; e3e&" " #$: $B( &6"N&T&S\ 56 SEP 2002 Field of the Invention The present
invention relates generally to chem cal vapor deposition systens 5§8pp 2a00r e
particularly to an inproved gas distribution systémfor providing gas at
substantially equal flowrates to nultiple paths w thin chem cal vapor
deposi tion systems. Backgronnd of the Jnvention 10 Chemi cal vapor

deposition (CVD) systens are well known and wi dely used to de i w
thin filnms of various conpositions upon surfaces of substrat em@@w’"mﬂmm,m
exanpl e, CVD systens are conuyN PISERIBUDPIORMELEN el ectric,

and dopant |ayers upon seni conductor wafers. CVD systens operate 1§p166*
introducing a reactive process gas or chem cal vapor into a deposition
chanber in which the 15 substrate to be processed has been pl mmmum
vapori zed materi al passes over the substrate it is adsorbed a [IHM mﬂ
the surface of the substrate to formthe film Various inert carridgy,dases
may al so be used to carry a solid or liquid source into the deposition
chanber in &FivRPefthlednntionpi cal | y, the substrate is heated to catalyze the

reaction. 20 One type of CVD systemthat is widely used_in processing
sem conduct or waf €he presenh invahtinssislitasigengrplisie hemicpkeapendenpalsion SEEBS| t i on

system (hereinafter ARCVYD system . APCVD sysiens are described in or

examdl e, 0, aoagnofe RERenfE S oo (LR RPRARE Sl 7 e dite aies )
system the sdsaaﬁﬁatuy%quglhm&»e_ﬁtes %o ARhgNehahedidin AheRERNOAIdT RpesA e while
gaseous source chem'cals are introduced to react and deposit a filmon the

substrate. systegBP z002 2 One kind of APCVD system uses a belt or conveyor
to nove the substrates through a series of deposition chanbers during the
deposition process. A typical belt-driven APCYD may have from four to six

separ at e de@nidkproiind BRiHeanSentidCh chanmber has a |inear process gas
injector for introducing process gas into the chanber to process 5 the-

subdfrates, and ofkereicaligper doprsitian (GYPY systems arg pelldimong andswidelymged
b ducts f i : . L] | bed,
Pop oot o BEb s LR R e 0T B A B S R Rpb AGELEY ST bS5 Bl DO

i ncor por at eexhmphd, ICVY sysitms enc eommhyplyoskd Yo défbsithdielectyiecpasivarden asder al

i njection ports positioned |less, than qgne i froma surface of .
J P dopantplayers upon semiconductor waters. (R%l systems operate by mtroJucmg a

reactive process gas or chemical vapor into a deposition chamber in which the
15 substrate to be processed has been placed. As the vaporized material passes over the
substrate it 3s adsorbed and reacts on the surface of the substrate 1o form the film,
Various inert carrier gases may 2lso be used to carry a solid or liquid source into the
deposition chamber in a vapor form. Typically, the substrate is heated to catalyze the
reaction.
20
One type of CVD system that is widely used in processing semiconductor
wafers is an atmospheric pressure chemical vapor deposition system (hereinafter
APCVD system). APCVD systems are described in, for example, U.S. Pat. No.
4,834,020, to Bartholomew et al. In an APCVD system, the deposition chamber is
25 operated at atmospheric pressure while gaseous source chemicals are introduced to

react and deposit a film on the substrate.



t he substrate, and often as close as 1/8 to % inches. Wth this limted

cl earance between the injection ports and the substrate surface, the 6 SEP 2002
injection ports can soon becone coated with naterial and byproducts
produced during the deposition process. Material and byproducts can al so be
deposited on | ower edges of the exhaust @orts. 15 Over tine, these deposits
"accunul ate becom ng a source of particles that becone enbedded in the film
deposi ted on Uhe kiidhst ARCEDAsgeadisega bélt on cpmatydr Yo mbhe she dubbtsatesciitbughat i on
-nmust be slowed or prevented. Several approaches have been tried to reduce

t he accumnul at pe¢riasfof depasiionschambery durieg thejdepesition proeass. Arinpicldelixdinigst

ports of the ste e roach uses .a nunber of shiel.ds adjacent to
and surroundi %a\%maﬁﬁé‘é%?mg‘ﬁg 9 8M7pa§§?: F%Pc?églol}fcg?rﬁéer&xﬁ% Sc?mgxg%rﬁ’ga_s

Shi el ds are dggigedrpsbesd %fs i%é&@f&dntkdﬁu&ng- r6t@ks gd¥qntomEAhnHRB 1o prdcess
DeDontney et al., and U.S. Pat. No. 5,944,900, to Tran, which are

i ncor p6r at ed thersabstrdtss, ped eneocmoretxdhuss pors ortexpawsting gasasaind dyprasluptase or
support body ijOi ngd flﬁo a screen 25 to forma plenuminto which an inert
shiel d gas, sHeMBEMAMYTgen, is inrtroduced. The shield gas is delivered
to the plenumthrough a conduit or netering tube having an array of holes
along its length. A nunber of delivery lines provide shield gas to the

met eri ng tube fronLmegapravessi gaslidjeotordarekdesadbed] fdri expniphe, tihdJ APEMD Ny st em

The gas manifold in turn_is connected tqQ an external shield gas supply that
is typically éégéyééﬁ,ﬁo BeDpgiwsy el whish fmﬁqqmgagcﬁépmgve@?qr%u IR

screeng to di ﬁ{égﬂ‘é&oﬁi{i‘ﬂ s%érﬂﬁ%g%@@?%@%}iﬁgneg 1955%10%1 d:r’xegﬁ’ Zrom RsQERRDrI2SEs

in the region adj’ace to the ereby reducin eposition on the

shi el d itsel ftheGuestkdtenandf oftdnl £66close subisto ¥ BrhéhaWwity thid Ypiitedlclearate® mm i n
diameter with 5 decreasing non uniformties bel ow 3% becones increasingly
dependent on beiviesytheenjechempeis praiths sybsteate sulce.ae iyaetiqn RRtsy@NS96R | n

The I near pr ieae@ ERARAD ARLA b PRE SR rod B SR e bRl iR pkokers 2

assenbly i n aMatetRtlagh babdidis caWaldd bealdpbsivd®ntloweoddgks bfMhe @RhaIRt pertsri ti es
of less than 3% it is vital that the shield gas flow fl anki nﬁathe 10
t

procedsd gas r©ONeh imsy thpseedeppsits aqcHmulaimbecorang gaeuree efvpaniclesdhatdiegemef t he

i njector be - I 0 L: I nd be | | -defi i.t h
respect to t¥$%%$ Ing\i&\}%ofﬁh}@eg’oglli%eo(ﬁggﬁéﬁl% é{% c%ﬁgaéj ,mg[ rguz}qxgy.a'?ﬁlgsé#u$ or an
appar at us andadraindioh hist Besloned ¥t prevént¥e!l | - defined and wel | -control | ed
fl ow of shield gas so as not to disrupt the process gas flow 15 The fl ow

of shield gas froma given shield is dependent on the nunber and size of

the holes in the agsociated teri tube, and on the pressur.e and the
vol unetric flow ra %veg&l a%rloéﬂl%f ﬁ%vers}%le%f%&%é%geﬁfjge FS%uaﬁJéa {8 qfﬁgpc{sﬂﬁgr} The
| ast pwo fact geSnjdeRangbrtsi ahdABE xhalft dol€ off eROCVDARE . 20BS Sfprédchtulies a
delivery line that connects 20 the nmetering tube in the shield to the

shiel d gas supynber oAshigldandjapent F and surropnding ednjetonand lewsesutéices/efrthe | i nes

