Met hods of Filling Gaps and Met hods of Depositing
Materials Using Hi gh Density Plasna Chem cal Vapor

woOepgizig4son TECHNI CAL FI ELD [ 0001] The i nventi 8QT/US2004/030875
pertai ns to methods of formng a | ayer over a

&m)zits&ﬁ Fﬁﬁ\%@@r]@pag{da\lg%ﬁﬁl %é@ﬁ%dg -ngelp :ﬁR/EaJ n%l{ph Density

[0002] | nsul at i ve madred Chbmicandapary®ipssieidn i nsul ati ve

@ﬁ'&(gﬁ{iﬁ grs used extensively in‘various

' s applications to insulate or electrically

[Gooi1Rt e StTHeChvemlonf gataiie® maﬂhoas ot Y rinied arlsyﬁrs@vemesubstrate,
rties of such material.s and |ayers can

| at ro
B REBEUSr Pabbdent: hereais magoEe! e fioze: o
BACKGROUND OFarRNVENTEM during the dep03| tion of the

ative terial Uni form epos ion rate
is a d@g@%tfvﬁedn?tﬁg}%? 8o i t?ée@eﬁgsﬂrﬁu Ve gaterials are used

dxﬂsfrisbl@l"}'Cm f\/ahéUSQBé\ﬂnlobMdm& ab;bllcbil()’nsi @ ehdupaé i srebictrically isolate
e .vo ncl usi on. ure size of devic

SR B F s e ol S Gisaer o Tean sl B SR THeS1Gq h duaterials and

layddls @apetienrid hfeddd BYGhe GBIE/ tbamnbmrz@rm aseludehvdidn areas formed
zation of vo area.w

43658 Fehstiog o ehs. Geviai etk Pl U NP ok deresiin el 2cross

C@pﬁ@lfﬁd egei soliaf UQﬂSbs:tTiﬁleca/ramﬂ%Bﬁ(ﬁa filn ARRMS | dridoAbINRLe effectively
ross a. surface can e O tl Zlngx%1 03|t|on

BBIAFE MBS PEHEOpa s of dF\iPeRdaiRass Widihg efupgps to be

filléd Ao deﬁwaSéek bhceas;{é@gﬂiﬁb @S&?H@éﬁwéhnt tfé’tbrriéa&r)?ﬁl'glh. Accordingly,

FHIPETHZ%kE)Hﬁ V9| %géagwghltelggﬂ.l ﬁﬁpcqué% roec(;y% ﬁl?lo@ﬁﬁcrleasinélysl important

f()rHBH’eéW@) isolEir. IMEte Ivamr@éeﬂeﬂéﬁosﬂmrra@é Refoss a surface can make
nventi pnal thogg have been c red

EHE | ROy R R S B AERS Ol i G Ben gyt if not

lmpotmeCVD systems, with an al ter nat ive sputterl ng gas

S as H The r al | owe
B 25 oo eGSRy e 3 bS8 gap-
fitlés high medﬁmmwmmaﬂlmpmpobmeﬂeﬂmp }Y:n)¢ GFSJrlhébinﬂarovements
me

to dev d t ech d
/8 R PR PR FEVERS kb bt GNEed W 4RAHG ghutering gases
S_Sblh/Mi’sR_\ér% TadhvériXYEAT GMiZca0G5]HDP- QWD agprets, Wil an alternative
N EN N AT "
voldghn gapémil hyplmb’ﬁtﬁ’fsﬁlrfd@ﬁéértagmdé;iit%l‘fbarctc)nﬂloﬁﬁgs: ?ne

n (A a, neav r.ogen SOl O upstl tue
T T T T T —.
pilending ympoasthaepositigr neteainécknviyt hi n t he chanber. A

@W%@F%Wﬁﬁd@ﬁdl iegst a portion of the

[0005] In one aspect, the invention encompasses a method of depositing a layer

over a substrate. A substrate is provided within a high density plasma reaction
chamber. At least one compound having a heavy-hydrogen isotope subgtituent is
provided into the reaction chamber and a high density plasma is generated within the
chamber. A layer incorporating at least a portion of the heavy-hydrogen compound is
chemical vapor deposited over the substrate.

[0006] In one aspect the invention encompasses a method of filing gaps in a
semiconductor substrate. A substrate is provided within a reaction chamber and a gas
mixture is provided within the reaction chamber. The gas mixture contains at least one

heavy-hydrogen containing compound. The gas mixture is reacted to form a layer of
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[0015] Fig. 7 is a view of the Fig. 6 wafer fragment shown at a processing step

subsequent to that of Fig. 6.

[0016] Fig. 8 is a diagrammatic cross-sectional view of a substrate wafer
fragment at a preliminary step of a method according to one aspect of the present
invention.

[0017] Fig. 9 is a view of the Fig. 8 wafer fragment shown at a processing step
subsequent to that of Fig. 8.



