|  DESCRI PTI ON METHODS OF FORM NG A PHOSPHORUS DOPED SI LI CON DI OXI DE
COWPRI SING 5 LAYER, AND METHODS OF FORM NG TRENCH | SOLATI ON I N THE

FABRI CATI ON OF | NTEGRATED Cl RCUI TRY TECHNI1CAL FI ELD 10 Thi s invention
relates to nmethods of form ng phosphorus doped silicon dioxide conprising
| ayers, and to nmethods of formng trench isolation in the fabrication of
integrated circuitry. BACKGROUND ART One conmmonly used nmaterial in the
fabrication of integrated circuitry 15 is silicon dioxide. Such m ght be

utilized as essentially 100% pure, or PRSCRIBHONation with other materials,
i ncludi ng property-nodifying dopants. Accordingly, silicon dioxide mght be
LTl zed a5 a MESHQPS Gf FARKUNGA PHESEHORUS DOPES SILIGON DIONIPE GOMBRISING and
may or naySnot LAGER{ANBMETHORS O FORMINGTRENGH IBOLATION ! ABRJCATION

mat eri al s are borophosphosi | i cat ORINTREGRATER UItR6sphosi | i cate gl ass
(PSG), and borosilicate glass (BSG. Typically, such materials have
anywhere from 1% to 4% atom c concentration of each of boron and/or
phosphorus atons, although atom c percent concentrations in excess of 5%
have al so beeTEGHHCARFIEERi conduct or devi ces continue to shrink
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(height to w qgfh) t he. Vi . |t, making it increasingly inportant
to devel op prg%%%%agloq ﬂg%ntg@ﬁé%ﬁ?}{??éryectri c and other materials to fill
hi gh aspect or increasing aspect 30 ratio trenches, vias and other steps or

structures. Aéﬂ@:&éﬁbg@!:ﬁhﬁ?t ric material of choice has been doped and/or
undoped silic rising materials, for exanple those described
above. Dopants suclres cobonomyamnsedphogphial irstlenfabracatian af éniegrateldowirowgtref
111 ng open i frergeiBiss Pl (BTN HiRzL8 d€RsskhTafy TR afe, &Y
utilized in f wombigakoni with other materials, including property-modifying dopants.
' Accordingly, silicon dioxide might be utilized as a mixture with other
materials in forming a layer or layers and may or may not constitute a
majority of the given layer. Exemplary materials are borophosphosilicate
20 glass (BPSG), phosphosilicate glass (PSG), and borosilicate glass (BSG).
Typically, such materials have anywhere from 1% to 4% atomic
concentration of each of boron and/or phosphorus atoms, ailthough atomic

percent concentrations in excess of 5% have also been used.
As semiconductor devices continue to shrink geometrically, such has
25 had a tendency to resuit 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
30 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
35 substrate. Various reactant precursors can be utitized in forming silicon
dioxide layers, for example the silanols disclosed in U.S. Patent

No. 6,300,219.



di oxi de | ayers, for exanple the silanols disclosed in U S. Patent No.
6, 300, 219. 2 SUWMMARY This invention includes nethods of formng a

phosphorus doped silicon dioxide conpri s? ng |l ayers, and nethods of form ng
trench isolation in the fabrication of integrated circuitry. In one

I npl ementation, a nethod of 5 form ng a phosphorus doped silicon dioxide
conpri si ng IMI udes positioning a substrate within a deposition
chanber. Fir econd vapor phase reactants are introduced in alternate

and tenporal |y sefasatrednpionséscludes tiettedss tof afeemivgd ha npﬂidiEph?dTaa‘Débpédl a
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substrate. O her aspects and i nplementati ons are conte 25 BRI EF
DESCRI PTI ON OF THE BRAWNEISTMRpHPRed® &M6EH nBhif_mMBiNg: ﬁephﬁméfmn%ndaped

described bed;ousm diBxidef %bﬁﬁﬁ%:ﬂig? |5m ;ﬁ&u&mmlt%ﬁwwbggaﬁ aykmASa Fig.

1is adi agram‘rat ic sectional view of a sem conduct or fer fragrrent in
process in adernsitior chambean Asietispsriashis cheerEered to a surface of the

substrate to form a first species monolayer onto the surface within the
chamber from a first vapor phase reactant comprising PO(OR);, where R is
hydrocarbyl. The chemisorbed first species is contacted with a second
vapor phase reactant comprising Si(OR)sOH, where R is hydrocarbyl, to

20 form a monofayer comprising Si and O. Chemisorbing with the first species
and contacting the chemisorbed first species with the second reactant are
successively repeated under conditions effective to deposit a phosphorus
doped silicon dioxide comprising layer on the substrate.

Other aspects and implementations are contemplated.

25 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.

30 Fig. 2 is a view of the Fig. 1 wafer fragment at a processing steb

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

35 fragment in process in accordance with an aspect of the invention.



