on, J3 & UL 2004 METHOD OF SILICON OXI DE AND SI LI CON GLASS FI LMs
DEPQCSI TI ON Background of Invention Field of the Invention This invention

rel ates generally to fabrication of sem conductor devices and nore 338 JUL 2%
-particularly to the fabrication of silicon oxide and silicon glass filns
by using a H gh Density Plasma Chem cal Vapor Deposition (HDP-CVD) _
technique with gas m xtures containing silane or its derivatives, necessary
dopi ng precursors, oxygen, and special gas additives. Description of the
Prior Art In the fabrication of devices such as sem conductor devices, a
vari.ety of material l|layers are sequentially formed and processed on the
substrate. For tQgrspyr | i re, the_substrate includes a
bulk materi al sucﬁ@aéﬁgiﬁfgﬁ%gg%%bg%§g#%&gNé?@%%gﬁ?mb8%§§lﬁﬁﬁ if present,
various regions of materials such as dielectric materials, conducting
materials, netallic materials, and/or sem conductor materials. One of the
material regions utilized in BAksroppdeifcEvenriopr ocedure includes a silicon
oxide, i.e., a material represented by the fornmula SiQ,, where n 2, or
doped silicon oxide films, containing an additional doping el ement such as
boron, piIgphdts Invddtii@r i ne, carbon, and their mxtures with total dopant
content depending on the purpose of filmapplication in the device- Bel ow,
the common term"silicon oxide film is used to characterize both silicon

dioxide filns andysiliicon.oxide based glass filnms. Silicon oxide regions
are utilized as i nsullgt éﬁ%ﬁ np§§gﬁt\?ﬁtqeﬁﬁrﬁq’éyeﬁ"s,fabééca&ﬁo%Ioéc%qﬁieqidu'pt\cgu| ation

bet weendeBreuehd mgre dyerisnl1g.to PR ¥SidibCOR, & MBLal O@%erg Fi L::rcrns1 of
undoped §i|i§on oxi de are used also as a liner or as a 3 UE" %60 cap | ayer
ei ther URGErTioPs &% tHBY doppkdr Berisiibn Al owiadenchayer Bpok espoctivel fppi@p)

technique with i ini i i i i
q gas mixtures containing silane or its derivatives, necessary

doping precursors, oxygen, and special gas additives.

Description of the Prior Art

In the fabrication of devices such as semiconductor devices, a

variety of material layers are sequentially formed and processed on the
substrate. For the purpose of this disclosure, the substrate includes a bulk
material such as semiconductor, e.g., silicon, body, and if present, wvarious
regions of materials such as dielectric materials, conducting materials,
metallic materials, and/or semiconductor materials. One of the material regions
“utilized in this Ffabrication brocedure includes a silicon oxide, i.e., a
material represented by the formula 5i0,, where n = ~ 2, or doped silicon oxide
fiims, containing an additional doping element such as boron, phoéphorus,
fluorine, carbon, and their mixtures with total dopant content depending on the
purpose of film application in the device- Below, the common term "silicon oxide
film" is used to characterize both silicon dioxide films and silicon oxide based
glass films. Silicon oxide regions are utilized as insulating/passivating
layers; as an electrical insulation between conducting layers, e;g., polysilicon

or metal layers. Films of undoped silicon oxide are used also as a liner or as g




limt unacceptabl e dopant m gration during subsequent processing. Arma&

ot her techni ques used in sem conductor processing, silicon oxide fil dbl 2004

deposi ted using Pl asma Enhanced Chem cal Vapor Deposition (PECVD), and

Hi gh Density Plasma Chemi cal Vapor Deposition (HDP-CVD) techniques, The

| ast techni que assunes sinultaneous deposition and sputtering of depositing

films.in order to inprove gap-fill capability, as shown schematically in

Fig. 1. Fig. | shows steps 102 forned on a seni conductor substrate 101.

The silicon oxide film2103 is deposited over the steps 102. Si 2 species

are shown 104 on the surface of the film Ilonized Ar nol ecul es 105 bonbard

the surf . fi resulting, in sputtered and redeposited SiO2 106

and vapo%??eaggrsite%gh esrp’é‘lécl{%sor Tb';l.he%%echﬁﬁfd:ﬂnocf’”?:%éﬁ?eéél LPaRfSitRdesia i on of

si | i con 1owitdenandotBopedpsit hiR8t Pnodsifi | NBsabetd ghDongity Plasma

conditions (HDP-CVD) with silane-oxygen based gas  m xturés is used in

sem conduct or manufacturing nostly for sub-quarter mcron Utra Large

Scal e Integrated (VL I()th(e:} re it device _appljcations. This nethod is used

for deposition of sificon oxideor "FiettiSRPI MIehowm=2restiidopedistd i con

gl ass (USQEe, £phespeosddos calieudha s ablBSMnancid URLQSL] Lgate %‘ SS.LFSG . In

the case_of doped films, the dopant precursor, such as p% sphi'ne PH3, for

exanpl e, FFSPhdded High thyesivl Mnenoiheenahivebor Gepcllision (HDBGAD) CldcRNT@ARI C

silane dgsiyat itgg&iqﬁeuggs as tetrafl uorosilane SiF4, or difluorosilane

Si H2F2, are used el ther al one or TR ASniSeeurdonrh SrHERens Theleproisiem of

filminteysi tyoand voiidpfae@bl-on1 (H8LoW: cf hes Cammpn &gl m 1Yol ds;, i s, used

for both types of filmstructure inperfection) in di F?erent ypes.g'oJf‘

as- depog’r‘-‘veg FPEE VRS it Pirdotmedeoth e evernf curdcandsuaalayz a1 r eagatdiyicesee for

I]_gsf]?JEC%(t)iéi%Rﬁflmqo:iRis ggggslitec{_bve%cggeorsntgpossfLOZC.;. DSIiOEa'.sll‘chsi?elsjla:rgtslhso;m elto4ac|>n. 2T
the surface of the film. ITonized Ar molecules 105 bombard the surface of the

film resulting in sputtered and redeposited $i0, 106 and vaporized Si0, species

107,

The method of chemical vapor deposition of silicon oxide and
doped silicon glass films at High Density Plasma conditions (HDP~CVD) with
silane-oxvygen based gas mixtures is used in semiconductor manufacturing mostly
for sub-quarter micron Ultra Large Scale Integrated (ULSI) circuit device
applications. This method is used for deposition of silicon oxide, or frequently
kncwn as undoped silicon glass (USG}, phosphosilicate glass (P5G),

" fluorosilicate glass (FSG). In the case of doped films, the dopant precursor,
such as phosphine PH,, for example, is added to the silane-oxygen mixture. Also,
organic/inorganic silane derivatives, such as tetrafluocrosilane SiF,, or

difluorosilane SiH,F,, are used either alone or in a mixture with silane.

The problem of film integrity and void formation {below, the common
term “voids" is used for both types of film structure imperfection) in different
types of as-deposited HDP-CVD films have been found and analyzed recently, see

for instance: [Ref 1] R. Conti, L. Economikos, G.D. Parasouliotis, et al.




Proceedings of Fifth Dielectrics for ULSI Multilevel Int.Conf. (DUMQ),
(19@)9), p. 201 and [Ref 2] J. Yota, A Joshi, C Nguyen et al, Proc¢gdj;lg_g§004
of Fifth Dielectrics for ULSI Miultilevel Int Conf. (DUMC), (1999), p. 71.
The reason for void formati on under HDP-CVD conditions is normally

expl ained as a result of redeposition of the filmon the nearest surfaces
caused. by etch/sputtering of the filmw th argon bonbardnment fromthe top
edges of the structure steps, as shown in FIG 1. This effect is shown in
progress in FIG 2. Continuous deposition with etch/sputtering causes the
formation of filmon the steps 102 (shown in FIG 2A), followed by void

formatio at _the_snpllest spacings, as shown in FIG 2B, followed by
voi d f_oramlc%dl% Slsculiab b T Lo 1 1 fnt.Confan (PRIEF | ¢BI9%aspect
rati os (ARcoitdneairerl095. Abed he. sane: t [:_rr%gugen g,pia?; free fdllrl1 m L re..at a
certain gap spacing, which is larger than critical, o,

whi ch i s2isdestaipa for (ULST gl tilggels Nowtohf. Fb@i2B, (144, thati. eventual |y

| eads to the void-free gap fill when the full filmthickness is achieved,
as shown in Fig. 2C. Detailed analysis of HDP-CVD gap fill capability for
an exanpl e of StyhdCidIESS Wi 5 ' ' l.steps, .mostly desired for
ULSI applications, has been pe%?g%ﬁgg? %h?e%e%@#v@.w AsSPS &V "8V n, D
Fung et #PlaPrgceedimgslt of FobtdsiDical ecthé asid ob ddleSheaWbd ishenels lahsSonf .
(DUM C), “%?{%9 .. 235 . for f.the.above mentioned filmtypes and two main
fanges of the IL-Bﬁ XD 58T (1 6h Vi He AP e abIiPar ineabndrgn thesiopt ¢rmms afotite 400C
and hi ghedruéfias abput 5086, These . 1 Supar | ta are presented in FlG 3.
HDP- CVD gap fill capability is shown %Er% é%%gtt: g%g%iog? St Bp Shapa™ Wit
verti cal “@r#eonalderestidrowt theppay sputtering diBeLCxre (tbine:3d s FBGtANGW ar
step shape wi.th (vgrtical side walls at high tenperature (> 500 C) (line
33); and tapered gap spdeE- it h FPLLATAR Pt B dsfupaEornedtsat [thaemaBBEt 3 LI 3

JUL 2(Qhspacings, as shown in FIG.2B, followed by void formation at certain critical

spacing (Geriricay) and critical aspect ratios (AR seica1) 109. At the same time, 2
void-free film forms at a certain gap spacing, which is larger than critical,
and aspect ratio, which is less than critical, as shown in FIG.2B, 110, that

eventually leads to the void-free gap fill when the full film thickness is

achieved, as shown in Fig. 2C.

Detailed analysis of HDP-CVD gap fill capability for an example of
structures with vertical side wall steps, mostly desired for ULSI applications,
has been performed in [Ref 31 V. Vassiliev, C. Lin, D. Fung et al. 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. These
summarized data are presented in FIG.3. HDP-CVD gap fill capability is shown for
rectangular step shape with vertical side walls at low temperature {< 400 °C)
(line 31), rectangular step shape with vertical side walls at high temperature

(> 500 °C) (line 33), and tapered gap space with rounded top step corners {line

35).




