1 8 MAY 2004 1 GAS DI STRI BUTI ON SYSTEM FOR A CVD PROCESSI NG CHAMBER
BACKGROUND OF THE | NVENTI ON This application is a continuation-in-part of
United States Application Serial Nunmber No. 091191, 364, filed Novenber 13,
1998. Field of the Invention The invention generally rel ates ? ﬁ%ﬁ 00
apparatus and a nmethod for processing sem conductor substrates. ze
particularly, the invention relates to a nethod and apparatus for high
density plasnma chem cal vapor deposition of filns onto substrates.
Background of the Related Art Plasma tools used for sem conductor

processes, such as chem cal vapor deposition (CVD), etching, reactive ion
etching and so forth, typically enplgy either inductive coupling or
capacitive coupling of a plasma generator to the processing chanber to
strike and nMRGASHISTRIBUTHON SYSTEMAHORM a9® pﬁobﬂéyﬁiétﬁw' ed pl asmas
over capacitively coupled plasmas is that the inductively coupled plasnma
is generated with a nmuch smaller bias voltage on the substrate, reducing
the |ikel i BAGKGROUIDWDOF THEINTENOION ate. I n  addition, inductively

coupl ed plasnasTﬁ%ve ﬁ@hhgher ion density thereby providing higher

deposi tion rates andPHEIRT 1} deCopHRiEon-{irRarte ol Plaitek Statps abprilcatiarh Skriaher
pressur e t HannbecHpSI101 864, filddouRtaskrRbagoRs. These advantages allow in situ
sputtering and/or deposition -during processing. Mre recently, high
density plasma (HDP) CVD processes have been used to provide a conbination
of chem calFieldatthie biventiedgl physi cal sputtering. HDP-CVD processes pronote

t he disassociatgﬁn.of t he reactant gases by the application of radio
frequency (RF) efery§iod smerallvaeittrolr 2o mepseiny pae anethed Subptorasieg sur f ace,
thereby  crieatobiyaiar ptaeims. ofvdté GhlituhaCh BvchO FSBCH §Smedllf o4 7
reactivity of the released ionic species reduces the energy required for a
chemi cal r SRRYFEot high %@é‘“ﬁf@é’@,"h?%&@ VERSREEHOSIoR biefilms egtuisnttrateenper at ur e

for these processes. The goal in nost HDP-CVD processes is to deposit a
filmof uniformthjckness across the surface of a substrate, while also
provi di ng g&&E: fithe Relatededdh | i nes and other features formed on the

substrate. DepoBlaémhaBoly Qid QBJQeﬁYcoﬂﬁhgtogﬁQcésgés! sudh & dehYea \efa%%{- Ei(iap\()%tigr?
(CVD), etching, reactive ion etching and so forth, typically employ either inductive

coupling or capacitive coupling of a plasma generator to the processing chamber to strike
and maintain a plasma. One advantage of inductively coupled plasmas over capacitively
coupled plasmas is that the inductively coupled plasma is generated with a much smaller
bias voltage on the substrate, reducing the likelihood of damage to the substrate. In
addition, inductively coupled plasmas have a higher ion dénsity thereby providing higher
deposition rates and mean free paths, while operating at a much lower pressure than
capacitively coupled plasmas. These advantages allow in sifu sputtering and/or deposition’
during processing.

More recently, high density plasma (HDP) CVD processes have been used fto
provide a combination of chemical reactions and physical sputtering. HDP-CVD
processes promote the disassociation of the reactant gases by the application of radio
frequency (RF) energy to the reaction zone proximate the substrate surface, thereby
creating a plasma of highly reactive ionic species. The high reactivity of the released ionic
species reduces the energy required for a chemical reaction to take place, thus lowering the
required temperature for these processes.

The goal in most HDP-CVD processes is to deposit a film of uniform thickness
across the surface of a substrate, while also providing good gap fill between lines and other

features formed on the substrate. Deposition uniformity and gap fill are very sensitive to



13 MAY DR 2 the plasnma generator source configuration, source radio
frequency generator power, bias radio frequency generator power, process
gas fl ow changes and process gas nozzl e design, including syrmﬁtarmm}
di stribution of nozzles, the nunber of nozzles, the height of the "nozzles
di sposed above the substrate during processing and the lateral position of
the nozzles relative to the substrate deposition surface. These vari abl es
change as processes perforned within the tool change and as process gases
change. Figure 1 is a cross-sectional view of a HDP-CVD chanber useful for
depositing a variety of filnms on a substrate. An exanple of a HDP-CVD
chanber is the Utinm HDP- CVD systep avail able from Applied Materials,
Inc. of Santa Clara, California. Generally, the HDP-CVD chanmber 100
conpri ses dhe hlasnregeneniot samreeoffuratansionse radie fisquspoyrgenemonpaveribas a gas
inlet 106, . xh £..108 and_a | )., The
chanber encl %ggr?%u‘gic@%gﬁ%%m?ryp& c?aﬁ‘l’i‘%? °S%n?§gb%aﬁ8%%§%°gﬁgg{sgﬁ°%? #&ggrn
monol i t h, ancuding sympeey ih didtribhforeoihasles tennumpe of panzies,athe deighthef thhanber

encl osure 102.. A.do 14,  typically. made of a ceramic s - as m num
oxi de ( A120%y4es dshgpe p%’%‘%jﬂ’&n%gﬂ’@%l il%mhpéc.’cess?ﬁeanguﬁé et H%pg)gn%ﬂéééner at or
110 typi caldoyzleOmtivestd Shedsubitfatd depbsiiich sefe@ndItesd VariatlldGehatdeBas prageskea fir st
and a second RF povﬁ{IIl source, 120, 122, el ect{li cally connected to the first
and seconderigmped withipghe 19qlchangs apd s ArRREFS\E2SSF §h9BES i de t he high density
plasma, the fir ${gudlk alifs-sdciofhl $le@Ed HIPOUND dhabd esEfullibddufokitieg 4 he
second coil 118 is di sposed above the d m;g?lé% ;he gas inget #g)%

typical |y CBRpWioEBLEnsonsy sypsiiae, \Angxaggle of g FUsG VP shagbd 45,0 YIUma 8- an
interior ci¢eDRiRineRGRaLN féh ApphaiMatndld) I, 6£ShATIZRRIfdhR. Dehahihat e

support nenber. Typically, the gas nozzles 124 extend fromthe interior
surface of @ﬁé@nﬁ%’seﬁh‘l?‘@famodfﬁpéﬁﬁea ShagpsT gndesye: 1 @ ﬁggt[ﬂﬁ e on t he

substrate sy o4 BERakIeldE, § PasRkRMECAOS and 4Bihal 6irplntlgehdtbt DID. afhet he
processi ng gases to the substrate during processing. The g‘goﬁ exhaust 108
conpri ses ahgmbergnelpwre 10%6is dywically gnonated 28 7 systeplaiie PTHRSRHFEE Bnd
control theyReess YU Ledtdsdl 4 hfpRr pHHAGDST tHeWhhRBerRnOE&SS 10W. ADdsmag14,he
deposi tion process, Eroces_s gases are introduced through tﬂe lgjha]:‘ inlet 106
and a pl asnapietllyimde of » sEamicrigch - dwainire oxdn £4LPRds HisPIFH OR HE EhEdber to

effectuat e phaghcal plé@r%’%en@ﬁﬂﬁ’slm fypRalfNothphba a fstARA & 8dcnd JdIE 1 TEPOKI ti on
typically occurs on al he surfaces ex&osed to the pI’OCGSSILg% 9%%93’
i ncl udi ng t#e 4 fifstepd apecang RB pagergpueh d 26 Hadodrcricallic srogectqdia ot 244,

because t hegecond coils, 116, 118, respectively. To provide the high density plasma, the first coil 116

is disposed around the dome 114 while the second coil 118 is disposed above the dome
114. The gas inlet 106 typically comprises a plurality of gas nozzles 124 disposed around
an interior circumference of the chamber in a region above the substrate support member.

Typically, the gas nozzies 124 extend from the interior surface of the chamber to 2
distance above a substrate positioned on the substrate support member 104 to provide 2
uniform distribution of the processing gases to the substrate during processing. The gas
exhaust 108 comprises a gas outlet 126 and a pump 128 to evacuate the chamber and
control the pressure within the chamber during processing. During the deposition process,
process gases are introduced through the gas inlet 106 and a plasma of the processing
gases is generated within the chamber to effectuate chemical vapor deposition onto the
substrate. The deposition typically occurs on all the surfaces exposed to the processing
gases, ncluding the interior surfaces of the chamber, such as the dome 114, because the
processing gases are introduced at the same flow rate through gas nozzles 124 that have

the same lengths to provide a uniform gas distribution within the chamber.



processi ng gases are introduced at the sane flow rate through gas nozzl es
124 that have the sane |lengths to provide a uniformgas distribution
within the chanber. 1 3 MAY 2004 3 Hi gh density plasma (HDP) prﬁgq@ﬁg@nrave
becone i nportant processes used in the fabrication of integrat

HDP processes can be used advantageously to deposit thin filnms or etch
films on a substrate to formintegrated circuits. As with other deposition
and etch processes, an inportant consideration is the | evel of contam nants
present in the processing environnment. In HDP processes, ' this is

i nportant because the high density plasma typically creates higher
tenperatures within the process champer. As the tenperature in the process
chanmber increases, the likelihood that undesirable nobile ion and netal

cont ani nant s WI I nghededs“my\mnﬁt(ﬁnm pedtadiBicliave GBRRRRER St GFRBEESused in

