;e3e/ BIRNJ6TB a GAS DELI VERY METERI NG TUBE CROSS REFERENCE TO RELATED
APPLI CATI ONS This patent applicatioh is a continuation-in-part application
of U S. patent 5 application Serial No. “09/ 470, 446 fil ed Decenmber 22,

1999, which is hereby incorporated by reference. FIELD OF THE | NVENTION This
i hvention rel ates generally to a gas delivery netering tu

delivery of gases. More particularly, the invention rel at ,WW@

axially aligned or co-axial gas 10 delivery netering tubes

substantially uniformdistribution of gases. BACKGROUND OF THE”P‘IWEI\I‘I’I O\I
The delivery of gases is an inportant aspect in a great vari ety of

i ndustries. For exanple, in the field of sem conduct or me,

manuf acturing, the delivery of gases plays a critical r0| ﬁﬁmmwm”mf
sem conductor processing is chenical vapor deposition. Nhabs Vapor
deposition occurs when a stable conpound is fornmed by a ther rral reaction or
deconposition of certain gaseous chem cals and such conpounds are deposited
on a surface of a substrate. Chem cal vapor deposition systens cone in nany
forms. One apparatus for such a process conpri ses a conveyorized

at nospheric pressure CVD (APCVé stem which is described in U S. Patent
4,834,020 and is owned by 20G& ERYMETERING A8 ed herein by
reference. Qther types of CVD apparatus may be used, such as

pl asma- enhanced CVD (PECVD) systens, and | ow pressure CVD (LPCVD) systens.

| mport ant conponents of CROSSMR ERFRIERTEITO REISSEED AN ICAMONS! ude a

deposi tion chanber where deposition occurs, and the injector utilized for
del i veri ng gaseousThis Patsé rappltationoist h sostinatioe-impart leppEedsionr of &1. Snpﬂth@

o e 3 ac P heirion SHiAPE TR e Med hiielinet £ o8 ShichiEnSHRPLEEbiaeatiy

substrate. Thy @eparlt i on chanber nust be carefully designed to provide a

controlled environnment in which deposition can take place. For exanple, the
chamnber FIELD OF THE INVENTION

This invention relates generally to a gas delivery metering tube for the delivery of
gases. More particularly, the invention relates to nested axially aligned or co-axial gas
10 delivery metering tubes that promote substantially uniform distribution of gases.

BACKGROUND OF THE INVENTION

The delivery of gases is an important aspect in a great variety of industries. For

example, in the field of semiconductor processing or manufacturing, the delivery of gases

plays a critical role. One type of semiconductor processing is chemical vapor deposition.

15 Chemical vapor deposition occurs when a stable compound is formed by a thermal

reaction or decomposition of certain gaseous chemicals and such compounds are

deposited on a surface of a substrate. Chemical vapor deposition systems come in many

forms. One apparatus for such a process comprises a conveyorized atmospheric pressure

CVD (APCVD) system which is described in U.S. Patent 4,834,020 and is owned by

20 assignee, and is incorporated herein by reference. Other types of CVD apparatus may be

used, such as plasma-enhanced CVD (PECVD) systems, and low pressure CVD
(LPCVD) systems.

Important components of a semiconductor processing system include a deposition

chamber where deposition occurs, and the injector utilized for delivering gaseous



5 nust provide gas confinenent, but reduce re-circulation of the gases

whi ch can cause pre reaction of the gases and the deposition of a
non-uniformfilm The chanber nust provide exhaust neans for the

el imnation of excess reactants and reacti,on by-products, yet not disrupt
the flow of gases to the substrate for redction. Mreover, the tenperature

of the chanber and. its, conpone st be caref ul rolled to avaid
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result will likely be a filmwhich is not of uniformconposition. Wen the
filmislRot opaciaitigesen Bmpued edcomulasionmdrbypradue dust.randoinableeclepninecohtact or
is inmpaired. Thus

i h f | h
osirod {1 ow e AjditBobTh e RBostidRcRRpi Bt Ure P Ralih s Rhittu' "

di stributed ijptepfiiefsudt 88 %olohandddp tiED@EHIAL itaRGE@TioRY AAPBPERSA ietdrd nagkdibki On
to the inj ector. "For exanple, inert gases nay be conveyed to the chanber