10 typically vary fromshield 12 to.shigld and fro oS} }d hanber
14 to the nex?x%a#é)sog_slv 1ejg§ _6rﬁsde5?r_ébe§’ %’655%‘881&3}3{?0#? qﬁﬁl"lﬁ?c@l%#’%’ g%ti ons
of the APCVD ByBbfifity étaf; andINE AN, B,942906,th Tesh, GARKRR ificdpblab@hefdi®m t he
gas manifold 16 or gas supply 18 necessarily require a | onger delivery line

ppl : . 19

10, and of 25bywefrerest Eecnghieldtxpidady inadudss  hassior lepportthedy gngedtoascrdemnet er
of the.delive lines. These variations. npke it difficult to creatge a
stabl €5 wel | - SAPTMARTNE ) YHER AR siteBisldaas,sueh Brpiiagen irBpeiesd TBE ( not
shown) or shi gligld bds isARBLVERE 10 IHRYIGHMMHSudhNEcHRaN Sr RRS4rfHY thBe hi\BAg an
fluctuations in fl'ow or pressure 30 of shield gas fromthe shield gas
supply can caarsay efitmlesialanghitsdengthahamoddr 6f delivefyrlines prévidBEhield@as b the

metering tube from a gas manifold or bulkhead fitting in the APCVD system. The gas

manifold in turn is connected to an external shield gas supply that is typically remotely

30 located. The inert gas diffuses through the screens to displace and dilute the reactive



the netering tubes, disrupting the process gas flow and causi ng non
uniformties in filmthickness. Thus, there is a need for an appar at ug 007
met hod that can provide a flow of shield gas sufficiently high to reduc

t he accunul ati on of deposits on the shields, and sufficiently bal anced and
stable to ensure uniformprocessing withih a 5 single deposition chanber,
“and sufficiently bal anced and stable across nultiple chanbers to ensure
equi val ent pr poesss gaeesuh the régiomadjacst whbeeslds, feedhyveducingdeposiipr oadi t o
"solving the abg lens is to connect each netering tube in a shield to
the shield ga$ @Ebgiﬁbthrough separate lines each with an 10 i ndependent
pressure regul ator or nmass flow controller. A fundanmental problemwth this
approach is the increased costs associated with purchasing, installing and
mai nt ai ni ng as nmanyLresioni oftfden onrsabstates thagure a;tma:asklyd?rOOrmssinfdimetenwﬁthol l ers
for a single APCVD system having four _chanbers each h ving four shields.

Mor eover, t hi SCHBRTRHBON HEIMIgS @@rwé"/ctmomeemcwes yn%ﬁmfl%qnﬁ.on aYing i eI d

gas f1ow fromg C&nﬁtm@d tnd R BHURAER Had Aol HalnbOth bkt bRBnAHICHrRBLcAS. |
fact, having multi ressure reg u ors or naess ow contro ers

corrpl icate t hQljsc?!iohﬂrbgiﬁlebﬂ?ﬁaslﬁddﬁiyblcﬁﬂﬁﬂarﬂﬁhkﬁﬂéarpfbcéﬁlgabi’r@édt@'nwmlé the
respect to each other, or otherw se cause_an unbal anced shield gas flow.
Finally, for gvb&plateenwshmathdheaﬁa@n@ymféx@rdlrﬁamqn émhteemrwcmf%ﬁée of

Connect 1 he ABevEr Iy aget ahleed iR 8T8 yish G Renield Bt Dot FuRble e ncea

for angappar apiedis Baﬁmatabtaa)tveﬂehe \488 $hal gdd POW 6/ esdhi sedecbfIRSinjeRtcybeel ds
surroundi ng injection ports and exhaust ports of a chanber in an APCVD

system suffic Meﬂtdaﬁnhcil ghng ds ol iengthand be siehedeflioed with respedl mmthatgas)ﬂowpn 25

deposi t there Ther e sqQ, a need far an_apparat thod t

b ovi des. a1 S site mpete T0uE Yofta B eel e BpBRARL fad BeRBE iRy
allow a well - ﬁlet&lﬂneaiaﬁmembhtraewﬂwdoﬂ%hwga% s8a8 nbi 18\WistRYREIprAcess
substrate in the chanber here is a still furfher need for an apparatus
and net hod t hgas flowvi des a flow of shield gas that is sufficiently stable
and bﬂl anced to ensure uniformprocessing results fromnultiple 30 chanbers
within“the system There is a still further need for an apparatus and
method 6 SEP 2003yg ﬂtotl%f%?eqi&‘gfssfré{rﬁra' g%% melans &Jyeﬁ(héiugﬁshéh%é#%dto
fluctuations in flow or pressuré& froma d gas supply w thout the use
of nunerous, isiude;fethdémiespinethswsmclatqhhmanmg tobe, nasiks of Itbtwpmssurednkiems 5

Summary of the nvent on An object of the present,inventi to prOV| de a
syst em and nef’ﬂllt'iﬂ’efrbcr ?‘ﬁtr?tSd’ué‘{hh‘& tﬁﬁéh‘Fﬁ[@pds B‘f?é’?ﬂ?é’rtodg dayt 8por
deposi tion (C‘P@}or%é‘ﬁeﬁm lnl\ﬂa&eoﬁmé%fgﬂ%id MamEtQPoﬂh@%@l“&er* HM@fHat OhnRERVi des
an inproved gas distribution systemtfor introducing shie gas into the

chanbe&0 t hr ougite meteting tubepatthe skaeld o tblst ss’m‘tldegbk yurply.c dsshawt inkdiGegutak | ow
rates. Accordi 0_Qne rrbod men the tr n ncl udes a
pr chss gas .ﬁﬁng&sefﬂw IWFW:JH’GF:MB'PW ity S}{laaébf S%aé il’moégd :1
shiel d asse”bhé’ n%a% QP%rthé’Beﬁhg‘?leQ Q?ﬂh&?s eﬂ@'la%gﬁ&hu&féeto'? hﬁsr eSS

gas injector t uce dep03|t|on process byproduct’s ther
shi el d body hammnemoednmva sgaerdiiet, shmtdbuﬁdtpasmexyclminbhndfeshetrlﬁeneuha to

del hield h th hield g b th
et e mnc 285 RN © Gt SHPRIVILS ResetA AL e ¢ KO Beming diAnd Shunber
of flompat hs, n%utaeeﬁhgghg?xff%@gﬂﬁmmwEleexgngctpug%%&ﬁ%h} .da@ve%ylﬁﬁaw g an

shiel d gas ther eto owpat es a Imt

orifice wth dhef varieensseakeiitdifficuliteerefida stablegveBidefifledsadtwngl-controlled
substantially equal fl ows of shield gas are provided fromeach of the

shi el d bodi es flow{gomeach mFtﬁf‘F&FubG&hOttﬁéo‘th) @éﬁl%?%ﬁ lines coupled to inlets
of the conduits or in the conduits thenselves. Preferably, the orifices are
al so sized so that the flow of shield gas through each conduit is constant,

even if Another problem with the above design is that fluctuations in flow or pressure

