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BACKGROUND OF THE INVENTION

20 [0003] One of the persistent challenges faced in the development of semiconductor
technology is the desire to increase the density of circuit elements and interconnections on
substrates without introducing spurious interactions between them. Unwanted interactions
are typically prevented by providing gaps or trenches that are filled with electrically
insulative material to isolate the elements both physically and electrically. As circuit

25  densities increase, however, the widths of these gaps decrease, increasing their aspect ratios
and making it progressively more difficult to fill the gaps without leaving voids. The
formation of voids when the gap is not filled completely is undesirable because they may
adversely affect operation of the completed device, such as by trapping impurities within the

insulative material.
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species in the plasm reduces the energy required for a chemcal reaction to
take place, and thus lowers the tenperature required for such CVD processes
when conpared with conventional thermal CVD processes. These advantages nay
be further exploited by high- 10 density-plasma ("HDP") CVD techniques, in
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density n th fi, mdeposition uttering
componeralshrogtstadil vpbitest of Siethifhe BHbSERERdiS Sherturisfn f ont ures,
such as JhgerGQ AR RalRfthEéRInSaE of 146§ aGRBle t'bﬁ&rrﬁm’spe@l@i@tabbl@éhftl'oﬂg to the

i ncreased gapfill ability of HDP deposi ted films. Some HDP- CVD systems
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20  path and reduced angular distribution. These factors, in combination with the plasma density,
contribute to a significant number of constituents from the plasma reaching even the deepest
portions of closely spaced gaps, providing a film with improved gapfill capabilities compared

with films deposited in a low-density plasma CVD system.

[0006] Another factor that allows films deposited by HDP-CVD techniques to have
25  improved gapfill characteristics is the promotion of sputtering by the high density of the
plasma, simultaneous with film deposition. The sputtering component of HDP deposition
processes slows deposition on certain features, such as the corners of raised surfaces, thereby
contributing to the increased gapfill ability of HDP deposited films. Some HDP-CVD
systems introduce argon or a similar heavy inert gas to further promote the sputtering effect.
30  These HDP-CVD systems typically employ an electrode within the substrate support pedestal
that enables the creation of an electric field to bias the plasma towards the substrate. The
electric field can be applied throughout the HDP deposition process for further promotion of

sputtering and to provide better gapfill characteristics for a given film.
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limt to the aspect ratio of gaps that HDP-CVD processes are able to fill.
For exanple, one 5 HDP-CVD process comonly used to deposit a silicon oxide
gapfill filmforns a plasna froma process gas that includes silane SiH4,
nol ecul ar oxygen 02, and argon At. It has been reported that when such a
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however, referred to as "redeposition") on
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fromthe |I|con oxi de grows. In certa smal | -w
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filmres I 0 that
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fil m3groGeD mbesssds! Yhegapfilhprabieneis ifosttatednia sohetvha exagigvaed formtoslvstrared i s
shown in structures 108 and 112, gmth the fipal result in structure 116

bei ng t hi&e PEIIRR PEFrofl he tQpopartiquat igr hslipvesribe mitishstrygiare WM Barhich 3 ganos
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r edeposi here accor remal ns eneral need in the art for
i mprovi nlgbrgam‘al $urfact ecthabqties.of iﬁleEg%bEEEn@ld‘dWIBf Ablshd WVENHUOMre 108, i.¢.
the second portion of the figure from the top, a conventional HDP-CVD silicon oxide
20  deposition process results in direct deposition on the horizontal surface 132 at the bottom of
the gap 120 and on the horizontal surfaces 122 above the features 124 and 128. It also,
however, results in indirect deposition (referred to as “redeposition”) on the sidewalls 140 of
the gap 120 due to recombination of material sputtered from the silicon oxide film as it
grows. In certain small-width, high-aspect-ratio applications, the continued growth of the
25  silicon oxide film results in formations 136 on the upper section of the sidewall 140 that grow
towards each other at a rate of growth exceeding the rate at which the film grows laterally on
the lower portions of the sidewall. This trend is shown in structures 108 and 112, with the
final result in structure 116 being the formation of a void 144 within the film. The

probability of forming a void is very directly related to the rate and character of the

30 redeposition.

[0009] There accordingly remains a general need in the art for improving gapfill

techniques.



[ 0010] Enbodi nents of the invention provide nethods of depositing filmon a
plurality of substrates. In a first set of enbodinents, a processing chanber
is seasoned by 5 providing a flow of season precursors to the processing
chanber. A high-density plasma is fornmed fromthe season precursors by
applying at |east 7500 WBRIEESUMMARYEF THSINVENEBON W th greater than 70%
of the source power at a top of the processing chanber. A season |ayer
having a thickness of at |east 5000 A is deposited at one point using the
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additionally be provided, sonetines with a flowrate |ess than 200 sccm
[0012] | hhepreesseing chambesfis elnsdibsirnes seqpeptie) deasieripichapashrof the plambibreld and
each ofSu §t&JuraIity of substrates is transferred sequentially into the
processi ng chanber to performa process on the each of the plurality of
substrates that includes etching. The processigg chanbﬁémjs cl eaned bet ween

sequent i APt anst dnglildereptranodiRens. haignessalat [Fagr098 Asupg £ompRs ay
per f or m ﬂﬂ&kﬁ%sgggger@&t 75620 Hindy\@nRIRE EIRLARCORINEL: 14,661 R2eTNEG N0 the

processing c and thereafter ‘conpleting a t he processing
chantger . seaddGt&Jurdoacimapbe paoviidudras adldvhef petitoratontdirian gas siuches Sildcagisd ng
chanber and _conpleting the clean of the processing chanber may. conprise
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sui t abl e hal ogen precursor is ean may be perfornmed to

gr eat er rateh@nhe’Sewi-catairing pas fit differehhembd ddaents Thesonicipstasiadga fibamifer nmay be
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hi gh- den&qstn’?mﬁﬁﬁkvﬁd’m}?’ st W@nﬁggttamg%gass_and with the oxygen-containing gas may

20  additionally be provided, sometimes with a flow rate less than 200 sccm.

[0012] In a second set of embodiments, a processing chamber is seasoned and each
of the plurality of substrates is transferred sequentially into the processing chamber to
perform a process on the each of the plurality of substrates that includes etching. The
processing chamber is cleaned between sequential transfers of the each of the plurality of
25  substrates by performing a partial clean of the processing chamber, thereafter heating the

processing chamber, and thereafter completing the clean of the processing chamber.

[0013] Each of performing the partial clean of the processing chamber and

completing the clean of the processing chamber may comprise flowing a halogen precursor to

the processing chamber and forming a high-density plasma from the halogen precursor. One
30  example of a suitable halogen precursor is F,. The partial clean may be performed to greater

than 75% of an endpoint of the clean. The processing chamber may be heated by flowing



Exanpl es of heat gases include 02, At, and He, anong others. The

hi gh-density plasma may be fornmed fromthe heat gases by applying a source
power distributed approxi mtely equally between top and side sources. 5
10014] A further understanding of the nature and advantages of the present

i nvent i oheat pays toethe padcesserk diyimbef aidefoaringa Hifte démimiphisig fpon thedizat gfsed. he
speC|f|cat| ﬂ and the draw ngs. BR“EF DESCRI PTI ON_OF THE. DRAW NGS 10 100151
Fig. 1 pEAmriesoidicabsases 1@01616169?, Abehe HsatmenERineigs The highrdeasity, plaspg may

simpt 1 11 Setonne S 0l AbiactsbyRbb Ot fou@iaick dBE RS R, | 0,
t hat i ncbardesn tapphdiside sdyrcef shal | ow-trench-isol ati on structures; 15 100171

Figs. 3A and 3B are schenmatic diagranms that respectively i |lustrate gapfil
charafteristics of densely packed areas and open areas in a structure;
8

[001 Fig. 4Ais a rom1diagran1sunnarizing met hods for depositing filns on
substrat n enbodi ments qf th ntion Bis a.flow diagram
sunnarizﬁﬁé4h par t dHItBgT Uy ﬁﬁ?P d@nga%ﬁﬁfan@é“ﬂﬂyhﬁﬁmﬁ§EH“WPPWlthe

met hods gy BL Galiddy lS}hl%tferEIWeQB ltl?ear\éﬁﬁlrﬁi@%)}gﬁ’h&ﬁsocff B0 heBieHiWarkf BPArawih 0201

Fig. 4C |s a flow di‘agram summari zi ng t hods of seasoning a process
chanber that nmay be used in certain enbodinents as part of the nethod of
Fig. 4A; 10021] Fig. 4D is a flow diagram sumrari zi ng net hods of cleaning a

process chanber that nqguh@1y§g@Rnﬁjggy@pqmﬂggpggyﬂeggs as part of the
met hod of Fig. 4A; 25 [0022) Fig. 5Ais a sinplified diagramof one

enbodl nent of a high- density-plasnma chem cal - vapor-deposition systemw th

whi ch nme s of t nve may. be i npl enent ed; d [00231 .. BB is a

ool ISP (00 SBE | BV Rl S e R TR ineg A b e B8 SO o v o1
the exenptarid gﬁgﬁé&%h@gﬁ?%fﬁm}@gesg g. 5A. 30 5 DETAI LED DESCRI PTI ON OF THE
| NVENTI ON 100241 Enbodi ments of the Iinvention are directed to nethods of

deposi ti R)%lgll | ms lglig. 2 is a simplified cross-sectional view of a partially completed integrated

circuit that includes a plurality of shallow-trench-isolation structures;

15 [0017] Figs. 3A and 3B are schematic diagrams that respectively illustrate gapfill

characteristics of densely packed areas and open areas in a structure;

[0018] Fig. 4A is a flow diagram summarizing methods for depositing films on

substrates in embodiments of the invention;

[0019] Fig. 4B is a flow diagram summarizing a particular deposition process that

20 may be used with the methods of Fig. 4A that interleaves deposition and etching steps;

[0020}] Fig. 4C is a flow diagram summarizing methods of seasoning a process

chamber that may be used in certain embodiments as part of the method of Fig. 4A;

[0021] Fig. 4D is a flow diagram summarizing methods of cleaning a process

chamber that may be used in certain embodiments as part of the method of Fig. 4A;