Ther ef or e, lbﬁéag goyntt%s:g%}n#]hj n.th rocess environnment rrg%hb

unf avorably hi gh. Par F e deh P at s EPH CAhie Eirdnilvantageordnta ol | ed
by peri odi caibIbO,%lt(ﬂIuaﬁﬂmm etdhhiElre Rarebsttif 16 Ford RhfR Guitd EANWRE o8RSES,
typically fluorinate ﬁg}pounds Cl eanin ases are sel ected based on

their abili P roobitAd o1 o5Feses A8 JrpgHAD: Sonskiaraion Isdép deiel PbRONtHAINEYS al

whi ch has f prased mﬂletpmeﬁhgrebﬁformapomqmls toResQEsdeis & Gmbortan BLatdcanpr oduct s
whi ch can b%lg?‘xh Fd fromthe chamher, thereby cleaning the process

envi r onment 2 eIl Sreaiesdughsr fempereres “ﬂ%%ltth%l’f@aﬁﬁi? PlRpRPSE e4s

cont ai ni ng fHeutemperatureiin the, prddeds chialer iAGEhse AR eRk®RA thal h¥esGhiis bt €d and
can readily.bind th%fn rﬁOS.ItI on materl al form ng a stable product which
can be exhal® &H gt el bergryenapytyof gemberecamrongty dadredsen
process, th&hémbey, pnﬁclswnﬁ@ﬁe@raﬁetﬂ)?pm%*éﬁﬁr&&%m rﬁaly%%ﬁavéﬁgl tpign coat ed
Wi th a seasonin t to rotect these surfaces fromthe procesSsing gases.
The seasoning co fim Fe¢ P yvithen the Fhaypbeg dsherntrelladgbyt h@@@ﬁﬁ%ﬁbﬁf@%
material ontte chidieer aslid Asiesn B iafing BRes W@aﬁi}rﬂ%ﬁﬁ{eﬁ B SRt r éfeﬁdf g
carrie

i ntroduced into the c qarrber for., processin his step | typi ca
out by depoS§ffi A EeFPd MsEhOR Guir PrEy |t91P@F1|tbﬁr preguigor getes andrthn figpositien

processi ng ﬁﬁ@h@lﬁvh&h RE Gornféa e ehdeiahbbNGontBRARI i c%ler 95 cﬁ—ﬁl tfl@ﬁ}oﬁlgpts As one

process exa% sj |l ane gas can be introduced Into
oxi di zed to @EG%‘I fe exh 4“5%leafth%?hmé@fnthene@mlm@mmqagemmmngnf bl owi ng

equat i on: Shig¥ déns@f? p]‘a.srﬂa @'a&gr ﬁlogﬂ@g %Eegél)r taﬂn‘ﬂ (?r@r% S %t 6§t Gnd

application psjtjon_process is typlcal out
C P‘% ?ugily dissociated and can readily bind the deposmon material forming a stable

product which can be exhausted from the chamber,

Typically, before the deposition process, the interior surfaces of the chamber are
cleaned and then coated with a seasoning coat to protect these surfaces from the processing
gases. The seasoning coat is typically formed by depositing the deposition material onto
the surfaces within the chamber before a substrate is introduced into the chamber for
processing. This step is typically carried out by depositing a film to coat the interior
surfaces forming the processing region in accordance with the deposition process recipe.

As one process example, silane gas can be introduced into the chamber and

oxidized to deposit a layer of silicon dioxide according to the following equation:

SiH,+0, — Si0,+2H, EQUATION |

In a 200mm substrate application, a deposition process is typically carried out
using a source RF power up to about 4500W and a bias RF power up to about 2500W.
The season step prior to deposition is carried out using a source RF up to about 4500W

and a bias RF up to about 1600W. In a 300 mm substrate application, the deposition



using a source RF power up to about 4500Wand a bias RF power up to about
2500W The season step prior to deposition is carried out using a source
RF up to about 4500W and a bias RF up to about 1600W In a 3

substrate application, the deposition 1 3 MAY 2004 4 process i 31r‘%i %ﬁly
carried out using source RF up to about 10,125Wand a bias RF up to about
5625W The season step prior to deposition is carried out using a source RF
up to about 10, 125W power and a bias RF power up to about 3600W After
processi ng a nunber of substrates, the seasoning coat is renoved or cleaned
fromthe interior surfaces of the chanber along with any materi al deposited
on the seasoning coat, and a freshdseasoning coat is applied to the
interior surfaces of the chanber to provide a clean, consistent

envi r onmeRI%FH 1S Hpiselsaimed ontrsingsrurchBF o tofbosti 1258 aml.a KiRpaphl em

encount er ggbunsgdyvee ol d [ t -~.CVD.chanber is that. when the
chanber is used. to g%;éggoﬁggﬂinggtﬁd% osglgsge“dcafnﬁdrﬁut Luh? ?%""fﬁffo’r‘%?i lica

gl ass (FEOM 14.HoW peys errba bips R powirap eabdinf 3606@s t hr ough t he seasoni ng
coat and attackgfert 83T ._The fluorine ato t hat reach
er p*ﬂrf'cests anﬁgh‘{ﬁﬁxg & ség%)ategc{gcfseaﬁomnﬁ c%tﬁwv%é eanegd

the ceram.c donme react Wt eramc to and y are
i nt eger s) T8F tpdnistiert sfacesfoft the cianteer aldnghwish abe emtdat eépskinadonviieh

Secondar ysda@ind¥esst, sR8Gek MB) anal ysi.s that done bl ackeni ng and
process drifts are’ cause‘_’dkp%y %5&%53}5 %pgrl?@f’%%ﬁm(ﬁﬂmtsl’l@“%?fébe hABO9 20xFy

f or mat i on'od¥io%itfea Wesmecoasistent sutitvamehtefot proeesile the @RESAALAST s@fstrithe donme
material and Ge4sSESLled" rifits in.the deposition uniformty, the
deposi tion_ rate, Itﬁ'kglee _Ieggoﬁﬁ%éegc%%%é?ﬂoflgﬁ gitne ﬁ'ﬁgﬂﬂ%’fﬁ.%\@pa@ﬂf@ﬁr Briftormity in
t he chanmb¥hen Bechergerds usddetopdepesitss ftlbridet Sased) €ilin, UMLK @ MuolB§iRGESIRisNY OCCUT S

across t hgsgir trate..and from one substrate to anot her
subst r at e.@‘ % ﬁalﬁqgl{) %en%t ﬁ?g’%agﬁngv%quﬁ%ﬂ’ﬁ?‘ggetg% SEFIHRe pebBrbAttaskd theo prevent
di f f usi oncegmie KALOD|dowei rTehe ftuorine ttbme tigh rdable (HARREIE BEE AAbL with tHai CK

seasoni NG..cRAL ) . h.S..depasit ed rior to processing of each
substrate. Thet({ ﬁné%ﬁg) ég\ys SHE S %‘gayt HB%T%F?&;E“ hsesutircref thelemeedt hasor t he

fl uorine beemistermined ffithsecomianuiin Mass sp@.&@ﬁb@g (SIRELY .ﬁﬁlgsié’ @R Niopfae done.
T i ik Tk G LA AT R
done and feamatien pndbedendalictd the elcbtiictA) @roFBHties ofthe AEHE SHuMIPIH cafest i B 'S
spent depﬁé&egé &ﬁ}saigcﬁ]crtﬁaggs\{ﬁorﬂ%ng ogniEyr,] Ith(g:kdeposition rate, the fluoxir;e:.concentration

and the sputter uniformity in the chamber. Because of the process drifts, non-uniform

pTocessing occurs across tﬁe surface of a substrate and from one substrate to another

substrate,

As an attempt to solve the process drift problem and to prevent diffusion of the

fluorine atoms through the seasoning coat, a thick seasoning coat (> 1000 A) is deposited

prior to processing of each substrate. The thick seasoning coat prolongs the time required

for the fluorine atoms to diffuse through the seasoning coat and reach the dome. However,

when the process time is sufficiently long, the fluorine atoms are still able to diffuse

through the seasoning coat to form ALOJF, on dome and cause process drifts.

Furthermore, an excess amount of time is spent depositing and removing the thick

seasoning coats. The seasoning coat must be removed afier a number of substrates have

been processed to ensure that the fluorine atoms do not diffuse through the seasoning coat

and form Al,O,F, on the dome, and a fresh seasoning coat must be deposited before the

next batch of substrates are processed. The excess time spent in depositing and removing

the thick seasoning coat is another major disadvantage because the throughput of the
system is reduced.



seasoni ng coats. The seasoning coat nust be renoved after a nunber of
substrates have been processed to ensure that the fluorine atons do not

di ffuse through the seasoning coat and form A120XFy on the dojyrg, and a
fresh seasoning coat nust be deposited before the next batch ﬁWb%@* at es
are processed. The excess tinme spent in depositing and renoving the thick
seasoni ng coat is another nmajor disadvantage because the throughput of the
systemis reduced. 1 3 MAY 2004 5 Anot her problem associated with
deposition of doped silicon glass using a HDP- CVD chanber is that the
current gas distribution system does not provide uniformdopant delivery
across the surface of the substrate, Fesulting in a deposited doped silicon
glass filmhaving material property differences across the surface of the
substrate. |n génethel problemiafsocinted withnleprshior % idogedisilicae glagsadidgtm HBPNt ai n

product quakityv.. Therefore, there i.sts a need for, an, atus and a

et hod of - qensehaets T ettt et Sxbiipn e des 6t pvide Bofth doedt

cont am nat ideliveof a¢rbes thtosmefaty of the aubshrete prehlighiara @ps8ed avskd silheneesul ting
probl ens of.,process drifts. It .would be desirable for the apparatuys and the
met hod to glro%agggglﬁgepﬂlc‘?rg%{zﬁaﬂl?%?‘l?ﬁb%ﬁf%W“Fafg%ﬁfgi”ﬁgs“i’%teti *REHui red for
f orm ng andmiferetitin pgedsiisg B@asrg ingaiaaatprefuct duglitynt eri or surface of the
dome. It would f rttlﬁer desi r%tgtje for the apparatus and the G‘?t hod to
provi de uni form 63§Wt HEFIVE AP dPLLPPHELs Edamathod of deprating 8 Gt e t o

achi eve uniafsobstrate thbmpmdinﬂeh Hﬁ&ﬂnt_@ﬂg.&ﬁﬁorf 6ﬂtﬁ$dcrﬁw\ﬂ8ﬁ3§ﬁldﬂﬂ%ﬁ |ggBéE$:H-d ON The
resent inyention genera rovi des an aratus_and a nethod o

geposi ti ng\{heareﬂ?ﬁ“fﬁglffﬁﬁgn%ﬂ%@%%? gmg“na‘iti “'Pépﬁ’@é?“faﬁ@ feitht aPRaFALES B B t he
done by fl weiliodao greide A incfeased|throRghpPr k@R Ohe RhORGSIFddbd fohfink And he
uniformty of depgsition, deposition rate, fgl uorine content in the chanber
during proé&%‘?ﬁ%%ﬁ&“i”?‘f@gg 0P {FHETHO5 SHRfRcE of Hhradomg, b i vquirs be dgrthekt hod

al so provi desiableifoicthe agRehnishne uEhsihodXy pkRHeGInEmt Byahi dmvé;f%kbgseﬂe for

form ng and rerm}/i ng t he seasoning coat on the interior surtace of the
dome. One A%YRSE P! WGP Sbsats farsheToiiorely dered sisonglpsdiieis for depositing a
filmon a substrate conprising a processing chanber, a substrate support

menber di sggﬁd ithin the chanber, a first gas inlet, a second gas inlet,
a plasnma g M%?QH@MWA%. The first gas inlet delivers a first

gas at a first dhépeRaeinldnbh Béhelaly @fdvitles St AGRIs Qhd b BRthod of depositing
a film on a substrate that reduces the contamination of the dome by fluorine and the
resulting problems of process drifts in the uniformity of deposition, deposition rate,
fluorine content in the chamber during processing and the sputter uniformity. The
apparatus and method also provide an increased throughput by reducing the time required
for forming and removing the seasoning coat on the interior surface of the dome.