30 of shield gas from the shield gas supply can cause unstable and unbalanced flows from



the shield gas is supplied froma single shield gas supply that varies in
pressure or 25 flow. Generally, the holes in each conduit conprise a B@Sﬁi 2002
cross-sectional area that is substantially equal to that of other con S.
Thus, providing equal flows of shield gas fromeach of the shield bodies is
acconplished by sizing orifices to provide 30 substantially equal back
“pressure at the inlet to each of the conduits, and a constant 6 SEP 200Z
6 flow is acctirphétetegtubys, plisvuptohigribe probessigapflowsmdeassifig nan emfdrpitiésgh t o
-allow for variatigons in pressure or flow fromthe supply, To provide a
sufficient bafkngrelness elhsethereea Regdder pmarPaRRuadFthod habeanguoyde 8t al
Cross-section . ~ . I [ i . ndui t
conprises a cﬁé%vgfgsgéegfg%aﬁﬁg?lgg&( h%gtg 6%?%?&&[ %%%E]%E:ar%tgggqf\é&eeéﬁl%%il tﬁgr ea of
the orifice (Agels el suffididiflyfHativcéd #d Riblé fo édzard wifpmtpros’ong dvithen hess
than total cross-sectional area of the holes, and the total cross-sectional
area of the heingle dapesitian shambeys and shfficientlyr bedanced @nd giwaile aetess arultiple
flowpath. (Ao=r~ee < Aholes ~ Aflo t h~.  Preferabl t.he sum of the

cr ose seet | ondniEEng g Eath A HPRst s Bt duamtth: Ters i at1 of
the fl owpaths (Total Aorfice is less than a sumof the cross 10 secti onal
areas of the holes in all of the conduits (Total Ahoies), and the sum of

t he cross-secti onaA cneegioph] agpeodebite solivingathd abévet preblemsdsita eoringctl @agk t han

e o ney PR 88 St e f e Sonie b R e i
pref epgbl 31/, I@H?ﬁerﬁ@ﬂ'ﬁ&ﬂx@% 1406r orh®8s flow contrdRfl A alidanrRYRdbRmWiR!

Ahol es ~ 1. n another aspect, the present invention iIs directed to a
met hod of opethid bpgroacthc ke thecmkreasgdocostie postiniednwily gluechasingp inscadBige and
substrate. In the process, a shield assenbly includi ngpa nunbeh of . shield

bodi es i s proWATRINING 3 Y ASSIXeqt pressuee trgllaters aEmees figWreoatrelerddpogi ti on

of process bygpadugicmh ol cHahbbel Rt c i
conduit with a?nglarray ogﬁ%ﬁ?g@wt erre‘?%h@a%aeg e g?gg‘%lﬁisgfea@ngﬁgﬁvgﬂgﬂgas
t hrough t he sappeeathidoes e salee the probidm afimahtapinreshiel byfacfrom each shivdd

screen,. Shield gas  is supplied to the conduits through_a nunber of

fl owpdf hs, anbplansedin miption ta Hiedther §hisldsn fpfagh having muBiplaprcssureragultared by
providing in f I I I5: [ i.f hC relin.. The
orifice has a&?rq’ggssb@g@? Pg?\%rg g%g&bﬁ%%a?{_@%%‘é‘l@?)? Zd&csos etaﬁla@u%g% kgt in

subst anti al | ycatipuaionfwitnwmespdct shéazh btigasoradteeriiise\agsetan linbalagaedstiéld gas
t he-shi el d bodies. . The substrate is placed in a chanber, and &r ocess gas
S

i ntroduced i nflowvt Kanadlyafes simplisityapd ée enablecase BE Maitenanes. Hugripies of geeds gas
injector. In pt: r ' i . | c | LpfRAPr i se a
t ot al cross-sgéc%f%nocﬁa ‘%a‘pg‘ggp{g@é' e§§a i z&%ll?égisgz%ﬂgl?%cgﬁ %“ﬁgag%g‘F to that
of ot DBer condsyistesn toathel gagsvpgiyal flow of shield gas is achieved by 30
providing a flow limter having an orifice sized to yield equal back
pressure at an inlet s sEP 2002 to each of the conduits. In yet another

CSBeE L 1, DL TAkREh) iy hCrEL B R R g 9
of shield gas to shields surrounding injection ports and exhaust ports of a chamber in
an APCVD system sufficiently high to reduce the formation and accumulation of
25 deposit thereon. There is also a need for an apparatus and method that provides a flow
of shield gas that is sufficiently stable and balanced to allow a well-controlled and
well-defined process gas flow around a substrate in the chamber. There is a still
further need for an apparatus and method that provides a flow of shield gas that is

sufficiently stable and balanced to ensure uniform processing results from multiple

30 chambers within the system. There is a still further need for an apparatus and method



5 shield gas fromeach of several shield bodies of a shield assenbly.
Typically, the systemal so includes a chanber in which the substrate
processed, and a process gas injector for introducing process gas into t&ggzom
chanber. The shield bodies are next to the process gas injector to reduce
~deposition of process byproducts thereon.5Each shield body has a screen and
a conduit with an array of holes therein to deliver shield 10 gas through
the screen to thgdediresepizsiohs drshield ghdlosciurean fluSextomlin flbewp atdssurs fippl y
‘'shield gas to the conduits. At |east one flowpath is coupled to each

condui t. An exndigld gas,suppin wishauh hease perupergwse Indengndsnt PIEFIS R RO Nanber
to exhausts gases qand b oducts fromthe chanber. In one enbodi nent, the
means for proJPﬂ?ﬁ%“&ﬁmﬁﬁth'fIOM/of shield gas fromeach conduit includes
aflowlimter in each flowath, the flow 15 limter having an orifice
sized to provide equal flows of shield gas. Brief Description of the

Dr awi ngs These&Swmtavwof thednwdtiien f eat ures and advant ages of the present

i ti ill b ent di f the fol.low det aj |
description in conjhPIBHOLBERIERE BYHEBIAIAMAHEE BrkirREe RREPA O G 1
(prior art) iSpfodife E'irﬁo5‘bﬁ&ﬁ@e{?b?@%r?ggal%bérvd%b&sﬂ%m@! Iﬁ?f,yls%.'M_@fe' :"9

gas to multiple shiel'™ds in nultiple chanbers of a conventional chem ca

vapor deposi t ispeci{iGN) theysesent inPéntioh @rovddéssanampodvedgas distribaigion isystern ffora

bel t-driven atnospheric pressure chem cal vapor, depositigon (APCVD) . system

B0 8 e parerding Subly;Eh oP N detver Ly eEhTORO RETR SrheRiaei ng

30 an odi 1 tRution system according to the present
Rne " "ERhptl g R oS} g2

i nvention,; is a partial side view of an APCVD system
showi ng a chanber havi ng anot her enbodi nent of a gas distribution system
according to the present invention; and S FIG Sis ais a flowhart

showi ng an enbodi meMCoBtingtomng embadimsnt, disgas fisHePusian Aytymingludes APTasesr ovi de

acoording 10 B SHRaRy sfiecFlLSkled 3Ry WloTng VIRRer i E FRLILLIRES,

of the InventinningG Hieber eSeidld ibodiRe tadjpoem o thel @focess gapmjatdistoardudeet hod
for distributing gas to nultiple feeds into a chanber to process a

subst rk e. Thelepgsmuenaipsocgssdynriaduers thereosr Bachphiedd basdy has escsenn and g eendudin ar e

particularly ful I i i 0sit] sem duct or
waf er s usi ng ?ﬁ&a%nr%}sa ﬁ2$§1§£ @‘ﬁ%r‘ﬁg {ﬁ}aq% Hg"%ar|o§c])"rékI aﬁgﬁsrgﬁéh o%eéérgg%%ﬁgwg
systen), such cag bekawer dnninkh @as #nd 4 ARueTizadianens s@plitd e MRG¢Rskhugh st em

shown herein is provided only to illustrate the invention and should not be
used to |init nupbesebiievpaths, Adeishornflowpath Redrded forrgch eorrduds to suppdy shipldcal

APCVD system ral l,y include n endl e i:re belt 105 with surface
110 for novi néggthgggb@t r%g?%oétﬂ% ﬂéwlp ﬁ‘r}’g&"g‘ﬁ“%ssﬁf)°év\éw§2‘“ﬁbﬁ 17§ o f)ewgbiang one

or nor® chanmbersss-keSidnal edh £h,)3izBd 66 BREs\@RRnAAILCARAT flaws ¥a§HEIdighs are
introduced to process the substrate. Heating elenments 130 below a floor 135

of the proces$ronidgd omxgchehthetshieldsbagies: afkesflaw dimitsr tahe bérlivepolingso

bout 750C. Al h t 140 h t { i | . d
brocess. bypr odatR S bl I Th At S MY e BT, Pt BN bE gufiBR0s "
FIG 3 is a pagdilsd siséd® thake Abwadf SHIBIIRAE thkesptdach BondORGY Byt &Fed B0

the shield gas is supplied from a single shield gas supply that varies in pressure or
25 flow.

