| NVENTI e Invention This application clainms priority of U S
Provi sional Bafent Application Serial Number 60/089, 413, fi 112l DEeNgnnZ 6,
1998. The present invention generally relages to the field of sem conductor
substrate processing equi pnent. Mre particularly, the present invention
relates to a gas distributi oDYABICHANNEL GASBISERIBUYIONPDABEPAr at e and
uniformdelivery of two or nore gases into a processing chanmber. In the
fabrication of integrated circuits, vacuum process chanbers are generally
enpl oyed to prRAAEKGRONNID AFUTHEINVENTIONes, The processes carried out in
the vacuum ch r i cal,ly provide the deposition or etching of nmultiple
metal , dielect L nductor layers on the surface of a substrate.
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on a substrat elH eTo be'?ter undgrstang tﬁ}a%{nt egrati@n of szrahgaxggd{%%rrgélébﬁ?i ng
systemin a prunifossidaliveryafityer or iong gases intp 2 procesdimgettamberli agr am showi ng t he
construction of a typical CVD chanber 10, The chanber 10 generally defines
a processing. region 12 and houses a vertically novable substrate support

menber 14. Cor%ﬁkmwi ded to supply a variety of gases needed
to carry out the processes In the chanber 10. A vaporizer 22 is provided to
heat and vaporize dndh®fabrsgtion af dnfegraied cirguitse vacuumproeess chambgrscase gensrallyr 24
governs the rat ' . [ I n t . 10 Fo
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bei ng introduced into the processing region 12. Gas delivery into the

chanber 10 is dielesis and seamigondyctge layersan, the susfane of aabstrate. plsyAf sych
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t hrough whi ch &ases are diffused or passed to provide a _uniform
concentration édsirgdiareas ofsuch materiglsiie formx axdesired pattem gr configurgtionconksuhstrate
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t he gases. In operation, t process gasges, are punped. into, t chanber

10 to effect Lafhenhep 48; ThsFhafeber 10 sensa?%éegpeq ﬁammsmswn rl%ga%[ﬁoylses a
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i ncreases and _ creases, new materia aving Tow dielectric
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dielectrics, f %rprovided to heat and vaporize one or more liquid precursors, while a flow controller
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24 governs the rate at which gases are delivered into the chamber 10. For processes
requiring multiple gases, the chamber 10 typically includes an upstream premixing
chamber 26, wherein process gases are combined prior to being introduced into the
processing region 12,

Gas delivery into the chamber 10 is accomplished by a gas distribution
assembly 28, shown in detail in Figure 2, including a gas manifold 30, a gas box 32,

also known as a gas injection cover plate, a showerhead assembly 34, and an isolator
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exanple, silicon dioxide (Si02) is formed by m xing nethyl silane (Si H3CH3)
and hydr.ogen. peroxi de (H20z). These chem cal s undergo a condensati on
reaction on a cool ed substrate to forma porous oxi de network 2'35@5" ng the
chemi cals separate during delivery into the chanber is criti c?;ll t use
of HZOZ and Si H3CH3 to prevent the gases fromreacting prior to their
introduction into a processing region of a vacuum chanber. .Allowng a
reaction to occur upstream of the processing region results in clogging
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separate perforated plates, each providing a separate gas pathway, |oined
at an interf acentinuer mixing dbe prrcesopasss. O-Fiaghdd are dispobed betwysep|the vamous a
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connected by a set of 1 ?. DEC 2002 3 horizontal recesses also fornmed in
t he bottom pl Spbstratsyncent ri ¢ gas pipes separately deliver reactive gases to

the first and seco : i . ' . S
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system that provides separate and uniform di stn%tl on of two or nore gases
wi thin the proubsietesurfdes apd monconformal depasiionenatierns icen iresulin thereby (preducings an
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monol i, i Jerelihe Biited? 18U1ER i by e RS, RRASORNREIREPRE il BF 2
of vertical chgsdedivery systeanid dishdsembigt, selviced, and pdasdembled. second gas pat hway,
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pat hways. The faceplate may be particularly useful in-
processi ng chashowerheatharfangespingt disclespdir intiotes wo i separster perforated plaegseicht o a
processing re
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both a top plate and a bottom plate and must be aligned when the plates are assembied to

form a continuous channel through both plates. A second pathway is defined by a third

set of vertical holes formed in the bottom plate and fluidicly' connected by a set of



4 be supported on a tenperature-controlled support nmenber. Naturally, other
enbodi ments are possible. In one enbodi nent, the present invention includes
an apparatus for distributing gas in a processing system ci@ﬁtglﬂ a
nmonolithic nufti-channel faceplate adapted to di sperse gases ‘i process
chanmber, a first gas pathway through the ponolithic nufti-channel faceplate
adapted to deliver a first gas to the pro%ess chanber, and at |east a

second gas pzxtphvva lthro‘_.éghlthfe m)({lol h‘t;tﬁ% mufti -céannel. facepl ate, the

second gas paffflA daHptRd %0 gt FeeaotiPlaRale, SAEEHHC RSS SHRAITYcess
chanber substifivdr¥édchive gaaeg @tRe fifsPARd eorid! galiwag@SwHREN Ben FSutd@E ¥RE Wt @ t he
process chanber. I n another enbodi nent, the présent invention includes an

appar at us f orpredess ahamben faymixirg and depgsitiopentn axpbstrate.em  conpri sing a

nmuf ti - channel facepl ai.g. adapted to .di. [se es into.a process ch er, a
first gas pat hvvay%?qﬁ’_r%ﬁ-&ﬁﬁi ﬁ'éc_ofnéf%ﬂlvaﬁg F&?ﬁgﬁ?@? Rf® ?eﬂn]gg.ﬁe g‘éﬁ""lﬂ“ Agt:
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first gas, and at |east a second gas pathway through the faceplate

conpri si ng a '@ askigns. sdpother preblem ds ensuring, a gAtight geaj hetwasn the plaleatg preyemset
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sem conduct or processi appar at us, conprising ocess chamher and a gas
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second gas source, a gas INnjection cover plate fluirdicly connec