One aspect of the invention provides an apparatus for depositing a film on a
substrate comprising a processing chamber, a substrate support member disposed within
the chamber, a first gas inlet, a second gas inlet, a plasma generator and a gas exhaust. .
The first gas inlet delivers a first gas at a first distance from an interior surface of the
chamber, and the second gas inlet delivers a second gaé at a second distance that is closer
than the first distance from the interior surface of the chamber. Thus, the second gas
creates a higher partial pressure adjacent the interior surface of the chamber to
significantly reduce deposition from the first gas onto the interior surface. As an example,
for deposition of fluorine doped silica glass (FSG), the second gas comprises oxygen while
the first gas comprises SiH,, SiF,, and argon. Because a higher partial pressure is created
by the oxygen, fluorine jons from the first gas are impeded from depositing and diffusing

through the seasoning coat to an interior surface of the chamber, such as the ceramic



chanber, and the second gas inlet delivers a second gas at a second

di stance that is closer than the first distance fromthe interior surface
of the chanber. Thus, the second gas creates a higher partial pressure
adj acent the interior surface of the chanber to significantly] gagaycgms
deposition fromthe first gas onto the interior surface. As an exanpl e,
for deposition of fluorine doped silica glass (FSG, the second gas

conpri ses oxygen while the first gas conprises SiH4, SiF4, and argon.
Because a higher partial pressure is created by the oxygen, fluorine ions
fromthe first gas are inpeded fromdepositing and diffusing through the
seasoning coat to an interior surfacg of the chanber, such as the ceramc 1
8 MAY 2004 6 done, resulting in el imnation of the problens of process
drifts caugse bkalibOld BEninGOR BTHRAbOENO b RR.A0MRs Aldesralintgly, the
first gas in 8t s spose at a dfferent a romthe second gas inlet
Wi t h r espeeentansinationgh Srerdame. émm@wely, thel &irst E%hlgptllgxdlsﬂoﬁf‘é af pifRteP'AREepr ovi des
an i ncr eas g fe QUOlPLL ik RFHEIROEldaEuRAU Walohl), hoHieRBaANd
removi ng the seasoning coat on the interior surface of done. _Anot her
aspect of piewidensmintieand ﬁr@xghpnééwaedrwmﬁu timsrrequirgdfor (armpeand FMAVEE a
substrate %@{sb&ih?&;a?&?%‘eﬁi %I&rﬁggé?&@&orﬁéapor deposi tion chanber,

i ntroducin I'rs as an a second gas Into the chanber and generatlng a
pl asna of the pAmtétssuSpﬂgt gf dwsinventihe pfavidss agmetheds for Wepasidine @édiimhPBdgh a
first gas | t el r of fkihe
chanber, I%’ E%g%ée cg Isrg‘élgilng a"?érqlfq I(rﬁ[ocglucgl)d‘at?3 R?%@hdhg&‘bseé?gﬁ%‘ﬁggé |fri1I et at a
second di slgasnmel ztéttactudlws vltothechithizen apdhgenfiating 2 pllagmaaefdes PreessslRhBASENL eri or
surface of -4 h e - I i r i al
pressure a351 a?%sﬁtgq?%gﬁi&?\ %?#%FO&@W@S g&dlfngﬁat Z8 ﬁﬁtggga?&t gérgggrlg‘aeggt

deposi tion sﬁnfa;tmof e chim'ser, pd shosecontiegas it istrpdicedsibrdugle e second gasriplgt fthvéel y, t he
first gas Isgcolngl tdq Qa%gc%%t l%seq t{‘l;.ﬂe{h%rﬁl'sta& %uﬁl fﬂ’o@ﬁntﬁc eﬁglcglﬂgdcg%§ tm th
respect to'a SUPSTTat € sur ace to achreve e sane o jectives.. Preferably,
the first ghsnbes. Tamglthe stcondigds tﬂ&aevsmliwhpapfeﬁmrtseurt héﬂa@et:ﬁwdlnﬁ'}'ﬁ§f is

angl ed t oward, e o, BFY GE. DESCRLETLON, O THE DEANANGR B, Liake t he
manner iC he aboveé T eci ures, advantages and jects of the
present i n\pﬂmt-naomelgrthe Gitst @amsdmmﬂmahai d)élfigwdtaaxaﬁeofmtnltht @e@rai gas ‘alﬂm)r e
particul ar rip ven de 2b may be
had by ref 5?585033 utfsﬁéte S%ﬁ#ao tﬂf SeajrngoijJ ‘feé'éh%}aé?gg& ﬁﬁstra ed’in the
appended draagledgsvard the substrate wlnle the second gas is angled toward the dome.

BRIEF DESCRIPTION OF THE DRAWINGS

So that the manner in which the above recited features, advantages and objects of
the present invention are aftained and can be understood in detail, a more particular
description of the invention, briefly summarized above, may be had by reference to the
embodiments thereof which are illustrated in the appended drawings.

It is to be noted, however, that the appended drawings illustrate only typical
embodiments of this invention and are therefore not to be considered limiting of its scope,
for the invention may admit to other equally effective embodiments.

Figure 1is a cross-sectional view of a HDP-CVD chamber useful for depositing a
variety of films on a substrate.

Figure 2 is a cross-sectional view of a processing tool 10 of the present invention.

Figure 3 is a partial cross-sectional view of a substrate support member and a
processing kit for the substrate support member. |

Figure 4 is a cross-sectional view through a chamber of the present invention

showing the gas distribution assembly 300.



It is to be noted, however, that the appended drawings illustrate only
typical enbodi nents of this invention and are therefore not to be
considered limting of its scope, for the invention nmay adm 1, Stwﬁzﬁr
equal ly effective enbodinents. Figure 1 is a cross-sectional vi‘e

HDP- CVD chanber useful for depositing a variety of filns on a substrate.
Figure 2 is a cross-sectional view of a processing tool 10 of the present
invention. Figure 3 is a partial cross-sectional view of a substrate
support nmenber and a processing kit for the substrate support nenber.
Figure 4 is a cross-sectional view through a chanber of the present
invention showi ng the gas distribution assenbly 300. 1 3 MAY 200k 7 Figure
5 1is a cross-sectional view showing a first gas channel 316 connected to
one port 314 hEEFRJ IS HES peiong>igy dpveed firs@rehamel) i§eprnested & epe
Cross-sect p@inzi4 havRiy aood 112 didp6scapnd gas channel 318. Figure 7 is a
cross-sectional_view ,show ng the center gas feed 312 di sposed through the

dome 32. Fi gur eFIEUF & iscTassPeivad Waveshowingersgeont easishereeldil&t e 33 of the |id
assembl y and t Ngugas ik stdsk BUbOR b hodfl ol GUEP o ka3 PesgRetive view

of an alternative enbodi nent of a gas distribution “ring cording to

the i nvent PEHehthegiome 320 is a partial cross-sectional view of a multi-Ievel

gas di stributi Mgk 8Gs AQplodONERSh iR 6 and a
tilted nozzle 40Q02. DETAI LEB DESCRI F@H} %EQ%EE&%%EE%E&&E@% Fi gur.e
2 is a croB¥U¥RyignERPE $1%w of a processing tool 10 of the present
invention. Prefigiabliya pblfecRIOGES Vs ﬂﬁ ah@Rivk §m§0cﬁ’h%1l? oﬁ? g%' di¥ribliRame

chem cal vapor deposjtion ~ chanber. The processing too genérally

i ncl udes arhiiPasrorgisa o thoinventiond assenbly 14 and a substrate support

menber 16 whi chgiggli . ] for. carryi out ubstrate
processi ng. Th(raF lgﬁgrltggérsa %@?@X@%@gﬁ?ﬁﬁ g%l%%ﬁg-lﬁlﬁll %agfi ﬂ?%lblﬁntg)élhl?nﬁeﬂast ructure
havi ng a sTHO®Re 4 scamdvippdey gaedhiapeed 4 Hrend prtiged @adla 6@, processi ng regi on 20
and tapers towards its lower end to define a concentric exhaust passage
22. The chanber body 12

DETATLED DESCRIPTION OF THE PREFERRED EMBODIMENT

Figure 2 is a cross-sectional view of a processing tool 10 of the present invention.
Preferably, the processing tool is a high density plasma chemical vapor deposition
chamber. The processing tool 10 generally includes a chamber body 12, a lid assembly 14
and a substrate support member 16 which defines an evacuable enclosure for carrying out
substrate processing. The chamber body 12 is preferably a unitary, machined structure
having a sidewall 18 which defines an inner annular processmg region 20 and tapers
towards its lower end to define a concentric éxhaust passage 22. The chamber body 12
defines a plurality of ports including at least a substrate entry port 24 that is selectively
sealed by a slit valve 44 and a side port 26 through which the cantilever mounted substrate
support. member 16 is disposed. The substrate entry port 24 and the support member port
26 are preferably disposed through opposite sides of the chamber body 12.

Two additional side ports (not shown) are disposed on opposite sides of the
chamber wall 18 at about the level of the upper surface of the substrate support member 16
and are connected to a gas channel 28 formed in the chamber wall 18. Cleaning gases,
such as disassociated fluorine containing gases, are introduced into the channel 28 from a
remote plasma source 30 and into the chamber through the side ports. The location of the
openings of the ports info the chamber are provided to direct gases towards areas of the

reactor where heavy build-up oceurs.

The upper surface of the chamber wall 18 defines a generally flat landing area on



defines a plurality of ports including at | east a substrate entry port 24
that is selectively sealed by a slit valve 44 and a side port 26 through
whi ch the cantil ever nounted substrate support nenber 16 is dtégﬁﬁﬁﬂQ*The
substrate entry port 24 and the support menber port 26 are pr b

di sposed t hrough opposite sides of the chanber body 12. Two additional side
ports (not shown) are di sposed on opposite sides of the chanber wall 18 at
about the | evel of the upper surface of the substrate support nenber 16

and are connected to a gas channel 28 forned in the chanmber wall 18.

