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GAP- FI LL CAPABI LI TY Background of Invention Field of the Invention This
invention relates generally to fabrication of sem conductor devices and

nore particularly to the fabrication of silicon oxide and silicon glass
films 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 N
sem conduct or devices, a variety of material |ayers are sequentially

fornmed and processed on the substrate. For the purpose of this disclosure,
the substrate includes a bulk material such as sem conductor, e.g.,

silicon, body, and if present, various regions of materials such as

dielectri ateria ducting materials, netallic materials, and/or
semi conduc%tAg‘ra]E Igrﬁas e‘JLr"I?DaIITg\.?}QSC)EgR(ﬁN TIENCREET PRILATBATo ASCHIGOMPRENT] PURINGS
fabricati oHCPrFdEaty €LARE! §EEs DAPGIITIONO OMNPRIOE FLIE. GAR FIEL &hbAbTr 1Ty
represented by the formula SiOn, "where n = - 2, or doped silicon oxide
films, containing an addition% dqgjna‘elenent_such as .boron, phosphorus,
fluorine, carbon, and their nmiREEFEE R h I PBtEiodopant content dependi ng

on the punglse<ﬁ filmapplication in the device. Below the common term \
"si i con"OXi%d&t fi'tnf"¥e&tt&ed to characterize both silicon dioxide filmand
silicon oxide based glass filns. Silicon oxide regions are utilized as

i nsul ati ng/ paféivativrgtiayerdatas ameehelt ricatavirnsidiahi R sbRIAMEAAror

conduct i agrikayenss @G paR0ldishb L0 OndTBLBL; LAYSE Sor FLIM,OT o, Hindoped
silicon gxide, ar aﬁgegiﬂkgobas a liner or as a cap |ayer eltﬁer 9 FTRUG
2004 under or on the doped &1 P& o%i dBIMaysPeitss eRl5eeei vdleyicalo Vanvin
unaccept %8 toFarn PPt isshntimei nigtis Wbs eguenteprooessiing. s ABBYo ot her
techni quésciusedresn SeftieeONGUCHOFi Y 068S&IR0rs, Siokl &N  and  special gas

additives.
Description of the Prior Art

Ir 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,

Vvarious regions of materials such as dielectric materials, conducting
materials, metallic materials, and/or semiconductor materials. One of the
material regions utilized in this fabrication procecdure includes a silicon
oxide, i.e., a material represented by the formula $i0,, where n = ~ 2, or
doped silicon oxide films, containing an additional doping element such as
boron, phesphorus, fluorine, carbon, and their mixtures with total dopant
content depending on the purpose of film application in the device. Below
the commen term “silicon oxide film” is used to characterize both silicon
dioxide film and silicon oxide based glass films. Silicon oxide regions
are utilized as insulating/passivating layers, as an electrical insulation
between conducting layers, €.9., polysilicon or metal layers. Films of

undoped silicon oxide are used also as a liner or as a cap layer either




oxide.filnms are deposited using Plasma Enhanced Chem cal Vapor Deposition
(PECVD), and High Density Plasma Chem cal Vapor Deposition (HDP-CVD) 23 AUG 2004
techni ques. The | ast techni que assunmes sinultaneous deposition and
sputtering of depositing filnms in order to inprove gap-fill capability, as
shown schematically in FIGI|. FIG 1 shows steps 102 forned on a

sem conduct or substrate 101. The silicon oxide film 103 is deposited over
the steps 102_ Si02 species are shown 104 on the surface of the film

| oni zed Ar nol ecul es 105 bonbard the surface of the filmresulting in
sputtered and redeposited SiO2 106 and vaporized Si 02 species 107. The

met hod of chem cal vapor deposition of silicon oxide and doped silicon
glass films at High Density Plasma conditions (HDP-CVD) with silane-oxygen
based gasunrgie%dur es is used in sem conductor manufacturing nostly for

sub- quar t'&r - hi ¢Forf™U t1a $%rge SSeF®@ | 9itidgr deaer( ULSIspectinedivt  tdeviieet
appl i cat ivoassePFabse nlebarod mi grarsed du@indepesddiean HBhcsidihgon oxide, or
frequently known as undoped silicon glass (tJSG, phosphosilicate gl ass
(PSG, and fIHIgrosiIicate |l ass (FSG _ In the case of doped films, the
dopant precur Sor,? s‘if@ﬁra§e%ﬁ6§b?ﬁ nesPHsin feamiegeinslter | sremdednd.o $iecon
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H gh- DenghishcPL@SiB 2. 23, AUG,2004 D.for Use as Internetal diel ectti ¢ and
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Dielectrics for ULSI Miultilevel Int.Conf. (DUMC), (1999), p.71.

The method of chemical vapor deposition of silicon oxide and doped
silicon glass films at High Density Plasma conditions (HDP-CVD} with
silane-oxygen based gas mixtures is used in semiconductor manufacturing
mostly for sub-quarter micron Ultra Large Scale Integrated (ULST) circuit
device applications. This method is used for deposition of silicon oxide,
or frequently known as undoped silicon glass (USG), phosphosilicate glass
(P3G), and fluorosilicate glass (F3G). 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
tetrafluoresilane SiF, or difluorosilane SiH;F,, are used either alone or

in a2 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 fdﬁnd and analyzed
recently, see for instance: {Ref.l}:' R. Conti, L. Economikos, G.D.
Parasculictis, et al. “Processing Methods to Fill High Aspect Ratio Gaps
Without Premature Construction,” Proceedings of Fifth Dielectrics for ULST
Multilevel TInt.Conf. {DUMIC), (19%9), p. 201 and [Ref.2]: J. Yota, A.

Joshi, C. Nguyen et al. “Extendibility of IcCp High-Density Plasma




The reason for void formation under HDP- CVD conditions is nornal | y

expl ained as a result of redeposition of the filmon the nearest surfag:@%ua 2004
caused by etch/sputtering of the filmw th argon bonmbardnent fromthe t

edges of 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

nucl eation and formati on 108 at snallest spacings, as shown in FIG 2B and
FIG 2C, followed by void formation at the certain critical spacing (CGcri ti
cai) and critical aspect ratios (A l~criticai) 109. At the sane tine, a
void-free filmforns at a certain gap spacing, which is |arger than
critical, and aspect ratio, which is less than critical, as shown in

FI G 2B, 110 that eventually leads to the void-free gap-fill when full film
t hi cknes<Ps TRENT%y @d, THL 8RB GiAlEITGL2 CandDdeas 1 wed ianalaeis ofr HDPs OV

gap-fil| Teapabide/ty frabcamiesanire of rrist HYEtdMes. M td-vegtd.cal,, side, wal l

st eps, nqslttlyorg:esw@ch or(l%ﬁl pl'i cations, has been perrorneu T
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critichz) and critical aspect ratios (ARcrieiea;) 108, At the same time, a

void-free film Fforms at a certain gap spacing, which is larger than
critical, and aspect ratio, which 1is less than c¢ritical, as shown in
FIG.2B, 110, that eventually leads to the void-free gap-fill when full

. film thickness is achieved, as shown in FIG.2C.

Detailed analysis of HDP-CVD gap-f£ill capability for an example of
structures with vertical side wall steps, mostly desired for ULST
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 0.18 um
Device Applications and Beyond, ” Proceedings of Fifth Dielectrics for ULST
Multilevel Int.Conf. (DUMIC), ({1999), P.235, for the above mentioned film

types and two main ranges of the HUDP-CVD deposition temperature, namelvy,

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 round step
corners (line 35).




where.the val ues of coefficient k have been found to be about 13.3 p.m

and 20.1 gm for high and | ow tenperature processes, respectively. ﬁ%‘AUGENM
reduce void formation effects in HDP-CVD, e.g. to enhance gap-fil
capability of HDP-CVD technique, the follow ng approaches have been
considered recently: a) a decrease of the anisotropic etch (sputtering)
conponent to deposition ratio (below "E/D ratio") and decrease of process
pressure. This helps to reduce an inpact of filmsputtering and,

therefore, re- deposition. However, these neasures cause an undesirable
decrease of HDP- CVD process productivity as well as a necessity to enhance
punp productivity. b) structure rounding, as described in [Ref.3], and as
shown schenatically in FIG4B. In fact, such rounding allows a nuch better
HDP- "CVD gap- f ability using the sanme process conditions, including
pressure, powe us’etHBE {0 GeRdditi eapatity, 14l shows iforFHG JomHevIBY @Eed
this appn4§ae$ﬂn19nrﬂﬂnda;mﬂnscedﬂ eefarnal atbhSly deydGeestyuct.yhe slenepts.
Voids in device structures are not acceptabl e because of a worsening of
device reliability. Therefore, it is very desirable to produce a good
HDP-CVD filmintegrity and gap-ﬁ%%&u@aéabﬁkhb¥n The prior art processes do
not- provide a silicon oxide |layer that can satisfactorily fill gaps

bet'ween easi ngl step features of new ULSI sem conduct or
devi ces vgﬁgtgﬂéo&t%f%a?rlﬁe% C}% %;flfherﬁef‘v\@é'ﬁ bere Eoprsuce dre Bbewes 13 Them? and
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b) structure rounding, as described in [Ref.3], and as shown
schematically in FIG.4R. In fact, such rounding allows a much better HDP-
CVD gap-fill capability using the same process ceonditions, including
pressure, power, etch teo deposition ratic, as shown in FIG.3. However,

this approach is not applicable for all UL3I device structiure elements.