25 0022} Fig. SA is a simplified diagram of one embodiment of a high-density-plasma
chemical-vapor-deposition system with which methods of the invention may be implemented,
and
[0023] Fig. 5B is a simplified cross section of a gas ring that may be used in

conjunction with the exemplary processing system of Fig. SA.
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substrates that incorporate etching steps. In particul ar exenplary
applications of the 5 invention, nethods are provided of depositing a
silicon oxide layer to fill a gap in a surface of a substrate using a

hi gh-density-pl asma CVD process. Silicon oxide filnms deposited according to
t he techni ques of the DihVAHIEID DEMRIPEIRNIOEhHEGMNMENTI@NEpabi lities and are
able to fill gaps encountered in, for exanple, shallowtrench-isolation
("STI") structures. Films deposited by the nethods of the invention are
thus sui fgabhe for psgodithehReiRPMlERIdnR: GecBedkB @R RN dehosi i EARRLAd
circuits, 1ncluding those that have a feature size on the order of or |ess

t han 45 substrat¢Ohathc@perath gclongsigps. Natparaslamesenplyryt dpplicaticesobtle as part of

their_inyvestigatign i nto .such.depasition nethqds is that there is a

Syst cimt G CRtelnipeitins f @ QYR PLASGOU0E P ECLHE NG = Boi i DhEIbH 4 HEEPhods
to decr eaggsaste MRInG aIHARHERUODIANR EVDGRSREY. SiliPbrSoxi8t Bhnd &mlsidd ft" 15
occurs even when the process conditions for each substrate are substantially

t he saneaccofddfP®]thdteehnigpesoidlic myvenivnihaes exdedentrgapiid eafabilited and ewratiatg t o
enbodi nepts of the invention are jl]Justrated by Fi.g...2, which provides a
ol |11 BB Eesneo Gugien Shapt Sraioehalovpb R TE st s PAPRA i r cui ¢
200. Thi gedoSkQOAAhE thefhdds W thel ifivdrBbIBE ANEIRbRYBSE:ah the ROACABRLFANCl udes a
plurality of STI" structures, each of which is typically created by formng a

20 t i n pactosd degtaghkrircate, indeding hleoss that hoe aofeatuhesisuds thearder 204r kel t hen
form ng gﬁsi%i con nitride |ayer 216 over the pad oxide |ayer 220. The
nitride B*3Xf™e | ayers are then patterned using standard photolithography
techni ques and trenches 224 are etched through the nitride/oxide stack into
t he subsitt03fe 204. OR¢ discovesythas wahmiade biethennvegicas asipast eictheir investigationspr i se

areas 208 .tha re.relativel. sely packed .wi th transistors or other
act i ve qby ok BRI AHRTE i TRE b ERSERa bR TG B oine e
i sol at edporfiehd ¥helBNHHRS td deckdiBe APMBre sAbfRTeskte pRRYssB® TERaERhe4te UiFi@m each
ot her by nmore than an order of magnitude than separations in the densely

packéd apesass 08 whgntheproegse dontbiiensrior engsbsubstratesire sybstappakdy thesadiet o be
areas in which gaps have a width at least five tines a wdth of a gap in a

"dense a[(mq 1002Hdl tyebemiitiRitiss thit rhdiebd MVRINtct il 0 el diiRdniosishé or
filling the trenches 224 30 with an electrically insulating material such as

si | i con thvextianearedlusgatad &g b2t Whishpprovislssa simlified grosgoertiogalpfipwiof a
propertie an i.nit

s.. kn so Lnstances, pri 0 the gapfill. proces i al
i g eor gy o FEPRs B FaRTSUSRt oY hnbi B bty BRAERT Y sl
gener ati ot4 thal |adades Lpluellitesbf $ Testi@luresOXdclO MANET is tificAl§T eI By foirtirpan
nitride |l ayer. One benefit to depositing such a liner prior to
20  thin pad oxide layer 220 over the surface of the substrate 204 and then forming a silicon
nitride layer 216 over the pad oxide layer 220. The nitride and oxide layers are then
patterned using standard photolithography techniques and trenches 224 are etched through
the nitride/oxide stack into the substrate 204. Fig. 2 shows that the integrated circuit may
comprise areas 208 that are relatively densely packed with transistors or other active devices,
25  and may comprise open areas 212 that are relatively isolated. Active devices in the open
areas 212 may be separated from each other by more than an order of magnitude than
separations in the densely packed areas 208, but as used herein “open areas” are considered to

be areas in which gaps have a width at least five times a width of a gap in a “dense area.”

[0027] Embodiments of the invention provide methods for filling the trenches 224
30  with an electrically insulating material such as silicon dioxide using a deposition process that

has good gapfill properties. In some instances, prior to the gapfill process, an initial lining



filling the trenches 224 is to provide appropriate corner roundi ng, which
may aid in avoiding such effects as early gate breakdown in transistors
that are formed. 5 [00281 As used herein, a high-density-plasna process is a
pl asma CVD process that includes sinultaneous deposition and sputtering
conponeniagerandepdiatd enpl thy Sutstipteas nm in kvayvitegn gendratibnd€ISSG’Y opothehdemiader of
1011 ions/cnB or greater. The re|lative |evels of the  conbined deposition
and sput PEAs Hyelc REPRFRSA Sh§niGideayer-nPynbenedis i Jergpisiagauched lipgs pEAELoON

such 1 achfns iorbifed N LGS SRR OHlcIRUIR IARRAIS N i e

sour ce powe eve ntain t bi'as power
appl i ed swhtelifects abedrhyagass bmakﬁdWremltrahelstoirshhat aohbmedt i on of such factors may
conveniently be quantified with a "deposition/sputter ratio, soneti mes

denot £d Rlo%s{o ChaA@ﬁ@é%ere%énti‘ﬁgﬂfd@ﬁﬁéfspla%a_pr()%g lsdaep@m ) 5@%@95 tHat
(bl anket sputtering rate blranket "sputtering rate

deposi t i orlwlpusimettaneaub depqsaroealgéspwtetrlhlg |cnmpemmzlarzdletbaisamplmys aapialsmtecr eases
with increased . sputterin g definition of. DIS, . the "net
epos! {1 B gL AR e £ HEHOSITHBR of BEBREhARe I eI hhen
deposi ti 9(51nl§§'ﬂgd §é¥)‘é§&1@ﬁ'aﬂ@ sptltferifl ‘éh‘z{rﬁét&gsti%k BE hte %fg[%@c‘l’e%lsﬁfy H88a md! cﬁg«l;‘rﬁf on

sputter rate" iIs the sputter rare measured he pro ess recipe is run
wi t hout 2@hdepasiat therflayasaes; usethée pmeslsmlneegazsmdsmmxtdne the swesspotrtandets | s

adj ust ed t he pressure duri osition and th utt asured on
21 Bhicotrid PR gRn dhs plitm 8 Wivam e abs ks ke wesdhr ewding e Teoa 1 o
quanti fy s henERiaisuén FL%R)‘?ﬂntay Qﬂm%ﬂﬁnﬂ? BU LAY valY "‘deBH&h@x%p&&r Ldne ~HDP
process, as is known to those of skill”inthe art. A comon al ternative
ratio i ssadn@m‘i@tdeh@tngﬂzl&matacmlzmmq mpdes% E _ (source-only deposition
rate) -(net deposition rate) D (source-only deposition rate) 7 which

increases wWith increased sputtering and decreases with increased deposition.
As used in the definition of EID, the "net deposition rate" again refers to

t he deposition rate rre uréed ! when deEESi]t]i qn ang sguttgri ng are occurring
si mul t aneously. The " p $Ret ver, refers to the
deposition rate that |§ measur ed (beekettshettggmgoe®s recipe is run S with no
sputtering. Enbodi ments of the invention are described herein in terns of

DS wti 0S.

The deposition/sputter ratio increases with increased deposition and decreases with increased
sputtering. As used in the definition of D/S, the “net deposition rate” refers to the deposition
rate that is measured when deposition and sputtering are occurring simultaneously. The
“blanket sputter rate” is the sputter rate measured when the process recipe is run without

20  deposition gases; the pressure within the process chamber is adjusted to the pressure during

deposition and the sputter rate measured on a blanket thermal oxide.

[0029] Other equivalent measures may be used to quantify the relative deposition and
sputtering contributions of the HDP process, as is known to those of skill in the art. A

common alternative ratio is the “etching/deposition ratio,”
25

(source-only deposition rate) — (net deposition rate)

>

E
D (source-only deposition rate)



While DS and EID are not precise reciprocals, they are inversely rel ated
and conversion between themw || be understood to those of skill in the
art. 100301 The desired DIS ratios for a given step in the HDP-CVD processes
are generally achieved by including flows of precursor gases and, in sone

i nst ancehidhl ioevsasef wath idQedsed epttegag andiewtasanyithlimocaaed dgssaioaputstused ng

agent. The eIe nt s sed t he pregursor gases react..to formth f | m
o0eh 1 he TolEFRETEE A BT hS et Bt P S oD FBS S RRONOT GRS £ 1 m
the prec Whéﬁeemﬁfo% ABYptRGIngdee @ce%frtﬂgcs@[ﬂuﬁﬁfabadlw mge %rcewﬁyd%%sﬁiohane
Silly, and an oxidizing gas reactant such as nolecul ar ox Dopant s

may be aditedhoweverhmsfdrs tonthp depasiiondiieghat ipmeasuresiorhayabe WOtChSStrh@pd sguned

et ngh @ ey puinep R s b B aRienlite S el i R PRl efsmare

t o boronaygid b dnld BTD akgdtyédig rcibtdRWls Othe Neretifvetdely RUAERAR EdiRerdsionm and
the like. The fluent gas may be provided With a flowof H2 or with a fl ow

of an i néetwegathem wil bedimigrsgodd towhosefof gl imtheewten a fl ow a heavier inert
gas, such as Ne, Ar, or Xe. The level of sputtering provided by the

di ff er enog3doyent 9%@8e§1&d®/§@§ﬁdsfof @él@%@gte}hﬁ] fhB @I[vP -aNIpFocBBRES ark OF
nol ecul ar 20 mass in the case of HZ% wi th H2 producing even | ess sputtering