Cl eani ng gases, such as disassociated f.luorine containing gases, are
introduced into the channel 28 fromga renote plasma source 30 and into the
chanber through the side ports. The |location of the openings of the ports

into the chamihra bakeplite oY bAiBellid SsehtlPCh isGasRited. QWRIA Snofd £As Sbovdi@re I €act or
wher e heavy _bui | d- occurs, The upper_ surface of the chanber wall 18
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formed in the upg}gﬁ{1 surf.ace of the wall 18 to‘receive one or nore_ o-rings
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transmtting done 32, an eneéﬂéﬁdel ivery assenbly 62 and a tenperature
control ass&WmpPyedhen 2 kingemoum e Blaki Hodharbassréts Hadedingd s langannviple base

plate 33 deti8s iAMHidAAYhs ANBYLRR ringhadGRbed MY SBovas S8 Torikd i tBWg on ring
is disposed. Oring grooves are forned in the to of the gas distribution
ring to rec@&f e sandistibyting ring ie Eeseive #eo-HagHe ssal t@rfg’fftcﬁ’é and thedop phide gas
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of the plasma processing region'as well as the éenergy delivery systemto
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conpri sed of ac Ylbndri cal si deval | Q%%Bmfocﬂ%%ﬁgiﬁg%d&%gg_ﬁgﬁe end by a
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material which is transmssive to RFenergy, prefer
sidewall and the top is rounded to provide a curved inner wall of the dome 32. The dome

32 is made of a dielectric material which is transmissive to RF energy, preferably a
ceramic such as aluminum oxide (ALO,). '

Two separately powered RF coils, a top coil 72 and a side coil 74, are wound
external to the dielectric dome 32. The side coil 74 is preferably covered by a ground
shield to reduce electrical crosstalk between the coils 72 and 74. The RF coils 72 and 74
are powered by two variable frequency RF sources 76 and 78.

Each power source includes a control circuit which measures reflected power and
which adjusts a digitally controlled synthesizer in the RF generator to sweep fr-equencies,
typically starting at 1.8 MHz, to minimize the reflected power. When the plasma ignites,
the circuit conditions change because the plasma acts as a resistor in parallel with the coil.
At this stage, the RF generator continues to sweep the frequency until a minimal reflected
power point is again reached. The power source circuitry is designed so that each set of
windings resonates at or near the frequency at which the minimum reflected power point is
reached, so that the voltage of the windings is high enough to drive sufficient current to
sustain the plasma. Thus, frequency tuning guarantees that the system remains close to

resonance even if the resonance point of the circuit changes during processing. In this



ceram ¢ such as al um num oxi de (Al 203). Two separately powered RF coils, a
top coil 72 and a side coil 74, are wound external to the dielectric done
32. The side coil 74 is preferably covered by a ground shielgsggﬁg ce

el ectrical crosstalk between the'coils 72 and 74. The RF coil 74
are powered by two variable frequency RF sources 76 and 78. Each power
source includes a control circuit which neasures reflected power and which
adjusts a digitally controlled synthesizer in the RF generator to sweep
frequencies, typically starting at 1.8 MHz, to minimze the reflected
power. Wen the plasma ignites, the circuit conditions change because the
pl asma acts as a resistor in paralleb with the coil. At this stage, the RF
generator continues to sweep the frequency until a mnimal reflected power
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cleaning cycle. The temperature control assembly generally comprises a heating plate 80
and a cooling plate 82 disposed adjacent each other and preferably having a thin layer of a
thermally conductive material, such as grafoil, disposed therebetween. Preferably, about a
4 mil to about 8 mil layer of grafoil is disposed thercbetween. A thermally conductive
plate 86, such as an AIN plate, is provided with grooves formed in its lower surface to
house the coil 72. A second layer of grafoil, preferably about 1 to about 4 mils thick, is
disposed between the thermally conductive plate 86 and the heating plate 80. A third
thermally conductive layer is disposed between the coil 72 and the dome 32. The third
layer is preferably a layer of chromerics having a thickness of about 4 mils to about 8 mils.
The thermally conductive layers facilitate heat transfer to and from the dome 32. It is
preferred to heat the dome during cleaning and cool the dome during processing.

The cooling plate 82 includes one or more fluid passages formed therein through
which a cooling fluid, such as water, is flowed. The water channel in the cooling plate is
preferably connected in series with cooling channels formed in the chamber body. A
pushlock type rubber hose with quick disconnect fittings supplies water to the chamber

body and the cooling channel in the lid. The return line has a visnal flowmeter with an



tenperature of the done during the vari ous process cycles, i. e.,
deposition cycle and cleaning cycle. The tenperature control assenbly

generally conprises a heating plate 80 and a cooling plate 82 gi Of P
adj acent each other and preferably having a thin | ayer of a th rM?FSI @

conductive material, such as grafoil, disposed therebetween. Preferably,
about a 4 ml| to about 8 m | layer of grafoil is disposed therebetween. A
thermally conductive plate 86, such as an AIN plate, is provided with
grooves formed in its |lower surface to house the coil 72. A second |ayer
of grafoil, preferably about 1 to about 4 mls thick, is disposed between
the thermally conductive plate 86 andgthe heating plate 80. A third
thermal |y conductive |ayer is disposed between the coil 72 and the donme 32.
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Figure 3 is a partial cross-sectional view of a substrate support member and a
processing kit for the substrate support member. Preferably, the substrate support member
comprises an electrostatic chuck 230. The electrostatic chuck 230 comprises a support
body 232 preferably fabricated as an integral block from an electrically conducting
material having a high thermal mass and good thermal conductivity to facilitate absorption
of heat from a wafer cooled over its upper surface. Aluminum or anodized aluminum is
the preferred material for support body 232 because it has a high thermal conductivity of
approximately 2.37 watts/em-°C and it -is generally process compatible | with the
semiconductor wafer. Support body 232 may comprise other metals, such as stainless
steel or nickel, and support body 232 may comprise an additional non-conducting material
or the entire support body 232 may comprise a non-conducting or semiconducting
material. In an alternative embodiment, support body 232 comprises a monolithic plate of
ceramic. In this configuration, the ceramic plate incorporates a conducting element
imbedded therein. The conducting element may comprise a metallic element, green
printed metalization, a mesh screen or the like. A smooth layer dielectric material 236
covers an upper surface 238 of the support body 232 to support a substrate or wafer W
during processing. A voltage, preferably about 700 Volts, is applied to the substrate



range of from about 100C to about 200C dependi ng on processing
requirenents. It has been shown that higher chanber clean rates (etch
rates) and better filmadhesion to the substrate can also be q _Péqgﬁfam?t

hi gher dome tenperatures. Figure 3 is a partial cross-sectional

substrate support nmenber and a processing kit for the substrate support
menber. Preferably, the substrate support nenber conprises an

el ectrostatic chuck 230. The electrostatic chuck 230 conpri ses a support
body 232 preferably fabricated as an integral block froman electrically
conducting material having a high thermal mass and good t hermal
conductivity to facilitate absorptldﬁ of heat froma wafer cooled over its

upper surf d alum numis _the referred material for
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processing. The temperature control system preferably comprises fluid channels 49 within

the substrate support member that are connected to a thermal fluid source (not shown) and

a controller (not shown), such as a microprocessor, that senses the temperature of the
substrate and changes the temperature of the thermal fluid accordingly. Alternatively,
other heating and cooling methods, such as resistive heating, may be utilized to control the

temperature of the substrate during processing.

When the support member 16 is positioned in the chamber, an outer wall 50 of the
annular support member 16 and an inner wall 52 of the chamber define an annular fluid
passage 22 that is substantially uniform about the entire circumference of the support
member 16. It is preferred that the passage 22 and the exhaust port 54 be substantially
concentric with the substrate receiving surface of the support member. The exhaust port
54 is disposed substantially centrally below the substrate receiving porticen of the support
member 16 to draw the gases evenly through the passage 22 and out of the charber. This
enables more uniform gas flow over ﬂte substrate surface about the entire circumference

thereof and radially downwardly and outwardly from the chamber through exhaust port 54



protecting the lateral surface of the support body 232 fromthe plasnma
during processing. The ceram c cover 248 al so holds the collar 246 on the

flange 234. Referring back to Figure 2, the substrate support
partially extends through the side access port 26 fornmed in tmrétgﬂéﬁt])z@r’

wall 18 and is nounted to the chanber wall 18 on a flange 46 to provide a
general |y annul ar substrate receiving surface 200 in the center of the
chanber. The substrate support nmenber 16 al so includes a tenperature
control systemthat maintains the tenperature of a substrate during
processing. The tenperature control system preferably conprises fluid
channels 49 within the substrate support. menber that are connected to a

thermal fl UicghtSOMGE: a a.control |l er ot shown), such as a
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support nenBEPPIABPIE positioned in the chanber, an outer wall 50 of the

annul ar support - 16, an_innper || 52 of the chanber define an
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support ne raw.t ses evenly through the passage 22 and out
of the chan@?pwﬁléhgnglﬁ%\ﬁegg Vﬁ%?@n PRSP cregok 4t gigsapesrof figm 2bgwist toat e
surface abogout HY milliTaneasaleteatiméEbesegs bhkeoh BAR tRdi-aklontipyavar dly and

outwardly f{@p\t t&rﬁgnber .thI’O}J h,exhayst port 54 3 NAY 200# "12 centered
in the base of 1he "CRIRNEP is arprg eﬁﬁ%@‘g@% howeyrcamytrempuhisio pan arbisvs thei on of

film |ayerésisd preésntedi tenfapb@ sanbeuad A RSUHEROSs bodRcbilo @ '&ﬁeﬁst I acki ng
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in existing ssi-ng chanbers, such as substrate |ocations Wt
differing p Dgglg%%? oﬁlﬁ&FeT%Wn@og%%t%%Wn@e pePe  pumppu dhis ryodesc k
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chanber body to pr %lwwegﬂpggdmfr?%m‘metpmnﬁingﬁ@déwm  fmes Awi n
bl ade t hr ot efltke fosdiarbDyrifgchamblertci@ning, cleaning gases are flown into the chamber at a
high rate, thereby increasing the pressure in the chamber. In one aspect of the invention,
therefore, the turbo pump is isolated from the chamber by the gate valve 58 and the
mainframe pump is used to maintain the pressure in the chamber during the cleaning
process.
During processing of a substrate in the chamber, the vacuum pump evacuates the
chamber to a pressure in the range of about 4 to about 6 milliTorr, and 2 metered flow of a
process gas or gases is supplied through the gas distribution assembly and into the
chamber. The chamber pressure is controiled by directly measuring the chamber pressure
and feeding this information to a controller that opens and closes the valves to adjust
pumping speed. Gas flows and concentrations are controlled directly by mass flow
«controllers through a software set point provided in a process recipe. By measuring the
flow rate of gases being pumped out of the chamber through the exhaust port 54, a mass
flow controller (not shoWn) on the inlet gas supply can also be used to maintain the desired
pressure and gas concentration in the chamber.
The gas distribution assembly 300 will be described below with reference to