[0015] Fig. 7 is a viewof the Fig. 6 wafer fragnent
shown at a processing step subsequent to that of Fig.
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utilization of a capacitively coupled reactor or an electron cyclotron resonance (ECR)
reactor.

[0022] An exemplary inductively coupled HDP-CVD reactor that can be utilized
in performing methodology of the preéent invention is the standard Novellus HDP
chamber (SPEED®) of Novellus Systems, Inc. of San Jose, California. When utilizing
such a reactor, low frequency (LF) power can be applied to dome coil 14 inducing an RF
electric field within chamber 12. The RF electric field can be utilized to generate a high
density plasma 16. For purposes of the present invention the term “high density
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some instances an oxidant gas comprising one or more of O,, O3 and NO;. During HDP
deposition, some of the gas mixture can be involved in sputtering of the deposited
material and can be referred to as a sputtering component of the mixture. In some
instances, conventional methods replace some or the entire inert gas component with,

for example, H; or He which can affect the sputtering of the deposited material.



102 utilizing, for exanple, HDP-CVD in the presence of

one or nore heavy-hydrogen conprising conpounds. Layer
waQdosparssbe formed, for exanple, wi thin a hi ghpdenszdoy/030875

pl asma reaction chanber such as that shown in Fig.

The at | east e conpouynd conprisin eavy. hyd e
MBS T o PRt B 58 rLorass & SriBoe SO HR T fioe-cvo
sytsh@rﬁbe’bswﬂng mrmgkdmatﬁhtpandrnbmunifdret diepb&tlohayer 104,

insul a

ﬁﬁ#ﬂlﬂ al %?fewp%g g{?quﬁ% Cgmpggﬂg%ryah%erq Ba??'?"@m'%nal silicon oxide
Sstiinsproedssbe mddecsuanei(sm deusnuned(meﬂ) glidhiccosilane SlC|2H2 and

Sﬂg@%{:ﬂ%ﬂ%{)@%? ]Zlq%g\r/]?\f' tl v aI ge TpN &?d(fppeﬂvéﬁé%n lg)%l‘s can comprlse
degdemsdnt inahe prddehe BYode gamom st piicsphineq P HG | [iiboeany (B5H5), arsine

r. nor recur sqr. . coopoungds. ane, or t gas
(Askian ety Ephasp bl B B T e PR S b P ehet-an cos
028K dﬁllg)ﬂsﬂdéﬁkﬁddtdw pofitsé bgas@ﬁ’e;n%r?qtmnﬁclodes utiliagtioNQbf. one or more

rin ositiqn, some of the
o HoaHEen AMGRLELER PG REBRES FrB aed Ao Hfged dopant
cempolied, reheavyed ato®m@$1yaro§§mltgfaEI ong coatgreientof afnyt dfethese.  For
m xture, n sone.jin vent,i onal net hods
PRPSR B BB RESTTt FHEM G Py iaP T e yErStsR s o oYy hycrogen gas
chorefexia T DT, DO, Fiel, whil edixtors tiadréeict the sputterl ng
d_mater|

d
BoghLT ol B Bl e sa e RaBlotl of HkCRrsRef iiariian o pomrise
- privRikVEhs yisersprec@sod molegﬂesq aumxym cdrariding gasoard! a deuterated
B SRR Bt Rl st By tea R Biies e, High densiy
p%pmﬂﬁ barg berhglaoa&mwntmn Iresimbglors bhambelg ﬂsfdr)cheld\lcal Vapoe depositing
i chl oro-sjila | n |
of Byehisds oVeb RuBiBisar Therdneestinn of /s el cemptse,ap overall
(l@?ﬁ dﬁmmﬁqrﬁmtei&mmp IWZIQ{JBOE?érfdenptl_l'm"emBerabé o®m:lep|o_|$|tlom’dmt would
sphi ne . [ . (B. H. ar,si ne
By R fbanfis sy geds BRFing e meitkoCe bt BEs boverpand the
rﬁe)claf %mﬂ%iteolltfété‘n«tﬂ'dmamgmcm% dtrt(aemeﬁmmng blané@mtzveontilized. The net
udes . utiliza 0 a de ra
oG R b PR yBReeh] b RB1cRs, s s Biao BafiBL RGN, prossures

t@ﬁpiérarurés ahd a:Itmi ghyaaster< o eoondthglya thearey rateatfodﬂp@sition can be
n _of For

o400 8E BiRyng Padelit' RRAsAPn i Al be dPESENrE bne or more.
pbyadﬁ@iglermglag tlor dépeaitipnhydr ogen gas can ref er to DH,