to separate aackfdly dilareed tqjmpusietalmﬂp@asmommmfwrebposrltiomanner | nert and
ot her gases may be liver t,0,. the.chapbe tofu ction, as .dilution and
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greater requirements. The sinplest prior art design is a single tube with a
di stribution gab distfitagiooris oeddei ¢e snakk owg the sniserfilacie ofis wiifovwn cdmiposikipg. A1,

havi ng tube | ength of Lan&ﬁa dianeter of .D,. with nultng fflC
havi ng dPanstcaMPIEts FasiorbproRyiesf Steate: SRPOsHBI ff dutoofbafiyiimad the giedat e
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dependent on pressure. At each orifice, pressure and flow are reduce
sone anount. fAsswimichg rtothef mnfdmmenmomﬁsna%eamdﬂlrrmsnpmfemfonn'chmpbamm,

~diameter D, and t suppl ressure is adequately | then 10 the

or ossur e and VRS IR GBE A (6rsetraniReOR TG o i ibde (EPBRTbAT o8,
Reduction in txﬁuapuw ataemattmetw&edlfw n;tggtéex 2% EQTRARY ShnY¥r, AN
increase in pressure, except for small gas sone di stance far from
the gas2Supply, tHgasps emgbe d1strubdtehhntotﬂhae aféas of the chanleerdnd;’ppbyl cémaporexpriassed

by: Po - Dp). Wth sjngle netering tube having orifices, of the sane
di anet er and aélﬂﬁ’é’lnlt9a]%$’é’¢f§6°f UioF CEFAPIGRCH 128365 BNRR copRy &l iadthe Ahpraberi teul ar
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good uni formtfl over increasing |lermgths neede 0 accomo ar ger
substrate si zkdivered  twehanser téfuncten hadilutiphend dareisr giegi Qaasuthrexamp e

rel ati onship between D, d, and L wl|l result in sonewhat uniformvelocity
vectors (v;) BRESUR aSPingHEh PITAIISY IsdPrtbin ¢asprnging Hametrgt eprlsation Sﬁmfées
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However,” 20 this tri ron I ces mn resu or a
narrow range of oparthé fisld cfapidondiGor fabrifdionf,usith dmc@gédmaﬂésash:mttﬁrgabi ng
condi tion. Moreover, such prior art design typically produce filnms having a
hi gh thi ckness nonuniformty of about 5 to 10% dependi ng upon the gas fl ow
and pressure. Additionally, at |ow gas flows and | ow pressures, a higher
flow of gas will enmerge fromthe end nearest the supply as illustrated 25
in Fig. 2. 1n other words, if Pois a relatively | ow val ue, the overal
pressure in the tube drops nore quickly as a function of the distance from
the gas supply. ~ The overall flow uniformty in this case will be very

poor . In addltlon ~gas f|OM/fr0n1$UCh tubes mnll tend tomard |ncreased
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uniformty along the length of the tube. For exanple, a screen nesh may be
-consi dered a porous material. For best uniformty, the nmesh nust offer good
resi stance to gas flow to nmintain good backing pressure along the full
length of the tube. Typically resistance t3o fl ow depends on the overall
open area to tube surface area. Mesh openi'ngs are 10 typically of the order

of the thickness of the material ,or.larger (> 0.005 inches). .A second
exanple is a T)Q)? ORMCTRBEISES COM&Y i th B’éFela?iége&%rB%lﬁ 185 tg‘ﬁ“t Qoﬂpﬁ’ért%éﬂlmess
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resi stance t hegaenfifedmsiicoessfidli emebting thebp grhtet! fﬁ(ﬂhﬁéﬂﬁbﬁt&c Kihe girplestitoe artand
good uniformty of delivered gas along the full length of the delivery

i ne. 15 Thoudfi§igads asiaglednbmivith absbution qdheles eeorBiers alengribty swriage a¥shgws
delivery, the rial. it fql it i al h S pply
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di stance fromthe supply so that the fluid velocity is kept constant while
the mass r at eveldcity| \aw e By designs unifgmptyavilidypicalt Rndest om peessyspr Aheachi s
that a design ﬁgc{ei m zed f%; uni form fl.ow at one ng)S/ rat.e @{I I I.fnot. wor K
correctly at SRBERRESHowY 08 aterisdboss o sle ftbunts oAssmin e prifss sigfy i ng
si ngl e perf orgtftoRipaRRA 18 e thbP&Rmeter D) ahd HBSXppiP st Rldd¥@la¥el 198k, then
sensitivity to changes in pressure, resulting i'n" nonuniformflow as a
fiinctid® of thepiessuweand fony recstibepeptdrifst atchenaledanyersd toutyend Myr Riedugtioas

