂ Mar i1p/133,947,

fitkr AOKprli291e660%, fdllfited “Atomic Layer Deposition Methods and

Chemical Vapor Deposition Methods”, and listing Brian A. Vaartstra as the
inventor. This 10/133,947 application filed on April 25, 2002 is hereby fully

incorporated by reference as if presented in its entirety herein. Preferred

and understood reduction-to-practice examples provided herein are
understood to be primarily by atomic layer deposition.

The R hydrocarbyl of the PO(OR); and the R hydrocarbyl of
the Si(OR);OH may be the same or different, and regardless in one
preferred embodiment the R hydrocarbyl of each contains only from one to
five carbon atoms. One preferred and reduction-to-practice PO(OR);
material comprises triethyl phosphate. One preferred exemplary and
reduction-to-practice Si(OR);OH material comprises tristertbutylsilanol.
Exemplary preferred conditions comprise a temperature of from about 50°C
to about 500°C, and more preferably at from about 100°C to about 300°C.
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i ncorporated by reference as if presented in its
entirety herein. Preferred and understood
WO e@aovs7acn- t o- practi ce exanpl es provi ded her ei PCHIS82004/021156
understood to be primarily 49y atom c | ayer deposition.
The R hydrocarbyl of the POCOR)3 and the R hydrocar byl

e Bl SRR S DRl a0 being rom
abbutinocardpy ko @b ordclid if?rmt andsmom préfeomblyrfeomoalpdute10 Torr to
at o d
oo 120 B BN PR cOPr 3 HEIBE ALpePieh it reas
onggﬁftﬁl‘e[mt @inelnﬁcajryd embtaati;ucwllmvo@ of akasmaa gsneCRjon of the
. erial conpr
firsh BBy PRGNS o BT uEa SRR il PEETER R might
ocaboulgntl’igofhet @ haihoibkr b(gOd@cm’niommlaedmrefee(t%(majWatha‘fﬁgh Most
apou t
o8 B89, 1010 ORRUEPE WhRY P PR BE losrs generation
of?lb@lﬂ‘rrsté@nct}’sﬁor)?ldg{eaamm éo Torr, and nore preferably
r om, abou oL it .
O 00U e Fet QB My Eort, P, PRSI aioxice
cohlpiding Shyamtb aewepdenyelawt phosphausbeonent! tofr eiaaepie to have
ener a d
nSIEEEUED B Ll 3o pRSSEAIE A, ey amoun.
Altlsfbmtaw;a,rr?eas afjncdtapozn}nugm bandffectiextter fiearin ythtehQII@@m. dIOXIde
st .preferr ar [ :
o BOEFALTE A FEN BT Rpooii gt duano
fof eaainaing,s5. 0Tred gwaihetrlamls\mpgtrterb@l'm‘sfp@@lfus'-e to form

foﬂgs-@]?l h?gﬂeg' oxid ebef g?ﬁfebﬂrﬂ &Lféfoﬁé 3/ Oéﬂgr Fﬁﬁ\é’%lr@&’ctant to

ths &nmbm otiper d:lesm tphdﬂph@n@ssecmm Me:Te ] mlemrreactants in the
fOWfrkgct P(/e%%e:pgl%fsrﬂwérus 880' 5ifi Q8¥ @‘i&h&ebecomprlsmg layer.

e SI di X1 de conpri si ng
Alternbea/lg ghel essthod. @mghbnmchm@r oetrpdphtu@pmmjber vapor phase

di
R e, AT gD, 94 S0V, AEBP s covhctnc,
m&nmeca@mrdaph@aﬁ semet ahthet eepheateblamieescnfh’é'te firstnandheecond
rst,and sec
Vagert Rga%%orgaﬁge}rgtg (@%’ﬁ%}a%ﬁcéﬁ OXI e Cgh.gr@f(élﬁﬁrﬁﬁganother
vdprephads reactng| iy, oxtygenmeo hiwdningglior iexehude O, Os and/or any
v%p?c}d:ﬂ ducl n?}(%%]ﬁ)t L&gEaM oéorplggﬁﬁdr €8ghAat ulgééfﬂr%mple as a

Sec hase react ant
mixitiey n@fd@; eaad Ceasin S&:dtbtl@lfl tmetlf@epi%\@ﬁ@gds pﬁo\gés hgive been
détg?mEnIer nfgcﬁgg%n greater phosphorus incorporation, for example
above 5 atomic percent, if such is desired.

Another exemplary vapor phase reactant would be boron containing,
and whereby the phosphorus doped silicon dioxide comprising layer would
also then comprise boron, for example in fabricating a BPSG or BPSG-like
material. An exemplary boron containing material reactant is B(OR)s.

The alternate and temporally separated pulses might include one or a
combination of chamber pump down and/or purging of the chamber with an
inert gas (i.e., N, and/or any noble gas) intermediate the separated pulses to
remove unreacted precursor/reactant.

