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invention relates generally to fabrication of sem conductor devices and
nore:particularly to the fabrication of flowable boron- contained silicon
glass filnms by using a High Density Plasma Chem cal Vapor Deposition

(HDP- CVD) technique with gas m xtures containing silane or its

derivati ves, necessgg%ogo&i Yo pe] X gﬁ&ﬁogﬁsﬁ%%ﬁy&%@;&oﬁécri ption of the
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material_s, ic materials, and/ or sem conductor materials. One of the
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oxi de based nmaterials, i.e., materials generally represented by the common
formul a Si On,Thikerevention rlptpudiangraoped-osidebcomtoxt def f sdmeenaanbai ni ng
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t echnol egyrst dimvhiidvas, reBesdidi NG shl iebudieXi dea g films, are created
on the substrates using a Chem cal Vapor Deposition (CVD) technique that
assunes_a deposition of the solid state material (glass) on the hot

subst r ab&EFiBmOPhelt gas FHLRE Uré of precursors and oxidizer. It is realized
at different conditions, basicall y at at nospheric pressure (APCVD), | ow

pressure (LP&\/Q)me SY glcmgsgher# ev1ces SuIC_hZOOSSe res Héteor v1c reduced
pressure, h plasma excitation of
variety of materlal layers are sequentlally formed ‘and processed on the -

substrate. TFor the purpose of this disclosure, the substrate includes a
bulk material such as semiconductor, e.g., silicon, body, and if present,
various regions of materials such as dielectric materials, conducting
materials, metallic materials, and/or semiconductcr materials. One of the
material regions utilized in this fabrication procedure includes silicon
oxide based materials, i.e., materials generally represented by the common
formula 5iQ,, where n=~2, including doped silicon oxide films, containing
an additional doping element suck as boron, phosphorus, and their
mixtures, as well as fluorine, with total dopant content depending on the
purpose of film applicationr in the device. Below the common term “silicate

glass film” is used to characterize silicate glass films.

In ULSI device technology, thin f£ilms, including silicon dioxide
based films, are created on the substrates using a Chemical Vapor
Deposition (CVD) technique that assumes a depecsition of the solid state
material (glass) on the hot substrate from the gas mixture of piecursors
and oxidizer. It is realized at different ccnditions, basically at

atmospheric pressure (APCVD) ; low pressure {(LPCVD), subatmospheric




mxtures (PECVD). A variety of silicon conpounds and dopi ng precursors

have- been used for fil mdeposition. However, nbst comobn conpounds 8bej1 2005
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material 106 and vaporized nmaterial species 107. The method of chem cal
on the structure top “T”, as shown in FIG.1. ThlS ratio is different for

different deposition processes as well as for current structures and is in

the range of 15-90%.

Among other techniques used in semiconductor processing, silicon
oxide based films (including fluoresilicate and phosphosilicate g¢lass
films) have been deposited during the last few vyears using a modified
Plasma Enhanced Chemical Vapor Deposition {(PECVD) called a High Density
Plasma Chemical Vapcr Deposition (HDP-CVD} technigque. This technigue
assumes simultaneous depositicn and sputtering of depositing films in
order to improve gap-fill capability, as shown schematically in FIG.Z2.
FIG.2 shows steps 102 formed on a semiconductor substrate 101. The silicon
oxide or silicon glass film 103 is deposited over the steps 102. Material
species are shown 104 on the surface of the film. Ionized Ar molecules 105
bombard the surface of the film resulting in sputtered and redeposited

material 106 and vaporized material species 107. The method of chemical



2 2 2.J UL 2005 vapor deposition of silicon oxide and doped sili 0%1 s]| S S5
films at High Density Plasnma conditions (HDP-CVD) with sil ane-oxyge % d
gas m xtures is used in senm conductor manufacturing nostly for sub-quarter
mcron Utra Large Scale Integrated (ULSI) circuit device applications.
This method is used for deposition of silicon oxide, or frequently known
as undoped silicon glass ((USG, Qhos phosilicate glass gPSg)
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device design rules |leads to_nore onpl i cated device structures with small

gaps 2015{FPE SRP PSR- ﬁé?‘bhﬁﬁ?ai“ﬁtj“é}oéﬁé‘ﬁtcs SLRPedtedartvest T S

non- conf ogtmelt 1 dddom: rrewb he.onr tdiéludropi lagiedeital] hse aned bothemadbnsuychidevi ce
struct ur gs,;t.hate at e, show schematically as a thinner filmon the structure
side wall 202 as conpared to that thickness on the top of structure (this
is due to the deposition kinetic features and diffusion limtation in

smal | gaps), Subiekse208iassFl @BBhsf ormm | nsildecdt ract uneulgliténefriessivEiése
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subsequent processing. Tightening of device design rules leads to more
compiicated device structures with small gaps 201 (FIG.3A} between
neighboping elements. As a result of CVD non-conformal film growth on the
top, side walls and bottom of such device structures that are shown
schematically as a thinner film on the structure side wall 202 as compared
to that thickness on the'top of structure {this is dues to the deposition
kinetic features and diffusion limitation in small gaps), voids 203
(FIG.3B) form inside structure elements. These voids have normally a
keyvhole shape that is wvalid for CVD methods for zll current types of
filhs. The voids are more or less pronounced depending on particular

deposition conditions.

The reason for void formation is a common non-conformal glass film
growth during film deposition that is shown schematically in FIG.4B-C for
different deposition techniques currently used in device manufacturing,
such as LPCVD (Fig. 4A), APCVD ({(Fig. 4B}, and PECVD (Fig. 4C). As can be

seen in Fig. 4A, reduced pressure provides normally better step coverage,



di fferent deposition techniques currently used in device manufacturin o
such® as LPCVD (Fig. 4A), APCVD (Fig. 4B), and PECVD (Fig. 4C). As ca&%b&lL 2005
seen in Fig. 4A, reduced pressure provides normally better step coverage

3 22 JUL 2005 however, it normally neans a | ower deposition rate.
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i nStanCEEtrLE%HreE]hiJi re-entrant gap shape, as shown schematically in terms of
step coverage in FIG.5 followed by the structure with vertical side walls.
The best void-free gap-fill is normally achieved with structure tapering,
however this approach is not applicable for all devices. Fig. 5 shows a
re-entrant gap shape 120, a vertical gap shape 122, and a tapered gap
shape 124.

The problem of film integrity and void fermation at HDP-CVD
processes {(below the common term “voids” is used for both types of film
structure imperfection) in different types of as-deposited BDP-CVD films
have been feound and analyzed recently, see for instance: [Ref.l]: R.
Conti, L. Economikos, G.D. Parasouliotis, et al; “Processing Methods to
Fill High Aspect Ratio Gaps Without Premature Construction,” Proceedings
of Fifth Dielectrics for ULSI Multilevel Int.Conf. (DUMIC), (1999), p. 201
and [Ref.2]: J. Yota, A. Joshi, C. Nguyen et al. “Extendibility of ICP

High-Density Plasma CVD for Use as Intermetal dielectric and Passivation
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and [Ref.2]: J. Yota, A Joshi, C Nguyen et al. "Extendibility of ICP
Hi-gh-Density Plasma CVD for Use as Internetal dielectric and Passivation 4

22J UL, %Qgé fokabfefss utnorf c%n&fo T T;%Eg@dl?g Yior E{&@e%gé;r&%r% Bl ther
Dielectrics ULSI ileve eason
for void %H@_EMBQL—HWD déAdi’ri BnS-is normally explained as a
result of redeposition of the filmon the nearest surfaces caused by

eteh/ sputteri pg, ofe.Lhe {4 mu th.greon heahardoRar L fh&m&@& 9P nofflges Of

structure steps, as s fect is s rogress in

FI G 6. C@lﬁ?i?ﬂﬂ’@dsaﬂ@péé?‘ﬁtoﬁfvﬁeldﬁpfé‘%léﬁ?%mit tof iSAgT cCluSES fteﬁléesﬁ‘ c?ﬂlﬁéftqeén of
fi :jmf 103 c@ﬂséd‘lgyié’ﬁﬂﬁs%&leéﬁf@?% tHe Fh G 6AYL Efl@bi;}thﬁﬁaﬂyné‘lﬂg %émuﬁ%&%%aogc
an or mat.i on at e smallest spacin s an

fol | oned 8981 hltg stgélﬁ]{ or mat T on at EB]he cg?tal n cr|9}t1| cagi s act ng EA
critical raspece iatTosé( ARNNgpUs dogpsinfon h@téawh/wweranwmaéseﬁsr gaefilm
forns at raug@ribaidr gapn IPACINGhe Whish 108 |ALgerin Fhamacy iﬁdlmabed agdroaa'pect

ratio, Wﬂhg{leeag %A esa Fl%gu%q %b?ait’ 838 r{lﬁwtl @pztx 1n%u|ais %gg’f

event ual e vol ree gap- £ h| cﬁmess is
achi eved an%s Fé%o%n |fﬁli;<?”@d6c§y DA ISed ahai™psi S oft HOP: CYTt§ap- FF{“Flcal
capabi | i tyadiopy an.exanpked ofritstdauctsyees mitibs vead j,cal) sicde wal thét@ﬂs

nost |y d%%e%Lfv%&d LSk fﬁaplfloga%'aocnsa J;m@?al%e%appgg;fc%g%r}ﬁh[ Ref ) ger
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HDP. PSG. FMe ™ 1978 i%’lduﬁ?peiﬁévF%‘éloApbll“icélafFo]r?és hidh BEWﬁal*' alf'réE‘é"é‘dllﬁgs of
Fifth Di elecs: iz, oratVeSintublilyt Lbadeltol tite. Coftf-£réDidvb i1 1( #9I9 he pru2 85,

for the abgyen,iankionedafdileial ¥ReshAAdid Wes i n ranges of the HDP- CVD
deposition tenperature, nanely, |ess than about 900C and hi gher than about

500C.- Eventual ly, HDP-CVD gap-fill capability limtations for the commonly
used deposi tilpfiaipghdreiwas chnilieCyuarHp-fatl vebybideser fdedinbyxamslienpk e
equati ong{d)ctures with vertical side wall steps, mostly desired for ULSI
applications, has been performed in [Ref.3]: V. Vassiliev, C. Lin, D. Fung
et al. “Properties.and Gap fill Capability of HDP-PSG Films for (.18 um

Device Applications and Beyond,” Proceedings of Fifth Dielectrics for ULSI

Multilevel Int.Conf. (DUMIC), (1999), p.235, for the above mentioned film

types and two main ranges of the HDP-CVD deposition temperature, namely,
less than about 400°C and higher than about 500°C. Eventually, HDP~CVD
gap-fill capability limitations for the commonly used deposition

ceonditions can be guantitatively described by a simple eguation (1):
ARcr.rtical = kXGcr_l'tical.r (1)

where the values of coefficient k have been found te be about 13.3 pum™ and

20.1 pm?! for high and low temperature processes, respectively. To reduce

veid formation effects in HDP-CVD, e.g. toc enhance gap-fill capability of
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processes, respectively. To reduce void formation effects in HDP-CVD, e.gqg.
to enhance gap-fill capability of 5 2 2 JUL 2005 the HDP-CVD techni que,
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all VLSI w%@yia%ea structure eelngrrr?nts. Thusd for, device structures with
vertical "Sidé wal'Ts thef of IOW NG “eTmRoR 1fafbers of voi d-free as-deposited
filmgap-fillPlcapbiidtirry whhingi f fer drecdéposiibi oikef ethni ueSadravesdeben
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require f - ter_ mcron VLS _|logic devic licatjon. It is
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even tigbtercturd ei1busdtdzer devi ce devel opnent. Table 1 Val ue of paraneter
after filmdeposition Structure Needs for PVMD LPCVD/ APCVD PECVD HDP- CVD
parameter application in VLSI Critical gap (FLn) <0.05 >0.35 >0.5

>0. 15-0. 16 Thus, for device structures with vertical side walls the following
common numbers of void-free as-deposited film gap-fill capability with
different deposition technigues have.been found, as shown in the Table 1,
together with typical gap-fill requirements of sub-gquarter micron ULSIT
logic device application. It is clear that all currently used methods do
not allow achievement of void-free structures with tight parameters, which

is known to be getting even tighter with further device development.