Figures 4-8. Figure 4 is a cross-sectional view through a chamber of the present invention



gate val ve 58 are nounted between the chanber body 12 and the

t ur bonol ecul ar punp 60 to allow isolation via gate valve 58 and/or
pressure control at pressures of fromabout 0 to about 100 nHHjMng@%gs
determ ned by settings of the-twin blade throttle assenbly 56." A

L/sec turbo punp is. a preferred punp, however, any punp which can achieve
the desired pressure in the chanber can be used. A foreline 57 is
connected to the exhaust port 54 at positions upstream and downstream from
the turbo punp. This provides backing punp capability. The foreline is
connected to the renote nmainfrane DUTED typically a roughing punp. A port
59 is formed in the punping stack to unt a flange 61 of the foreline.
During cha anln ¢l eani ng gases are flown into the chanber at a

high rate, n‘%ﬂ‘@’rﬂ@b 3%”1“%“ £FEmBY e Wy r Sepsialith dhe amdsiibuiien shdemspect of
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the gate va ve 5 and the rmainfranme_ punp 1s used to maintain the pressure

in the cha ang e g e JEace of Abh ?Pgmbffr%éﬁéged a peptrally; lospted essler gas &ed o

substrate I3’12tﬂbelh61|ih’dnlhﬂ>ﬁgh tHeetol 3F URITHAKID CR¥RCHALRDALAE intBEREImSL 2
pressure in é}j‘é%{;?e of about 4 to_about 6 mlliTorr, and a netered flow

of a procd®® wentially soupied &% noprleR AR, Q(Pfeb@%%d ’fs e ibetiem of

assembl y ange isho37, b a @éaemn%eate]i@%s aHBERE 1&5@3 w&:e uspsplee B fheldofd, bY
directly SSUI‘I the chanber pressure and feeding this information to a

control | er RE @ﬁc?"&f‘%%‘ﬁ@nﬂ%@at\ﬁailh%‘ﬁy pbdifigienkgasespanps nfodyredd. Gas

flows and GRRERUHhabiranSeldt Rosial Gvﬁhlh% B GG Wi B Yo PRI 301, 130w 3gs0hr Ol | ers
t hrough a software set point provided in a process recipe.” By neasuring the

flow rate FdigaRerotheigat il euyasHtor scombipation pfeses sush sugpysemandeXRaust port
54, a mass cah bOWEQREA AbrideddPdle FIBANBIeH %ggag Sishgdl 308 dggéseé&&ﬁhynot%ﬁlg al so be

used to maintain the desired pressure a s concentration I n
chanber. Th¥® @%maﬁeéwthmﬂ@ﬁgaégeemuyedsm@mthmb@ descri bed bel ow with

reference to Figpas, 48 asFHQHfbﬁtlcfh hﬁl\ﬁ\%lﬁrc%ﬁﬁ)ilggc&{]%ﬁarv WidaBE Qggh a

chanber of the present |nvent| on Y 2004 ow ng the gas
di stributi ﬁ%%%?@ef%@blmﬁmﬂéﬂ?h“w@e piraelitylio§ portstiid ifarmed ghereimfor

conpri ses afoiihdiedas #hish blol b AhulibiGn 3t HeSRIREH of %‘%ﬁﬁ& sl | over

portion of the T“done and the upper sur ace
central |y 1’d&abPeérbhthsre aua 19y smtegbmlsémdummggmmgh@smp af the

done. GaseSedR! ol sBlk AL EAnto MetnbdlBerC BATRE e ports 311 is connected to one of the

gas distribution channels (either 316 or 318) formed in the ring. In one embodiment of the
invention, alternating ports are connected to one of the channels, while the other ports are
connected to the other channel. This arrangement allows for the introduction of separate
gases, such as SiH, and O,, separately into the chamber, as one example.

Figure 5 is a cross-sectional view showing a first gas channel 316 connected to one
port 314 having a nozzle 302 disposed, therein. As shown, the gas channel 316 is formed
in the upper surface of the chamber body wall and is preferably annular around the entire
circurnference of the chamber wall. The annular gas ring has a first set of channels 320
longitudinally disposed within the ring which are connected to each of the ports 314
provided for distribution of the gas in that channel. When the gas ring is positioned over
the gas channel, the passages are in communication with the channe). The gas distribution
ring is sealed in the top surface of the chamber wall via two separately placed o-rings 322,
324 disposed outwardly from the channel to prevent gas leaks to the interior of the
chamber. A polytetrafluoroethylene (PTFE) seal 326, such as Teflon™ or other similar

products, is disposed inwardly of the channel in a recess 328 to iarevent gas leakage into

the chamber.



t hrough both circunferentially nounted gas nozzles 302, 304 |ocated near
the bottomof the donme 32, and a centrally | ocated gas nozzle 306 | ocated
in the top plate of the dome. One advantage of this configurahégﬁhjﬁmkhat
a plurality of different gases can be introduced into the cha

select | ocations wthin the chanber via the nozzles 302, 304, 306. In

addi tion, another gas, such as oxygen, or a conbination of gases such as
oxygen and Si F4, can be introduced al ong side nozzle 306 through a gas
passage 308 di sposed around nozzle 306 and m xed with the other gases
introduced into the chanber. Generally, the gas distribution ring 310
conpri ses an annul ar ring made of | um num or other suitable material 314
having a plurality of ports 311 fortWed therein for receiving nozzles and

which are in’COoRYARING 3 FRAreWistdid BN theQozAIRI 2085 &ERBMCHIh3ddts 313 L _
Preferably, there are at |east two separate channels forned in the gas ring

to supply atefersbbnthreadedrnd apate withethipadsaa thepes to providpastsbihercblwerigd ihe port s

311 is co ”gﬁﬁia@‘&uﬁﬁ af'GisPleplabinentl a8 r&j&ﬁﬁﬁé{ Hitide 380 hanaraliSthe 8hd facn316 or
318) fornmed in the ring. IR one enbodi nent of- the invention, alternating

ports are eearreandodan be selectest tor provigh dkmdesiyed istribatiom of Shengas Widke dhear e
connect ed tf,4ag other channel. This arrangenent allows for the
introduction of separate gases, such as SiH4 and Ox, separately into the
chanber, as oneFigwmnplsea crisgtactiosl Vipwashowingsths eseedndrear chanagh fowiby a first

gas channel, 346: SOANGE! 24 it fellfin BOLe AN ROufuAEElRutRoflinposed.

therein. As gas channe forne I'n the upper surtace of
t he chanbernbisdimikalyl dispostdiin ap anfrlar adrifigurationdravndathe cingmitience of thegas

circunfere + Of. C ;%&S ' | set of
channel s 3 %ﬁﬁﬁéﬁgﬁﬁﬁd?ﬁgﬁﬁémg?g%%§e m?@ﬂ?%ﬁ%ﬁg&%y%% mﬂ?@%sg?%bgginected
to each of ohtier porepertabamedinthe giedng and idwbichiaBditipnsh gasogdies agpadisioped; hat
channel . o i it .

passages ar Db mPE saSaleafasR oP AR b RIEH R is KiBoABIOERARBE L E |
i s seal ed iwhidhsepponly theudofr3@ and iststadedoh tateprbywht basv phatetddo Toegasmragély pl aced

Co the i nt vty RECREL SUNAIShker ARG GBS Bl o Ter) oeal 326,
such as Tefl on( Ony advantaghef tisi predeat invention i thet thesgadidistiisition FipgespRlby of t he
chal, Bl SER AT Ty RSP b S I
the ports 3teitigs &f the nozzles at various angles so that the distribution pattern of gases can be

adjusted. In other words, in certain ainplications it may be beneficial to angle some of the

gas nozzles upwardly in the chamber, or conversely to angle some of them downwardly in

the chamber. The ports formed in the gas distribution ring can be milled so that a desired

angle can be selected to provide the desired process results. In addition, having at least

two gas channels which can deliver at least two gases separately into the chamber allows

greater control of the reaction which occurs between the various gases. Still further,

reaction of the gases within the gas distribution assembly can be prevented by delivering

the gases separately into the chamber.

Figure 7 is a cross-sectional view showing the center gas feed 312 disposed

through the dome 32. The top gas feed 312 is preferably a tapered structure having a base

334 which is disposed on the top of the dome and a tapered body 336 disposed in a recess

formed in the dome. Two separate o-rings 336, 338, one the lower surface of the taper

body 336 and one on the side surface of the taper body 338 towards the lower end,

provided sealable contact between the gas feed 312 and the dome of the chamber. A port