t han He. gewdsalihi fnaénatvsd bf/ ntcm;img ﬂwma mncg@@r@asﬁﬂas}adplchMenstwéhtﬂog\é@ffal ows

t hat av aver.a ess e achi eved
by U% ng%ﬁlF%vgé'lS O\?!hl axg 9as ansgél CI‘I agersluc eaesler{ll\?n"f%com?rlseg%&

subst ant i ?échbéopgﬁs@s H2ctab ani fheéﬁlfrﬂ With Qlfe desibit@ftpositibd. PUF €akile, to deposit
Al ternativel | ows may sonetines be provided of nultiple gases, such as

by provi @usﬂgowme ailm| mﬁ/pmcuﬁ@r afgs alawraﬁmz:a %hcqqecommm@a gas.$ughhast slanepP- CvD
process a%%i-b an él(lhl%!l:l‘%e%a ceaCYefnt guc% q?%}/atr%g e}? %tso %ﬂlt))é( g&ieﬁ?o t hat a

fl ow of rovi i a nlxe

al so posshdtilen E}Olnl@l’u@WgCHBpI’é&Q%ragaQ wﬁﬂhqn@d@ire@ ti@;b”tﬁlt -s[IBI$ 8s l%aﬁﬁﬁldu@a flew loﬂcl ude
hi gher-mass gases in the prem xture, with the relative flow rates and/or

concéht r §ﬂ54dﬂ§u©ﬂn4tﬁﬂleﬁiléhifi@ﬂliﬂ1@ »8pw! PEbite phesaheraterh filmi incladingvdioge
mol ecul ar, 5 S RE aEehr% f‘rfma{HéIud:I)’n 48&325%]\16?0 Eﬁ'n%gen%fqot%%hﬁla&d&hgg]kélct’r)h‘é es,

the use & at1ve gases

found gemeea day nta ? berpps i€l wapkiflow eaad Wikl y flolvert ag ongregadinaludng d fiew nor e
traditional use of fluent gases such as At. This_is believed to he a
conseque®REEeodr evepa ﬂombweﬁﬁ eyt gasdaishas Neofr-on e ildheders efamtsyngisi ng He

g(leﬁzwaf ';]3 Jlée‘éiedythg ?&fe%&htﬂ:ﬁ%t %%Bé)s%k' ]dﬁecfﬁ Orélateﬁ% %?etﬁ’rhée?(‘}l%}&rrﬁaés‘ﬁlsmﬂék&l:ﬁ >C’0r Eg

cl i pp0dNg nehgs inBle dBRQ@SIH;), Gvith Hpmdeélﬁgeew‘zenrtass spette.tn@ethat HedEwitodini@hesfahee t o
invention generally provide fluent-gas flows that have an average molecular mass less than 5
amu. This may be achieved by using flows of a single low-mass gas, such as with a flow of
substantially pure H, or with a flow of substantially pure He. Alternatively, flows may
sometimes be provided of multiple gases, such as by providing both a flow of H; and a flow

25  of He, which mix in the HDP-CVD process chamber. Alternatively, the gas may sometimes

be premixed so that a flow of Hy/He is provided in a mixed state to the process chamber. It is
also possible to provide separate flows of higher-mass gases, or to include higher-mass gases

in the premixture, with the relative flow rates and/or concentrations of the premixture being

selected to maintain an average molecular mass less than 5 amu.

30 [0031] In high-aspect-ratio structures, the use of relatively high flow rates of low-
mass fluent gases has been found generally to improve gapfill capability when compared with
the more traditional use of fluent gases such as Ar. This is believed to be a consequence of

the reduction in redeposition that is achieved by using He or H; as a fluent gas so that closure
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Figs. 3A and 3B, which show the effect of the sputtering conponent of an HDP
process respectively for a gap in a densely packed area and for a gap in an
open area. 5 100321 In particular, the gap 304 in Fig. 3Ais a

hi gh-aspect-ratio gap, with the nmaterial deposited using an HDP- CVD process
form ng af hbaugetid Btd QuickI$PBaL EmeatwittethdUs ofdvel 1dvirenaboNi@R &k, therkfiaces.
Redepositi on occurs as material 3,12 is sputtered fromthe cusp. 308 in

r esponseafigk pheorpensdippingrdupng degositions Téul%qf&cb@@h bg ypderstaad wipiliresraage at eri al
312 fol ]%nﬁ'&ﬁ osite

si de of tﬁ %\g{s%/gs&g%gi \%%ﬁhgg%tef e\!{‘&ﬁgég@&?ﬁnﬁ Aen?%ﬁ Ipl[ha)tgb(?mat e$| al is
sput t er eeespadiyclfyrfoma gdpeinl aadensdy gecketl atdaeand dgr aogttpon ahlogett aight side, materi al
is also sputtered away fromthe right side of the gap onto the left side.

The rede ion ofy t g § sulting in
ol ppi ng P he o B R e L R SR A M R open

ar eas. amatdriahd;&poaﬂt@ﬁlsmgdn HDE-OpPrprd&esafoemigt a chatacteisH30ushommture) 308 9. 3B.
inthis |nstance }gf ? posi tipon causes the formation of a simlar cusp
308", bufVeienharzonf syriasey: R?(ﬁepgﬁu@t RTUE AR R ISPHCiCH [FBSPEIE® to the
i npact o Bo@l:AR Mk ORINEI AR BRARs fns alohE pRPGS! e ShAlfrG mhRRaOAR 1 S t0O
far away or t redeposition to be prot Etive. The comer Of the structure
in Fig. &Blo&mfaf;&utlsnmﬁaswmum;leahe mdewzbeMrﬂheabpc&stediniesafttﬁaegapdlonerThmf t he

structure_in. Fi 3A. without the, ensatin ffect 0 ce|V|n

Tat efd al © piids RFBCiFY e i a%ﬁ‘&&?%iaf @"BP%@%?W&@O@&E@ fsidy %%ﬁ%&awﬁ

there i s Righh BREGARERITL 3o GhurfehddRIAGHI heGRIR Sl 30 i @le id¥Eside.
under | yi ng 1s ruct’ure. éMOS O%u h ga%gfrtheel entleon ae?gggg)%mmsl zesé e\:/vith

t he fl owlde aglepositodn ¢ rgatelzm protwl:ts amimmt oviede spudtariny exsvitiey 0 tliguehofitke hods.
These nethods are applied to a run of several substrates, with processes
bei ng peff'dFifed on each of the substrates in a common processing 25 chanber.

The net hods begin at block 402 by seasoning the processing chanber, i.e. by
coati ng i0038f nal sThucymmedryo$ notheenbinebs dpay artrndsatlustiatéd weh érei Qplen one

exa e of ri ses_S ck 404, a substrate transferred
ht ot he s ot ORI 8 F o Binit iy o R dePobumer b Rarb i Oh ot s
subst r at gingfar BhPCI084 Bkt wf[éu ﬁa@ﬁ@pﬁ@slslsgﬁﬁéﬂg@ﬁoﬁg phth300aRtePbERItHehe EVEN When
the overall result of application of e process is a net 30 deposition of

mat er i al impdct bf plegmalivds atong pgihbXlor, dteeorlpsmteradmfem gab sueo bir anke fprtbeessi ng

a14 et FEEPEYIPrRGe PEETG: (3 Sohor s Shdhre 1h Fig. SBNHretsThe e Gecron®®"

of material as does the corner of the structure in Fig. 3A, without the compensating effect of
20  receiving material sputtered from the opposite side of the gap. As a consequence, there is an

increased risk of clipping the corner and damaging the underlying structure.

[0034] Methods of the invention are summarized with the flow diagram of Fig. 4A,
which provides an overview of such methods. These methods are applied to a run of several
substrates, with processes being performed on each of the substrates in a common processing

25  chamber. The methods begin at block 402 by seasoning the processing chamber, i.e. by
coating internal structures of the processing chamber with material, one example of which
comprises Si0,. At block 404, a substrate is transferred into the processing chamber so that
the process may be performed on that substrate at block 406. This process includes
significant etching, even when the overall result of application of the process is a net

30  deposition of material. At block 410, the substrate is transferred out of the processing

chamber, which is cleaned at block 412.



conpleted. A typical substrate run m ght include five substrates, but could
use a larger or smaller nunber of substrates in different specific

enbodi ments. |If the substrate run is not conplete, the next substrate in
the run is transferred into the processing chanber at block 404 5 and the
met hod rpypest ed W Afthbdl i§ niteitat BIOBR UI AlvBiethbNBE chile sBBtiateruntas béd € run has
been conpleted t he process chanber nay be seasoned again at block 402 in
pr epar at PORPIFEH. Adibichlesubsiie funamight inalude §ivaguhstiatesdib Cpild wesa laageriorock 406
or using royi at
process %ﬁ%ﬁ?kgﬁgﬁgggﬂ ?ﬁﬁﬁlndﬁ§g%§§¥an %mﬂé§é§§%¥ %ﬁﬁaga%g?kﬁgﬁﬁvggachleved

on a subsdmpite, theineg sabstend Bt thbhaep tRnderasintdlit ptdb@ssmag mamei@t wWbckt 404
i nvention nay apply nmore generally to other types of processes that have a

si gni ¥ i cait the aredipdigpeaidpsite Hiis nepfh substipist palc@thesenttlyqowam rgn Bastheednduct or
f
vl ot o USSR T B LB Sl B L OFRTLEbY, B precur s

silicon pickdtrsalestratearuh) Wimgothe 8mOKYER apbREkASO b1y usitida diffdr@pedcess. fI uent

gas. Table 1 15 provides exenplary flow rates for deposition of an undoped

S|I|cate s ( I e oxygen
and IEBET houny 15 PG o AR Rl P AR OBl ook I UL (o

i ncI udi ngxaﬁqﬂamibp@@wmeachlam @t haibsfrateagihg galsg/smhmxep lpeoddsﬁeﬁulat&e niditsdsssed

above, 20 Table 1: Exenplary Flow Rates for USG Deposition Flow Rates for

200~ Fin Vi ¢ IPieBRSBAFABRY Fare 8RS IO B hAr NS BF Prpeas Ipvsiaigniignt 200

sccmt (S

ob( 1) | ohHhghimpatild BHEMbstidt i0hickRy 3 scibiSoRERIAERIRE duch do SHOACET,

600 sccnB@Gninhdishaidrevafadi cates, the flow rates of the precursor gases may

be simlar for 200-mm and 300-mmdi aneter wafers, but the flow rate of the

fluent g gene ] I from
t he gaseg@svfl F uﬁ%(g@h&g% %2{599%% pé%d%d?tﬁéﬁegﬁg‘%%rl n@éa{iﬁoslr&ﬂ{rﬁ)

conmon tﬁohmtquﬂlcbmpr@aner atﬂmlgoﬁaﬂmg*geldpmumyr adda flloasota figent gascdiableel rf
ener?% |nduct|vely The DIS ratio is determ ned nﬁ% only Z %fflomL rates
for The Bryrles exRRpladPWhiAtesHar geppsttionohan pydaped sihispigeldss fh’ HEngisinge

chanber, Bocsrohfﬁonésfl BROSHR, AR 8% ., BRVHRAIARRM Pehout BOGnceihsr 2t €. by

thetammaunewt
that other precursor gases, including dopant sources, and other fluent gases may be used as

discussed above.