30 Fig. 2is aviewof the Fig. 1 wafer fragnment at a processing step
subsequent to that shown by Fig. 1. Fig. 3 is a viewof the Fig. 2 wafer
fragnent at a processing step subsequent3to that shown by Fig. 2. Fig. 4 is
a diagrammatic sectional view of a sem conductor wafer 35 fragnment in
process in accordance with an aspect of the invention. 3 Fig. 5is a view

of the Fig. 4 waf agnent at ces ste subsequent to that shown
by Fig. 4. Fig. é:egs a'SvPetiest QtfﬂggFP %W\%\eér "§3mghe At aatpra‘:%?%ﬁgssstﬁﬂg
step subsegugBbquént teathas RewWn oy Figl. 4,5 5 Fig. 7is a view of the Fi g 6
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rocessijn tep _subsequent to that shown
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met hod of fuBkBguEnPlROBRIHeHOISPEYy. 5i | i con di oxide conprising |ayer
i ncl udes positioning_a substrate to be 10 deposited upon within a
deposi ti 8n chamb&i9- Ei iss@ WEY %dbﬁdﬁgap%rwﬁfﬁéé‘éagr@%ft ahtd PAPEeS$§iNg od@Bed in
al ternate ardpkeARERRId that@RRWA 8Y FRylses to the substrate within the
chanber in a plurality of deposition cycles under conditions effective to
deposit a phosphorus doped silicon dioxide conprising |ayer on the
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where R is hydrocarbyl. An other of the 11rs Second vapor phase
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filed on Aprll 25, 2002 is hereb 25 1 ncorporate y reference as i
present ed | rﬁomFs*'%ﬁg|’?3é?5/°ﬂéhé|5rvbsﬁlaé¢ eeré%IOf the first and second vapor phase

15 reactants is PO(OR);, where R is hydrocarbyl. An other of the first and
second vapor phase reactants is Si(OR);0H, where R is hydrocarbyl. Such
might be conducted by atomic layer depaosition (ALD) methods (for example

including chemisorbing and contacting methods), by chemical vapor
deposition (CVD) methods, and by other methods, as well as by
20 combinations of these and cther methods. CVD and ALD are used herein as i
referred to in the co-pending U.S. Patent Application Serial No. 10/133,947,
filed on April 25, 2002, entitled "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
25 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);0H may be the same or different, and regardless in one
30 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 tristertbutylsitanol.
Exemplary preferred conditions comprise a temperature of from about 50°C

35 to about 500°C, and more preferably at from about 100°C to about 300°C.



and under stood reduction-to-practice exanples provided herein are
understood to be primarily by atonmic |ayer deposition. The R hydrocarbyl of
the POCOR)3 and the R hydrocarbyl of the*Si(OR)30H may be the same or
different, and regardless in one 30 preferred enbodi ment the R hydrocar byl
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formlng of the phosphorus doped silicon dioxide comprising Ilayer.

Alternately, the method might include introducing another vapor phase
reactant, different from the first and second vapor phase reactants,

20 intermediate at least some of the separated puises of the first and second
vapor phase reactants. By way of example only, an exemplary another
vapor phase reactant is oxygen containing, for example O,, O; and/or any
vapor phase oxygen containing compound. Ozone pulses, for example as a
mixture of O, and _('.)3, in addition to the PO(OR); flows have been

25 determined to faciiitate 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

30 material. An exemplary boron containing material reactant is B(OR}3.

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., Ny and/or any noble gas) intermediate the separated pulses to
remove unreacted precursor/reactant.

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

described in Hausmann et al., Rapid Vapor Deposition of Highly Conformal



vapor phase reactant is oxygen containing, for exanple 02, 03 and/or any
vapor phase oxygen contai nitng conpound. Ozone pul ses, for exanple as a

m xture of 02 and 03, in addition to the I50(CR)3 flows have been 25
determned to facilitate greater phosphorus incorporation, for exanple
above 5 atomc percent I f such is desired. Another exerrpl ary vapor phase

react ant woul oron c¢o taimdn er eb h hosph 0
silicon di oxlsg é%’i"f‘f{f‘ FﬁynglgﬁﬁFgﬂ &V\QB\'Et héﬂ g%%r PBe 49% E%éjoz)
exanmple in fabbhcatpﬂweasalﬁﬁﬁlm uBR26s | 4 kiet3Qi WA arle.acﬁéhte;smmlra@n( fapr on

containing materi is B(OR)3.. The alt rnatea tenporally
cepar at ed  puPKEEPIR HHRNY hEIRIEBHE" ST ED AB ATV SR, WHSREBI S N

and/ or pur gi amn%uhh@oﬁtmb@rlagnemrarﬂheIswstrag@s A aqzkoxywaaaaﬂ/f@f exapebl e.
gas) internediate the separat pul ses to renpbve unreacte

precur sord r eHE(taTt- b“é@‘y(hﬁ@a'b‘?'r & thereaftes Hlavwrbtothe éPFhSHQtea SPPREYH VIR de

conpri si ng |§Mﬁ'ﬁ|nh$n S&l@%@hb@egrdmdé@uawgémuﬁme@ oauﬁ dre\éadwn mébylgn of
Hi ghly Conf or nal | i ca Nanol am nat es, SCI ENCE MA Vol . 298,

pp
402- 406 (20029“consd&a<l<ae pFYBBESINgnilay e |d3¢peﬁit§|@e§0@&r~eﬁt%§zhmﬂﬁwh1q4@&é§ant
precursor, fgp, wﬁé?é"’l?rlo‘?n t1robeA#gétr@Aqg%nm ahgewmsﬂum er(@?t\bbﬁd%mc@‘ﬁtmlﬁ@&ic“

forns anlnltlal al um num contai ni ng | ayer on the substrate.
al koxysi | anoBxpﬂwree%arfbﬁeaBOKW*ﬁftcér@Omtlmtyl)%lultaﬁblcomléumlﬁlegéfafﬁthepffth©vved

to the sypstiLatn & ?Jee%HabnsH@ g‘%]HmAgag{Q ﬁﬁ?et'ﬁ%esﬂ%BM'&iE%d% S/efr Jelhmted

catal ytic reaction ereb ( nprising |ayer
sone self-1Ii mrﬁeﬂggrwtfkm@ggrs anywmsecawqmmmstamnppoeeddo Anglmr:rlerrs