upper si de t gattéra opdbe Substiates: dingthermwne) the blockage tehuicespatia mintrhem/i¢aningadpl at e
connected to l.ower, side of t.he gas injecti.on _cover plate, .the faceplate
adapted for (ONEHEAtIEHmRE e anea AONmIe I SRR OGS WP ERAL
gases. The prigsiage may aRb is@4ln apsirkam PuhpiiSeqipniadsnd rRgGh Béir nRinfehRtbrof
distributing two or nore gases into a process chanber, conprising utilizing
a nonol i t hi c Aplr¢emeltinnel facepl ate having a first gas pathway and a second
gas pat hway, deliverj kLSt (o) e fi . LYering a
second gas to the Igedggcgdtﬂ ax%gd’r%aixgsﬁfgr aa%gs ﬂ%ﬁ? g?%?%sg&gbg\é@gmﬁg{qdé’s kdr
separ ati on ofsepiratedaseduction of gasésiporaprodess cHambehgndamifonnlky deliadrb glses ontd ~
DEC 200Q 5 BRI EF DESCRI PTI ON OF THE DRAW NGS So that the manner in which
the above recd $ubgtrate Withputthe shoye hloskage prohlehj ect s of the present invention
are attained and can be understood in detai |, a nore particular
description of the invention, briefly summari zed above, nay be had by
reference to SUMMARMOFTHE INVEBNEEOMhi ch are illustrated in the appended

drawings. It is tq.be noted, h hat th d dr awi i|lLustrat
onty Cypi cal enbod HoRTSCR: IRen, EUSTADOHoXHE® 2 STHTalC PR g, St

consi dered | ifphiafi@, @hd i dsSocatédPethons, Havihg 2\ADiRbuTRY fdiEhi tHab prividds
equal |y effective enbodinents. Figure 1 is a schematic diagramof a prior
art CVD chanbteparate apdruniform distribution phtreaioramerg easss within the pracessing ehsmhshent s

of a prior ar i i | t . i i . i .
sectional vi e% %@%m:@&e@;ﬁx éc ﬂ&mﬂitgo?l;ﬁ&x&%a&%gﬁ@ﬂfg%%@%ﬁg‘%ﬁ@%agéssqgglg? iaonal
vi ew of one epdocesing nchaniber commising lai monolithic - mindrohehred fhcepind. atde fit gdse
present invention; Figure 5 is an_enl arged rtial .crposs sectional view of
the facepl at eP#RWaY, Jiavingsa first seh gf yerical waf’c"é‘l“’"éiﬁéﬁ'ﬁ@ﬂ}é the taceplate. &

second gas pathway, having a second set of vertical channels intersecting a set of

horizontal channels, is separated from the first gas pathway through the monolithic
faceplate. Separate gas supplies deliver gases to each of the gas pathways. The
faceplate may be particularly useful in- a plasma-less processing chamber. The
faceplate separately delivers reactive gases into a processing region, which are mixed

following delivery into the processing region and deposited on a substrate, which may



Figure 6 is an enlarged partial cross sectional view show ng a second
enbodi nent of the present invention, having aligned vertical channels;
Figure 7 is an exploded sectional view of a gas feedthrougfsi rtical
orientation; Figure 8 is a bottomview of another enbodi ment of thé present
invention, having nultiple horizontal |ayers vertically offset from each
other; Figure 9 is a partial cross sectiofal perspective view of the

enbodi ment of Figure 8, Figure 10 is perspective view of another enbodi nent
of the present® iSHORAMEdoRN BaemRpratEresontralior suppert member 1 Naturalbysr oherti ve
vi ew of anot h&ﬁ%ﬁﬂﬁ&%% sblet he present invention, having separate

nozzl es di sposed about the periphery of the faceplate; Figure 12 is
perspective view dh cmeentbedineenhahi presdnt afventien incindesdn appasnis fondistibuting a
mufti-pronged manifold. . 1 2 DEC 2002 6 DETAILED DESCRI PTI ON OF A
PREFERRED ENBESSI'/ARTOCEFUNE TYSeaH COMPUURS f BiPnghithis mpitichapns)ifareplate adapted tayt e
processi ng chga § i iWaut t Vi ate
and uni form d?’s rfebgé’si\é%rﬁ:xﬁg]?a ? %C%r%bg*fgdaggsstS%l§trﬁwa?ﬁ{grﬁfﬁgcegggﬁ%%ﬁ%
chanber. The mukisehannélnfacapldtoadipted toddaliver s dirstcgasdadhe prosesscdmmibery and at
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feedt hrough fhidi ghralviy CRiapRat @ddélver dti fedst @NsbeSRE PAS 1©atheS PHcER. claniRP

injection cover plate fluidicly connected on an upper side to the gas
f eedt hr ough asubstantiallycseparate dromthe firstigas paor to seliyirntathe pracesstabamber. a | ower

side of the gas inject] . t fac te.a ed for the
separate delivery jt"o%b{!ltie{&p%%\égaslg& bﬁa%ebgg?mtﬁg‘kgnnﬁcgﬁggs% Apparptiy sff"gas
pat hway, havi gigtribufing gds if @tpredessisd dylsedl, cahipising & mutictiindel fadephit@idabted to

facepl ate. A second gas pat hway, havi ng a second set of vertical channels
i ntersecting HiSRYEe 8ASCRJALO, 3 Arafess chambers a ficst Lap pathvey throght the fecepdate gas

at hway throu ied el : I . j i
asee 1o oaoh oipbi¥nd DAk solthohBal) bt THRHCENE 8 BRSUAR Vefial Blaiulél
possi bl e. Fi géorea firss jgasymnd at leastsa seeohd gasapathrweayvthrbuginthe dfadeplhiteresrhprisingaa

rocessi ng chanber 10Q, i.ncor,porating the, present jnveniion. The chanber
EOO gener gl I ys"f‘:ﬂ{‘,‘iE 6‘3@3 @"M@BW s%@ 8%84?65‘?‘*%‘ ‘H‘té FePedde ﬁlj t?’éb?%n

102, wherein ghgstiZoftal Bhankls 208 nteisEeting ta’ SREbHESét BEVdriical Qh&ﬁﬁ&%ﬁg%?te"from_

vertically novabl e tenperature-controll'ed substrate support ne 130 is
di sposed t hr othgifirst se rtipatichehnelhie chanber body 101 to support a substrate

t hereon. The substgate, support mber, 330 includes..a chanpel 137. rough
whichon fluid ts: pibyB SRt mMRTRER, e ekl hVent ARGE'a febficondibRy
menber 130. ARrceBingdippasatul otptisingta ploaesdethainddr afdANgHRt didtribatich ¥stanm

punp 129, is provided tQ expel process tgases fromthe process region 102. A
top gas di strCPRICFEA Qs thenprogess (hambery; the 88 (digiHbYIQN gysters qomngisingy 2 82§ ases