20 Table 1: Exemplary Flow Rates for USG Deposition
Flow Rates for 200-mm Wafer Process Flow Rates for 300-mm Wafer Process
®(SiHy) 10 — 200 sccm ®(SiHy) 10 — 200 scem
D(0,) 20 — 300 sccm ®(0,) 20 — 300 sccm
DO(H,) 50 — 400 scem ®(H,) 50 - 600 scem
®O(He) 50 — 400 sccm ®(He) 50 - 600 sccm

As the table indicates, the flow rates of the precursor gases may be similar for 200-mm and

300-mm-diameter wafers, but the flow rate of the fluent gas is generally higher.

[0038] A high-density plasma is formed from the gaseous flows at block 422 by

25  coupling energy into the chamber. A common technique for generating a high-density

10



by the pressure within the chanber, and other such factors. For deposition

of an initial 5 portion of the filmAT BLOCK 424, such processing paraneters
may in certain enbodinments be selected to provide a DIS ratio that exceeds
20 while sinmultaneously providing a relatively |ow deposition rate of 900 -

6000 A nplasmalReo cavifens:gydnductivelgoTae eHs vitiols et ymiasdhdt onll g By thedlosi zes
that gapfill characteristics are generally inproved with such a conbination

of | ow S5 the gpsep.ubalsamy th wqp/del%ité(tqfégergmomeémio Ryetc8prmpernpy Hej on of
he d
bl ok aoarebr o i dpatiy & odehEd SPRRSLELAR, BY BEIEAREALA Ginb LIRS, o

been r edcthepraturblvathikn the&hambdroshdethérssuok feichﬁsllFMe;l&'pbsmon ofdnig@iaht Ieast
two deposition sta separated by an etching stage, and may frequently

have 5 - Pagopahibs .flgmo%T BLANS 484, subleprogessimg Pééaﬁ%f‘é‘?r’é M5 18 CeiaR cpipdArntg on
the Specbé; %}?ec?eraelg g?&v%e' ?b‘é&eﬁl@ thdt %g?eggiz(?%ﬁg H!.l:ltlggméjorlilél%/} E\Qﬁl}lg]a IABU%I hi ng

phase of e process nmy begin at pre ursor,
whi ch t ypiwcddpbyition e b8 -a6600uAmine The @ogn®es havd discaserdFdithrvesy small

chl orof | yorocarbon. A high-density plasma is fornmed fromthe hal o

pr ecur sofcaie Bresdhat gappll e%araﬁerastﬁﬁ gw gsaeirte pRREed WER Spehy2 quﬂbleeﬁpél ot

enbodi ne ty is between about 80,000 and 140, 000
W ne. mﬁﬁdegégﬁgigig%fgdﬁgglﬁbé%ggﬁésource power between 20 about 6000 and

10, 000 Wfor a 300- nn}dlaneter r and to a total source power between
aboutd 25883%hd 250b Mty oEP o %Hoélﬁl@{léﬁ Hawa el theKepoNRNEISH §SMRDE f ound

that the, Hﬁ&ateﬁ glr?@ft( 926 2d'd 9}%0?%@ M%?&etdéﬁré?ﬁﬂﬁﬁhéés% (Y fﬂ&i)l'éagibteé’n he

nore synme use o |'ower source powers n sone e ment s,

t he t ot ateasiedrac Blopbves. Embddistentshifttedingemiog ihdpde @nekssivtedepositionstages t hat a
majority of the source power is praovided from_side sources. For 25 instance,
the si dese@aeﬁe@évypee\m IReh§iagre and may fiegpendlyigue f opl SIsRPHHOR SAESS ONEVETMPEE hei ng

three é@§ tlE)H@ta QSF zgﬁﬁlﬁg eélﬁB? E&%{dg Gfth@gﬁf?ghggrﬁllﬁdlood'll The

resul ting o en to et e deposited
film_Wile the speC|f|c a unt f material that ed [ | atively
depehtient008fl t he ~4pétshined wﬁtgﬁpweﬁnef qgﬁbat%%%ﬁt‘f g Wl&é@il@@gelilt is
gener al I e greater in later
et chi ng mEIH&~%ﬁﬁ%t%ﬂ%ﬁﬁ?ﬁﬁ&%mﬁ{Cﬁ?ﬂgﬁi Elﬂ&n%ﬁﬂhggﬁgygipgeneral
consequeciderofiiiofohabbach Hiftatlenslite ptasaraas formep dloagthe hifilobre psutnsor @tbéockhanges

as a resuylt . of th sequence of dep 05|t| on _and etching steps. The general
trend wi 47 #30e abig heras Bpve %ﬁéﬂy il spwecmbodimgits HiFoTHERF ROMEHABSIY e

amenabl epdiQ..41 82480 666 h EIRIToSWAU? WigeH éb?re%cﬁﬂ% RYa RRASSurce power between
20  about 6000 and 10,000 W for a 300-mm-diameter wafer and to a total source power between
about 2500 and 4500 W for a 200-mm-diameter wafer. The inventors have found that the use
of a high source power causes the deposition profile to be more symmetric than the use of
lower source powers. In some embodiments, the total source power is distributed among top
and side sources so that a majority of the source power is provided from side sources. For
25  instance, the side source power may be 1 — 5 times the top source power, with it being three

times the top source power in a particular embodiment.

[0041] The resulting halogen plasma is used at block 434 to etch back the deposited
film. While the specific amount of material that may be etched is relatively dependent on the
specific configuration of the substrate structure, it is generally true that the amount of

30  material etched may be greater in later etching cycles than in earlier etching cycles. This is a
general consequence of the fact that the overall topology of the substrate changes as a result

of the sequence of deposition and etching steps. The general trend with the sequence of steps
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of the cycle. At block 436, the hal ogen precursor flowis termnated so that
the process may return to a deposition phase by again flowng flows of a
silicon precursor, an oxygen precursor, and a fluent gas at block 420. 5
[0042] It is generally expected that the same precursors will be used for

deposi ti QRhAthe BBSIBEY Bécottds ntde SRERLA 1ol 1SR ATAh b B BiARARe eRMinkMkset he
|1 %

sane precursor w e used for renoving material during the etching phase,
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1000 A R ¢ hierodiom g Bl ot ioR; o Sndicoe RuS b Sver 10

deposi ti RGN Ea A& Yaest ISk £)c! e. When each cycl e deposits 300 A, it
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terial as wh h | e deposits 1000, A [0043] Fig. 4
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embodi mefiferiaFingQAA0DE O dBFAARSHIRGAING udk Rk pAArDY a8 babldasbi ng

seasoning 15 conditions within the chanber. In certain enbodi nents, such

condi t i oresnavimg roaeria duhiagitler etphing phase, ddpugethisAs nanairegbirementrof R ows of
i ded bl. 442, di. ts wh 1z
season | Hergs e SRl S ge Yene B dulr sl SealF SRer foariesEy b Sur

cont ai ni GwIASIEHHA @B A HHitlAME odadll %&c@é&%@&ﬂriﬁ%@v@ér RL OGS G@sn lakQE | nstance,
the silicon precursor could include SiH4 and the oxygen precursor could

i ncl UWle @ositinn smen@@reeusod ginetes Wheénd eashicatle deposith 300Ky gemayclmieabssanyg gas

is less than flow rate of the silicon- containin S, y be | esg than
0.9 11 el FRADPYSH IR Cle I R G AR g U ad Sy s VIBERN han 0. 8
tinmes thedd awosiat moafa.the silicon-containing gas, may be less than 0.7
times the flowrate of the silicon-containing gas, nmay be less than 0.6

times the flow rate of .the sjli,con- containin as, ,or e less than 0.5
i mes ( nHREw 1 at EEctC RS s LGB oy TaRgay B et SRRk AR | o one
embodi Megmd fabodigsts STHE sciRéhiRE procBR tebRWaf Bb&k M0 BRedisb1 B3RPz SeRBNARd t he
flowrate of SiH4 is 470 sccm a ratio of flow rates approxi mately equal to

0. 6515 Theorfditeoms withirothe¢bambger. Bh oetkaid 4@badieatssoich snedifimesincudé adhamber

ti , h nbodj t t hat He, Ne,. . F t
of such HERPELER G SaQEs STy POBART bl issrs atroratidh ol osktBdn he-
sputter ghb&hiten@RehefBife RE1sON Hiches §@id)zo&ﬂﬂ]1%y e P{le@ﬂéoﬁ%y iAclNHORsHeHnRI ty

plasma is formed fromthe season precursors he coupli'ng of energy into
t he pr ocewsiinggghasdsbras asildesand dpackyabrosantaiiingigey o ipstafeer thblsyicoroupl ed

pr et erent, | Blrsdr BuldindRBe SH2dndMnObxsheh R IROY P AMRlde I if (SO ment s of

20  embodiments a flow rate of the oxygen-containing gas is less than a flow rate of the silicon-
containing gas, may be less than 0.9 times the flow rate of the silicon-containing gas, may be
less than 0.8 times the flow rate of the silicon-containing gas, may be less than 0.7 times the
flow rate of the silicon-containing gas, may be less than 0.6 times the flow rate of the silicon-
containing gas, or may be less than 0.5 times the flow rate of the silicon-containing gas. For

25  example, in one embodiment that uses SiH4 and O,, the flow rate of O; is 300 sccm and the
flow rate of SiHy is 470 sccm, a ratio of flow rates approximately equal to 0.65. The flows
provided at block 442 may also sometimes include nonreactive gases, such as embodiments

that use He, Ne, or Ar. Flow rates of such nonreactive gases are typically less than 200 sccm

to reduce the sputter effect, and may be 0 sccm.