[0 other wor dgo.fRELNAHAS, RXPISUEGnl ey M@ 30 wd%%o%yergeém

conti nui ng growt 10 silTco conprising Tayer ar en
the silicon &roddiebyaytde seidnol| ignposd refponsi hQOCCLﬁlsgandies&me PJatrdhymi ds

mnner, as ORAosEdrdiBadn b uitdina W%ﬁ:&@f}ﬁ Ly Aepbouliny 11 cant |y more

than a few yers being or e exposure/ pul si ng.
Regar dl e$%, al uni Mvimig ¢heiineenthon ailedOSﬁdtfhwenresmetsanot pag@udewts cisenwithnot .

be desi redt o S Snahe d HAkE Motese ARRY DEfeaBy! 852 A RECHIIIRS b2

use with usnmann et rocess, nventi ve
process is void of introducing any vapor phase alumlnum contammg reactant to the

chamber in the forming of the phosphorus doped silicon dioxide comprising
tayer. Further preferably in accordance with the invention, the substrate is

20 void of aluminum in the forming of the phosphorus doped silicon dioxide
comprising layer.

In one implementation, a method of forming a phosphorus doped
silicon dioxide comprising layer includes at least some ALD processing. By
way of example only, an exemplary such process is described with reference

25 to Figs. 1-3. Referring to Fig. 1, 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 multipie materials and layers. In the

30 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

35 (either alone or in assemblies comprising other materials). The term

"substrate” refers to any supporting structure, including, but not limited to,



voi d of introducing any vapor phase al um num containing reactant to the
chanber in the form ng of the phosphorus doped silicon dioxide conprising .

| ayer. Further preferably in accordance vith the invention, the substrate is
20 void of alum numin the form ng of the phosphorus doped silicon dioxide
conprising layer. In one inplenmentation, a met hod of form ng a phosphorus

doped S|I|con d|0X|de C ri er | ude
prgcesm ng. B SRAVCYM 'gpﬁplsé’lbcejﬂ'la sy £ @ ﬁiﬂ?"?uch%ﬁ&%i"&% A@ BaSc?i bed
wi th referengefate 10 wWhHigsis ércﬁndé@ft@fbfelmgjrbﬁ}llﬁt@i (Havifg PedelinOM §Poips)

posi ti oned W|th|n any sui t abl e deposition chanber t | n one
exenpl ary emSofoNRt | Othgiritragestermination s S@o?RfU@%’Hﬁ ?ﬁg ﬁteéfeq'éﬂ? in

exanpl e connﬁésbﬂg:e%@mherémt Qekatibdd. WHE CRYdrbRYIated! )éubﬁClsLiﬁfQ&eaﬁﬂd[rﬁaBEr some
serniconductive material, and may, of course, include nultiple erials
and Iayeﬁs hydrexeatesl c BROEEx 0 of PRONIIOR o iRt | thehedeRPSiio8 ek hashlRIct &
substrate” QydrogPRt&PRtGhH! the adpssitidhec érﬁb@?f | AR et PRAY t8BNnique for |
construction corrprl sing sem conductive material, including, but not limted
to, bulk serfiysspsletingesurfagedfainsludas expostigett domdvctacee taarater vapeher

al one or in ﬁﬁ&%}bm@%urfﬁemagﬁk B2 ﬁétfa%uwﬁf@rrdxalaﬁea@%ﬁwﬂ)mﬁeﬁposure to_
semi conductive material layers 35 (either one"or 1 n assenblies conprising
ot her naterlaihbl)ent?ﬁéoﬁéhﬁﬁe "substrate" refers to any supporting structure,

i ncl udi ut n duct e esc ed
above. gubst r at eqiioflehg?%é gt@ Wgr f gceeI rl}?ls%%pgﬁ%{%s%rdgﬁn §gp%$éc§{ gé ﬁy%r %xm%t ed
(havi ng pendipggiesH r@@@@ipy?r 1& osthovihe mﬁmywwaeerfaee nvitlaini dre ichaaibsw

cont enpl at eﬁ 38 b{ pidiech ﬂasghqggﬁ%‘%sio@rﬁs d%(bp?)% whre R is.

hydr oxyl at ed, " suc surfac ydr ox rior to~provision Wthin
t he deposit i?mdrghaﬂ’ﬁyérforoexamplﬂ @ﬁyﬂ@&@@bﬂd BhDMeI hSUGbpl@sdepmted:manbemg An

surface 1o VETTREL ofi'a BRIV, pEMIART B8 1baEL & BRCEPIENC 8 in' e
hydr oxyl1at edFigi &pl Yrefesne e qeosiitiens @ndanmeenattlabmspaee as desRabed ratmyet o
oo Che nydiShIPREE 08 FEPELSEPR phAGhUyfoh ! TS1  species onol aver 10

Referring to Fig. 3, the chemlsorbed first species has been contacted
with a second vapor phase reactant comprising Si(OR);0OH, where R is
hydrocarbyl, to form a monolayer 18 which will comprise Si and O. Again,

20 conditions are preferably as described above with respect to the first
implementation. Fig. 3 depicts fayer 18 as comprising a variable "B", with
the chemisorbed first species monolayer being depicted as A' exemplary of
some modification of the A species in the chemisorbing of B with A, with the
exact preferred and typica! species A and B not having been determined.