into the cha ' ' j C i

f eedt hr ough zggd‘%a%é‘sa‘.hﬁTgﬁ‘ﬁ“g%&%%g# hg?éﬁﬁ%ﬁ?g‘% %;%}:gkgg?ﬁ tgo%l:&%? and
a nufti-channelatd fuilidiptceniofed ohhan hppersidet to the @as Seeditwoughi, Rud rpwosdlithic i nt o
t he chanber Z 0Q.as part of the gas .distribution.assenbl.y 104, so.th t he
f acepl at e 200 Mt HRBel HeCRiphEPnTREI 1o grloWResips Bt B8 e JuresiP Sva e || o
106 mounts t hgadeplagPhdtipfed 2P tﬁé‘gep'iw?@%lti\%g‘ b@tﬂﬂﬁrdcé‘dse&fah@& BOWRS oP Inidre
110. Orings 195, l|ocated in the flange 194 of the faceplate) provide a

seal between tga¥s{| ange 194 and the |id 106. A cover 148 is disposed over
the lid 106. The f %@%&'&Lrﬁ invenltiog aBE%ﬁQ&% methods, such as, a method of distributing

two Oor more gases into a process chamber, comprising utilizing a monolithic multi-

channel faceplate having a first gas pathway and a second gas pathway, delivering a
first gas to the first gas pathway, delivering a second gas to the second gas pathway,
and maintaining substantial separation of the gases until dispersion into the process

chamber.



200, described in detail below, is uniquely designed to separately deliver
a first .and a second gas inta the processing region 102 via gas channel s.
In general) the channels conprise a set of vertical and horizontal channels
formed in the faceplate 200. Figures 4 and 5 are partial crods? BECt 2bhal
views, detailing an enbodi nent of the faceplate 200 of the present

i nvention. The faceplate 200 includes at surface 210, a bottom surface

S thuay. ronr SR RESE R TEONTEE THERRAWINGS S, o A i m H gur e
ncl udes a f1rst Sel il NPfahfe in GHARAL SockRtecill BATAX! RRATEAGBcke

faceplate 200 to provide fluid conmmunication between an upper-regio
adj acent t he tofghesprefeatmvent®n ane attdinedeandreagiberund@Stooddnp deterlfa more fmeticutam

surface 212, ere..an er li.mt of the upper .region 190 is defined by the
gas. | eot | on EwvBiopPEHE Tvealith pedy piinmARaLabeYE Aichrnd B Testich gt
represented i RyfbdiincAtReesPRAicYretiietratet 3NtHR dpperlded dfaviRgs. | NCl udes a
second set of vertical channels 228, which extends through the bottom
surface 212 and pr dvisde bel nated, homeueri st ithenappendasiedrawingstillustrate pily dypicdl

h | 222 . i . j |,s,. 222 for
Cabyr i neh of cRbelinfentsCdFlhid AlbRbaaAd ard erilfe ABNOR ERE RIS T GT,0
t he bott om surstepepfo? ik inVémtioh atayadmitab otheasqelly effedtiverynbodirhéitsred by

machining, i.e., drilling or bori_qr:é; with a tool through the sidewall 214,
in a plane general Fj8Ysaf & 3 hemptiqdiagramiaf 3 prigr al KD elambess bot t om sur f ace

212 of the f I 1,0 Gd
det ormines t ho. 11 nalPuon? anrapars Epefy eplolf Wi oribnb A8 o(ACHRE Ays,

whi | e t he tooldigringiodesystemj nes t he channel dianmeter. In this patent,

hori zontal is intended to incl.ude angl.es having at | east sone conponent of
the angl e aligned éﬁ“é?ItaéqaP@‘ﬁﬁéosﬁ%é‘ﬂ‘%hvéewQg%PWF?Fécsﬁmg%ﬁ:e 12r8rp and

vertical is intendgpire 4 BG pialncHs Qectitidi Vwast bRAShbHAENCHP RS hief
the angle aligned perpendicular to the substrate receiving surface 128. A
central gas i rmelti-chapnelpdAaceplatoaf theiprepant invepdonyendi cul arly through the top

S rocei ved by a 1 GBI SOF B bR Efalirbet -0frdl e i ERBRR S Betign, "
annul ar ring 23ingaffRedeetidabclanfislsinf erential |y abut the sidewal |l 214,

hernetically seals the endpoints of the set of horizontal channels 222. To
hel p ensure an ai rthigHe &ei§| an tonlarged, gariah czeRg seHoral qwigry| showing  seqond

fused toget her i t; L : t.he. ' al channel s 222
may be. | nai v iR BE i Prokend e RRORRLRES fhed IRICAPGHARALE' IS0 0 The
second set of vertiRigirechasarlexplddéd sestiogalnajewnof far gas) febdthroughrinecvertical of
the set of horizontal channels 222 and offset- fromthe first set of
vertical chann®I%9% However, the second set of vertical channels 228
coul d originate frgmyag)s ROk HottahOView tdTeandther 2R1bodimenbh AR Ke Predent invetion,
exanpl e, as shown in Figure 6) the second set of vertical channels 228 is
shown al i gned having mytipledioizential laysrs vertically offsetdrom egch\pghers cal channel s 226.
The faceplate 200 i . it hi i e j 0 0 i
fabricated as a si nlli:j‘ig'ie}[3 gjl gs(r:gmg# 1a%{1§% isél ,OS%é?r%ﬁcﬁ‘éggfég}eeg%‘cf é%g%ﬁéwo t he
hol es may be vPRigied;according to the particular application, so that

uni formdelivery info t process chanber i s achieyed. nuf act ur,i ng,t he
faceplate as a si n&tlg‘“ﬁi I8 PEISPEFHYR VieH © e?*'?@‘y‘mb? the PEGSERpjRYCDtiony

wi th aligning @ ﬁaﬁ'n%&flés;a”d preventing | eakage of gases between

pl ates and into separate channels. The gas feedthrough 108, shown in a
vertical expl oded sEigeieddas peispestive viemgofr another embadisnenteof the présantsnvention,
plate 110 and gonprises an_inl et mani.fold 150. an_ outl.et nifold 152, and
B ousing 154 Fives fheats 1hrerLBinofRiontbe pRdencBloft BB, 1 & second
gas tube 158 ext endFi]FMeqtzq_B peRBediive Fieddoflittbtie? efiBainftnt b the Présent! imenHbCeS s
gases therethrough. Two pairs of ports 159 are forned in the inlet manifold
150 and out | et haig § mpli-propgedym -ve the first gas tube 156 and the
second gas tube 158 at their respective ends. The gas tubes 156 and 158 are
shown as parallel to one another in Figure 3, but may al so be concentric,
thereby coaxially delivering the gases separately into and through the gas
f eedt hrough 108. The ports 159 fornmed in the inlet manifold 150 are aligned
with gas delivery channels 162 and 164 fornmed through the chanber body and
the Iid. The gas delivery channels 162 and 164 are connected to the first
supply line 120 and second supply line 122, respectively, at the bottom of
t he chanber body 101. A first container 116 and second contai ner 118 are