30 [0044] At block 444, a high-density plasma is formed from the season precursors by
the coupling of energy into the processing chamber as described above. Energy is preferably

coupled preferentially with application of a top source power, with embodiments of the
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12 invention having greater than 70% of the source power applied at the top
of the chanber, greater than 80% of the source power applied at the top of
t he chanber, greater than 90% of the source power applied at the top of the
chanber, or even by having 100% of the source power applied at the top of
t he chanmbeentioh Haypigqatatganer 70%aff thessoagplpoadr apligd eathenor bxhe éaddbed, W wi th
one enbodi nent using approxi mately 9000 Wapplied entirely at the top of the
processi BgaEhEwpEP”o qfdgﬁaurqumagwe@e%mtyp Bf digphambery gigater hagdPeselt t he

ceason LSk g YU hckmBENFEaLl , AL SE e

ayer orm iments it has
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6000 A at._one point, has a thickness of at |east 75 at one point, has a

t hi ckhes®: dfltha‘tne qbogimert using 2ppraximgely 38D ataﬁheﬁ&gtlr&lx ﬁ.thtms(%" ¥ at | east
12,500 A at.Q Cﬂ%gé After deposition of the season |ayer, the flows of
t he season pre ursors are stopped at bl ock 448. [0046] Fig. 4D provides a

flow di agram t hat str tes one nethod of cle e chanber at bl ock
412 of Fﬁtjm ShA in %{tué ltmp AMAES WRH BUHSASR ¢ af@fseta@é v enelrend4othi s 15

et ween_ Vi IPS SRR 36 tfdtidém%tﬁééﬁl‘%%%@f R T Y
pr ecur sosomsei@hb@BmeEts iitshak Iaohvekinesmbﬁattltfuet 5qD0ak esmerm)mhmmmmﬁése fof at

substrate has been processed. A hig ensit sma is formed with t
hal offé 8&99%§~rat§pe BPEhas thlalﬁafSSaO 3 ?'508|/§afrpq§en<>ﬂr6r hasar tBtCkB?Sééfiat464

usi ng th?eaégomo@b& SERi ol PhARTE TR OBF Jilale £ SAPATRYnd RO GIDOTI rent s

be perforne reate than an en poi nt” of e process. [0048]
Af t er t hdegosit®h ocﬁtteaseasmg Isgeaghe flass bétw seaonipaicetprstdie stoppal abldckeldBal ogen
precursor is stopped at block 466. This flowis replaced wwith a flow of heat

gases at [M4@§k 46§i,§ %Pg}b%éesca{;%&ﬁggﬁtdnﬁ‘ﬂtaml%%cé eLrgEt'FB oPElthf?%g-l/eMo

Merely b of e gases may I nc He in
di f f er enthamteodi breck 412 ofi Rip. 4% ircaceoplaceywitls euembodionar ofahe Iikefdéh. WHiei ng
applied in equal top and side distribution for a time between 30 and 120
secohds. Cleamag msthod campEses hiwvprstags deansvitlha BeainiParogesePganaed bepyssnitiy of

the cha CGMM,S during the cleaning. [0049] After the flow of heat
gases |sR¥s2 gta%elg%tfﬂ% (‘gﬁ)ck 472, a hal ogen-precursor flow 30 may be resuned

at bl ock 474 and aTIjl sma formed at block 475 that is used to

llng Qt b ggks !lé(}/ a%la ogen precursor such as F; is flowed into the
processing chamber after a substrate has been processed. A high-density plasma is formed
with the halogen precursor at block 46, and a partial clean performed at block 464 using the

20  high-density plasma. The partial clean may in some embodiments be performed to greater

than 75% of an endpoint of the process.

[0048] After the first cleaning stage has been completed, the flow of the halogen
precursor is stopped at block 466. This flow is replaced with a flow of heat gases at block
468, from which a heating plasma is formed at block 470. Merely by way of example, the

25  heat gases may include O,, Ar, and/or He in different embodiments, with an exemplary
source power of 12,000 W being applied in equal top and side distribution for a time between
30 and 120 seconds. This intermediate heating acts to counter the general cooling of the

chamber that occurs during the cleaning.

[0049] After the flow of heat gases is stopped at block 472, a halogen-precursor flow
30  may be resumed at block 474 and a high-density plasma formed at block 475 that is used to

complete the chamber clean.
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conpl ete the chanber clean 13 Exenplary Substrate Processine System [0050]
The i nventors have i npl enmented enbodi nents of the invention with the

ULTI MATM syst em manuf act ured by APPLI ED MATERI ALS, INC., of Santa Clara, 5
California, a general description of which is provided in conmmonly assi gned

U S. Pat ExMFlarr@SﬁBﬁrﬂg&roé@ﬁ&%’@&ﬁ'eﬁ TUNABLE | NDUCTI VELY COUPLED HDP- CVD
REACTOR, e ul'y , y Fred C. Redeker, Farhad Moghadam Hirogi
Hanawa. Tetsuva Ishi kawa, Dan Maydan, Shijian Li, Brian Luc, Robert Steger,

Yaxi n WAng, Manus Wong and Ashok Sinha, the entire disclosure of which is

i ncorporated herein by reference. 10 An overvi ew of the systemis provided
in connett0PBln wi t hlls igyentsig h&ﬁ@@é“ﬁé‘l‘%@\ﬁm&@me@ﬁ of shaanertioray ity the| | ust r at es

the st ek 4,00 SUGh oAb AR YR, 3681 HIDSIRTLRLENS INTbO SRt clarThe syt em

510 includes a ch a vacuum system a source asma system
580A,5 a Oulafeorrpd, agraeral ddseripth@08, wisicly aprovtied/arcpneyatil g asshidisd (aidPa. XNenot e
pl asnma cl e%}i@)%‘ﬁ% stem 550. 15 The upper_ portion of chanber 513

el udestd it STMVERRIA TUNRBLE BOWC T e aheo G adRE e YR or a1 - such
a5 al urt QURCGYe il ST Y00 B 14 40 R REE: PR ISKI MRS - 47REF PRUNCar Y

of a plasma processing regd asma processing region ‘bounded
on t he bOttkwymbhyikiwe Dupddaydnr Skifien Df, Briagulus] Ralicet Stdgerakdxia V8alis Maue
support _menber 518. 20 [0052] A heater plate 523 and cold plate 524

sur nount WoRgdnd Ashelhdinaa th ety disslpsute of Wsie's H@E@.rpqrvéaf Bere byt slesenseand col d

pl at gy 52 : t ] Lt i tr: C over
D Fafe SpRBSCOOhE Ry ah 18 e CHERRIRMUETRE, sAbloR bBRG Fie A
t enper at sthembticallyhiiBustiates ohrsstprracesfash ak (DKM Eysten 1 rayorteendeslimatl e t o
mai ntai n_the dope at hi gher t nger ature for cleaning or etching processes
than for Toepsm ? Bhinplugesa shagnbes 31 Aaciaraim sEsiein PP BoUfdse e Y6 € per at ur e

al so red t { Cl J j S
adnest on o ian W G lonl A0 58 BNRES el 1B o AR s S RS e
portion efsteehsftber 513 includes a body menber 522, which joins the chanber
to the vacuum system A base portion 521 of substrate support nenber 518 is

mounied gysipnd fofgs BloR P URarh U & 3 HETIRE § dWink %14 PRAN L TEHBE! o222
Substfat s are 30t ru s?fgr rleog ?nt% ang out of chgﬁber 51@ Bfl ar o%ot bl ade
(not showmmichtidegtic araterial, such as aluminum oxide or aluminum nitride. Dome 514 defines

an upper boundary of a plasma processing region 516. Plasma processing region 516 is

bounded on the bottom by the upper surface of a substrate 517 and a substrate support

member 518.

20 [0052] A heater plate 523 and a cold plate 524 surmount, and are thermally coupled
to, dome 514. Heater plate 523 and cold plate 524 allow control of the dome temperature to
within about + 10 °C over a range of about 100 °C to 200 °C. This allows optimizing the
dome temperature for the various processes. For example, it may be desirable to maintain the
dome at a higher temperature for cleaning or etching processes than for deposition processes.

25  Accurate control of the dome temperature also reduces the flake or particle counts in the

chamber and improves adhesion between the deposited layer and the substrate.

[0053) The lower portion of chamber 513 includes a body member 522, which joins
the chamber to the vacuum system. A base portion 521 of substrate support member 518 is
mounted on, and forms a continuous inner surface with, body member 522. Substrates are

30 transferred into and out of chamber 513 by a robot blade (not shown) through an
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14 insertion/renoval opening (not shown) in the side of chanmber 513. Lift
pi ns (not shown) are raised and then |owered under the control of a notor
(al so not shown) to nove the substrate fromthe robot blade at an upper

| oadi ng position 557 to a | ower processing position 556 in which the

subst r at tséSiopha®l 0pering (HoS tHoaig iff ¢eaidéi oTghRabdri 0. 319 pids (Betlaabwal e
support 5 nenber 518. Substrate receiving portion 519 includes an
el ect r ostaterd @ng Hisakowergd updsr theeqntiolof ¢ matas (#se neftshowa) wupate the subsirpisor t

menber 5%;%qu£ }cﬁ)%t ﬁlldgggtr ﬁgl%é)gf Bﬁ&ﬁgé@gtioﬂ Bs Aol l%(&%f Br%gessﬁlgg%gf-tgﬁ%tﬁ in
substrat e support nenber IS ma rom an al um num oxi or alam num
ceram c whtohrthasubs{ril® tidladédamamubytsdte nacbivthg pueliad® dfvubitidtesippdt 525, whi ch

houses tw n-blade 10 thrott|e valve 526. and is attached to gate val ve 527
and tur bBCRBFRel agru(%é‘iﬁ%‘%ﬁ repgpying poripp ol Yinchiden¥t actiastitic chrgt 14thploggureps

of fers nyni t I 3 m@lr Lhg. Gate
val ve 52 ngﬁsmi‘aso g@@ﬁ%‘&%p@%@%&%ﬁ%?mg“ eﬁlg%)t%@grfgx a dﬂégr?%fg]?é&o control
chanber pmbsditieat, bybstragtsupedrt mgmbhies xibaide fiohomt gampanini yxidbenalulinin | e

valve 526 is fully open. The arrangenment of the throttle valve, gate val ve,
and t ur b&STABICEBYEER! 15 punp al | ow accurate and stable control of chanber

pressures up to about 1 mllitorr to about 2 torr. 100551 The source plasm
syst em 58WA4] ncl ud¥acwunt eytawdT70 bzBidanthrastile odyb2S, 30ch hamestwen-btade done 514.