Voids in device structures are not acceptable because of a worsening
of device reliability. Therefore, it is very desirable to produce a gocd
HDE-CVD film integrity and gap-fill capability. The prior art processes do
not provide a silicon oxide layer that can satisfactorily f£ill gaps
between the increasingly tight step features of new ULSI semiconductor

devices without forming voids in between the conductor lines.

The importance of overcoming the variocus deficiencies noted above is
evidenced by the extensive technclogical 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 fellowing. U.S. Patent ‘

5,915,190 to Pirkle shows a PECVD thin protecticon layer and a high RE-




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. U S. Patent 5,872,02% 1&193 2004
Van C eenput et al shows a high aspect ratio HDP-CVD fill process. U. S
Patents 5,913,140 to Roche et al and 5,776,834 to Avanzino et al show HDP-
CVD processes with sputter steps. U S. Patnet 5,6968,610 to Liu et al shows
a nulti-step HDP-CVD process. U. S. Patent 5,976,993 to Ravi et al teaches
an inductivel y-coupl ed plasna process with sputtering. U S. Patent

6,001, 746 to Tsai et al shows a FSG HDP- CVD process. U.S. Patent 5,270,264
to Andi-deh et al shows HDP-CVD with a sputter etchback step. Summary of the
Invention. It is an object of the present invention to provide a nethod for
fabricating a silicon oxide |ayer that provides filnms with good film
integrity without voids in the filmwthin steps of device structures

using a MHOPETVDUHEPUSIR i 'Grhproeess. Swi Phtsitl angio66sitoangs dar hvatdeass and
oxygen miburas prandsgasL afdh | Mespihlod 140 9BbECt :8hs 118, PLESEN
invention.tp provigde. ethod far fabricating a silTcon oxi de |'ayer “over a
-stepped substrate Suffadce using ¢ HI CIBSW t ¥ -dddFRFsés'®: pFoda3s tehhin

produces “GBOtFSi APEYAGL y BIP-FVP Mmavakongenhe devileeest eps.ardtevoi 8-fnee21
struct ur es. Zikng enwenténes HDR-EMD thh tddcadslist | ¥88,+ ProGess; Angd, prefery ed
| nvent i oR1S, Y ACESS (69N Ll €S bel ow in Table 1. The nost
critical ga? ameter in {}%eﬁ%lﬁ\r}gnfg{_osrll}oat%gs\gngfcf‘:ieéﬁ?is‘sBrﬁCé’att%n%éd?ﬁ'@éen%cl’e
ratio, spabterieRgt Gtd@podicron Haki espeshdratiot SDPSVes Sille pradeAUG 2084
Accor di ngatentan5 aist her tprisfceer ed :enbadismend, sof the present- -k NMENE LeH.
there iscapnpitdedsof fiQHM;PG+2,Sikicon i.de _fil v heat ed substrate
by Hi gh Depsi taymPf as R Che?nlgtcal' @lgl%rgsr' De%('oss'i tPiaJBrherp( %Dgg%f agi Y a®si?d con
source and an “oXygen *5Purte 4k PELSH | al - Fedetdiit $/PIENE torfstvanet al
pr esence t&fchgsplags nigrdut hiegre Lretchptle opjrsingi ngotde staps Sfurcad)ingl aci pgga
substrat eatdncael @aGhEON LChagber. whege aj bsty ate has PRe
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surface j.n lurality of steps; b
i ndUCil1ggg?qpégE%2€§n ?éidsh et al shogs HDP-CVD with a sputter etchback step.

Summary of the Invention

It is an object of the present invention to provide a method for
fabricating a silicon oxide layer that provides films with good film
integrity without voids in the film within steps of device structures
gsing a HDP-CVD depcsition process with silane or silane derivatives and

oxygen mixtures, and gas additives.

It is an object of the present invention to provide a method for
fabricating a silicon oxide layer over a stepped 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 Invention’s process conditions are
shown below in Table 1. The most critical parameter in the invention are

silicon source to additive mole ratio, sputtering to depositiocn ratio, and
total pressure.




gaseous m xture conposition to produce deposition of a silicon oxide film
over said substrate wherein said silicon oxide filmis deposited by 23 AUG 2083
subj ecting said substrate to a plasma during the entire said deposition

step, and wherein said conposition conprises said silicon source, said
oxygen source, a carrier gas, sources of boron, phosphorus, or fluorine as
dopi ng conpounds, and a halide-containing inorganic gas additive, wherein
said halide-containing inorganic gas additive conprises one or nore

selected fromthe group consisting of: SF6, HF, F2, ClF3, HCl, Cl21 SiCl4,

HBr, and Br2 and erein said halide-contajni .inorganic gas additive
Poui dog o | RBeidigheLd S0 cRalfe 15eEaM Al Tullaindir 08NS da2.800 LV ey
sai d depasieénonof tisate isi biwatthodoxt dipdriihm a woirdenh ngrigle Eilmdwetregrity
and voids | j ilm_Db en id. [ e.avoi The i nventi on has
Tha Vo 18 el Subt LI PBLUEET, 38hL o) BBl Tl ap e The 1 O o
process Ppeepssiion AP €VEh weoinadlepeslidam spatr¢osndamn eicani selsrehi gh

deposi tign L& ARY rPREEES A RAUCLIYIdHhe BESILRS ofta igiaéingplt)her eal i zed
and there is no need to change chanber design. 5A 2 3 AUG 2004 The present

i nvent i oRSERI SPEBTHHESE thEN®F9RSs °fh t he context of known process

technol ogy. However, a further understanding of the nature and advantages
of the present invention may be realized by the reference ,to the latter
portions of tfib RSP Ratioih aht dt Pabitd Prafl#ET YaBFe R Process

par anet esbbtt reiecdas angeppbAns@canpl Bawingpar anetarisyf of prreberred set of

I nvention's HDP--CvVDparaneters with additives Wafer tenperature

(C) 250- 650400- 650 Pressure (mllitorr)0.5-101-5 Pl asma frequency

(KHz) 300- 60040D- #5@® HDP-CVD deposition step, inducing a reaction in a

gaseous mixture composition to produce deposition of a silicon
oxide film over said 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
compriges said sgilicon source, said oxygen source, a carriler gas,
sources of boron, phosphorus, or fluorine as doping compounds,
and a halide-containing inorganic gas additive, wherein said
halide-containing inorganic gas additive comprises one or more
selected from the group_consisting of: 8F;, HF, F,, ClF;, HCI,
cl,, sicCl,, HBr, and Br, and wherein said halide-containing
inorganic gas additive provides a lateral etch component to said
deposition step wherein after said deposition of said silicon
oxide film, worsening of film integrity and voids in said film

between said steps are avoided.

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

no need to change chamber design.

5A



PlL.asma density (ion/cm)1xE11-1xE13l xEll-1xEl 2 Ani sotropic etch

t 00. 03- 0. 30. 05-0. 15 deposition (E/D) ratio Silicon sourceS.ilaneSil|ane

| norgani c' sil aneMet hyl si | anes derivatives Organic silane derivativ

Silicon source flows0-500100-200 (sccm Oxygen flow (sccm 100- 4002% §§8 2004
Dopant conpoundsDi borane and itsDi borane and its derivativesderivatives
Phosphi pe and itsPhosphine and its derivatives ~.derivatives Fluorinated
silaneFl uori nated silane derivativesderivatives Dopant gas fl owsMiust be
chosen based onMiust be chosen based desirabl e dopanton desirabl e dopant
concentrationconcentration Carrier gasAr HeAr, He Carrier gas flow
(sccm) 20" 40050- 100 Gas additives: -fluorine conmpoundsSF6, HF, F2SFSr HF
-chlorine conpoundsClF3r HCO, d 2, SiCl4ClF3, Cl2 -brom ne conmpoundsHBr
Br2HBr Silicon/additive source0.5-503-20 nole ratio: 6 23 AUG Bri ef
Description o& the Drawi ngs The features and advantages of a sem conductor
devi ce accordiiiy PB°S%he Predenr i2AbEHEothask] panefhier det biid scaofteat podcess

of -fabri(ﬁypw%gpggyghs 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 attached drawings.