One prior art technique of forming a silicon dioxide comprising layer is

described in Hausmann et al., Rapid Vapor Deposition of Highly Conformal
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vapor phase reactants. By way of exanple only, an

exenpl ary anot her vapor phase reactant is oxygen
wa@omsasTieg, for exanple 2, O3 and/ or any vappPCT/phmg€021156

oxygen contai ni ng conpound.5 Ozone pul ses, for exanple

as a mxture of Q2 and O3, in addition to the PQ(OR)3

flo have be d ' I t
SR RaBe g Pt nE G Mag Rz INES Vi, 24 OBBE Afa- 408 (2002).
Slﬁﬁf %\elibfrocéés Srhlmbllystéﬁilg&i%edmd—‘khvbhemnelmrrplaatqntvamnursor, for
ase I.e t wou oron cont .
b AR AP e AP B Bl e, ROHIeH WEEEAn initia
aludith gmat etatieg IGQﬁpblnSmebQOMrafeor Aexalmixgsnanol for example

R R e BEFST ABE F BsflARER, n

alahﬁrﬁnmabees?érd:d qdmorca:JsJ o sepfalimited pataesc miegution whereby a
nat i

il SRR RS TRl DRArBEPOTl HeaRSHErEIGg g dhickness

a2y e/ 6 mango Ay serayas to i700eAngstratns. tlmeo’ermmaﬂaxtobd continued

o7 g S BT kPR GE R0 BEAShRlgHFowt of o

smam)rdl@klﬁe tayprising tessr i Apparentiaukessilicen dibxide layer self-
Conf or ma

. Deposition of Hi Sy
RS A: B Sl e o R M T 08, SpRbEGH o gesimPle
ABOK) lmﬁuﬁeh auerm®§n|W|nahil§al rinpre:tﬂhlalnzasfav monolayers being
nmet hyal um _num r eact ant pr £ for tri
foBEh ok che aIUer b CaPRES TP AN M, it Flress Aofifhum is
ianLﬁdratec:aimt‘r}mdewma:hyérng/Hldymawnot he dadistd.ate. An
a si | ano exa ris rt o
o L] e Tt KU PHbe 808 e wi
thal Hausmhanpr eBeMGH(eprpmuceEs raos’elpfeﬂerablyetha‘:a‘(\edryt\/lecprocess is
ere asllcondlo My I
V%Igp?)é'qtgomc'ggnén%e\ﬁpqr Prb?‘?% Pﬁﬁn@ﬁggéhgany Pé/ae tant o the
cHé]ﬁbéﬂg‘stlﬁ@riBrrhmg76£)tl#‘mg>$1bspherusl dopeHesilioon dhox;de comprlsmg
cont i udex sur.e t.o the al koxysi fo .
IayggulFFur mﬁq%dnﬁcoWﬁa%?e ﬁgh e |'r(':\gén) xtlth&eSUbStrate '$
veidnpf |a$wmgwdray|ar theAdpemimgt by, théhBhSSﬂ)hIQ)’@lS dop&dds’licon dioxide
ﬁer sel flimted growmh occurs in sone catal ytic

LS 8¥Sbpposed to a sinple ALDIike manner due to
si gninf ion@ntimplerneetdtivan a fmethodnofl dymnimgbei phospharts doped

ool NS0 Ko LS «aga) oG BB oy
whe afesianeple Miy] entexenmplagnsucm pdoseﬁs)sﬁedemteedmdt@e@ference
onlqllggr?%.Udﬁe%etrﬁngs% \Higt;.h'l, a substrate 10 is positioned within any
suitable deposition chamber (not shown). In one exemplary embodiment,
substrate 10 is a semiconductor substrate, for example comprising some
material 12 which preferably includes at least some semiconductive
material, and may, of course, include multiple materials and layers. 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 (either alone or in assemblies
comprising other materials thereon), and semiconductive material layers
(either alone or in assemblies comprising other materials). The term

"substrate" refers to any supporting structure, including, but not limited to,
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t he Hausmann et al.-like process, nost preferably the
i nventive process is void of introducing any vapor

W@ b@s®ooszhaim num cont ai ni ng reactant to the chaP@EDS1004/021156
the form ng of the phosphor@éus doped silicon dioxide
conprising |ayer. Further preferably in accordance

q .
8 heppr IRt  Blpph el RrEe chol®, | BUBHTL T, nas @
swtﬁwpe nguwglolharyavrowdﬁcbtvebe ryldeeeyiatad Omaviag martedng 1H groups)

%%W Qtﬂ%PéBE@ eagrﬁﬂﬁqio%' !&'L%@% %rﬂ)é\ﬁjpﬂafqu% bé'%ctlve in

ayer 1 nc sone processi ng
tl@(empbes&)nthreilande&@m@ry 15 Utdrpxyetsds, |ssacde§urfab@dmlght by

.t to. F i g1,
AR SR T DuSuaio, T 80 dBpEilon® cftmber, o
hyideayigtednwihimtiee qemsmwmwnambﬁr onkn esoeamplary technique for
hf&%&&\% su?*flé%%t ji@tlﬁcl:’u%e'sse gedH C?P?lﬁ&\la%frf%éb% €r vapor.

nprising sone
Fprtbéerthblswrn‘zmzﬂ mlgbt ae nadastlyshydroxglated edmely rem exposure to

?t}-n sgﬁ.% of course, include nmultiple

rraterl a ayers In the context of this docunent,

t he Refenringertd cioigdu2t er fissthspeaies" isorcheseispeattdot farer a first
sﬁé’ggtsr% %olé 196 gﬁfjo 4Re o5 Pﬁtganéﬁffé@é'\ﬂﬂhm the chamber

em conducti ve ncl udi n
frbmn aedlrs’o vapdk sbme;ommant/ecamrsumsPﬂj@Rhs where R is

hi&l’gc‘é?&ﬂu%f %‘Pﬁﬁ&%r aé ed#é&?lrbeﬁl QBS or Sgcﬁséeg@b icted as being

mat er s th
csr@mmddqta verlnateef‘Aélas @pesytt(tmg mérleasbrepert ph layer 16 in