340 is formed in the lower portion of the body of the top gas feed to receive a nozzie 306

for delivering gases into the chamber. At least one gas passage 342 is disposed through



preferably threaded and mate with threads -in the port to provide a seal

t herebetween and to provide quick and easy replacenent A restricting
orifice 330 is located in the end of each nozzle and can be iglﬁ&% ﬂpto
provi de the desired distribution of the gas within the chamnber". 3 e 6
is a cross-sectional view showi ng the second gas channel 318. The second
gas channel 318 is forned in the upper portion of the annul ar gas
distribution ring and is simlarly disposed in an annul ar configuration
around the circunference of the gas distribution ring. A horizontally

di sposed passage 332 connects the second gas channel to one or nore ports
formed in the gas ring and in whi di® additional gas nozzles are di sposed.
The upper c¢ont ai_ni surface of the second gas chanpel is forned by the
portion of ﬁ’t“'k?és F?eﬁr}qm@?c?gﬁ?)gfet%oﬂt‘ﬁe eﬁ&ﬁe&‘éﬂé Bt P%"H‘s"éaﬁ‘ee’ﬂf’zé “t'fle top by
the base pkddittn3Be nd2R 198Ss thpeidd add 2 pot S4Da¢HAnEd sécdnd P2 308 pLsdpk &hih33 whi ch
i's hingedlﬁ ounted to the chanber body. .One advantagg of the Ereéent

dy. .
i nventi on P&VERA82E Hangside gf G pessle 106, 70f i thefampler @nssepnd gag and
repl aced Wsd4is Aispésodthiaiph ke g0 Fded 31 PioRAvdr@hs RGBS Yiskge 3081 @8, kicANi Ng  the
tips of the nozzles at various angles so that the distribution pattern of
gases can BEXVED; trRbedeliyeedongsidGapessuch 3 e t ai n applications it may be

beneficial to angies sofRxphddd\Bew SRR bAS pliRIBIH Y HdksdehBlyG@Rameer , or
conversely to_angle sone of themdowwardly in the chanber. The gorts

formed in BHcligpaRtion gng 2t A chaonplR50 dnformed inithg leweseertionae! the bpsePled  angl e

can be sel egteebetite RlcO¥ds A8stlitiiofl 8 380l PrHRCRS Sing &30/ik Boltdd opB@EMWieN, havi ng
at least two gas channels which can deliver at |east tmoﬁﬁfses separately

into the cHeHBed tothe Bits PlatfBaTbe baseRleieds higgedhyaoyngedde e ShamAcEP B ccur s

bet ween the vargGitfing8s&Sto Fbir b, 4 afst BE sourde 888 h@1 18t dab@oriRNGS33M thin the
gas distribution assenbly can be E[evented by delivering the gases

separ at el y °P1FobenTi ot @ AiaFtises via ting tp 2 fiystegap phyguel 36¢ forpehin te ERP8Howi ng t he
center gasyhgeGindthdy & SBRRGHs sdube 898 hd ﬁ&c&iﬂrﬁigﬁt&g&%@%pgﬁseﬁ&ﬂd 312 is

preferably a tapered structure having a base ich is disposed on the
top of thedeyadEasnda dng A% indelthssespnd 365 ehagnrd Sb8 formed in Beeas disEigREE in t he
dome. Two ggparate o-rings 336, 338, one the |ower surface of the taper
body 336 and one on the side surface of the. taper body 338 towards the
| oner end, pr ofitiE®@as ereicé adathiad gastsenwmlen3otrern)x s thiweds g2 dingdef t he dome

of the chaighetica BoP 05 Adfsdson'thl BECe i chlifod:OUClouROLL Bik:0870 kit Dody of

the top gas feed to receive a nozzle 306 for delivering %ases into the

chanber . Afourthges canprellgy332 seppbay ough 229 wa dins phisiedas hseagg308. The gases
-introduced through the third gas nozzle and fourth gas nozzle 64 are mixed in the upper
portion of chamber as both gases enter the chamber.

According to a preferred embodiment of the invention, for deposition of
fluorosilica glass (FSG), oxygen is introduced into the chamber through nozzles 302 while
SiH,, SiF,, and argon are introduced through nozzles 304. Because the nozzles 302 are
shorter than the nozzles 304, and thus, closer to the interior surface of the dome, the gas
introduced through the nozzles 302 creates a higher partial pressure on the interior surface
of the dome that prevents the gas introduced ‘througl-l the longer nozzles 304 from
depositing onto the interior surfaces of the dome. As applied to the FSG process gases, the
higher partial pressure of oxygen at the interior surface of the dome decreases the
incorporation of fluorine into the deposition on the interior surface. The length of the
nozzles 302 required to provide the higher partial pressure adjacent the interior surface of
the dome is detenmined by the length of the nozzles 304 and the flow rate of the processing
gases flowing from each of the nozzles 302 and 304. Preferably, the flow rates of the

process gases are between about 30 scem and about 500 scem for the first process gas and



13 MAY 2004 15 the gas feed 3 10 connected to the port to deliver gases to
the back of the nozzle. In addition, the nozzle 306 is tapered and the
port 340 define a second gas 308 passage which delivers a gasidl MAY 280ide
of the nozzle 306 and.into the chanber. A second gas channel 304 is

di sposed through the gas feed 312 to deliver gas into the passage 308: A
gas, such as oxygen, cat be delivered along side a gas such as Si H4.
Figure 8 is an expl oded view showi ng the base plate 33 of the |lid assenbly
and the~ gas distribution ring 310. A channel 350 is forned in the | ower
portion of the base plate 33 to rg@give the gas distribution ring 310. The
gas ring 310 is bolted, or otherw nmounted, to the base plate 33. The
base plate.is edI nounted to the chanber body. Referring back to

Figure 4, &°%P ?I% ‘?j’é s%?ﬁﬁnc@ daghput 300 scqm (fagt the ssecpd rRrpessy &#s, 354 masbont r ol

entry of a pldferatily, diaSprivdess éabék%:é”s'@@plhé&tlﬂo telchirdfer %oﬁ@@ﬂ%hutellpraflt‘}%md in
the chanmber, wall.. Simlarly, a second gas source 358 and second gas

control | er BEFE P %Pzﬁc%%@cﬁ‘ile thecpasss diom npaglesA04. [Tméalhﬁﬁhﬁnﬁh%ﬂq\’h@t%econd
gas channelbf aﬁ%ﬁ@rﬁmﬂtﬂemdzﬂes 9 arfdl ﬁﬁrdré)uﬁals%e thé Eb‘ﬂgm ttﬂa’ﬁ&z]ggg ource

364 and a. third as controller 366 supply a third ra line to a
third nozzCem Qi agy of the prezlen B04OE 4 1o bﬁ& outpd-2hter abutgh8S. sour ce.
370 and & Clefstill) fgastERA J00hn? Subdifde BBRLIK %E:In&éf e B8 Tl dddesS 72 Lo
gas passag% 308. The gases _introduced throl Ird gas nozzl e and
fourth gas %E?F‘@V“B%aboﬂ“éz f? iashesiand et @lﬁéémhemdﬁhednngﬂi oftthamdzeles 382 bot h
gases ent efs eRfeek BERHR 75 aME QNS B inkiks 2a PLER ﬁlﬁ% %gw cgﬁeﬁg mBSduEQF
invention, for deposition of fluorosilica g ass

i nt r oduced Withter PHEER feapsist Int Previdigh shont 2l b ramzofm Fimst a:a mn@rm;s and
argon are kpggoduced through nozzles 304. Because the nozzles 302 are
shorter than the nozzles 304, and thus, closer to the interior surface of
the dome, the o 2200 moneHbeteate, Ay BargHor predusng zhp §1138 FSGrlmatsasnga fioigher
partial pressii® Q&ntft}psﬁ{ltﬁ;{ Of50SHY, o] he, t e t he gas
i ntroduced through the Iongeronozz éiaégﬁffé%ﬁ% g%%ﬁﬁ%ﬁﬁbm%%gy ?%§
interior séiciafoedrofhefipw gbmef SiE, taSiflibydotumetih prefeS®ly fromebsutdels b, t he
hi gher _par kgl 1 PSRRHS Sac i8I beBe L11%me bBLSEELLr Ut%fco Binbd s Sudlome
decreases the 1ncorporation o uorine rnto PLTOR On

interior s&ifbeelumnes nrefprghl abjutd el topbmzP:és 302 reqU|red to prOV|de t he

hi gher parti al RidtR? %ﬁsx@i@ﬁ%tde{enﬁlﬂnettﬁé Ile% éjfr Tfhg‘%%zz?es 302 is that the

nozzles 302 must provide sufficient gas flow to the surface of the substrate being

processed to maintain process uniformity. Thus, the distance of the tips of the nozzles 302
to the substrate in relation to distance of the tips of the nozzles 304 to the substrate
becomes a factor in determining the length of the nozzle 302. Typically, for a2 200mm
substrate processing chamber, the tips of the nozzles 304 are disposed at between about 1
inches and about 2.5 inches vertically from a substrate disposed on the substrate support
- member (i.e., the distance between the plane containing the tips of the nozzles 302, 304
and the plane containing the substrate surface). For the same 200mm chamber, the
horizontal offset distance between the tips of the nozzles 302, 304 -and the edge of the
substrate is typically between about 0.5 inches and about 3 inches. For example, in a
200mm substrate processing chamber where the substrate is disposed at a distance of about
1.78 inches from a plane containing the tips of the nozzles 304 and nozzles 302, the length
of the nozzles 302 is about 2.55 inches while the length of the nozzles 304 is about 3.05
inches, and the horizontal offset distance of the nozzles 302 is about 1.45 inches from the
edge of the substrate while the horizontal offset distance of the nozzles 304 is about 0.9

inches from the edge of the substrate. As another example, the length of the nozzles 302 is



the done is determned by the |l ength of the nozzles 304 and the flowrate
of the processing gases flowing fromeach of the nozzles 302 and 304.
Preferably, the flow rates of the process gases are between about 30 seem
and about 500 sccmfor the. first process gas and 1 3 MAY 2004 3 AYeflken
about 40 sccm and about 500 sccm for the second process gas, and nost
preferably, the process gases are supplied into the chanber to provide an
about 1:1 ratio of the gases from nozzles 302 and the gases from nozzl es
304. Typically, when the flowrate of the gases fromthe nozzles 302 and
304 are the same, the length of thf nozzl es 302 conpared to the | ength of
the nozzles 304 is a ratio betweenlabout 0.24 to about O.85. Cenerally,

for a typical 200mm substrate procgsm ng@chanber t he enﬂt hf"l"é t he nozzl es
304. is babpedn/alishfs Whilssthe Jengdy o &t 304, BirHch & &feMeengt h of

the nozzl esrhAfRdt offSet RGBS B BBQME16k- 30D iR Mbub D8I tincResSRorh MEN@ge ofithean
alternative, the SiF4 can be introduced wth the oxygen to assist in

provi di ng Sehstsee whilg the horgqntal effsqt distapgerof theoaelesctVs ptigpioc PsBobey feBs . For a

200 mm sulpst gt 6f the AfbshkAt® WBhd Mw RiidSHULd ;B}Qccg.%% akds|fionDihE R8221e8 967 sdr ange from
15 to 150 sccmfor SiH4, 15 to 150 sccm for 4, 40 to 500 sccm for 02,

and 0 to 26Haregredertily pbont the aree 4t befverncabpys 16 sosmiand pkoutsiBOACHR, vol ume i s
preferably frogyabauh, fp%- 8 sdostre 1@?&:‘é§sccil-m%he]abo€€"d$sdrﬁacﬂ%@&esﬁﬁ§&ﬁﬁﬁ&| y about

1:1. The flowratio o to conbined SiH4 and SiF4 vol une i s
pr ef er abl yoraledepasitipn] of BS@(me]% thge " folloyimg t ipeametest diat) s3ult i §ubsHOBEBer mi ni ng

the |engt hy@fmd Hl%oﬂf?@r?&r?ﬁle 0G5tk A phoBRs aARZZEA LYW ofReNede

sufficient gas flowto the surface of the substrate being _ processed to

mai nt ai n @n@éb%@ormmﬂ"h@kmtb of thepegzles BReis 478 inghesevhile therjensth ‘rféh“dpz% fe nozzl es
302 to thg,5uhes [Rh&. 'n!{b 4uhtaltd ﬂfalsbese@'kﬁébaﬁt01e7mcﬂebselaw§e Rhnetdtengnozzl es

304 to the substrate becones a factor 1n determning the Iength of the

nozzl e 302%ips 7§ icaaralss, 302 apd 202(ryeen 15 inseodvcsd dntp thscehamben dhrevehi9Erlcs t he ti ps
of the nozg) gtsa[b%%@rs@cn‘iibsR@g@gﬁﬁtS@em@naapéjﬁlﬁodhced ffohgsn@hds sdwut 2.5

i nches vertica froma § trate di sposed on the substFate support
- menber (iat ebout ﬂﬁéccm Sithmboudt seserSithandyibgnie’ Tesamatni Ty RasB2HOPS of t he

| a6 8 h
07 S it oot LByl g pif gy Bl usistse Do (e

same 200mm ¢h tween the tips of the
nozzl es 309 2b@O298hH ¢ Heurisgcfbe @epasitien psagkrst thattempesatyrg (sif e FYPsEEE Ween about

0.5 i nches, afgnaPaUbont JOBee%lew.teﬁﬁé}MG%f tedofhe is maintained at 120 °C.