| ocat ed upstreamto supply the gases to the gas distribution assenbly | 04
via af rst supply line 120 and second supply line 122, respectively. Flow

o A~ o A NN o A NN 2 o,




1 2 DEC 2002 10 support and hold a substrate in place during processing. In
operation, the substrate 103 is positioned onto the substrate support
mean~ber 130 by a an external robot (not shown) through a sJ'it gttal

aperture (also not shown) fornmed in the chanber body 101. A i"? 2@23 IS
then supplied fromthe first container 116 and a second gas is supplied by
the second container 118. The first and setond gases are channel ed through

t he chamber b i i 6 espectively)
and t hen 11 ond i et T Bue AN iR A AR RED At diiEpl ° 0 o
routed through _the'mé%réi@dt!imnﬁoﬂgéﬁe@ﬂ?{ P& desdubSirdt& Broe &SRB EhaABer ihavingut ed
t hrough the delivery conduit 184. The first gas is delivered into the Upper

regi on 190, ab@eedishibutippsystam thanprovides separate andrunifotsh diskibutiph af evolormeret s

e e T o AT s AR T et 8B YRGS,

first gas theprdvegirgd appirarouthvinfea psoéaas ahamber iaﬂdtzh%ab' Q6B 3Ysterh12,
substantially uniformy jinpinges on the top surface 210, and ultimately
mi grates throgemneetsd 9 the peegesychyabern dths gap adistEbution system oinelydingr & cgass

region 102 as W"@U AL QM I ] I t he
segond gas is fgﬂgﬁuﬁgﬁﬁtﬁﬁr oug’ﬁ%t %’Y\?}g{fz%ﬁtghgi%oggﬁgs ?osur% %Lsgﬁ&?ﬁﬁgé‘é Tout
t he second gagplavafloidigly Zbfinectddowm ah uppegside t& the gas| feddthmpugh and &t mofolithic
i nt erconnect ed hor|j zonﬁ I clhannel ) 2d§2' The sy cort] gas .then fl ows thrqugh
the second set™bf-c{Re ?@Fp ishonRgeLe @aﬂl%ﬁbﬂﬁﬁ@ gl‘o%?éége?tlé’é‘i @yerypjate, &)ﬁere
it reacts witipdehRtd hdapreddRR thd REpdeate WliVeryrotthe ﬁ&{é&nammﬁgﬁb t\er?Q)W’mbx‘%

Figure 5 by arrows "B". The gases used and"the particular c

condi ti ons selgasssed) fis ghs pathwayyphevmgur firstgetl of vertical channdispextends throhgh the
desired reaction d {ilmcompasition. However  the.ch er 100.is .
particularly sfﬁﬁenge’f%rseﬁngﬁggpftbggygm%&%?@nsep85%?6@24‘”@5@nggf%’é'tgween
net hyl si | ane angkt NOfdhGERM P Uh@drielle )is Wepdrated fEdne the Fedt agHs Spatliveay trouhX &ié
prior to entering the processing region 102 and the substrate 103 is

pref erably naimengiifhiel faceplate} cYeparateszas supplies deliver gages taeach of dhepgasipathways.
process invol w t I en peroxide is preferably

per formed whi @%Hﬁt@%ﬁé’gpﬁé&%&éﬁ%&g&103 bet ween about -20C to 25C.
Figures 8 and 9 il IRiguread ehows aldréssnsectioral &iewo df vae tentodinkent fof e proaéseing00.
Thi s enbodi ment ipcludes a nufti-tiered approach, whereb first set of
horizontal ch#hABPE O, cprppEating she prssemtuRyentiony dhe Fbaamreﬂﬁ generallyinshides
second set of ' ; SLG Sj0da heffical Bfeitsaise
200 i s shown, ﬂ%ﬁgpgaé}{ ?@?%ggbéggfaﬁgﬁ zon gélgﬂﬁ Ld%, y“%%é c2002°ac§annesl s 314
copl anar wit h aze siatroduted edurofg Ipoodessing. al Ac verticallys ndavableAternperatuteicontralledt ed
first gas supply pipe 318 deljvers a first. gas o the first . set o

hori zont al chaith¥ a?%‘i%’,"“vﬁ?‘f‘hera{}z}o‘ﬁ l%ﬂos%de@f)%_&ﬂ@algw% 5%‘{ 9} B\epci'a’géﬁ body.
delivers a sec@ndwdsippbf 4 Bebstaeomeredf! THe Subbtrat® BiFPortChember $3@Biiudes fai r st
set of vertical channels 322 is forned through a | ower surface 3Z4 to

provide for fldheened|1ds threnahy which jar BuidJs passed g eifecs heatingcandinrcqosling of ths o
i bel t 0 i '

channel s 526 AppisF AEEHERE 3 R e Bbbtn el SR B, ChnrbFl I faciem

the second setpunip 128,iig prolvidled ab axpet peocddstgabes frdie theqmobosss begionM (2heA tapcgasl at e

200. Figure 8 shows.a bott view of facepl ate 200 w,th the horjzonpta
channel s 314 a‘ﬁ_ﬁf"‘gﬁ%o"r %F@gg]y”gx‘ﬁmfé ¢ Bi‘ﬁdal_ogéﬂtqvghwrkﬁ?ﬁess'%’, th rc_gﬁrﬁ Tt y,
wherei n the hofgezonhel g BaRshiton dtembly 344 c@xgbﬁéegaat gas Té&ﬁth?@llgh' 108} Qr g4

concept of Figures 8 and 9 mai/ pbe extrapol ated to devise a faceplate
capabl e of sepiajestien govteplatet {hg tonkeeplate HBr endmmulti-channsl fageplate@i0n gThe

additional tiegs of i zont al. channel s ac [ ' it D te
verti cal channgrepiais A0 iEBBUR ndhERAEY o RESHMRRHTIHR Bl Gy i BRI

di spensi ng W t gssérislyn@adso st the BlcesikRr20D defifes tHeluppehliinft of theprocessingregion
Because the reactant gases are delivered directly to the radial horizontal
channel s 314 aH®. 3k g? 186 moyntsithe faraplatec200.ang supnests the gasdnjestion¢ayeeRIate: v
Thus, the cha { fioki : Edl t : [

supply pipe 322%%%2@83%5 l%%ée%gﬁéﬁar%?dg? gg%k Z%gﬁlgtghﬁggltdgg%ﬁélrb é‘?‘%efgaf"o

t he mani fol d cfiampei 199 andahe 1idri®6d A novdnd 48 disposadinvdrahellid 306. Jhefaceplate
Figure 6. Figures 10 and 11 show additional enbodi mnents of the present
invention. Figure 10 shows a plurality of nozzles 330 (three shown) equally
spaced around a central portion- of the faceplate 200. Alternatively,
Figure 11 shows the nozzles 330 di sposed around the perineter portion of
the faceplate 200. The multiple nozzles may pronote additional dispersion
uniformty. Al though only two patterns are shown here, a person skilled in
the art will recognize additional geonetric configurations. Figure 12 is a