25 Regardless, chemisorbing with the 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 temporaliy

30 separated pulses to the substrate, 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

35 invention was reduced-to-practice, although aspects of the invention are not

necessarily so limited.



froma first vapor phase reactant conprising PQQOR)3, where Ris

hydr ocar byl , for exanple as descri bed above. Such is depicted as being
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15 Fig. 2. Preferred conditions and other attributes are as descri bed above
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the substratgji-dyRitsiakl y and preferably, such chem sorbings and contactings
are conducted in alternate and tenporally 30 separated pul ses to the
substrate, for exﬁﬁiﬂrénasmdgébribtﬁ?'%l%‘éﬂ/équrﬁ:hteﬁe?’ﬁf?m%t &8ayei been etched

i mpl emeny t'f?r'?ou% e rngem' at ehyarabaye- gascr hed gémic%rrgnba@éonm\a@énéue' ative

to the em sor surface with POOOR)3 fol l owe a second vapor
phase reactwhStéa&p(%ﬁﬂﬁ cénﬁlﬁf@rah@xﬂiﬂ% Ry BORr Hhar b?&@?mf@h exanaypesiticot the

35 i nventi on, Yage r(ﬁg?’fﬂ%t“rer@ nﬁ@mega Prebeeeuabwaape&}b%e%ehh r&ve%h% are

not necessarrly ess, aspects of the inhvention
preferably beithirespeettd pilisenHdiexidst by exaPaimat $ebrtratiesdh e itbarmal oxigizing
fabrication of,dinLggr at ed crrcurtry for exanple as shown and descri bed
with reference to Figs. 4-7. Fi shows a sem conduct or substrate 26
conprisity a bul kRetatsegytn &lig.i ge &% phiospbefodoperesiliseni diowiile o rniriear i al

substrate 28, 4, Mapkings | g¥en ?rerhéd PETRD. QMRTcoRATLEORAUGLRaTURSSIBALE 28.

Such is deprc ed as conpri si g
trenches 36 and 38. Exemplary techniques for doing so include introducing

first and second vapor phase reactants in alternate and temporally
separated pulses to the substrate within the chamber in a plurality of
20 deposition cycles, as described above, and also for example, by the
chemisorbings and contacting methods as described above. As depicted,
the depositing is effective to deposit phosphorus doped silicon dioxide
comprising layer 40 onte masking fayer 30, and also is depicted as not being
effective to selectively deposit phosphorus doped silicon dioxide layer 40
25 within isolation trenches 36 and 38. In the context of 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
30 trenches 36 and 38, or to not fill such isolation trenches for example as
shown in Fig. 6. 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 filed with another material before or after removing the material

35 from over masking layer 30.



pad oxide layer 32 and an overlying nitride conprising |ayer 34, for exanple
silicon nitride. Referring to Fig. 5, isolation trenches 36 and 38 have been
etched 10 through masking layer 30 into 8 he seniconductive material of
substrate 28/26. A thermal oxide |layer or other |ayer, for exanple silicon
nitride (not shown), m ght be provided now or subsequently, for exanple

wWth respect to sjlicon dipxide b 0osi n ubstrate 26 to. .
oxi di zing condi t“!l"bns?xelrgp%é?'er F?%“b&{%'éﬂgc “Ca Bﬁ%@ﬁ) Yor ulgtilg)ggdégqbfemyéon
di oxi de conHeipmate |ayetrigiferraatdegsiidosined findtt ind seeondoredpetiive vetoer i al

I solation trenches 36 and enpl ary. techni ques r LNg so_include
i ntroduci ng p'}qstesfeﬁﬁméec’%%gu\/g'i%gp‘ﬂﬂa @f?ré%%tlgmrsof Esggéragg@ C BRLEEN
temporal |y sepphates) puhsedepositdre sudrsta asiticon t hitrideheingldantbesch nusing
plurali t% o] escri,bed, abov and,.al so for ex

h

f 20 deposition cycles,. as npl e,
by The  BherfeBe Bl oA R SRAGNE MABROAY SEhJEAcT tad Hhavane Aecsnd
gepl 95 ed, té]@pelep@ﬁglet fdlﬁnw4egd ef/fsqhteeegéeou?i@rp@m% gahmsgimbus fenegd ggt:ngon
ot being. SESETVS IR BLPNRERy TESOYRE TSNS [ BBPEPraRFIEBHcRox, de
| ayer 40 25 i tBhard sol ajé ononenchas 3Rilized. 38. RESpd bt/ eLOBLBKIerRmpdIE
docunent, a "selectivel/selectively deposit” is one which deposits a

materi al oveenpfsatyregi B EednE MR ttrigthy! Rhaserpis 8ad: Histrrthatoxt)shanol
deposi ti@n thLekBess snhatd@c.of at least 2:1. The depositing nmght be
effective to conpletely fill isolation 30 trenches 36 and 38, or to not

fill such isol ati9¥Cch rIOECKESINGoWask /PP eceiucsgbwith nthE drieghyl Depespiaten