Generally, the holes in each conduit comprise a total cross-sectional area that
is substantially equal to that of other conduits. Thus, providing equal flows of shield
gas from each of the shield bodies is accomplished by sizing orifices to provide

30 substantially equal back pressure at the inlet to each of the conduits, and a constant



havi ng an enbodi nent of a gas distribution system1 SS according to the
present invention. The chanber 12S includes a top wall 160 and Side“agh%PZWZ
165a, 165b encl osing and defining a process zone 170 in which a film

| ayer (not shown), such 30 as a dielectric, sem conducting or passivation

| ayer, is deposited on the substrate 11 S6 6 S E P 200z 9 The gas
“distribution system 155 distributes chem cal gases in the chanber |25 to
process the sulsi igi&omplishddigy provitifiE€ a dibiayedssuro fshifficlentig, hidlhy db alleeffoned by
| ower edges 185a, 185b, of the sidewalls 165a, 165b, and the surface 110 of
the belt 105, vasiations ispeassure gefipwdionytesveplnnfo pryide asufisiendackpressre t 25,
Toget her, the s 5..distribution.system 155 and t he..exhaust, pornts ,1./5 a,
1795 create o VoM B&BRES o1 14 oA e el hr st A B The
substrate 115.4ha0aS08hel Wilithk endSo8Prib@Pa £rd6d-6tdE6na akdan@ar, ag;,@ﬁeess

gas injector 190 hawi ng one or nore injection ports 193 for introducing
react anf pr oceagessepastional atce of He otifice fAgherin 1x3{loWHimitpadn thetawnath shomldyst em
155 al so has qﬁ@hiehd a%ﬁenbly 2001haviq% a qunber of 'Tjector shiFId

bodi es 210 adjdEINATLIOf) Ergspsedivaalaies olipe Relgt 208 NG FEATE-SSHICBRIF o di es
215 adj acent tqr fhgo1RX BRHIE bORSE thah thBerodl fRioh A&ASGRe ABRAEM | (@D Of<
process byproducts thereon. Shield assenblies are described in, for
example, U S. &gl < AQumup. Prederaflp, the sumiofithe ckhss-Sectidatl ardis.of 3]l 8#kSorfaRs irt 0
DeDontney et al. Each shield 15 bqdy 2&0 2%5, generallﬁ consisg of a base
220 attached ttBe fowlupiteroveallofibe Naypathe(Ta dess) 1655 L2 81BP L6 CERSST he
exhaust, ports G I cr [We]l to
the ball to forenaelfredtof B8heReATa U ERYRFITAn ALLT RGO bl oA |
such as ni trogesss-sestional dreskisfell holékin alio€thd cgaduitiisiesy thersa suim df ik @ s@s-

t hrough the screen to reduce depgsition thereon. The s?ield as iIs

i ntroduced i nts§ctanal peanefalbafehe fownaths Ghotdl Aenaw (TOR] Aptier TRjak Moe 240,

I n one enbodi A Lhe ri Si f a.si rpus t

having an arr ?;d? %ITA “@ﬁ“g‘)'or@%%@%éggrgp&gg?tgg hoigg %&8‘&1“?5%%%%@@ olﬁ‘@‘vpt“ﬁg& 1engt h
thereof. In amgtherl enbodi nent not shown), the netering tube 240 consists

of two or nore nested, coaxial tubes. In this version, only the inner nbst

tube i coupled to a gas supply, and both the inner and outer tubes have

arrays of Dol es 25 ;al hei I, n t nhance t.he, dispersioen of.the

shield gas. Shield Iggg&lggrtagﬁ%cﬁ’l tbgﬁg%%qrﬁgﬁﬁn& gﬁg&fé%g) ao?‘gt?'ﬂgos?ﬁe H850di es
210,21 S, frorghemfrabvipdr d&PEsitidmsydtdal kk sfd dubktigte Olln @SproRedsf 8lsHieRDO 1N
t he APCVD system 100 al ong a nunber of flowpaths 255. The gas manifold 250

in turn is corfsesmbdy inchuding @ ruaperaf shicldbefliesds prayigrdadjasent telaampgess B2st | s

ically | ' - . fl h
| el uaes” bot b PRgoh RSl Paf ol Ol AN IR, S T b VB [,

the mepring tsdkeen ahda@bgdeoiE beithy o6Medlestherih cap‘ébie&if@eﬁ@@i%%i&dlgﬁ ied
by two delivery lines 260 to both ends of the nmetering tube 240. In

accordance W tthrougk therseresn to reduesdapesitioafproedss byprofucinpathiescress. Bhigldat

| east one flow [imter 265 wt orifice 270 ving a cross-secti.onal

area (Ao, ., r~e%asés’|si'8 lesdtz)m?heaﬁongﬁ%gwﬁoﬁ’tg[’§Inf1§p%8rq _ OWRA ar@tggﬁf’glogsglggiaare
provided from §¢moe$h tHeen g pattR is imiedd thOpraRidedd Mleach IRSpaia ARG Brhitehi el d
bodi es .210, 215. The flow limters 265 can be ininlets 275 of the nmetering

t ubes 240, as hokmgranionifice thergdn. The ¢rificerhas a grpsi-Aedtionaldetd (Perqy.) Ficedkso A6, as
shown j FIG 4, .Pref.erabl th | limters 5 are,i he .inlets 275 of
Pt The cUaR B A fars  shish basiaft bitvined Houf kit che gl woffenr £ s

possible, to prewubarate ﬁ%ﬁ%@ﬂidc%iahtbeﬁ@ﬂ@bro@@s@ga@fn%ﬁwe@_i% thdéhadiber QUL put s
245. More inportant 15 than the location of the flowlimters 265 in the

f| owpat hs 255 preces$ithe sulistratsthroighea prdcess gasinjector. In one preferred embodiment, the

holes in each conduit comprise a total cross-sectional areas (A, ,.,) that is substantially
equal to that of other conduits, and an equal flow of shield gas is achieved by

30 providing a flow limiter having an orifice sized to yield equal back pressure at an inlet



of the flowlimter in each flowath be at substantially the sane di stance
along the flowpath fromthe gas outputs 245. The orifice 270 can inclﬁﬁiﬁ%mz
single large aperture (as shown), or several smaller apertures (not s
wherein each aperture has a fixed size and the nunber of apertures is
selected to provide the requisite total ctoss20 sectional area. To ensure a
"stable flow of shield gas is equally split between two or nore fl owpaths
255, the crosg srbtdfeidonaniga of the orifice 270 in the flow limter 265 of
~each flowpath is less than a total cross-sectional area (A ,0,es) in the
nmetering tube 240, 25 which in turn is less than a cross-sectional area of

an i nner dianmeter of the ath Af | owpat h hol.es ~
Atl owpath A further™ XMﬂ{hﬁb% P&FL 1 ges'c 3?’?’%’5’“ girf\‘%ecg O?Fg% systes ket
Cross-secti On%oc@gs%?% Q%uﬁsmteomef Y8R @al@ng 8 mdaad fortpro@dingam aqual AbWQTS i N
shield gas flow d luctuations in flow or 30 pressure fromthe shield
gas supply. Thkhisldi gaspfm eaal drsleyemh;imlddmdles of aishieid asembly. Typi@HP, @@02
sem conduct or nanuf act ui‘é‘gg use eveE sl iﬁsgt variation in shield