Table 1
Value of parameter after film deposition
Structure Needs for PMD | LPCVD/APCVD PECVD HDP-CVD
parameter application
in ULSI

Critical gap
() <0.05 >0.35 >0.5 >0.15-0.16
Critical
aspect ratios >4 <1-1.2 <~1 <3.1-3.3

One of the major intrinsic properties of glasses, inciuding silicon-

based glasses, 1is an ability to soften, or to flow at enhanced




Critical aspect ratios >4 <1-1.2 <-1 <3.1-3.3 One of the major intrinsic
properties of glasses, including silicon- based glasses, is an abili Py doL 2005
soften, or to flow at enhanced 6 22 JUL 2005 tenperatures. Applying this
phenomenon to VLSl device application, it allows a planarization of a

nen- pl anar devi ce surface (see. FI G?A) using a thermal treatnment of a

non- l anaye.gs: ep0s! {aiglass. i) MbLeNol o BbLeet e a0l ! SD.AL 8l evated

t enper at ures above th eterrperature ts softenin apahar film
surface, HSEhowASWTARLICRaP] y PoP REERaZBIeYiRe @@r?ﬁ@‘bn‘é@%t@ﬁ finubaes @r i ng,
nostly inhdeGll devagent eﬁhBOﬂld}g)‘blanathis—aief)&Wte@pjllaQQSf:Lan wiilchcad apgh agses

have beergﬁpgg[g,atngﬂ‘!,a;éegrﬁ%ﬁgasguré egbgvgrﬁ em[p%g hosphosi | i cat egl asses

(PSG and Al on e surface anarization at ereva
t enper at Ur°€8, ¥i P?‘ﬁ%f t Eiftngs 2 e -evad e@hovﬁferrﬁélif@&’tam@sllal | iowsFE -iI7A1 ndmi on
of voids. serchnd&E{c&CﬁnbMﬁfachlﬁm\h@L dmothj,r rﬂrﬂ@t’o‘pr@ie@!{@e I'Hegﬂncil%a?erﬁts%”@%ew

providin i fi werin | ass VISC Sit s al so
very i npg)tp'?'g%{g fg(r:%{z%eéaggp 5 % fh? " Rerfal” tr%ﬁ%%eﬁ?osp{lﬁselqﬁgﬁe G- fill
can be adRreR/EErifSifieaiSer ebpsdevi d@SG stapdctafees. t hhtngenetial Fye showsca
trend t hatabetitetias- deposiet&tdgaperfekiturkeadsite thechbesyy gap- ikt er

any conpaiabl.e.fher ”@llMseaéf‘i%”B Eﬁefé@' nneal ,caonditions are very
de- gafes’3f the

i mportant for ULSI technol og Devel op men of siTici ased
| at est VESHYFE(T Te$ i whsaﬁmpecfaaweér mverdaalw dé s cRut é@whé@geﬁﬁaw@éé a
necessi t yitosliowerstape pDStIIapSSIJ.ISI eigte vehkrer lﬂfﬁﬂorlﬂhhdtgeﬁort thow-fﬁbﬁnaﬁitléQUt

800C. Sughe@n:how d eaperatiL e, diS 00tsyf fician £qui red
gl ass softeenlarll as at rgeg%ét gQI? i3 si&l éé b% gﬁgi%?r’g%%tg‘ ; Ig)anned(f s

condi t i oﬁEru%ﬁgT“F a8t oW e St &bt af E??f’é‘céh%ttnr‘?éé?er 3F- ?%ﬁ?ﬂt%%éﬁﬁaﬁllénneal
at tenpeifeids &g Jressestt hamr L80DGftedoesynatnppramiedenaut i i taie@nterdfti. | m f 1 ow.
Thus, a problemof voids 301 in thermally treated silicate glass filnms, as
shown in FIG ce structures has arisen in device generations

B, in
with design r E‘%all él%ajt haH9abbU Gro5 Y amBeredbedPal PYST (1848 ®¥s with

| ess t habBe®leBment of silicide-based gates in the latest ULSI devices with sub-
quarter micron design rules has enhanced a necessity to lower the post
silicide thermal budget to lower than about 800°C. Such a low temperature
is not sufficient enough to provide reguired glass softening and as a
result of this, low thermal budget anneal -conditions, such as low
iscthermal furnace anneal, or rapid thermal anneal at temperatures less
than 800°C, dees not provide sufficient film flow. Thus, a problem of
voids 301 in thermally treated silicate glass films, as shown in FIG.7B,
in device structures has arisen in device generations with design rules
les_s than about 0.25 pm, and, especially, in devices with less than 0.18
pum design rules. Voids are undesirable because etching and dielectric

properties will be non-uniform.

Phosphorus—-contained films with very high phosphorus concentrations
of about 10 wt.% are capabie of flowing at temperatures above 1000°C, but
that temperature is not acceptable for modern device applications and

beyond. Thus, the latest HDP-CVD PSG films are supposed to not flow at the




m destgn rul es. Voids are undesirable because etching and dielectric
properties will be non-uniform Phosphorus-contained films with very2Rigl 2005
phosphorus concentrations of about 10 wt.% are capable of flow ng at

t enper at ures above 1000C, but that tenperature is not acceptable for

nmedern devi ce applications and beyond. Thus, the | atest HDP-CVD PSG fil ns
are supposed not, flow at .the 7 2. J 2005 1 ow t hermal budget

condi ti o(r)i%.w Eﬁjece%mfl g ?uﬁggf o(%/mfi herhal uﬁdtgoetty? Ie_l(fﬁqi FEHERT £U980r 5ﬁ9%35ﬁf“g?th$ed
films, sPEROBFOBPSGeM |fidms areidonsi déFediiishe ampr eongidefet abl ebd orordl S|

t echnol ogycthabibsretianiso thaneidgcthyve decrease af. .saftiepl ngLepperat ure

with the s%?JEé)nrl do%ng as conpa Igad Lo ghat o($ ,Fhos hor us. However,
bor on- contarned BPSE Fi1 " déposi t6d " Furt®nit? APCIDPRPEVD and*PECYD
condi ti omsogigomps - aEbesveguf fhocpermonemioggh B¥§¢ deépuosi testiddn gapchitdnt

capabi | i tagcand, ridver ehar epcpStontihersml 4br eat Ment ., gﬁz@fiéilelntcgf?@lmhl 14y at
l'ow thernal budgef. .conditiqns. TEuls_, voids in device structures are not
accept abl"6°Because 6f 987 \Wor sEPRY-oF a&Vi CBCTHITabiort yEheTHRT 8RBt | s
very desigrrbiiélt erpapt bdrcet aogode rHDPLQYBf icbnditabtegrity and gap-fill
capability. The prior art processes do not provide a silicon oxide |ayer

t hat can satiqsgu%ctoriég/ . ficJ I ;%aps bet ween the increasi ngl y tight step
features of new VLS “Sefi CSHdtict Brigeticted M PHoRCFBIF Rg oo ge ioh 2

bet ween thes@dngiuctordeviinesslifheridfvor &hefafors, very idesiernbkestmbpe oduce

gl ass f: bm%duwie_t 51ogtsocamppwdvmpeﬁireqtnit_@gm@ﬁgm ampveiids c%;_gb%!igﬁtﬂi Qh@%ﬂhﬁ o
mat eri a r.t of overconing the varjous deficiencies noted above
is evi d%ﬁ%ggoh%%ﬁegﬂﬁgén%ﬁoyé% ealcﬁfloﬁggai %Xalldedea\}'eefo%r?é:n‘fandl‘s%]&féﬁt?%lﬁ’he
subj ect , T&5" dOEUNEN'@E°by ‘Phe IPetEvaAM Ypatight &heP t dehmizeal ofi treratdhss.

The cl osesiicandhapparient das moireocte! evanhgt e@chid cad demekepmabt Sohdudle

patent | Li.eral i&can berol Laned fy;cansl dering.Lhe foll owng, s Fatent
5,899,736 to Weigand et al teaches a phosphorus- oﬁ;ea - oxidé film
U. S. Pat EMeT5eY76R 90 P o2 Ravidet natde eheifesr HDP2EDalsi | i con di oxide with
reduced stress using biasing during deposition. U S.

The importance of overcoming the various deficiencies noted above is
evidenced by the extensive technological development directed to the
subject, as documented by the relevant patent and technical literature.

The closest and apparently-more relevant technical developments in the

patent literature can be gleaned by considering the following.

U.5. Patent 5,899,736 to Weigand et al teaches a phosphorus-doped
HDP-CVD oxide film. U.5. Patent 5,976,993 toc Ravi et al teaches HEDP-CVD
silicon dioxide with reduced stress using biasing during deposition. U.S.
Patent 5,776,834 to Avanzino et al teaches HDP-CVD éilicon dioxide over a
conformal TEOS layer where a void is purposefully created within the

silicon dioxide layer in small gaps.



Patent 5,776,834 to Avanzino et al teaches HDP-CVD silicon di oxi de over
conformal TECS | ayer where a void is purposefully created within the ZZ.HH.ZWB
silicon dioxide layer in small gaps. 8 22 JUL 2005 Summary of the
Invention It is an object of the present ‘invention to provide a nethod for
fabrication of flowable boron-contained silicon glass filns by using a

H gh Density Plasma Chem cal ¥§$%! D%P%ﬁ'%hvenlﬂQP'CVD) techni que with gas
m‘xtures containing silane or erivatives, ‘riecessary doping

precursors, and oxygen. It is an object of the present invention to provide
a method for Itfabsribé:zatdbﬂ@cta d‘f:c ewabp e deef thxiéaﬂ%ali &%dpﬁ&}ﬂdﬁoa 91[9@3&1 layer 4
over a ste subst r at urface us - CV rocess that produces gooc
|ntegr|ty glﬂaFl n1é%dﬁg ?%L é@5?ﬁ§°§F§6§ ﬁ§M§8$dgV¥§e é%?%c@bﬂﬁ%“gTﬁe

i nvent i ofiigh Depptioh Péaimtaalimed cHDVaovD Dghesis i b1 | (HOPPIVOC elss-hanghpmétflerge:ed

I nventi ORiS:urREOC@SSLGONM ti0nsar &rshawy below.incfabl goZss1he MBSt ng
critical paraneters, in the invention are dopants to silicon source nole
ratio, Epd?ier|ﬁg £0 ‘déposition ratio, and total pressure. The invention

has the foll owi ng advantages: much better as conpared to other deposition
t echni ques: as depesi begegapsf khd &@Balbd |i'rlv)én&ton GOMPEPA)Me UgeHe HRROSLET ON
condi ti ons,..su h as PIQSESS pressure position ratio, relatively

hi gh dep05|ﬁfgﬁupate an rocé%%‘xmtélugthVf 658 FiFi YA Pt §55SPRAY very
good fi | plpapats Ifruréf*?%rusfiml nI#DPrﬁ@? n@HOCW%aﬁWnprmuceii evatded nteqparabr es.
g,esi des, fittm i&08Mphy 8@alckZedepsathdt %Eﬁ—ﬂr&e[‘)@tﬂ%@dré@ omn%v@mrmegf
esign. - I, r vent eves .t hese benefits I e context o
known prog(.:bgfgg ?%%H A1dn o T’-\@\r/lveg\a/'L(eérgg £ ? r tther - Unhder stand; erreI::lt WRESHPEL Bir e
and advant%§és 6Pn?ﬁﬁﬂb?e§éﬁtEWHW%nPPHW“n&? H@bi%aﬁlzéﬁmbym@ﬁe reftdcehce

to the |@itaertpor tinonseofintdeiapeaid i @athon wndiattachedrds amngsrathZZJUL

‘sputtering to depositicn ratio, and total pressure.

The invention has the following advantages: much better as compared
to other deposition techniques: as deposited gap-fill capability at
commonliy used deposition conditions, such as process pressure, etch to
deposition ratio, relatively high depositicn rate and process
productivity, good film quality, and very good film gap-fill after film
thermal treatment at elevated temperatures. Besides, it is simply realized

and there is no need to change chamber design.

The present inventicen achieves these benefits in the context of
known process technclogy. However, a further understanding of the nature
and advantages of the present invention may be realized by the reference

to the latter porticns of the specification and attached drawings.



Tabl e'2 Process paraneter Estinmated range of An exanple of paraneters f\gr o005
preferred set of Invention's "boron- paraneters contai ned HDP- CVD §l2as -
film Wafer tenperature (C) 250-650 400-650 Pressure (mllitor) 0.5-10

1-5 _Plasnma frequency (KHz) 300-600 400-450 Plasma density (ion/cm)

| xEl | -1 XE13 1XEl|-1xE12 Etch to deposition ratio 0.03-0.3 0.05-0.15

Silicon gsgyrce Silane and its Silane derivatives Silicon source flow

50-500 100-200 (sccm)- Oxygen flow (sccnmy 100-400Q 250-350 Dopant _compounds

Dibor ane and*PEESDPBETRARE and |E€§1m86§‘?|r\?89?\i€s der | #ats=9B8le PRosphi ne| and
its Phosphine and its derivat P?F/aé@tﬁﬁsrl ?étrl ves DpPEFErEUSs SPT Must be
chosen pased on Must be chosen ‘ét On@%ﬁ 8@8]’{-} dopBHt*Bh*fesi r abl e dopant
) . ained
concentfation concentration B(rf precursor T ow rate 10-150 20-100 (sccm
Phosth ﬂV'aneQrLe&r'rble?Q{ur{e' g;e/ 16 U 20- 108 skat te \bu, g Cg|140%|_6ycga+fb’~:\r, He Ar,
He CBI FEIUES E&EwthFLH, 20=466 S05t08 5 DI!CI Bescriptiqn of—the—
EXamAngSEEanrﬁghg&§§ R, advantages gjgggent condpctor dﬁ% &5 according to
t he preSgnismh MERRETPNE N Ur T Ner dekpi 1S3 a process ofghabggeat g such
Etch to deposition ratio 0.03-0.3 0.05-0.15
Silicon source Silane and its Silane
derivatives
Silicon source flow 50-500 100-200
{sccm)
Oxygen flow (sccm) 100-400 250-350
Dopant compounds Diborane and its Diborane and its
derivatives derivatives
Phosphine and its Phosphine and its
derivatrives derivatrives
Dopant gas flows Must be chosen based on | Must be chosen based
desirable dopant on desirable dopant
concentration concentration
Beron precursor flow rate 10-150 20-100
(sccm)
Phosphorus precursor flow 10~150 20-100
rate {(sccm)
Carrier gas Ar, He Ar, He
Carrier gas flow {sccm) 20--400 50-100

Brief Description of the Drawings

The features and advantages cf a semiconductor device according to
the present invention and further details of a process of fabricating such
a semiconductor device in accordance with the present invention will be
mere clearly understood from .the following description taken in
conjunction with the accompanying drawings in which 1like reference
numerals designate similar or corresponding elements, regions and in

which:

Figure 1 is a simplified cross-sectional scheme of a conventional

step coverage of chemically vapor deposited film on a device step.