Whaar &, "ikediobe Poty e dS st A b Al Ry ¢t sputering
gae roripdeeilr pmmde@go @hamber mz)r(Eugpn )em;eebanaeodmbuh&ysm te overall
df%?ﬁ%/ ’5?02& : g;%%#o%? gl?e %Vi%cggog SUB eé{t eé‘@?ﬂé’&dghg yesence of a
dé@teﬁi!:‘rirgspdt’berm@-lla@bp}ﬂems detyrepd;eaﬁmdegmekxé ropd roepasitch rate variance

t . H i . .
 ahis e R R ErBEe I deBbafidt PLidn BA g @ retative 1o the

cd&p@nbl_ingnde@reéa;fenatel@énm thatoecws @itizioge fal éxamee,) H> under

eposition ra wi || be dependent upon the rate
BB RPaT Pl foul o
[0031] Figs. 4 and 5 illustrate the improved net deposition uniformity that can

occur when D, (Fig. 5) is substitute for H, (Fig. 4) during silicon dioxide deposition
utilizing HDP-CVD. The data presented in Figs. 4 and 5 were obtained for HDP-CVD in
a Novellus SPEED® reactor utilizing a 200mm wafer 90 (Fig. 3) having a planar surface
102 onto which silicon dioxide layer 104 was deposited. The measured etch-to-depth

ratio (E/D ratio) is indicated in each of Figs. 4 and 5 for center point 108 on wafer 90
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pHRELT inBéhtiod | calhi wtilizé @rcm oﬁ@@tr thetH Bfgdélﬂﬁt’ﬁlﬁﬂ%.!ﬁblsmlum within the
hrEsItln masubsta gunlf\c}%{&fJ a%gr t |CKPeSé

p s,tyg) qrnas goqrgxg ing h%]ep ateq AN SINHRIRR JPrecursor
corp@IHd. OBusHaRe®/HyafodeRToteiging RecirsdrasanUcunissl dng or more of
%{1 [or_. 1 er té\ ﬁkn&&s
SiRHz.x, SlgR Boys Ol H 2R2, Si04CRyH20.q, Wherein R is deuterium, tritium, or a
combination thereof, and wherein x=1-4, y=1-6, and g=1-20. The one or more heavy-
hydrogen comprising precursor can be utilized individually or in conjunction with
providing deuterated and/or tritiated sputtering gas within plasma 16 and/or one or more
deuterated and/or tritiated dopants as described above. |

[0035] As shown in Fig. 3, deposition of layer 104 onto planar surface 102 by
HDP-CVD in the presence of deuterium and/or tritium in the high density plasma can be
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uniformty by decreasing net deposition rate variance

across a surface by 18/ oor higher relative to
woamsmaigsonal non- heavy- hydrogen met hodol ogi esPCTAB3B|/030875

Referring again to Fig. 3, exenplary materials for
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fab@mmuh;{nﬁl@aﬁiveﬂﬁorﬁhPMessIngz:rr%thoas depgs! tion of |ayer
t - in resenc
BP9aEL: or RUNERGTE] B i Hincibet’ite IR Aohi) SRRz and
haang meﬁmgléndezrmﬂsttzzpamdwee; Iﬁayemovﬂrf)m Fig. Iﬁia\o_eeamg 120 can have
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i nvention can al

Met hodol . of the es

e BuRyo s PREERE M oy F&eRo 30 up spociic example
shom pl Elgaﬁ ther dspeet rativ ean destbie flaggh bﬂmde\galamag‘@delanve to the

Qver bsit.r s having o
<R B BRY oL 1%, o NG fiaicisiihag 1) Bl JBUS & p-planar base
shidagengaw haveorn nmnrrectahgmmmhapevmd/a &nbmmm‘tse stdavfadis ¢hat are not
[ Q n t her An exenpl ary

B R P e BB Rao T SBRE P oMM pr csent

oas@int i on Referring to Fig. 7, a layer of matenal 104 can be deposited over
substrate 100 and over surface 102 to fill opening 120. Alternatively, formation of gap-
fill 104 can be performed such that a net deposition of material 104 occurs within
opening 120 without substantial net deposition over surface 102 (not shown).
Deposition of material 104 can comprise HDP-CVD utilizing high density plasma having
a sputtering component comprising deuterium and/or tritium. In particular applications,
deuterium and/or tritium can be provided to the sputtering component of the high density



can be particularly advantageous is for purposes of
filling gaps. Providing deuteriumand or tritium

wduoisng1sbP- CVD can advant ageously fill depresBComs2004/030875
openi ngs and/ or gaps to provide a filled area having