A symretrical groynd shjeld (not sho reduces el ectrjcal cauplin bet ween
the ¢ iIQ‘.TOt%_Sﬁfglé’SgFg safglswga%@éabgatea@w@éﬁ?% kRl }’uﬁ‘@r?ggathoﬁ%oglélk
wher eas BOnsiedthaf frbiule B0ay 52.POMES Gitlnfund b 6ol BEASIRLLEn® Fhys 8l | Owi ng

i ndependent power | evels an requenci es of operation for each coil. This

dual coi bymystriempualpirgasGatentlvel52dtart kelategulingd 5A8dinom dieogletbyody 526 hradivan 513,

t hereby inproving plasma uniformty, S de coil_ 530 and t oi | 529 are
typi cal | §'sP Aot icb%v?ﬁrm%rﬁ DRI e BE SHEESY AR FHRC Y &vgﬁw o Ay

el ectr odgye |y o%@%%&iaﬁgﬁ%&it@%’thﬁoﬂ% TR, QLHR/%ﬁe,)'fﬁlzciQE/lﬂlzﬁfxgggE%l 1A

provi des up to RF 25 power at nom na e side
sour t& RBugprBoatiocurs8 hBd prableicdesolud chamber@d&Gswas tip to dfouRF npditen ta@dbout

nom nall?é 2 MHz. The operating frequencies of the top and side RF

generato §0rﬁ°ay be offset fromthe nom nal operating frequency (e.g. to
1.7-1.9 MHz and 1.9-2.1 MHz, respectively) to inprove plasna-generation

ef fi ci en¢8055]1.00561The biwsse phasarsysteys 68 580Ees mtdpuatelsS2y dnidasleR6il(S30BRF")
e At O chat o s DS OR RSB RRAT redlS: Bl SEfSY St o

between the coils. Top coil 529 is powered by top source RF (SRF) generator S31A, whereas

20  side coil 530 is powered by side SRF generator 531B, allowing independent power levels and
frequencies of operation for each coil. This dual coil system allows control of the radial ion
density in chamber 513, thereby improving plasma uniformity. Side coil 530 and top coil
529 are typically inductively driven, which does not require a complimentary electrode. In a
specific embodiment, the top source RF generator 531 A provides up to 2,500 watts of RF

25  power at nominally 2 MHz and the side source RF generator 531B provides up to 5,000 watts
of RF power at nominally 2 MHz. The operating frequencies of the top and side RF
generators may be offset from the nominal operating frequency (e.g. to 1.7-1.9 MHz and

1.9-2.1 MHz, respectively) to improve plasma-generation efficiency.

[0056] A bias plasma system 580B includes a bias RF (“BRF”’) generator 531C and a
30  bias matching network 532C. The bias plasma system 580B capacitively couples substrate
portion 517 to body member 522, which act as complimentary electrodes. The bias plasma

system S80B serves to enhance the transport of plasma species (e.g., ions) created by the
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portion 517 to body nmenber 522, which act as conplinentary el ectrodes. The
bi as plasma system 580B serves to enhance the transport of plasna species
(e.g., ions) created by the 15 source plasna system 580A to the surface of
the substrate. In a specific enbodinment, bias RF generator provides up to
10, 000 wadré&e Iﬂﬁsnlfﬂzsg@@%w(ﬁdﬁ tcAtht K@IMRME Yhel @B§trdtd1am Hspblfic cabodh&Ussed
further below [0057] RF generators 531A and 531B include digitally

cont r ol | BY gsperetes provedes uanel 16,089 avats ef BY @pwar dtradigaanesy lessrihen hMEaes about
Each generator includes an RF control circuit (not

1.8 to a s ezdt%rt I belo

shown) t At feaslires T et ect ed power fromthe chanber and coil back to the
generator and adjusts the frequency of operation to obtain the |owest

refl ect etP0Sgbwer, BE ggneratost 2 [Feinglyde dritallyicomdro)led gynthesizersand art. RF
gener at or VPj i rate int | gad, wi.t h .

char a%t er %rgtlre %V%rﬁ%{g@ﬁéé Baggéhag%g%wﬁgl?gc}\%&gour%gyp&@kbg@arcg ect %ﬁ“ﬂugﬁ‘? | oads

t hat haven &Fdbhfrélreitit charsBewe) that heasuitp edioed pohanfrbiethg eRaigdr ahd coilhi s can
reduce power transferred to the |load. Additionally, power reflected fromthe

| oad ba®ickite thengengatnsaad 8¢ usisyholiequeaadofapgraiigragyebteindhe ivesshrediecte®ecause
he i | | h 900 ohns,
the inpe 8\8%? ﬁfénd%fstcpodﬁ?%&?%le%fgbl@?fg@fyrs‘ﬁm metgsﬁxlé.r ﬁ? &%{18‘}2}@8 12 é}g’\{gagl onms

dependi n plrasna”i o anong ors,” an use

refl ect edesd@iolno bperatdénta aflontwvitnn cafrattegsilecngydantd o df) Whink N Ftjoevegaia@r at or
frequency according to the reflected power increases the power transferred

f r om @ he brreflgelsd fipmploadpthahaveaghitiercat e srisies dnpedancgdhat e generanbt her way

to reduge..r r (el ef fi.¢l Y i in

net wor k. qﬁﬁ&éé%%%@%‘?%\é@aﬁé%mﬁgg lﬁésrﬁlgg%z %@1%@?@@%\%@%&% pu'?mh’llror%dedance
of gener 8adk'ts thd@hratsidnH3dhBriohd Bnd dehdgeliRs@aetdiore Brehhse thenppdened¥a The RF
control circuit may tune 20 both matching networks by changing the val ue of

capaci t oPEswp iy fangsdromadeshiling reimwoleleyet Y0 ohins Hepamdingeametha pesmea éont he | oad

as the | qad..ch es .. T ontr L& cuit tune tchi et wor k
ahen  ho 8RS ARG e RN Ao S oTRY P18 o Bun TR AROEN"

certapn hdjibting th¥ gentatot Pequicady st omligoioshaftileoRd pbwedindreaidseled poredry di sabl e
the RF control circuit fromtuning the matching network, is to set the

ref | ect etrapderesd fromithe BB goeeratay toothe plaswa aad prpficliethe gerettpe chaethgiovrto Thi s
may hel p 1o As® r C ht . | di ng the mat chi ng
net wor k (r:%iﬁllg‘%)%f#te Z“‘g?%??’é most" lf)? eceerﬁ&(g:%cﬁd?%na.Igf}gglgg%e@qﬁgr measures may

al so help stabilize a plasma. For exanp control circuit can be

used to S8t nine M?éc%@ﬁ\ié‘?twﬁéﬂsiiﬁgﬁé’@d@égg Wéaqf% opppubERRedansePIEgYCTRIET ease
or 531A and 531B with their respective coils 529 and 530. The RF control circuit may tune
20  both matching networks by changing the value of capacitors within the matching networks to
match the generator to the load as the load changes. The RF control circuit may tune a
matching network when the power reflected from the load back to the generator exceeds a
certain limit. One way to provide a constant match, and effectively disable the RF control
circuit from tuning the matching network, is to set the reflected power limit above any
25  expected value of reflected power. This may help stabilize a plasma under some conditions

by holding the matching network constant at its most recent condition.

[0059] Other measures may also help stabilize a plasma. For example, the RF control
circuit can be used to determine the power delivered to the load (plasma) and may increase or
decrease the generator output power to keep the delivered power substantially constant during

30  deposition of a layer.

[0060] A gas delivery system 533 provides gases from several sources, 534A — 534E

chamber for processing the substrate via gas delivery lines 538 (only some of which are
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decrease the generator output power to keep the delivered power
substantially constant during 30 deposition of a |layer. 100601 A gas
delivery system 533 provi des gases from several sources, 534A - 534E
chanber for processing the substrate via gas delivery lines 538 (only sone

of whi chyRfwi) 185 ShRe ufRrdGud By pﬁersmﬁ@ffsﬂlpmh@xﬁathp%ﬁmoeffce%ehlfoﬂ n the

art, the act uaI sources used for sources 534A - 534E and the actual
connect i suresk SGéAl—viéﬂﬁ dndriksa®@s conneshambliedel B¢ lums 588 to ceypehed b hyvasiest he

d it d ' t ed t 51

b oduc BTG SE A Sar TS S0y SOURE B GEe T O ¥ BT s bb O3P8 S4s.
Fi g. 5B [SroguddshtoRhihb&d 1 3pBfduLRE gﬁ§ﬁ§§5§’ﬁ§r¥d/&rh3tb Yib2xe 845 crr}%ny@ﬁsél?’ _
showi ng additional details of gas ring 537. 10061 I n one enbodi nent, first

and skecosithpyéisd. qouiat ewss-534ianalndes 8 ehanded 513 stowingadlisevd detagast gas oing
controll % 535A" and 5358', provide gas to ring plenum 536 in gas ring
537 via g s delivery lines 538 (only sonme of which are shown). Gas ring 537
has a plurality 10 of source gas nozzles 539 (only one of which is shown for
pur poses|[@p1]j | | usthmnecﬁrli)b@hmnt ffmsbandoE@C@ldLgasfS@urme, ISB)W\@fId §34B.omdffirsthe

substrate., No I \ dto low tailorin
of "t he i SRR s SRR a5 Gof RRYE MaticBRes EDERITERES 36 Whthsee ar
process ®47 filaadfelivef] Nicd B3R (6A1968E of Which aRy Slo@n!) ed}agnhgsgvrﬁﬁsta plﬂﬁﬁﬁt}r i ng
537 has 12 source gas nozzles made from an al um num oxi de ceram c.