The substrate support member is biased at 1800 W. The chamber pressure is maintained at
8 mT. With the above parameters, the deposition process produces uniform and consistent
FSG deposition with k values as low as 3.4. FSG films deposited are stable and satisfy all
the required film properties. The hardware (i.e., ceramic dome) is not attacked by the
fluorine atom, and no fluorine atoms diffused completely through the seasoning coat
which was about 1000A thick. As a result, no process drift occurs during processing
because no fluorine diffuses through to form Al,O,F, on the dome.

Figure 9 is a perspective view of an alternative embodiment of a gas distribution
ring 410 according to the invention. The multi-level gas distribution ring 410 is generally
similar in construction to the gas distribution ring 310 except for the configuration of the
gas nozzles 402 and 404. The gas distribution ring 410, as shown in Figore 9, includes a
first set of nozzles 404 that are similar to the long nozzles 304 and a second set of nozzles
402 that are tilted at an angle toward the chamber dome. The nozzles 402 and 404 are
disposed in an altemating arrangement wherein three nozzles 404 are disposed between
adjacent tilted nozzles 402. The first set of nﬁzzles 404 are connected to a first annular

channel (not shown) formed within the gas distribution ring 410 while the second set of



200mm substrate processi ng chanber where the substrate is disposed at a

di stance of about 1.78 inches froma plane containing the tips of the
nozzl es 304 and nozzles 302, the length of the nozzles 302 is qpﬁgkdﬁQSS

i nches while the Iength of the nozzles 304 is about 3.05 inchgs, ‘he
hori zontal offset distance of the nozzles 302 is about 1.45 inches fromthe
edge of the 'substrate while the horizontal offset distance of the nozzles
304 is about 0.9 inches fromthe edge of the substrate. As another
exanple, the length of the nozzles 302 is 1 3 MAY 2004 17 about 1.75 inches
while the length of the nozzles 304 is about 2.55 inches, and the
horizontal offset distance of the noZ8l es 302 is about 2-.55 inches from
the edge of the substrate while the horizontal offset distance of the
nozzl es 304 PPElesepre coumscted iorpesseomd grAulap phanesd (fhowh intHigure LY formed avithifihe f | ow

rate of the s paesstiRdiodaRRS hf ﬁ%@;ghﬁ%aégfﬂr&%g %%@%nﬂeﬁts REgferably

about the sane at between dbout 150 stcm an exanpl e,
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caused by di f f usFigaredf if # pastialseoss-sastional Yiew dbiime gasTigribusing tihg 6f0 thowrimpozz| es

302 is 1.754 ' th.of.the nozzles 4 s 3 09 inches. The
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i ntroduced t%1 ﬁ@%eﬁ%ﬁgg%ofggege%ﬁﬂf anolt'za’dﬁ% ﬂl‘ﬁg‘aglg%rrdog}erts s %g'%gg“%g@m Si F4,
and about 7Shesagha Aris dboet pf alsgrecsp OWRsther SalRbiededhib it fof t6d i@htioni S about
1500 Wand the.pla over supplied to the second coil is about 2900 W
During the BRI F T oo dawles AP ot wp Slsin. anopetsite Hisecion bien vt ghe
mai nt ai ned atbsake)frord &2 It o¥ithd Rcddiert neARE U, UPrerefiblyl 8 Qe frstsRi ot ai ned
at 120 T. The sgﬂgtrate Stéggort menber js biased at 1800 W The chanber
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pressure i s REIRCAT FelPtagen 28o4P degiees aod ghous e\ dsersss fiora therrlanegeBtaildigosi t i on

process pr odisGas dighibhisnFirg vl 0 ¢ ShSHIER betwbR@LIRN Rt OMmdWhb it 2§ déglkues as
|l ow as 3.4. FSG f%@gﬂ%&gosmed are stable and satisfy all the required

film proper {§°8&s ware (i.e., ceranic dome) is not attacked by the

fluorine atom amgk maitiflewtd god Biseibomtn shgf 110S8ELEOARKE LR LAu oo ke
seasoni ng coat whi .about 1000A thick. As a result, no process drift

whi ch was ab
occurs duri RYCHFE8&8aNRy Wither cripies thek diffygion patter for theensocess grg ghtradycsdor m
Al 20xFY on tHieugHOotiR. tilted nozzles 402. According to this embodiment, for deposition of

fluorosilica glass (FSG), SiF, and oxygen are introduced into the chamber through nozzles
404 while SiH, and argon are infroduced through nozzles 402. Because of the center thick
diffusion pattern, silicon oxide dopants, such as fluorine and phosphorous, become more
uniformly distributed across the surface of the substrate, resulting in an improved
uniformity of deposition.

The multi-level gas distribution ring 410 also achieves the same goal as the gas
distribution ring 310 in preventing fluorine attack of the ceramic dome because the process
gas introduced through the tilted nozzles 402 provide a higher partial pressure near the
surface of the ceramic dome than the process gas introduced th:ough the nozzles 404. For
example, as applied to the FSG process gases above, the higher partial pressure of SiH, at
the interior surface of the dome decreases the incorporation of fluorine into the deposition
on the interior surface, resulting in preventing blackening of the dome by the fluorine
species, which in turn prevents process drifts in the uniformity of deposition, deposition
rate, fluorine content in the chamber during processing and the sputter uniformity.

Another advantage of the multi-level gas distribution ring 410 is that the seasoning coat is



Figure 9 is a perspective view of an alternative enbodi mrent of a gas
distribution ring 410 according to the invention. The nulti-|evel gas
distribution ring 410 is generally simlar in construction to1h£§ ?Z@J
distribution ring 310 except for the configuration of the gas A Y102
and 404. The gas distribution ring 410, as shown in Figure 9, includes a
first set of nozzles 404 that are simlar to the |l ong nozzles 304 and a
second set of nozzles 402 that are tilted at an angle toward the chanber
donme. The nozzles 402 and 404 are disposed in an alternating arrangenent
wherein three nozzles 404 are di sposged between adjacent tilted nozzles
402. The first set of nozzles 404 a connected - to a first annular channel

(not shown), formed w.thin the gas djstribution ring 410 while the,second
ot of 13 SenSU L' Bt Besatios e i HisBRel bitiech e SO tei S
channel (s hoterorisnrfice gud tae hzick drimabdwdidgthdseadohi@g gas di stribution ring.

Al t hough Figure, 9.sh t he preferred arrangenent of .the zzl es 402 and
404, other arr a@eﬁeﬁ\f’\?or&gmf‘gés r‘?ﬂfﬁcf?dgg’ g IH?‘%VF‘Q@’“ ogment, %tg%ﬁul“f’?e-“? evel

gas di lst ri bonention, atieer (}tlnﬂtﬁfméraéfxﬂﬁﬂménfs hﬁdtﬁé Qﬁ@gﬁoﬂ M@ el @enrisegi »giﬁfoat 10 i sha
partial cross-sectional, view of t istributjon ring 410 show ng the
second anntﬁse%aﬁ-?%%(’% ﬂ?rﬁ?&lfz SHP8 ﬁé‘?ﬁeﬂgﬁg‘?ﬁlf’ s0R° oot Is datgonings| Rt We BIYS  t he
angl e of tithdt folew. neasured from the plane containing the gas distribution
ring 410, is between about 15 degrees and about 60 degrees, angled toward
t he chanber dome. As shown in Figure 10, the angle a is about 45 degrees.
Anot her alternative enbodi nent of the invention provides a first set of
nozzles 404 that are tilted in an opposite direction (i.e., toward the
substrate) fromthe tilt of the second of nozzles 402. Preferably, the tilt
of the first set of nozzles 404 is between about O degrees and about -25
degrees fromthe plane containing the gas distribution ring 410 (i.e., the
tilt is between about 0 degrees and about 25 degrees towards the
substrate). The multi-level gas distribution ring 410 introduces the
processing gas into the processing chanber with a center thick diffusion
pattern for the process gas introduced through the tilted nozzles 402.
According to this enbodi nent, for deposition of fluorosilica glass (FSG,
Si F4 and oxygen are introduced into the chanmber through nozzles 404 while
Si H4 and argon are introduced through nozzles 402. Because of the center
thick diffusion pattern, silicon oxide dopants, such as fluorine and
phosphor ous, becone nore



uniformy distributed across the surface of the substrate, resulting in an
inproved uniformty of deposition. The nulti-level gas distribution ring
410 al so achieves the sanme goal as the gas distribution ring %QQMN} A
preventing fluorine attack of the ceram c dome because the process g%og

i ntroduced through the tilted nozzles 402 provide a higher partial pressure
near the surface of the ceram c done than the process gas introduced

t hrough the nozzl es 404. For exanple, as applied to the FSG process gases
above, the higher partial pressure of 28iH4 at the interior surface of the
dome decreases the incorporation of fluorine into the deposition on the
interior WHAT d&8ESLAIBED 1$ng i n preventing bl ackeni ng of the donme by the
fluorine species, which in turn prevents process drifts in the uniformty
of deposition, deposition rate, fluorine content in the chanber during
processi g and maibod St depositing ar iim pnto ArsebrlateaWtEHT agtepesitiagechamber,

mul ti -1 e¥ghplamgdi stribution ring 410 is that the seasoning coat is 13 MAY
2004 19 deposited at a faster rate because of the reduced di stance between
the ceramc done's interior surface and the nozzles for introducing the
seasoni ng gasini¥uting hhirsh ofregesngasscenpasingdSiky irite eetrambedr ehtoaghmant
of the present, _invention, other and further I ts of the invention
my be fevi sol @RS P Lot Ry PP nabBE s BR BB S Prer eof - and the
scope thereof is determned by the clainms that follow. 1 3 MAY 2004 20
WHAT | S CLAI NERcliRg alsedon®Bhiedsd §hs ¢8RPRisidd Ox@ydn ine B &h Anb&DEt &tea

within a deposition chanber, conprisi n%; injecting . a first process gas
conprising SiRMUrality 87 SRECRHARBEES SHF QYGRS “‘]}ﬂ MEBAUS of first nozzles

surroundi ng the substrate; and injecting a second process gas conpri sing

oxygen i . t ral f e in
e s PP S S ARy ('sBHANg adlelf il e SEERRE pPOGLsgag HldBr 16 10
process gasintdrggesurface oh that erdroberstiranatiee dfuiehy ehdifsbmognlgs migets the

pluralityrafprbbésd gaezzles injects the

2. The method according to claim 1, wherein the first process gas further
comprises SiF, and the SiH4 and the SiF, are injected at a flow ratio of from 0.8:1 to

1.2:1 by volume.