F@Z{nbli’rleqérr%‘anPBhaftMsogn@otﬁ@?eét'tr%l?tles 'arFL-ﬁ atse'a@scrlbed above

strate” ers to any supporting struct
witholesdenyto tha firettdedambeddmus rentaieon conduct | ve
subs d r r.f

2 Wil 67 Bid. G5t R N i BBU RLF ohB o[ ds éenEintacted
Wpténeu ﬁgc@mdgvauprs)plmsesm@manumpgarrfga&e(@aba@*ﬂatwfowe R is

C t t | r€C

S ReTBC 20 B B b2y BE 8 WRTEH (1 Qornbfiee S ﬁ?‘%o Again,
cbydihipdsmydaapeefemblwasodps@vbgcﬂ oﬁbw& hwvitht kespect to the first

'rﬁﬁl@%ﬁtbﬂen(:hg%eﬁ d @y|q§,rgr>ﬁlsaggdc h’sirhgt Qevarlable ‘B”, with

eposition ch exe ary technl quef
thwch@wwnbueﬂgf@irsmeqm¢rrmam@irebequd§9rCée@faSt At exemplary of

séwfﬁ\%%lfﬁ%;c rSF tN@ﬁodpeé:é‘é tnh?l?e ctf':I%%@Hthlﬂgeofrﬁs g\hn%h p\ewﬂh the

nat ur al | [ at e Fom exposureé to a
eaaﬁbemferr@d aeﬂeWrnlmj meqreg A 2&ndg By npgtheymu@n §etermmed

ReBeryReshedntmid oM WithSlthe first species and contacting the

chemisorbed first species with the second reactant is successively repeated
under conditions effective to deposit a phosphorus doped silicon dioxide
comprising layer on the substrate. Typically and preferably, such
chemisorbings and contactings are conducted in alternate and temporally
separated pulses to the subsirate, for example as described above in the
first described implementation.

The immediately above-described implementation was relative to the
chemisorbing of a surface with PO(OR); followed by a second vapor phase
reactant exposure comprising Si(OR);OH, and by which an aspect of the
invention was reduced-to-practice, although aspects of the invention are not

necessarily so limited.
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speci es nonol ayer 16 onto the hydroxyl ated surface

within the chanber froma first vapor phase reactant
wa@ompnigiuang PO(OR) 3, where R i s hydrocarbyl, fPET/US2004/021156

exanpl e as descri bed above.7 Such is depicted as being

conprised of a variable "A" as constituting at |east a

part_of | I N Fl ; re kti nd.:: .

oot s S UL, A4 AT LR R BIP B ize
méthddseof forstindesenctbésblatiph émdhe daboigatiRefa integyated circuitry,

Fig. 3,.,th 1S fikx o ep; ;
of e, 5, ST SE b iR0 TRECLER LR 1pPios 4 Fio 4
shoovpra ssengicBindORjor3GHpstraty 2R damprigingcar thullk menporyatalline

: | whi Wi ' ' _ ' .
sefrriHe ar B =R iRl 5 RS taver 0 i
folrraepe@\llen semimniducser $uipdteater2&it iSuch & gepiﬁteémscc@mprising a

er a i_Si : , "R W
pashFiceo Bl 4 PR 3 8% B ETHBINS soFipristhd faliCed fop examele
sil@?]orenﬁ;nm!eﬂy of sone nodification of the A species inOI

t he nm.sor hi 0 .

e RORPLAE B8 5. ol ebids HicafEcss RS BEbhCetcner
thdea g M medkirgegdayéres S0 chietoi sdhdi ngemicdndudivei r sraterial  of
< P2 AL T 08 JSUET 05080, BV cAPEEIRBle siicon
nitridtke r(nob rediaw n smight elee i previdedd epesior sulpgrspysdlyudor example

SR YK IR TR P GUEl 288 nermal oxisizing
ccn’lmﬁt'rbsm.rbi ngs and contactings are cbnduct ed in
t te t I _

SuboRPRIEnEr fy TIARRL ™ |ohospRBEAS Kb SHRarf olqiids  comprising
lagles c #0beltlas mbleeme nfioamiedn. withie | semiticrtdslogive material isolation
ERON IBER S ERIPERL AR 46T o e irocucing
fisécand \sEmpmmdphesmo T qaTIs@Nnt re@etogar én c@rhﬁ@!ﬂh@ﬁenga_nd temporally
sef%ee( 9@&5%&%90'tcf%’tg‘éf"sgfi?ﬁgtea%‘?ﬁih ‘Pﬁe@ﬁaﬂpﬁ‘é?ﬂi‘h‘ o Aty of

uced -prac ough aspects o e inventi
depesitioh cgclessaas| gesoribédr akevdRegudd|adse, faspxemplef by the

AP T iRbcI ittt BE WALl dnyast hecpices
thentdegrositéty disr effectiye foordepositplpdogphehiawdarayl silicon dioxide
cSERFEIE R U SELEFERERSL.E1 85, oharaishisBa'S Aot bing
effectbor Yot selectieelyi Heposit rhasipherus elfipsshgilinony dioxide layer 40
wﬂﬁFneﬁé&'atiﬁHbﬁ%héESs% d%on%%l.(i ng {r?é/%’on%gxti ®f this document, a
“selective/selectively deposit” is one which deposits a material over one
region of a substrate as compared to another at a deposition thickness ratio
of at least 2:1.