[ 0061 cafssofum@asacrzm%‘d%a@lyampnﬁwélqhtlysfmwrbﬁ@r amzaesesgésllw@ztzo@sthmo (onI y

and shor Pyt SRR ok Sen e BeRkEs " Nef e IR ERissR et PLBE Ve g

from bOd?z’hdﬁQ&DWHll%M{alld)ﬁh% SBe uRitRadiy ot ahll ghssut@lez%hm@ffﬁléh@p férq N X source
gases and oxi di zer gases before |nject|ng the gases into chanber 513. In

ot her enbutirwenpresessyitdinar mgwsdtmh chagaher.c bn yprstomey epdbodinend. 20 ripeisay hao
i njecti n the ases |lnto é ﬁ a? B %n‘%dl n apertures (not shown)
betmeen B 59T 25N Oﬂé@ ‘Fﬂ@uélén %48 I n one enbodiment, third,
fourth, and fifth sources, 534C, 534D, and 534D, and thlrd and fourth
gas 1§ ow®éRl r ol | eg@S rigg5¢7 alﬁ@ihgs%ﬂuraht)p@ﬁnm@éerﬁs n@@)ZIQﬁoW phkmigmofi a gas

delivery t i onal val yes not
Shown) . MRl PERITay SHER Y P B SR B QR B R s R
i npl enengidihzeies 539, Ang POSH TETIEmeiht rkddeve S Eidhi Betly Sonng 84 B3ARRTPI i ses a
silane SrH4 source, source 534B conprises a nol ecul ar oxygen 02 source,
sour ce 53mb})(bm|qpt;s|1t51@gles;rable not to mix source gases and oxidizer gases before injecting the
gases into chamber 513. In other embodiments, oxidizer gas and source gas may be mixed
20  prior to injecting the gases into chamber 513 by providing apertures (not shown) between
body plenum 541 and gas ring plenum 536. In one embodiment, third, fourth, and fifth gas
sources, 534C, 534D, and 534D', and third and fourth gas flow controllers, 535C and 535D',
provide gas to body plenum via gas delivery lines 538. Additional valves, such as 543B
(other valves not shown), may shut off gas from the flow controllers to the chamber. In
25  implementing certain embodiments of the invention, source 534A comprises a silane SiHy4
source, source 534B comprises a molecular oxygen O, source, source 534C comprises a

silane SiH, source, source 534D comprises a helium He source, and source 534D' comprises

a molecular hydrogen H, source.

[0063] In embodiments where flammable, toxic, or corrosive gases are used, it may
30  be desirable to eliminate gas remaining in the gas delivery lines after a deposition. This may
be accomplished using a 3-way valve, such as valve 543B, to isolate chamber 513 from

delivery line 538A and to vent delivery line 538 A to vacuum foreline 544, for example. As
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silane Si H4 source, source 534D conprises a helium He source, and source
534D conprises a nolecul ar hydrogen H2 source. [00631 In enbodi nents where
fl ammabl e, toxic, or corrosive gases are used, it may 30 be desirable to
elimnate gas remaining in the gas delivery lines after a deposition. This

my be geeMAlFiSBad otiel BighiRr Salvey, s¥ah 4S43AURH 5aSCYRhY 8e RE3Borited bis6that €
chanber 513 from deli vergﬁ@l ine 538A and to vent delivery line 538A to

vacuum f gaselelivesy 3pas. Suph thsearsivealvas may bstbagad pnclppgto dhamber hiskassi ni | ar
val ves, Sﬁr%%tkﬂ%ag% g‘ﬁ%’rb‘ni?enﬁlfe %/g'ﬁl%e mﬁee ng\ieln{% %rag gélg{egyglg?{ g)%%:%heeelil thgﬁl)%gﬁeys very

| i nes. ree-way valves may ace anber

practi calalvé ghndthechdrdiger . heddabrig, o-tvag (G N Aeksqast shelvny @iy bk ipheed bet ween
the three-way valve and the chanber). Additionally, two-way (on-off) val ves
(not Shobiyeeragmiges o cerirglepeiMeen adriksehambesnochived 3 gas sOuIvE@NY aBnd t he
chanberngﬁ(petmeen a gas source and an M-C. 10064] Referring again to Fig.
5A, chanber 513 al so has top nozzle 545 and top vent 546. Top nozzle 545
and top vent 546 all ow i ndependent control of top and side flows of the

gases, wHI0H i npr olkeferring %&amipfFég-rﬁA,yhanbpréllﬁ@%@%w o neapigSdtAand tarvenhe
films d it ' 46 | 5.
e o SHESH S0 G0 RERTPBLSer FAR KDL o 148 0 BLIB0RUI AL

suppl i esggesirvatclgiasprowsZligsurbdmandnd oifoviozizd &1jdsthent cSehy Glen' NdokigioFC 535A
controls the anount of gas delivered to source gas nozzles 539 and top
nozzl@ M GPER pasEnetelss ope/chnAMS apANY opering ereddiep peysleas. dBent e 545.

S L | el R BB AN s e sefl | R C0LSlod NG Kl gy of oxyger

to both oXi gas nozzle roma singlée source of

oxygen, Su@Be ASzzROMIFCE5 B34 Bontrdlthe @i usNITQds dEiftesed ©X¥ERE gasSndrlesS8PPl i ed to
t he chanber from any side nozzles. The gases supplied to top nozzle 545 and

t op vent ashiepmagzledhle pi5A eprirads die grioght af@as delierry torep sgazsleifbo chamber

513, i LR f i
chanber SURER TRC33sBatE 038, REPROLERIELontH BE AL E B ST | o1
por t 1Hnsvatt stbend 20debagdsanzzIE O OADtoA arsiiphé soumdeCsfoagYar, §astedsabatte SB4B M

cl eaning system 550 is provided to periodically clean deposition residues
fr om chahb¥mecHmindHBsits oxyan Jém@hwpﬁge%g@stbf‘eﬁhamh% fiogeanyasidenarzles mlBg owave

generato C f ' »34FE (e.g..

ol coul b T SuPEL BB Eae R PhRERR s ol T e PG gyt i

equi val epissy intdichamber 513, or the gases may be mixed in top plenum 548 before they flow into
chamber 513. Separate sources of the same gas may be used to supply various portions of the

20  chamber.

[0065] A remote microwave-generated plasma cleaning system 550 is provided to
periodically clean deposition residues from chamber components. The cleaning system
includes a remote microwave generator 551 that creates a plasma from a cleaning gas source
534E (e.g.. molecular fluorine, nitrogen trifluoride, other fluorocarbons or equivalents) in

25  reactor cavity 553. The reactive species resulting from this plasma are conveyed to chamber
513 through cleaning gas feed port 554 via applicator tube 555. The materials used to
contain the cleaning plasma (e.g., cavity 553 and applicator tube 555) must be resistant to
attack by the plasma. The distance between reactor cavity 553 and feed port 554 should be
kept as short as practical, since the concentration of desirable plasma species may decline

30  with distance from reactor cavity 553. Generating the cleaning plasma in a remote cavity
allows the use of an efficient microwave generator and does not subject chamber components
to the temperature, radiation, or bombardment of the glow discharge that may be present in a

plasma formed in situ. Consequently, relatively sensitive components, such as electrostatic
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25 reactor cavity 553. The reactive species resulting fromthis plasma are
conveyed to chanber 513 through cleaning gas feed port 554 via applicator
tube 555. The materials used to contain the cleaning plasnma (e.g., cavity
553 and applicator tube 555) nmust be resistant to attack by the plasma. The

di st ance iRk ¥eetJ RAGEQS todRWok¥red H3thantlink BE WaRIIOk oFRAVED BHIELIRE as l@Pbe aS
pl asma speci es nmay

short as practical, since the concentration of desirable _
decl i ne BQuintd Withag imsibeplpsontleaneg piocesay in §igs554, theptesmatdleaginghwysemedii ng

pl asma in remote cavit al |l oms t.he use of an efficient mcrowaye

Gener at o st ApesfaPo i e St St en e onEe Sl i BrRHEF S o,
radi ati ogsedor bonbardnent of the gl ow di scharge that may be present in a
plasma formed in situ. Consequently, relatively sensitive conponents, such
as el gct tic u 52 do _npt need to be covered ,w a _dunmy waf er
or other MIBEF L o1 eatafi S AT o BOVRBY AR Gen DA &l edsd Ol 2 ng
process. sduiceiages sapplidd@rdlgdIneopndale o Seschemb&bdhd th dirshiawwsdifspasen above
t he chanber 513, although other positions may alternatively be wused. 5
100661 Agtgfdt¢dplagna. nggureegaseoniotislgd girovgniap @aozsie St bpresirgeled threugh 2 ect 1 ows
of sourcge l. i thr h ozzle | e chanper,and to

i rect 1 POWATERSE R0 dn e JBHEE 1 R P EB N B L P BSPREN o
top nozz{}ﬁo&%ﬁ&h@a@arﬁhg g4 o€l bt 95 lredirecRAd Bk sRIRS 5AGE cRARbEBIQ yfike Chanber,
while renptely generated plasm species provided through the cleaning gas

f eedl®or batf846hre directed to the sides of the chanber 513 by the 10 baffle
561. 100671 Those of ordinary skill in the art will realize that specific
paramnmeters can vary for different processing chanbers and different
processi ng conditions, w thout departing from the spirit of the invention.