pr ocessi ng, . BX [ [ NYis@AF +ri _ d defiue to
conpl etely ftitﬂmguggpét!ﬁgﬁc tg?%fo?ggaﬁg e\”(!atg trls (Eb\‘i—%%?ﬁé(x‘é‘i)aﬁ&% RI??Q? r?git el y-
by way of ex@npl(d)srcondiang FiSgse@nsbrasipeghve onlsasoul sudfe thiethyedhasphate

anot her Mt el o0 e OM1fisAr@blky [SHRY NelkbBe 7888 Lﬁ%stﬁmfmm%{ 3RS i ng

| ayer 30. 8 ~An exenplary reduction-to-practice exa I'l1zed triethyl
phosphati® anebmpled¢ tarddehup@wdisdl amalprasxifiatet2. 2fhgsdrondperespeet iate ofapor

deposition. This was somewhat higher than the first reduction-to-practice
example deposition, which was at 1.1 Angstroms per cycle. The deposited
film was substantially carbon-free, and the phosphorus content was
below 0.5 atomic percent. Longer triethyl phosphate exposure at such
20 reactant temperature is expected to yield higher growth rates and increase
phosphorus content in the deposited film.
In another reduction-to-practice example, triethyl phosphate from
a 60°C bubbier/fampoule was fed to a substrate within a deposition chamber
for one second. This was followed by the flow of 30 sccm Ar for one second,
25 followed by three seconds of pumping down the chamber without flowing any
gas thereto. Thereafter, 25 scecm of a combined stream of 0,/0; (5%
to 12% O; by volume) was flowed to the chamber for two seconds. This was
followed by a 30 scem flow of Ar for one second, followed by three seconds
of pump down while feeding no gas to the chamber. Then, tris(tert-
30 butoxy)silanol was flowed to the chamber from a 60°C bubbler/fampoule 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
35 a 1000 Angstrom thick layer having 5.7 atomic percent phosphorus
incorporated therein.



phase reactants. A 650 Angstrom conformal |ayer of PSG (8 atom c percent
phosphorus) was deposited over a silicon nitride lined trench using 5
respective two second reactive pul ses of each reactant, with a one second
argon purge followed by a three second,punp down mﬁthout fl ow ng argon

bet ween the reactant pul ses. This was conducted for 600 conplete cycles at
300C. No ozone was utilized. Respective bubbl er/anpoul e tenperatures for
feeding the triethyl phosphate and t riGUAIMS - but oxy) silanol 10 were 50C and
40C. Such pyﬁ] %§%%%?@@§ al so conducted with the triethyl phosphate having
a tenperature and with tris(tert-butoxy)silanol at 70C. One (1)
second and 0.5 second respective pul ses of such triethyl phosphate and of
the tris(tert-butioxy)Ai Ineetbbdypél ideshireg 650 phogsicram tibhed aktliecn3@oXide

conpl ete_cycl es pro i.ding an roxi mte 2.2 Angstrom per cycle rate of
deposi tidn. C?Wléwdé%EQS&é%Ha ”%ther than the first reduction-to-practice

exanpl e depositi pnsutWﬂlr@awmsahtelwilthﬁmsiterpomopeashahyméreanahe deposi ted
rbon-free, and hor us nte { was

filmwas substantlal a

0.5 atomic percehr® ‘éH?ﬁarf"?tr pad tﬁﬁcoﬂﬁo%ﬂ%& En@&%d%ﬁ’t@“ ferate éagt ant
tenper at ur etérﬁ?@mryctsaﬁamew Bl eBi hethedlsaBktiatealviithiANthd rmfaeﬁtser in a
phosphorus content 'in the deposited film In another reduction-to-practice

exanpl e, trPBTRIY gHodspesion gvcles sodeiunengitionsp sifestivas t¢ edeppsih a
substraj@ %hbbﬁ'h@l'lge@@ééd 'sﬂi'&:oﬁfmﬁ?i%re ccﬁrﬁbn@l'?l I%?SPBH thyﬁtﬁas‘@@a‘-‘tef Shécﬁ’iﬁd by

the flow of 30 sccm Ar Tor one second ? hree seconds of
punpi ng dowth& HESE b &ecand hwarot Pbﬂﬁﬂgf%wantgabe'ﬂlel;’& PR)Thwhees tRris 25

sccm of a Cﬂpgwe%% §it 1 8RMGf oﬂx?e/rog’f (ﬁe/Of.rs a%@%@%rﬁy é@b#%s}é’aﬁeédt?ﬁﬁd to

t he chanber r two seconds. This was sccmtlow of Ar for
one second, bebld SHUER Y H wheee BéédWG‘éOCbeVburrp dovvn whil e feeding no gas to
t he chanber Then, tris(tert 30 butoxy)silanol was flowed to the chanber
from a 60C bubbl er/a ouI e for two seconds. This was followed by one second
of Ar flow at 302sccmlhggaethod of Figied! mharainetheseenditienscopinfiseiatamishi | e
no gas #4owed driydditighanber. This was conducted for 400 conpl ete cycles,

W th pressure during all of the processing varying fromO0.24 Torr to 10. 6
Torr. Such resulted in

3. The method of claim 1 wherein the conditions are effective to
form the silicon dioxide comprising layer to have no mare than 0.5 atomic
percent phosphorus.

4, The method of claim 1 wherein the conditions are effective to
20 form the silicon dioxide comprising layer to have at least 1.0 atomic percent
phosphorus.

5. The method of ciaim 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

25 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.