The depositing might be effective to completely fill isolation
trenches 36 and 38, or to not fill such isolation trenches for example as
shown in Fig. 8. Deposition processing, for example as described in any of
the above, could continue to completely fill such trenches, for example as
shown in Fig. 7. Alternately by way of example only, the Fig. 6 construction
could be filled with another material before or after removing the material

from over masking layer 30.
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35

formed over sem conductor substrate 28. Such is

depi cted as conprising a pad oxide |layer 32 and an
wWo@@sloys7me nitride conprising |layer 34, for exBoplUs2004/021156

silicon nitride. Referring &80 Fig. 5, isolation

trenches 36 and 38 have been etched through maski ng

Qe ek BB SH SRS LIAE Lol SHABR! Sricthy

pm»s@mfplt@ eend tdste miktutoxid s{lano! ekofiws) ,and glatcot)é rmsoeptjtéel vapor
Vé’ Per ‘%i%e&g)l Kn gt?&me&(&%lrr%a\f‘”l% %@?g%ﬁ ﬁéé%rtr%wic percent

p05|ng substr
prmapdhlozum)g wasdldapoasked Refver r angilieorFi gitride &ined trench using

hor.us ed n [ e
BUSCRIEINP SRR PLAUGALoH98 S csprmeiti i, ket il socon:
argsol paiigen fdifaveddy 36haerl S%onéxawplpadywnewﬁhpquéIQWfl@@ argon

Qi n Q. Lnc trod i S
oolfeBl L SoHE ok el e B0 ESaC i 6th BRisto cyoles
atpu:B@;@?@to the szwlmlteraWGSV\n tiiizect. he dhestsmtivien bubbler/ampoule
ura e S b . ‘

te (?rak%rsg gorr fgefpéiﬁ[&ﬁ éhgqrﬂm éﬂ g%t%b%hgsﬁgé%qg\éﬁtoxy)s|Ianol
weensatd iang 4@ttods as descrlbed above. As depi cted,

the depositing is effecti p

dope% | WE"&&%I“&."&%S c%lﬁ%rl é gal%%s it ht%%n?ﬁéﬁl PhOSphate
hawaygr a3fempsachtales oofi $0d6piactedvits tnls(tebbbng)wﬁstllmtqlvet 70°C.

to | ective osit phosphQqr.us
ohf 1 aecphy ansb RS knd PESRRIVp HRBS oL g bty gnosehate
and dfhéhe anilsehetrt- bﬂtdxlybsaladmtuyretcted a 650 Angstrom film after 300

ctlv [ sel ectively de os 0Si

o Rlater e duBroiES: dp S mals 20F AadBehh dRGIAE rate of
dé;ﬁbsaﬂomhefrh&t \A@Sdepm:emthatrhlgheckthessthteaflrsi oefd uetiolnetas practice

2:1 The deposit I
ofipre dapat iR URTMRTR U1 AgRFGREihaof IR FhE dhposited
filns olvaki asultstamitdigs éanboexfaap] eand s$hewphiospRogis 6econtent was

0giti roceSS| , r._ex | b N .an
P 5 ATLE EONEE cohPnigs (i Rgn et Engts (PPdshufdt suh
rdaro%roth@npémtum(mrpkpeaisdstmmld rhighgr growfl ratesaaed \increase
of ex 6 construction could

p'?)%slc\flha‘%/rl'"&f% ?ﬁp'zgn é{pon%{éedrf:@? before or after

r enowi rgndther rmiclkucrtlah torpracticer exaskilag trigyiey! Pbosphate from
at%roi@%@ﬁﬁgﬁe“%%u&&@%éso?@d’ ‘?c?ta' &8&3&%5‘@%% 'aI élép%jsition chamber
for one second. This was followed by the flow of 30 sccm Ar for one second,
followed by three seconds of pumping down the chamber without flowing any
gas thereto.. Thereafter, 25 sccm of a combined stream of O5/0z (5%
to 12% O3 by volume) was flowed to the chamber for two seconds. This was
followed by a 30 sccm flow of Ar for one second, followed by three seconds
of pump down while feeding no gas to the chamber. Then, tris(tert-
butoxy)silanol was flowed to the chamber from a 60°C bubbler/ampoule for
two seconds. This was followed by one second of Ar flow at 30 sccm, again
followed by three seconds of pump down while no gas flowed to the
chamber. This was conducted for 400 complete cycles, with pressure during
all of the processing varying from 0.24 Torr to 10°® Torr. Such resulted in
a 1000 Angstrom thick layer having 5.7 atomic percent phosphorus