d d
Pl APOYLR B Tt 14 2Eay Hasraf eBpvien RERLy: Rfth ga fiscussed
abbes. met hodol ogy of the invention can produce a
SO0, | Aol S B Al Pl T FEe g her e, Lhe LBl Mion o
|6 €04 autilizingl eing Céfatbb edeutdratedr @ aritidted $racur§@0®?¢po‘énds discussed
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f th hod
SFEIEIEH, SRR hR L chPBTADRAS 2% Che sy oo
pfecairgbry . aridefcanr aiBg b® danghindgl vethwapk@iding Nﬁvg-rhydrogen gas In
KT KT LTS T N, Y R
déalgrabéd d@’t‘&dﬁr} it tcrls daio@ﬁpeareaieu lrmc;\mcﬂeca ngalpeshnghcﬁm&&y plasma
and ca r a | n
ABPiewents Saeind GRIPEgTayE Bl iR 5 T el e o are as
duts¢rlb!ealaib?vaonvent| ogal prgcgsm ng et hods. [0038]
n .can escri be
BRERLce 13RnERndl R gt g et A ahef Bl Rmepygas for hign
déﬁs(:j@fmim?a;] Hefosition@f kl)aype nd4in g’b&@‘ﬂlc&pplldsa;mes sanpraidesmpR®ed gap-
an . are_subs
1 SonsiicsruE \Soaeaha a8 iREhRGRRS ¢ Kuftind oRic¥dRhy o the
peseot invedtichs opaning gzanaampérﬂéd tcatorﬂaudééwenewbldtwamdm' a decreased
Ia ilve to, the

hei ght of the.o n
oG g TS fre edab P B e Sy oligypas uncer
otherlvisg. sihstdritialladgentitalr dépasitioan chalitidne, Ivmmgitﬁe odrm “substantially
i rersk el S o Grenget A RS Callioinal rethodloay o
thirﬁ m“rvlah’aaﬂagarbalsaem fb@CBa_rtI@.ﬂaﬂ’th asafulafondrigh aspamgali@lgreater than
and/ or_.can_compr.i se wal
BRRCE 1 ar AP e PRl et Weehut 87) op S BBpicapions. Gans
r&hiﬂgm)specﬁmﬁw adReifrrasiabgut & 1Fiag. be?f;lled dsagrdtiallpfroid-free utlllzmg the
mat er 104 t'ed
o ool DgBBo RS Tl iy Babo A EbE B o e et for g
oioemngslhm/ntg‘ syapidron ifthsc arOpenings fhavimgdwilith ashabrraw a few
net osi t Nely of | ,.104 h [
BRI h ot P8 GHaraRbi P fupe depBlRlY fed'sl Witk AfERidHetnodolony
ol e (nnerhtldhh owviy) to HepodErstoody rafwenat, énatahe idéntiamalso contemplates
r e, HDP- Ll ' .
PR R S e DRSBTS BHE a1 AR AR oBehings.
[0042] um  Arthidri apgliaaticap ptilizegt metisadotbgyt efr thempeasehbinvention is
c{erﬁ%rtlblla%%l Peﬁ%r%pgepf §§d%bo Fﬁ E&riﬁ& % ‘3@ 's ng vgaquf?%ﬁﬂént%fo can be
ptovddemithavieg ahi apehingm 36 béﬂweé’n emmmbrﬁs asz aginsici&lsekr substrate 100.
bove. Q40 th I
e&pge}é kg@agrﬁget%l %sga &%pQ%a’(gltéeTpégps ?ﬁl clzt%rr%\égﬁérlngﬂts 132 and
1Bhean®eub’emmited tor ariyr iptitiatilad spnehuterl sfeatuce rgnducals be, for example,
d ab At L . .
COH@HJ#IV% 0es- ygfégbeﬁ%[)g&c%ﬁi‘fﬁjé r\iﬁ? ﬁ%ﬁ%@sﬁd l:ér%/gﬁlnonal processing
methods. Openings 130 can comprise a bottom surface 140 and sidewalls 136, 138,
and can comprise an aspect ratio having values as indicated above with reference to
opening 120 (Fig. 6).
[0043] As shown in Fig. 9, a layer of material 104 can be deposited over
substrate 100 to substantially fill opening 130. As will be recognized by those of
ordinary skill in the art, in particular applications layer 104 can be formed to have a
8



precursors and can al so be conbined wth providing

heavy- hydrogen gas. n applications where |ayer 104
woanprissas a doped material such as a doped oxPd®US2004/030875

deuterated and/or tritiated dopant can be provided in

R et wa e asiieD B8 IV poPRRTRRY Shithh e Mt ine water

deegcHDbaTvBbititzing GAHddo\dgy! df 2iad p:m;enf ineavgioar maarial 104 can be
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marmbf gadtemns arﬂfbrnrmdethmrgbvmwﬁpfasma guroyge€VDesDeuterium

| ative to conve onal chnol ogj. es.
an /of li”?ﬁ"ﬁd:aﬁé)telﬂfaﬂig%% tRjp “?%B‘gb (‘J&Qél&* ?Wghﬂlz&r}ﬁ any of the heavy-
hﬁd?@gbmgreba&oﬁaalhebﬁl -hydrdgsh Hepames)theany tiiemicvyddgen compounds,
and/ or reas ea of voids relative to nethods
OLMPYres '%ﬂildﬁs‘ﬁ@ﬁ d8tY%r at ed conpounds under
[00 r'w SeV\HiéB@faﬁNb\Ve‘Nbé )SF'PEEDﬁ It;m Cvapﬁbtoirgm utilized in performing
th the term"substant ent i