Table 1
Process parameter Estimated range of An example of
parameters for preferred set of
Invention’s HDP-CVD parameters
with additives
Wafer temperature (°C) 250-650 400-650
Pressure (millitorr) 0.5-10 1-5
Plasma frequency (KHz) 3200-600 400-450
Plasma density (ion/cm’) 1xE11-1xE13 1xE11-1xE12
Anisotropic etch to 0.03-0.3 0.05-0.15
deposition (E/D) ratio .
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
1 Popant compounds biborane and its Diborane and its
derivatives derivatives
Phosphire and its Phosphine and its
derivatives derivatives
Fluorinated silane | Fluorinated silane
derivatives derivatives
Dopant gas flows Must be chosen based con [Must be chosen based
desirable dopant on desirable dopant
concentration concentration
Carr%er gas Ar, He Ar, He
Carrier gas flow {sccm} 20~400 50-100
Gas additives:
~-fluorine compounds SFe, HE, E» . SF;, EF
—chlorine compounds ClF,;, HC1l, C1,, sicCl, ClF;, Cl1,
. -bromine compounds HBr, Br, HBx
Silicon/additive source 0.5-~50 3-20
mole ratio:




as a sem conductor device in accordance with the present invention wll be
more clearly understood fromthe foll owi ng description taken in
conjunction with the acconpanying drawi ngs in which |like reference ngﬁ%ﬁg$§mﬁ
designate simlar or corresponding el enents and regions and in which:
Figure 1 is a sinplified cross-sectional schene of a conventional HDP-CVD
filmdeposition. Figures 2A, 2B and 2C are cross-sectional views
illustrating a void formation process at HDP-CVD conditions Figure 3 is a
graph showi ng sunmari zed HDP-CVD gap-fill capability for different
deposition conditions and different types of dielectric filns. Figures 4A
and 4B are cross-sectional views of HDP-CVD film deposition for
rectangul ar and tapered shape of device structures, respectively. Figures
5A and 5B are cross-sectiognal_views of non-conformal step coverage at a
conventional silane- oxygeR*t/ D P FEEEMAY PicadheiidéAhanced CVD process,
respectively. Figures 6A and 6B are cross-sectional schenes illustrating

non- conf or mahef bR GeoWill QavEeMES §t ePSsAHELNGPLASI®; enhanced; £VR Wi th
ani sotropj ¢ e%ch conmponent ned _ani sotropic and 1 sotropic

and.wi th conbj . )
etch conponéats M 7 t%\%aﬂgﬁugrﬁ%%r 7eeR i SFnpIFFPPRd &F dedristitirgnaich
schene of® gapgefidopdug@gadiviceyin pprovenentvwiith decordant eiwiethidrheipr gsent
i nvent i omordDet-abiad De&&&k@&&pn1Q%mtP@mPrﬁ%QI%%QgE”QQQ£@§Q%§ Thex o esgnt
inventio i ; cribed in detail, with reference.to the acconpanying
dramﬁngs?mﬁkk%ﬁggfg oﬁ#%ém’%mé¥?ﬁ?1gﬁaﬁﬂﬁ§r8ﬁ§&§§égf%?dmﬁﬁf%VFs are set
forth such as flow rates, pressure settings, thickness, etc., in order to

provi de summpaks tdreiongh wAEerst ardcogr@boidigPeesets bMveRtdions dda Wd | be
obvi ous, ;however, to one skilled in the art that the

Figure 1 is a simplified cross-sectional scheme of a conventional
HDP-CVD film deposition.

Figures 2A, 2B and 2C are cross-sectionzal views illustrating a wvoid

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-sacticnal views of non-conformal step
coverage at a conventional silane-oxygen CVD process and plasma-enhanced

CVD process, respectively.

Pigures 6A and 6B are cross—sectional schemes illustrating non-
conformal film growth on device steps during plasma-enhanced CVD with

anisotropic etch component and with combined anisotropic and isctropic

etch components.



present invention may be practiced w thout these details. In other

i nstances, well known processes have not been described in detail in, order
to not unnecessarily obscure the present invention. Al so, the flow 3 SYG 2604
in the specification can be scaled up or down keeping the sane nolar % or
ratios to acconmodate different sized reactors as is known to those
skilled in the art. A Cbservation of voids in HDP-CVD films Nornally,

voi ds can be observed using cross sectional scanning electron mcroscopy
anal ysis of device structures- Filminperfection, or voids, in different
types of HDP-CVD fil nms have been found to formin the bottom corners of
as-deposited filnms, and in the center of the space between the two nearest
| ines of a device, as shown in FIG 2A-FI G 2C. The shape of voids is

dependent on miberd i I'm types a@dmlgmlg@orgrogg,,seg@pgjax §&% {ween ines
(O and @g&gghtryayn%s AR~ [ As ratio is a certain ar att e 8T1¢ "whi ch
defines structure and it can’ be C85??ﬂ?lea‘t”et& BY® PARATH h’@’eﬁlﬁéoﬁap hei ght by

the gap space. B. Problens of conventional HDP-CVD processes The inventors
have determ ned that previous silicon oxide deposition techniques do not

meet the changi ng rgguiyengnts.of. new denser products. 8 2 3 AUG 2004 It is
to:be understood in trfl(:}ilse regsé:rrélpif Tat O%ot?lﬁol?ﬁ%ﬁre@f EfPRSligeRiSussi on  bel ow i s

admtted to be prior art as to the present invention. Rather, this highly
sinplified diTseussisent i svanteff aill (e BEOMWIiBEq A IGEPLAVEL.y, %@%Eéﬁ&”@ ng of

the probirMecdidhdbs@g OVELG Vet n\‘{q%l_’lltlon The gener al
characteri stfcdg@of%nﬁe prlloé)g:rI'? %}Ep‘r%gglc FFEJtpé:dm?ﬁmm?ﬁé‘sTélb?Fe‘fzcbel ow.

The foll ow ng concl usions can be drawn from t he conparison of data in
Tabl e 2:dsgd@vEntageseof fede potiorasartl okDR::CVYD pProGess é&%@%s,beth% s
and

because &i-. aglnfd,gdr@r sagapa tYor ant IS nmetho
nor e advantb BP ;f\%h{éﬁ}?ﬁj ﬁgl P g%]!péabt?ﬁl |$ \ﬁcan %%Winé‘vé’ﬁ 8T n@r@csﬁét

i nvention's BH%I‘IOEIPV&OWQIS?%C@@sOHGQSkllled 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. Also, the flow rates
in the specification can be scaled up or down keeping the same melar % or
ratios to accommodate different sized reactors as is known to those
skilled in the art.

A, Observation of voids in HDP-CVD films

Normally, wvoids can be  observed using cross sectional scanning
electron microscopy analysis of device structures. Film imperfection, 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 the space
between the 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 ratic is a certain
characteristic which defines structure and it can be calculated by

dividing the gap height by the gap space.
B, Problems of conventional HDP-CVD processes

The inventors have determined that pPrevicus silicon oxide deposition

techniques do not meet the changing requirements of new denser preoducts.




2 3 AUG 2411 Table 2 HDP- CVD Advant age Di sadvant age net hod HDP-CVvD 1. Good
2. 23 AUG 2004

gap-fill capability at high spacing and small aspect ratios.
Rel atively high deposition rate 1. Gap-fill capability becomes worse with
tightening of gap spacing and with the increase of aspect ratios. It

needs process pressure and EfD ratio to be decreased. 2. Decrease the
deposition rate -and process productivity wth the decrease of pressure
and E/D ratio. 3. Non-acceptable voiding in device structures causes
reliability issues prior art Invention: HDP-CVD additives process 1.

~Good gap-fill capability at small spacing and high

It is to be understood in this regard that no portion of the discussion
below is admitted to be prior art as to 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 the prior art approach are listed in
the Table 2 below.

The following conclusions can be drawn from the compariscn of data
in Table 2: advantages of the prior art HDP-CVD process cannot be used
because of bad film gap-fill capability. Advantages of this method and
more advantages of film gap-fill capability can be aﬁhieved using the

invention’s “HDP-CVD with additives” process.




aspect ratio at relatively high deposition pressures and E/D ratios 2.
Rel atively high deposition rate and productivity 3. Sinply realized_ To
clarify prior art HDP-CVD process features, an analysis of major 23 AUG 2004
deposition problens is presented belowin detail using a silane SiH4r
nostly used for HDP--CVD processes at present, as a typical silicon source
representative of the present invention. 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 10 2 3 AUG 2004 reaction is known to
have a chain reaction nmechanism as sinply presented belowin schene (1),
with a formation of highly active internediate products (IM)-radicals
followed by formation of a SiQ2 species in the gas phase. After that,

gas- phase species diffuse to the surface followed by their adsorption and
reaction to'forma solid state film as shown bel ow (1) silane + oxygen
---> IMP, ---> ... -=-> MW" ---> S 2 (film This reaction is considered

as a gas phasespl mted reactt g+ -e—the—+elatively sl owest_stage of

cheni ca reg&%kgn i+ a formation of internediate ConpEIREE=fP_ It i9 also
known t hat. plasnma. excitation of reaction m xtures al so causes a forngtion

of hi gh| §P%act8 ve i nf br (7626 atRsfillaghrehilsty eSpeei AR Fiat capndity GReowsed in a
Hi gh Dep®iiPy =Ptasma| déposstdcoms ret kedl Thus! HBRP-GVRtdepgsichionowith
silane pbr silane derivatd-vastand oxygen generally.;goes, i n,a¢cordance twith
radi cal | nmechanisns|,|&.i.3;al59,:kpown that al chem cal vapor depositior
techni que with silane-oxygen m xtures usual |y provitfe&” V&S néhitonf ¢r mal
step copjerage of depoSited film on device stepstZogds pificess peszderd o Voi d
formatipn or and E/D ratio to be

decreased.