. - I - I Y e




"1 2 DEC 2002 12 through the first set of vertical channels 226 and into

t he processing region 102, shown in Figure 3. Sinmultaneously, the second
gas is flown into the manifold inlet 33t. The second gas is qq;B eehﬁyered
into the second manifold 216 of the faceplate 200 by the set 0o Eanl ol d
outlet conduits 336 and uniformy delivered to the process region 102 via
the second set of vertical channels 228, shown in Figure 3. As noted above,

the present ipyEHes@ibed In Bathil ibeléwalid Ynigudly Bckidried ¢ ;ﬁm?' efider d
reacting nethlysil ane.evvi th hydr qgerll prg?%ﬁxil d_e.lén'%hez) rgréet g’é?}"gﬁ"e’ aaﬂril{é??ﬁéa
hydr ogen per osécdnd gasinge Hievprpeassing pegient €02/ viargas chanmelsr do ggenéraly thehehahmels The

process steps of the r tion,are believed t e _as. fol Lows: p | SiH3CH3
+ H201 ~ CH3- SPPRR2 sf?@‘(c‘ﬁé??,] a‘(‘fh"_nz?‘,“ﬁl, &SP““% }%EP% '“z’f‘)thﬁg@?‘f “[OH 2 +
[HO - Si - CH3 - ~ CHIFiBure®4And GHze partialroselstctionsMicvd, Ghthifing ShlbrhbstifRentlof the
performed on a cold substrate, preferably between about -20C to 25C, to

yi el d a si | anéceplgts200 ohthapresentinypntiong dde fadsplatea2 Woineludesa tiop surfasa 210, 0m

wherein a con I 0 ' ' chieyved. .The,s trate.i s then
heated to deh%‘?{ﬁesu{}ﬁ% ?lls%' %‘%angsi%?%k(é‘h %%%oﬁdsrg%@(i%e?’ Wl gp‘ﬁ?o(xe Bt&8si s
directed to t pathpayfrepresertedrihdids embodimenttbyah@ireee Al iniFigtee 5] iaclud&ta ikt atd
further enmbodi gi‘e,nt,s of the i

| gven%l n may be devised w t hout departing from
the basis scofb VFlEpleBaME F20nY @ﬁ@@ﬁé@b&h the eertstai 200 topprovide tBici e
that follow E&ﬁhpﬁ{pmmmeeﬁ M gf;{%g?gggd P, ffleent B! tgs 'sﬁaqa&azlb;]gﬁz{ @Wey the

clainms, the use of "conprising , and-varratio er eof
means that theegiare2d5) adjacénit sheshotroaf surfane 212, iwheteiatesppet lilmitesft the hppee negie at ed

tome) or 11 o098 Sshmey Wit P jetBon oteubiat Aolintmniadns |4 seon g o
An appar at us Fp%wd%,&’eﬁﬂc%ﬁédﬂﬁ this embbdifheRt BCBE 8irH¥ Bifigire SCRRRIGES Mond) 2

monol i thic nmulti-channel facepl ate adapted to di sperse’gases Into a process
chanber; b) asetiofyertigalchgan » Whichiegtends drough dhe hattom swofacé 2 Rhandrpeovide

acepl o o 2 gfcbnfREAY, s e R B 22 TR over i
235. The horizontal channels 222 form a labyrinth of channels in the faceplate 200
between the top surface 210 and the bottom surface 212. The horizontal channels 222
may be formed by machining, i.e., drilling or boring with a tool through the sidewall
214, in a plane generally parallel with the top surface 210 and bottom surface 212 of

the faceplate. The incident angle of the tool to the faceplate determines the final

UEU

configuration of the set of horizontal channels 222, while the tool size determines the
channel diameter. In this patent, horizontal is intended to include angles having at least
some component of the angle aligned parallel to the substrate receiving surface 128 and
vertical is intended to include angles having at least some component of the angle
aligned perpendicular to the substrate receiving surface 128. A central gas inlet, or
nozzle 224, disposed perpendicularly through the top surface 210 is in fluid
communication with the horizontal channels 222 and is received by a lower portion of a
conduit 184, shown in Figure 3. An annular ring 230, adapted to circumferentially abut
the sidewall 214, hermetically seals the endpoints of the set of horizontal channels 222.
To help ensure an airtight seal, the ring 230 and the sidewall 214 may be fused
together.  Alternatively, the endpoints of the horizontal channels 222 may be
individually plugged.



facepl ate, the second gas pathway adapted to deliver at |east a second gas
'to the process chanber substantially separate fromthe first gas prior to
delivery to the process chanber. 2. The apparatus of cIa|n114'22ﬁ$ﬁgﬂgthe
first gas pathway conprises a first set of vertical channels a econd
gas pathway conprises a set of horizontal,channels intersecting a second
set of vertical channels separate fromthe first set of vertical channels.

3. The apparatus %%lﬁ+ 2l fiys Fl@fg‘ ({Wrtl%fc hd §ét{lﬂe\%¥tléaf SharfiBH1 728 ﬁrééiﬁity cam

fromthe nmufti-cha facepla ver rst gas tot | at e

and a second fegms theant!tmett:cmspﬁﬂatset 61 lmomizbitel éhamséls Bmmiﬁdnbﬁﬂsdt drotiethe Viest sedhe
second gas to the.s