30 7. The method of claim 6 wherein the another vapor phase
reactant is oxygen containing. '



35 a 1000 Angstromthick |ayer having 5.7 atom c percent phosphorus

i ncorporated therein. 9 CLAIMS Wat is clainmed is: 1. A nethod of form ng
a phosphorus doped silicon dioxide 5 conprising |ayer, conprising:
positioning a substrate within a deposiotion chanber; and introducing first
and second vapor phase reactants in alternate and tenporally separated

pul ses to the substrate within, the cha r in a | urali of deposition
cycl es under condlitiohze e‘?"?gﬂq 5 1fe os‘f’{“?reé“ 1 epiﬂfboﬁh%rr uvsapa’éip@ga%‘?l i con
di oxi de conpaictd MtedrAy@seLD,t he substrate, one of the first and second
vapor phase reactants being POCOR)3 where Ris hydrocarbyl, and an other of
the first and second vapor phase reactants being Si(OR)30H where Ris

hydrocarbyl . 2. ghe npgdogletfod! o @aimMeer@hardiheteonstidthensyapaitpbhsse at omi ¢
15 | ayer deposition. 3. The nethod of claim| wherein the conditions are

ef fective t@actantmishPdpni COMRNGE: d&h@oRPPERNIYSI JRRed oSHERR MP*BRe t han

0.5 atorg ¢ -HREF BhasRERYSindtborbhe nethod of claim 1 wherein the
conditi I)gns %r ebgg?‘gct Pve top 20 Tormthe silicon dioxide conprising |layer to

have at least 1.0 atom c percent phosphorus. 5. The method of claim1 being
voi d of Introducygg af*e(evmhodpf@seuéiﬁacaa%h%@gﬁ h‘ﬂ_w&hﬂ”f?ﬁ di¥chpdy|t han said

first and second vapor phase reactants in sai ormng o he phosphorus

doped sili cthe BDERIRIe cootains enlygfromsonetefive gartmreatmndod of claim 1
conprising introduci ng anot her vapor phase reactant different fromthe
first and second vapor phase reactants ‘internedi ate at |east sone of said
separ at ed pul ses1df theefimethogndfscdaimt 1Tvapeerephadlee r dachudiosar®d of The

method of cfial §)BRYIBHELShEE SRNGRGH oHAPR iR 18S@on atoms.

10 12. The method of claim 1 wherein the PO(OR}; comprises triethyl
phosphate.

13.  The method of claim 1 wherein the Si(OR);OH comprises
tris(tert-butoxy)silanol.

14. The method of claim 1 wherein the PO(OR); comprises triethyl
15 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.

20 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
25 plasma generation of the first and second reactants.



reactant is oxygen containing. 1o 8. The nethod of claim7 wherein the

anot her vapor phase reactant conprises O 9. The nethod of claim®6 wherein
t he anot her vapor phase reactant is boron containing, the phosphorus doped
silicon dioxide 5 conprising |ayer cofprising boron. 10. The nethod of
claim1 wherein the R hydrocarbyl. of the PQ(OR)3 contains only fromone to
five carbon atons. 11. The nethod of claim1l wherein the R hydrocarbyl of
the Si (OR)30H coot ai Maeanéthotirafnotaine 1t corf pMeingap inging@tienshath®et 2vitirae met hod

of claiml wherein the POXOR)3 conprises, triethyl phosphate. 13. The net hod
of claiml "RH séﬁﬁnﬁﬁ@eé%@@%éwgp&%ﬁ%&ﬁ&t ris(tert-butoxy)silanol. 14.

The nmethod of claim| wherein the POUOR)3 conprises triethyl 15 phosphate,-
and wherein the _Si( 30H conpr.ises tris(tert-buytoxy)silano]. 5., The

met hod of cl ai mz%- MOELgirHe&ng Qi i1ol?1%'$‘80"r%‘# i@@?ﬁl%&"a{h&r%&tﬁtﬁ#about
50C to aboyf sBROGrmlfg of iR pREdNGreé debad wilidnliRikRicdprismdiayepns

conprise a tenperature from about 100C to about 300C. 20 17. The net hod of
claiml wherein the conditions conprise a pressure fromabout 10"7 Torr to

about 1§ Torr. 8. Thaenrichest of akphm lbahgr ebid bhengoddtingoBAy CRIRY Se
pl asma generation of at |east one of the first and second reactants. 19.
The met hod PHASE| AHMINUMNERERNING E2RGART £9 dhe chagmReyi i &rid E-Ef”b!‘%lsq{athe

gener ati onp@bshhsrdd dStePElic8faRNGE @BRIARNSg 1aykr, 20. The nmethod of claim1
conprising purging the chanber with an irnert” gas internedi ate the separated

pul ses. 21. The nethod of claiml| being void of alum numon the substrate
in said form ngoaf the MEBBAhCF U riPREdas bhbseRoRisOXidhRdC MRS diexidayer -
comprising layer, comprising:
10 positioning a substrate within a deposition chamber,;
chemisorbing a first species to a surface of the substrate to form a
first species monolayer onto the surface within the chamber from a first
vapor phase reactant comprising PO(OR)s, where R is hydrocarbyl;
contacting the chemisorbed first species with a second vapor phase
15 reactant comprising Si(OR)sOH, where R is hydracarbyl, to form a
monolayer comprising Si and O; and
successively repeating chemisorbing with the first species and
contacting the chémisorbed first species with the second reactant under
conditions effective to deposit a phosphorus doped silicon dioxide
20 comprising layer on the substrate.

