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[0003] One method that has been utilized to address the need for precision gap-

fill is high density plasma chemical vapor deposition (HDP-CVD). Further improvements
over other conventional methods have been conferred by replacing sputtering gases:
such as argon conventionally utilized in HDP-CVD systems, with an alternative

* sputtering gas such as H,. The replacement with H; has allowed reduced occurrence of
voids in gap-fill applications under certain deposition conditions.

[0004] It is desirable to develop improved gap-fill techniques and methods for
providing improved deposition rate uniformity.

SUMMARY OF THE INVENTION

[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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chem cal vapor deposited over the substrate. [0006] In one aspect the

i nvention enconpasses a nethod of filling gaps in a sem conductor
substrate. A substrate is provided within a reaction chanber and a gas

m xture is provided within the reaction chanber. The gas m xture contains at
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[0009] Fig. |s a diagrammati c cross-sectional view of a reactor that can
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[0011] Fig. 3 is a view of the Fig. 2 substrate wafer shown at a processing step

subsequent to that of Fig. 2.

[0012] Fig. 4 is a graphical representation of an. etch/deposition uniformity
indicating measured etch/deposition ratios as a function of bias power for processes
utilizing He.

[0013] Fig. 5 is a graphical illustration of etch/deposition uniformity indicating

measured etch/deposition ratios as a function of bias power in processes utilizing D,
according to one aspect of the present invention.

[0014] Fig. 6 is a diagrammatic cross-sectional view of a substrate wafer
fragment at a preliminary step of an embodied method of the present invention.

[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.



fragnent at a prelimnary step of an enbodi ed nethod of the present

I nvention. [0015] Fig. 7 is a viewof the Fig. 6 wafer fragnent shown at a
processi ng step subsequent to that of Fig. 6. [0016] Fig. 8 is a

di agrammati c cross-sectional view of a substrate wafer fragnent at a
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I nvention. [0017] Fig. 9 is a view of the Fig. 8 wafer fragnent shown at a
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[0020] Methodology of the present invention is described with reference to Figs.
1-9. Referring first to Fig. 1, a reactor 10 is illustrated which can be utilized for
performing methods of the present invention. Reactor 10 can be, for example, a
chemical vapor deposition reactor such as a HDP-CVD reactor. As depicted in Fig. 1,
reactor 10 has a reaction chamber 12 and can comprise a dome 13 having one or more
radio frequency (RF) coils 14. Reactor 10 can comprise one or more inlets 18 and can
comprise one or more outlets 20. Infets 18 can be, for example, gas injectors.

[0021] Reactor 10 can comprise a substrate platform 22 for holding or retaining
a substrate 90. Where reactor 10 is a HDP reactor, substrate platiorm 22 can be an
electrostatic chuck (ESC). For performing methodology of the present invention, reactor
10 can typically be an inductively coupled reactor although the invention contemplates
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 présent 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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radio frequency (RF) coils 14. Reactor 10 can conprise one or nore inlets 18
and can conprise one or nore outlets 20. Inlets 18 can be, for exanple, gas
i njectors. [0021] Reactor 10 can conprise a substrate platform 22 for

hol ding or retaining a substrate 90. Wuere reactor 10 is a HDP reactor,
substrat e pwet2bevos1882 can be an el ectrostatic chuck (ESQr/us2004/0p@n$ or m ng
nmet hodol ogy of the present invention, reactor 10 can typically be an

i nductively reactor although the .jnvention, conte I,|zat|on
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[0025] Referring to Fig. 3, a layer of material 104 can be deposited over surface

102 utilizing, for example, HDP-CVD in the presence of one or more heavy-hydrogen
comprising compounds. Layer 104 can be formed, for example, within a high density
plasma reaction chamber such as that shown in Fig. 1. The at least one compound
comprising a heavy-hydrogen isotope substituent can be provided into reaction chamber

12 through one or more inlets 18. Layer 104, (Fig. 3) can comprise, for example, an
insulative material such as silicon oxide, and in particular aspects can be silicon dioxide
or doped silicon dioxide.