shown in 25 Fig.. 4, non-yniformflowis a str function of the gas

flow ate, andnaelogiy ABPafie e misalyscooprpisd R o dneeisaie PHAVIG SRFeH G
different gasyfdiQysdlhesat écfmé’cﬁ&@ﬁ@%?aﬂfﬂﬁﬁﬁﬁ%a@glp‘blﬁﬁ%réﬁﬁ%qgtl{&uﬁﬁﬁ'vﬁn and
devel op processes that provide uniformfilmdeposition. The plots

i | lustrated ihavEdmpped Gsespressdby: B, -riapyeVih agagld hetaring hibethawing ozifides of
geonetries typical qf CVD applicgations, havin nol ds nunbers .
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delivery systemto the CVD system Thus, with the prior art, changes jn gas
pressure wi | [PEESHHICSehgidch fEnensondaptignsbip bphweqnd? 4 apd Lynilgesyltip sompywhat or

and/ or deposi&Aifa&n%ﬁ;zngpectmxﬁfﬁﬁmgmf WS RBESS eﬁtﬂgﬁ]ﬁeﬁﬁH{Huit'HE tfelst Bifices
uniformty 5 or conposition o e substrates. I'n other wordsy wth prior
art systens tdfsapagivaldiavctyr appyaraaging tireadiathetetssffeghal fyapacml holesn Hopavert | ng
conditiagn. Accordingly, it is desirable to. provjde_.a gas delivery system
that prdifote §d’g§flg‘+ﬁ/‘1“a‘rf{%¥‘ i vl el SuPRifeyBrlony ramRirergRnER ofppebiing

particularly al,aRgnd ifﬁ‘d?gisgo%!}iggt%uﬁa? ogé‘iﬁﬁﬁ +&1‘d§tién9 I\fléxjé&téll,as?x}:gag?xi dfto&%%ﬂl\mw

delivery system and ove operation range of gas
OF THE | NVENTfikshlly preivas fidinf datingfa tiph thicksiesst normmébimion of abputoy itd et 084
i nproved gas delivery netering_tube for deIiveré of gases, and nore
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particul arly 48eHHBg AR dirngasaiiew AN yrepsiteor nddHenaliyl Ay i sat Haystand lPWngt h
of a gas deli i ] :

obj ects are aﬁéﬁ%sg{/%ﬁ§ﬂg\ﬁgg‘go%gﬁ Fﬁ/gr&@%}ﬁg? Ié)?l{l ﬁlggiﬁ %gggﬁ%ﬁbﬁ%ﬁgg’%ﬁ th}g{efion
of 15 ne&st ed,in@®ig.d. | Iy other groeds, 0 P d9a aclathilelynipivevdling theubesalhbhessmirdinahe tube

i nnernost tube receives a gas and establishes substantially uniform backing
pressure overdfPRemPEHuEklsas & frchomaf the sistangp drognthie g4s sppLy-imbag oyarybtlow
provi des uni faor v &l ' ' h

delivery tubeﬂlﬁ&ggg& ﬁ&esféagés‘ggg eo\%{)p %%éer ﬁln%gd?ltﬁ%o%g%&%g@ﬂgecb@goreg%n%tteeng i ng
tube i s providedrd theeasdd digdctionality { alsat refepd tto QB &jdttig LS a® theasiippipiywhadi ng
at | east one 20 port for receiving the gas delivery neterin~~the-,,|ln yet
anot her aspediresrg W@rqapﬁ,emhp(gq;s ow out of the tube is nonuniform and exhibits linear

30 decrement across its length as shown in Fig. 3a. Alternatively, gas may be introduced at

each end of the tube as shown in Fig. 3b. In both cases the gas flow is not distributed



a gas delivery netering tube is provided in conbination with a shield
-assenbly having at | east one plenumfor receiving the gas delivery netering
tube. Th gas delivery nmetering tube is particularly suitable for use in
'sem conduct or applications. In another aspect of the present invention, a
‘gas delivery netering tube for 25 deliverﬁng a gas is provide, conprising
an outer tube having an inlet end and a closed end, and one or nore arrays
of orifices funiipasly whichecsylis dp nenrysifermdepositiondriags fleavafer he subst anti al