incorporated therein.
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phosphate and tris(tert-butoxy)silanol as first and
second respective vapor phase reactants. A 650
w@\a@soosme conf ormal | ayer of PSG (8 atom c perPRPEnUS2004/021156
phosphorus) was deposited over a silicon nitride |ined
trench using respective two second reactive pul ses of
each reactant, with a one g¢ argon purge foll owed
by a three second punp dovm‘vﬁmﬂtm‘ﬁout fl ow ng argon
Whet igstaimedhis: r eact ant pul ses. This was conducted for
600 conpl ete cycles at 3000C. No ozone was utilized.
Respgcti v TR t%rrpa{ f e ||
the tri etﬁylwaﬁggphate anggtrl s(tégng%HCEEt 0)%(? feﬁ @, n dioxide
cqmpéssm@y@m,dcmmlsm@ch processi ng was al so conduct ed
with I of 60
C ang i ehie B SHpsRARp IaE L Arbad oy SRS 4l |
secomdroghiging Jirseeoddse Meipes Wmﬁgemta@mhn alternate and
I t r o S
tet)r/ﬁbe%hg Sggggé)[%g ?tu?%%n 13IE| En#%f%%ﬂr)ét%%t% éﬂgn'p eﬁé CJ;/]{,: egl’ar '_n 8
plyrahtydiafg c@@oaﬂpmxwr:ie% EnQeAnthldI@ﬂﬂperefﬁ%%ll\l@ tat deposit a
[ t LISt
PACSIERES 00 sAlth AR% G ERMAleINA FRfer bRARe RSt one of
the, firghgadr sesopdr vepe! ehaFiee rde@’r@@rts é@relﬂgl ROBR)s where R is
[ a h n
hm%%ww%{% ar2bBR} bf §Re HY 4hE LRSR 9%9@ EHUsEteactants

atom c percent. Longer tri

beingspitt@R s @kbwhare: Rais fw&ncaéadt ant tenperature is

expected to yield higher growh rates and increase
phosphorus content in the deposited film In another _
redugti onThe-peHad ek claianpl whetqin dhpygonsibeph e Rrisshatomic
,ageggg GokitR . er/anpoul e was fed to a substrate within a

eposi ti on chanber for one second. This was foll owed
by the flow of 30 seem Ar for one second, followed by

threg, secmHQSmefhcrw@splanmdqmeéa@wphaéﬂ@@hdvmdrfsoute effective to
fl ow ng a%%/r}gas t hereto. Thereafter, 25 seem of

focghis ! 0P CUPRISIDGURYET T2BVE Y mrant@)anmgé atomic

pélcenedHoephBeughamber for two seconds. This was
fol | oned gy a 30 seemflow of Ar for one second,

foll owed by three seconds of punp down while feeding
no gas toThbemetragef .cldifen, wiharsin eid ka;uhdmdn§iak@rwfective to

fl dto th hanmber f 0 C bubb ul.
"R 1,3 Ceecat HerrP SRS Bbasd P BhiF RetcbicH g iapercent
phoowh@tus30 seem again

5. The method of claim 1 being void of introducing any vapor
phase reactant to the chamber other than said first and second vapor phase
reactants in said forming of the phosphorus doped silicon dioxide comprising

layer.

6. The method of claim 1 comprising introducing another vapor
phase reactant different from the first and second vapor phase reactants
intermediate at least some of said separated pulses of the first and second

vapor phase reactants.

7. The method of claim 6 wherein the another vapor phase

reactant is oxygen containing.
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foll owed by three seconds of punp down while no gas
flowed to the chanber. This was conducted for 400

wa@ oooploas7és cycl es, with pressure during all of PEEUS2004/021156
processing varying fromO0.24 Torr to 10 6 Torr. Such
resulted in a 1000 Angstromthick |ayer having 5.7

atomgc p en pher ys: 1 neo h '

Thatt s of B nogas DO aich e BB e el s Phase
redopd corhpdses Qisoxi de conprising | ayer, conpri sing:

positioning a substrate within a deposition chanber;

and introducing first and second vapor phase reactants

in &@ternbhe medhe@npbralping Sepdraiesd thel fowther tyapor phase
rate Wt hi TR ETppet-T Ay lidobef sili dioxid
re%gg%@i ?lgon%c@tél &s&nﬁﬁlgﬁ&consi t@?)ﬁss&le#’;gctcﬁ/be toSI leon - dioxide
cafepusing layphesptrisig 8eped sili con di oxi de conpri sing
| ayer on the substrate, one of the first and second

vapor phase reactants being PQUOR)3 where R is
hydrt@ar byhe anethad ?fheflabp thewhearsin aHe sBeohydrocarbyl of

thEAPOIORN2EBniHAE LAY FroREbRE toiflviddardidd aepig RIS
hydrécgp%yl.n 2. Thy mce)t hod of cl aier]n 1 wherein the
conditions conprise atom c | ayer deposition. 3. The

net hofl of Tré aimethowhesfei flaihe £OoRdidrernstiay eREfﬁﬁ@ﬁdc‘é@byl of
to formthe silicon dioxide conprising |ayer to have
thgoS R Phhfe TN 10 B fEOMeP R HR TNRSIRBA FEOME: The

met hod of claim 1 wherein the conditions are effective

to formthe siljcon di oxide conprisjn to _have .

bt 1 Lot S elittcobeflont RuEmopaE OB Rl g8 s triethyi
pl@dsgHatem 1 being void of introducing any vapor phase
reactant to the chanber other than said first and

second vapor phase reactants in said formng of the
phosp®or ushdopedhsd | btoslaithoXi dehereirprihel IRj(ORYAH Gomprises

¢ .TZ F%t Eod gf c Iai m 1 conpri sing introduci ng anot her
a2 %6 BR9asI ¥ ant “different fromthe first and
second vapor phase reactants
14. The method of claim 1 wherein the PO(OR); comprises triethyl
phosphate, and wherein the Si(OR);OH comprises tris(tert-butoxy)silanol.