ROl R 1 Disocll IvERaN PEPERCEE GPBR EDbuiiBhs can indlude

pﬁmeﬁrfgohlato'ﬁhe hyafoges eina@y retvy- hgadrbgmelfmhmmhemof at from about 100

refore be art C IarI ful for h ect
slogiah 810 FRUABSE Per Uy Codmy 1) P BsBRE Sl | i Drygen-
cérﬁbﬁs’hﬁ@boMbaﬁbmbOmbrlénébgmlén Ol cappkipratidehwithiGaps reactor at

t t
R BBt A0S Bt 008 oM ke Pl or e
. hy@bied shiegiutedSldttirsONEnpountib eambe baﬂﬂﬂe@ggt actatal bigfrom about 100

gartl C@ﬂaﬁrl usef N %@gig#agg%oga‘%%h’&% eg%l\frlﬁg rno\l?ve from about
466°¢ maa_mma&we a:arprému@ beiadnh wbbuyt 2 iToretb alwouh&0 mTorr.
RIS 1 on!®'e > 5 Bkt o I EUIE S8R odips firain of ar

altérvigiid intudivs eeaeti] @’ﬂﬁbmt i@actot,idriazdapgcitiveeredie®e.r Ukilightion of such

tho oIo to fill ons .and | m1as

BB bR a5t 227 ARBHRECA o e gmaee eprope 814 Barameters
bH@édWQ@Oh apy infivithe prmesemnd theespédiic icempesids btldedi during the
reference to Figs. 8-9. Referring to Fig. 8, a wafer
depoRifht 90 can be provided having an opening 130
bet ween el enments 132 and 134 over substrate 100.
Qpeni ng 130 can be descri bed as a gap-feature or gap
structure. Elenents 132 and 134 are not limted to any
particul ar structural feature and can be, for exanpl e,
conductive |lines. Elements 132 and 134 can be forned
usi ng conventional processing nethods. Openi ngs 130
can conprise a bottom surface 140 and sidewalls 136,
138, and can conprise an aspect ratio having val ues as
i ndi cated above with reference to opening 120 (Fig.
6). [0043] As shown in Fig. 9, a layer of material 104
can be deposited over substrate 100 to substantially
fill opening 130. As will be recognized by those of
ordinary skill in the art, in particular applications
| ayer 104 can be fornmed to have a



8substantially planar surface 106 by appropriately
adj usting bias power across the wafer during HDP-CVD
wdoodsioaisgag net hodol ogy of the present inventi ORCT/US2004/030875
mat eri al 104 can be deposited to essentially fill gap
Ciéﬁﬂéo be substantially void-free by providing one or
of deuteriumand/or tritiumin the high density

pl asmaeGhuehtigh ExhedDeut eri um and/ or tritium can be
provided within the high density plasma utilizing any

Goparts. - Lol DL RO R G N U cogprsing

m xt Iu:r es qsai;ryéﬁEcemj a Gaissiratdwihiadigh déridig4)] alsWae,@aomm chamber:
Novel | us | ze

por for m g METERPOY RS COTPONE PR horHFRRY IR sotope
salpitept irad &redeaasahtdhambegndl tions can include

provi di ng di at dr ogen and/ or . heav drogen = -
Porms.  naseberads & AEdsdaht pigS e Hiniar e Yeaien ohmber; and
centi net ercheial Vapoutiepdsiibgr layer dvbptie sng/@@até etaarragén

. e ris nt co ri.sing and/or can be
GKETAEg g A PoenELE ¢ SHEREEE 200 seem to
about 20 seem One or nDre precursor compounds or

heavp: , hdmogeod siudsin 1 whedinphe heagehydroggroissidse sadeuterium.
be provided at a total of from about 100 seemto about