24,  The methad 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
25 form the silicon dioxide comprising layer to have no more than 0.5 atomic

percent phosphorus.

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



5 22. The nmethod of claim1 being void of introducing any vapor phase
al um num contai ni ng reactant to the chanber in said formng of the
phosphorus doped silicon dioxide conprising |ayer. 23. A nmethod of formng a
phosphorus doped silicon dioxide conpnising |layer, conprising: 10
positioning a substrate within a deposition chanber; chem sorbing a first
species to a surface of the sybsirate tg forma . first species _nono

h(?ﬁaﬁi)&? g

f | ayer
onto the surface2{t hl it tRet aif g4 eng, ¥eid \95(56VOBH5'§1§ P@?ﬁc‘f%‘?ﬁ/r
conpri sing PRA§RtSactahercctid thamber egesioan £00 fiast Ang sbbenah@ﬁcﬁsgzﬁe@ first
species with a second vapo ﬂghase . 15 react ant ce%[’rgri Si nq %&éﬁ sCOH, ere R
i s hydrocar BActants atdpashat F\Eﬂ"é?'@ﬂ t@sdmrgrwat WHace: ", foriagSivel y
repeating cHNbROsIHIMs WobBdtdigcdr BRixidPE6MBSsACiayepNt acting the
chem sorbed first species with the second reactant under conditions
effective to deposit a phosphorus doped silicon dioxide 20 conprising |ayer

on the substrat epg24. THEenMoROSE efaifl 28 RchspN41RE ShircbDeiny AnbErmirey suif ace
to which the first species is at least first chem sorbed 1 s provided to be

an hydroxyPheesl rearteat diffemntTiiemnthe disorndl sraAnZG vaRer dilmseneeadAabtst i ons
ar e effect'.\ﬁge,tnqedi%?e Eoldast Rentd bi £90 u@?@ég&ec o indd dt@’@{:nfa%tiggge no
.5 at . 206. e d of ¢

nore than O omc percent phosphoru nmet h alm wher ei n

the conditions are effective to formthe silicon dioxide conprising |ayer

o have al | eastod. 0 PHOTHEURS] SR LiaiRNORNAYSI Mo AfotrHhc ERbAGhA, ol af m

24 being void of 1 ntroducing any vapor se reactant to the anber ot her
t han sai d freaataahié ®YESAEVUPBINGhase reactants at | east after providing
t he hydroxylated surface in said formng of the phosphorus doped silicon
di oxi de conprising layer. 5 28. The method of claim 23 conprising

i ntrodutd ng anot ﬁgr vaper mephed of elaifa® dvhiaretrerther ppathate veppst phase

second vapof, PhARECERBALEDH,.

. 31. The method of ciaim 28 wherein the another vapor phase
reactant is boron containing, the phosphorus doped silicon dioxide
comprising layer comprising boron.

15 32. The method of claim 23 wherein the R hydrocarbyl of
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);OH contains only from one to five carbon atoms.

34. The method of claim 23 wherein the PO(OR); comprises triethyl
20 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),OH comprises tris(tert-butoxy)silanol.

25 37. The method of claim 23 comprising purging the chamber with
an inert gas intermediate said repeated chemisorbings and contactings.



internedi ate at | east sonme of said repeated chem sorbings and contactings.
29. The nethod of claim 28 wherein the another vapor phase reactant is
oxygen containing. 10 30. The nethod of claim 29 wherein the another vapor
phase reactant conprises 03. 31. The thod of claim 28 wherein the anot her
vapor phase reactant is boron containing, the phosphorus doped silicon

di oxi de corrpri sing |l ayer conprising boron. 15 32. The nethod of claim 23
wherei n the R hy@88.ocaTimy| method hef ROIGR) 33 cosingi Neicondly Hluminwne ono théve

ST Ry 3aH capa s Brel 1otEfing or 8 oG A, Bl et BiSkAEH Ao o "°

claim 23 whimyern the PO(OR)3 conprises triethyl 20 phosphate. 35. The
nmet hod of claim 23 wherein the Si(OR)30H conpri ses

tris(tert-butoxy)silanol. 36. The nmethod of claim23 wherein the PQ(DR)3
conprises triethgd, phiosphathed ahdlaier2s bemlgev(iid( 6R)iB0bH cCimpr asgsvapor

tris(t -b I 23
Lhe" charfber PAPER SRR SoNaB ey (SRR i < ghaMaea: SiC RS SRS, and
contacti ngsphdsph@bs dopednsitibed difxigs @abmpisirelaggr.voi d of al um num on the

substrate in said form ng of the phosphorus doped silicon di oxide conprising
| ayer. 39. The nethod of claim 23 being void of introducing any vapor 5

phase al umi num caot ai mh@gnem@dtahttaﬁm 2$1®oﬁhﬁr§bq dbposaiin@ frer phogpldrushe

hosph d 40, oA, eLhod ol ol
23 conpr i ai H3PBEpBLICPRng OHES pFOTIRBIR IoHepcd S (SETHoANGHFONE ORI ng

| ayer wi thi poigfine aaduhés Vermed B thd sulbstadtat i on trenches formed in the
substrate. 10 41. A method of formng trench isolation in the fabrication of
integrated circuitry, conprising:

10 41. A . method of forming trench isolation in the fabrication of
integrated circuitry, comprising:
forming a masking layer over a semiconductor substrate;
etching isolation trenches through the masking layer into
semiconductive material of the semiconductor substrate; and
16 after etching the isolation trenches, introducing first and second vapor
phase reactants in alternate and temporally separated pulses to the
substrate within the 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
20 being PO(OR); where R is hydrocarbyl, and an other of the first and second
vapor phase reactants being Si(OR};0OH where R is hydrocarbyl.