15. The method of claim 1 wherein the conditions comprise a

temperature from about 50°C to about 500°C.

16. The method of claim 15 wherein the conditions comprise a
temperature from about 100°C to about 300°C.

17. The method of claim 1 wherein the conditions comprise a

pressure from about 107 Torr to about 10 Torr.

18. The method of claim 1 wherein the conditions comprise plasma

generation of at least one of the first and second reactants.

19. The method of claim 1 wherein the conditions are void of

plasma generation of the first and second reactants.
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internedi ate at | east sone of said separated pul ses of
the first and second vapor phase reactants. 7. The
woretsos7eé cl ai m 6 wherein the another vapor pPheEEES2004/021156
reactant is oxygen containithg. 8. The nethod of claim?7
wherei n the anot her vapor phase reactant conprises 3.

9. The net hod of clai .6 erein .the anot

pha3@ re%?dﬂ?ﬁ'\ Bﬁ?@ﬁmcﬁqﬁog'% '$1g9 QLﬁr " gi%\éggﬁ{sber with an
inefPg8d istcrineamtditasistpacatad peisey. | ayer conpri sing

boron. 10. The nmethod of claim 1l wherein the R

hydrocarbyl of the PQ(OR)3 contains only fromone to

f I V.e_1car fFas ratthml ofl dlaifihe bmm@a@ld)bfalmnmtllmmﬂeﬁ? gubstrate

n §98 5% 87 B HorhnblB ShF LAY PRt d e
\_?A;:r ei ?ht he PQ(OR)3 conprises triet hyI phosphate. 13.
The oL o ShUTA SR S b SR IodtEm 385 vaver
phwberﬂuml?ﬁm 86X 1BR)iBg cemstartety the e?thlﬁimb?jhlﬁsﬁﬁé’( éorming of the
ein e
phPFPé‘()ELbSr?O%e ox% %%@ﬁ@ﬁ?%hneg Img/t hod of claim1

wherein the conditions conprise a tenperature from

aboyt; 50 ,{18tyﬂ;glo%f 39 ]é phB&p BHROE Hed ! SiiddA Sdioxide

wher éi n eco tions co rlseaterrperaturefrom
coatmwtlngme{l, comgieing:300C. 17. The method of claim1

\1M8e_rP ﬂl&r‘hﬁ %%stﬂé)c Swﬁﬁ’lrﬁpé 'd%féo@ntﬂfr?éﬁ%%efrrom about

orr he method of clajm1
\/\heromem|shmln@raj|fur$’roﬁse@@ﬁpiq gespifasampigifivepubsisatefo form a

ﬂr% slpgeﬁls gﬂﬁ}oq fydh®n 655@5 §G|dfa§§0\9ﬂﬁ|nr QﬁétéﬁﬁrﬁbeﬂQrom a first

al m ereln he conditions are V(PI
vaoformhasaaeget%ﬁmrmwmﬂgtl?@(@Rbstwf%ﬁf& Bdgdpygrocarby

{ E:%Eoﬁ]gé 1r@thg%eﬂﬁ§5%dﬂﬁr§t’ §bgb|%sc\9ﬁﬁré Sdé%@nluf/@ﬂ)é}gphase

an 1 nert gas I nternedi ate the

reaemﬂammmmle@s.slmR)sﬂié nehRER & & divArecBEg thoi fprm @
m8£o|%'y8P‘cBHlBr%ﬁ‘né B¢ 23405t hake

successively repeating chemisorbing with the first species and
contacting the chemisorbed first species with the second reactant under
conditions effective to deposit a phosphorus doped silicon dioxide

comprising layer on the substrate.

24. The method of claim 23 wherein the substrate surface to which
the first species is at least first chemisorbed is provided to be an

hydroxylated surface.

25.  The method of claim 23 wherein the conditions are effective to
form the silicon dioxide comprising layer to have no more than 0.5 atomic

percent phosphorus.

26. The method of claim 23 wherein the conditions are effective to
form the silicon dioxide comprising layer to have at least 1.0 atomic percent

phosphorus.
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in said form ng of the phosphorus doped silicon
di oxi de conprising |ayer. 22. The nethod of claim1l

whedosgosraé d of i ntroduci ng any vapor phase al uP€TIUR2004/021156

contai ning reactant to thelzhanber in said form ng of

t he phosphorus doped silicon di oxide conprising |ayer.