Thys, HDP-CVj D gap-fill capability limtations for the commonly used 4
deposition conditions can be quantitatively described by sinple equatk&%éuL 2004
ARcriticai < kXCGecriticai, where the values of coefficient k have been found

to be about 13.3 gnri' and 20.1 p.im for high and | ow tenperature

processes, respectively. To reduce void formation effects in HDP-CVD, e.gqg.

to enhance gap-fill capability of the HDP-CVD technique, the foll ow ng
approaches have been considered recently : a) a decrease of the etch
(sputtering) conmponent to deposition ratio (below "E/D ratio") and

decrease of process pressure. This helps to reduce an inpact of film

sputtering and, 4herefpre, deppsition,  However, these neasures cause an
undesi rabl e decrease of HIBP!-E%V%P% e eagéllﬁryo%éf?t\}f’ﬁ/ 35 Re|enmnly used

necessi Hypdsdtenhancet purprapreduedityidtive ) adichk UsiUse s£.QHBdINg, ; AS. descri bed
in [Ref.3] and as shown schematically in FIG4B. In fact, such rounding
all ows nmuch better HDP-CVD gap- fill capability using the sanme process
condi tions, inclﬂping pressure, power, etch to deposition ratio, as shown
in FIG 3. However ~tfits SSpreach is not applicable for all VLSl device
structure elenents. Voids in device structures are not acceptabl e because
of a worsening of device reliability. Therefore, it'is very desirable to
produce a good HBRr€\fBe ‘eilhen bAtoegriikyerand 1gap-debh leoGapabidd tabue ThEpri or
art processes do not provide a .silicon oxide |ayer that can

sati sf att oAPEyOf T 1M gg‘b‘sh’cﬂé‘t sk hov fienienepwasimegtssest irghtecsienyf emt ur es of

new UL I, gior deyices without formng voids in between the
conduc%ﬁd%?%nngggqgni%é 3 \tlfﬁ_c%idﬁﬁmlpﬁgv?’nﬁo?'t Lnearare olper Eddi frpeb e tyard ous

defi ci ettei BrEP-00f edcrahoye b f@I’l!od?ﬂgcggprQXCﬁetha%tt?eng S8 tcﬁag:ggorleggr{tcial :
devel opment directed to the subject, as docunent ed by the rel evant Y pat ent
and techni cal | i& et seg¥rasse Hiethy es@st srandering) component to deposition ratio

(below "E/D ratio") and decrease of brocess pressure. This helps to reduce an

impact of film sputtering and, therefore, redeposition. However, these measures

cause an undesirable decrease of HDP-CVD process productivity as well as a

necessity to enhance pump productivity.

b) Structure rounding, as described in fRef.3] and as shown
schematically in FIG.4B. In fact, such rounding allows much better HDP-CVD gap-
£ill capability using the same process conditions, including pressure, power,

etch toc deposition ratio, as shown in FIG.3. However, this approach is not

applicable for all ULSI device structure elements.

Voids in device structures are not acceptable because of a worsening
of device reliability. Therefore, it is very desirable to produce & good HDP-CVD
film integrity and gap-fill capability. The prior art processes do not provide a
:silicon oxide layer that can satisfactorily fill gaps between the increasingly

tight step features of new ULSI semiconductor devices without forming voids in

between the conductor lines.




apparently nore rel evant technical devel opnents in the patent literature

can be gleaned by considering the followng. U S. Patent 5,915, 190 48 JuL 2004
Pirkle shows a PECVD thin protection |layer and a hi gh RF-power sputter/CvD
technique. U S. Patent 5,814,564 to Yao et al teaches a HDP- CVD process

foll owed by spin-on- glass (SOG5 deposition and a 6-step etch process to

pl anar,i ze the two layers. U S. Patent 5,946,592 to Lin teaches formng 3
HDP- CVD | ayers then a CVD layer. U S. Patent 5,728,621 to Zheng et al
teaches HDP-CVD, then SOG U.S. Patents 5,827,785 to Bhan et al and
5,908,672 to Ryu et al show FSG processes. Sunmary of the Invention It is

an object of theTlper (Esen% invention to provide a nmethod for fabricating
silicon oxide |ayer ‘That f5FoVi Q& PMFsthe THigBodeficimaine egitpd yova tihout

VOl dS_ | _Iavichzﬂcefd bﬁn tWej[@t@nﬁb@&%cﬁolg&\@agQie%&fo!ﬂﬁ&&‘g g?re%%écf'%o ath'éleFl);_bCé/cD

deposi tion process with silane or silane derivatives and oxygen m xtt'u?%s,

and gascatditsdvies the trelsvaan reb¢rectndfedthecqir eserhtir-ay enbi ORstH proOVi de a

met hod f rarelfltqbri cati % atsi | icon _oxide |layer over a stepped substrate
surface Usi ng “H¥P-= "Mt AL g RongrYceds thhdrtptodifcastufsoekn be

i ntegri tyesdbd folyl M3k @AYnd RE MeM5E; St | glof structures. The

i nvention "HDP-CVD with éaddi ti vedggg}g prg%zsgﬂgﬁ%%b%gf%gfeta Elrlﬁ\gieentsg%wr'f" 8

pr ocess FEIRdHE RO tagtdos Hever bed ewnioh FabbweerlsputThe comdecetiiché calr. s,

par amet ggtsen%no. gpg SiGQVt%ny on are additive to silicon source nole ratio,
sputtering to depdst tiol r &t %0, AR St BIRF-PPekidGres T81lloped byUipineou The

i nvent i grusbagothaiebed ko By %dy%regﬁlg:géﬁ pgﬁ%qs p-filkl;capability at
relatively high process pressures and etch to deposition ratios®#é&ratively
hi gh depdsi tdtent rfap s, Sahdopriocessher oatGhi \i iye-chBeblas, tidn b Svsi IRLY.

reali zeg S ap% thesrg is_.ho need to change chanber design. The present

i nventi on achi8ves’ 1188k "Betiry £5 3inttitece SHEEHP, dhekFefn U-S. Patents

5,827,785 to Bhan et al and 5,908,672 to Ryu et al show FSG processes.
Summary of the Invention

It is an object of the present invention to provide a methed for
fabricating silicon oxide layer that provides films with good film integrity

without voids in the film within steps of device structures using a HDP-CVD

deposition process with silane or silane derivatives and oxygen mixtures, and

gas additiwves.

It is an object of the present invention to provide a method for
fabricating a silicon ﬁxide layer over a étepped substrate surface using "HDP-
CVD with additives”™ process that produces good integrity of film along the
device steps and void-free structures. The invention "HDP—CVD'with additives"®
process and preferred Invehtion's brocess conditions are shown below in Table 1.
The most critical parameters in the invention are additive to silicon source

mole ratio, sputtering to deposition ratio, and total pressure.




process technol ogy. However, a further understanding of the nature gnéj
advant ages of the present |nventi on may be realized by the referenc o U004
| atter portions of the specification and the attached drawings. 6 $3 JUL
204 Table 1 Process paraneterEsti mated range of An exanple of preferred
paranmeters forset of paraneters Invention's HDP-CVD with additives wafer
t enperature (C)250-650400-650 Pressure (mllitorr)0.5-101-5 Pl asma
frequency (KHz)300-600400-450 Pl asma density (ion/ cmI| x EIl - 1 x E131 x
Ell - 1 x E12 Etch to deposition ratio0.03-0.30.05-0.15 Silicon
sourceSi | aneSi | ane I norganic silaneMethyl sil anes derivatives Organic sil ane
derivatives Sili gon sourcce LI ow50-500100- 200 (csccrr) Oxygen fl ow
(sccn) 100- 400250~ %6“‘66‘ph°n TP FRUSH Mo rarre tagrd | | o8t Bor e wrebiliisy
deri vat avesdetivead nves pgmpmr@fz}stﬁ‘@g énhsﬁgg%h&&%s?ﬂ n_J{a\S.ios, relatively
derivativesderivatives Fluorinated silaneFluorinated Silane

high deposition rate, and process productivity. Besides, it is simply realized

and there is no need to change chamber design.

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

latter portions of the specification and the attached drawings.




derivatiyvesderivatives Dopant gas flowsMist be chosen based onMist be 18
chdsen based on desirabl e dopant desi rabl e dopant concentrationconcentr Si GH- 2004
Carrier gasAr, HeAr, He Carrier gas flow (sccm 20-40050-100 Gas

addi tivesl) hal i des-cont ai nedl) CF41 CHF3; CCl4 or C2F6; organi c conmpounds

wi th2) ethylene C2H4 or general formula C , HYRZ +)Propyl ene C3H6 2) organic
chem cal compounds with the double carbon-carbon bonds with general formula
Cl1H2" ~*) Additivel/silicon source nole ratio: - organic _

hal i des0. 3-50. 5-2.5 onpouncls - organic Cnll2n conpounds3-205-15 .) Ris
fluorine or chlorine. In these conpounds, x can range from1l to 4; y can
range fromO to 8,z can range from8 to O in reverse order with respect

to Y. Mpst convenient conpounds are fluorine/chlorine conpounds such as

CF41 CCl4i and C2F6, which are actively used in sem conductor o
manufacturing “)n can be from1 to 4. 7 i 3 JUL 2004 Brief Description of

the Dr a\‘?\f‘f‘iﬁég?ﬁé&“ﬁé%{ ures and:Sémﬂéng ege of a sen concagtler cievéBered f
: r [e] 2
accord|ng to_the present i(VERRTGATAREES urther, deeel S meeeetprocess o
fabricating such as a additives
Wafer temperature (°C) 250-650 400-650
Pressure (millitorr) 0.5-10 1-5
Plasma frequency (KHz) 300-600 400~-450
Plasma density (ion/cm®) 1 x B1l ~ 1 x E13 1 x Ell -1 x El2
Etch to deposition ratio 0,03-0.3 0.05-0,15
Silicon source Silane Silane
Inorganic silane Methylsilanes
derivatives
Organic 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
derivatives derivatives
Fluorinated silane Fluorinated silane
derivatives derivatives
Dopant gas flows Must be chosen based on Must be chosen based on
desirable dopant desirable dopant
concentration - § concentration
Carrier gas Ar, He Ar, He
Carrier gas flow {sccm) 20-400 50-100
Gas additives 1)halides-contained 1)CFy, CHFa; CCly or CuFg;
organic compounds with 2} ethylene CyH, or
general formula C.H,R, ") Propylene C,H;
2) organic chemical
compounds with the douhble
carbon-carbon bonds with
general formula CpH,, ")
Additive/silicon source
mole ratio:
- organic halides 0.3-5 0.5-2.5
ompounds
= _organic C.H,;, compounds 3-20 5~15

") R is fluorine or chlorine. In these compounds, x can range froem 1
to. 4: y can range from O to 8; z can range from 8 to O in reverse order with
respect to y. Most convenient compounds are fluorine/chlorine compounds such as
CFy, CCl,, and C,Fg, which are actively used in semiconductor manufacturing.