[0026] Conventional methods of forming oxide layer 14 utilizing HDP-CVD
typically involve deposition utilizing a gas mixture which can comprise one or more
precursor compounds, one or more inert gas such as, for example, argon (Ar) and in
some instances an oxidant gas comprising one or more of O,, Oz 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, Hy or He which can affect the sputtering of the deposited material.



to any supporting structure, including but not limted to, the sem conductor
substrates described above. Substrate 100 can conprise a surface 102 which
can be planar as shown in Fig. 2 or which can alternatively conprise one or
nore topographical features. [0025] Referring to Fig. 3, a |layer of

mat eri al 10wocass/bms4tdeposi ted over surface 102 utili zi mgdRicsessm! e,
HDP-CVD in the presence of one or nore heavy- hydrogen conpri sing compounds.
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m xtures t hergt%ocgf'simultaneous etch that occurs at the particular bias power utilized. The net
deposition rate can be influenced by factors such as bias power, flow rates, pressures,
temperatures and other parameters. Accordingly, the net rate of deposition can be
changed or adjusting during the deposition of layer 104 by varying one or more -
parameters during the deposition.

[0030] It can be advantageous to replace some or all of H, or other sputtering
gas component provided to chamber 12 (Fig. 1) to enhance uniformity in the overall
deposition rate across the surface of substrate 90. In other words, the presence of a
deuterium sputtering agent can decrease the degree of net deposition rate variance
across surface 102 during HDP-CVD deposition of layer 104 (Fig. 3) relative to the

‘ corresponding degree of rate variance that occurs utilizing, for example, Hy, under
otherwise identical conditions.

[0031] Figs. 4 and 5 iliustrate 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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[0029] In particular aspects, nethodol ogy of the present invention can
conprise providing one or nore precursor nol ecules, an oxygen-conpri sing
gas and a deuterated and/or tritiated formof hydrogen gas into reaction
chanber 12 (Fig. 1). High density plasm 16 can be generated within

reacti on clheobmsosigsif or chem cal vapor depositing of | agemskddosoyasr
substrate 90. The deposition of [ayer 104 can conprise an overall (net)
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fo the *cor ReBagRAItRY WS IE arerCal BREZ AR e ocudipduan potltr or
exanpl e, H2sputicdng catpomeni san aldmnﬂemsedaamrtceommet @émism])n Fatgsacrossdinel 5
illustrate | n D2
(Fi o, 5 bl BERECHERCES! WARPES k)R ahieP sPldafink Bamabikhes ARGHAL BT
utilizi ng Hems@uLRIyTheEfodat laygr Mnesgdfor ralIprgets alcremdtffe W@ner olafesi néble f or
HDP-CVD in d@schpé’oe,nyéﬁioﬁpc%g%n)er u’ﬁ%)@é’c!] dHﬁc}s‘tl'oﬁ' oﬁnll% éﬁ&?ﬂa 2l ‘?rtle)gg‘uegg ig. 3)

havi ng a p| anar surrace onto I con IOXI
deposi t ed. Utitormisekydestpasingtnet deppsiiemrate variapcq &¥rosy @wr&ﬁceuby 18Hcercighed i n

each of Fi ggyaiiffe G noediBh lCrF'oHIh%é ldttqeh Gfbtsidiolaleer 90 5 WO 2005/ 031841
PCT/ US2004/ 03a08%5 Pe a) V’p@} rgleng of \(X/am@er 90 represented by point

110, a firstl0833g | od?g @'ana’ag@lnéq Fig ¥ sxerpplaryiipaiaiiale i éayep HReamepgprise
repr esent edsiidonPlidd, shiden dﬁg&@eapﬁ&@;ﬁ&eug H&ﬂsd' Ql%hedi'oﬁde FEENbofinsdopbge from

center point. 108 represented as poin npari son of Figs. 4 and

5 indi cat esSiicoReXsa BEEY qorﬁ&rméehor%tswpa%%% @%ﬁﬁm.amxmetdyp%w&h f’d when
D2 is utiligefndtive mbpm sth bE FWsi @8 o EdmKiVABond eigiddfi AR edfbodifnedisl gtahd ayer .