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

43. The method of claim 41 wherein the deposit does not fill the
25 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.



form ng a masking | ayer over a sem conductor substrate; etching isolation
trenches through the masking |ayer into sem conductive nmaterial of the
sem conductor substrate; and 15 after etching the isolation trenches,
introducing first and second vapor phase reactants in alternate and
tenporally separated pulses to the substrate within the chanber in a

plurality of depositi cycles effecti to deposit a phosphgrus doped
silicon dioxide ﬂ%nprfg? Hﬁe{hé’ﬁe?’{ \‘Kfat"i'?i %‘Ft%erefrgqu%ﬁegﬁsﬁp@ngwgg? aHﬁe’ﬁ)?)tf t he
first and segapfve/apPrsélbaseelycaebasits td proShd?D OdbpewhalitcdR | doxide

hydr ocar byl , and an other of the first ?nd F$]econd vapor phase reactants )
bei ng Si (ORFSURTRHY BYRF VEINE i@ ispiaien rgBchehe nethod of claim 41 wherein
the deposit is effective to fill +the isolation trenches. 43. The nethod of

claim4l wherein the deposit does not fill the 25 isoglation trenches. 44.
The method of cl4Pm 41haHeekhiod ehelaiegbsmhesinclhg eengfians gresifgciivet iy

deposit fhe it Q & idonfikifly Xy let S PaRE | il Atbreadt@in 03 atdifi
maski ng %ayéﬁpiﬁg%z%&rgh%t hgd of Igéfl giir'n 45 V\hereri%n t he de[?osi tiaoél}ﬁlccycl es

are not eff@eréand phospBPELs.i vel y deposit the phosphorus doped silicon

di oxide conprising |layer wwthin the isolation trenches. 46. The met hod of
claim 41l wherein the conditions are effective to 5 formthe silicon dioxide
conpri sing | ayer 470 habe methask ef clsdm 41 svharsin the perdidiens Aespirntive. ty7.
The method gl bl EftbliBkRId coMBris el PR 1AVE ANEREL 1 \Paldhnic LA
silicon dioxide conprising layer 1o ve'at least 1.0 atom c percent
phosphor us. phospBerushe net hod of claim 41 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 phosphorus doped silicon dioxide
conprisithg | ayed8. 49Thehmeikethqd @‘ﬁlfﬂl‘é{)rhemg cunprofsinicpdusing Aryi Ngpanot her

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.

493, The method of claim 41 comprising introducing another vapor
15 .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.

50. The method of claim 49 wherein the another vapor phase
reactant is oxygen containing.

20 51. The method of claim 50 wherein the another vapor phase
reactant comprises Os;.

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

25 53. The method of claim 41 wherein the PO(OR); comprises triethyl
"~ phosphate.



15 phase reactant different fromthe first and second vapor phase reactants
internedi ate at | east sone of said separated pul ses of the first and second
vapor phase reactants. 50. The nmethod of claim49 wherein the anot her vapor
phase reactant is oxygen containing. 20 51. The nethod of claim50 wherein
t he anot her vapor phase reactant conprisses 03. 52. The nethod of claim49
wherei n the anot her vapor phase reactant is boron containing, the

phosphorus doped silicon dioxide conprising |layer conprising boron. 25 53.

The net hod .of claim4 erein.the PLOR 3 CONMRY riethyl h hate. 15
4. The nedhod Ot cIafifa Br kB ' RIVGT B oo AERNY SBhess FRaTEE
but oxy) si | QREKY)S&H80LThe nethod of claim 41 wherein the POUOR)3 conpri ses
triethyl phosphate, and wherein the Si (OR) 30H conprises

tris(tert-Bot oxyhemetg|of chym Hruheieip fesaPQFORP compasestoiryy| BTN Sug ng t he
chamber wi et thaSKORJHEH comprasepif(tardutary)sdaidr at ed pul ses. 57. The net hod
of claim4l being void of alum numon the substrate in said formng of the
phosphor us 58opedhgimdtoamh ofiickauindél comprisisg pyrdisy ¢he ch@nbeTheithrenhodrt afascl ai m
41 bei ng viitdnetiatethe sgpacitalgprdsey. vapor phase al um num cont ai ni ng react ant
to the chanber in said form ng of the phosphorus doped silicon dioxide
conpr i si ng siayerhe ARthod e chilirh 40 eniy vidbMAlimEQRDGH e RGbdualdTnngidSairing
phOSphorUSoﬂﬂﬁgﬂoﬁmbhﬁgﬂmxﬂﬁm%hQﬁn@Qﬂﬁ@hﬁkﬁ@Jg&yer to be honpbgeneous. 60.
The met hod of claim 23 conmprising formng said phosphorus doped silicon

di oxi de- cORpri Sipigyle@¥8or RIS Bgﬂgggl'a%‘?'ﬂﬁroducing any vapor phase aluminum

containing reactant to the chamber in said forming of the phosphorus doped silicon
dioxide comprising layer.

59.  The method of claim 1 comprising forming said phosphorus doped silicon
dioxide-comprising layer to be homogeneous.

60.  The method of claim 23 comprising forming said phosphorus doped silicon
dioxide-comprising layer to be homogeneous.