4. Th t f cl 3, wh
at least a poqftweawaﬁfsﬁmsﬂf D HaWarroflie 1R AR of Vewie shipndb gk Fogils |
conduit to thg @&ﬁ&n% Bﬁﬁ Qm meﬁ,onzhﬁmﬁémﬁa& 992, Of-‘oﬁéﬁhf?l@’as Wﬂ " the

second set of ertical nne s perpendi cul arly 1 ntersect hori1zont al
channel s. 6. Higmeépﬂarsamnd soff ofcdestical channtie 228 s shbwnfalugacd with, afadjeeentitoal

channels is a e, sec set of vertical channels. 1 2 DEC
2002 14 7. TH b gﬁg%ﬁ‘% ?“cﬁcﬂ?‘“&f’%agts wherein the first set of vertical
channel s is of f setTHer gitepiiR 266 A0 dpreftatly MBHdlitEa) z@haﬂnﬁé}hﬁed &r Jth&rwise
apparatus of claim?1, further conprising a first 'set 'of horizontal channels

i ntersecting fabmdatestasaesinglg piees of roaterialhwherelthe Sizeandrapating of thydwlesmaykey and

ot “hori zont al VA ARGFEAE e BEAICElY peH| RS B Kk licho) et e okdeiie, <

separ at e fronghaimber is fahiewedt Mﬁnmfamirhfgaxhe tiveplae) & of sigle ipﬁecs Q€ efatkridPavoids
pat hway. 9. The %Bi)arat us of claim.1, further conprising plurality of

separat e nozzihesr emsangounsTed with aligning sepaate plaies aad pmmmyeﬁ@am%@sm
del ! ver the s%g‘g c}gﬁgs 4 1ﬁt@%e§a‘?5996’1n9?1§. pat hway. 10. The apparatus of
ra ee

claim1, furt nprising a cent d fluidicly connected to a
muf ti - pronged naniThel ghs féedthrought 1108, shofvni in prvertipabexpiodetigbational ¥ibwiird Figure

connected to Iural |t of, separ at ozzI|l es adapted . to deliyv t he second
gas to the se dﬁ mRij_ate%\@aa (FOMBFISES 3% inlg téﬁ"‘mﬁl?i ﬁﬁ’taﬁé’f“ﬂe

conprising a ﬁﬁﬁi’ol&' '1?11?%8‘3 lﬂﬂﬁﬁé lSb?nt&%ée@hﬁérﬁbé?&/eéﬂ‘%ftﬂﬁ%ls%& fss @y the

hori zontal channel's extending to peri phery. . An apparatus for
di stributing sgaend gasatupe cbé&aszstcmgtmmwm housing |l§4 t:gsemyatdy MORLE itwe Ipeaoess

facepl ate adagas thel%thdrblﬂ?xerfwo %ﬁsegf p(msolﬁ 4 3G5ia in the inlet manifold 150 and

outlet manifold 152 to receive the first gas tube 156 and the second gas tube 158 at
their respective ends. The gas tubes 156 and 158 are shown as parallel to one another
in Figure 3, but may also be concentric, thereby coaxially delivering the gases
separately into and through the gas feedthrough 108. The ports 159 formed in the inlet
manifold 150 are aligned with gas delivery channels 162 and 164 formed through the
chamber body and the lid. The gas delivery channels 162 and 164 are connected to the
first supply line 120 and second supply line 122, respectively, at the bottom of the
chamber body 101. A first container 116 and second container 118 are located upstream
to supply the gases to the gas distribution assembly 104 via a first supply line 120 and
second supply line 122, respectively. Flow controilers 124 are disposed in the supply
lines 120 and 122 to regulate the flow rates of the gases. A vaporizer 126 is disposed in
the first supply line 120 to vaporize a liquid precursor, such as hydrogen peroxide.

The gas feedthrough 108 provides for a first fluid feedthrough tube 168 and
second fluid feedthrough tube 170 each connected to fluid delivery hoses 172 at a pair
of quick-disconnect fittings 174, shown in Figure 3. The fluid feedthrough tubes 168



chanber, b) a first gas pathway through the faceplate conprising a first
set of horjzontal channels intersecting a first set of vertical channels
for afirst gas; and c) at |east a second gas pathway through the faceplate
conprising a second set of horizontal channels di sposed verﬁi?caECym omt he
first set of horizontal channels and intersecting a second set of vertical
channel s separate fromthe first set of veéxtical channels. "1 2 DEC 2002
15 13. The apparatus of claim 12, further conprising a plurality of

separ at e nozzped 170 ciraplaje @ deatdransfar fluidithroughearoanhulps Sluphpassageway d8G Gamedd t o

del i h : . nat.h . A '
br ocessi ng. ap LA ereheckfinboVer RERCT IE RuRIh Shondl 176 2nd & By e gl
di stribution gygtem connected to the process chanber, the gas distribution

system conprising: (i) a gas feedthrough fluidicly connected to a first and
second gas sour ce; A(Geniralbase §83, shewn inbigurss dispesed shrongh the gay injestin covstl t o

the gas feedt ) () |5 hy - f p [2)
connected to ? Lagéjgg% lliadr;liljgeescétl icé%}xx%lwgg%%eg{%a? #H{é&?acg’g%pg? g""ag}gtéeogﬁ‘f'brlgf he
separ at e del i ¢chanpels@ sdvengigas aus thdhacdrby 224, which & reoeived gns @owerldnd oF thet hod
of distributin WO, Ofr re..gases into, a pncess chanber, conprising: (a
utilizing a nﬁg'bq[“i‘tt ‘“ﬁic aggfdﬂ'g‘?fﬁérﬁ?élmftﬁ?:é o8t &aﬁmﬁ%wgyglﬁi ng{c.hg‘%‘“%“été‘m%y
and a second qamnd8élurNsizéial gtderesinarg cf:hﬁa?tbogﬁﬁzt&xdtt{?foﬁtb{ﬁégig%?e? of

pat hway; (c) delivering a second gas to the second gas pathway,
mai nt ai ni ng s uliestoaduit 484 deffngracgas dlalivdry phssagpalls suchtas lan dirsyhes; sihich delivers & he

D et e gt b Y oA B LT R TS otk

di sperse the fpldi®bhnd)ifo thet frsBset iof Vertieal cHahinel&" Thé dlockérplate! 192, suspended by
screws 196, is horizontally disposed within the upper region 190. The blocker plate
112 is perpendicularly intersected by the gas conduit 184, which traverses the upper
region 190 and terminates near the top surface 210, so that the conduit 184 and the top
surface 210 are in mating abutment and hermetically sealed by an O-ring 198. While
the terms "cooler" and "cooling" are used and are typical to the processes, it is to be
understood that the concepts of the temperature adjustment include the terms "heater"
and "heating" as well.

Figure 3 also shows a remote cooler 134 connected to the substrate support
member 130 by coolant lines 135. A liquid coolant such as water, ethylene, glycol, or
the like is delivered to the substrate support member 130, circulated through a spiraling
channel 137, and then circulated back to the cooler 134. The circulation of the fluid
allows the temperature of the substrate support member 130 to be controlled. To
ensure a highly efficient heat exchange, the substrate support member 130 is preferably
made of aluminum, because of its excellent thermal conductive properties as well as its
resistance to the corrosive effects of the chemical precursors.