| ength of the outef tuybe,..An inner tube, hayin n.inle outl et ends,
o Destod and axi i ey dYAR apbaEn e PERinel ibe B Rtk blerBRlT
annul ar  spacea ggh WaeR ifthRlucedonear CRiiiibd, Weh thib SppRoidnehe GBEIngT iskahatnner

tube termnates prior to the 30 closed end of the outer tube. A gas flow
di vider is poscompanes sitpawveaththoldses mmimizedn dde pbrositeof the materiad avild dpasallyubes

d h first fl pat led to the,i t ub d d
Gas 11 owspat el pelieRb BREPls AAIS DretEt MBI DE fotenand At Hsn e SREm
tubes. BRI EF \DE3CR Iﬂoggt@eﬁaﬁo%%mo%ggﬁ?m §%deh RO RV ARIErea

t he invention beco appar ent upon readi ng he detail ed déescription of
t he i nventi om pordus theterplp diod best chdoms typ theun eshdniet b ffer, gamidesigtoncertefgas Bowe t o

the draw ngs, in,whjch: Figure 1 is cross-sectional vjew of gas flows in
a single tubéoasaélaaﬁnrgwﬂga REpRresgure ﬁ%ﬁ)}? utbfepgthipl dhegibe. «BOMsANAPSIRER of
gas flows in i I ] t e i oWw.
Figure 3a anc}aﬁdvg?gﬁes&gﬁgﬁla{tﬁé?bre }edglr Eéﬁsbgln%g% ?(E) rtlngeosfu\Mtaﬁg alééaa's Iﬂegl\?v%ﬂ&ﬁnéssaﬂe

non- uni flor m tty@sallofolie drier qfithexhicnéss oFihg uraterihl bslaggegCGa@b03 inchas).r Atsesvogpdt he

gas flow distribution along the | ength of vari ous tg/pes of tubes (prior

art). Figure S¥ampleds a pgroys sgramiohaning pasticle spacinigs gadhgdes b ipicrempeersisuche
t invenil ' I ~ ' i he

as del i very e eOME el Had) Bl R e B AL o SR L e Blent 01,

Figure 7 is ®Buwhosseritctduddaiferviesistante s eoanpletaldé bailCypoflegiashi baeking
chanber showi ng a protective shield and an i% ector which nmay enpl oy the
gas del i very Rrefsureppng gpodymafoanity phdadivered gas mogg the follilength of the delivery finhal

;’iug‘é" 8]‘: 1?22 Sﬁggg Lﬁmﬁ%@/ @ﬁﬁugjﬁ_ex%ﬁﬁé’{ub‘é@ L& o 80 IBY Wi it 61 SASHGLyY ey
material itself is quite fragile, and seals to the gas supply lines that can also withstand a
wide range of temperatures are difficult to make.

A third alternative is to taper the tube diameter as a function of distance from the
supply so that the fluid velocity is kept constant while the mass rate of flow decreases.

20 The main drawback to this approach is that a design optimized for uniform flow at one
flow rate will not work correctly at another flow rate.

The biggest weakness of the prior art using single perforated or porous tubes is
that they show relatively high sensitivity to changes in pressure, resulting in nonuniform
flow as a function of position along the length of the delivery tube. Further, as shown in

25 Fig. 4, non-uniform flow is a strong function of the gas flowrate, and as different
applications and process conditions call for different gas flow rates, it becomes
increasingly complicated to design and develop processes that provide uniform film
deposition. The plots illustrated in Figure 4 represent a range of gas flow conditions and
geometries typical of CVD applications, having Reynolds numbers 100<R,<2000.

30 Moreover, as wafer diameters increase, the film non-uniformities are often exacerbated

with increasing length of the gas delivery tube.



Figure 9 is an expl oded view of another enbodi nent of the gas netering tube
-of the present invention. Figure 10 is a partial side view show ng both
ends of one exanple of the gas netering tube of the present invention. 25
Figures 11 a, 11 b, and 11 c are partial gross sectional views of the ends
of one exanple of the gas netering tube of the present invention with

detail views of t internal construction. at.ea nd of the.tube. Figures
125 and 125 show CreueaRRruReral bt BHirsiiduEy  ni bl Bro Rfies Bt e

exanpl e of adgaf AdcAwtidhyindRs fabififies ga3 dbiieerg Sstdieiothd QYD B8RP Thub SVl g ent
ifnvention. 30 Figures 13 a and 13b show cross sectional sSide and end views,

r espect i vel y priof artehamgea ipgas podssare syil aftuence the andfofhitysfgs delivdne within the

nmet eri ng tube .of the present invention.. 7 Figures 14a and b ar .