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

3. Neon~acceptable voiding in
device structures causes

reliability issues

Invention: 1. Good gap~fill capability at
HDP-CVD small spacing and high
additives aspect ratio at relatively
process high deposition pressures

and E/D ratios
2. Relatively high deposition
rate and preoductivity

3. Simply realized

To clarify prior art HDP-CVD process features, an anzlysis 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.
It is known that the chemical reaction of silane with oxygen can be

realized in a wide range of temperatures {from room temperatures and

above} to produce silicon oxide as either a powder or a film. This

10




i nperfection of filmintegrity in the bottomcorners of device elenments

205, as shown in FIG5A This effect becones dramatically stronger with a
tightening of gap spacing between device elenents and, therefore, v@4$/AUGhgICH
i ncrease of aspect ratios. This effect is also stronger with an increase

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

and a concentration of silicon conmpound in the gas phase. In fact, for the
nost studi ed CVD deposition reactions, a reaction rate has a first order
Wi th respect to the silicon precursors. In the case of nore conplicated
gas m xtures containing, for exanple, dopant conpounds, their

concentration mght not be taken into account due to their very little

i npact ofedcResdapOghddrOR rlaap,g f i Pl asma Enhanced CvD
( PECVD) gésjbng Loxi dat | on(g) gn%ﬁagg ?%Bgt?dlgrml%\%g TV8s W A Ry §eR T gt es a
c .

speci fi read- I ?T%g ‘or o"fﬁtlhe Pof farpadion ppfG PB4y depoesiet edltklrInm:Laas
shown byPZ08ctn (FHG BBIi R st Tlduses byokdsuadl os paCh NGL.o, I@Ae{eg hantiabeut 0.6

m cron amchsAR .Klﬁtgaﬁe&hiﬁla@aﬁqgﬁtse sz@e01|é|ppd9@sge£go SRJ arsc';en"%lo]i?owe%ugy

deposi tion; s 1 LU trch/sputterl n row ng
|rrproverr§%t F'B‘o To??tso a%e CACh MR My * Ofrgtaosﬁ C\/éF%/tesﬁéJéIfia% shayn JIFGRA: i n

FIG1. In fadt) growing HDP- CVD f|Im103 on the steps 102 of a device on

the substratesisuné acexifh has armspecific shape gue to_ tIg@OJo%t gl
sputtering of the grow ng silicon oxide species 104 by inért gas radicals

105. Sputtered species 104 can further either re-deposit on the nearest
surfaces of Thes neaghbor ist epntivlefed my e deposiéediibiiten 106,¢ 0n, evapor at e

107 and thar theest tve1be spovged Qube Obst I&gemfceclgctl%ctl%\ﬁeqt ua.cI I yémslerrurI% t apeous
et ch/ sput - I ment of growing filmon the to rictures
and, therefgfoI{Fe‘(glgaé‘g (9&%515[\%\/%\(4% I %I:gé?) ?qjlslol kn ‘I’I“ |%F0\9éﬁ%ﬁt e&iF“I‘ﬁ\}oéI}ePf

HDP- CVD “teéETfrﬂnqﬂ‘éxh‘ﬁ%esa%%? gapsed ¢ fimmetatd ofs higsihastibeemtshaswiaadove.
Thi s i s hdtause té\ﬁ)eetﬁﬁﬂyspwtQbh@g;lgagnqjseﬁuliry acom%nsggl{%lfcgr $1N€ma

st rongl ﬁeEQﬁtcigﬁlf QLRLq Pr 9‘“}4 € ?IBPt&Z% g&gggsgglon w:Lth silane or silane

derivatives and oxygen generally gces 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 deposited film on device steps 204, which lsads tc 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, therefore, with the
increase of aspect ratios. This effect is also stronger with an increase
of effective reaction constant (Kege) , i.e. deposition rate. (Effective
reaction constant is determined as a ratio of the deposition rate wvalue
and a concentration of silicon compound in the gas phase. In fact, for
the most studied <CvD deposition reactions, a reaction rate has a first
order with respect to the silicon precursors. In the case of more
complicated gas mixtures containing, for example, dopant compounds, their
concentration might not be taken into account due to their very little

impact on the deposition rate of the whole process).

Plasma Enhanced CVD (PRECVD) using oxidation of silane or its

derivatives with oxygen creates a specific “bread-loafing” profile of




a result, voids 108 and 109 are form ng during HDP-CVD fil m deposition, as
shown in FI G 2A-2C. Thus, an inprovenent of the step coverage of the%@ UG 7204
growing filmitself and, therefore, during HDP-CVD fil m deposition, |p1 '
| ead to the inprovenent of HDP-CVD gap-fill capability w thout turning
maj or process paraneters like etch to deposition ratio, pressure, power
density, etc. Invention's HDP-CVD with additives process In summary: the
advant ages of a standard prior art HDP-CVD processes cannot be used
because of bad gap-fill capability with the tightening of device geonetry
and because of worsening of deposition rate wwth the decrease of process
pressure and etch to deposition ratios. The invention's "HDP-CVD with
addi tives" process covers advantages of prior art methods and provides
further advantages of filmproperties. 12 2 3 AUG 2004 A Advantages of the
| nvent i onegosﬁf)ﬁ’g i Bh HEEP t PX L Op B BES SPheTlh iy epvieon vhass tate sbetirani ng
advant agéswerydhen gaput 0l b roapabiarit 3R hathdekasd weby: hi.gh process pressures
and etch to deposition ratios, relatively high deposition rate and process
producti vi ty.HDgggjflgesme' t O.Li s sinply realized and there is no need to
_ change chanber dési gn"“THE i nVEMt i on*BHPRBRVSs catPBecifer f orred iin-airy Hi gh
Density PrEYRRYCTeEART 0PS providi figlmecessar yn wakiefovheatti ng andnegubpped
W t'h necessaky i Rt opoMeler abties P ys d vacuu jng
asseal a5 0838 U IE‘Y(E]S,L. LeTR.an gqﬁgwtn&%ggg@%ce’

system wi a nodi fic on of reaction chanber
it can \Qqéﬁr}rggfoﬁz%}d/ PP RS RE ?{% t‘}lr%nﬁ"def-‘fblg-edibtthéaé‘ﬂ}bﬁtrﬁ%éuﬁ/a%épﬂe@hs a

Mat eri al 89eqLAES, shgpejdue tSPEEDba BDRLICMD treantobrcteabesiyy Novelhus:isiel nc. ,
etc. B. Appliesatiomnyoinrdmt hod ﬁ%fdiizé‘lvse%%9néﬁ1tﬁg%dgégeﬂetshé@ d’“iz;[nid gg%}f)rocess
0

The Invept,ion' 1§e—|a|D;E)5 CcyD Wi fnh additives process can beée use %" the

fol | owi ng types of il 8etTFcPI°Ay 8t SUrhhtiopel $iel Peishogr d#ssp tq USE) re~
i ncl udi NGPRERETD dAdm cHP- | ay evepobroreosdT i ot euglasstd BSGhnmpdeh@sphesidriscat e
glass ' (RSEhr. borephosphosihiGaheod assn(BRSG.rin,f UOL OS] ixﬁp%%% e glass
(FSG), %ng‘é bLDirl_mC%Qt g'llen%%psgy S?tOrQJC(t)Bz(rledse a];!i,l rrfber(efc§:%?,- an improvement of

the HDP-CVD film gap-f£ill.

However, HDP-CVD technigue 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 film. As
a result, voids 108 and 109 are forming during HDP-CVD film deposition, as
shown in FIG.2A-2C. Thus, an improvement 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 tﬁrning

major process parameters like etch to depcsition ratio, pressure, power
density, etc.

Invention’s HDP-CVD with additives process

In summary: the advantages of a standard pricr art HDP-CVD processes
cannot be used becausg of bad gap~fill capability with the tightening of
device geometry and because of worsening of deposition rate with the
decrease of nprocess pressure and etch to depcsition ratics. The
invention’s “HDP-CVD with additives” process covers advantages of prior

art methods and provides further advantages of film properties.