flow can al t eFY¥HBaSPHE 5 SaarRles gy WhiSh Hie SERraL R BTeE5E0 £18 2 PERSEF §H1g | n
non- uni form t hﬁéctbﬁfo; Htmdhahgb_ e ga a8 Pnt& MR QR amvs%ew Bodi8hE Aegust or
manuf acturing nonuniformties in | m t hi ckness typically nmust be kept to
wel | | ess tharhe3¥ocdss gad mjepedr tb reéchice depmsitionRsfgireceabbyprodings themonf Haoh

e T, 1 ahBlnd 55 Frr Ao b ks i e
Cross-jgect ' On%&s fﬁfo l?J sc?é%ﬁ t??édﬁt?e &jﬁ%sﬂh@n h theQr %HGSE%EQ a‘lﬂ%ﬁﬁplé‘l
(Total "Aho, es an 0SS 88ct 1 onal areas o

in all of theslﬁiElfdegaisl‘tQ tﬁw&ﬁﬂum Ae st braenfl Gwsdtinioéouiphel t@rsaslscsmm oasl
areas of all of the flowaths (Total AnoWP~~hs). 10 Thus, Total Ao~fice ~
Total Aho~es eXhPOStyStAFGWNEEH! oBstonp EXliabptnsryin therchamier to cyhauskaasenandf t he

Cr 053 el onglo 358t bLEHRLE 37892 e HhpE o R AR S R 20 1°

than or equal ﬂb@oﬁblﬁbﬂﬂg&s50m%ﬁ©hddﬂﬁuxkﬂxbltﬂe@iﬂ&»hﬁnﬁt@fﬁn@ﬁcﬁﬂ@wﬁdt@&ﬁcﬁ@ﬁtI onal
15 areas of all of the flowpaths 255 to the sumof the cross-sectional

areas 16f t he Holiteshaung amonfice sszeditp provedecgquaklowipeisshiedd geeat er t han or
equal to about 1. Thus, Total Aho~eS~Total Ao"r~~e z 1.5 and Tot al

A~oWpa, n~Total Aho~es 21 20 A nethod of operating an APCVD system 100 to
deposit a | aygiiedDederiptisi 6the Drawin¥sl | now be described with reference to
FIG 5. In the nethod, shield gas 1s supplied to the netering tubes 240

t hrough a nunber offhédeangaatisus2gBr featurps zz@@)dvamargtspﬁénefprmntdnvmbeIwillgas

Himter 265 nachmgranugpeil STt BlePhifepupdatSusfonnsmmagiivh &, ' 15
is plaged in hhnipaanRg drdvihe) whSR), and process gas introduced into the
chanber through injection ports 195 of a process gas injector 190 to

process the substrate (step 290). 30 In one preferred enbodi ment of the

method, the hol es %ﬁ? 1 (prlgra é:rB isa sc%ematgc diagram showing delivery lines for delivering

24S

gas to multiple shields in multiple chambers of a conventional chemical vapor
deposition (CVD) system,;
25
FIG. 2 is a schematic side view of a belt-driven atmospheric pressure chemical

vapor deposition (APCVD) system,;

Fig. 3 is a partial side view of an APCVD system showing a chamber having

30 an embodiment of a gas distribution system according to the present invention;



6 S E P 2002 12 tube 240 have a total cross-sectional area (Aho~es), and
the step of supplying shield gas to the netering tubes (step 280) inCl‘fgﬁﬁ 00
the step of supplying shield gas through flowpaths having a cross-sect a?
area (Anowpa~h) sized so that Aho,es < Anowpath More preferably, the step
of limting the flow of shield gas (step 85) includes the step of 5
"providing flowlimters having an orifice with a cross-sectional area
(Aona~e) sized so gt ifephitickside Yiawlof sn APAVIDwpstrh shaagRIcEamberTiaeing
“follow ng exangltﬁ is provided to il I%st.rate advant(?ﬁgs Bf certain .
enbodi ment s ofPPHEr gRkadinentohdeat fisHIDULARSSIE ARSOTIRE AR BIET RYHOBhe
scope of the ijpgyention in any way. An APCVD system |00, such as a W-1500
commercially available from15 Silicon Valley Goup, Thermal Systens, LLC
of Scotts Valley California, was provided with a gas distribution system
according to the present invention. The gas distribution systemin each
chanberd i ncl uded aF3@i disch i5adomshyrt RRAWIRE ap ephpdiment pig ROCess fanererdingodi es

i ot T ector : . . : )
16 T exhausfh AR stbr 6 ployidd MuPublafy Era b FTREI 8 B8rRE C0E o
consi sting of deMieriasiesdecotdiay tddn éBRBEmEMAIS thdyerekent ifvstiorpf t he inner

tubes included thirty-nine holes spaced apart equally along their length
and around their circunference, each hole has a dianeter of 0.01 inches for

a total cr ossbsggi?i&aslc area ?@hﬂ egﬁt.(())f about 0.0031 in2 The outer tubes
have an array _ ! _ he shield gas in the plenuns of the
shi el dgbodi es. Shi gihd peERsntRSnBYR Brdvidts R appatdd afBineihol Jort HQEBufidy @440

fl owpaths having a mnimuminternal dianmeter 6f 0.114 inches for a
cross-sect i ons mattgde feeds-tnpachimbr tabmgeesst Qrbsxate.nZhe hppasatugesnd mgthod, t he

fl owpat hs suppl yi ng shield gas to each of .the, shield bodies re.n

connbat od £ o B TE I thEATSER LI IR ATHAMICHATL VRSl o PIRUTS gt PR ¢ o

shield gas su i i i ed
9 RBAdsfonDR s][eﬁ%n&ﬁ@orh@ﬁjéﬂg89ipggfgﬁlg&r?égl_lér{%ﬁﬁ?ﬁﬂa9 o&ﬂdgﬁx%gm

individually to purposely create an IS test nmple, to
ensur e subst arystah (APEYDedysteim)ymmch asshopadh FiG. 2 Hthe entbo8ipRen? of-the KPGViDel d

bodies flow limters haying orifi.ce ith dianeters of ,0.047 inches and a
cr oss?éct i onaFySé"rrEéﬁ?WIA Srellphs pé?“g"rﬂs)%ﬁ Yo H&Stfa‘ie B JYFRHiQrsang ShPBICCQ‘?PAIbGat e
the effectivengssomit e sEoRWrithdinb&itonl N correcting or conpensating for an
i nbal ance one of the two iInjector shield bodies was supplied with shield
gas at a backing pressure of 67.4 S inches of water, and the other injector
shield body was supplied at_37.8 inche f water. The vent shield bodies
were hel d constant ﬁ&fe"&“%&bﬂ%gz’pf’r @@é‘iﬁ‘ieﬁ)&\’@tﬁé@%*foq gesalpinciydesan | n
subsequent te t i t { Lhut i

descri bed aboé%&%@ﬁﬁ@?%%@ggg}f?&%ﬂom g@?ﬁggﬁ?%{%ﬁggﬁg lfé/ﬁog%slwo A

0 to 2836 A omusferi 20halueg ane cruhst ichirabers A28 idtorsvhichch protesygas or ¢hehiied of

| ess than 10 2. 77%. A subsequent test_ usi nﬁéﬂa Standard gas di stribution
syst em wi t houV2R9TES infragiqe Mhprpeess Hig sipitite: HieatingelementiddO Balor mdogrldssur e
resulted in a i } f 9 ! t est
1 ustrat ed t AoCRBiery Moo 28 et fhOpdbieRt 1 it Boot oD of Ml 130%
present i nvenineshist gerperidekbafsaspeant ehemicgivapsrs) gabalagd peoceds hyprsiacts e
upstreamfromthe orifices. 15 It is to be understood that even though
numer ous char S6PEhE prqcsss mukled30 and theedambersdePai n enbodi nent s of the

presenty invention have been set forth in the ;