As shown | nm'\icler%lon wheerlg (ljayer 182tlsh aHgopeQ ox[c)iQe Igy(/)enrt Lclegvliltheyd'go%eg B or T) can be
contributed to plasma 16 shown in Fig. 1 by providing: one or more deuterated or
tritiated dopants such as PHg,Ry, BoHsyRy, AsHsq, CsHg,R;03P;, and CiHe..R,04B5;
where R is T, D, or a combination thereof; and where x=1-3, y=1-6, z=1-9, and q=1-4..

In particular applications, one or more deuterated and/or tritiated dopant compounds
can be provided in conjunction with one or more of the diatomic heavy-hydrogen gases
discussed above.

[0034] HDP-CVD deposition of layer 104 according to methodologies of the
present invention can utilize providing one or both of deuterium and tritium within the
high density plasma by providing one or more deuterated and/or tritiated precursor
compound. Such heavy-hydrogen comprising precursor can comprise one or more of
SiRHa.x Si2RyHs.y, SiCl.RH, SiClaRz, Si04CeRqH20.q, Wherein R is deuterium, tritium, or a
combination thereof, and wherein x=1-4, y=1-6, and q=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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deposition portion of the EED ratio at |ow bias power resulting in enhanced
net deposition and accounting for the negative E/D ratios. However D2

i nproves the overall etch/deposition uniformty even at these | ow bias
powers. Utilization of deuterium sputtering conponent can all ow decreased
vari ance i rwoebos@esosi tion rate across the entire pl anacrasedaomstst waf er
90 relative to other sputtering conponents resulting in a substantially

f I k ' o T
doscri bed | OB B eaRe Bl elos RohBbay SHDITRlY BrRar P eh (5 amiikomel ayer
t hi ckness mnmrbmdedepsruerc r@amnﬁgmtaﬁdm@dsbyt therpresenee \cd rhieavicleydageass a
¢ b ) ) :
e 2y, 18R S Sl ol aly o d G EREHERHAGh  ERNADNTEO0 "
| ayer 104 catilizedripfirgeng aildyiec overox noreplasar] sufece, cbveuacberfaq:mb@mg)a ouggedoped

silicon di 0% - do G 0]
phosphorous){cfgg a&ﬁg%vg %?E%%&% Réfy &?xrb'gg{adé)é%'%gﬁ?ﬁ )oRerHr?#tgrrtrre Qr“\?% dopant
such as F, Awergubstratestiavingt <i>n§angr trioee ebmentsnomntmautmmes safaceher vatipusnt i on

where | ayer ngglnk%rgtﬁé}g&d oxi de | ayer, heavy hydrogen (D or T) can be
contributed to asma shown in Fig. 1 by providing one or nore deuterated

or tritiate®03@pant sABg¥eMpIsryRIRBlicaion wiszrpiReRethodelegy. ¢f thegymeent RvelieB, and
C31-19,1°1, Q§A%€ partrmﬁah? anérﬁa&eouP?]s RF parpeeé@bfnmrrrgogshashersre%mgqraqtem‘ﬁr e

x=1- 3, y—l- ticular applTcations ne Oor nore
deut er at ed @ﬁél%ﬁ”ttum tiwatgeHDBd?o\éPucare@ﬁwEﬁwguslscal deerem'@nﬁ Qeenings w¥runct i on

with one or éggé ® psra‘av.&ér&frred%@@hévﬂgeewrmréh%m 1389618 aréH tﬁﬁh‘ﬁléﬁlé oBhpYe.
[ 0034] HDP- deposi tion of 104 accordi ng to net hodol oglll es of the

present i nve‘bf?'ioe?f‘ wgre wttifizgdz i B%B“?/loﬁlt% heaw- 'EYrerQ(?f‘h dhe degthedaiagh entret riti um