10 sgem :
fromiabout o0 eor e Gt PTG chg R LRSI Soctec
frabrotbe gPouplannsisting afiDiHS0Sildtsr,. PlpZ(&QA},S‘.}lCtZDI-s Si@heSiOsCaDqHzo.
a i_n i 0 onpasses utilization
“ﬁ‘tgg?%gt%‘%q%n&ui?’%d (fe:ﬂf an ECR reactor,

or a capacitive reactor. Uilizati on of such

al t ednat i Vbemeaicedeislaian whenpin tbe layer comprigesanafxide material.
alternative conditions and paraneters based upon the

i ndi gi duak f t GhEi I, i

dur o1 na e aan o i BRRTE NG o RRRLRE RO forifted and
etChAdﬁﬂtlm@)we@fepﬁélblﬁﬁsrtr ng a | ayer over a substrate
conprising: providing a substrate within a high

densigty PhagHRethGAGEJIAM CHRGRRY the REAYSifH] SHotcds@ARIbstantially
one conpound havi ng a heavy-hydrogen 1 sotope

plgBEsyrfagent into the reaction chanber; generating a

hi gh density plasma within the reaction chanber; and

chentzcal we%etﬁ&p@r%rémnnrgwﬂeﬂem&ﬁé 2PIBEL driRoohifiREha & @mprised
the | ayer incorpaorating at |east a portion of the at

by g48irtuspdhe By gidrthes comﬁrc_!s'ﬁ@@hk@aswecqf &2rang Qeher ei n
t he heavy-hydrogen i sotope is deuterium 3. The nethod

of clgaim l\membalonﬁrturyeaghp temptisiggte conpound i s
selectedfromtheg consrstrgg of SDH .* S DH

y, PD H . P&Viingjpstilgtigie gpmpriging rdgp siructure; and ’

depositing a material over the substrate utilizing at least one precursor

O

having at least one heavy-hydrogen isotope substituent; the material having less voids
after the depositing than it would utilizing 'H in place of the heavy-hydrogen.

9. The method of claim 8 wherein the gap structure comprises a trench
within the substrate.

10. The method of claim 8 wherein the gap structure comprises a gap

between adjacent elements.
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, DH, D, where x=1-4, y=1-6, z=1-3 and q=1-20. 4. The

nmet hod of claim 1l wherein the |ayer conprises an oxide
wort@rosed41 5. The nethod of claim 1l wherein thecrager4/030875

i s sinmultaneously deposited and et ched during the

depo |t|n

Gepoditt i ngngraeiodeeidtpubert Brie st §aivs sep syuoture

ambl evhiesedi dob mfostrhtalfmttﬂerwhmpases 4 besoatl gapastictaree the first gap

SFrPREhg fRRa i B8 Borli g ifura hAife? i Benesn riggens.
aodl whietdin g depgaiting ﬂtmhatsrmlg;ubphaowéllgiiﬂngtt@ iganoh tahe tiee gap

C rising . a gap structure; and depositing a nmateri al
bS%ntai %nJBstrate utilizing at | east one precursor

havi ng at | east one heavy- hydrogen i sotope
substi2t uerithe md;tlaocumt mme& whar‘elmtge laé Basvaiedaealrta@ris tblected

REE0 Sk b eshaRing bt SR e Phiteos PR B i PG RID-CoRebe

gﬂhiereerJ tstdaueermon'mttlusreor a combimatiomtHeheai, drivewisarbistx=atde y=1-6,
» ;[?E dme of claim8 wherein the gap structure

-6 sue ‘gap between adjacent elenents. 10. The

nmet hod of claim8 wherein the gap structure is a first

gap 98r uctrumeth@df woelueihgl atfifled srdasif Iaaetuestfratetohmprising

s Al u@{e&?ssd%)oseﬁlgﬂ Qﬂ r enc tJf légh%ﬁﬁal Ot\lgle’[ s'ﬁﬁgtraqgﬂw th preesence of

ure ed'second ruc
algsisrgmprigiag ajmawe@hdregermemmaoumd wher ei n the
depositing the material substantially fills the trench

and yhe gﬁmepﬁet & Bt GLiRT PN Rerein th@ﬁa%&ﬂ dfa Ghah s

wherein the at ﬁgas one precursor °I's se ect ed&JFrom
cvmog@rd@pdmttemmm@armoremtm hegvy-BydiRgen compeund being

& , Wherein Ris deuterium
Ctrﬁllsumytglﬁ% nrﬁ nat on thereof and wherei n x=1-4,

y=1-6, Z= - and g=1-20. . A net hod of produci ng a
fi | | 8- ar daegnethod ghdaimatewberaipring hagvyshydwgearepipound is a first

%\@9 eré’éh dth8 hérﬂﬂwh’éreﬁ’\ tH@bPercb%lor E’é/rﬁ{)orj}eih@compnses a second

strate I n the presence of a gas conpri si ng a
hrewwiydiggroesmPeBipound. . The ‘method of clai mwherein
the gas conprises a precursor conponent and a

SpIt {@r i NeHeGRRAGE B olaif S RS- thY 958 G%pwgursor
bei ng conprised by the sputtering conponent.
component and a sputtering component, the heavy-hydrogen compound being

comprised by the precursor component.

17. The method of claim 13 wherein the gas comprises at least one of Dy,
HD, DT, To and TH.

18. The method of claim 17 wherein the gas further comprises Ha.

19. The method of claim 13 where the filled area comprises at least one

feature selected from the group consisting of a trench and a space between elements.