FIG. 3 is a partial side view of a chamber 125 of the APCVD system 100
having an embodiment of a gas distribution system 155 according to the present
invention. The chamber 125 includes a top wall 160 and sidewalls 165a, 165b,
enclosing and defining a process zone 170 in which a film or layer (not shown), such

30 as a dielectric, semiconducting or passivation layer, is deposited on the substrate 115.



foregoi ng description, together with details of the structure and function
of various enbodinents of the invention, this disclosure is illustratg3ep 100
only, and changes may be 20 made in detall especially in matters of
structure and arrangenment of parts within t he principles of the present

i nvention to the full extent indicated l?y the broad general neaning of the
terms in which the appended cl ai ns are expressed. 6 SEP 2002 14 What is
clai med is: The gasshistebuticssysteni 53 distributéseshienidal gapeorin depdwmticori2§yet em

" ahiel d body MacRAtA DR 2a0n8 of Bttt e 5 13S0 HE B Ve o1 n o
del | ver. S clelofes 1589 E4SRIE 85 kel By e Bhiial f1bkroho thioygat hs. ot

| east one flo conduit” to supply shield gas thereto;
and (c) a flremobe Bpérﬁlthmma&h@pamfa:ﬁ@salfmsmlmdg/hanfoefﬂZﬁAlpﬁbgeiherttiﬂgalsow
i m ter 10 having.an orifice with a cross-sectiaonpal area ~ 5| zed so

t hat Jsubst arﬁ’—‘?tHPlPthb‘dﬁiﬁm 5P 308 therexBasepRftylls 3.k /e b eass EI@’G‘("FPBW? @Rdof the
plurality of, d?)?&'x#e?foaszﬂo r%t]hc? #l a8 H‘/F according to claim1l

wherelnthe S supply s gas to the conduits froma
single shield gas supply, and wherein the 15 orifices are sized to provide
a substantially constant flow of shield gas fromeach of the plurality of
shi el d bodi es evehh&Rehdipiusion éb@emrﬁér’é%@@ﬁsea Brear PErfessy 2a5hnisPer d48 from

the shield i 815%31 ?e%m%ﬁfé}éﬁp s?&SSf%F{}J:%d fedL gk é}:gce‘éé L@ thedfRET €1 N

the holes inea h C rse a oss S |on area (Aho, es)

and 1mcthe f | ovghaidbenBE0CTHR @l dstdibutioheystandas hls@hﬁsper $i8elé agemblysx)0d@eingonal
area (A ~o,~.path) and wherein_ Agnlice ~ Aholes ~ Aflowpath' 4. A shield
assenbl y acc%?‘éﬂﬂ?f‘g' qfdnJewax shield hRdies 2RO adiachnt &t therprogesh gas wisctordS91an95 ar eas

of the orif '&%?sﬂx&ﬁtbggiegﬁ%dé#&hﬁt%rtﬁc Lihatilt goﬂg 1782 17504 Aldice ﬁ%iﬁ)hﬁllon

Ao~r~~e) is less than a sum e cross-sectional "aréas of oles in
all of the mfrpulmdssbfp‘fodwdts mhmOﬂs)Shiehimisw&ﬂleem dﬁwﬂabdmﬁm@mlel Es$ than a

sum of the G595% 564 80lo Bas ¥ s%b a3, £844. 06, [ BRSNS £ TP Bk shietd

Af | owpat ns)
15 body 210,215, generally consists of a base 220 attached to a frame 225 abutting the

process gas injector 190 or the exhaust ports 175a, 175b, and a perforated sheet or
screen 230 joined to the base to form a plenum 235 into which a diluent or inert shield
gas, such as nitrogen, is introduced. The shield gas disperses or diffuses through the
screen to reduce deposition thereon. The shield gas is introduced into the plenum 235
20 through a conduit or metering tube 240. In one embodiment, the metering tube
consists of a single porous tube having an array of gas outputs or holes 245 equally
space along the length thereof. In another embodiment (not shown), the metering tube
240 consists of two or more nested, coaxial tubes. In this version, only the inner most
tube is coupled to a gas supply, and both the inner and outer tubes have arrays ofholes
25 along their length to enhance the dispersion of the shield gas.

Shield gas is supplied to the plenums 235 of the shield bodies 210,215, from



6 SEP ZOQZ IS S. A gas distribution systemfor distributing gas in a

chanber to process a substrate, the gas distribution systen1conprisinQ%%gmen
a process gas injector capable of introducing process gas into the cha

5 (b) a shield assenbly having a plurality of shield bodies adjacent to the
process gas injector to reduce depositiori0of process byproducts thereon,
“each shield body having a screen and a conduit with an array of hol es
therein to delaibuiithesdfiting og@ss mbiedlgnse hehe APERD s;(stém&O@hlong.hinnmbexfof

fl owpat hs, at |east one flowpath coupled to each conduit 10 to su

shi el d gas thdlosteths@Ad. Thy gas mara\fwldﬁﬁwrewmW@a@wwqwmm&léhleﬁ 235f

fl owpaths, the fl.o r 0151 fice Cross Qnal. _area
(Aonr~e). 6. A" %ﬂ%ﬁ%éﬂ“’\@ tB? Qggcgﬂyll egfgpegé%nrcggro&essﬁé%\lbs i <t r at e,
the system 15 109mMphé ﬂba@ath(z@)s iRcledb8 BRAY the hhetdiing hubd 1 054HaSH dedibvBryi Ifne 260
processed; (b) a process gas injector capable of introducing process gas

into tte chamsewpled tpthec msteringubtibdn oae embpdiment {dtedhdwagsendt \eahavdsng a

I lit f shield bodi d t t
Ceduce dbposi SRR NPt Ceb vy i adsior bk ol BB BHFEPE s hldi ng 2
screen and a geog ntc?Wnﬁm*i'h%&es%fﬁiéexﬁfon%'cﬁéfﬁagﬁwbﬁkh& 9540l aYFcht%HéagQ gas

t hrough the screen; lurality of owpat hs | east one
coupl ed to eadimieoddfivtititan enifs ¥7(shavelgla gass-sévtiopdlareal,2J s{z)i seebats f or

di bst [ 1 | | f shield f th
D ol 1 o Snheeanipalsp satal TR o1 5014 ot SARTOYIOLS SoBh TR/ ie HUPBRA! one
exhausy, port H}térk\% tﬁﬁés%ran%rgmmdl&%%g 3% yf&{m iess iéseéa%fﬁeqm 30

S sEP Zzooz |16 systemaccording to claim ereln e means

provi di ng a siudistsans bﬁﬂhbyhc@ah@ltulidsd‘m afs sbckwleimFIgﬁs drrf@ﬂhcea@hn tie deheery
conduits conprises a flow limter in each of the plurality of flowpaths

the flow |im figgs Mawom 18 K@i 4 Prgferably the Eg\yl@@m ivaare in th inlals-2/3e)
d t hat f,
cach of 5 t heobaPRRA b A0 in el Y 4R B oS v R Ko e b s 5

or 7 wherein phmdecd gﬁastaﬂnﬂgcéquaplﬁuéwptes@mf th&%aaoﬁ@halzmsr M@eﬁ@pbmﬂal
ar ea (Aho es) and the flowpath associated with the conduit conprises a

Cross- I$ect i onfiandhelocatan efibmiien ligtiershtsriaithe Wﬁth\“@ﬁ iaHnt ghe arifjeg270
~4(lowpal h~ 9, f‘hesﬂ/o%& ﬁxg?flt@fﬁnoéagh ?lg\@gthcﬂe%'t ?@?5{,&7 'ﬂst%&%@%@%