wi thin the jRegtibrdgamsprbdude! @ga@mbrhaprscéesehnam/ WEHres, IRETe tiftetehR Maieflestnd/ or
tritiated precursor uch heavy en coné:)aé}]sr Ng precursor can

conpri se ond®§e t%rﬂgecﬁereag%ﬁpm@sgn agF G %d%ect eYIRAreaNe PRy

Si SﬁlgﬁRgH_Zo [po3vher ei An BxempEBLAsDlicatioh of fHetrhthfbddkBgyaof tﬁ@ﬁiyséﬁt’[rh@ﬁtr@msr eof ,

an erelrn one nore._nea

oo 1ol g ettt e BT bt RS BB St ah R PO T

provi di ng deotcerptisidg suitktate natetialatogchasipg tat gpi argopgaing W20 ivereiplis progidad. and/ or

one or nore deute ted and/or.tritiated,dopant r ahqve.. [ 0035
R shown_!  GuiegMoST G BY SeSiogh'ds SLAEIREN & s RERALE AR BRHE 107, 00!
HDP- CVD i n texemplegaeiisptatioh region suchuas artbholn isofation uegiom Cpening gl20d>anshet y

plasma can Be .8 Wil dtbRa bbb mdihdad308 75

[0038] Opening 120 can be described as having a bottom surface 126 and
having opening sidewalls 122 and 124. As shown in Fig. 6, opening 120 can have
sidewalls 122 and 124 that are substantially perpendicular to planar bottom surface 126.
Opening 120 can further be described as having an aspect ratio defined by the height of
the opening relative to the width of the opening or, in the case of the specific example
shown in Fig. 6, the aspect ratio can be the length of sidewall 122, 124 relative to the
length of base surface 126. Alternatively, opening 120 can have a non-planar base
surface, can have a non-rectangular shape, and/or can comprise sidewalls that are not
substantially perpendicular to the base surface (not shown).

[0039] Referring to Fig. 7, a layer of material 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



utilized to produce |ayer 104 to have a substantially planar surface 106 due
to the inproved net deposition rate uniformty afforded by the presence of
heavy- hydrogen relative to hydrogen. Methodol ogy of the present invention
can al so be advantageously wutilized in formng a |ayer over a non-planar
surface, ovwoD:28059atsence havi ng a rugged topography, overcTsusasdsnadses havi ng
one or nore depressions, openings or trenches, over substrates having one

[0036] An oXERbea, SRYBrBe o and e FHE cofbiéfil 85 TrthR el *'

invention @h@aAvebe particul arly advantageous is for purposes of filling gaps.

Provi di ng de um rLtl ant ly: fill
depr essi ons, wggg% ng smaéﬁ](?? BIob'egadqu% ga‘ﬂééeﬂgjrgéﬁ g,ﬁ;@ aéécgrﬂéa hg)\%ﬁ %Hﬁf ééfwe
voi ds and/ oHaMeé§§4mlltlngaﬁBh0i mdwi@ra@dwduvated preeytsob gempounde d!ﬁouSs.ezied in

pl ace of theabB\?é‘VySJMd;tS gl.‘lﬁ'?orsT% H{Rﬂ%ﬁ\/\ﬁ&l%dﬁ?&l t*&gn e K& h&? wittMotRgoduce a

gap-fill that 1s essen y void-free ere term "vol refers
to a filled Papaussofhias Rels algp &9seorokinest wibt emv&mge he@\rydwysﬂmanm@erm .