10




a senmrconductor device in accordance with the present invention will be

more” clearly understood fromthe foll owi ng description taken in 22 JUL 2005
conjunction with the acconpanying drawi ngs in which |like reference

nuneral s designate simlar or corresponding elenments, regions and in

which: Figure 1 is a sinplified cross-sectional scheme of a conventi onal

t h I I 0 22
T 2005 Fi gure S Te st NET T e CRRRre of EBRVERt: hal boATBvB

grow h. Figures 3A and 3B are cross-sectional views illustrating a voi d
formation progesiseat 38Vneondi tkONErodeh-gakt@SnfA, vidBsand: derdt g a voig

cross-sectional schenes tra types of non-conformal step coverage
at LPC,\/Dft [I'-J’%}B %m&e?%é\‘}o&‘%bina"‘%ﬁ%%% respectively. Figure 5is a

cross-sectional schene of filmstep coverage for device structures with
di fferent gappfd‘ﬁﬁp@ 141 qures %,alﬁBcr@%ds@ﬁlaﬁﬁ %EQ&@SSggidSQBQ%lH%CQ%S

|IIustrat|n ress a void and formation at

condi t i oRS. chuornes x% aFQ%Ei P7B°5Y8%r 6 ogsigcg{:gf [ %%(éYD’scannechWI ﬁ%lfdﬁéf?r}?g as-
deposi t edearrftihervmal |y fl owed BPSG fil m having round void after thernal
treatnment. Figures 8A and 8B are cross-sectional views of boron-contained
flow able HI CVDflIms after glelon nd filmthernmal treatnent_in
accordance wit 17 f he “présént i nven Srof. S De IPeed st pti8n GFetig for
Prefer rede‘ErPGoéﬁl’rPéﬁt‘%eSTHétfprdéé’éﬁﬂFlenF rﬂﬁé’n?@@ﬁ will be described in detail
with reference to the acconpanying drawings. In the foll ow ng description

NUMEr ous SpeCEI. ghges d&% a|6!33 AL 6§egr£ OJIIOQSS%% gnsalf ! Or\{\cleme%t %?11.13% fn%r §n

settings, thickness, etc, Iin ord provi thor
under st aﬁﬁ‘?‘iﬂ?ﬁsﬁfa PR GReshiieam fﬁ%"ﬁtﬁoanat IHPPvﬁ"iDI C‘Héiléb‘?ﬂsous however to one
skilled in the art that the present invention nmay be practiced w thout

these deta'lsE‘iglJf'esOt%?r and 7B are cross-sectional schemes illustrating as-
deposited and thermally flowed BPSG film having round void after thermal

treatment.

Figures 8A and 8B are cross-sectional views of boron-contained flow-
able HDP-CVD films after deposition and film thermal treatment in

accordance with the present invention.

Detailed Description of the Preferred Embodiments

The present invention will be described in detail with reference to
the accompanying drawings. In the following description numerocus specific
details are set forth such as flow rates, pressure settings, thickness,
etc, in order to provide a more thorough understanding of the present
invention. It will be obvious, however to one skilled in the art that the
present inventicn may be practiced without these details. In other
instances, well known pr&cesses have not been described in detail in order
to not unnecessarily obscure the present invention. Also, the flow rates

in the specification can be scaled up or down keeping the same molar ¢ or




i.nstances, well known processes have not been described in detail in order

to ndbt unnecessarily obscure the present invention. Also, the flow rgpedil %
in the specification can be scaled up or down keeping the sane nol ar % or

11 2 2 JUL 2005 ratios to accomodate differently sized reactors as is

known to those skilled in the art. A Measurenent of oxide |ayer

conformanc% %ornac%(r:me] 3 d asured in several ways. In the case of a
rect angular$hape S EBAGUE i ﬁ6 TIeREY | H288 cFFUH T hs® S Gk oM FEG, $ho%¢he

rati o betskeéhediimerisi ent."S" and di nension "T", which is the same on the
top of the line and on the open substrate surface, can be used. In the
real and nore conplicated case of non-rectangul ar shape of conducti ng
lines in sectfon, M8FerEapliicareld approaetfesmdnse t he confor mance
characterization have to be used. However, a use of thinnest filmvalue in

nost cases cap J'Cd 8nt_e h for, the conpari son of i fferent
met hods on sim|a )ﬁ{\?l ce stbreug%)eérglérsed B OBYSFvVat T9R of "vdifds SPi° COD £l s

Nor mal | y,reﬁbﬁr@§l%%r?hﬁée obfs PR LERY Nk neF oS Ssektdnona Fwannimg IGel ectheon
m cr oscowtemaieyséen @ﬁmehmﬁjo@e“s*t ranat diRsisibd hrras- depask s eeheorsamg h@{ ngqqlel y

di fferent es o m; have been oun ormin t e ®8rners
of as-depb3 t%rdj fri‘qrrers Coﬁ?ﬁfciaﬁe‘f h%as(?erﬂfernoafrqcﬁénﬁgﬁ&éeShﬁ@t vife reangicear est
| i nes of landevige,seasishownoid Ebp3cafdds 4ppfhGhds rand drkG Jonf'&hﬁan'z‘xbape

of voids ch&a@%@ﬁ@q@ﬂen eRvd he Hilm-hyns..and ga segEP%EBigsé ggﬁn &? PAce

between lines (G aspect ratios (AR), as sho ect'ratio

is a cerf&n ¢ rsacctaErlbft i TR dEPPHES Tt ridét FrEPEHET t Oéaﬁlﬁéerent

cal cul at mefthygs dinvisding rt $revigapsthecgitesby t he gap space. C. Probl ens of
conventi onal LPCVD, SACVD, APCVD, PECVD and HDP- CVD processes The

i nventors have determ ned that previous silicate glass
B. Observation of voids in CVD films

Normally, veoids can be observed using cross sectional scanning
electron microscopy analysis of device structures with as-— deposited or

© thermally annealed films. Film imperfection, such as bad film integrity
and voids in different types of CVD films have been found to form in the
bottom corners of as-depesited films, and in the center of the space
between twoe nearest lines of a device, as shown in FIG.3, FIG.4, FIG.#&,
and FIG.7. The shape of voids is dependent on the film type and gap
geometry, namely space between lines (&) and aspect ratios {AR}, as shown
in FIG.4A. Aspect ratic 1s a certain characteristic which defines
structure and it can be calculated by dividing the gap height by the gap

space.

C. Problems of conventional LPCVD, SAECVD, APCVD, PECVD and HDP-CVD

processes
The inventers have determined that. previous silicate glass
deposition techniques do not meet the changing requirements of new denser

products. It is to be understood in this regard that no portion of the

12




deposition techniques do not neet the changing requirenents of new dgnss: .
products. It is to be understood in this regard that no portion of t & Julb 2005
22 JUL 2005 discussion belowis admtted to be prior art as to the present
invention. Rather, this highly sinplified discussion is an effort to

pr-ovi de an inproved understanding of the problens that are overcone by the
i nventio re slc.deposition techniques used for undoped
silicon g%(?cd;ég Lo b%érg)‘é % ﬁrlmg%ﬁdg Oagé)e%rlolrn%ﬁtuaf ng %g? JHEEBHt dPREY STt i con
gl asses: Rgther) O\thbﬁi e§s@r1@f (CEPRVD) edr d¥sgdacien (Isubat mgéphier ic)ppressune
(SACVD) ch@mtivel uniaptandeRpsict 41Nprdd bndteABS RGN b PERS %g;r Bel ﬁ?@é@lgn
deposition, and (3) plasma-enhanced (PECVD) deposition. The general
characteristics of all these methods are listed in the Table 3 bel ow for

the case of Udesh-TEntarsredasid depnsatgiragscinilanss wistt Subseippent stlhesnal

anneal apxielevaied dbgéa)ersatwoas gﬁ@g@@rl s8R ngretheds. Shevs.ekhal;akly,
nmet hods h Ve ObVI advanta es 'ﬁ{ |sadva ages that limt thelr usage

[ BuS, &  Ght Gra H[Sﬁ“%"ﬁ%&%éﬂ i BIF°8EhNi que

in techndlo ogy *for deV|c SCW
i s used fBEVBhdoped: i d‘éaP@épO%ﬂPPFmoas kel IataISSQP@er( belrevsudewt (ZHCVD)

phosphor asodoprgt, i ddcat® gba&&r@senﬁﬁhé@@ (BB | %e%o@ﬁe&%nbetﬂl@r GnPa1
cover age }f’i&l@gc%&sﬁiég - %ﬁr Mdeposi tthocps S flsrrgg o all t hods cited
fiot “*FI \7eﬁ HPliery?

above. However ese naferials are yPHiCghtor
t enper at tPe S8t %619?0111?@0??1”?%%11#&?(‘% tRem Fiden- appl iseatdaetorthegial f r ee
gap- fi | larespl oyrentevaned/l Stmdtevices. unb@ssisat her mﬁbmcm;s sueh as

structurneethé@sema@g o i%uk MpkANE %@dan&?ﬂ% @Eags%ogg%ﬁ oli¢ 3 Deposition

Advant 1 . D sadvant age proper i 88%%° Hi gh
deposi tijd‘nt‘f ePet dre deb’é%%%l “BYGSEAL: BeREISE- of high dep05| t| on (high
t hermal budget) for nodern

HDP-CVD deposition technique is used for undoped oxide deposition as
well as low (below 4 wt.%) phosphorus—doped' silicate glasses. .These
materials have better step coverage and gap-fill after deposition as
compared to all methods cited abeve. However, these materials are not
flowable even at very high temperatures of about 1000°C. That makes them

" non~applicable for void-free gap-£fill employment in ULST devices unless

other approaches, such as structure tapering, are implemented.
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BPSG filnms tenperature device applications with 2. No plasma damage 2. Low
deposition rate and process subsequent 3. Sufficient enough dopant 22 JUL 2005
productivity anneal at |level 3. Not sufficient enough step elevated

coverage tenperatures 4. Not sufficient enough as deposited gap-fill
capability as well as after thermal treatnment (see Table 1) SACVD/ APCVD

1. Relatively high 1. There is a surface sensitivity TEGCS-ozone BSG
deposition rate and process effect for PSGfilnms, e.g. and BPSG fil ns
prooduct i Walbyeobfferent deposition rate on wth 2. No plasma danage
silicon, ‘ﬁéﬁo 'ftl%Hu N1 LAdbéHEadig{‘H—eh—S'H'b%eq&e-P IR 4 f t.
normally needs pre-dgposition anneal at |gvel surface treatment or in{situ
liner el 8Var8d pre-deposition need to be ysed to t enper at ures suppress
t he surf ac&v®ensi Ti%iitly ®od Noim syrfrkitdeent enough: skmpiticovenagetde NO
suffici enbzedough @8- sdepesiot edggappdsiitionCcapalynl tHeYndiS8RgetTabl endikras el |
as after whgrnmal flltmgeagrgﬁggtuge Poor film prgg‘% gla%§hc§&%ps as noisture} -

absorpti ¢p,. because of, Nhl}%kgsn{al |, m or03| tyls here 1's a st rong correl ation
bet ween {hé 'depositi c)n rate “ahd “PHe dopant c&ﬁﬁéjﬁf’?‘séﬁo(?nrﬁtﬁ [OFEASSACVD
films 14 E?sﬁiﬂ?nE(N)S . Sufficient enough dopant | productivity .

anneal at | level 3. Not sufficient enough step

elevated coverage

temperatures 4., Net sufficient enough as-

deposited gap-£fill capability as
well as after thermal treatment

(see Table 1)

SACVD/APCVD 1. Relatively high 1. There is a surface sensitivity
TEOS~ozone BSG | deposition rate and process | effect for BSG films, e.q.

and BPSG films | productivity different deposition rate on

with 2. No plasma damage silicon, oxide and nitride which
subseqguent 3. Sufficient encugh dopant | normally needs pre-deposition
anneal at | level surface treatment or in-situ liner
elevated pre—deposition need to be used to
temperatures suppress the surface sensitivity