Figure 3 also shows a plurality of grooves 138 formed in the substrate seating
surface 128. A substrate backside vacuum is achieved by attaching a vacuum pump
140 to the substrate support member 130 in communication- with the grooves 138,
Alternatively, the support member may be a “pocket” type support member which
includes a recess into which a substrate is positioned for processing. Still further, other

support mechanisms such as electrostatic chucks or the like may be employed to



17. The method of claim 15) further conprising: (a) providing a substrate;
'(b) cooling the substrate to between about -20 Cto 25 C, and (c)
depositing the first and second gas onto the substrate. 1 2 DEC 2002 16
18. The nethod of claim 16, further conprising: (a) connectArRDBCf0xt and
a second gas source to a gas feedthrough having a first and second gas

f eedt hrough tube; (b) connecting the gas Fbedthrough to the gas inj ection

cover plate; and r{)%% é @ |rst and second gas to a gas injection
cover plate byPPY ﬁé“ frl"‘ an plage QUNGRIOGESSNEhr ough the first and

second feedthr Oughntobbﬁﬁoﬁ Qﬁé’ﬁ\%hﬂt@'lm islSositidhed ’Eﬁfohtﬂg stbstraleufborPmeiiBé’ €1 N

delivering the second gas to the second gas pathway conprises Sseparately
del i vering t hB0sycoanl egtamat tobou riet ahqvm)rthltqugbr aclit seiyeapertire (asol mx shown)d| y

connected to hi c ft| n fac | at e. Th t hod .of

clai m 15, v\,he[f0 ‘Hpﬁetﬁf\? ‘W% ”f)f gPﬁL uﬁagﬁég&%ﬁﬁ? ?Eségo'ﬂ?‘f‘?’i zi ng
a first set ofjehadi Zedbad g RNAEPIFed BY ﬁl@%eéﬂﬂdtéonmrﬁb fafeemkedma debatiddi cly
connected to a first set of vertical channels to flowthe first gas into a

processing r egfiseare ghanmeled through; therrhamber bady Wlsvie gatideliveryothanesls Hehand

I 8 e T e M s

of vertical e second@ gas I’OCGSSI

whi | e maint ai muteg thrbegtsrhpgaadelaer}qiassdge 186,52tsiletht sdcofldl gReis 3o1ed thrdugh thee

rocessing region. .Al A AL ALSY. AQL9. A" . AL. A2. A. 2. A's% A
P A AQE. A&SR& ;v;zryﬁonfiuxt 184 The first gas 15 de%wered into the upper region 1090 above the

cifzéb] o,c :] [C ;/1 Jf’ ,fag,?gg Cl?%fa‘]“]@‘?lg‘?ﬂ“é epg}égggqg\@gﬁ};%%h&ﬁuissal.sf?l&a%@,l cau]

"$- 1" $&G( | (K(fogoity therfirkt gaf ta pefveds] mﬂeﬁ‘ oegjanal MWedraadiffadecavet dreliipped susfabeaf] caUl

VCKC (et g oie. siocket plafe 4 2! [HeRief Bhs e iy, tpdal the esfopaips ey cay
ca] ca] ca] caU] ptierlgiak] ral csabﬁadtﬁﬂ} cnﬁilmgahﬁabg@s] ol thelep] arth&abe@] &l cal c

aUl ca

- | 4999 DDD1 FHZNpIsimajely 0igdaes theoughahe ﬁpbsebos&erdaaiwbarme}s@ﬁi intoZhg pratesategiinca] ca

8] calh e ca ok 15 BB PRI BORL S0 RN R cE SR rcRd Bl o o

] ca] ca] cal] Ca&mixﬂe&&m&lgrﬂhs abgAq 224, ablis aiffusdd tb@dughbﬂmﬂ& setbaé garpatiyse] cal

cal] ca] ca] ca] ca] ca] cal ca. ttueuuuj vvvqtb xX[y] yhykyy

| 11) } =1} [ ~d~~PHb 1sBoyXe Figre a) Baiuding) aF@a?f[c*& ecgrmbﬂéba"@alf&&%a] ca

<30l o sl ok et ) e
a] ca] ca] ca] capmwadss acfsdfc D2, wheftft relet§ )vn&Lth@%sn 8ag )'I-'hespathway of the second gas 1s

shown in Figure 5 by arrows "B".

The gases used and the particular chamber conditions selected, such as
temperature and pressure, depend on the desired reaction and film composition.
However, the chamber 100 is particularly suited for plasma-less condensation reactions,
such as between methylsilane and hydrogen peroxide, wherein the reactants are not
mixed prior to entering the processing region 102 and the substrate 103 is preferably
maintained at a low temperature. The particular deposition process involving
methylsilane and hydrogen peroxide is preferably performed while maintaining the
substrate 103 between about -20°C to 25°C.

Figures 8 and 9 illustrate an alternative embodiment of the faceplate 200. This
embodiment includes a multi-tiered approach, whereby a first set of horizontal channels
of a first gas pathway is vertically offset from a second set of horizontal channels of a

second gas pathway. The faceplate 200 is shown, having a first set of horizontal
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o0 e ()1 id, O B oot R 2 Badi ¥ R g A et B o
1096&' () - & 9cchagdsdl 4, whilep aasaksdcpnd/RaslampplyPife 32 Elivers(a\ieedrd giHo IR5S1@
10% S 10%& (s)eégﬁ%ls%o GI<§)‘f Q)l:izo\n%aq(%ﬁaxgx)e_ls\(él]&(yﬁ: t{r%t S%%P (\)'/Gegf:cigl_chanln%?s 322 is formed
through a lower surface 324 to provide for fluid flow from the first set of horizontal
channels 314 to a region below the faceplate 200. Similarly, a second set of vertical
channels 326 is formed in the lower surface 324 to provide fluid flow from the second
set of horizontal channels 316 to the region below the faceplate 200.

Figure 8 shows a bottom view of faceplate 200 with the horizontal channels 314
and 316 radially extending from a central hub 328, or cavity, wherein the horizontal
channels 314 and 316 originate. The multi-tiered concept of Figures 8 and 9 may be
extrapolated to devise a faceplate capable of separately delivering three or more gases
simply by adding additional tiers of horizontal channels, each communicating with
separate vertical channels.

The latter embodiment has the added advantage of dispensing with the need for
a blocker plate 112, shown in Figure 3. Because the reactant gases are delivered
directly to the radial horizontal channels 314 and 316 by pipes 318 and 320, a blocker
plate is unnecessary. Thus, the chamber 100 of Figure 3 may be modified so that the
first gas supply pipe 318 and second gas supply pipe 320 are connected directly to the
manifold conduits 159, formed in the outlet manifold 150, shown in Figure 6.

Figures 10 and 11 show additional embodiments of the present invention.
Figure 10 shows a plurality of nozzles 330 (three shown) equally spaced around a
central portion of the faceplate 200. Alternatively, Figure 11 shows the nozzles 330
disposed around the perimeter portion of the faceplate 200. The muitiple nozzles may
promote additional dispersion uniformity. Although only two patterns are shown here,
a person skilled in the art will recognize additional geometric configurations.