20. The method of claim 19 wherein one or more of the at least one feature
has an aspect ratio of greater than about 1:1.
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15. The nethod of clai mwherein the heavy-hydrogen

conpound is a first heavy-hydrogen conpound, and
wohers@3s4 he precursor conponent conprises a SeCcoms2004/030875

heavy- hydrogen conmpound. . The nethod of clai mwherein

Sput 07 i ngl EREERA At AT RSrol iR bR o diege it one feature

haeiangispedtpaticeidréytet then pbega: sor conponent. 7. The
nmet hod of cl ai m wherein the gas conprises at |east one
of D DT, T an net hod of cl.ai mwherei

The @Bs 1 urenaphedResitLie wiSRin Sietind of it AR e Foature
hakhenaspbe ratid dfepleatechacabputixszes at | east one feature

sel ect ed fromthe group consisting of a trench and a

spac bet The nethod o

hes & T RIS ST g, FRn i I fiator Hiehdbass an ppature
Fas;aecaspeatratm @’fgrgaiteaﬂhen abbatrd:about 1:1. 112 . The

met hod of cl ai m wherei n one or nore of the at | east

one ff%at urg A h8d of SR 1o Wbt §le Hfdel trlel A e ?8@1‘%Eeature

The e aim ereln € of nmore o
ras alneaasectcnartm tfemeatecthhasbaut Satpect rati o of greater
than about 3:1 23. The nethod of clai mwherein one or

mor & A NhedhethSASH AfP1d BALAIELNAS AedR BRI bl feature

of greater than
haR @i allrssdhamaaut 3@ nithe at | east one feature has an
aspect ratio of greater than about 5:1. 25. The net hod

of clygi m wher ?He‘ihd?)ﬂ%f QiaiffOh 8 ﬁer%’ﬁed@%oéit?nﬁs 8&R$hoever a rugged

feature has a wd esst an abou
PRAIRRNYoRNEPRAHFSER RE @en sipos relatlys to Sreunggenwpography.
rugged topography, and produces a nore even surface

rel atizve tipetignb& 3¢ edink ABUHABANRe ?r?ater-ﬁh% @éd’t‘é@fr@% the group
claim 13 wherein the material is selected fromt

cgPYEEc 6h SPETRIpSBrorBieT slePp cdisrbr eride, dﬂwmesqicme@oﬁmcon oxide,
pﬁééﬂﬁwodé dpet '%ﬁlcgr‘i’ BRde %dré&@&bé&xéll%n &ﬂ@smﬁ%eg @m@&% oxide.

I'i con oxi de, boron doped i con oxide, and und ope
S|I|con oxi de. 28. A net hod of controlllgg an overa
depogfti ot MEthedd PomEpllinggtr Qreradl dapoplien e ewén ugh dens'ty

pmamr@an@eﬁ wap)&rueg@gmwn Sdristi ggwbokumg Rlcakesisd cd?ﬁ]&bund
ound nmpri sing eav - ngen ISOtO e urln

CPWQ %ragaéwe@wjhydrpw @9*@Pa|dw'%w@ PPEiHo®: él@%owalhaeposmon rate

beRlgi dRBAedYy a ratrt dfQlepbsiftiPREd bl PMatedbfreftiivé tdBERfUiBheous rate of
etc%l a}tlve to a simultaneous rate of |

the material.
29. The method of claim 28 wherein the at least one compound is provided in

a sputtering gas.

30. The method of claim 29 wherein the at least one compound is selected
from the group consisting of diatomic hydrogen having at least one atom selected from |
DandT.

31. The method of claim 29 wherein the deposition occurs across a surface
of a wafer and wherein the overall deposition rate at a central point of the surface of the
wafer is substantially equivalent to an overall deposition rate at a point at an edge of the

surface of the wafer.
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etch of the material. 29. The nethod of claim2

wherein the at | east one conpound is provided in a
wepuistars4ng gas. 30. The nethod of clai m 29 wheCegius2a0he30875

at | east one compound is sel ected fromthe group

con3| t|n dro en havin | east one
at omSel e %b%cir?%]" ein t ?fgt' a%%osbtfo NJRiS ghibycentral
poine I‘s%utostfah’ﬁallgi%tqoﬁ'alehﬂm W@l caéyoei%n ats thidt accuro kit Substantially

BRI A0 i BPMERR D o outt B B Byt s ode 3 the surtace

ostHestv#eti al | y equivalent to an overall deposition rate

at a point at an edge of the surface of the wafer.