2. Not sufficient enough step
coverage

3. Not sufficient encugh as-
depcsited gap-f£fill capability (see
Table 1} as well as after thermal
treatment

4, Poor film properties, such as
moisture absorption, because of
high film porosity

5. There is a strong correlaticn
between the deposition rate and

the dopant concentraticn in doped

SACVD films
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Tabl e 3 (continued) Deposition Advantage D sadvantage nethod Sil ane or
TECS 1. No sensitivity of 1. Deposition rate depends based PECVD depdsp tiUhn2005

process to strongly on dopant to silicon BSG and BPSG surface source ratio
filmse with 2. Hi gh deposition rate 2. Very bad step coverage, subsequent 3.
W.de range of dopant especially for doped filns anneal at concentrations
3. Bad fﬂtmel Qt(%%lcié(ue%l ong the eI evat ed 4. Good filmproperties, step of

conduct i Mg T d0E, tenpeLatires Hhetuding—+ ii+§%91£ Bad—as-deposited
gap-filll (see Tesistance, %ecause of low Ta 1)-°3% well as after thernal

film porosffv treatnent 5. Power can be used to adjust filmpropertiegs
HDP- CVD |FiNGes@&ndFRS vi -ty setsitivibnsaf fi ci entl-fidepsiicidnegrtel gepentidoped
deposi t i|GAsEr oc @BV [odeabOnipnt recssseps Si | i|cRRrsWy baces: 1nsufiti,ci ent
as- deposiss€d ahd | Brsadi oxide or PSG 2. Rel atijy s%L%ehJagfb gap-fill with
deposi tijqn, rate 3 b|||ty S ent 3. Wde range af
phosphorggingls. I néssiu%‘hfl CF%JRPA %LSQLW 3 er zan\%é By St TORRERE At i ons fill m
anneal @¢P&VAEEE"3. cdod TP m 'bi)o?)fefl?‘iaé‘é téﬁ%"él’-%&ll‘{irfé% dor¢chEfipdi ng i St ure

prior art i@l st arfitd Becateeiwd | ow fil m|poriesitiyn 4ntBonar 2 c@xhessed as
E/D ratebdjvatan be yseeboticritmajastries] m preper bt esnavknehudhog gap-filll 5.
Deposi ti Gé]npéﬂettﬁréjaoes in@hdirdepapd:-on phosph |4n%azi%s~deposited gap-£ill (see

resistance, because of low Table 1) as well as after thermal

film porosity treatment
5. Power can be used to

adjust film properties

HDP-CVD 1.No sensitivity df 1. Insufficient film integrity
undoped deposition process to along the steps
| silicon | surface 2. Insufficient as-deposited film
dioxide or PSG | 2.Relatively high gap-fill
with deposition rate 3. No film flow capability
subseqguent 3. Wide range of phosphorus | 4. Insufficient gap-£fill after
{ anneal at concentrations film anneal
elevated 3.Good film properties,
temperatures - ! including moisture -
prior art resistance because of low

film porosity

4. Power (expressed as E/D
ratic) can be used to
adjust film properties
including gap-fill

5. Deposition rate does not
depend on phosphine to
silicon source ratio

6. Film step coverage does

noet depend on film doping
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silicon source ratio 6. Filmstep coverage does not depend on fil m doping

15 a2 JUL 20 Table 3 (continued)
deposition process to contained HDP- surface CVD glass 2. Relatively high

films: either deposition rate BSG or BPSG 3. Wde range of dopant wth

concentrations subsequent 3.Good film properties, filmanneal at

i ncl udi ng noi sture elevated resistance because of |ow tenperatures film
por osi t Yo% Pott t(:BxHtessed as E/D ratio) can be used to --- adjust film
proper t FgsdmetadingTgaps ity Bepesttion—rate—dees—not——depend-on—dopant
to siligon source ratio. b. Filmstep coverage does not depend on fi|m

dopi ng | 1 ow abl ¢“F5°FH 8" PEFEES fPI minfegrity along the steps aftlr

film aneesalingd BPRApt evdecegap-fill after film deposition 10. Good gapffill
after CVD glass 2.Relatively high

films: either deposition rate

BSG or BPSG 3. Wide range of dopant

with concentrations

subsequent 3.Good film properties,

film anneal at | including moisture

elevated resistance because of low
temperatures film porosity

4. Power ({expressed as E/D
ratic) can be used to
adjust film properties
including gap-fill

5. Deposition rate does not
depend on dopant to silicon
source ratio

6. Film step coverage does
not depend on film doping
7. Flow-able film

8. Good film integrity
along the steps after film
anneal ’

9. Improved gap~fill after
film depositicon

10. Good gap-fill after

£ilm anneal

The following conclusions can be drawn from the comparison of data
in Table 3: advantages of the prior art EDP-CVD precess cannot be used
because of bad film gap-fill capability. Advantages of this method, and
more advantages of film gap-fill «capability can be achieved using

invention’s “borcn-contained HDP-CVD glass film”.
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filmanneal The follow ng conclusions can be drawn fromthe conparison of

data in Table 3: advantages of the prior art HDP-CVD process cannot & JUL 200
used because of bad filmgap-fill capability. Advantages of this method,

and nore advantages of filmgap-fill capability can be achi eved using
invention's "boron-contai ned HDP-CVD gl ass filnf. 16 22JUL2W5 To clarify
prior art HDP-CVD process features, an anal ysis of major deposition

probl ens i s Ff c3@At &Y BFEPBW Lt HERCHP | PupSPAg f@atideaneaSid4a] ysmost | yaissed for

HDP- CVDdpp@aesses pathbeines ent prasneed Yiiieal usl hé&qm soumfe, fepresentative
of the present,;invent Lg t nown that the.chem cal reaction of ‘$i | ane
with oxygen%’gaﬁ CE rea |c¥gdp110%e§ & FERgE o?staer%’@f'%?lursé%lc(of‘r DM T60m
terrperatrﬁﬁ’%e&?ﬁ‘f”&b%é)hetWeﬁP%‘aaééel‘stllPlilcon oxi de as either a powder or a
film This reaction is known to have a chain reactl on nechani sm as sinply
presented bgl qw iR &c@ggp ) a formati of Mi y activ

i nternedi ate produ%ts (1 5 Még%ll rfeoﬁlg\?ve% b r‘fgttko?f{y(g?“ a3 §2

speci es*FhifRAS ¢as? ﬁ“f’rggera?ﬁet ecff tti?é}Pera@%espha%r@msge@fh eserdicfrfusest @ntihe

sur f aceabolel owed Hxpduthestliadsobpideornsand theacki @Bwds: fdlr n arsel.i drgtat e

film aseShown bse'kg%n to2hasd | AP i OXY e, énecgarlllgg as smm%l)rl _%e_n&edlvp

--->'Sj %%f” hi s r action is considere phas
reacti oRc 8. ¢ THE™Fel'att vEIY T of R ITgd *19(151I31éma€54ver elderertliage a

f or mat i predofts i (AternEdietle Conpeendy Fdfatidn ics al =0, kipewred hat il agsm
excllal poeolas IRAGHEON JUSXLILLES 5Bl 0. CAIIRAS, 2, OIIRLLOR. O 1 iy a6t ve

|nterrred|ate radi cal s, ‘especi al at conltlons used TH &

Pl asma }lféﬁo%quFBW%?ﬁ%&eaW§ t%éPrWDsﬂ]éﬁoﬁ%’-‘leoﬁlW t BS S‘rlhloalméoed\pwm | ane
derivatives and oxygen generally goes in accordance with radical

mechani sns. (Eyentual Iy, Plasma Enhanced CVD ( PECVD) usi ng oxi dation of
silane with oxygen creates a specific "bread-loafing" profile of deposited
film as shown®By 2608YI5 FIG 485 THiS causes VeMBs at->sPa@i niilmower t han

This reaction is considered as a gas phase limited reaction, e.g.
the relatively slowest stage of chemical reaction 1is a formation of
intermediate compounds IMP. It is also known that plasma excitation of
reaction mixtures also causes a formation of highly active intermediate
radicals, especially at conditions used in a High Density Plasma
deposition method. Thus, HDP-CVD deposition with silane or silane
derivatives and oxygen generally goes 1in accordance with radical
mechanisms. Eventually, Plasma Enhanced ¢VD (PECVD) using oxidation of
silane with oxygen creates a specific “bread-loafing” profile of.deposited
fiilm, as shown by 206 in FIG.4C. This causes voids at spacing lower than

about 0.5 micron and AR higher than about 1.

HDP-CVD method with simultaneous deposition and in-situ
etch/sputtering of the growing film allows an improvement of film growth,
making it very specific, as shown in FIG.2. In fact, growing HDP—CVDinlm
103 on the steps 102 of a device on the substrate surface 101 has a
specific shape due to the partial sputtering of the growing material

species 104 by inert gas radicals 105. Growing material 104 can further be
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about .0.5 mcron and AR hi gher than about 1. HDP-CVD nmethod with

si nutt aneous deposition and in-situ etch/sputtering of the grovm ng %g JOL 2005

allows an inprovenent of filmgrowh, mking it very specific, shown 1 n

FIG2. In fact, growng HDP-CVD film 103 on the steps 102 of a deV| ce on

the substrate surface 101 has a specific shape due to the parti al

sputtering of the growing material species 104 by inert gas radicals 105.

G owi ng FHTEF| 38 IEO2S LY PUIrtilfereprest 1furfages) Y 205 glitdrestere-tdeposi t ed

on t he neadesbsisuaf acas mﬁhtd&e cRebabed 19vemd aufalm te-kepasided,fidm |1|06

or evapor,af a t eactor. Eventually,

si mul tanggeugggtgg /srkgfte%g%allrl]g % mu??aneoﬂ@ gccgrz&f‘ﬁu%%?m&@ ¥§ £IPFR'GAThe t op

of structurEs ddfithérnefsr éopaﬁ FW@V@%ﬁ@droﬁhen‘aﬁerﬂDﬁnCNlerfsvénremgaan fill.
HDP- CVD trec hpp-que hias: ghsaigap-fill limtations, as shown in Table 1. This

I's because the etch/sputtering cannot fully conpensate for the strongly
non-conformal profile of the growng film As a result, seans 208 and

voi ds 207 ar ED'P&VHI R A g HDPLEY VA F i [ epBEI A oPe: &5 Shown iien Table

FI G 6A- 6C. 18iiki ¢onbeltamekdehand cphasphasingi catretglrassy fddnabrndeposit eghisi Ng
HDP- CVD £:9B8k it ABS-heo ARt Sabl e e ra equir for
ULSI devi ceﬁjéayll tions. T{F)n S neaoﬁsg%eh%&yﬁig glul @fe Egglﬁass eggfrédjeshow
better a8 dé’Bg‘% tZeO A Ep “eHVEFaGBTdNd FYREEE Iflll%sd%‘ti’ﬁ’b%ﬁr%d £86 &bdrer in

dep05| t iF3A - tRechni Yuesen tdieyidanndtphbeptusedi dz0e glevs cE 1appldpeatie@nss iy €ss
devi ce %@U@WEgnmq'oflé Ca?.’tte' 08 'fﬁo@éﬂlgwgg’el%yat%da§?r§}er$9& e'éerécﬁ:ligdlsr and

side wal] tapering provi ding flow cap eposi fcate
gl ass matet i |vics sapé’éé?atégn%or?ﬁéF gtFaRe Yiferl depasitheen thééﬁnﬁldmé %ltoerp
cover ageeargt gap-depoditedf sHBP- CY¥id:groWang fokbraiwll lasl eagphd he, | sRfQvenment

of over o b: quarter mcron devi ces.
I nvent i ghbosglt%g&r o%%gg%dg}s ne%&&gglﬁ%ﬁgégfﬁ% fe s Ry T e "RERPEnt ages
of standaFtFprrbicre MPLEMAY 5P ote s edbafnsl Et?esﬁg‘éﬁ:%ecmélm avald
gap-fil ki¢capabl |dapyrivgt.h the tightening of

Thus, providing flow-capability of deposited silicate glass material
is best as compared to other deposition technigue step coverage and gap-
fill of HDP-CVD growing f£ilm will lead to the improvement of overall film

gap-f£ill capability for sub-gquarter micron devices.
Invention’s “boron-contained HDP-CVD glass film”