[0037] An exgpilafbns REYe! 1GRALT @2 &fmﬂnQ@s g‘-’cfoB@&’%é?&}él Qlictt BE apﬂgﬁﬁrﬁmdeméent i on

Is described with reference to Fig . Referring 6, a wafer

or waf er. fr Slghierated gmd@snisitiate n‘éOP@Obﬁ’P atieb Pfﬁi’dci?ﬂl 0 tﬁ%@"%@?#‘g"h“@%{ﬂa or

openi ng 120 Adbﬂ;rp%@ tritiafeti ONh G ddeuté Rl atq)aila%ofo@aerrhﬁ.oﬂeércrayaedoasar@ as
gap-feature or 8§gpstructure and can be, for exanple, an isolation region

such as a tr@ﬁ‘?fﬁ’e ¥&ion region. Opening 120 can be formed utilizing
convent i onal [qoa@ressi Ng&IiZHBbAeFsne &m&@]de@é%iémgndll&hrlﬁééd BEmBRmas kdverghas

hown’i . B Gengly RS Srposten Snval 0L Pl e et R B PR B
shown in F| !
fSUthL ant ibal gw nﬁ@:felﬁ%éb dde@tﬂ{]ealfo doav@ituamrga@m td@?hcﬂ&%é?cetll%&g metﬁwbwh g@@f ir0 Catnh

urther be described as havin at i i ne e e| e
openi ng rel eﬁr?ﬁ?é‘& {yention. QReNng ?3@8‘?1 ngar'n ?emer {RigS %‘Qg/gr 8fde? esdgem fic
i)églrrpllg4 shlcamta iof \Jtéid;t refative hte meme?:t utmazﬁng)oalanndledlédmdedngimpamhds|Lnlelmal I

: re 0 [.nal openi ng

120 can have c%ﬁ ?)Lfbgﬂagt'alg Hgkt%gﬁrdfg%zﬁnc é\ﬁ% ﬁq'r‘ﬂotﬁ!" t§ct a%g %ﬁ{'ayhape
and/ or can ddenicals eeanidguddntical twithin taleeances of probsdsactniral. | Thepmeiteddbgubfar t o

mter: o 104 eayoBRthaB S derebe Pl bl ob ok Shesdiret (¥Eler g, ¢

fill openi ngabmtB 1)Abt eem-atgh\espyqt rétior (gesaten thanfabgetps:1¥ g4 filllepplicationd eGarsy f or ned

o oot s 8BRS 100 R il 1 sp5R Sl Ao BT MEnd
present methodology. Additionally, the methodology can'be particularly useful for filling
openings having submicron widths. Openings having widths as narrow a few
nanometers can be effectively filled to be essentially free of voids utilizing methodology
of the invention. It is to be understood, however, that the invention also contemplates
utilizing the described methodology to fill depressions and low aspect ratio openings.
[0042] Another application utilizing methodology of the present invention is
described with reference to Figs. 8-9. Referring to Fig. 8, a wafer fragment 90 can be
provided having an opening 130 between elements 132 and 134 over substrate 100.
Opening 130 can be described as a gap-feature or gap structure. Elements 132 and
134 are not limited to any particular structural feature and can be, for example,
conductive lines. Elements 132 and 134 can be formed using conventional 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 substantiélly fill opening 130. As will be recognized by those of
ordinary skill in the ar, in particular applications layer 104 can be formed to have a
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Deposition of material 104 can conprise HDP-CVD utilizing high density

pl asma having a sputtering conponent conprising deuteriumand/or tritium
In particular applications, deuteriumand/or tritiumcan be provided to the
sputtering conponent of the high density 7 WO 2005/031841 PCT/ US2004/ 030875
pl asma by pwowpeioa+D2, T2, or any di atom ¢ conbi nati on mfrkd2eckisdrd D as

di scussed above. [0040] N@thodologles of the present i nvention al so
enconpass for ti.0 er lizing any.of the deuterat