Figure 12 is a perspective view of an alternative embodiment of a gas delivery
system of the invention. A multi-pronged manifold 332 is provided to deliver a gas
from a central feed to the outer portion of the gas faceplate. A manifold inlet 334 is
then mounted to the conduit 184 similar to the nozzle 224, described above in Figure 3.
A plurality of manifold outlet conduits 336 are coupled to the nozzles to deliver a gas

into the second gas pathway 216, shown in Figure 6. In operation, the first gas is flown
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via the second set of vertical channels 228, shown in Figure 3.

Example

As noted above, the present invention is particularly suited for forming SiO,
films by reacting methlysilane with hydrogen peroxide. The methlysilane and the
hydrogen peroxide are delivered separately into the processing chamber. The process

steps of the reaction are believed to be as follows:

step I SiH3CH;+ H;0; > CH;-Si[OH]x + others; (x = 1,2, or 3)
step 2 CHs-S|i[OH]-[OH]2 + [HO]-SIi-CH3 > CH;ISi-O-Sli-CHg +H,0

[OH]. [OH]; (OH], [OH];

Step 1 is performed on a cold substrate, preferably between about -20°C to 25°C, to
yield a silanol-type compound. Step 2 describes a condensation reaction wherein a
conformal porous SiO» network is achieved. -The substrate is then heated to dehydrate
the films and form a porous oxide. o

While foregoing is directed to the preferred embodiment of the present
invention, other and further embodiments of the invention may be devised without
departing from the basis scope thereof, and the scope thereof is determined by the
claims that follow. Furthermore, in this specification, including particularly the claims,
the use of "comprising" with “a” or “the”, and variations thereof means that the item(s)
or list(s) referenced includes at least the enumerated item(s) or list(s) and furthermore

may include a plurality of the enumerated item(s) or list(s), unless otherwise stated.
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& () -7 S10% a) a monolithic multi-channel faceplate adapted to disperse gases into a
process chamber;
b) a first gas pathway through the monolithic muiti-channel faceplate
adapted to deliver a first gas to the process chamber; and
c) at least a second gas pathway through the monolithic multi-channel
faceplate, the second gas pathway adapted to deliver at least a second gas to the process
chamber substantially separate from the first gas prior to delivery to the process

chamber.

2. The apparatus of claim 1, wherein the first gas pathway comprises a first set of
vertical channels and the second gas pathway comprises a set of horizontal channels

intersecting a second set of vertical channels separate from the first set of vertical

channels.

3. The apparatus of claim 1, further comprising a first manifold upstream from the
multi-channel faceplate to delivery the first gas to the faceplate and a second gas
conduit separate from the first manifold to deliver the second gas to the second gas

pathway.

4, The apparatus of claim 3, wherein at least a portion of the first manifold is

coaxial with the second gas conduit to the second gas pathway.

s. The apparatus of claim 2, wherein the second set of vertical channels

perpendicularly intersect the horizontal channels.

6. The apparatus of claim 2, wherein the first set of vertical channels is aligned

with the second set of vertical channels.
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7. The apparatus of claim 2, wherein the first set of vertical channels is offset from
the second set of vertical channels.
8. The apparatus of claim 1, further comprising a first set of horizontal channels

intersecting a first set of vertical channels for the first gas pathway and a second set of
horizontal channels disposed vertically from the first set of horizontal channels and
intersecting a second set of vertical channels separate from the first set of vertical

channels for the second gas pathway.

9. The apparatus of claim 1, further comprising a plurality of separate nozzles
fluidly connected to the second gas pathway adapted to deliver the second gas to the

second gas pathway.

10.  The apparatus of claim 1, further comprising a central feed fluidicly connected
to a multi-pronged manifold wherein the multi-pronged manifold is fluidly connected

to a plurality of separate nozzles adapted to deliver the second gas to the second gas

pathway.

11.  The apparatus of claim 1, further comprising a seal disposed about the periphery

of the faceplate to seal the horizontal channels extending to the periphery.

12.  An apparatus for distributing gas in a processing system, comprising:

a) a muiti-channel faceplate adapted to disperse gases into a process
chamber;

b) a first gas pathway through the faceplate comprising a first set of
horizontal channels intersecting a first set of vertical channels for a first gas; and

c) at least a second gas pathway through the faceplate comprising a second
set of horizontal channels disposed vertically from the first set of horizontal channels

and intersecting a second set of vertical channels separate from the first set of vertical

channels.
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the second gas pathway.

14. A semiconductor processing apparatus, comprising:
(a) a process chamber; and
(b) a gas distribution system connected to the process chamber, the gas
distribution system comprising:
) a gas feedthrough fluidicly connected to a first and second gas
source;
(i) a gas injection cover plate fluidicly connected to the gas
feedthrough; and
(ili) a monolithic multi-channel faceplate connected to the gas
injection cover plate, the faceplate adapted for the separate delivery to tﬁe

process chamber of two or more gases.

15. A method of distributing two or more gases into a process chamber, comprising:
(@) utilizing a monolithic multi-channel faceplate having a first gas pathway
and a second gas pathway;
(b)  delivering a first gas to the first gas pathway;
(c) delivering a second gas to the second gas pathway; and
(d) maintaining substantial separation of the gases until dispersion into the

process chamber.

16. The method of claim 15, wherein delivering the first and second gases
comprises utilizing a gas injection cover plate to disperse the first gas into a first set of

vertical channels.

17.  The method of claim 15, further comprising:
(@)  providing a substrate;
(b) cooling the substrate to between about -20° C to 25° C; and
(c) depositing the first and second gas onto the substrate.
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(a) connecting a first and a second gas source to a gas feedthrough having a
first and second gas feedthrough tube;
(b)  connecting the gas feedthrough to the gas injection cover plate; and
(¢)  delivering the first and second gas to a gas injection cover plate by
flowing the first and second gas through the first and second feedthrough tubes

respectively.

19.  The method of claim 15, wherein delivering the second gas to the second gas
pathway comprises separately delivering the second gas through a plurality of separate

nozzles fluidly connected to the monolithic multi-channel faceplate.

20. The method of claim 15, wherein delivering the first and second gases
comprises utilizing a first set of horizontal channels in the muliti-channel faceplate
fluidicly connected to a first set of vertical channels to flow the first gas into a
processing region in the process chamber and a second set of horizontal channels in the
multi-channel faceplate fluidicly connected to a second set of vertical channels to flow
the second gas into the processing region, while maintaining the separation of the gases

until dispersion into the processing region.