12



C. Detailed description of invention's HDP-CVD with additives This
invention's HDP-CVD with additives process provides good gap- fil
capability at relatively high process pressures and etch to deposi 880hUG 2004
ratios and relatively high deposition rate and process productivity.
Detail ed paraneters of the invention's HDP-CVD with additives process are
shown in Table 1 shown above in the Summary section. The process
paranmeters presented in Table | can be used for deposition of the silicon
oxi de that can be doped wi th boron, phosphorus and fluorine (the
borosilicate, phosphosilicate, fluorosilicate and carbon-contained silicon
glass filns) using the Invention's HDP-CVD with additives 13 23 AU
deposition process wi th boron, phosphorus, and fluorinated sil ane
derivatives, for exanple, such as diborane, phosphine, difluorosilane,
tetrafluorosilane, etc. In this case, particular dopant precursor flows

and raties of Hosongephasphonysenany { hyplénated, sihane.deriyal]ves to
silicon source flow are chosen based on the required concentration of

boron, phosphorus, or fluorine in the glass. In the case of carbon-

cont ai ned fi A%, ‘UPHEC hat | HRefeldobiat indesntagach @ednetdhyl Sl lcapes: 1iape
used as @ sowiratévalfy shilghCaitocddie pRSLusdd t bl par appet §£p%sii£‘iérher£ﬂ‘é§[‘“ on

are siligan:suLCeg; L0 i,tive nmole ratio, etch to deposition ratio, and
process $ressurg.-%%edeggﬁf%ﬁgnﬁiengﬁ?éﬁﬁgeF%’ﬂ%@HC?%?ténIﬁ%b?%ﬁaﬂﬁohsof

the possiBFeY réastitds 8hd thagP dapRd iPkd ity phange ararbBDRGVE: .pr ocesses. Al so,
the reason for proposed inprovenent can be understood clearly fromthe

fol | ow ng exphangt,Lon Qof i rowt h on the device steps, as shown
schemat i cal lhf?/r b%&v&gﬁg ftg]'lv?/é:gé%ecr?tni g‘r’ne%eréf%f{}eé{ Br o I8 9B PeRdy EHOB-2evD

gr owi ng TRFMTSWPEROGE S fereerirngiatas easieadrboaduishaperith . cebtaiys rRr-
non- confrerral 3ssasblishowmsbyudl ks fehGabh\ vaditn q;‘umg.{rggogyg){enhg,gicﬁgg& any
ucl ng

sputterifgi3Q2ci&, Gopventiongl HOP-CVD, or in other words, introdu
normal to the . substrafe surpgge an ani St F8pi TSP RH cOpGiTeRE BRAILARS

deposi t i'0n,"er ehteR2” FEHEER fFe@CtPY dffgiee bpr 8bpli@d308tedsl shame . i noFl G 6A.
Thi's prOEPERD 6PP-cymatdacdey ictea gapsy MBaBs fOLMAtd on.Qf a re-entrant growing
filmboundary

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 1liner and cap layers; borosilicate glass (BSG) ,
phosphosilicate glass =~ (PsG), borophosphesilicate glass (BPSG) ,
fluorosilicate glass (FSG), and carbon-contained silicon oxide films
(C5G) .

C. Detailed description of inventiocn’s HDP-CVD with additives

This invention’s HDP-CVD with additives process provides good gap-
fill capability at relatively high process pressures and etch to
deposition ratios and relatively high deposition rate and pProcess
productivity. Detailed parameters of the inventicn’s HDP-CVD with
additives process are shown in Table 1 shown above in the Summary section.
The process parameters presented in Table 1 can be used for deposition of
the silicon oxide that can be doped with boron, phosphorus and fluorine
(the borosilicate, phosphosilicate, fluorosilicate and carbon-contained

silicon glass films) using the Tnvention’s HDP-CVD with additives




and, eventually, voiding as shown in progress in FIG 2_ Used as an

addition to anisotropic, a lateral (or isotropic) etch conponent duri E%.AUG 00

deposition, as shown by 304 in FIG 6B, allows an inprovenent of the
growing filmprofile 305. In fact, lateral etch is known to provide
simlar etch rate for isolated structures, and it is expected to provide
hi gher etch rate on the top of device structures and | ower etch rate in
the bottom of small gaps due to the diffusion limtations. It provides the
removal of re-sputtering material species as well, which are re-deposited
closer to the step top. Thus, a conbination of |ateral etch conponent and
sputtering conponent allows the nmanagenent of the growing filmprofile
and, eventually, the elimnation of re-entrant profiles, as shown in

FIG 68, i.e. the cause of voiding. It is clear fromthis analysis, that a
14 2 3 AE2OBPcepretassmerhdd abrowi nghbatrerad, ebab corpeneitdt Oshene

I nt roducedivarSieky rddr eRGuAONVERLH onal HR; VD ﬁ%%ghﬂel,l o8l R L0;  mpr ove

filmstep,c .. due to the etch of deposite re- deposi ted oxi de
speci es on tgﬁglfot%%glloafne' s??%‘c?lﬁlr etgl.lsTFﬁsse'i $AEHERA2 T ndFRaF 70ER59AECT el osane

defi ni.ti YK d&th’eded Porche Prisdromust prdcéssoschiene d:nafd Gk vhivaddicbi on,
gas- phaseilisot ropizee eLoh speciiesed0l.2ad 4aRphase, 8ot LORIG. 16, product s

402 are shown .. kELG 7. As a result, an inprovenment of deposition w
lead to an | n%g%s\?gﬁgﬁn " ot gglﬁlf)ﬂ”ﬁ Chpahi Ir?]taﬁsof Iphéhgefpd t Poncpiosess as

shown by=°"30'%q fiPrG Pr9pRLe Hiidannventivemvesn euderast metmiVsaduce ,akat er al
etch conpenest a bii:@econwentignal HDP-CVD, an approach with special gas
additives is proposed. These additives provide the necessary isotropic
etch and allow an inprovenent of filmstep coverage during deposition due
to a |ateral T'@ttofriHeayrrowingteris] fp trefievalbliyn orret BE1i@R Bfurskr Ust Ur es
and, thereéforeporounding @fcngeovidi@sitidn RaOfd,| enangd-voiding. el im pation.

The hal idess &Rt al i har.gani onpounds_ are proposed as additives or
HDP- CVD dep%sitBi, %*h“‘%?%%%?ée??éﬂf\r%%ﬁ?ft NERT 200 iYe todMssaHIS SBRiPragor SF6i

HF, F,, SEAl 61 et dRpbtitds 25U dRP B/ CCRFSeskBL, ACIQ, t8k Glbsoantbrbpaimones
conpoundspsucimeas HBr @nandsAtobd Naldayiy t hORSUARBFY 186 AL ANt s on of

film growth on the device steps, as shown schematically below.

As it was mentioned above, profile of any HDP-CVD growing film
without sputtering has a bread-loaf shape, i.e. it is non-conformal, as
shown by 301 in FIG.6A. Use of argon or helium sputtering 302 in
conventional HDP-CVD, or in other words, iIntroducing normal to the
substrate surface an anisotropic etch component during deposition, creates
a specific triangle profile 303, as shown in FIG.6A. This profile for
small device gaps means formaticn of a re-entrant g¢rowing film boundary
and, - eventually, voiding as shown in progress in FIG.2. Used as an
addition to¢ anisotropic, a lateral {or isotropic) etch component during
deposition, a&as shown by 304 4in FIG.6B, allows an improvement of the
growing film profile 305. 1In fact, lateral etcﬁ. is known to provide
similar etch rate for isolated structures, and it is expected to provide
higher etch rate on the top of device structures and lower etch rate in
the bottom of small gaps due to the diffusion limitations. It provides the
remeval of re-sputtering material species as well, which are re—-deposited
cleser to the step top. Thus, a combiration of lateral etch component and
sputtering component allows the management of the growing film profile
and, eventually, the elimination of re-entrant profiles, as shown in

FIG.6B, i.e. the cause of voiding. It is clear from this analysis, that a
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par aneters of the invention's HDP-CVD with additives process is pr esent ed
i'n Table 3 below 15 23, AUG 2004 Table 3 Paraneter Silicon source

additive nole ratio Etch to deposition (E/D) ratio Pressure Reas&rﬂ AUG 2004
paranmeter is inportant A decrease of the ratio of silicon source to
additive causes an increase of a concentration of additives, whichis
necessary to enhance lateral (isotropic) etch conponent in the gas-phase
bei ng sinmultaneous with sputtering (anisotropic) conponent. It allows the
etching of the undesirable bread-|oaf type of deposited filmon the device
steps, - the inprovenent of growing filmstep coverage and, finally, the

i nprovenent of gap-fill capability of the process. The increase of E/D
ratio |l eads to the increase of re- sputtering on device steps and,
therefore, leads to worsening of step coverage on the top of step and,
event ual FyEtaipansticd wbrsend Niptefayapechi bbmﬁﬁhﬁﬁibi’id tye inkoywick8g:i0f s the

pressur edlaﬂﬂng\/\@oraﬂéhtfc\ﬂangH@@ICt\fgreﬂcc!hl FIr‘llﬁtr?erC%é’ ? OnflquI &8 chegs and an
i mprovengnt of et”h'onft %grl t>|£| he st eps. er ent I at i on “8Y1%E

i nventi on over l%eh prior Bp- a(‘i’\?Dre ﬁ’@@@%%tseéso’ﬂﬂf?@ Tadties4ohdhow eormgar es
par anet e?%rul(jé?r%nd@bbﬁ i§i Isheon igxFde. 1 resing the same definition as used in

the prior art process scheme in FIG.1. In addition, gas-phase isotropic

etch species 401 and gap-phase isotropic etch products 402 are shown in
FIG.7. As a result, an improvement of deposition will 1ilead to an
improvement of gap-fill capability of the deposition process as shown by

305 in FIG.7.