*"}n can be from 1 to 4.




sem conductor device in accordance wth the present invention wll be nore
clearly understood fromthe foll ow ng description taken in conjuncti vk 2004
the acconpanying drawings in which Iike reference nuneral s designate

simlar or corresponding elenents, regions and in which: Figure 1 is a
sinplified cross-sectional scheme of a conventional HDP-CVD film

deposition. Figures 2A, 2B and 2C are cross-sectional views illustrating a
void formation process at HDP-CVD conditions. Figure 3 is a graph show ng
sumari zed HDP-CVD gap-fill capability for different deposition conditions

and different types of dielectric filnms. Figures 4A and 4B are
cross-sectional views of HDP-CyD, fil deposi tion for .rectangul ar and
tapered shape of device structures, ?q;lecgﬁ%c]“tolnvoegl ghe Efagwﬁlrl%ss 5A and 53 are
cross-sectional views of non-conformal step coverage at a conventional
si | ane- oxygen CVD process and pl asma-enhanced CVD process, respectively.
Fi gures 6A and 6B arfeaieres srdadvigigss o&eremicohdugser deving aonzdicgnfor nal

filmgraowt 00 devits: Ste L0 asma-enhanced CQVD from | ow chained
and hi ghl y?)chainned V%r %%%s%%s%rt&és%ggjﬁl\?el V. A FFF P P RTA B Ui RS & a

si npl i f isedicondsseseetri@nal aseh@nm:ofi@apnd btdsenapabichbl Vo1t MBLOyeEENt inN
accordance with present invention. Detailed Description of the Preferred

Enbodi mEREE 1T HEIprEeahttrphentioskr by [deberideimor tdked inncagtadtdionivibh the
referenge.J ne geconpanyi ng. draw ngs. In the follow ng description,
NUIEr OUS %pg?:?%llgg ge’?’rrlgl lsry‘é’t?le hs{ejt ef%e%Fﬁen§ﬁGWm8§alFl ‘%?\R/l?r&t%éss;mb%%sgﬂr e
set t i ngsprichp@INLS $€6nen€t C.regichh QRABS whQ@nProvi de a nore thorough

under standing of the present invention. It wll be obvious, however, to
one skilled in the art that the present invention

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

HDP~CVD film deposition.

Figures 2R, 2B and 2C are cross-sectional views illustrating a void

formation process at HDP-CVD conditions.

Figure 3 is a graph showing summarized HDP-CVD gap-fill capability

for different deposition conditions and different types of dielectric films.

Figures 4A and 4B are cross-sectional views of HDP-CVD film

deposition for rectangular and tapered shape of device structures, respectively.

Figures 5A and 5B are cross-sectional views of non-conformal step

coverage at a conventional silane-oxygen CVD process and plasma-enhanced CVD

process, respectively.

Figures 6A and 6B are cross-secticnal schemes illustrating non-
conformal £ilm growth on device steps during plasma~enhanced CVD from low-

chained and highly-chained processes, respectively.




may be practiced without these details. In other instances, well known
processés have not been described in detail in order to not unnecesﬂéivmyzmn
obscure the present invention. Also, the flowrates in the specifitation
can be scaled up or down keeping the same nolar % or ratios to accommobdate
different sized reactors as is known to those skilled in the art. A
(bservation of voids in HDP-CVD filnms Normally, voids can be observed using
cross sectional scanning electron mcroscopy analysis of device
structures. Filminperfection, or voids, .in different types of HDP-CVD
films have been found to formin the bottom corners of as-deposited filns,
and in the center of space between two nearest |ines of a device, as shown
in FI G 2A- FI G 2C 9% "sitapes 8Pl ifbpdisToss-depémeéntcione dthesrfEdlh t ype and gap
QeOMEL I ¥apaBaiTRl Vi S PAGRRLLIEED, JLNES . (@ and aspect ratios (AR). Aspect
ratio is a certaih characteristic which Befines etructure and can be

cal cul ated by dividing the gap height by the gap space. 9 13 JUL 2004 B.
Probl ens of conventional HDP- CVD processes The inventors have determ ned
that previous silicon oXPHElaePssfiirbirn eechaifgetsrdd Enbtdipeets t he changi ng
requi renents of new denser products. It is to be understood in this regard
that no portion of the discussion belowis admtted to be prior art as to
the present invemtig@asedBatfiensichhiig1hcghbstrisda el idied (iscHsSLaAn i s, an
effort to provide an inproved understanding of the problens that are

over con@ by PR e AT4*Ongs - THe therfel lvishaleactiet ist i osenfusasgeri oirc art

appr oac isted_in.the Table 2 bel ow. The follow ng conclusions can be
dr awn f%&%lt%hlé}ecg%éﬂr)f%hoﬁu%f asdé‘cﬁ%lw FACCSTANICES Y &dvrardsagbdchiesene pEsor art

HDP- CVDnpboRe S _ﬁﬁ:ﬁfﬂ@é abﬂoﬂésﬁférb@ﬁlalﬁ%rgéand%do£ Itlh@ &%Qérftl !Lzllveggtpo%bl £t| ty.
Advant ages of this nethod, and nore advantages of
. will be obvious, however, to one skilled in the art that the present invention
may be practiced without these details. In other instances, well known processes
have not been described in detail in order to not unnecessarily obscure the
-present invention. Alse, the flow rates in the specification can be scaled up or

down keeping the same molar % or ratios to accommodate different sized reactors

as 1s known to those skilled in the art.
A. Observation of voids in EDP-CVD films

Normally, voids can be observed using cross sectional scanning
electron microscepy analysis of device structures. Fiim imperféction, or voids,
‘in different types of HDP-CVD films have been found to form in the bottom
corners of as-deposited films, and in the center of space between two nearest
lines of a device, as shown in FIG.2A-FIG.2C. The shape of voids is dependent on
the film type and gap geometry, namely space between lines (G) and aspect ratios
(AR} . Aspect ratio is a certain characteristic which defines structure and can

be calculated by dividing the gap height by the gap space.




filmagap-fill capablllty can be achi eved using the invention's "HDP-CVD

with additives" process. 10 1.3 JUL 2dr, Table 2 HDP-CVD

33 JUL 2004

met hodAdvant ageDi sadvant age HDP-CVD prior artl. Good gap-filll. Gap-fil

capability capability at hi ghbecomes worse with spacing and smal

aspecttightening of gap spacing ratios.and with the increase of 2.

Rel atively highaspect ratios. It needs deposition rateprocess pressure and
E/Dratio to be decreased. 2. Decrease the deposition rate and process
productivity with the decrease of pressure and E/D ratio. 3. Non-acceptable

voiding in device structures causes reliability issues Invention

HDP- CVD1. Good gap-fill additives processcapability at small spacing and
hi gh asﬁ%c?mPkﬁF CHrerEratIng b HPP g hrbepossist i on pressures and E/ D rati os

The inventors have determined that previous silicon oxide 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 discussion below is
admitted to be prior art as tc the present invention. Rather, this highly

simplified discussion is an effort to provide an improved understanding of the

problems that are overcome by the invention.

The general characteristics of a prior art approach are listed in the

Table 2 below.

The following conclusions can be drawn from the comparison of data in

Table 2: advantages of the prior art HEDP-CVD process cannot be used because of

bad film gap-fill capability. Advantages of this method, and nore advantages of

film gap-fill capability can be achieved using the invention's "HDP-CVD with

additives" process.

10




2. Rel at.ively high deposition rate and productivity 3. Sinply reali z&cé IQL 2004

clarify prior art HDP-CVD process features, an anal ysis of nmjor s

deposition problens is presented below in detail using a silane Si H41

nostly wused for HDP-CVD processes at present, as a typical silicon source

representative of the present invention. 11 3 JUL 2004 It is known that

the chem cal reaction of silane with oxygen can be realized in a w de

range of tenperatures (fromroomtenperatures and above) to produce

silicon oxide as either a powder or a film This reaction is known to have

a chain reaction nechanism as sinply presented below in schene (1), with a

formati on of highky,c.astive internmedi ate products (I MP)-radicals foll owed by

formation a Si 2 species in the gas phase. After that, gas-phase species

diffuse to the surface followed by their adsorption and reaction to forma

solid S’_t_arn film as shown below, (1) _silane + oxygen ----> | M1 --->
- |RPTGYB method, oj p (i | A§VaFRASS reaction i s donsadenBdeas a gas phase

1imitec Hheadipriererg. the [el abby@hy-SLOWEST STJUE &dp- @D]_q_”!:é:;ﬁblilql ctTon

is a fgrmation of internedi at QapaBPlr}[QQUanﬁ;L' MP. It ji,s al so known that plasma

excitatlion of reaction mixtufes also’ causes a forjmation of “hi'ghty acti Ve

i nternedi ate radicals, espec] AV ALY BRI EFRATE Séehtieninthes MaghsrBeirsd {y

Pl asnma {deposition net hod. ThusatibP- CVD depositi granwidilih SihkafiRréds<Sht ane

derivati ves and oxygen generpt) ye30@8eiyNhigccor dance wirt b, nadi gal . 4.

haniisns. It is al so known hem cal vapor ition
VTfha > tls also ° (E(Q)%Eltlog 1B ca apo ng 223 I:Eregsurteegnd Eune

ratic to ke decreased.