por spect i ve migeet He/EidEaeten HeGthsr Whighhen fnlisats e e Helibamisr e o
3 9as Suppl Y oPGihp MM bl RY sEEIE! BV dils Wifh S FRYBERIth gga@%emer& he
present 1 nvention. DETAILED DESCRIPTION 5 O particul ar advant age, the

present i nvenppaaupmay bdesefal fgasnlgioat opdratirigaontlition. Altadrdmefyeiitds tésirabkeso
distribution along a Ien‘gth, '

n particular the |l ength of the fube, and
makes the reSIMTABAGLE!l &rsgw'iem}ﬁ%tarpm?tﬁﬁubﬂéntf%Béln}fggg fgwglr gléfrtbaﬂon
pressure cha . 1 f it : 4.  Or :
Fanges, and. Saireeser Gty ol A A wADE IR GRS A AERRE BE oty
i nvention corgitéhsandfover gasdaigcrationyl rangeofhayiflogsa t ube assenbly of 10 two
or nore nested, axially aligned or coaxial tubes v%th t he i nnernost tube

preferaﬂ)@y attached to a gas SUMMARYAH WHEANVENIION: inner and outer
tubes having one g is §b'@£troafyt%§fpges%{ e ondkosydv*i’d‘e} &5 :8h RV 1aE dbfngy s
of the innernost and Outariost €s. For purpoSes of di'scussion, a ga

del i very t ubenclétirpauiy tosddivedy of gasessh@inoye i @it to pRSiddbubstDetal Iamifogn
circular cross section shall be discussed, however other nunbers of tubes
can 15 be us&as ddlivrrypongihelenglbof agasslelivery subeduxingizas sHpplicd atipae pahgthpsef

gas delivery . ed, .1 S,.sem c t I 1S

Dypi cal Iy sedhy ek Snfts dRaPut P he BT PPy aR R R RnDkaRbRbylton of
substrate. OnestedrmilfRNEn€l ortddeaxid) vestdrirdntubss Wha¥R a ihieriRbeliBfReivedur €S
5 and 6a. Figure 5 is a schematic drawing of a gas delivery tube 10

conpri sed of gas tand asiebbsizs sabsiantilly vrfdrngbedking aressyraeover hadengtytodrthe 4

t ubes separated b annul ar. spa 15. Each twube_has.two ends., The inner
tube 12 has OMETERY tbs 4t o Biethios fik oy Rl sy AR gismBH el egies et o
capped. One @firoliEH Be @hd EYiSeStuly. iTh bRBerbSpadt 6f b sivehiio, gadd QRGry Mbterin
substantial |ength of the inner tube 12, and are positioned and sized %o
establ i sh a dwhefis pravidedin sgmpinatign wathat daagt atednfealor assemyplnhaying deistvae

tube 12, and stil| provi %?e sufiLielent gas 25 fl o ougheogs tehe%{i ner  fube 12
into thé annBPar space 1° SR EC AT LSt TRE T4 " BT AL LA pa(r"tr ); oV eI ces

18 di stri but @& @ry hstefil@fiba i fravidbEmEohbindfi®n Wit xPicl dBIs8mBIy AV oGk
orifices 18 are positioned and sized to maintain a uniform backing pressure

wi thin the aféastene pdenorfor evdiving the god drdivani heferimgtubes Thgandalivefy mpteriogit er

tube 14 and inta th ' t th t t ube 14. . Pref bly, th t
Lube 14 15 cABpanPafcRBiRBHEE PhusberTosars S oPP oot | ve. crbodi ment

the outer tube may, ahsMer 8GRLVES thedfiSschl RN Hitioh! £1:8¢ abiwery(_trﬁ@eﬂiﬁ@%affo}nner
orifices 16 are rotationally offset 180 degxees fromthe 1ine array of

outer 28 oridtlivemghrgasis pshisdm compiisiggaeoBerdnbe lBwingdmirletend aady clasedieridonal
alignment and _Liner alignment between these arrays can.be used. The
ot eforrod onBBHERERE TP GO Mo e RO BF BT (G oS SYORTIBRAATE Bt or
array of orifig@mtial¥ehb@ Jrige Qasr €6s. ABInYiet 4B hABinPABeP R @GRS TRV Ng
two axially aligned 5 nested tubes, additional tubés may be used. For
exanpl e, the ngsted ded axiglly aligied ififideraf/the outer tube forming an effecting annular space
between the inner and outer tube. The outlet end of the inner tube terminates prior to the
30 closed end of the outer tube. A gas flow divider is positioned adjacent the inlet ends of