In this invention, in order to introduce a lateral etch component
into conventional HDP-CVD, an approach with special gas additives is
proposed. These additives provide the necessary isotropic etch and allow
an improvement of £ilm step coverage during deposition due to a lateral
etch of the growing film, preferably on the top of structures and,

therefore, rounding of growing film prefile and voiding elimination.

The halides-contained inorganic compounds are proposed as additives
for HDP-CVD deposition processes. Among them: fluorine compounds such as
SFe, HF, F, chlorine compounds such as ClF., EHCL, Cl,, 5iCl,;, and bromine
compounds sqch as HBr and Bry;. Finally, the summary o©f important
parameters of the invention’s HDP-CVD with additives process is presented
in Table 3 below:



the invention's process with the prior art HDP-CVD process and clearly
shows the difference between the invention and the prior art processes.
Bot h processes use the sanme HDP-CVD reaction chanber type. As Table 4 «
shows, the nost inportant paraneters for the invention are: ratiog oE AﬁG
silicon source to additive, etch to deposition ratio, and -process 8 2004
pressure. It should be recognized that many publications describe the
details of common techniques used in the fabrication process of integrated
conponents. Those techni ques can be generally enployed in the fabrication
of the structure of the present invention. Mreover, the individual steps
of such a process can be performed using connerC|aIIy avai l abl e integrated
circuit fabrication nmachines. As specifically necessary to an

under standi ng of the present invention, exenplary technical data is set
forth based upon current technol ogy. Future developnents in the art may
call forrapprepriate adjustnents as would be 16 -23 AUG 2004 obvious to one
skilled—+n-the art. Al so,  the conductive lines can represent any stepped
structu D}?ﬁMEng%qhnn uct or _devi ®&as¢n petewten iconmositthon. Table 4Jin the
FI GS anfo: 1§°]ﬁﬁouﬁ? ces% éF%ﬂ?@t %?Ifﬁl\?em‘ql@m% spDRcgVErwickht@ddit tiwesFr i or
art Est él ange of @&WW@%P&W@P%@@@ VPRI anet er s
Waf. er tenperature250 655 4g§4§§ﬁﬁ U658 ‘éﬁs{ﬁ PPP?%%%YD€8$E01-5<5
Pl asnma frequency300- 60 66 45931 j° $$1 ?Tl WEV? 1 ¥ E131
¢ B EL2LXEL2- | WERA W @aﬂaheé\mm@gugmecb 1L9 439,309 5-

0. 150. 15-0. 3 deposited film on the device steps, the improvement of
growing film step coverage and, finally, the
improvement of gap-fill capability of the process.

Etch Fo. The increase of E/D ratic leads to the increase of re-
dep931t10n (E/D) | sputtering on device steps and, therefore, leads to
ratio worsening of step coverage on the top of step and,
eventually, 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.

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

The Table 4 below compares parameters for undoped silicon oxide in
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 ths same HDP-CVD reacticon chamber type.

As Table 4 shows, the most impertant parameters for the invention
are: ratio of silicon source to additive, etch to deposition ratio, and
process pressure. It should be recognized that many publications describe
the details of common techniques wused in the fabrication process of

_integrated components. Those techniques can be generally employed in the
fabrication of the structure of the ‘bPresent invention. Moreover, the
individual steps of such a process can be perfermed using 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 appropriate adjustments as would be
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deposition (E/D) ratio Silicon sourceSilaneSil aneSil ane

I'nor gani c', si |l aneMet hyl si |l anes derivatives O ganic silane derivatives
Silicon source flows0-500100-200100-200 (sccn) Oxygen fl ow

rat e100- 400250- 350250- 350 (sccn) Dopant conpoundsDi borane and ygg E mpe
and itsPhosphi ne derivativesderivativesand its Phosphi ne and itsPhosphine
and its............ derivatives; derivativesderivativesFluorinated

Fl uorinat ed sil aneFl uori nated sil anesil ane
derivativesderivativesderivatives Carrier gasAr, HeAr, HeAr, He Carrier gas
fI.ow20- 40050- 10050- 100 (sccm Gas additives: NA -fluorine conpoundsSF6, HF,
F2SF6, HF -chlorine conmpoundsd F3, HCl, Cl12, Sid4d F3r Cl2 -brom ne
conmpoundsHBr, Br2HBr Silicon/additive0.5-503-20VMA source nole ratio: Wile
the invention has been particularly shown and described with preference to
t he pref@nrieds erdoode naxit sed har eef arkt Mmisbl fe ua@lﬁfc%i@@dlbys 1tnhQ§@ sigs! | ed
|n the atd b0l iat! s sc08ages: 1l L0l ,a0d. Aot ald 5 IRY. 09 Tade i thout

departlnP fromthe spirit scope of T NVENt
imited in comp051t10n

_ Table 4
k Process parameter Invention’s HDP-CVD with additives Prior art
Estimated range of Most preferred HDP-CVD
parameters range of parameters v
Wafer temperature 250-650 400-450 400-650
{°C)
Pressure (millitorr) 0.5-10 1-5 <5
Plasma frequency 300-600 400~-450 400-450
{KHz)
Plasma density 1 x E11-1 x E13 1 x E11-1 x E12 1XE12-1xE13
{(W/cm®)
Anisotropic etch to 0.03-0.3 0.05-0.15 0.15-0.3
deposition {E/D)
ratio - .
Silicon scurce _ Silane Silane Silane
Incrganic silane Methylsilanes
derivatives
Organic silane
derivatives
Silicon source flow 50-500 100-200 160-200
(sccm) - '
Oxygen flow rate 100-400 250-350 250-350
{sccm)
Dopant compounds Diborane and its Diborane and its Phosphine
derivatives derivatives and its .
Phosphine and its Phosphine and its [derivatives
derivativeg :derivatives ""Fludrinated
Fluorinated silane Fluorinated silane silane
derivatives derivatives derivatives
Carrier gas Ar, He Ar, He Ar, He
Carrier gas £low 20-400 50-3100 50-100
(scem)
Gas additives: NA
—fluorine compounds 8F;, HF, F. SFg, HF
—-chlorine compounds ClF;, HC1l, Cl,, SicCl, ClF,, Cl,
—bromine compounds HBr, Br, HBr
Silticon/additive 0.5-50 3-20 NA
source mole ratio:

While the invention has been particularly shown and described with
-reference to the preferred embodiments thereof, it will be understood by
those skilled in the art that various changes'in form and details may be

made without departing from the spirit and scope of the invention.
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Clains 1. A nmethod of formng a silicon oxide filmover a heated s

by Hi gh

substrat
surface

ubstrate

Density Plasnma Chem cal Vapor Deposition (HDP- CVD) using a silicon
source and an oxygen source as essential reactants in the constant
presence of a plasma, the method conprising the steps of: a) placi

e in a reaction chanber wherein said substrate has an uppe
having a plurality of steps; and b) in a HDP-CVD deposition

n%a efl%UG 2004
r
st ep,

inducing a reaction in a gaseous m xture conposition to produce deposition

of a si
filmis
entire s

icon oxide filmover said subsisrate wherein said silicon o
deposited by subjecting said substrate to a plasma during
aid deposition step, and wherein said conposition conprise

Xi de
t he
s said

silicon source, sahOneptgenfstivmiag a Ldrikcoarogak fand @v<rakiglextednt ai ni ng

i nor gani

addi tive providaes

c.gas_additiyve erein said hali.de-containing .inorganic g
PRI o AP Bl el DR S P B R O

as
wher ei n

aft er saiC#DHepoisiat rosiligfons apdras leindoan oxivdenf sduncewes sersengial film

Lol 1% ant i 48 LD ABLOaIL LipReh el 28k g alepsnang axal ded. 2

net hod accor

ng to claim n sal action  occurs under the

f ol | owi ngowpREHiridohbe Herenpérature of said substrate is between a

250C and

650C, a process pressure is between 0.5 and 10 mllitorr,

frequency of eggégy_of said .reaction chanber to produce said plas

bet ween about &

. The
bout

m isS

AGT AnTHREEG KR Sai 82 BF MG P ANS T “BERSTR SAdfisi ty in the

range of subgtween haboat ubpklls@nthckXEdBinPR/ ehfiralSaiydosiddep@n SoOdrce i s
silane with a fl ow between 50 and 500 ngm said oxygen source has

rate of

bet ween 100 and 400 sccm said carrier gas has a flow of b

a flow
et ween

20 and 400 scon imnd 3ardvgaspaddi tov etepnpind@esng onereerct ior eirok t he group

Qiglsﬁgf§ ’rr{iljguagiz C:m&é';?nt) éjlc]t’o ?%g%l%geg él%,gése%QOg 8E'Bauksi§1gaﬁl r HBr, and

contai ni
Br2 with

ane 0O a e rat .
oxide film over saild 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
comprigses said silicon source, sald oxygen source, a carrier gas
and a halide-containing inorganic gas additive, wherein said
halide-containing inorganic gas additive provides a lateral etch
component to said deposition step wherein after said deposition
of said silicon oxide film, worsening of film integrity and voids

in said £ilm between said steps are avoided.