Criotated prasuel denmssiiie thdyirrebtstadlbilends ke prAgAEhRRE uhfee
utilized i ndumgdtllaPJCWD c Htilizivg reetbdotegy ofitihépeséretrinvepties undena 16hdacba al so

be conbi ned O] ayv drogen S.. tln . tLons where | ayer
104 conpri seé%osn%‘g) SSMF%IP’ :}@I 9 ui% g Qe ﬁ@&alﬁyx}%@ﬂe b?@) P%t°88 %And/ or
tritiated dopambf danerluen pndfei titidmiin thélblghlcgalnSIerlasmy dotieg GYD. Dewedpni at e

tritiated B

LTt e 2Bl il b SRS s ok Bl Akl G and Bl s
tritiated cbvqmgmdereﬁmrsorh: vy tigdregery depaatsrheaigpdisiotriohydségenageampouods, i n
gap-fill app} hﬁ(ﬁ}r?é){ﬂﬁre%ﬁﬁ%s% aq)%vé nproved gap- fill properties relative to

conventi onal gap- ogles. Ui I i zi ng nmet hodol ogy of the present
i nvention, o§8#Ing 120hewna iNeveliusl SREER EBRGYD reesier isvdiizrg Brepriormiag

decr eased ﬁ{cfgrfodefogﬁg'oﬁher Bsg% dt\&vehfor B[%gﬁatgtd g{;&icfﬂ\gcé?ﬂh%né‘%h ﬁ\glﬂﬁﬁr at ed

conpounds un erw se stant | a entic osition conditions,
wi th the tepravidingodiataria Aydrggen ansiari h,e&W-thdé@Gﬁnn@fm%léhﬂfﬁ?C&aﬁt fiam abqutt18Per ances

of process gpRLsQl cub@%erﬁfﬁéﬁé}gode?%mﬁfe (oBR) ‘tcS“é%BEt' Qﬂoc?%&:rﬁ hei\ﬁ’fd}y rp

particularly useful for aspect ratro (greater t about 3:
very- hi gh agg@e'ﬂs'rﬂgawr@pqr\snte%qw'smaé?e It 5ca11) bey ayevided IW'tﬁpr‘T‘Pé%thj’rﬁé Gaps
havi ng aspebn #ouPSoRScchi Blabdst AP&EM. Sode sﬁmo.@goréédré&%omé@msloﬁtlriex vy-

voi d-free ut|I|Z|ng the present nethodol o di tionall he nethodology

canbe part i-QUHraee,Sybs E‘PW PFEGUISOr P‘Pm?@md%B@h B’QV'Hﬁ@Ph@t%BHFWGHO% Phs.
Qoegl ngs hagkdg tt\!\/lafdbth‘tSﬂﬁIScdﬁra_r ?@V\apﬁ)_rclﬁpﬁw_te a@pm@mﬁh eérlap@ramré)earebéem webyt fi l : ed
to be essent| ree vol ds utl I N 0ol O the 1 nvention. t
is to be u'n&@&tjélt%(?@omrﬂﬂaeg@?a pr?ﬁ%’r'creP!réom %t\’/g‘ﬁ%l"gﬁ)"tp%o%tg?trg [-at es

utilizing thponlqscrl bn@ mebmﬁl@ér@wd tieat fthé tnvdmwne@&bhmpas@sdmh?mﬁweat ratio
openlngs 042 lizin t hod of. t esent
Dot Von 1 et Rl o, af Briefibatior, of & sPediR Mofeders Mo Bl °5

waf er fragmanérn@ivec@actbss cgir cormpiizd Uikizatiog oaraltapeﬂuengonﬁaien@ahu@mramétesent s

132 and 134 bggt-:?c{ usgnb%er "f‘r;[de vnci]fJaP reactor and the specific compounds utilized during the

deposition..



Openi ng 130 can be described as a gap-feature or gap structure. Elenents 132
and 134 are not |limted to any particular structural feature and can be,
for exanple, conductive lines. Elenents 132 and 134 can be forned using
conventional processing nethods. Openings 130 can conprise a bottom surface
140 and sidewal I s 136, 138, and can conprise an aspect ratio having val ues
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 tdeaits, in particular applications |ayer 104 can be forned to have
a 8 WO 2005/031841 PCT/ US2004/ 030875 substantially planar surface 106 by
appropriately afqlgeqﬁ\t,é,ﬂ tﬁlﬁﬁe‘a%‘er across the wafer during HDP-CVD.
Utilizing nmethodol ogy oP e present invention, material 104 can be
deposited to essentially fill gap 130 to be substantl ally void-free by
provi di ng one or rr%reeg{q uerlﬁ d/or triti | t he h.iﬁl\gﬂ_density