1232._.Th f

dopodit i ol e svahe ot fr At dherPnhe Hepoer bl iorags g surtece

of ¢ waie epdtwHerein theoo\esrall depdetios irdte @b anyppeint dvadssahe 8uSace of the
et wee

bst t
oot P e Bl BErR Vel Bt B Sl i across
tlod surfzeewhfherwafd3. The met hod of claim 29 wherein the
deposition occurs across a surface of a wafer and

wherej.n t on. r at .an
er ogd"t ndPeiThRLOUFRRRE W Pl SeBhufilichps deposton of
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tlfree ho(arprg{ar'e (:g]agl Pﬁm'% H% ¥e, maFe{)lsLt f?%t‘\%g ztggmg a substantial
atbegusidfivoids.of an insul ati ve material over a substrate
havi ng one or nore gaps, the deposition filling the

one ok MG AR L D17 LASHIARL YEo R AL bliod ik AT
filled gaps having a su Séence 0
dehreaned tetaliveto a banrmpbnmememlltdeeoslm raltd thahoeeuos utilizing the 'H

f&ﬁP&%b% bggaét%n?%ghﬁgﬁr%j uh er%tthe\h%lsg?deﬁt”g@{a;eﬁégﬁﬁté&%glro%s.

overa rate-t occur

of the at Ieast one conpound under otherw se identical
deposibt i orh eihati of tilieg high aspeciwatioghpsfin fiskmigegdhgighsubstrate,
BiRASHgr atio gaps in a seniconductor substrate,

gﬁ‘p ing: providing the substrate within a reaction
chanmber; proAding e sabgtsaje mithinug wactiorpehasies at | east

one heavy 1
Feact’ on’ ERUPEBac LB CATRANAL: dhe Moty tDlropen
cantahmgrccnimpqmad@ﬂthmlth@veaotloheh@nh@t arat e by sinultaneous

deposi ti 0? %‘ﬂg%ﬁte % Qﬁtxtl.Egtd @Yrﬁr eyt hid¥Hal Sler the substrate by

mat eri al
simultaneous depOSItlon and etch o the Iayer the layer of material filling the high aspect

ratio gaps, the material within the gaps being essentially void-free.

37.  The method of claim 36 wherein the reaction chamber is a high density

plasma chemical vapor deposition chamber.

38. The method of claim 36 wherein the at least one heavy-hydrogen
containing compound is selected from the group consisting of SiRHs.x, SizRyHe.y, PRHa.
2, SICI,RH, SiCl:R,, Si04CsRqHz0-4, HR, and Ry, wherein R is deuterium, tritium, or a
combination thereof, and wherein x=1-4, y=1-6, z=1-3 and g=1-20.
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rati o gaps, the material within the gaps being
essentially void-free. 37. The nethod of claim 36

wohers@sms4 he reaction chanber is a high densitycpiuasiwa030875
chem cal vapor deposition chanber. 38. The net hod of

cl ai m 36 erei he at | east on eavy- hydrogen . .
cont ?Pni ngﬂggﬁlﬁgﬁ’hamﬁv '@eﬁ'@ﬁ}p&}’e‘ér §|ﬁ%n éa?%H%?ormny comprising
depasiiriid mateditil GidRaHurface fith®pHdsence Gfatltast ondSHas sdfbtted from

SICl R, HR an ei i,S deuteriu tritjium

151 TG GG D o T Rt 2 S Matl Gt Spourhg G buerail-
d;Edsit&na’gtb distihe@ By aka3BOof d&epﬁgfgim of 1Bk nitenAdl Gélagead a simultaneous
[ [ oV eposi tion rate uniformty conpri si .

"l 5 SR oh edT g2 MEIoVB Al OeRos T R R G R EegiPeSkipiance
abifosathd fakte Whzhdameasliabk edpiovedtdiig cab audrespsididd duyree of
of D, HD, DT, T and TH, th‘F .deposi ti ngg occurribn at . )
VaiAnGY e ooUrs SyERg fRasion liziad FiadndesPtaeTiise sybgintally identioal
coegitsist i on of the material relative to a sinultaneous

rate of etch of the material, the overall deposition

i oDy naa Rl 55l A0uhERE o 6Nl HeE 8 R densiy

penmactgposidbmg degree of variance that occurs during
deposition utilizing H under otherw se substantially
i denti, cal L.f10ons, .4 The . dof claim39.. .

wher 4t A0S e Bai s Bah e s of e i the =
lehsporss gason imgroved hdeastaboudt 1% cdiativen i8 Themrerespondihgdegree of

AT AR bbLALRE, L, 2 oot one 025 T

correspondi ng degree of variance that results

ut i | #2i ng Thasseterkboft¢laim43s widreinrtee Hepbsitingaloaipnis8®high-density
oYL, R0k ELDRCSAPIRG AFR IS VoS B
aboats p¥wer of | ess than about 5 kW 43. The net hod of
claim39 wherein the surface is conprised by a 200 nm

di a er L | aim: i

SurTee SR e TR S ot 4 0 e
iameter wafer.

44.  The method of claim 39 wherein the surface comprised by a 300 mm

diameter wafer.
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