2. 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 of energy of said

.reaction chamber to produce said plasma is between about 300 KHz

and 600 KHz, sald plasma has a plasma density in the range of
between about 1xE11l and 1xE13 ion/cm’, said silicon source is
silane with a flow between 50 and 500 mgm, said oxygen source has
a flow rate of between 100 and 400 sccm, said carrier gas has a
flow of between 20 and 400 sccm, and said gas additive comprises

one or more of the group containing: S¥¢, HF, F,, ClF;, HCl, Cls,
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0.5 and 50. 3. The nethod according to claim1l wherein said reaction

occurs under the follow ng conditions: a tenperature of said substraj®aus 2064
bet ween about 400C and 650C, a process pressure is between 1 and 5
mllitorr, a frequency of energy of reaction chanber to produce said

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

silicon source is silane with a flow between 100 and 200 ngm sai d oxygen

source hagsca,,fhow it erbeliveesi 260 8pdadbRiSeCiB1cSahdisaid betwgads has a
flow between 50 and 100 sccm and said gas additive conprises one or nore
of the grooapa mai ni ng: SF6, HF, ClF3, Cl2, and HBr, with silane to
additive nmole ratio of between 3 and 20. 4. The nmethod according to claim1l

wherein said source, of. 3Lkl £0N1:8,8% d N90IAN Gyl Lape. deriyaling. 5. The
met hod according to claim erein“said reaction ~occurs under the
f ol | owi ngcewrdlivunidensthey ficd ipeirt woedofiwwi:da sepstrebtee i beidween about

250C and (6B0G-a12 REOSESR RN E5SH G obSc D&Y \@%@nc,oé?ﬁpéegeéé p?eggﬁf&ri%’

frequency of energy of reaction chanber to produce said plasma is between
about 300eK¥EeAd 280> MRHZ1t]H] d apFASWETTAS Oh PrarsiracHeitficty°® n t he range

Of bet We%ﬁ_an@&?‘fb é%&iﬂc@@gié@%mhoﬂé BB wesal £hovitl h@@ﬁ&&?ﬁﬁ@%étﬁ i nor gani ¢
silane derivatives with a flow between 50 and 500 rr’rlgg]?sal d oxygen source
r

has a fl &WPr atE PTG 200 541G 4085 Sacnf S o2 i &PtYsSthas a flow
of bet weeanof aml 14680d SIcENR aft) G| Geagas si Attt isvereONpr esEsmeOnethr nore of
t he group nt ai ni ng: 6, HF F2. CE3, HC1l Cl127 Si.Cl4, HBr, and Br2

wt thosi | Bnbopb BEREe 0O ARG PR of* Hb R FBEERd B0 2 £ he et hod
accordi ngate ldtaiesnl12ithemei A5G aarsoaatd w@irrist [dagohas s2 dilodr gani ¢ sil ane

derivati Yeryddh 203090 @PQ%cd; I 084 N 3GEOF Al GohDr A Bhd Wherein said

reaction
more of the group containing: SF;, HF, ClF,, Cl,, and HBr, with

gsilane to additive mole ratio of between 3 and 20.

4. The method according to claim 1 wherein said source of

gsilicon is an inorganic silane derivative.

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 1is
between 0.5 and 10 millitorr, frequency of energy of reacticn
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 1xE1ll and 1xE13 ion/cm®, saild silicon source is inorganic
gsilane derivatives with a flow between 50 and 500 mgm, said
oxygen source has a flow rate of between 100 and 400 sccm, said
carrier gas has a flow of between 20 and 400 sccm, and said gas
additive comprises one or more of the group containing: SF;, HF,
F,, Cl1F,, ECl, Cl,, SiCl,, ¥Br, and Br, with silane to additive

mole ratio of between 0.5 and 50.

6. The method according to ¢laim 1 wherein said source of

silicon 1s an organic silane derivative.
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occurs under the follow ng conditions: a tenperature of said substrate is
bet ween about 250C and 650C, a process pressure is between 0.5 and AUG 2004
mllitorr, frequency of energy of reaction chanber to produce said plasna

i s between about 300 KHz and 600 KHz, said plasma has a plasma density in

t he range of between about |xE11l and 1xE13 ion/cn8, said silicon source is
organic silane derivatives with a flow between 50 and 500 ngm said

oxygen source has a flow rate of between 100 and 400 sccm said carrier

gas has a flow of beiweenodlactdadll SCEMmiand wakdigamidaddiddiva conpri ses
one or nore of t egg{}g%ugftc[ nt ai ni ng:glsFGr HF, F2, C1F3r HCl, d 2, Si.Cl41
[

HBr, and“BF%2 S WA CPUETEII%E PatTR SR EYE ifei*t? 5 and 50. 8.
The net hedbm@medhagbémeehaﬁmlﬂt \MSePelandsatsd°c,cmm@sa:ésmlprfe%mﬂterlsconpr| ses

a source, g{weeqlr Qn:a Igc% S_L%'ﬁ-'l ﬂltlocron £0XI de%c? |£nener opeg f: (?rﬁl d boron. 9.
g d” ur

The met hdd- accordrn wher er i on er conprises
a sour cechémprrosphpreodicendasdinl asgial L@mtmﬁnleabqutnﬁﬁ@ Kgpeddwttth said

phosphor ug, 1{:;qThe. 4%t had 99&%@!@9&&&) ahm e WhBLE Lk 3Rk fee,cONMPOSI tion
further conprises a source of borgn and a source of = phosphorus and said

silicon ékPde FELHM #rA dofFéd WF/irmsai T ioPbhtcaangossrsl iFhesptvius. 11. The

et hod aggosfl Nt Patd sl Mhermioh BédwhbenCOIPAR BoONmdir lsReA conprises a
source of fluorine and said. silicon_ oxide filmis .doped vvlth sajd

f1uori ne®YPT AMEFROF DR F£OrHiTTa°5i PTER" ok HE L 1 GFER: a5Heht ed
substr at eabyidit glhsDeasid 1Bk asfroeCheah cal aMaposo Bepasi dndrai#lxs CVD) usi ng

a S|I|con ource and an oxygen source essentla 20 04
reactant § ?ntjt\ﬁe “CoRst ANt Opre%reﬁ“(?é:eo fat%j a5hed ctoﬁltalmtrf?odéygo%%h sing the
st eps of Fz,a)ClﬁlsadiQig glsubstlat 8Brn eazdr éaﬁtm@h shiamee ro whistigiime sai d

mole ratio of between 0.5 and 50.

8. The method accerding to claim 1 wherein said
composition further comprises a source of boron and said silicon

oxide film is doped with said boron.

9. The method according teo claim 1 wherein said
composition further comprises a source of phosphorus and said

silicon oxide film is doped with said phosphorus.

10. The method according to claim 1 wherein saild
composition further compriges a source of boron and a source of
phosphorus and said silicon oxide film is doped with said boron

and said phosphorus.

11. The method according to claim 1 wherein said
composition further comprisesg a source of fluorine and said

silicon oxide film is doped with said fluorine.
12. A method of forming a silicon oxide film over a heated

substrate by High Density Plasma Chemical Vapor Deposition (HDP-

CVD) using a silicon source and an oxygen source as essential
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substrate has an upper surface having a plurality of steps; b) in a HDP-CVD
deposition step, inducing a reaction in a gaseous mxture conpositipg A& 2804
produce deposition of a silicon oxide filmover said substrate whereln

said silicon oxide filmis deposited by subjecting said substrate to a

pl asma during the entire said deposition step, and wherein said

conposition conprises said silicon source, said oxygen source, a carrier
gas, sources of boron, phosphorus, and fluorine as dopi ng conpounds, and

a hal i dexeoataitRi BY {MOGABELn10dTaddid iotes phenml;nesaitcnbal i de- cont ai ni ng
i norganic 1%as_ additive provides a lateral etch conponent to said

deposi t i AR P WhErRiSTSRFt 8 sai d deposition of said silicon oxide film
worsening of filmintegrity and voids in said filmbetween said steps are
avoi ded. 13. Tge lmst.hod accor di Qg to_cl ai rrt1.12 e{gbegrnwggj:di reac ion occurs
under the fol FOWHY €8ndi T16NE?“a Tefpsrat Ui 6P %4 dV stbst PEt€ i s between
about 2568@vatmhtB50&: = processunfressreinassa bbinsgdhyOoh sduegs10 mllitorr,
frequency of energy in said reaction chanber to produce said plasm is

bet ween about 300 KHz and 600 KHz, said plasma has a plasma density in the
range of bet itel @&HLP-TRELErantt IVEESEP oni/neiBing a de3FFi®bAlsdurce is

silane Wghhedud hw-hed V&%Boé&ﬁﬁﬁ.téoﬁrém{ae gabskiiyged: spuncechas a flow
rate between 100 and 400 sccm said carrier gas has a flow between 20 and