2. Decrease the
deposition rate and
process preoductivity with
the decrease of pressure
and E/D ratio.

3. Non-acceptable
voiding in device
structures causes

reliability issues

Invention : HDP-CVD 1. Good gap-filil
additives process capability at small
spacing and high aspect
ratio at relatively high
deposition pressures ang
E/D ratios

2. Relatively high
deposition rate and

productivity

3. Simply realized

To clarify prior art HDP-CVD process features, an analysis of major
deposition problems is presented below in detail using a silane SiH,, mostly
used for HDP-CVD processes at present, as a typical silicon source

representative of the present invention.
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sil ane-oxygen m xtures usually provides very non-conformal step coverﬁ%F 6[ 2004
thé deposited filmon device steps 204, which |eads to void formatio# 9 '
i nperfection of filmintegrity in the bottomcorners of device el enents

205, as shown in FIG 5A. This effect becones dranatically stronger with a
tightening of gap spacing between device el enents and, therefore, with the
i ncrease of aspect ratios. This effect is also stronger wwth an increase

of effective reaction constant (KeEf), e.g. deposition rate. (Effective
reaction constant is determned as a ratio of the deposition rate val ue

and a concentration of silicon conpound in the gas phase. In fact, for the
nost studi ed CVD deposition reactions, a 12 ii 3 JUL 204 reaction rate

has a first ordel® W tHorespicthe gheHeakidepeidnn pfeeidesomsth [opvedrecacgse of

.a nore-£aRpld sated; 8as. X L i for. exanple, dopant conpounds,
their concentrat iaoﬁlc%ﬁ S?\Atyen%f?rc%g%?a ugﬁs i (%tg%m 48¢ohh peg%éir%so aflﬁe%bﬁ"%gg

littl e Prppact sohicohexdepasiditber bapaef orhe fhpl eniyr 068$Sdn Rl asap, Eahanced
CVvD (PECVD) using oxidation of silane or its derivatives with oxygen

cr eat esPH e shEERHT ceatiendethrat thgas plolv presknbdprrir ad sdtichm (1as wwhown by

206 in Thi uses. voi ds at. aci ngs higher than about 0.6 micron
and AR Frgharm T taid REdre 2 aBsRe Be e no et o ot Srred
deposi t fanaeind 4 Bi6i kbeci6l Gh/ GRULLLELNG . OlrtbNERH,OWNGNIdd AL LOVS AN
i mprovenent of filmgrowh, making it to be very Specific, as shown In
FIG |. ThthactriageotsilheredDR: OvDrf adserd@3nomd tdaet Bieps faOR aofolacdauiee on
t he subﬁtl;n:ata ljo%abceqoé_01 has a specific shape due to the parti al
sputtering of the growng silicon oxide species 104 by inert gas radicals
105. Sputtered species 104 can further either be re-deposited on the
nearest surfaces the neighbor step to formre-deposited film 106, or
evaporate 107 &AdTeut tHEFe o BelPunped out of >the. reactod. (Eventual ly,
simul taneous etch/sputtering allows inprovenent of the coating of grow ng
filmon the top of

This reaction is considered as a gas phase limited reaction, e.g. the

relatively slowest stage of chemical reaction is a formation of intermediate
compounds IMP. It is also known that plasma excitation of reaction mixtures also
causes a format;on of highly active intermediate radicals, especialiy at
conditions used in the High Density Plasma deposition method. Thus, HDP-CVD
deposition with silane or silane derivatives and oxXydgen generally goes in

accordance with radical mechanisms.

It is also known that a chemical vapor deposition technique with
" silane-oxygen mixtures usually provides very non-conformal step coverage of the
deposited film on device steps 204, which leads to void formation or
imperfection of film integrity in the bottom corners of device elements 205, as
shown in FIG. 5A. This effect becomes dramatically stronger with a tightening of
gap spacing between device elements and, therefere, with the increase of aspect
ratios. This effect is also stronger with an increase of effective reaction
constant (Keer), e.g. deposition rate. (Effective reaction constant is determined
as a ratio of the deposition rate value and a concentration of silicon compound

in the gas phase. In fact, for the most studied CVD deposition reactions, a

12




the structures and, therefore, an inprovenent of the HDP-CVD film gapgfill.
However,” t he HDP-CVD techni que has also gap-fill limitations, as has ﬂlgeélﬂ- 2004
shown above. This. is because the etch/sputtering cannot fully conpensate
for the strongly non-conformal profile of the growing film As a result,
voids 108 and 109 are form ng during HDP-CVD fil m deposition, as shown in
FIGS .2A-2C. Thus, an inprovenent of the step coverage of the growng film
itself and, therefore, during HDP-CVD fil mdeposition, will lead to the

i mprovenent of HDP- CVD gap-fill capability without turning to major
process paraneters like etch to deposition ratio, pressure, power density,
etc. 13 4 1 3 JUL 2004 |Invention's HDP-CVD with additives process In

sunmmar y: "R A PaRtiEg e’ foFStacsteantidr drespeer tarthe MDPi @ prcocess. Ioatmot be

used because:of .had SR pabi ity with the tightening of device
geonetry and beénausé:glgéch \%\%)Jrege%al%nglxé:flr%éf)\cl)\ésallﬁn@h 14t EWPtH M8 becr ease of

process comessdy, e it anebntirat RSt QR BALERS. 1nkfieadBYENLLOR S HEEP%EQ/D
with additives" process covers the advantages of prior art mattho s an
provi destigr t1pert aavEet deposigionfidtm o OperhilesproBesAdvant ages of the

I nvention ''s HDP-CVD with additives process The invention has the foll ow ng
advant ages: good gap-fill capability at relatively high process pressures

and etch to deposiats.thrEnflﬁ{d.eQSGVDr @E@%)Vgg%g 5!!1&9 i‘lﬁp is![iagx@ rragtes} and
process productivity. Besides, it is sinply realee and thefé i s no need
t 0 changérivhahiservidesixyaen Theatieneenbdwnls "procescosyt b pes Lordmdsidagany
Hi gh Degﬂ“;'y Pl SRy, rgact obr_IGDrsgvdeed W th necessary wafer heating and

equi pped W't h fnecesshry RE- "pover "A53EABITeR 9g4d RispPyF ayEeanitandbeaeuum
punpi ng 0sy sit.@BnWiidORIthi Q¥ than about 0.6.

The HDP-CVD method with simultaneous deposition and in-situ
etch/sputtering of the growing film allows an improvement of fiim growth, making
it_to be very specific, as shown in FIG.1. In fact, growing HDP-CVD film 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 silicon oxide species 104 by inert gas
radicals 105. Sputtered species 104 can further either he re-deposited on the
nearest surfaces the neighbor step to form re~deposited film 106, or evaporate
107 and further to be pumped out of the reactor. Eventually, simultaneous
etch/sputtering allows improvement of the éoating of growing film on the top of

the structures and, therefore, an improvement of the HDP-CVD film gap-f£ill.

However, the HDP-CVD technique has also gap-fill limitations, as has
been shown above. This is because the etch/sputtering cannot fully compensate
for the strongly non-conformal profile of the growing f£ilm. As a result, voids
108 and 109 are forming during HDP-CVD film deposition, as shown in FIGS .2A-2C.
Thus, an lmprovement of the step coverage of the growing film itself and,
therefore, during HDP-CVD film deposition, will lead to the improvement of HDp-
CVD gap-fill capability without turning to major process parameters like etch to

deposition ratio, pressure, power density, etc.




modi fication of reaction chanber design. For instance, it can be realized
in‘the "Utina" HDP-CVD reactor nmade by Applied Materials, Inc., or 1 Bnililn 410k
"SPEED' HDP- CVD reactor created by Hovellus's Inc., etc. B. Application of
met hod of invention 's HDP-CVD with additives process The Invention's
HDP-CVvD with additives process can be used to deposit the follow ng types
of dielectric layers: undoped silicon glass (USG, including Iliner and cap

| ayers; borosilicate glass (BSG, phosphosilicate glass (PSG,

bor ophosphosilicate glass (BPSG, and fluorosilicate glass (FSG. 14 1 .7

3 JUL 2004 C. Detailed description of the invention 's HDP-CVD with

addi tives process This invention's HDP-CVD with additives process provides
good gap™firtioT spHr Fit it adEtbdsvetogedd gh process pressures and etch to
deposition ratios and relatively high deposition rate and process
productivity. Detailed paraneters of the invention's HDP-CVD with

additives processn anemashOWRe isdvdeabés of,a ShAWRrABOYE LA LBL CONPBE:S

section. The process paraneters presented in Table 1 can be used for

deposi t FEH6P% KerdsPeqagem obxiadesarétlic eapabel igppedh viihk ht isbteanng ofhaspher us
and fluqgj the .borosilicate, phosphosilicate, fluorosilicate and

car bon- g%‘iﬁn{é g#\é gshlei:?ucsgnogg %rsséeh%r%l ﬁé)deﬁ%silﬁbont hEFe Fenti oA S rEPCEVD Wi t h
addi ti vesocdep@sbidu@l fAB0ORE StoMidddsPOIAN tRHOS BIOE o 80 s Tiprdpated sil ane
derivatives, for exanple, such as diborane, phosphine, difluorosilane,

't et r af PUBFOW apr@cewt eovelrp thij aivenees pdr piiculsar rdopedst apr ecomises f | ows
and  ratl.9$.0% P90, Bhasphorus, and fluorinated silane derivatives to
silicon source OW are Chosem Based on the required concentration of
boron, phosphorus, or fluorine in the glass. In the case of
carbon-contained filnms, organic silane derivatives, such as nethylsilanes,
are usell 2873k £& Hf Wivpitdon. sTHRP-AUSWigr pddicavespararet ers in the
invention are additive to silicon

The invention has the following advantages: good gap—fill capability
at relatively high process pressures and etch to deposition ratios, relatively
high deposition rate, and process rroductivity. Besides, it is simply realized

and there is no need to change chamber design.