In summary: the advantages of standard prior art EDP-CVD processes
cannot be used because of bad gap-fill capability with the tightening of
device geometry and because of worsening of deposition rate with the
decrease of process pressure and etch to deposition ratios. The
invention’s “boron-contained HDP-CVD glass film” process covers advantages
of the prior art method and provides further advantages of film

properties.
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devi ce geonetry and because of worsening of deposition rate with the
decrtase of process pressure and etch to deposition ratios. The

i nvention's "boron-contai ned HDP-CVD gl ass film' process covers advalgt‘:g\l&egﬂ%
of the prior art method and provides further advantages of film

properties. 18 2 2 JUL 2006 A. Advantages of the Invention's

"bor on-cont ai_ ned HDP- CVP ass filnm The invention has the follow n

advant ages: A6 ERRE Y U ty © of* VeS8t t PORCHFOLEEas] FPEUrFagt?ssy éF%fT'lgvel y

hi gh deposition rate, wi de range of dopant concentrations, good film

properties, maclmeagldml B4Ur Ene T e&&h@@@ea@%@@@s ofnd 0%3&&%9@ ogkty,
power (éae Orsegsed ag EL t(g astu'r%?c t Jé%no adjust filmp erties

i ncl udi néjpgapl%nl FEo“dEposi®tionr a:'fe 2 ﬁ g éﬁalodhrﬁBepaﬁf % d28F%i con
sour ce ?fat idgparftj | @PQ@%’{FI@@P@Sageﬁ'Od@esfllmotp@epméson ifpicl wiidapi ngisthkowabl e
film geedsfiddn vategd toy a&@njglmhgom%aeps @L&@r efxbl;é@s%enggl E/Ig%qilgﬁp fill
after fil an@seel toBg(%u%ﬁ fllm r perties 1Xclu%?'nl Zea % | 5 no need to
change cahar’r% e inventl onJr S process’ ¢an per? F’ﬁ%ﬂ’q A25hy Hi gh
Densi tyquISa%% dEP ©°8r SR8V i ‘¢ ﬁngéEe%OslaW water Theatstag covdrezuidpped with

necessafdt REperpoOwWer f&SrSGdﬂ@llhcﬁ,S f1gaso1supply, sgyss& eﬁ‘Tﬂl@unﬂnﬁ/@QHﬂW ¥R PP System
Wi t hout i cLio ha Si n tance, .it can
st% af.nE%g %!‘Lfrf?l nﬁQa gﬂ% l(i Eper fl? ne%\ppl ﬁ\%t é?l Jasr s,

be reallz int Teat
Inc., c&rlmPhY regpEEy! amﬁh%lﬁe‘aﬂﬂé?d dzloe@ha@eebsbambwldpasgrs Inc., etc. B.
Appl i catl on of nmethod of Invention's " bor on- cont a| ned HDP- CvD gI ass filnt
The | nventi }Q' vgg on- contoal ned H f? Erocess can, be used
to deposit Iowthernal Budget™tISha ?epeﬁ: o8 Ill%aﬁné’ Jras LoPBsy A
bor ophasphoyi PireatE ngl asstBRSG Il dketingi end @peirmpedCri PetartethrdeBer i ption
of I nveRlienssenbiarean- mntsapﬁ@ds{jﬂ%m%@ Glaass: pfﬂmb;mg Thisn pYenti-on,
"bor on- cgn%l%laned HIQPr CQ | csnsm% 1E)lrovlees gga d _as: depo |tele - CVD
gap-fi MP°tapabi T Tty at ative ?pr 6ces ’ OB rearized

in the “Ultima” HDP CVD reactor made by Applied Materials, Inc., or in

“SPEED” HDP-CVD reactor created by Novellus’s Inc., etc.

B. Application of method of Invention’s “boron-contained HDP-CVD glass

£ilm”

The Invention’s “boron-~contained HDP-CVD glass film” process can be
"~ used to deposit low thermal budget flowable korosilicate glass (BSG) and.
borophosphosilicate glass (BPSG) dielectric layers. .

C. Detailed descripticn of Invention’s “boron-contained HDP-CVD glass

film”

This inventicn’s “boeron-contained HDP-CVD glass film” provides good
as-deposited HDP-CVD gap-fill «capability at relatively high process
pressures and etch to deposition ratios, and relatively high deposition

rate and process productivity. Detailed parameters of the invention’s



pressures and etch to deposition ratios, and relatively high deposition

raté and process productivity. Detailed paraneters of the invention' - 81 2005
22 JUL 2005 boron-contai ned HDP-CVD gl ass fil m process are shown in 'Iza

2 shown above in the Summary section. The process paraneters presented in
Table 2 can be used for deposition of the silicon oxide that can be doped
with boron and bhoron and phosphorus (BSG and BPSG fil ms) using the

| nvent i BAFOS~COB6HBRAC c ot §Vﬁeﬂlﬁ-‘°ﬁPf€VE) BY4s8S f PInd'SP R hiboFdrcard g9RB=3 phor us
deri vat atwers, if orheeganpling, ssuchn asthdi porcase,paphosphs NesesbOr@n iANthble 2

phosphogys wehligkd desy e%g@lmlenewecrn%, sﬁfconlamtdfa' %h&asc%n R kLG artdopa“t
precursor flows and ratios of boron and phorus derivatives to SilTicon

sour ce F0W &tk PEMGR e IpBRERP BT S HEST é’(ﬁ‘ﬁl ]?Peg& EolEentti&ei bir dhveRrieR’ and
phosphothesontronheigidas HIDPTHE nosieser i tilodl paranmebes | mnthe phoyeRtbON are

dopant &é}lsaillv@@n SOUT CRarAb o,s&;thch Mﬂg@&%tl%o@aﬂin% ag&o%rogﬁcf
pressure. |n or rove overall film ga | an

i's, jnvention,
appr oach' S ?%ruﬁo(r:%inorégn AP hed S J?h(?é:? e eg}lcas tglsprCSf)%sé’artrﬂ‘fé?é SEBN-
cont ai neEgcgraEgs f#@*wndsmoasom@pe@n laing aprerspB8GF <avd vborwphosphiaskdn cat e

( BPSGQ ,Sdih@bé\gfld}%pﬁirbt @Id)s‘éht Badche cheste asqeampar&elo - Qthgr oil(n@@oge%?@' tion
t echni g{tﬂe S- deposr %a? fill, and being able to fl ow even at atively
| ow post~GBpesrt 1 h featment, will lead to the decrease of voi ding

during deposition and after post-deposition thermal treatnent. Mreover,

Introductloah@fmoger OP-GeRT AlNae UECUL SALS : ARknt NG, %']L,a 2GONE A ”EQC as-
phase duri ng ition causes a sugpre55|on of highly active radical s,

event uaPycq ééﬂfcﬁg St &f THIPOVEReRt T ior teprSTRrgasaRrtd gap-fill, see

for instance: V. Vassiliev and T.G Duhanova, Electrochem cal Soci ety

Proceedi ng Vol Lhxe; "fﬁ@g@r@pt ln h u ¢ v.of, Vapor -
Phase Materials S n%hesﬁs 61 Q%ELP @OS% rllg‘é%3&je%818)c?%ﬁlegt| dell %t he

i nvent i'6R° 9% clwégi PO i’:‘i’réaéne%%lrlécﬁ&t_ﬁ]aéﬁl lssE’Ffé’r?ﬁe‘E‘)f HePrcEo8tuct ure
i's presentsdded| piashi §ifnsguresh devhemselienmeat £56102nakerpiaepibanithe

substr abesd)Qlpe SRS 1404 Ji%guﬂhreegegtogsjdaﬂlﬁgé&into other know deposition
technique as-deposited gap-£fill, and being able to flow even at relatively
low post-deposit thermal treatment, will lead to the decrease of voiding
during deposition and after post-deposition thermal treatment. Moreover,
introduction of boron—contaiﬂed precursors in the silane-contained gas-
phase during deposition causes a suppression of highly active radiecals,
eventually leading to an improvement of step coverage and gap-fill, see

for instance: V. Vassiliev and T.G Duhanova, Electrochemical Society

Proceeding Volume “Fundamental Gas-Phase and Surface Chemistry of Vapor-

Phase Materials Synthesis”, PV 98-23, p.p.258-263 (1993).

The idea of the invention 1is clear from FIG.8, where a typical
scheme of device structure is presented. In this figure, device elements’
102 are placed on the substrate 101. Spacers 401 required for Junction
.formation are formed using depesiticn, lithography and etching techniques.
These spacers, having mnormally the thickness of about 600-8004,
significantly decrease the spacing between elements making them narrow

with wvertical or slightly tapered side walls. Subsequent deposition of
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formation are formed using deposition, |ithography and etching techniques.
These spacers, having normally the thickness of about 600-800A, JUL 2005
significantly decrease the spaci ng between el enments nmaki ng them narrOV\;
with vertical or slightly tapered side walls. Subsequent deposition of 20
22 JUL 2005 PECVD liner oxide or nitride film402 (it is necessary to

pr event P%@%;Ddiffusmn of dopants fromdoped filnms into the device, and in
the casé 6t HitFi G&HFT 19 BT HIIP of'4 aliér 1as 4GP TWHicc PR rRIdYY has a
t hi cknesis ffwfioB00L 1GPOAL < Sugesiophe filng halto deer ea&eepfangapn S:lhéec:aé‘g 0%uch a
case, |niBglge0Xk g, depesiit '&Bp\’\iatygrvﬁ Xaep Wk 8P n%%lagg ?1 above,
can cha%ggoél’&% ﬁ%OfHG of the a and es it re-entr TH&t, a
HDP- VD “Bor 8h-"C8RE ai" AtE Sf it 14 p‘?)es‘irﬁ‘i‘%?n Rfi I9FP| &EE - tlé Fh‘éh faor el on of

a denselfi¢maniith deprovech gaphfvddy whilchtephavweselke ati ddowhavBodd t tda@ seans

208 at ehiddeCahe $R€LNY or Ofhel bdd bga \ﬁggﬂg@ i207..at ¢ - da';;gaci ngs | ess t han
critical. Subsequent boron-contained filmpost- deposition thernal

treatment at el evated tenperatures will cause the film softening and fl ow
that will | &dderotitie el TPA-HHER i mrrenfcoanheidedt £1len deansepoant ovoivdsl imatihe

film asoweld f@im&&oﬁathpéadﬂ;@aléézﬁltﬂ on; of fipkmsurt u o the flow
Event ual | ost ment mo lborédr%) cont ai %gﬁg ? ﬁhlcth f’?we °8ad to

: r mal
the for it ¢ Bf 1{7%5%3 FF‘E@ éﬁ%f B TF PRS0 F it herheer tdoeroivisr 20 7sail |
gaps, asPxhonwm ilesFl GI8B. @niticgr.ovenenrtuaft ga@rd‘m—l:éntaﬁn@ﬁ fdﬂposdots@d

HDP- CVDi&i:9hr G0orhaksad ¢ fddciBnaal o r L er; budg
condi ti o%%sf ori ?it g 83| ttl on flltl ﬁﬁi‘)ﬁg%\@mﬁeﬁ ?%aggnée%% Fg ¥t eeghee VOl8-free

film AL aﬁme%?ar?ﬁ 2N T ol 1976 bl ther AtHBAE- CoRrdi thondttie apie

t her mal aghresls (RTH)e fokn,20stv@ll84 securdslatart erpen alfuresn egudcd Quor

bel ow 880 tke I8.olspl enent ed. The post-deposition thernmal treatnent al so
causes a certain inprovenent of the total filmaquality because of

"~ high-density of the deposited filmat HDP-CVD conditions-that allows an
i npr ovement Erentuadi st upetr édkestaincereofndSG 41 | vionFicaahinga themsummary of

i Mport adad to the formation of void-free uniform film 500 in between even very
small gaps, as shown in FIG.BB. An improvement of gap-fill of as-
deposited HDP-CVD boron-contained films allows lowering the thermal budget
conditions for post-deposition film thermal treatment to achieve void-free
Film. As an example of such low thermal treatment conditions, a rapid
thermal anneal (RTA) for 20 to 180 seconds at temperatures equal to or

below 850 °C is implemented.

The post—deposition thermal treatment also causes a certain
improvement of the total fiim guality because cof high-density of the
deposited film at HDP-CVD conditions that allows an improvement in
moisture resistance of BSG films. Finally, the summary of important
parameters of the invention’s boron-contained HDP-CVD glass film process

are presented in Table 4 below:
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paranmeters of the invention's boron-contained HDP-CVD gl ass fil m process

are presented in Table 4 below 21 22 JUL 2005 Table 4 Paraneter Reaggn‘ml_ 2005

parameter is inportant Dopant to An increase of the ratio of boron an
phosphorus silicon source sources to silicon source causes an increase of
a._ ratio dopant concentration in the film which is necessary to achieve
desirable filmflow capability at subsequent film anneal, especially at

| ow t hermal budget conditions. Etch to The increase of EfD ratio |leads to
the incré&béedf re- deposition (E/ D) sputtering on device steps and,
therefore, "IRagfeded rati o WOTSen RIhBh SLERGIVEl st hetop—of—sfep,
e.i. | egdspher worseni ng of igapRatd Ide €APaRtld bY JPhn a9 SERESTLgd—HBP-CVD
film and,sievent sahtas flooutde tblamiedd esuddaesdsmbs taneat st J2r gssure
Lower i nd ®fi¢ he pressurlelcabiowsnaohianiongibehs etilh) |wﬂ1018h@pn€£‘£(é‘éeﬁﬁ,ge on
devi ce dteps, an inpr ovéﬁeﬁ%hlﬁﬁefqeﬁmahlﬁt@gm fiowoparchel stveps, as wel || as

gap-filll. D. In-situ Li rE %“Héﬁé@l%ﬁ“@?ﬂrbéﬁ?ﬁ%ﬁ%ﬂ & Idorletrmednt ai ned

HDP- CVD Icar‘% £ i A,-hTRQgQECQRH E\Olishunnftl nnl also pr.ovi dr:\Q the foll ow ng
1 re 1 -

pr ef erreﬁ Q !)IUE%I/% \@E {teér?‘n E ev1 eP ng rﬁﬁd Fry ¥§50; "e

bor on- contajed HOP. VD, gLasarg 1 m.epaa W LHOUE viTigot e

substrate fromthe reagt@ids acSidrk&Rihg 9% E- ﬁxeéap'aﬁll& mEg) 'LG:STtu jover

the boron-contai ned HDPweM2igb@ssriduoTriiEand NesbithaPSG €8P GEPASIL T On

after "boron-cont ai ned | HDRCVE: glaaSisreafmd ol dep03| tion The invention |al so
provi des Prémsufrel | owi ng | prefreng ed e pae ik sal wherehacihgspheskl#Cat § | ayer

is formed over the bor pAtHopedsiakE cat devigleasteri | an imeSivelent of £ilm
integrity on the steps, as well as gap-fill.