the inner and outer tubes and has a first gas flow path coupled to the inner tube and a



be conprised of three, or nore, coaxial tubes. Through the use of two or
.nore nested coaxial tubes, the inventive apparatus reduces the sensitivity
to pressure effects over a wide flow range by first establishing uniform
backi ng pressure along the |l ength of the inner tube, and then nmaintaining
"and transfernng that uniformty and constancy of 10 pressure to the annul ar
space betwee t (- . 10.
The resul ti n% e%‘gl? %é\?l]p %ﬁ?? o:%?{dh&e)qgeu%rglru & ragielgzbgw?f{eﬁ&}gee%%gﬁ%}dtao}%%m %"r m
The present invention thusBrRiEERDESCRIPTEEYOHFETHE DHAWASIGHI | shnent  of
pressure and flow over the length of the tube assenbly into two steps. As
di scussed above, tQibenebjents ard advantagay od the inyersionbiseomp appagent apemyeading of
orifices and 15,suppjied. g at_one en equi res.that the. acki ng
oressure be. dBRAGAREl desforing invBfor Bk hE BPsdRd RS ARRBRY. ol %o
the array of QbhkifeRAce Bithé BWIMAMCHRmEh! | ons, the backing pressure may
fall too low, and flows fromorifices furthest fromthe supply may drop
resul ting in nonurfigwe high ebss-deotiomhviewaf gadfbowsngisingteftubéneset! idbthe ptior art.
contrast, accordi to the present invention, the inner tube 12 of the
bresent | nvent on HEUERILReT PR SONUHEMENEIL Sah Y I LTS P Uesch i fRERTIOT &t
establ i sh uni Yok ssure along its full length In other words,
the rel ations %%Q%e@lg}tsﬁg@di aneter of the tube and the dianeter of the
orifices is inportRigire 37land 3b afd schamdt® rapresaitations bfitheqgas flowgnanheiformities
subst ant i al I% gth, and preferably the full length, of the inner tube 12
and arel8i ze® "Mi#Hered to ensure sufficient resistance to gas flow

outward fromthe i : ' ta?ecé% d L4 i l e
i nner tube's Iengtfqhg& égg%%évﬂtl@%%@ﬁe I ?\ggwglsﬁ@}e{b&a@ \eﬂrll% leh%lhg? ??’%‘? ed
along its | engiedof ads {edart).he annul ar space between the inner and

outer-tubes. In Mdkhtari et al. ("Flow Uniform ty and Pressacre Variation
in Milti-O ctl et FIFSHEP &xaqrowtseeirng piew, of thegpsdelbery bapkthy present invention.

Experi nmental and i -0 j i i . .
Tr gns: ents and Natcéggaa){lgéﬁatadzngr% gs?,re ‘i@%%?hg‘%?éﬁfoﬂ?)g% %Prtrgé%aﬁ%ﬁg%g*e{{bﬁ§?°r‘1‘8§7)
t he gendsal nekwd embsdineatsasfolgpreteat invetiondi aneter of the ° inner tube 12

(D,n), tube length L, and orifice size (d,~) for establishing uniformflow
along 9 a singl &igipd,is aposypestipral diew ol pierrspmplePiace Visepgsitign chamier oy

Di stribution j i.fql ’ iGak . ' j i . 112
to 124, per gAnon BAsEefies) eI EIRLWREh g cigblo§ ¥ Feas Kol yB RO
suggests by exaepdi@véhidh. L/ D, ~ >S0. In addition, Mkhtari et al show that D
;n/d ;n ~ 10 or nore should expect to pro ~ ide good flow uniformty over 5
the full |ength offiguie8isarsossaettionakyiey girsesamplgol amijsciarivdrelf mapergploy
orifice,grea ) s (fold (~D', 2/4) should not
exceed l%ﬁl ty.tﬂél\'lg‘rgfel dﬁﬁf’%ﬁltg@%&{tﬁﬁgg&n&\% gm;l'set of rules to establish
relatively stabl e RigakOrigapegasdadeiévnofarbilieg embbdient SPiB6 ighd maleliyig tuteef
foll owi ng rel ationships are shown: L/D<70, D/d =>10, and NaPor,/A~-we ~ 1,
where N is tHBe PgrIe VSRt fices in the tube, and apor~ is the 10 cross
sectional area of f: {fi ' [ ' {7 to.a
singl e tube arrangfggrltgrgtlf6 lﬁtgﬁa\?tgarl%{dgn‘ag\EEhalwg{&zbs@%38(2%%{/6&35%% p@%hgﬁlg é)d tbe
arrangenment s mdtering tiibé efltheprésant invdigiohor mrance and do not provide
satisfactory filmuniformty. The inventors have discovered that