Cross- SECtIOI’la ar eas e orli es In ers In a

f1 owpat hs ( ToflalvpAtdfronTik ghsoutRas24 9 ahe arifice? Wcah hﬁ:llﬁi’e(hf‘sﬁrgﬂi@l@ige(éﬁ@:hur@r eas
of the holes in all of the conduits (Total Aho~es), and | S wherein Total

A ,oies is | e&sshowm), or scveraksmalnraperiares (nobsovem shersineach apersire hasta fixed

fl owpat hs (Total Afl a 10. Arret f operati,n achem vapo
dep\ggl ti on(sy ’E%ﬁ{l?ég%g‘é’bg ')Of pseﬂtsgetsrxats &Fﬁéo Rg(fvﬁ%dh}? pisis ﬁca ?rgffspof
20 (a)oprovi digrgionalshée! d assenbl y corrprl sing a plurality of shield bodies

adj acent to a process gas injector to reduce deposition of process
byproducts thereon, each shield body having a screen and a conduit with an

array of holes the | I i Shl hro h t he screen
to reduce depositi f)[ﬁ o %P“?@Aebi% %Vpoffo ({ézps eeﬂleloir?' Igg%f: eeg Bl%l%od'eshl eld
gas to the cofndwphths b5 abebross- mcubﬁdllaieé oTfthd b1oMeed A0Sin tﬁghowumﬁter%sfdfow of
shield gas through the plurality of flowpaths by providing in each flowpath

a flow I'im tefadhdiawngthnia lass than g totaliseessisectionhlaren (Aidn ﬂmmengng tube 240,
cross ectl onal, . ar.e ~~ sized s at suybst.antia e fl o

hi o Pgas ar S0 unds Brofedehesrdinbel ool dhugies chterel e apwdif o (o)
placing the syRstrat ghi§) a chamber; and

flowpat
Aoriﬁce < Ahales < Aﬂowpath
A further advantage of this relative sizing of the cross-sectional area of the orifices

270 is that it reduces variations in shield gas flow due to fluctuations in flow or

30 pressure from the shield gas supply. This is particularly important in the field of



6 S E P 2002 17 (e) introducing process gas into the chanber through the
process gas injector to process the substrate. 11. A nethod according ég)EP 2002
claim 10 wherein the holes in each conduit conprise 5 a total
cross-sectional area (Aho~es), and wherein step (b) conprises the step of
suppl ying shield gas through flowpaths hadi ng a cross-sectional area

" (A~owpa~h) sized so that Ahotes < AnoWpa~n, and wherein step (c) conprises
the step of prsewiicdnagctd m%dfbéﬂxﬁiﬂisedﬁaw a@nafight variagen &i zideldsas tioat caho~e~~e
~ Ahol es ~ ACowpat h~ 10 12. A nethod according to claim 11 wherein step (b)
conpri ses t he adfeeheprocsappasyiiavyaronné the sgléstrztthgb@gﬁsummgma@wnﬁgwmgs w tot al
Cross-section area such that Tatal A~oWPa, n~Tot al, Aho, es ..and wherein
step (c¢) conp?tjflg’eéhl%%t eﬁ‘so?xP}?’BﬂzA cﬁb%e’f lnoﬁemfcr?f’?léqgr %@Pﬁa&}%ﬂ% &%

si zed so that yhabahiteeirfilmehidhads tHNealssmist bk kept to well less than 3% of a target

.AN@ . A9. Ay. Ay . A5 . AyL. A9. Ar. A fLLAF9."A% An_. Al . An. Af. AyL. A 2% % ! =v% 2yd>
D@ 5 thickness. Preferably, the sum of the cross-sectional areas of all the orifices 170 in the

(vl 019 cal o copcol o el ol calcal oo Aboaledloal cahoal ga) s soh gl oo oo

W ###N###]} XSni ] / : a8l cg| ca] ca
] ca] ca] ca] caj cca cglf%gc%]ggr}rga @Z}%a lgi?ﬁigl}nggl} ﬁkgﬁﬁ/g’%ﬁ@g%%%‘ *++
+a,, ". | ./ /1?0004 tredualof] the edosaacaibna jaca} offhediotea Pd A frcal] ofdhe ajata]paibas] ca] ca

N | R e o
Ica] ca] ca) cal ¢a) ol ea) Cal St oalsatonal sredsor Al 53t flovaparhe (Tothl Arooy, 1 &
<a<e<gp)=p=="lf{,val f a\ W ca] ca] ca] c*a] ca] ca] ca] ca] ca] ca] ca] cal] ca] ca] ca]ca] c
a] ca] c:'%]ca] c”haJ cal) ca] ca] ca] c(a] ca] ca] ca] ca] ca] ca] ca! ] ???%ax GANAAG@GBACNCPCDD)
Et EE! FwG( | 1! JyJIKF KsKvKMNe PI3taisa. ¢, Llrelat A] Gat Talat Al gal ca] ca] ca] ca] ca] ca] ca
] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal ca] ca] ca] ca] ca] ca] ca]ca] ca] cal Q S6S<SZScT
nTUVE VWY Wi Rdore preferably, the ratio of the sum of the cross-sectional areas of the holes 245 in

e oal al cafief ipteld WO el eel o el al anls liph e felaatac cal
~(~0rM_bdgdr dadzﬁ;a;@gammam o 4ot K5 kanldGhdslati @D ise s Ofrtht Lod-sakieadical c”a

] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] caLca] ca] ca] ca] ca] ca] ca]ca]ca]ca

] ca] cdl’cal @1 larag abthe playrathg 36 te thewnmgfyiBe crosy sech ol Jaxesa o the)Hojesa U] ca]

ca)] calca]calc al ¢t a cal.calc calc a a ca] ca] ca]ca] ca
Tea] cal ca] cal edy Ohiih g B iy SR RS R S AS SU T SRR SR M VB L) Lo caj e
ca] ca] ca] ca] c*a] ca] ca] ca] ca] ca] cpdtquhclasjm@dma%rcag c§] ca] ca] ca] ca] ca] ca] ca] ca
] ca] ca] ca] ca % CEFs#1099& ()- S109a& (- S&10Y& ()- $10%& () -

M 109%GG8 () - 2@ 10%

Total Agyupan/TOtal Ay 21

20
A method of operating an APCVD system 100 to deposit a layer on a substrate
115 will now be described with reference to FIG. 5. In the method, shield gas is
supplied to the metering tubes 240 through a number of flowpaths 255 (step 280), and
the flow of shield gas through the flowpaths 255 limited by providing in each
25 flowpath a flow limiter 265 having an orifice 270 therein (step 285).” The substrate

115 is placed in the chamber (step 290), and process gas introduced into the chamber
through injection ports 195 of a process gas injector 190 to process the substrate (step
290).

30 In one preferred embodiment of the method, the holes 245 in each metering
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Z10%| & () - #1089kt 20 v&arbOfldfa®s6yctiot e (&, (.); and the step of supplying shield gas
A dEMb@ 34mL0%e| & () - &2Z10% & () - &0Z10% & ( em | #1094
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EXAMPLE

The following example is provided to illustrate advantages of certain
embodiments of the present invention, and are not intended to limit the scope of the

invention in any way.