D. In-situ Liner/Cap deposition before/after “boron-contained HDP-CVD

glass film” deposition

The invention also provides the following preferred embodimenté
where a liner layer is formed under the boron-contained HDP-CVD glass
film, and then without removing the substrate from the reactor, a silicon

oxide layer is formed in-situ over the boron-contazined HDP-CVD glass film.
E. In-situ PSG Cap deposition after “boron-contained HDP-CVD glass
film” depcsition

The invention also provides the following preferred embodiments

where a phosphosilicate layer is formed over the boron-doped - silicate

glass film in-situ.
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22 22 JUL 2005 F. Differentiation of the invention over the prior art ‘
HDP- CVD processes The Tabl e 5 bel ow conpares paraneters for the 22 JUL 2005
invention's "boron- contained HDP-CVD glass filnf with the prior art

HDP- CVD PSG filmand clearly shows the differences between the invention

and the prior art processes. Both processes use the sanme HDP-CVD reaction
chanber pe. sh «+Lhe. most. i nportan araneters for_the

i nvent i ogFly arDéé?err-ag?]?(%Q%l?mdo%%ﬁtth%o =il ?tclé)ﬁ s%vlfrceEhept Efto GEpositi6hP

ratio, afRPeePpiGcess pressure. It shoul d be recogni zed that many

publications describe the details of common techni ques used in the

fabrication 9596@%1@1‘5 ﬂemsﬁ%&gsge eec% 58 fEh%%é techni ORI IR be
general | %}Eo yed in the fabrl cat] on 0 ructure of " presant
i nventi o SoVieF CYLheg]fiﬁ‘Ell Vildualist e @Fl%c%ifta *ﬁ??o%‘@és‘?séarflb@ and

perfor nedeasimgsmmmel di figre@vai Ibableen rtmegﬁﬁ\t@dlﬁﬂ I’eﬁ'ldj tthﬁea@'rh_@@-t N
machi Nes, oAss SRECESIICBE s NEGESSALY s 1R B %pﬁ'%%&«g L e present
ases

i nvention, exenplary technical data is set fort upon ChPr ent
technol ogy. Future developnents in the art may call for appropriate
adj ust ment s as Twulled shehowhvitousméa: dfeosdink | peranBrddze fakt ¢ndl %en%f&l

conduct i I int epresent an t epped. structure on
sem conéﬂ\égt o!rrgl%%woc&e %E?ﬂﬂa% nsgﬂlm{n pSO%%%? n%c%n%%s(ig) °5ht1993 TSN "‘2‘1‘905

Tabl e 5PEPFIRSABPHEI I Fontt AU 8f' ZeCoBBiasn- Etrit arme dubDR:2CYB g ld@ssrRrd or
art pragesskcdillsm'o HDRGWD P&Gmﬁtésm ﬁsreaatlmerﬁheESftabHPéa%ﬁioxE apgs-Laf Mast

preferred.f]lmparalel &l paranet e of paranet osi tion wafer
250- 650 400@] 450 400- 650 tsten@egr%a%‘?“e Sémogm e8ﬁrapré(s§ﬂ$]é’yﬁd5“10thf 5 <5

fabrication of the structure of the present invention. Moreover, the
individual steps of such a process can be performed wusing commercially
available integrated circuit fabrication machines. As specifically
necessary to an understanding of the present invention, exemplary
technical data is set forth based upon current technology. Future
developments in the art may call for app:opriate adjustments as would be
obvious to one skilled in the art. Also, the conductive lines in the FIGS

can represent any stepped structure on a semiconductor device and are not

limited in compesition.
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{mllitor) Plasma frequency 300-600 400-450 400-450

(KHz) Deposition

plasma 1 x ElIl-1 x E13 1 x Ell-1 x E12 I xEl 2-1XEl 3 density (ionS/Cn?QZJULZUDS

Etch to 0.03-0.3 0.05-0.15 0.05-0.3 deposition ratio

Deposi ti on:
Deposition: silicon Silane and its Silane Silane source derivatives
Deposition: silicon 50-500 100-200 100-200 source flow (sccm Deposition:
oxygen 10Q-40Q 250-350 250-350 flow rate (sccm) Depositio'n' boron Di borane
and its D %orane and its NA and phosphorus derivatives derivatives
Phosphi ne precursors Phosphine and its Phosphine and its derivatives
deri vat ifvesiidDeg@esiticon: |bofveRt i b-s1o0r 200 A mpr &6 Wishr 3oy s seeh)
Deposi tijon: 190¢85¢/20- 100._50- 100 __phosphonws precursor fl owHpsaesd)ese
Deposi tijon: flé%rtFF%’ié“eﬂ? -Iéz‘lﬁF‘atePIefaA?e Pe  gdssbeprdetieon: cdrfier 20- 400
50-100 4 BeprYtloHdb |¢,é4_=\g/r 8Ty A “§p- RS bi-l Ly for G>Q. 12
4m G>0. 12.,m.3Q-d6-9m structure with AR<4 vertical side val | s %K REP ARJ3. 1
Si i cat ¢ pgdoasiSohIfWssure 0.5-10 -5 <5

(millitor)

Plasma frequency 300-86C0 400-450 400-450

(KHz)

Deposition plasma
density (ions/cm?)

1 x E11-1 x E13

1 x E11-]1 x Eiz

1xE12-1xE13

Deposition: Etch to 0.03-¢.3 0.05-0.15 0.05-0.3
deposition ratio
Depesition: silicon Silane and its Silane Silane
source derivatives
Deposition: silicon 50-500 100-200 100-200
source flow (sccm) .
Deposition: oxygen 100-400 250-350 250-350
flow rate {sccm) )
Deposition: boron | Diborane and its Diborane and its NA
and phosphorus | derivatives derivatives Phosphine
precursors Phosphine and its Phosphine and its

derivatives derivatives
Deposition: boren 10-150 Z0-100 N&
precursor flow ’
{scem)
Deposition: 10-150 20-100 50-100
phosphorus precursor
flow {scem)
Deposition: carrier Ar, He Ar, He Ar, He
gas
Deposition: carrier 20-400 50-100 50-100
gas flow (sccm)
As-deposited gap-
fill capability for G>0.12 um G»0.12 pm G>0.16
structure with AR<4 AR<4 AR;3 fm
vertical side walls .
Silicate glass flow
capability at Yes Yes No
elevated
temperatures
Gap-f£ill after post- Same as as-
deposition thermal G>0.03 pm G>0.03 um deposited
freatment AR<6-8 AR<6-8 G>0.16 um
at RTA, 850°C, 60 Aﬁ%S.l
sec, nitrogen
ambient
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capabi*flity at Yes Yes No elevated tenperatures Gap-fill after post
deposition thermal G0.03 Sdee -as as- deposition G0.03 pm deposited
treatment AR<6-8 at RTA, 850C, 60 AR<6-8 G0.16 m AR<3.1 sec, nitro@@rr’-’m- 2005
anbi ent 2422 JUL 2005 While the invention has been particularly shown and
described with reference to the preferred enbodi nents thereof, it wll be

under st ood byniitchase skidnked in.t art that various changes in form and
details may be made wit houét11 élgrsja?%e!nné)afr%bcﬁg ﬁla SOCTT t*Mhdeseoiiedotithe

i nvention. 2522 JU 2 RF S AR VPO JnaRES WP Te L f Gitmivilg: desiuhiicatteogl BSS
filmovéfoge mdi el isubbt ratetiny baghouensddyys PirageBn Chemaeal NARQL oo
Deposi t imafe wikdRHCHBYa A4S hN G rdm Sl CON; SOM L€ 8 Qgrt?ln source and an oxygen
source as essential reactants in the constanf pres%nlcréve(?ftl%fl'pl asma, the
met hod conprising the steps of: a) placing a substrate in a. reactor
chanmber wherein said substrate has at an upper surface a plurality of
steps; b) in a deposition step, inducing a reaction in a 10 gaseous m xture
conposition to produce deposition of a silicate glass filmover said _
substrate wherein said silicate glass filmis deposited by subjecting said

25



substrate to a plasma during the entire said deposition step, and wher ei n
sai d conposition conprises said silicon 15 source, said boron source, said

" oxygen source, and a carrier gas; and c) in a post deposition th rna%
anneal of said silicate glass film said silicate glass filmis % y &%
" wherein a worsening of film integrity and voids in said film between said -
steps are a¥di¥éd. 2. The method of claim 1 wherein said reaction occurs

“under the ¥-ol awithgd conhdicrhng: a 8 118 FREL sai d substrate is |
Y RISHRSL ‘Detwleltedtsd and 10

bet ween abauths259 C,.a_ process pressure is
millitorr, fr gquenc?}g_f}ﬁgneparﬁs%y 51PERR t FRrmichanerort Dapostiticen sai d pl asna
i s between ‘dBEUtYPI308s iz anel BOOnKIourea) daPhass® has. 2 pgn%slrjra}}ajcdensi ty in

the range okybet irercaboitglxELL,and | xE13 ions/cn8, said " soudt'te of
silican is. silane or. its dgri%]?lvggﬁﬁ%jfé P e Beesieat 50 and 500 sccm

sai d gx’ygeﬁrﬁsa%ncae PFFofv RIfESBRt vigen meehad @onpe AGQ 55€Mre3ai g SOUr ce of - boron

i's diborane or afsplalgimngvat iM@sM-4i, & f1ow of between 10 and 150 sccm and
has .a flow of bet wgle’];] 0T&HdFFoshember wierzdnIUL 2i b 3.

said carrj gas

The net hodé%;d C%E}f’srﬁrft\ﬁhé?ae“i nsaPd rusmeri crurdacer s yderithe Hel | owi ng
condi ti onsStepstenperature of said substrate is between about 400C and
650C, a proces between 1 and 5 mllitorr, frequency of energy

pressure is , .
of reaction 5. (ﬁgaﬁgeg ‘Eeﬁ"ﬁﬁah%é%ai d-slvgdéne 4 sebetimeennabout 400 KHz and
450 Kify, , %£PQUPI Amiubas canpbaismendensi pYodite! NGl 19801 o Det heen about
n

IXEl'l and dixEd2td onplelB, ¢85 d .gource of silicon’is si ith a flow of
bet ween 1Q0Q.and 200 sccm gdai gégﬁygseaﬁ aSubsHyasey rekeradh besieen 250 and

" 350 sccm S1oTERTY HBdpee Hlmorien idspds basaaneyW bhfeddiqy of, pet veen 20
and '100. seghytaate St da Calbsmy gfi‘?irﬁast& fér?ﬂr%ets\gei%n dSe%OSition '
| -step, and wherein Said-composition comprises said silicon
15 source, .said boron source, said oxygen source, and a
carrier gas; and
¢) in a post deposition thermal anneal of said silicate glass
film, said silicate glass film is flowed wherein a worsening of film

1ntegrit¥ and voids in said film between said steps are avoided.