23. ﬁ.mtﬂ%l rﬂgtﬁo‘y 'an&aﬂnpfﬁ)stﬁ)aﬂpu§gigi°8?q ﬁbhlﬁ% any vapor

di oxTde conprising layer, conprisrng: p05|?|on|ng a
phags readctaniva e chadderssitheo thah seixk firstciredriseepbtinpper phase

[ S [ f fQr :

ks SHSRREE o B AMEl AL 0BRGN LAEL o Kl iming of
thehpinbephdrus opeld siscon aloxidpeaseprisiagtlawer.conpri si ng

PO(OR) 3, where R is hydrocarbyl; contacting the

chem sorbed first species wth a second vapor phase

reac2&nt ThepnediosyoSiql@r) AHcompsisen®R inyolyaingcanpiher vapor
ph&sd Qégb?am%le?é/ﬁr froMRp & Stifi ﬁhd Wl oHd 9%90r phase reactants
_successi ve ?/ repeating chemsorbing with the first _
inteyane diateaatlaasisame ng saifbrenrated spriisgs SyeL certactings.

with the second reactant under conditions effective to

deposit a ﬁhosphorus doped silicon di oxide conpri sing
| ayef9on The mgtked apk.cloun 3B ewhereindti® @pein@rogapor phase

radiea i 8 dNRehubsitaplifgsurface to which the first
species is at |least first chem sorbed is provided to

be an hydroxyl ated surface. 25. The nmethod of claim 23
whergon tige cordhdd 085 Asen €29 eahkvsint thé oamdthRe vapor phase
silicon di oxide conprising |ayer to have no nore than
reposant SRMETPes Qnt phosphorus. 26. The method of clai m

23 wherein the conditions are effective to formthe

siligon dioxide conprising |ayer to haye at | east 1.0

atonf & pel REnTetRGL pRbria 728 THESRPndle ofNQiET myaor phase
rdzitagt viei doaxbni domidindhg they phpSsh@iidseddmadt 8hicoho dioxide
t he .changer other.than said first and second vapor

CORREE NGBRYELGPIRIISPIRA Ot t er provi ding the

hydr oxyl ated surface in said form ng of the phosphorus

dopeg, si | ;oA ngét?lé'dqeofc%fgrrhsb%g JvRXFJi? e BenlBIHbyr of
of craim conprising introddci ng anot her ~vapor

the PO(OR); contains only from one to five carbon atoms. ‘

33. The method of claim 23 wherein the R hydrocarbyl of

the Si(OR)3;0OH contains only from one to five carbon atoms.

34. The method of claim 23 wherein the PO(OR); comprises triethyl
phosphate.

35. The method of claim 23 wherein the Si(OR);OH comprises
tris(tert-butoxy)silanol.

36. The method of claim 23 wherein the PO(OR); comprises triethyl
phosphate, and wherein the Si(OR);0OH comprises tris(tert-butoxy)silanol.

37. The method of claim 23 comprising purging the chamber with

an inert gas intermediate said repeated chemisorbings and contactings.
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phase reactant different fromthe first and second
vapor phase reactants internediate at | east sone of

W@ ai0d/008gpeat ed chem sor bi ngs and contacti ngs. POI/UI10e4/021156
nmet hod of claim28 whereini8he anot her vapor phase
reactant is oxygen containing. 30. The nmethod of claim

29 \A@gr el *’[‘t}%h%& Hh%rf \égeﬁﬁ{ ﬂ]aﬁgmge%ﬁ@n f%ﬁ%hﬁﬁ? on the

od of alm 28 whérein the anot
sula@toateplmsaadrfeaotlwmf the bbpephest doprthgiliconedioxide comprising
@sphorus doped silicon dioxide conprising |ayer
onprising boron. 32. The nethod of claim 23 wherein
the R hydrocarbyl of the POQCOR)3 contains only from

one 8§ fiyReCRIRREY %p%lm3§3 E@ﬁg”@&l&o%fQEtr‘é'd@'cmgz%ny vapor

wherei n the R hydrocar byl OH cont ai ns
PBAsY vl WReceaining r@@rcbam '@t His © amberh'é\ fath&rmong of the

amfﬁr D triethyl
pgh%‘%%at e. BSC%EI']Iﬁgher%tghod o@ngﬁgﬁ{%% tS)\gvher ein the

Si (OR)30H conprises tris(tert-butoxy)silanol. 36. The

met hagd. of TRbahBYrsl WRed &inh 2380 RESHA d%@f@ﬁlrfge%e phosphorus
triethyl phosphate, and wherein the

depaflr sdieont [diexider tc%mrdwps.'awmwﬂ@m >HrBlogeektver material

isdIAion &3neRERFbEhEE iRUR8ist®sties Chamber with an inert
gas internedi ate said repeated chem sorbi ngs and

contactings. 38. The nethod of claim 23 being void of
al ungnum An nidtBogust FhEngntedice figslatiog @i thee fabrication of

. phosphar ys ped silicon dioxide conprising layer. 39.
'#ﬁ@réﬁﬁaﬁ’érd’“gfy GUR'S89pei ng voi d of introducing any

Vﬁp%orﬁhﬁg% ﬂialstmrfglmy@ﬁrdv@rﬁj @@n:]cﬁﬂmtu@mh r §l(§jb§tf‘§te

cha r.in said formn 0 us do .
si | | EBiIRG oxisgiat "f‘% ‘?hf jl%& afb. e FEANKRE oflaver into
sélr?wctcmc&&ém@rmét@mgofdaawemic@gdnbaarmmmméuandoped

silicgn di risin in se ctive

mt cAEr St naTG b PEREnEen hAdBirPH PG SRt at he eond vapor
phise Aré@mdtantt oh foterhat taencternpolalyl eparatdte pulses to the
suggtrrlatceaEVI|t%[|]n %e chamber in a plurality of deposition cycles effective to
deposit a phosphorus doped silicon dioxide comprising layer within the
isolation trenches, one of the first and second vapor phase reactants
being PO(OR); where R is hydrocarbyl, and an other of the first and second

vapor phase reactants being Si(OR);OH where R is hydrocarbyl.