400 sccnPxddt f d8urkes Bidpdrirang ProSIforasd &id 1°ar K3FERef4HY YShosphi ne
or their sdppémald ¥eSsulsRicl i BOULRA @fibsfddter koea IS aamk | doringated derivative
of silane, said qas additi,ve conpriaeslﬁ?rne or_ npre of .tthe group

cont ai ni fYF 1SS AFICRES 1 EEPR St RCEnd (YIFFSEP AT SBPPOHHE Br2 with silane
to additicempnides saldosildkbohetavere, Osbidncdygln Kr2eld AUGr2004 dak, The

met hod of ' 2 el j eaci kLo S t W ng

condi ti oﬁgﬁkgé%né#pgr a‘?ﬂu’r gﬂgggllé%ﬁJg’s%%%tfrlélt%ggﬂé sasbgt% %é% %‘@8’{6?}1‘51%0(: and
650C, a précesmljdessent@ingnpeingrganic gas additive, wherein gaid

halide-containing inorganic gas additive provides a lateral etch
component to said deposition step wherein after saild deposition
of said silicon oxide film, worsening of film integrity and voids

in said film between said steps are avoided.

13. The method according to 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 energy in said
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 about 1xEll and 1xE13 ion/cm’®, said silicon source is
silane with a flow between 50 and 500 mgm, said oxygen source has
a flow rate between 100 and 400 sccm, said carrier gas has a flow
between 20 and 400 sccm, said sources of boron and phosphorus are
diborane and phosphine or their derivatives, said source of
fluorine is a fluorinated derivative of silane, sald gas additive
comprises one or more of the group containing: SFs, HF, F., ClF;,
HCl, Cl,, SiCl., HBr, and Br, with silane to additive mole ratio

of between 0.5 and 50.
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and 5 mllitorr, a frequency of energy of reaction 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, saidgq AUG 2004
silicon source is silane with a flow of between 100 and 200 ngm sala
oxygen source has a flow 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 di borane and phosphone or their derivatives, said source of fluorine
is a fluori n]gcu eﬁ s 558 iméahbaeomfciaﬁllnam;,wélamgixsedéddgaéaéa%@ht b%@x@orrpri Sﬁs
one or nmore of .t oup containing: SF6, HF F 12, a HBr wit
silane to" %l%itthievgogr%cfw %rga??% ]othOBgf V\%etﬁh‘ge’éﬂal%.c’f1%‘5.‘ldASH§f‘iﬁ%a§eof f or m ng
a siliconsoketdechi hlnowy @00aC heat €d0°subs pratesdprikghrddrs béeywddnas m
Chemi cal ro. 1.Liqn - ' i S an oxygen
a}@pg ml%@?gllr];, Q fg en.c‘?/t!;)'%I éi‘?ér% 8t Sldlc&?0n %&n%g:éa\g? Y9

source as essentl a react an S | e constant presence O _asma; t he
met hod eoaPrdsisagdtesyeeps hftwegh phadi B0 KBt 45 KHa . asdehct i on

chanber SLRd Magak do1SMRSHERAL N3] @ YRREE SHJRGEeNaAMNY Bxdlural ity of
steps; b) in a HDP-CVD._deposition step, induci ng a reaction in a gaseous
1':\.

m xture EBAPbEL AR prerfit E1dEpFitorsRe ofs #14pPT ¢BFh BxER¥ PEI m over

sali g sugatataé@l \Moer@ihcln 2@l flgs) !Qaﬁ@nﬁ%éjﬁ sblutda i@g gepmj bedbdnweznb) eczI i ng
Ssal substrate.to a asna, quri n t he ntire_sal epositl o step, an
wherein 8P P ARBeTTThn SEtONFTIesE 9o7 4°8i i G SouPtareeart B gen
source, aoCasadmer sgad,sousous CeS ok ohodoh phphpispher uge diborbuerame as dopi ng

compoundsy 4048 halide- Goplainiag | NOrHANIE 025 dditive, vherein said
hal i de- con i

ning i norgani ¢ gas additive conprisés oné or nore selected
fromthe fgugt@at@dsﬁsximi@é:oglia,lémﬁ FER, sa&aaSH@ﬁéitMZ;O@d%,s HBr, and
Br2 and whergl nosal g hﬁle' G8oms WL Bh NG, 22r20 MG &1 4 NOEGANLLL G5 addi tive
provides a |ateral etch conponent to said deposition step wherein after
sai d dep®dFhi®Hage §aizfdfiyeorple ratio of between 3 and 20.

15. A method of forming a silicon oxide film over a heated
gubstrate by High Densgity 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 reaction chamber wherein said

sgubstrate has an upper surface having a plurality of steps;

b) in a HDP-CVD deposition step, inducing a reaction in a
gaseous mixture composition to produce deposition of a silicon
oxide film over said substrate wherein said silicon oxide film is
depogited 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,
sources of boron, phosphorus, or fluorine as doping compounds,
and a halide-containing inorganic gas additive, wherein said
halide-containing inorganic gas additive comprises one or more
selected from the group consisting of: SF¢, HF, F,, ClF,, HCI1,

¢l,, sicl,, HBr, and Br, and wherein said halide-containing
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oxide film worsening of filmintegrity and voids in said film between
said steps are avoided. 16. The nethod according to claim15 wherei nzéaAlgb T
reaction occurs under the follow ng conditions: a tenperature of sai
substrate i s between about 2500C and 650C, a process pressure is between
0.5 and 10 mllitorr, frequency of energy in said reaction chanber to
produce said plasma i s between about 300 KHz and 600 KHz, said plasma has
a plasma density in the range of between about |xEIl and | xE13 ion/cnB,
sai d sil inefgH0W 68s i fddisivangramitiBs aa fl-apwrbetRen cblp@nrRe 500 /@ said
oxygen squrce, has a flgl\r/?y rate between. 100 apd, 400 _scc Sili.d carrier gas
has a fl 8% HErBeR R "G HDF LEEENTALRITPEBUT B °6f SHist SATARE phosphor us
are di borade fnd, phosgEhing of fiNel tnderdivat anvesroidal th seddceilef fl uori ne
is a fluari e rivati 0 ilane, and a silane to gas additive nole
rati o of B%lé?%ene%ag%é%%ﬁ ége %?S'Ld?ﬁé met hod of claim 15 wherein said
reaction occurs wunder the follow ng conditions: a tenperature of said

substrate is;petwegh ahadl 4Q0Cs2R9 65091/ P QREsS1PILIFULEdS et ween 1
and 5 mllitorr, a frequency of energy of reaction chanber to_ produce said

pl asma i SCERIHWRERSAbER 1P00°ORIES &RBAATIPRIZ2 SHingraprg it Rasda pl asma
density isapsteadeangensivlat wean about dnElsbo-and, bxbddsd @rkesBre Sai d
silicon g}ource i S _si Icime WIUS a flow of between 100 and 200 nmgm said
oxygen sOGFEEhds a®tt oW B bEtWden - FBIF G850 C8EM™ S5 carrier gas has
a fl ow ofrebetiwerhbbbando HOOIEECERidapIhsaul €astekehoalgrntando mHresphor us

are di borane andephosphone.QL ekl oflerlvatlves, maid saureeqpf f1uorine
is a fluorinated derivatrive of silane,” and a si‘l ane To addrtive nole
rati o of bobvegrerb8ubnkBlQ. afp@ 1xE13 ion/cm®, said silicon source is

silane with a flow between 50 and 500 mgm, said oxygen source has
a flow rate between 100 and 400 sccm, said carrier gas has a flow
between 20 and 400 sccm, said sources of boron and phosphorus are
diborane and phosphine or their derivatives, said source of
fluorine is a fluorinated derivative of gilane, and a silane to

gas additive mole ratio of between 0.5 and 50.

17. The method of claim 15 wherein sald reaction occurs
under the following conditions: a temperature of said substrate
is between about 400°C and 650°C, a process pressure 1s between 1
and 5 millitorr, a frequency of energy of reaction chamber to
preoduce saild plasma is between about 400 KHz and 450 KHz, said
plasma has a plasma density in the range of between about 1xE1ll
and 1xE12 ion/cm?®, said silicon source is silane with a flow of
between 100 and 200 mgm, said oxygen source has a flow 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
phosphone or their derivatives, said source of fluorine is a
fluorinated derivative of silane, and a silane to additive mole

ratio of between 3 and 20.
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