pl asma during CvD. DeME eRRg'ae at AYE QAT @ GOMREE™ t hi n the high
density plasma utilizing any of the heavy- hydrogen precursors,

heavy- hydr ogen PAYdIAg 2 Susiale withinghhigh deasyplastensactienschargberi xt ur es

t hereof descri bed above. [0044] Were a Novel | us SPEED(r) HDP-CVD reactor is
utilized in perpfrovidingdeanpgdieddmiobydregert gahwithinethe meadtionesttanaver; appr opri at e
deposition conditions can include providing diatom c hydrogen and/ or

heavy- hydr ogen grevidimgtdt g0 bnéicofipoimédihavinglDRea st ytHagéh okdpe centi nmeters
per mnute (sccm to about 2000 sccm An oxygen- conprising conponent

conpri si n%u@%tﬂ%@ﬁ( ﬂfo@fér@%@h&?ctﬁﬁrﬁyérded within the reactor at from about
200 sccmto about 20 sccm One or nore precursor compounds or heavy-

, hydr ogen subst r total of from
about 100 Sccrgetngl‘aaﬁgﬁ ﬁ%ﬁ ds%gcWB%%Mﬁ%ﬁ%aFe%cﬁéﬁg"bgﬁ%g n?rrper ature can
be from about 00C to aboyt 800C a ressure m about 2 mflorr to
about 50 nilorr ChFBUQEi]"aP?ra%pqsth"}Qea [H&EBQH Gsyﬁétﬂ'atﬁh@“%'ﬂy/%rntl on enconpasses
utilization of an alternative inductive reactor, an ECR reactor, or a
capaci t i veneefRetaing atiqast aqarémn ofthe @t leashpae campouRds eact ors can conpri se
utilization of alternative conditions and paranmeters based upon the
i ndi vi dual reactor and the specific conpounds utilized during the

deposition.. 92 The method of claim 1 wherein the heavy-hydrogen isotope is
deuterium.
3. The method of claim 1 wherein the at least one compound is

selected from the group consisting of SiDyHs, SizDyHs.y, PD;H3.,, SiCl,DH, and

SiClyD3, Si04CsDqH20.q, Where x=1-4, y=1-6, z=1-3 and q=1-20.

4. The method of claim 1 wherein the layer comprises an oxide
material.
5. The method of claim 1 wherein the layer is simultaneously

deposited and etched during the depositing.
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CLAIMS The invention clainmed is: 1. A nethod of depositing a | ayer over a
substrate, conprising: providing a substrate within a high density plasm
reaction chanber; providing heavy-di atom ¢ hydrogen gas within the reaction
chanber; providing at | east one conpound having a heavy-hydrogen i sotope
substituent into the reaction chanber; generating a high density plasnma
within the reaction chanber; and chem cal vapor depositing a | ayer over the
substrate, the layer incorporating at |least a portion of the at |east one
conmpound. 2. The nethod of claim1 wherein the heavy-hydrogen isotope is
deuterium 3. Bne ndhkodnethod!| af ncldimwher whardimethet depasitingneradugesunad i s
selected fromthe group consisting of SiD H4 X Si2DyH6_ y, PDZH3 1, Si C12DH,
and Si ClZaPstantiQicsiabRsurfacemer e x=1-4, y=1-6, z=1-3 and q=1-20. 4. The
met hod of claim1l erein the | ayer conprises an oxide material. 5. The

met hod of claim1 wherein the Iayer is sinultaneously deposited and etched

during the dep iti R%e l:lr%t anar |£'Wi hloglg(éfre}m@En’hll @E(%qdﬁo(%] CBF@&.@@O@ ting

produces a substantl al surfa wherein

(he at Teas, one COTPOUNA! 5. ConmrL SGH B, A PLSL Ul et 55a B 6L 8 S L
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