2. The method of claim 1 wherein said reaction occurs under

the_following-conditions: a temperature of said substrate

is between about 250°C and 650°C, a process pressuﬁe is
between 0.5 and 10 millitorr, frequency of energy of |

5. ‘reaction chamber to produce said plasma is between about
300 KHz and 600 KHz, said plasma has a prlasma density in
the range of between about 1xEi] and 1xE13 ions/cm®, said
source of silicon is silane or its defivative with a flow
between 50 and 500 scem, said oxygen has a flow of betweeﬁ

10 106 and-400 Scem, said source of boron is diborane or its
derivative with a flow of between‘lo and 150 scecm, and said - -

carrier gas has a flow of betweéen 20 and 400 sccm
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and 100 sccm 4: A nethod of formng a silicate glass filmover a heated
substrate by Hi gh -Density Plasnma Chem cal Vapor Deposition (HDP-CVD)
“using a silicon source, a boron source, a phosphorus source, and_an,pX n
source as essential 5 reactants in the constant presence of a pl agaﬁuﬁ‘t%@g
met hod conprising the steps. of: a) placing a substrate in a reactor '
chanber wherein said substrate has at an upper surface a plurality of
steps; 10 B) THe an@8PPSid i gn;Step, inducing a reaction in a gaseous
mi xture coppositjon to (:)o%o Eé‘é ﬁe‘%’&&f? oif16f reactsion eatersyluasisrfi | m over
sai d substrate el Serditionsi cat eegdeassuts | Br i s2AEPOSILSY, By subjecting
said subsig abethe&nd anOql%rrqngHi n thg gentire said deposition 15 st ep, and
wherein sqi%onposi tion conprises’s UCsi 15 copPcessumeesssad didor on sour ce,
sai d phosphori§Psbitéed midild tooxy feagsentcor angh Sﬁrfe%a%]ncigas; and c) in a
i1m said silicate

post FeposiiambErtHiergral | said sjlicate glass
' I ommg%{%qg &A{)&rlss ilﬁglj%’fwefeinl ﬁgmﬂ@ 40%t &gei 4yd and voi ds in

glass filmd.s |
TS 1 m B e S meepe b @oladed. id%ei23 0L 20055, fhe method of
claim 4 wheteesn sabsut eagkion, &CH%E ynder the fol |l ow ng conditions: a
tenperat urg, of sai d_substrate” Is e%weéﬂn%%fa'ht P30¢ HMPr6E0QL a process

pressure i 5 bet wlefi* P 4HEN18 AW idfobrrwéaequenay Oboenergy of 5.
reacti on efbdriverygen Hrsoduceodahde PiA i ween about 300 'KHz and 600
nsi %@Héérf %g’ r%’h@e%(?f Sgefmeen about 1xEl |

KHz, 18ai dsp ASIgR -DaS | asma_density in
and | xE13 i ons/ cﬁg, %’gi%mgob? cELR5TA8R| WiBN d Sloil anebetwdens 2der i vati ve
with a fITRF & esen, sendndasD-acesr 5ad dn9xygep) has,a LLow of between

and 100 sccm.

4. 5,method of forming ‘a silicate glass film over a heated
.substrate by High Density Plasma Chemical Vapor Deposition
(HDP-CVD) using a Ssilicon source, a borén source, a
rhosphorus Source, and an oxygen source as essential '
5 reactants in the constant presence of a plasma, the method
comprising the Steps of:

a) placing a subétrate in a reactor chamber wherein
said substrate has at an upper surface a plurality of
steps; '

10 b) in a deposition step, inducing a reaction in a

gés?ous mixture composition tol produce deposition of a

's?llcate glass film over said substrate wherein said

silicate lglass film is deposited by subjecting saig
substrate to a plasma during the entire said deposition

15 step, and wherein said composition comprises said silicon

source, said boron source, said phosphorus source, said

oxygen source, and a carrier gas; and

| ¢} in a post depesition thermal anneal of said silicate glass
film, said silicate glass film is flowed wherein a worsening of film

20  integrity apd voids in said film between saig steps are avoided

27



.10 100 and 400 sccm said source of boron is diborane or its derivative
w t.h a fl ow of between 10 and 150 sccm said source of phosphorus is

phosphine or its derivative with a flow of between 10 and 150 scgrﬂndg@(&
said carrier gas has a flow of between 20 and 400 sccm 6. The nethod oPﬁS

claim4 wherein said reaction occurs under the follow ng conditions: a
tenperature of said substrate is between about 400C and 650C, a process
pressure is t 1l a mllitorr, frequency of energy of reaction 5
‘chanber to pro ﬁ\é\@gglé?dd Dl §g?rlamiqsw et ek 24 oﬁ?acy 6 KRES I 12250 KHz, said
pl asma has @epl @&ravdenseendiichonde x angeeghtubet veseiabaubskxidtd and | xE12

ions/cnl, saj sQuILGe f .si.lLigon_i il.ane with a flow of between 100 and
200 sccm Slgslaid% oxféena%ﬁgis: a25pfcgwar}c§t gédo " &t VBETE2B0 PARTEEH0 Stcm 10 said

source of bwtyaensV.di bodale miit hterr, | bre@fenbet weene2y @nd 100 sccm said
sour ces of phasphgt usyd.S,Rhasphi it ow_of. between 20 and 100 sccm
and s:?d carrier gas has a%f WO%EB§%£%% S%iaasrrfla fﬁoeoseétf':"ﬁ’nen 7°°%FHe et hod
accordi ng t38%KHEmBAWARY eklfe priadd pdasmd dnasdepaslasimen dsteptst aif or m sai d

silicate glass rhhban of UbtNiRlen GOBRET S REILT QLR RO LN 8l kU an pxide |iner
step to form én %xigl_e 1i ner_enover sai d sugdgltdr g%ggzééﬁfC%L 8. The

“met hod accSPHFRY o THdicAr4iangt e &rt éfssdpe weposi rion stBPw o form said

silicate glbasseds |50 an@pegdoobsimg safd SbtydedNn &Xizde 1 hays pst§P.4 0 forman
oxi de 15aP i A nmethod of form ng a

b@ygrdoyﬁf Sscacimd Si l(%cate. glass film 9.
silicdte glassotilover™a Redt etPUISEhSE r BPEC by SHGROERIRI 1% iPiSasma
Cheni cal Vdpoivadépesiviibna (fHDR- CYDpetisesry BO Shhd CDFO SO, sad dbor on
source, a PRASPRAT YRoSPINAR: 1ANHnALIVNIGD SPUT LS. a8, essenti al,

flow of between 10 anq 150 sccm, and said carrier gas has a

flow of between 20 and 400 sccm.

6. The method of claim 4 wherein said reaction occurs under
the following conditions: a temperature of said substrate
is between about 400°C ‘and 650°C, a process pressure is
between 1 and 5 millitorr, frequency of energy of reaction

5 chamber to produce said plasma is between about 400 KHz and
450 KHz, said plasma has a plasma density in the range of
between about 1xE1l and 1xE12 ions/cm®, said source of
silicon is silane with a flow of between 100 and 200 sccm,
said oxygen has a flow rate of between 250 and 350 sccm,

10 said source of borcn is diborane with a flow of between 20
and 100 sccm, said source of phosphorus is phosphine with a
flow of between 20 and 100 sccm, and said carrier gas has a

flow between 50 and 100 sccm.

7. The method according te claim 4 wherein prior to said
deposition step to form said silicate glass film, further
comprising performing in-situ an oxide 1liner step to form

an oxide liner over said substrate.
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S reactants in the constant presence of a plasma; the nmethod conprising ‘
the steps of: a) placing a substrate in a reactor chanber wherein said
substrate has at an upper surface a plurality . of steps; 10 b) ingan, ¢ izglg
| i ner step, formng on oxide liner over said substrate; c) in a @#p9stt4on
" step, inducing a reaction in a gaseous m xture conposition to produce
deposition of a silicate glass filmover said substrate, said silicate 15
gl ass fil mfi-s HEhoBPERad ovegorsang ¢ri delaiiner byesuihj ecdterqg s:5@ d substrate
to a pl asmaegusitignt hestepti ke Sabd, dEpOsi t_i,lq_rlc%tcgp, and. wherein said
conposition ¢ rises said silicon source, sai oxyaen Sou Jclé“,’ a carrier
gas, a soﬁ?ﬁgg‘%mﬁo%‘rﬁl%‘ BupEkdoflaghpspiter ts; £ dp priden caxi de cap
layer steplajear niveg o&idxidecdidngliasP®u8hpsai d doped silicate glass film
and e) in a post deposition thermal anneal of said silicate glass film
said silicate glass filmis flowed wherein a worsening of film integrity
and voi ds Pn BanetHodl BEbesmeen Sakdi SiRRS o85S MAkIBHer 10-nLhg met hod of

claim9 whgr.ej id reaction occurs wunder the followng conditions: a
terrper.atur%hg ﬂ}s?g?dgysubét RS LFE BRAsee fhaBbtRL JB@er aRer®EGtona process

pressure i HifeC¥Ben G:i%gand 1itichhi t@durcef r eguaneynof s@%c22 JYL 2005 5

ener gy of mgachhoRs Gl r oduce said plasma is between about 300 KHz
and 600 KI%, %ai d pl ag%ghftsn(&agﬁplgxgﬁgn YN §°%1 FPIRE*Fhnge of . bet ween

about®| xEITe2&RANFX EIB theowonehant gaiedescrirae 0fplabhi Cothd Seshb@ne or its
derivat i vecomptri Bimy fthewshgisvgen 50 and ‘500 sccm said oxygen has a flow 10

of between 100 z}nd 400 sccm said source of boron is ,
a2} placing a substrate in a reactor chamber wherein .

said substrate has at an upper surface a plurality of
steps; -
10 ' b) in an oxide liner step, forming on oxide liner over
said substrate; '
c) in a deposition step, inducing a reaction in a
gaseous mixture composition to produce deposition of a
silicate glass film over said substrate, said silicate
15 glass film is deposited over said oxide liner by subjecting
said substrate to a plasma during the entire said
deposition step, and wherein said composition comprises
said silicon source, said oXygen source, a carrier gas, a
source of boron, a source of phosphorus:;
20 d) in an oxide cap layer step, forming on oxide liner
over said doped silica?e glass film; and
e) in a post deposition thermal anneal of said silicate glass.
film, said silicate glass film is flowed wherein a worsening of film-

{integrity and voids in said film between said steps are avoided.

10. The method of claim 9 wherein sald reaction occurs
under the following conditions: a temperature of said
substrate 1is between about 250°C and 650°C, a process

pressure is between 0.5 and 10 millitorr, frequency of
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. diborane or its derivative with a flow of between 10 and 150 sccm said
source of phosphorus is phosphine or its derivative with a flow of between
10 and 150 sccm and said carrier gas has a flow of between 20 ang248Q 2005
sccm 11. The nethod of claim9 wherein said reaction occurs under the
followi ng conditions: a tenperature of said substrate is between about
400C and 650C, a process pressure is between 1 and 5 mllitorr, frequency

of energy 5 of CLikO nmber to .produce said plasm is between -about
400 ngand ¥ 65%2{’%%9%9% Oéisrrﬁgﬁ%gs)era g? asprfﬁdﬂ%erqsisﬁdi PLefR@ rishge of .
bet ween aboletWRER| akeut BRE1IHZ eme/ 600 KHsai dais@iaees afasSkl ptayind S si | ane

with a flowghshe,wsen 400 and. 2 saj Xy. has a flow rate of
bet ween 250 _ang 10, 350, sccm sal dggoé(régvga.eo Igoru%n ﬁgﬂél ba@rdanL"%g’t h a flow
of between 12854RH r1681¢ EWIrCs 01l s§dieee iof sprrayesphor Uss ideriwdtivea fl ow of

“between 20 andnhlQOrsGECHerAG 881 £hLRBHI &cndag, RS l,ow between 50 and
100 sccm 12. A nethod of form n((]:; a sili ccgge Eglg asgy&fr} nl’ll%gvaer%lé)“heat ed

subst rdt’e by HI YR 15ERsi 14 PRk nA0TheRFRal SWhporoDegosPEi derof HBR- CVD) usi ng
a silicon sdibceana QOrDIE SRUEEELiv WARASBNGNIHS SPULLE..ANd an@XYygen
source as esggntial S5 _reactants in the constant presence of a pllasma, the
met hod conprising 't h&2&T ep 5™ &) BIOZEPAE S SUbBResRP&npnon rdact or
chanmber whederivatsigedvwstibst fave d@deatean 1PpRaR S0 fsaeR, aad Woaki ty of

steps; 30 22, IUe:2085 nd0 Dby 2 LhESLDO5OS igate gl ass deposition step.

. ] nd P
inducing a reaction in a gaseous m xture conposi produce deposition
of a borosilicate glass filmover said substrate, said borosilicate gl ass

filmis depositeHebyethod of claim 9 wherein said reaction occurs
under the following conditions: a temperature of said
substrate 1s between about 400°C and 650°C, a process
pressure is between 1 and 5 millitorr, trequency of energy
5 of reaction chamber to produce said plasma is between about
400 KHz and 450 KHz, said plasma has a plasma deasity in
the range of between about 1xE1l and 1xE12 ions/cm’, said
source of silicon is silane with a2 flow of between 100 and
200 sccm, said oxygen has a flow rate of between 250 and
10 350 scecm, saild source of boron is diborane with a flow of
between 20 and 100 scom, said source of phosphorus is with
a flow of between 20 and 100 sccm, and said carrier gas has

a flow between 50 and 100 sccm.