The invention's process can be performed in any High Density Plasma
reactor provided with necessary wafer heating and equipped with necessary RF-
power assemblies, gas supply system and vacuum pumping. system without any
modification of reaction chamber design. For instance, it can be realized in the

""Ultima" HDP~-CVD reactor made by Applied Materials, Inc., or in the “SPEED" HDP-

CVD reactor created by Novellus's Inc., etc.
B. Application of method of invention 's HDP-CVD with additives process

The Invention's HDP-CVD with additives process can be used to deposit
the following types of dielectric layers: undoped silicon glass (USG), including
liner and cap layers; borosilicate glass {B3G)}, phosphosilicate glass {PSG),

borophosphosilicate glass (BPSG), and fluorosilicate glass (FSG).
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urce nole ratio, etch to deposition ratio, and process pressure.
?gFIomﬁﬁg know edge is used Por an expl anation of the possible reasEﬁQFWL 2004
bad gap filling in prior art HDP-CVD processes. Al so, the reason of
proposed inprovenent can be understood clearly fromthe follow ng
expl anation of filmgrowh on the device steps, as shown schematically
below. As it was shown in schene (1) above, the general silane-based
oxi dat'i on i ncl udi ng HDP- CVD condi ti ons can be expressed by thg fol |l ow ng
sinplified scheme of intermediate products (IMP) or radicals R'* _
formation, where their concentration and their relative size is a function
of particular process conditions. Further devel opnent of schene (1) is
presented 15 13 J UL 2004 bel ow as a schenme (2). It represents a growh

I funct relative chain size as follows: (2)
S.f | Z'ne'/ ??Pa%%‘fﬁ%??ev%ﬁ “"E q—’ khe l“".ePFanl ﬁﬁbi‘mﬁ WP “tlér GOYItiFeF ®FPCY®S102) m The

conplexity of the IMP is shpwn by a nunber (men>l) corresponding to the
size of Si02 species which formin the gas phase. After that, silicon
speci es diffuse fowariavenhionsaribac®of ol thowed tinesf ddonedsop et haN godn Lhe-
substratg, surfa This_ chain reaction and, therefore, filmgrowh is
acti vat ed Jb Caparbé”acEy SE EeHPEP Rt G, pfﬁc@§§l§’l’:§ssu€%@§‘ﬁteltéﬁ iterdegpsEdaponent s

n the gasighase k atdovaliap c. apply this.reaction. eme to
Ithe fil %aglrcgwt h éer}llattheigghel\Q/jl cee\ést Tuct Jrgés a\?\na-?pﬁ gl fsfperoelﬁ%scls ci n%aége aspect

ratios, PEFEefes ohithg mef%pillam'aﬁt HOmCis wisie gad Hiighe prdWPs GaI‘J}aI NSwPriadugs . Si O2
speci es ;Wi L, great er. Si ze, t). Therefore, deeper chain devel opnent
will [ead 16"t e Yorfat ol o?ry g‘aecéwn sﬁlé‘“clpégcesfstpaFéme(FFE?aPr%Ef‘F&f-e%lgh“‘@@ﬂe and,

t her ef onegarhpaviseStros RRESAS M bl th@aélJ_Q.l@orJ biideafa®n 000 ALIdMS] QNpo LRI S

nmeans that instead of diffusion into the
phosphorus and fluorine (the borosilicate, phosphosilicate, flucresilicate and
carbon-contained silicon glass films) using the Invention's HDP~CVD with
additives deposition process with beron, phosphorus, and fluorinated silane
derivatives, for example, such as diborane, phosphine, difluorosilane,
‘tetrafluorosilane, etc. In this case, particular dopant precursor flows and
ratios of boron, phosphorus, and fluorinated silane derivatives to silicon
source flow are chosen based on the required concentration of boron, rhosphorus,

or fluorine in the glass. In the case of carbon-contained films, organic silane

derivatives, such as methylsilanes, are used as a source of silicon.

The most critical parameters in the invention are additive to silicon

- source mole ratio, etch to depesition ratio, and process pressure. The following
knowledge is used for an explanation of the possible reason for bad gap filling
in prior art HDP-CVD processes. Also, the reason of proposed improvement can be
understood clearly from the following explanation of film growth on the device
steps, as shown schematically below. As it was shown in scheme (1) above, the
general silane-based oxidation including HDP-CVD conditions can be expressed by
the following simplified scheme of intermediate products (IMP) or radicals R,*
formation, where their concentration and their relative size is a functicn of

particular process conditions. Further development of scheme (1) is presented
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narrow gap space, they will diffuse and react on the surfaces cl osest 41,0

the reaction which are, by definition, top surfaces of the device stgés‘.’w— 2004
This means that the higher chain/radical reaction developnent will lead to
worse filmstep coverage, as well as to the bread-loafing effect 301, as
shown schematically in FIG 6A. In contrast, the | ower size (weight) of

Si 2 species in the gas phase will lead to the better step coverage 304, as
shown in FIG 6B. Further, during HDP-CVD fil mdeposition with sinultaneous
etch/ sputtering, these filmstep coverage profiles will |ead to diff'erent

shape formations 302 and 305, as shown schematically in FIG 6A B. To
inprove 16 4 1 8 JUL 2004 undesirabl e bread-1oaf shape 301 in FIG 6A, an

i ncr easebdbvetsch scberdepisi L @BprasahiisNai droRe! BRIJiYidsseshec HOMRY & cuddii Sn

i ncrease_causes ot her problens such as increase of re-deposition effects,
as was d¥sEFiAsdte shoVesizenes fete¥ser, an increase of undesirable plasnma

i nduced damages on, device characteristics. It is clear fromthis analysis,
that a certain net hod allowing elimnation of high chain devel opnent
during depositiomivddelshehp deoidaR¥OV bl St eRp CONErage and.__{ herefore,

i mprove conditions to | ower re-deposition effect. This I8 shown in FIG7
using the sane definition as used in the prior aft prockss schenelin

FIG1. As a result, an inprovenent of deposition will lead to an
i nprovenent of gap-fill capability of the depodfi®on proé¢Efs.~ Li ne(sidd.
shows the conpleted gap-filling with no voids. In this invention, in order

to decrease undesirable chaining of internediate products IMP (that really
means the decr eafke ghugkkint b ehe oSt Bnbhowal byl @POGbE QR>1al &:oKeddhoRdiG.y
depositign rate i ct)tsglig;), and in order to decrease an inpact of
hi ghl y- chai ned “Speci"e¥ PRit6°T KB HoneTont SPrees gt h Asterf Fawr otili¢mn
Struct uspesleepsisrat 8RREOAGE WrkleeSBEGLALs 89S : A LEMNES, I8 tﬂ:reoé)u%%ggate-rhese
addi tives propose to fix chaining due to their reaction wt
surface. This chain reaction and, therefore, film growth is activated by
reaction temperature, pressure, concentration of components in the gas phase,
plasma activation, etc. To apply this reaction scheme to the film growth on the
device structures with different spacing and aspect ratios, the following
explanation is used. Higher IMP chains produce 3i0, species with greater size
(weight). Therefore, deeper chain development will lead to the formation of
heavy species. It is clear that highest and, therefore, heaviest species will
have a limitation for diffusion. This means that instead of diffusion into the

narrow gap space, they will diffuse and react on the surfaces closest to the

reaction which are, by definition, top surfaces of the device steps.

This means that the higher chain/radical reaction deﬁelopment will
; lead to worse film step coverage, as well as to the bread-loafing effect 301,i
f as shown schematically in FIG. 6A. In contrast, the lower size (weight) of
Si0, species in the gas phase will lead to the better step coverage 304, as
shown in FIG.6B. Further, during HDP-CVD film deposition with simultaneous
etch/sputtering, these film step coverage profiles will lead to different

shape formations 302 and 305, as shown schematically in FIG.6A,B. To improve%
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intermedj ates/radicals in the gas phase. Eventually, it leads to the
decrease of effective reaction constant and, therefore, to the decrease 0

13 J

lfJL 2004

undesi rabl e gas phase processes leading to the strong non--conformal film

gr ow h.

It also causes a certain decrease in the total deposition rate,

whi ch can be conpensated easily .by an adjustnent of the other process
paraneters. The follow ng types of chem cal conpounds are proposed as

additives for HDP-CVD deposition processes: a) halide-containing organic

conpounds¥"{fistFableheregenkaadl siapr mAlal OFRY A, whre ieciRaips dff| gloth he deposhibor i ne.

I n these_canpounds
Yatlo' 1

1l to 4,
can range from émfﬁdal)éyi ed & g’?geer ’o{;%legr ”Wrteﬁs%léé‘b%?ft OfhF T Prophems Fah as

conveni

emc&gg@%np@d@ﬁs@suum&m@msox,w%egc@mgm Suchy as.GF4, QCL4 or
C2F6, which are active b?
conpoundsnaiebe tdfewdesbtadle arihem: cadhen difabed cdABiedidd kh2RR4-HeRds Wit h

y used in sem conductor manufacturi ng;

general fornmula Cz, H2ni where n can be from1l to 4. The nobst convenient

are wi defy U482t AR MhERIF2 1N Wet et ipFierie &2Had ovl lpriophsdliebmt@BHDLI t i s

i mportani, to _note.that a concentr tion, of afditives is low_ enough to

ef f ect

SIghi P EantTy PRI cORpaeiEPeT t4rd 3

addi ti onc@fers@dnfl URLINS O iﬁﬁf&r@ncéﬂi§idniscw 1l axide. jaéi@ozjl SeBOW.

consi dered as hel pful because of the decrease of dielectric constant val ues

t hat
devi ce

Tabl e
nol e r
i ncrea

medins thedewaddi Fic@sutagnok HeneCOEndeioadafissed hartHuprispesites for
applications. Finally, the summary of inportant parameters of the
i nvent i RS ESHFPEVDLRI i1 - AddFt 3 VES B e dFpiayeperds ehtderos it iFapi el Jepd| ow

‘chemi cal

can .r e fro can range fromO0 to 8, and z

0PEIR "8 EPEMIHE S6Eher  si de,

3 ranet er Reason para r is..nportant Additive to silicon source
Eg % 1 rovemeng fp? —rp:l?!-[ .capag};fllé io%i{]-jg fl‘?}’°§?’fji°80?1r°§8fﬁ'cemc§’§uyezs an

at1 OAn I ricrease o e ratio
Sesi@fwsdthe completed gap-filling with no voids.

In this invention, in order to decrease undesirable chaining of
intermediate products IMP (that really means the decrease of effective constant
of deposition rate K. and deposition rate itself}, and in order to decrease an

impact of highly-chained species into the non-conformal growth of film on the
structure steps, ap approach with special gas additives is proposed. These

" additives propose to fix chaining due to their reaction with
intermediates/radicals in the gas phase. Eventually, it leads to the decrease of
effective reaction constant and, therefore, to the decrea;e of undesirable gas
phase processes leading to the strong non-conformal film growth. It alse causes
a certain decrease in the total deposition rate, which can be compensated easily

"by an adjustment of the other pProcess parameters.