An APCVD system 100, such as a WJ-1500 commercially available from
Silicon Valley Group, Thermal Systems, LLC, of Scotts Valley California, was
provided with a gas distribution system according to the present invention. The gas
distribution system in each chamber included a shield assembly having a pair of
injector shield bodies adjacent to a process injector, and a pair of vent shield bodies
adjacent to two exhaust ports. Each of the shield bodies included a metering tube
consisting of two nested, coaxial tubes (not shown). Each of the inner tubes included
thirty-nine holes spaced apart equally along their length and around their
circumference, each hole has a diameter of 0.01 inches for a total cross-sectional area
(Ayqs) Of about 0.0031 in’. The outer tubes have an array of holes that distribute the
shield gas in the plenums of the shield bodies. Shield gas was supplied to the
metering tubes through flowpaths having a minimum internal diameter 6£0.114 inches
for a cross-sectional area ( A, pa) Of about 0.0102 in’. In a test setup, the flowpaths
supplying shield gas to each of the shield bodies were not connected to a single
manifold but rather were connected individually to shield gas supplies so that the
backing pressure to each could be varied individually to purposely create an

imbalance. In this test example, to ensure substantially equal flows from each of the

| 72 X9\ =#10%X () - ! A#109& g) - | FA109& (f) (S@10%& ()- ! S@10% (& .()- s10%&
5w ###ﬁq\p@ng flow limitérs having an ori
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systemdescribed above was used to deposit films having thicknesses of from 1750 A
to 1836 A on semiconductor substrates. A films had non uniformities of less than

10 2.77%. A subsequent test using a standard gas distribution system without the flow

limiters and with the same skewed backing pressure resuited in a non uniformity of
10.8% for a 1262 A film. Thus, the test illustrated the ability of a gas distribution
system according to the present invention to compensate for even a gross imbalance

in pressure upstream from the orifices.

15
It is to be understood that even though numerous characteristics and
advantages of certain embodiments of the present invention have been set forth in the
foregoing description, together with details of the structure and function of various
embodiments of the invention, this disclosure is i_llustrative only, and changes may be
20 made in detail, especially in matters of structure and arrangement of parts within the

principles of the present invention to the full extent indicated by the broad general

meaning of the terms in which the appended claims are expressed.



Y10% h& () - =?] 22?%X @EDbC&#10% h& ()-9 %Z10% h& () -f#10% h& ()-9 10%

h& ()-s#10% h& ()-LmL0% h& () - x@AA@BB>C?CdB4C 10 h h! c5#10% h h& ()-9
h& ()-9S2710% h& ()-010% h& ()-/10% h& () - 9Y(Z10% h& () - ?C@ACNCPCDD) E

EREP T

10 h h!'S 10% u& ()-Y #10% u& ()- S10% u& ()-s10% u& ()-(f10% u& ()- 10 h h
10 h h) Et EE! FwGE | dEHC 10 h 14

h! S10% u& () -

(111 JyJIKcKAKaWhat is Afimeidlid0% u& () - 3. 10% u& ()- S, 10% u& () -
f*10% u& ()-f@ 10% u& ()-! & $10%iu& () - dKeKf KskvKLMYNj HC 1
10- u! <#10% h\ h& () - y3g#10% h& ()-!y3g#10%Mh& () -, 10% h& ()-)f10% h& () -

10-u 10- uYNN
h& () - m#10%

g () %i%?%%ﬁfgff?%%ﬁ‘%l%é*d@p i

© $10% u& ()-S10% u& ()-:$10% u& ()- SF10% u& () - S10% u& () -

0% h

U&' () - SFY10% Wiinfprisink@% U& ()- 10 h h 10 h h 10 h h!P'9*#10%h h& () s!
9*#10% & () - SVfVVV(\y;/\Y/\Y/\aBrS4 Y10% U&' () - fMlO%U& ()7, . T#10% U U& ()
nad a

10

15

20

25

30

a plurality of shield bodies, each shield body having a screen a
conduit with an array of holes therein to deliver shield gas through the screen; and
(b) aplurality of flowpaths, at least one flowpath coupled to each conduit
to supply shield gas thereto; and
(c) a flow limiter in each of the plurality of flowpaths, the flow limiter
having an orifice with a cross-sectional area (A, z..) sized so that substantially equal

flows of shield gas are provided from each of the plurality of shield bodies.

2. A shield assembly according to claim 1 wherein the plurality of flowpaths
supply shield gas to the conduits from a single shield gas supply, and wherein the
orifices are sized to provide a substantially constant flow of shield gas from each of
the plurality of shield bodies even with variations in pressure or flow of shield gas

from the shield gas supply.

3. A shield assembly according to claim 1 wherein the holes in each conduit
comprise a total cross-sectional area (A,,,.) and the flowpath associated with the

conduit comprises a cross-sectional area (Ay,,,.») and wherein A .. < A <

Aﬂowpalh'

4, A shield assembly according to claim 1 wherein a sum of the cross-sectional

areas of the orifices in the flow limiters in all of the flowpaths (Total A ;.. is less

orifi
than a sum of the cross-sectional areas of the holes in all of the conduits (Total A;.,),
and wherein Total A, is less than a sum of the cross-sectional areas of all of the

flowpaths (Total Apgypans)-

"110%
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(a) a process gas injector capable of introducing process gas into the
chamber;

5 (b) a shield assembly having a plurality of shield bodies adjacent to the
process gas injector to reduce deposition of process byproducts thereon, each shield
body having a screen and a conduit with an array of holes therein to deliver shield gas
through the screen;

(c) a plurality of flowpaths, at least one flowpath coupled to each conduit
10 to supply shield gas thereto; and
(d) a flow limiter in each of the plurality of flowpaths, the flow limiter

having an orifice with a cross-sectional area (A ;..)-

6. A chemical vapor deposition system for processing a substrate, the system
15 comprising:
(a) a chamber in which the substrate is processed;
(b) a process gas injector capable of introducing process gas into the
chamber to process the substrate;
(c) a shield assembly having a plurality of shield bodies adjacent to the
20 process gas injector to reduce deposition of process byproducts thereon, each shield
i body having a screen and a conduit with an array of holes therein to deliver shield gas
through the screen;
(d) a plurality of flowpaths, at least one flowpath coupled to each conduit
to supply shield gas thereto; and
25 (e) means for providing a substantially equal flow of shield gas from each
of the plurality of shield bodies; and
® an exhaust system having at least one exhaust port in the chamber to

exhaust gases and byproducts therefrom.

30
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comprise a total cross-sectional area (A, .,) and the flowpath associated with the
conduit comprises a cross-sectional area (Agqupy) and wherein A, . < Ayges <

10 Aﬂowpmh'

9. A system according to claims 5 or 7 wherein a sum of the cross-sectional areas
of the orifices in the flow limiters in all of the flowpaths (Total A_,.) is less than a
sum of the cross-sectional areas of the holes in all of the conduits (Total A,,.), and
15 wherein Total A, ., is less than a sum of the cross-sectional areas of all of the

flowpaths (Total Apgupams)-

10. A method of operating a chemical vapor deposition system to process a
substrate, the method comprising steps of:
20 (a) providing a shield assembly comprising a plurality of shield bodies
) adjacent to a process gas injector to reduce deposition of process byproducts thereon,
each shield body having a screen and a conduit with an array of holes therein capable
of delivering shield gas through the screen to reduce deposition of process byproducts
thereon,;
25 (b) supplying shield gas to the conduits through a plurality of flowpaths;
(c) limiting flow of shield gas through the plurality of flowpaths by
providing in each flowpath a flow limiter having an orifice therein, the orifice having
a cross-sectional area (A ..) Sized so that substantially equal flows of shield gas are
provide_d from each of the plurality of shield bodies;
30 (d) placing the substrate in a chamber; and
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5 a total cross-sectional area (A,,.), and wherein step (b) comprises the step of
supplying shield gas through flowpaths having a cross-sectional area (Ag,,p.i) Sized

so that Ay < Apgupane and Wherein step (c) comprises the step of providing flow

limiters having an orifice sized so that A g < Avgies < Agowpath-

10 12. A method according to claim 11 wherein step (b) comprises the step of
supplying shield gas through flowpaths having a total cross-sectional area such that
Total Aqgypan/TOtal Ayyes 21, and wherein step (¢) comprises the step of providing

flow limiters having orifices sized so that Total A ../Total A, .. 21.5.