QO her vargjyab{ ons w I . ] t .per. of .skill i r 15
These eqm(@Z ent SV“giﬁ& eg)lft% gdr@agry ?g@ghg&eﬁl{ %{lgﬁ g%nt?%t Jgga;hﬁg Fﬁllgg;ctié r\?\ng%rﬂ‘l’an t he
scope of fdrleffgremgppsdessihguigmibedandihiffeRboprécesting cadipens) fvithbusdephitidg tfiogn
should not be linmted to the enbodi nents described, but should instead be
def i ned By spHi of Bic1BvanHgn c Paaiy arialonywalt alss beampavers 1p gersensiof skilvstpert.of
depogy ti ng. &1L i 0,@ JRh ‘d{g&%ﬂ%ﬁ%s %\im%%é%ﬁ&{ A Snclhd& &ﬁﬁiﬁ?ﬁe sc%gg BFHE! Eés@ - 3
seasoni ng a processi ng chanber, erelrn seasoning the processing chanber
invention. Therefore, the scope of this invention should not be limited to the embodiments

described, but should instead be defined by the following claims.
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4 conprises: 5 providing a flow of season precursors to the processing
chanber; 6 form ng a high-density plasma fromthe season precursors by
applying 7 at |least 7500 Wof source power distributed with greater than
70% of the source 8 power at a top of the processing chanber; and 9
depositing a season |ayer having a thickness of at |east 5000 A at one 10

poi nt WWHA*T’?S'@LQQ ¢ty plasma; | | sequentially transferring each of
the p ng@ar es into the processing 12 chanber to performa
process on the each of the plurality of substrates that includes etching;

13 and 14 cl eani nglt he Armetksdphdepobitind&im beatavpdenligedisebdtragds, the anshier s of
the each of .15 the plurality of substrates. 1 2. The nethod recited in
claintl GRBPERE t he thi ckness of at |east 5000 A 2 conprises a thickness of

at least 7500 A 1 T ness of
TR b R S S

met ho#l remnpmctm n claiml wherein providing the fl ow of season 2 precursors
to the processing chanber th(ri ri,ses rovi

a flow of a _
{11 contcontai ni g gas BEv IR PREEL TG BItA B PO HIB SN a 11 ow of
an oxygen-contai ni ng ga%r&%%bﬁlgﬂr&ﬁﬁwl%%m seadorPp re&ﬂ@or%?f Iaﬁﬂ fngci ted

inclaim4 wherein a flow rate of the oxygen- 2 contalnin es t han
a fl oW rate oftledse7500 Wealrsoomertpawer dlgtrgl;m&:d vmtfﬁgreaihethanﬂﬁ%tbfrth@sdw@ inclaim

4 wheégein a flowrate of tﬁi}he oxygen- 2 contgu ning gas is less than 0.8 of a
flowSate of PRNCIG!RilRnL BERICETINELIGIbe 8801 7. "The method recited in claim

4 whegein the silicon- CQ%@M&%@%%% la%r RTRE h §RSK ké‘@fﬁ”&sfﬁﬁ)oﬁﬁat one

oxygen-cont ai ni ng gas co The " nethod recited in claim4
wher €0 n provi doingwithéhef Highvderfisitygdasara; 2 precursors to the pr OCESSI ng chanber

further conprises providin | ow of . a.gas, nonreactive
sili Eﬁn cont ai ni ngEe@éign q{/@intsgfi”fr}geeafi]?(%g“ﬁ PLyAli9 EFWEUG% Intg tl@? pr‘i’?FéSIH%t hod
reci §2d tRandedtdDE M FloBes? oh iRV AcRLE R iRy IASubstrates that includes etching;

13 and

14 cleaning the processing chamber between sequential transfers of the each of

15 the plurality of substrates.

1 2. The method recited in claim 1 wherein the thickness of at least S000 A

2 comprises a thickness of at least 7500 A.

1 3. The method recited in claim 1 wherein the thickness of at least 5000 A

2 comprises a thickness of at least 10,000 A.

1 4, The method recited in claim 1 wherein providing the flow of season
2 precursors to the processing chamber comprises:

3 providing a flow of a silicon-containing gas to the processing chamber; and
4 providing a flow of an oxygen-containing gas to the processing chamber.

1 5. The method recited in claim 4 wherein a flow rate of the oxygen-

2 containing gas is less than a flow rate of the silicon-containing gas.

] 6. The method recited in claim 4 wherein a flow rate of the oxygen-

2 containing gas is less than 0.8 of a flow rate of the silicon-containing gas.
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2 nonreactive with the silicon-containing gas and with the oxygen-contai ni ng
gas has a flow 3 rate less than 200 seem 1 10. The nethod recited in claim
1 wherein cleaning the processing 2 chanber between sequential transfers of
the each of the plurality of substrates conprises: 3 performng a parti al

cl ean of the processing chanber; 4 thereafter, heating the processing
chanber; and 5 thereafter, conpleting the clean of the processing chanber. 1
11. Amet hod of deposi t iTg rhéthea R0ited Bl Wdidl 4 Wierefn thel BisksRtOMainipeyaget hod 2
conprising: 3 seasoning a processing chanber; 4 sequentially transferring
each 8f toemppisesrSiHi ayd gﬁ oxyBYT Lot BINg gRBCAMRIiSSE Goessi ng 5 chamber to
performa process on the each of the plurality of substrates that includes
etching;, 6 and 7 eani n e

trans?ers of the egih o{ﬁgéﬁ$ O£{ ﬁ%gaf%ymlpa 1981 %qmigggfﬁ zﬁeanlng

t he proc qﬁeaum)rmah@pﬁocmmgaxhaqummén @npRisty p’rﬂsifdﬁfgsa péwlolie geaashredctiviie
plurality of substrates conprises: 10 performng a partial clean of the
proceSsi nytiehgsdiepn-containingegas angd é?‘flth the aXY48g- Cpﬁ@l%ﬁl&)&@sm ng chanber; and 12
thereafter, conpleting the clean of the processing chanber. 1 12. The met hod
recited in claimll wher I he

pr ocegm ng chanber chorrprlt-aﬂsetr;{rsl@[ﬁ(gl(I %lcm:dﬂ Ctlilﬁlhsoﬁ%ﬂeﬂl b 5%‘?3@8 g& t}{egga% he

procegsi ngnedaatineewith dredilicdncontinigg gasMnghwdeuhs bkygepL@sxtmmﬁg gm like fhat ogen
precursor. 21 1 13. The nethod recited in claim12 wherein the hal ogen

pr ecuPsorratedess dasra0966cto. 1 14. The method recited in claim 11 wherein
conpleting the clean of the 2 processing chanber conprises: 3 flowing a
hal ogen precursor tyg th r gh-density
plasng fromthe haﬂgbene%?ég§§§£$ﬁge&Q@ﬂaﬁhg“ﬁggﬁlﬁaﬁﬁgﬁhggﬂﬁﬁgg aim 14

wher ei2n abapbet bengednveqimitiabemsters of the each of the plurality of substrates comprises:

3 performing a partial clean of the processing chamber;

4 thereafter, heating the processing chamber; and

5 thereafter, completing the clean of the processing chamber.

1 11. A method of depositing film on a plurality of substrates, the method

2 comprising:

3 seasoning a processing chamber;

4 sequentially transferring each of the plurality of substrates into the processing
5  chamber to perform a process on the each of the plurality of substrates that includes etching;
6 and

~3

cleaning the processing chamber between sequential transfers of the each of
8 the plurality of substrates, wherein cleaning the processing chamber between sequential

9  transfers of the each of the plurality of substrates comprises:

10 performing a partial clean of the processing chamber;
11 thereafter, heating the processing chamber; and
12 thereafter, completing the clean of the processing chamber.
1 12. The method recited in claim 11 wherein performing the partial clean of
2 the processing chamber comprises:
3 flowing a halogen precursor to the processing chamber; and
4 forming a high-density plasma from the halogen precursor.
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2 precursor conprises F2. 1 16. The nethod recited in claim1l1l wherein
performng the partial clean of 2 the processing chanber conprises
perform ng the partial clean to greater than 75% of an 3 endpoint of the
clean. 1 17. The nethod recited in claim 11l wherein heating the processing

2 chanber conprises: 3 flow ng heat gases to the processing chanber; and 4
formng a high-density plasma fromthe heat gases. 1 18. The nethod recited
in claim17 wherei N3t heTheHetldASES AN BIkR G2 RSN (1% IRERAPREufLeM t he group
consisting of 02, Ar, and He. 1 19. The nethod recited in claim17 wherein
form hg téephseghz.density 2 plasma fromthe heat gases conprises applying a
source power distributed approximately 3 equally between top and side

sources. 1 20. The th recgited.in.claim 11 wherein asqgni ng t
proceSsing 2 chamgg':3 cgﬁ%meg@g:re%ﬂerparlgﬁﬁlgpr% ‘glefql%ﬁ?%?l%ﬁg%ggnd%lneoﬁl?esors to
t he ppoce@gsebithgCdhamider confprises:m ng a hi gh-density plasma fromthe season
precursors by applying at |least 5 7500 Wof source power distributed with

great®r than 70% oflowing shalegen nyeswesor & thg pregsssafig ¢hrenbes; asdocessi ng chanber :

and 7,depositing a.season,layer .havin t hi ckness of at |east 5000 A at one
point* 8 with the ﬁ‘?%ﬂ%%ﬁ‘s@f‘%’li}?ya@ﬂﬂga sﬁm% 11686 Sreoitor

1 15.  The method recited in claim 14 wherein completing the halogen

2 precursor comprises F.

1 16.  The method recited in claim 11 wherein performing the partial clean of
2 the processing chamber comprises performing the partial clean to greater than 75% of an

3 endpoint of the clean.

1 17.  The method recited in claim 11 wherein heating the processing
2 chamber comprises:

3 flowing heat gases to the processing chamber; and

4 forming a high-density plasma from the heat gases.

1 18.  The method recited in claim 17 wherein the heat gases comprise a gas

2 selected from the group consisting of O,, Ar, and He.

1 19.  The method recited in claim 17 wherein forming the high-density
2 plasma from the heat gases comprises applying a source power distributed approximately
3 equally between top and side sources.

—

20. The method recited in claim 11 wherein seasoning the processing
chamber comprises:

providing a flow of season precursors to the processing chamber;

forming a high-density plasma from the season precursors by applying at least
7500 W of source power distributed with greater than 70% of the source power at a top of the
processing chamber; and

depositing a season layer having a thickness of at least 5000 A at one point

o0 N1 N U B W N

with the high-density plasma.
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