The following types of chemical compounds are proposed as additives
for HDP-CVD deposition processes: a) halide~centaining organic compounds with
the general formula CHyR; where R ié flucrine or chlorine. In these compouﬁds, b4
can range from 1 to 4, y can range from O to 8, and z can range from 8 to O in
reverse order with respect to y. The most convenient compounds are
fluorine/chlorine compoundg such as CF,, CCl, or CoFg, which are actively used in

semiconductor manufacturing; b} chemical compounds with the double carbon-carbon
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concentration of additives which is necessary to suppress unde5|rablq13‘”¥_2m#
chéining in the gas-phase. It decreases the undesirable bread-1oaf type o
filmdeposition on the device steps, inproves step coverage of growing film
and, finally, inproves gap-fill capability of the process. Etch to
deposition (E/D) ratioThe increase of EfDratio |eads to the increase of
re-sputtering on device steps and, therefore, |eads to worsening of step
coverage on the top of step and, eventually, l|eads to worsening of gap-fil
capabili'ty. PressureLowering of the pressure allows achieving better film
step coverage on device steps and an inprovenent of filmintegrity on the
steps. 18 $ JUL 2004 D. In-situ Liner/Cap deposition before/after in-situ
P, /DGR Th AdUPETVEL FoE oo g Fi FIR Hepest i %4;I'_rféelrwlv?émqnwlahSO
rovide ' fer jnent.s, wher e iner layer is
1? or ned, Sagﬁgﬁ £ %\%]nheméﬂt E%JF Eéralesr'm%}%gggggwé}ﬁ %{C%étoé l?rroglﬁ)(%teﬁee Feactor, a |
silicon oxide layer is forned insitu thereover, both using the Invention's

HDP- CVD with additives process The invention inpyudes the follow ng
preferred struct bt &S/ PRO5FRG torBetvoblatas cohesmirdtiofiod. additaesade e | i ner

110 ah(ie@&HH%dthE§£€%t|éE%ﬁIfi%Q&%lyb}ilm composition and properties. From the other

side, addition of some fluorine or carbon to silicon dioxide films is now
considered as helpful because of the decrease of dielectric constant values that
means these aqditives cannot be considered as a harmful species for device
applications. Finally, the summary of important parameters of the invention's

HDP-CVD with additives process is presented in Table 3 below:

Table 3

Parameter Reason parameter is important

Additive to silicon source mole ratio An increase of the ratio of additive to
silicon source causes an increase of a
concentration of additives which is
necessary to suppress undesirable
chaining in the gas-phase. It decreases
the undesirable bread-loaf type of film
deposition on the device steps,
improves step coverage of growing £film
and, finally, improves gap-fill
capability of the process.

Etch to deposition (E/D} ratio The increase of E/D ratio leads to the
increase of re-sputtering on device
steps and, therefore, leads to
worsening of step coverage on the top
of step and, eventuwally, leads to

worsening of gap-fill capability.

Pressure Lowering of the pressure allows
achieving better film step coverage on
device steps and an improvement of film

integrity on the steps.
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doped gl ass | ayer 103 and oxide cap |ayer 114; and c) oxide liner 1104an )
doged grass Iager 103 and oxide cap layer 114 on the top of doped gldgg‘$“~2m§
layer 103. E. Differentiation of the invention over the prior art HDP-CVD
processes Tabl e 4 bel ow conpares paraneters for undoped silicon oxide of

the invention's process with the prior art HDP-CVD process and clearly

shows the difference between the invention and the prior art processes.

Both processes use the same HDP-CVD reaction chanber type. As Table 4

shows, the nost inportant parameters for the invention are: ratio of

additive to silicon source, etch to deposition ratio, and process

pressure. It should be recognized that many publications describe the
details of conmon techniques used in the fabrication process of integrated

- i can b rally enployed in the fabrication
o Che ot T e R B e BOPRFc P s h oo @al ot epe

of such salprocessecam degofueidor med using commercially available integrated
circuit fabrication machines. As specifically necessary to an _
under standi ng of the present 19 I 3 ;'3L 204 invention, exenplary technical

data is set fort on,current technology. Future devel opnents in
the art may cal 9?%?%%5?%&%5% Brcg'dfl?fsf%ﬂ%rff’ﬁl"%n IRE B ~WivdinTanss tdreome

ski | | edai ringhelaget .is Moified,! bRt EROUWCEHME ohd\BSy i thet NEELES &?ﬁ ¢nk EPF €sent
any stepped structure on a seniconductor device and are not |p1ted in
conposi F?%ﬁ‘ff’r'zﬁ §5-igeR_ opiny4 Laveh| &5 fowrdCesstp anaretar | Sutenidioq the

HDP- CVDwd e astdi tipsesr .ok, ard, HoP- CVD Esti mat ed range of Most preferred

lves process

The invention includes the following preferred structures/in-situ ;
methods as shown in Fig. 7: a) oxide liner 110 and doped glass layer 103; b)
doped glass layer 103 and oxide cap layer 114; and ¢) oxide liner 110 and

doped glass layer 103 and oxide cap layer 114 on the top of doped glass layer J;

103.

E. Differentiation of the invention over the prior art HDP-CVD processes

Table 4 below compares parameters for undoped silicon oxide of the
invention's process with the prior art HDP-CVD process and clearly shows the
difference between the invention and the prior art processes. Both processes use

the same HDP-CVD reaction chamber type.

As Table 4 shows, the most important parameters for the invention
are: ratio of additive to silicon source, etch to depesition ratio, and process
pressure. It should be recognized that many publications describe the details of
common techniques used in the fabrication process of integrated components.
Those techniques can be generally employed in the fabrication of the structure
of the present invention. Moreover, the individual steps of such a process Ean
be performed using commercially available integrated circuit fabrication

machines. As specifically necessary to an understanding of the present
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paramnet er srange of paraneters Wafer tenperature250-650400-450400-650 (‘%%<| 200k
Pressure0. 5-101-5<6 (mlIlitorr) Plasnma frequency300-600400-450400-450 '( FE‘)
Pl asma densityl x Eli - 1 x E131 x Eli - 1 x E121 x E12 - 1 x E13 (ion/cnB)
Etch to deposition0.03-0.30.05-0.150.05-0.3 ratio Silicon

sourceSi | aneSi | aneSi | ane | norganic silaneMethyl sil anes derivatives O ganis
silane derivatives Silicon source50-500100-200100-200 flow (sccm Oxygen

fl ow ratel00-400250- 350250- 350 (sccm Dopant conpoundsDi borane and

itsDi borane and itsDi borane and its derivativesderivativesderivatives
Phosphi ne and itsPhosphi ne and itsPhosphine and its
derivativesderivativesderivatives Fluorinated silaneFl uorinated

sil aneFl uori nated silane derivativesderivativesderivatives Carrier gasAr,

HeAr Heﬁﬁnvehfion, exemplary technical data is set forth based upon current technology.
Future developments in the art may call for appropriate 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

composition.

20




Carrier. gas flow20-40050-10050-100 (sccn) Gas additivesl)halides-1) ,
CHL3; CCg4NA cont ai ni ng or gani cor C2F6; conpounds with2) ethyl ene CQEEé%QULzm“
general formulapropyl ene C3H6 CXHyRZ ) 2) organic chenical conpounds with
the doubl e carbon-carbon bonds with general fornula C Her Additive/silicon
source nmole ratio: - organic halides0.3-50.5-2.5NA - organic _
CnH2n3-205-15NA 21 J 8 JUL 2004 While the invention has been particularly
shown and described with reference to the preferred .embodi ments thereof,
it will be understood by those skilled in the art that various changes in
formand details nay be made without departing fromthe spirit and scope
of the invention. 22 1.3 JUL 2004 Cains 1. A nethod of formng a silicon
oxide filmover a heated substrate by H gh Density Plasna Chem cal Vapor

Deposi ti on ( HDP- CVD)

Table 4

Process parameter

Invention's HDP-CVD

with additives

Prior art HDP-CVD

Estimated range of

Most preferred

(KHz)

parameters range of
parameters
Wafer temperature 250~650 400-450 400-650
{°c)
Pressure 0.5-10 1-5 <5
(millitorr)
Plasma frequency 300-600 400-450 400-450

Plasma density
{ion/cm?)

1 x 811 -1 x E13

1 x ELl -1 x E12

l x Ei12 ~ 1 % E13

(sccm)

Etch to deposition 0.03-0.3 0.05-0.15 0.05-¢.3
ratio
Silicon sounrce Silane Silane Silane
Inorganic silane Methylsilanes
derivatives -
Organis silane
derivatives
Silicon source 50-500 10G-200 100-200
flow ({sccm)
Oxygen flow rate 100-400 250-350 250-350

Dopant compounds

Diborane and its

Diborane and its

Diborane and its

derivatives derivatives derivatives
Phosphine and its Phosphine and its Phosphine and its
derivatives derivatives derivatives
Fluorinated silane | Fluorinated silane Fluorinated silane
derivatives derivatives derivatives
Carrier gas Ar, He Ar, He Ar, He
Carrier gas flow 20-400 50100 50-100
(sccm)
Gas additives l}halidesg- 1} CF,, CHFy; CC1, NA
containing organic | or C,Fy;
compounds with 2) ethylene C,H, or
general formula propylene C;H,
CHR, )
2} organic
chemical compounds
with the double
carbon—-carbon
bonds with general
formula C,Ha, ")
Additive/silicon
source mole ratio:
- organic halides 0.3-5 0.5-2.5 NA
— organic C,H,, 3-20 5-15 NA
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usi,ng a .silicon source and an oxygen source as essential reactants in _the
constant presence of a plasma; the nethod conprising the steps of: a) 43 JUL 2004
pl acing a substrate in a reactor chanber wherein said substrate has at an
upper surface a plurality of steps; and b) in a deposition step, inducing a
reaction in a gaseous mxture conposition to produce deposition of a
silicon oxide filmover said substrate wherein said silicon oxide filmis
deposited by subjecting said substrate to a plasnma during the entire said
deposition step, and wherein said conposition conprises said silicon
source, said oxygen source, a carrier gas a source of dopant conpounds and
a gas additive conprising CCl4 with an additive to silane nole ratio
between 0.3 and @miRr teheRi&Galo£ | bl & carbon.- car bon
bonds having the general fornulaggﬁﬁﬁgaf¥%L§%£§’dg%#3emygggﬁré%%ﬁﬁﬁgb

rati o beei®encs tanthe Befantedvaselinertthetpresence wvaf1l $ai ¢hagascaddif kNgse
causes sg&ﬂﬁﬁili%on oxide filmto have no voids in said filmbetween said
steps. 2. & HetRdF AcCsF didnde\to BI™arm iD fitér @it dekiids meachd spde odtams
under t hepdQklowh-59 rsondi i ' erature of said substrate is between
about 2508 and 650G a%&%{:tgggd psr% oo e M e 0 5 and | 20 i 1 1] torr,
frequency of energy in said reactor chanber to produce said plasnma is

bet ween about 300 KHz and 600 KHz, said plasna has a plasm density in the
range of between about 1xE1l and 1xE13 ion/cnB, said silicon source is
silane with a flow of between 50 and 500 sccm said oxygen source has a
flowrate of between 100 and 400 sccm said carrier gas has a flow of