mai nt ai APng t he priigirealia, rldguindehenars ppiial cress sentiepalt (ipws of thesensls|af ohes

Fur cher - 1 ho SRVEITLFE ARG R o I rrssal il i R L Rt st ™

const ant gas cbhawictibear ¢4k ehd bf ihe@shel6 of the inner tube feeds into the
annul ar space 15 between the two tubes, and i)rovi des substantially uniform

gas flow over the Higwes 12aagedH 2o shavgress sepitanst dileendiend viravsprespestivelynef@mei on,

the pressure uniformty isn the annular space bet n t inner..12 and outer
14 tubes 1's. SSrmpld e i, diEioBy G B BB refibind At 16 bR ien e

uni formispy of the Pagresi TlanNIb bW s ARYESNEHdONd 1 viklved, Fdspestively, &fonkhe
orifices 16 of the rnner tube 12, but is substantially inproved by the

addi tion of axaopleeaf aspheer d4 standbff usedan tHei gae et@ingThiosof the praseitngvantionhe
present invention the conbination of at |east tw coaxial tubes establishes
constant and uniform pressure within the annul ar space 15 between the

i nnernost 12 and outernost 14 tubes and along the | ength of such tubes,




25 resulting in distribution of gases fromthe outernost tube that can be
-very unifornz. The inventors have found that preferably the cross-sectional
area of the annul ar space 15 between the inner 12 and outer 14 tubes to
“that of the inner tube 12 cross sectional,area should be approxi nmately
equi val ent, but nust be at least within a factor of three of each other. In
other words, the effecti i r f i npnul ft,
and the i nner i i 5P oph oY FisemBere il vaE o EecP R s REBR
three of eacBfetd@am Qf@%a%fsapﬂ?kﬁrtmﬁeh maPbe empRysdidithitigasnferirgf tube Of
inner surface area of a tube to the 10 total cross-sectional area of al

of the orifi oétheipresehenverd®nshoul d be equal to or greater than

approximately 10 and preferablyggigghiﬁppggggiggggﬁg ot her words,

Sur faceAreao"t e, | Ndou~e~ 10 or - ignificantly inproved
gas flows non-unif gy &i}éuMF‘JAd’lﬁﬁﬁag&,-ﬂ%pr@&HﬁhvéxRioﬂ?@o\Ji&%% fw@i@t@hﬁaﬁ tuBeHagNge
for the present invention as conpared to about S to T0% obtal ned by the
prior art. Thetaetisigas distributbn tloeg addngth, omsdrtiqulehedeagthgeshd tubey and infadesn t y
to the tube length.is ch. |l ess for th@gﬁuter tube 14 than it is for.éhe

i nner tube 1%° rpwlgreaﬁ%?%ﬁ,trﬂf%@nifmﬂw PHEENSILVe g PERSPUTR PhageTOYFE R 3ride
backi ng pres : ]

dosi gn-of ¢ noteg cEpAbd onia IR Br o4 AdMFrangs, S HEEsker MDA e
uni f or m di st ptibtdri. oThegyresent ikeertongbhsistho g deliecrg abethving ateesdssamiidpop of
the inner and outer tubes, and finally to neter the gas flow through the
outer tbbe' stwe PFMeEe Restedr pHally grgned e conxédl dltes withathe iwrnass tike prsfombly a

one. enmbod: e AR 53 8y i) P B RRG: Rt WATOySH Bnd) REHEPEH. BERRM 11
i nvention i sagspldyedicyd diftribitedhivng fHedengthssofltied inbapivst drel ctlb@miostatlibasa por

deposition systemusing a linear inj ector arrangenent, such as that
i|lustrated PaPPBg<f discygsia, agaedejeryabe 48 compasas ofiftyorayindly pbigned, np¥ed;sed