42. The method of claim 41 wherein the deposit is effective to fill
the isolation trenches.

43. The method of claim 41 wherein the deposit does not fill the

isolation trenches.

44. The method of claim 41 wherein the deposition cycles are
effective to deposit the phosphorus doped silicon dioxide comprising layer
on the masking layer.
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integrated circuitry, conprising: formng a masking

| ayer over a sem conductor substrate; etching
w0 s@saos7an trenches through the masking | ayer PEI/0S2004/021156

sem conductive material of W#he sem conduct or

substrate; and after etching the isolation trenches,

i ntrpduci fi . phas tan '

ol t orsiat o B e os088 L WABRE nDliRSBebBEiALE oIk are not
eBedista atoe sdlebiivelyhaeptositbahei pheosphored | dgpeél silicon dioxide

[ L] f. ki g%fgosit a phosphorus

C%@nglng @&gﬁ&ﬁ%ﬁ@;gﬁ%ﬁ@%ﬁ%ﬁﬁé&ng ayer within the

i solation trenches, one of the first and second vapor

phasge ! eaghanh st BY R vHERIR (Rel coruiib A6 AU frective to

and an other of the first and second vapor phase _
foreathesilicare dinyids (COR)BTHNaNlayer Roi kave deodwrpythang@.5 atomic

d I 'ai m 41 wherein the deposit is
pegb%gg??]\lz}gg{jghﬁcll the isolation trenches. 43. The

met hod of claim 41l wherein the deposit does not fill

the 30l afhombfRILBESIaif 41 MiRe rEth HAE ndilighdaAd effective to
wherei n the deposition cycles are effective to deposit

farAethshedisrBrdiex@epeemerisinoiry@rdei krve ahfrasdi hg ataynie percent
pRBspisrugBski ng layer. 45. The nethod of claim4l

wherein the deposition cycles are not effective to

sel ectively deposit the phosphorus doped silicon

di oxiige CORRrmethed |sFyelaim i BeihbevbriObatinfdducing any vapor
trenches. 46. The nethod of claim4l wherein the
PRRFRIFEATAL! L7 thecharihereethsr thamsaid fissh ardsegradiwpor phase

reSeT@ isSihnihidl AY @ ifgPo NP ROs pRd e st die Ps icahdib&ide comprising
per cent phosphorus. 47. The nmethod of claim41l wherein

layg& conditions are effective to formthe silicon
di oxi de conprising |ayer to have at least 1.0 atomc

t h 8., Th t hod. of claim4l bei
Do 91 PRRRERLTS od e lh et Shistpadefafding ghather vapor
phaserhreactirhediffiehemt $aingl ther fitstaamtd ssexond vapor gH@asereactants
G SAEIAS ok Josd Sohg Sl 0GP Lef AR BN PRI U7 HORFE: and second

vapor phase reactants.

50. The method of claim 49 wherein the another vapor phase

reactant is oxygen containing.

51. The method of claim 50 wherein the another vapor phase

reactant comprises Osj.

52.  The method of claim 49 wherein the another vapor phase
reactant is boron containing, the phosphorus doped silicon dioxide

comprising layer comprising boron.

53. The method of claim 41 wherein the PO(OR); comprises triethyl
phosphate.
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49. The nmethod of claim41l conprising introducing

anot her vapor phase reactant different fromthe first
wapassessend vapor phase reactants internmedi at ePE/UB®a$021156

some of said separated pul 9&8s of the first and second

vapor phase reactants. 50. The nethod of claim49

whergjn t a . ph 1a I §; :

Cont i norecetifs SERFEP P AYRERTRORS SIORIABR comprises
trigftarhbutegpeiaphlase react ant conprises 03. 52. The

met hod of claim 49 wherein the another vapor phase

reactant is boron containing, the phothor us doped

si | iedn df bRindethoshpt cleimgt 1 wpereitothsr PO(RR s oomprigss triethyl
h . ’ . iy .
P o e T S Ay e s PP anel
the Si(OR)30H conprises tris(tert-butoxy)silanol. 55.
The ggt hoghefmetmddnat lciuherel Rokifidthl Rk IRE | Hnber with
triethyl phosphate, and wherein the S (OR)3
ag dnpit idassintgrmgdiate thasergaded M$es.56. The net hod of
claim4l conprising purging the chanber with an inert

gas interﬁdi ate the separated pul ses. 57. The nethod
of cPhi m A3epBISi§odoid GRIR hh nRfingn Ok Slibdlupdpem (PN the

s519é tflateOhr8 1@ foFmIMtEoPIHIS PROSpIFordieRshbed bilieoR dlbRiied€omprising
conprising layer. 58. The nethod of claim4l being

lay§d of introducing any vapor phase al umi num
contai ning reactant to the chanber in said form ng of

the BQ.OSpJI]Réursnegr?gc?dofsaalir%oﬂ‘l dégi)ﬁlgd\?o%o%?rihfc'rloggc!nagy%%y vapor
phase aluminum containing reactant to the chamber in said forming of the

phosphorus doped silicon dioxide comprising layer.