‘bet ween 20 and 400 sccm and said gas additive conprises CCl4, ethylene C2
H4, or propylene C3 H6. 3. The nethod according to claim1l wherein said
reaction occurs under the follow ng conditions: a tenperature of said
substrate is between about 400C and 650C, a process pressure is between 1
and 5 :
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mllitor
pl asma i

silicon

r, a frequency of energy in said reactor chanber to produce said
s between about 400 KHz and 450 KHz, said plasma has a 23 d8J}}8 ﬁ_ﬁ_lznm
pl asma density in the range of between about 1XE1l and | xE12 i on/ cnB,

source is silane with a fl ow of between 100 and 200 sccm

oxygen source has a flow rate of between 250 and 350 sccm said c
gas has a flow of between 50 and 100 sccm and said gas additive conprises

one of t

he group consisting of CHF3, and CCl4 with an additive to

sald
arrier

si | ane

nole rati o of between 0.5 and 2.5, @rdmet hyl ene C2H4 and propyl ene C3 H6
with an additive to silane nole ratio between 5 and 15 4. The met hod

according to gl ai ngL ler e;_, nfo?:%icfmd sil. |lggnn source., I's al a' norggnl c
derivati ve. The od - accor arm V\iherel n sai 5 reacti

si | ane
on

occurs uﬁ‘é&ﬁtrftf?ebfd1llgbv%?qzil§1@bﬁél?ﬁtffiaoﬁsemlaa]t dpprer Berpsétioh §EPdCYUbstrate s

bet ween
millitor
pl asma i
density
silicon

abioigt 2 250Gd@n o8 GnddaP CRGGSS sPIrRESIH @sbénthbel WaedtAcd iand
aid.r
b b EEER Qi BOGE B pl e e RSO CoFTRAL chO REBOES

in the range of between about 1XEIl and 1xE13 ion/cnB, sa
sour ce ip3a@imgi Acufatate Sinl anecadesd ¢ainbee Swhatréin aafd ow of

50 and 50G,2¢6M8 nedid OXVPEN SOHLE m_smﬁalfllqo%fr gée%sofa getween 10
sccm said carrier gas has a flow of between '20 and 400 sccm an

gas addi

tive conprises CCl4, ethylene C2 H4, or propyl ene C3H6. 6.

10
sai d
asma
id
bet ween
0 and 400
d said
The

nmet hod accor dbhgnt @ debesitnin whep eitndgdng & rkacdnn SoUL caseds Biktgrgani ¢
silane dg&ipgeaidive. td prddiRe BRI idaCH di 51 iboh ShddMediWReLLipi$al d reaction

substrate wherein said silicon oxide 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
source, a carrier gas a source of dopant compounds and a gas additive
comprisiﬁé'éélqwith an additive to silane mole ratio between 0.3 and 5
or chemical compounds with the double carbon-carbon bonds having the
general formula CH, with an additive to silane mole ratio between 3 and
20 and wherein the presence of sald gas additive causes said silicon

oxide film to have no voids in said film between said steps.

2. The method according to 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 pressure is between 0.5 and
10 millitorr, frequency of energy in said reactor chamber to produce
said plasma is between about 300 ¥Hz and 600 KHz, said plasma has a
plasma density in the range of between about 1xE1l and 1xE13 ion/ecm?,
said silicon source is silane with a flow of between 50 and 500 sccm,
said oxygen source has a flow rate of between 100 and 400 sccm, said
éarrier gas has a flow of between 20 and 400 sccm, and said gas

additive comprises CCl,, ethylene C, H,, or propylene C; H;.

3. The method according to claim 1 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, a frequency of energy in said reactor chamber to produce

said plasma is between about 400 KHz and 450 KHz, said plasma has a
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occurs under the follow ng conditions: a tenperature of said substra@

bet ween about 250C and 650C; a process pressure i s between 0.5 and @ Ui- 2000
mllitorr, frequency of energy in said reactor chanmber to produce said

pl asma i s between about 300 KHz and 600 KHz, said plasma has a plasm
density in the range of between about 1xE11l and 1xE13 ion/cnB, said

silicon source is an organic silane derivatives wwth a flow of between 50

and 500 sccm said oxygen source has a flow rate of between 1Q0 and 400
sccm saPP¥rIF8i s 48 HEs 49| oWPEFve5at Hosh DHLhMa4DF2 SieeAf™ and sai d gas
addi ti vessohrpilizes Cids ietéiylkenariCRHAIL1or oprigpyéeneco and 200.scem, . C3H6.

24 8. Th%ai@%ﬁﬁinag&f%glﬂag acaal, %% Jofwearw%w 25::,@' &dcwgger&' Qg further
conpri ses_a .source ron and sai licon oxide filmis doped with said

bor on. Carﬁ'lngrr?&sh%acf 5céc)18f”d‘?fn§e‘f"%?eﬁl?ﬁ At WRAetErn a§3l i8ofiosi ti on further
conpr i se3dd téricoppifeprasphorthe wne sansissing o6nCHExI dad fAcl mwiish adoped with

sai d phogghehus tolQllaIQQnomEtxt&Q@o QQCQJt%@:g Gt 9 r—ﬁlldab rB 1a1¥éb§£l%}l@n§
conposition further, ﬁpn;?tkses squr ce on and a source of phosphor us
and sai d> sFFPCon oxt opsd Wi f’rﬁl élSl‘%? Bo?a&ﬁ FE"<H 3 PHosphor us.

11. The &t hod according to cl ai m 1 wherein said conposition further

conprises a source of fluorine and said silicon oxide fi Imis doped wth

said fluori ne :[@ H?tthhlﬁd of cp%la SI I | con. oXi d I Jn over a heat ed
n

substrate by H STty Plasha ehem cal™ vapor Bleﬁgjﬁlt on CHDP: usi ng

a silicofs %u%%ga?f& ahla@ﬁy%hv%fdﬁﬁce as essentl al reactants in the
constant presence of a plasma; the nethod conprising the steps of:

5. The method according to 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 pressure is between 0.5 and
10 millitorr, frequency of energy in said reactor chamber to produce
said plasma is between about 300 KHz and 600 KHz, said plasma has a
plasma density in the range of between about 1xEll and 1xE13 ion/cm®,
gaid silicon source is an inorganic silane derivatives with a flow of
between 50 and 500 sccm, said oxygen source has a flow rate of between
100 and 400 sccm, said carrier gas has a flow of between 20 and 400
sccom, and said gas additive comprises CCl,, ethylene ¢; H;, or propylene

CsHs .

6. The method according to claim 1 wherein said silicon source

is an organic silane derivative.

7. The method according teo 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 pressure is between 0.5 and
10 millitorr, frequency cof energy in said reactor chamber to produce
said plasma is between about 300 KHz and 600 KHz, said plasma has a
plasma density in the range of between about 1xE11l and 1xE13 ion/cm’,
said silicon socurce is an organic silane derivatives with a flow of
between 50 and 500 sccm, said oxygen source has a flow rate of between
100 and 400 scem, said carrier gas has a flow of between 20 and 400
scem, and said gas additive comprises CCl,, ethylene C,H,, or propylene

C3Hs.
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a) placing a substrate in a reactor chanber wherein said substrat

an upper surface a plurality of steps; and b) in a deposition step,

i nducing a reaction in a gaseous m xture conposition to produce d
of a silicon oxide filmover said substrate wherein said silicon

filmis deposited by subjecting said substrate to a plasma during
entire said deposition step, and wherein said conposition conprises said
silicon source, said Xgen source, a_carrier gas, a source of bo

source of pho¥phortfg, ™

CAFCEELIHE 9 GoRithe, "hereim Sgkk CARRFSEF AR co

h
© a‘fanUL 2004
eposition
oxi de
t he

ron, a
mpri si ng

CCl4 wi t lnghenddinprises 4 gostdean babdre andidadd batweenofidd aind & or chem cal
conpoundgepaiat f thhgs s sdgarl,e car bon-carbon bonds having the genera

C'Hz"

with an additive to silane nble rati o between 3 and 20 and

said silicon oxide filmhas no voids in said filmbetween said st
The et hod actor di g vrerhell gdarpi@inghter eil#@ins ai vheredc Badh coggetrnunder t he

fol | ow ngueasdicohPiises & LENREr 8t WhesRbrodida Hbgtdidt &rloxif PatWeen about

250C and 65 Cmt% proces
frequency ener gy i h

ressure is between 0.5 and 10 mllitorr,

OSSB

bet ween about 300 KHz and 600 KHz, said plasma has a plasma densi
range of between ach@uaetm&]aiccamnbx&lalwn&GHI%IE1§@5£& Shigde@ficnour ce i s

si | ane WIEISLQPQJBUO ]:aigagts en4%€ Pc()jn 299 aou ce os I gos )lglg snagci)%%li(.:cg

flowrate o

SCccm Sal carrier as a

fornmul a
wher ei n
eps. 13.