12. A method of forming a silicate glass film over a heated
substrate by High Density Plasma Chemical Vapor Deposition
(EDP-CVD} using a silicon source, a boron source, a
phoSphorus source, and an oxygen source as essential
5 reactants in the constant presence of a plasma, the method
comprising the steps of:
a) placing a substrate in a reactor chamber wherein
said substrate has at an upper surface a plurality of

steps:
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subj ecting said substrate to a plasma during the entire 15 said deposition
step, and wherein said conposition conprises said silicon source, said
oxygen source, a carrier gas, a source of boron; c) in a secondg JUL %%
phosphosi | i cate gl ass deposition step, inducing a reaction in a gaseous
m xture conposition to 20 produce deposition of a phosphosilicate glass
filmover said borosilicate film said phosphosilicate glass filmis
deposi t;g@d by subjgctjng_sai. ubstrate to a plasna during the entire said
deposi tion step, _bgndir\p/\hgr glgsgai%aro%’olﬂﬁ&%?t i98AST oRpPOSiES osai<tepi, | i con

source, sai UG 25rsoutive, i car hefougasui x@lfke A-SUNAE:9f ggosphor us;
and d) in appasicdengsist oLy, therl Iorannfal of said borosilicate and
phosphosi licate glass films, said borosttiadat §lasy pHasphwesi lsecate gl ass
film are f§ er éiddda hegeshicageofglbish meinkhegki tdé%ﬁggtedloggs in said
filns betweamisaitdngt £5% %ﬁﬁs@é‘%%dﬁj-a lff.SThe met hod of claim wher ei n
sai d reaction occurs .under the foll oW ng Fofdritdride antiigperature of said
substrate %% Fet WeEHPAH6 256D, anRrE50Gheaeps 0CeSEd PESSIALR1hS between

0.5 and 10 awmblriibesr ,sdidequencdsnof s, &Rer gy. of reaction chanber to produce
sai d pl asm%a'h;}iepe ween about 300 Ef(Hzﬂ:;tér'ld éf‘)bé KIZY98%i FPFE8na dhas a pl asma

density in the range ‘of BEIGEeAt e/ xEl | and | xE13 ions/cnB, said
source of silicel g si bao@diphbbsnslank ¥atd vgqas%/i ég%& fl.ow bet ween 50 and
0

500 sccm  $aige . a flow 10 of between nd 460 8tFn said
sour ce of bor on%glteﬁgggﬁo?istma%ﬁ&???'i‘%ﬁ‘lﬂtéfﬁi@mépbbviagmetor its derivative

with 4° f1BhPBICheiReti tion amd 150pBenMos S 81 ¢htSOUF 168 s0f £iAR0SRNQrus 31 JUL
2005 in theisesorkideposd tgiq&'sggpdiénc%g,gggl jne or its derivative with a
al :

. 2005 1 bQ&meent;% %pd 150 SCCH “and lcate glass film is
eposite Y subjecting said substrate to a plasma during

thg entirer said deposition step, and wherein said
| composition comprises said silicon Source, said oxygen
25 source, a carrier gas, and a source of phosphbrus; and
; d) ip a post deposition thermal anneai of said borosilicate and
 phosphosi1icate glass films, said borosilicate and phosphosilicate
glass films are flowed wherein a worsening of film integrity and

voids in said films between said steps are avoided.

13. The method of claim 12 wherein said reaction occurs
under the following conditions: a temperature of said
substrate is between about 250°C and 650°C, a process
pressure is between 0.5 and 10 millitorr, frequency of
5 energy of reaction chamber to produce said ﬁlasma is
between about 300 KHz and 600 KHz, said plasma has a plasma
. density in the range of between about 1xE11 and 1xE13
ions/cm’, said source of silicon is silane or its derivative
with a flow between 50 and 500 scem, said oxygen has.a flow
10 - of between 100 and 400 scem, said source of boron in the
first deposition Step is diborane or its derivative with a

flow of between 10 and 150 scem, said source of phosphorus
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15 carrier gas has a flow of between 20 and 400 sccm 14. The nethod of
claim 12 wherein said reaction occurs wunder the follow ng conditions: a
tenperature of said substrate is between about 400C and 650C, a process
pressure is between 1 and 5 nmillitorr, frequency of energy 5 of E&adblothld
chanber to produce said plasma is between about 400 KHz and 450 KHz, said
pl asma has a plasma density in the range of between about iXEll and | xE12
ions/cm, sajd gpurce of silicon is silane with a flow of between 100 and

200 sccm saf'll oxygen"Ha&%a PPOGIEPE of %t ween PRSRPIEAG 10r350t8ccm  said
source of botenivativhewftir at fiepoSi bewent 8P ands16h beraneawi thig flow of
bet ween, 20 sai squrce of phosp o s in the second

deposi tl%n g(%(e%%%% gg%ggsaﬁhl ngl% t% RER{eER 2(? B17°88- and 100 sccm and
said carrier gas has a fl ow between 50 and 100 sccm 15. The net hod
~according toclagm 12 re r Lo sai irst borosilicate glass
deposition step, urt%wm%i cdof?rpér)ll s'}?]ngltzper 5Fﬁ%fln - 5108 6XFEES | i ner step
to form an %eée Frperfoddeyingai dordidsonat e.a 16emfretnet had aespgding to
claim 12 wheygish-after; sa 0s i e S position step,
perf.orm ng in-situ anlSoxil)%;Jlitewel%gye?ibgg‘ltsc b@:%tcf o%]r(rfaES%Erde & cEPCFEYRr over
said phospWESPFREQtS §rhsee il and 17 mlAlnmrtmdfoéqm‘eocmm edesiyi cate gl ass

filmower adieatadtisihshnete &V{p‘i‘b&@e@%’&%t ¥1ﬂ sgB Ghem.gal, Vapor
Deposition éHDP— C\/Dﬁdug (Fg a silicon source, oron source, “a ~ phosphorus
source, and’8f &gé of cBis igemipgpa 31’2"’1?25l RA25PRO I8N Byt elrct ant s i n

t he const anthpr esepeeodf betydeas m@out hexmet hogd cerps i singy dhe sieps of i a)
placing a S%BEEéQISE'§1r§c£§§&§ﬁﬁi%98”99éq“h%ﬁow of between 100 and
200 sccm, said oxygen has a flow rate of between 250 and
i0 350 sccm, said source of boron in the first deposition step
is diborane with a flow of betweén 20 and 100 scem, said
source of phosphorus in the second deposition step is
phosphine with a flow of betweéen 20 and 100 sccm, and said

carrier gas has a flow between 50 and 100 sccm.

15. The method according to claim 12 wherein prior %o said
first borosilicate glass deposition step, further
comprising performing in-situ an oxide liner step to form

an oxide liner over said substrate.

16. The method according to c¢laim 12 wherein after said
phosphosilicate glass deposition step, performing in-situ
an oxide layer step to form an oxide cap laver over said

phosphosilicate glass film.

17. A method of forming a silicate glass film over a heated
substrate by High Density Plasma Chemical Vapor Deposition
(HDP-CVD} using a silicon source, a boron source, a

phosphorus source, and an oxygen source as essential
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said substrate has at an upper surface a plurality of steps; 10 b) in a
first borosilicate glass deposition step, inducing a reaction in a gaseous

m xture conposition to produce deposition of a borosilicate glasgzékkﬁ]ams
over said .substrate, said borosilicate glass filmis deposited by i
subj ecting said substrate to a plasma during the entire 15 said deposition
step, and wherein said conposition conprises said silicon source, said

oxygengsource, .a tcar.ri gé gas, a source of boron; c) in a second
bor ophdsphosT1TeHE glasle deptlppf opressnep, of nalupiasgaa tieactdtandi N a

. gaseous m xt¢ampericOmgoshd is®Bps 26kt 0 produce deposition of a
bor ophosphosi | i ca | ass fil mover said borosilicate glass film said

e
bor ophosphosi | i ca{ epgagqlggs % QNP F 82 tfe plis i @ eednros ulchadtd mgiteaietinsubst r at e
to a plasmeidur bpstiaeentdsr eassabfl d@Resi @R, SL €. AR wegg said
conpositi orgtgg)gpri ses said silicon source, said. oxydgen 3 ource, a
carrier gas, and a source of boron and a said source of phosphorus; and d)

in a pdst deposilti ohnt ker fimistartresls 1 0f cAR dghoys0Skd deat €oand

bor ophosphqsiyl:-¢a5 € 201,235 §4| M5, gai d borosilicate and %o.r opﬁ%’sphosi l'icate
glass filnms are flowed wherein a WorSE&RPHY BEXBErer i samPPaL kA tyo and voi ds
in said fi PrRIBet weePraiansoBps hpoeosidvontedglds. fiha Bebhod.0f claim 17

wher ei N sakdbs€petd, ONs HCLUpSroRdeL 4 h | | owi ng. conditions: a tenperature
of said subst i t ween about 25 g%ﬂdgggﬁds aBBP?ﬁ;’&?? Bf essure is

rate is b
bet ween 0. EY %C%'llﬁlgnffurcstsdl,bﬁ:trqt}ee&geﬁC[g,la@ma5d@nie:ggjzh®fenteaeti on chanber to
produéé sasaigl adeposiziohet weep, abanl 30 Kz, an%igoo ngi%‘o gald plasma has
a plasm g&ﬂ;‘,_iits)ési nsthe range of between about | xElIl an PXELS. 33
s con  source, said oxygen source, a
carrier gas, a source of boron; '
c) in a second borophosphosilicate glass deposition
, step, inducing a reaction in a gaseous mixture composition
20 to produce deposition of a borophosphosilicate glass film
over said borosilicate glass film, said borophosphosilicate
glass film is deposited by subjecting said substrate to a.
plasma during the entire said deposition step, and wherein
said composition comprises said silicon source, said oxygen
25 source, a carrier gas, and a source of boron and a said

source of phosphorus; and
d) in a post deposition thermal anneal of said borosilicate and

. borcphosphosilicate glass films, said borosilicate and
7 borophosphosilicate glass films are flowed wherein a worsening of
30 . f£ilm integr;ty and wvoids in said films between said steps are
avoided. .
18. The method of_ claim 17 wherein said reaction occurs
under the following conditions: a temperature of said
substrate is between about 250°C and 650°C, a process
pressure is betwegn 0.5 and 10 miilitorr, frequency of
5 energy of reaction chamber to produce said plasma is
between about 300 KHz and 600 KHz, said plasma has a plasma
density in the range of between ébout 1xE1l and 1xE13
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22 JUL 2005 ions/cm, said source of siliconis silane or its derivative
with a fl ow between 50 and 500 sccm said oxygen has a flow 10 of between

100 and 400 sccm said source of boron in the first deposition s%ezo fgﬁ 005
di borane or its derivative with a flow of between 10 and 150 scctH ’g |c?,

source of phosphorus in the second deposition step is phosphine or its
derivative wth a flow of between 10 and 150 sccm and said 15 carrier gas
has a flow ¢ Q gnweesgl 0 and 409 ¢cm 19. The nmethod of claim17 wherein
said reacti on occu ndet €hd Sd1lI18Wi‘n’§ SO BNt alardmpere ure of said

substrate i Elib‘eta\/\ééw éi@@u@em%Camcm@S@&;m aspIOCRSYen PERSIUEE S between 1

and 5 Ayl | i bPrgetdcfayghc nergy 5_of reactl on chanber to produce said
plasma is befween egbou%] %‘b(g @z é‘ 480 KHEP 58I @EpPasth Hasthe pl asma
density in fi¥¢ [F8RgRltgPnbetsiedrs @b@gtalle(@]:.‘l iandaéxiwh2 ivonsityma, said

‘source of sFldw@F bsteddnane Whd M fdow o 00 and , 200 sccm said
oxygen has a flow rate of between 256 and éall?ﬁ %gsccnﬁo g’ PRPYSr ce of boron
inthe first" detg}?m rER"St dFPOPEtiimosiRe V\Hh ehofspbinef det vieen 20 and 100

sccm sai d deegurtevofviphos ghew ust ibatiden i@CQﬁ@I 18@P9SkA,| QRaSL AR 1S
phosphi ne flow, en. 20_and and said carrier gas has
a fl owi bet &i‘lﬁlg’é %E%dh%oé)géé\ﬁ %Etﬁeél %4?&%‘?%‘? 'ng to claim17

wherein prior to said first borosilicate dep03|t|on step, further
forman oxide |iner

conpri si ng 1qperfr@r Mok Nusi LU N X g8 Jd;ner ep..Lo
- over said substrate. 21 The et hod acceoréd"rﬁ SafsLEj PR SHEFEin after

said secorttbr of¥fos W()lsoiwllf‘%atcé’néébwstl of éle@permﬁeornf ngaid- situ an

oxi de | ayersubbepate0 §OF Me@eXi d8os@P 4|oé}§’cer agger65os@| d borodohosphom licate

glass film_34
pressure is between 1 and 5 millitorr, frequency of enerqgy

5 of reaction chamber to produce said plasma is between about
400 KHz and 450 KHz, said plasma has a plasma density in
the range of between about 1xEl1l and 1xE12 ions/cm®, said
source of silicon is silane with a flow of between 100 and
200 sccm, said oxygen has a flow rate of between 250 and

10 350 scem, said source of boron in the first deposition step
is diborane with a flow of between 20 and 100 sccm, said
source of phosphorus in the second deposition 'step is
phosphine with a flow of between 20 and 100 scecm, and said

carrier gas has a flow between 50 and 100 scom.

20. The method according to claim 17 wherein prior to said
first borosilicate deposition step, further comprising
performing in-situ an oxide liner step to form an oxide

liner over said substrate.

21. The method according to claim 17 wherein after said
second borophosphosilicate deposition step, performing in-
situ an oxide layer step to form an oxide cap layer over

said borophosphosilicate glass f£ilm.
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