3. The method according to claim 1, wherein the first process gas further

comprises an inert gas.

4. The method according to claim 1, wherein the second process gas further

comprises SiF..

5. The method according to claim 2, wherein the flow ratio of the SiH, and the
SiF4is 1:1.
6. The method according to claim 3, wherein the flow of SiH, is 45 scem, the flow

of SiF, is 45 scem, the flow of argon is 73 sccm, and the flow of oxygenis 163 sccm.

7. The method according to claim 1, wherein the first nozzles are longer than the

second nozzles.



first process gas. 2. The nethod according to claim11l, wherein the first
process gas further conprises SiF4 and the SiH4 and the SiF4 are injected
at a flowratio of from0.8:1to 1.2:1 by volune. 3. The nmet hd® Hay s ng
to claim1, wherein the first process gas further conprises an inert gas.
4. The nmethod according to claim1l1, wherein the second process gas further
conprises SiF4. 5. The nethod according to claim2, wherein the flowratio
of the SiH4 and the SiF4 is 1:1. 6. The nethod according to claim 3,
wherein the flow of SiH4 is 45 sccm 2he flow of SiF4 is 45 sr-cm the
flow of argon is 73 sccm and the flow of oxygen is 163 sccm 7. The met hod
according to claiml1l, wherein the first nozzles are | onger than the second
nozzles. 1 8 MAY 200% 21 8. A nethod for depositing a filmonto a substrate
wi t hin a8.depésmttied foharbesiting @ofipr bstionay: stibstrace witdiraa fdepssitipn abeswdegas
into th ocrﬁm;g?,% through a plurality of first openings at a first distance
from an |nter|or surface of the chanber; and injecting a second process gas
through a plurality of second openings at a second distance from an
interior surfigieeting 4 fiestChaicbes ,gashane thd haamseﬁonnbu@hoa;qsmaga,s o€rfieat es a

hi gher parti %Io RinGs 3" %fﬁg# aa‘fsetghcé orh ”ér?HtQﬁor %tha@g fOfthé *&ﬁaﬁu@?ﬂbﬁd tf’

prevent depos Focess surtdce
The net hod according to claimS8, mhereln a ratlo of the second di stance to

the first di sﬁjaeﬁ h%&ehw&&s%sartdr&ﬁa phalithhe d’&bh@@paﬁﬁ\@@dbﬂ@ to
cl aim 8, V\/nereln irst rocess cted, at a different ihrag
The

is i.ne
fromthe sec8ﬁ8°'b o] éségmbeas ot ﬁ“r%%ﬁ'é’éts?%a% QostPare™ bseurr?’v en
met hod accor desend predesisngd@s cvdrdesian hidher gertiad pprssves adippent $h¢ rl'jteUQFed
surface of the chamber to prevent deposition of the first process gas on

the interior surface.

9. The method according to claim 8, wherein a ratio of the second distance to
the first distance is between 0.24 and 0.85.

10. The method according to claim 8, wherein the first process gas is injected
at a different angle from the second process gas with respect to a substrate
surface.

11. The method according to claim 8, wherein the second process gas is injected

at an angle toward the dome of the deposition chamber.

12. The method according to claim 8, wherein the first process gas is injected at
an angle toward the substrate.

13. The method according to claim 8, wherein the first process gas comprises a
silicon-containing gas and the second process gas comprises an

oxygen-containing gas.



at an angle toward the done of the deposition chanber. 12. The net hod
according to claim@8, wherein the first process gas is injected at an
angl e toward the substrate. 13. The nethod according to claim$a D N
the first process gas conprises a silicon-containing gas and the second
process gas conprises an oxygen-containing gas. 1 8 MAY 2014 22 14. A
met hod for depositing a filmonto a substrate within a deposition chanber,
conprising: injecting a first process gas into the chanber through a
plurality of first openings surroundi28g the substrate; and injecting a
second process gas through a plurality of second openings surrounding the
substrate mhereln the plurality of second openings injects _the second
process ks ¢ B&thod foradenasitinlg 3,18 pa Geswstiate v thimedePasitian ¢hamber,

pl ural it gompridingst openings injects the first process gas. 15. The net hod
according to claim 14, wherein the second process gas is injected at an
angle toward the done of the deposition chanber. 16. The net hod

accordi ng' t o iBlesting1a, firghairesasst pas fintosthgchamdsr daroushnprelyedity of first

si |'i con- cont &jpRiniHy sOaFTAMY iAd SRR A8ESS gas conpri ses an
oxygen-contai ning gas. 17. The method according to claim 14, wherein a
partial pressure of the second process gas adjacent the interior surface
i s hi gher thanjeztipgra pedorpk prosasegas thiowghfa plaralgy of essonshsperipasent t he

I nterior Surfﬁﬁﬁ)unjd%% f ans[fﬁéthél@ %ﬁ{é%uﬂ' tHe ;SlQremtg'dT‘ ééoon\ahéﬁ&hﬁ‘gé fedts I st

openings are | on he second openi ngs according to
claim17, whef&i ACEHY Rrgpss Hé?t?'&?e‘prtgsszlﬁ iteypor ﬁlé’fag%c‘?fn&hep%%'@ggr gas
adj acent t he thatetheoplusaiiti ack first opehingsriefgcto the diventprockeysogasi on of the
first process gas on the interior surface. 20. The nmethod of claiml1,

wherein the first ﬁrocess gas and the second
. The method according to claim 14, wherein the second process gas is injected

at an angle toward the dome of the deposition chamber.

- 16. The method according’to claim 14, wherein the first process gas comprises a
silicon-containing gas and the second process gas compfises an
oxygen-containing gas.

17. The method according to claim 14, wherein a partial pressure of the second
process gas adjacent the interior surface is higher than a partial pressure of

the first process gas adjacent the interior surface.

18. The method according to claim 14, wherein the first cpenings are longer
than the second openings.

19. The method according to claim 17, wherein the higher partial pressure of the
second process gas adjacent the interior surface is configured to prevent
deposition of the first process gas on the interior surface.

20. The method of claim 1, wherein the first process gas and the second
process gas are injected at a flow ratio of 1:1 by volume.

21. The method of claim 8, wherein the first process gas and the second
process gas are injected at a flow ratio of 1:1 by volume.



process gas are injected at a flowratio of 1:1 by volune. 21. The nethod
of claim8, wherein the first process gas and the second process gas are
injected at a flowratio of 1:1 by volume. 13 MAY 2004 23 22. e hod of
claim8, wherein the first process gas conprises from40 sccmto 0 sccm
of oxygen and the second process gas conprises from15 sccmto 150 sccm of
SiF4 from1l5 to 150 sccmof SiF4 23. The nethod of claim 22, wherein oxygen
isinjected at a flowratio to the SiH4 and the SiF4 of 1.5:1 to 2:1 by
vol une. 24. The method of claim22,28urther conprising injecting fromO to
200 sccm of argon into the chanber. 25. The nethod of claim 22, wherein
the flowof SiH4 is 45 sccm the flow of SiF4 is 45 sccm the flow of
argon i 223 déennelind ohel?imo®. ofhasrifgdhe first 1B9cessc gos 2@mmriesfeRMotf of
claim 14sccwh%eiaamt§&nf id’bex)@eﬂCﬁﬁﬂ g@Ss@:laddt proceesOgEl RRGRES Gam B9 e

i njected at a,% fl Qw rati %I &r \éol urTF . Thg %r_%]t‘hod of claim 14,
wher ei n %8 ¢ Pr ¥t e¥s Yhe 8Wpr| s&d 5roorf‘lc""’ffoo cei‘t o 500 sccm of oxygen
and the second process gas conprises from 15 sccmto 150 sccmof SiF4

from 15 40 lﬁgesﬁ@m&f oP é'_rém?% %kg@t%m %%WJ#% rfrr'ﬁte@t%q 9f acﬂlﬁlmsﬁﬁ’towr ein

the SiH4 and the SiF4 are injected ow rati o of
The net h¥idl«ofand éﬁ'%%‘ﬂ Uhet-&i'n tPﬁeH‘P)va%‘fmSi H4 is 45 sccm the flow of
SiF4 is 45 sccm the flow of argon is 73 sccm and the flow of oxygen is

163 SCCiQ_ The method of claim 22, further comprising injecting from 0 to 200 sccm

of argon into the chamber.

25. The method of claim 22, wherein the flow of SiH,s is 45 sccm, the flow
of SiF, is 45 sccm, the flow of argon is 73 sccm, and the flow of oxygen
is 163 sccm.

26. The method of claim 14, wherein the first process gas and the second
process gas are injected at a flow ratioc of 1:1 by volume.

27. The method of claim 14, wherein the first process gas comprises from
40 sccm to 500 sccm of oxygen and the second process gas comprises from
15 scem to 1580 scem of SiFy, from 15 to 150 sccm of SiF4 and argon.

28. The method of claim 27, wherein the SiH; and the SiF, are injected at
a flow ratio of 1:1 by volume.

29. The method of claim 27, wherein the flow of SiH, is 45 sccm, the flow
of SiF,4 is 45 sccm, the flow of argon is 73 sccm, and the flow of oxygen is 163
sccm.