& %Peact or chamber to produce said plasma is

ty in the

has a
w of

bet ween ?@iﬁﬁﬁqéﬁﬁa§éEﬁfﬁsﬁﬁﬁd§ﬁ&ﬁc%§dovﬂbbdﬁ@nwaﬁhp%ﬁwbﬁh@rus are di borane
and phosphine or their derivati es, said source of fluorine is a

f1 uor i nat ed dﬁrlvafﬂev[@et%dsaé&gﬁgngaza Gl § pasupddld upRpnnr oo

et hyl ene_C2H4, or propylene

accor d ¢l ai

s Cd 4r
m 12

wher ei n S¥itHeY é’&E}?ﬁlﬁﬁS aoé@‘ﬁ?rcs? thdérotine 6| s Pt icomridodaln 48t enperature
of sai d &eHs€twiahesaid flucrine.

12, A methed of forming a silicon oxide f£ilm over a heated
substrate by High Density Plasma Chemical Vapor Deposition (HDP-CVD)
using a silicon source and an oxygen source as essential 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; and

L) in a deposition step, inducing a reaction in a gaseous mixture
composition to produce deposition of a silicon oxide film over =aid
substrate wherein said silicon oxide film isg deposited by subjecting
said substrate to a plasma during the entire éaid deposition step, and
wherein said composition comprises said silicon source, said oxygen
gsource, a carrier gas, a source of boron, a source of phosphorus, a
source of fluorine, and a gas additive comprising CCl, with an additive
to silane mecle ratio between 0.3 and 5 or chemical compounds with the
double carbon-carbon bonds having the general formula CH,, with an
additive to silane mole ratio between 3 and 20 and wherein said silicon

oxide film has no voids in said film between said steps.

13. The method according to c¢laim 12 wherein said reaction

occurs under the following conditions: a temperature of said substrate
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i s between about 400C and 650C, a process pressure is between 1 and 53 JUL 204
mllitorr, a frequency of energy in said reactor chanber to produce sai-d-

pl asma i s between about 400 KHz and 450 KHz, said plasma has a plasm
density in the range of between about 1xE11l and 1xE12 ion/cnB, said

silicon source is silane with a flow of between 100 and 200 sccm said
oxygen source has a flow rate of between 250 and 350 sccm said carrier

gas has a flow of between 50 and 100 sccm said sources of boron and
phosphor % PEFEE<ti B AR P hBXPRAT rfe PE?CERETTESEEIS YarrhEsn O Sar® sour ce of
fl uori nel¢ sniglfrouor itmequedcyerfi satrgy ein0fai’i kedepr ambdmisai do pgasucaddi ti ve

CONPI i S€§,:0NE1 Rfnat NELGHRAUR £RNSTHHI AL Qﬁd %szﬁm%lg%%sma %m an additive
to silane nole ratio, of between 0,5 and | ene CZH4 and

propyl enB E3RERFLT AR HEdT6 ft BE%WeFﬁrF’é’OH’bllé‘Ei”ataP?J 1"5%? WEBHF™S and 15. 15.
The net hegidagtidredi repuree dk adifpil® wihere Elrwppf dretveens 89 dind di@gosidm, on step to

form sai gaisi J:kag@ﬁ @&lrel@ htila|e{nfl$\b1rrﬁb@rofcﬁméé§|lﬂg anB€{ foO0EMTsd - Si tu an
OX|deI|ner ste omj’?gan0| |nr ver said substrate. 16. The net hod

5% ¥ i e ter Faf 48%6857"'[ |58hgssf°8f)°el’so orm said

accordi ng-t o cl®ar m
si li con bXicteatid Physppeyisoryr Wgbdnensiand phvspdeder [thykr dstiptivest or m an
oxi de capailday@rlrcoves £s@dr@nsiilsi £ N ueXind€ed ibliMac 28 58 JWhnl094d E4ia A net hod

of formc%gs 235 tlllr ocrgm&éesgg chl Q?ﬂﬁﬁa(,{%)at edé)réplé, Ztg%lﬁ by H gh Density

Pl asma Chem cal apor positi i Ti*¢on source and an
oxygen source as essenti al react ants in the constant presence of a plasng,;
t he met hod corpri srHagméthed sdcepsdial: ta@riplmtt RedeiSUbSIT aéetitn a react or

chanber ¥%E%&§idhd§@jéie following conditions: a temperature of said substrate
is between about 400°C and 650°C, a process pressure is between 1 and 5
millitorr, a frequency of energy in said reactor chamber to produce
said plasméris between about 400 KHz and 450 KHz, said plasma has a
plasma density in the range of between about 1xE1l and 1xE12 ion/cw’,
said silicon source is silane with a flow of between 100 and 200 sccm,
said oxygen source has a flow rate of between 250 and 350 scom, said
carrier gas has a flow of between 50 and 100 scom, said sources of
boron and phosphorus are diborane and phosphine or their derivatives,
said source of fluorine is a fluorinated derivative of silane, and said
gas additive comprises one of the group consisting of CHF;, and CCl,,
with an additive to silane mole ratio of between 0.5 and 2.5, and
ethylene C;H, and prcpylene C;Hs with an additive to silane mole ratio

between 5 and 15.

15. The method according to claim 12 wherein prior to said
deposition step to form said silicon oxide f£ilm, further comprising
performing in-situ an oxide liner step to form an oxide liner over said

substrate.

1s. The method according to claim 12 wherein after said
deposition step to form said silicon oxide film, performing in-situ an
oxide layer step to form an oxide cap layer over said silicon oxide

£ilm.
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substrate has at an upper surface a plurality of steps; b) in an oxidﬁ
liner step, formng an oxide liner over said substrate; c) in a depo 3 JUbn2004
step, inducing a reaction in a gaseous m xture conposition to produce
deposition of a silicon oxide filmover said substrate wherein said
silicon oxide filmis deposited by subjecting said substrate to a plasnma
during the entire said deposition step, and wherein said conposition
conprises said silicon source, said oxygen source, a carrier gas, a source
of boron, a sburce® detifospHernng a sidéearcexivle fllyopyeyea hented gas additive
conpri si BgsCAd w tthgRmeadtit PYamat thehi baN@apB Begot i i@nbeipseem;0. 3 and 5 or
et hyl ene . pr.o e ith_an additive to silane mle ratio

bet ween %%ﬁggfgﬁénél \g\%dgggiaﬁds%?%xg%ﬂ con coxide T m égacﬁgn%/soil S in said
fil m bet WFeRCRHREE StrepEiceapid 2dplashe arthp Xisgeot £pmpeyErs sheFtePoPrfi ng an

oxi de cap over said silicon oxide film 18. The nethod according to claim
17 wherein saa)dpﬁ_g@i%yQrgubg&%ué,Sinug%gcéé}ec%é%&ble%ggeﬁog drons: a

tenperature of Sald Substrate is between_about C and 650*C;, a process
pr essur eSTEHRIWERN 20, B* FARFT TBCRFCR 13 POMTRILEY @§ueRFES’ of energy in said

reactor chanber to produce said plasma is between about 300 KHz and 600

KHz, said pl asmanhas ofiadPh a8 deNSkdhihd ahheikandaePlovbetieen about | xEl |
and IxE13 ion/cm  said silicon source is silane with a flow of between 50
and 500 £ *%ai d oxygen source has a flow rate of between 100 and 400
sccm said carrier gas has a flow of between 20 and 400 sccm said sources

of boron andcphaspligpsts cahe sdbporaneiand: PERSRBL N8 Llgabhgisr ndelivat i ves,
sai d Sougcgm%ogitifolrlugg ipgoedl.licg gapfoalsl q(}h noaft gdsiqgécgnvg;[clagef?]fm g\ire!raggid 27

substrate wherein said silicon oxide film is depesited by subjecting

sald 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 cof boron, a source of phosphorus, a

source of fluorine, and a gas additive comprising CCl, with an additive

to silane mole ratio between 0.3 and 5 or ethylene C, Hy or propylene

C3Hg with an additive to silane mole ratio between 3 and 20 and wherein

said silicon oxide film has no voids in said film between said steps;

and

d} in an oxide cap layer step, forming an oxide cap over said

silicon oxide f£ilm.

1s. The method according to 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 between 0.5 and
10 millitorr, fregquency of eneérgy in said reactor chamber to produce
said plasma is between about 300 KHz and 600 KHz, said plasma has a
plasma density in the range of between about 1xE1l and 1xXE13 ion/cm?,
said silicon source is silane with a flow of between 50 and 500 sccm,
gaid oxygen source has a flow rate of between 100 and 400 sccm, said
carrier gas has a flow of between 20 and 400 sccm, said sources of
boron and phosphorus are diborane and phosphine or their derivatives,

said source 6f fluorine is a fluorinated derivative of silane.
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Il 3 JUL M4 19. The nethod according to claim 17 wherein said reactio

occurs under the following conditions: a tenperature of said substrataa-w% 2%
bet ween about 400C and 650C, a process pressure is between 1 and 5

mllitorr, a frequency of energy in said reactor chanber to produce said

pl asma i s between about 400 KHz and 450 KHz, said plasma has a plasm
density in the range of between about 1xE1l and 1xE12 ion/cnB, said

silicon source is silane with a flow of between 100 and 200 sccm said
oxygen sbur ceTaledof| [FPFHME 87 chatmediterein At Bserddemocs#isd carri er
gas- - hasumiek| dw 661loeinmecennd@iand 4 Rmpefithrs af ds-Saustesrak idoron and

Phosphor a5 (Bbhoape: and BNOSPAT A%e0Ls LIl S MALLLES: nddl d sour ce of

fluorine 1s a fluorinated derivative o ane sai gas additive

conpri se¥ BHECTF T HESTIDIE CoRRTEH i ‘rfbs?ﬁd ERFF RN FRRR SN additive to
si |l ane nedig pisimg of bbptepeerbolt Boanghz2ady] 4andkHet ppliéndast@ Hds and pr opyl ene

C33H6 Wi phusal Redity V& 4R Singang BDlReh altolr BSEMEERA B xe@d od Ao 28

said silicon source is silane with a flow of between 100 and 200 scem,
said oxygen source has a flow rate of between 250 and 350 sccm, said
carrier gas-has a flow of between 50 and 100 sccm, said sources of
boron and phosphorus are diborane and phosphine or their derivatives,
said source of fluorine is a fluorinated derivative of silane, and said
gas additive comprises one of the group consisting of CHF; and CCl, with
an additive to silane mole ratio of between 0.5 and 2.5, and ethylene
C,H; and propylene C3Hg with an additive to silane mole ratio between 5
and 15.
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