within the inpj . i t.self . ' J QU [or W t.hi i el
that flank t é’%ﬁlﬁwe‘:“ %?C% é‘s"("?? ﬁ%@é’ﬁr@aﬂfﬁ’éﬁe?‘:ﬁgﬁfédu?%W%%?’C’%%%“ﬁ{‘%%%@eﬁ%@D
system 29 i sbshssarutiadthebe nésted BEMEMR08YiS! @2 A HeNE gt ad e v P AMS itd bON
chanmber including an inj ector 22, protective shield assenbly 24 and a

waf er 26 whi g8edite pracasisisaricanduesgr subsiratesis dypicatly shemielsantdoetsrsdanges thanies ¢
underneath the.inj .e an el d assenbly 24 and through a deposition
regi on 28. szivg%tg Ozlﬁpgl%%e%r Ogﬁees %Istr%]a?% the deposition region 28 fromthe

i njector and reacOreGnitRageit ¢f thay®enfbn id sHovANwWithGefetdrica Fegaés §hadwaf er .
The shield assenbly 24 typically injects an inert gas, such as nitrogen, 25
whi ch ai ds i Higwarib 2isehematec daming aba gps delpepsy tubeol) eareprissiedtaortwoubbaces

and al sg.acts to | p.isol ate.the,de it egi on . t hi i.ment,
fhe ohi 2 5O BukRpiCh g @aRlaf uhaE LASRP Ukt PP B Rt bnf e P SERBIT T
the i nj ect or E3eh tubB h@isings. Ofhd ifheér tEHEIR 1k ohd/Ehd3SAtRBhddSto i gdietipslgasd | bed

in US Patent No. 5,849,088, and patent application Serial No. 09/185, 180
(Attorney Dodikeeathousnd-165358appeyl; Qrigeordiaye lagey afwrifices b Arexdisiributed @fosgythe

¥ o ek e s e RFRESE P robF e FLubaficti ol AR ey R ASRROS "
i mportant f obadldis srBisalchigasthe hOVehdtRBKihE thriePibk mk,%ﬁ@fillb%vﬁm'ﬂﬁbiédt?m e

over tine, and that gas flow on each side of the injector be well-defined
al ong i 8% owdfloweaigoh therinesitabe Beiniethe agedlapmspdced 1-h Yhespeerttubeol4 ¢antajasart | ow

the sid Fte-the ipjector., Deposition. del i d
per pendi cul afiey Sheaicedsistt e aiosk P Rube i RSl PG evifaliosms of ¢
gases exhausbfecdsol seark positishdParf sifddqo nMiRGI0f unibEbRRRG frédsate WithihliBe

shield assenbly's 24 primary purpose is to minimze deposition of unused
mat eri al on aheularspacss ant toZovidelumitdrenugas float out ofi thicautss tubEHd apdiiatb thearsenbl vy

24 i st f. | ti it t f f t ed
o LS S P o Beb PR SR e T L1 oot R bo ARG M er
delivergg. Thead El%rﬁat%%rﬂb%dﬂﬁédt\ﬂ?%&ﬁ?ﬂ HbOral) G1s8 bR 2 QﬁtsﬁpﬁQQP?éftﬂdBﬁ? the

10 unused deposition gas stream and also directs the unused dépositio
gases away f tltintelod inner orifices 16 are rotationally offset 180 degrees from the line array of outer




exhaust path surfaces. For maxi mum effectiveness, the inert gas nust be
delivered just downstream of the deposition area, and this proximty
requires that the inert gas not perturb the distribution of deposition
“gases onto the wafer substrate. In additign, typi cal APCVD and 15 SACVD
tools require application of heat at the Substrate to enable the deposition
.gases to react _and reconbine _to formthe desired filng. The wafer

t enper at ur e Pafigss dB@sIshgwa op Eieyre and 62 HoWeNEs apy Eotatipnal ahgnment 3pd ingk us,
h h dj .
tenper at ur es Y b RRLE s SRR PLARAKBE T L Rl otbolinRiBhlths theinper |

inert gas t oars sfeiridices1 80 drade thievantadinay oflosificssmi ti es al ong the | ength of

20 the shield and the inj ector which are simlI~rr~rh P ,;niformties
required of the dBfulsithe gas deltvesy ubp 18 hagbgen descoijieshhaving £re eyiplly aligngd s

har dwar e. desj t. be:.c f rati W f

tenper atur eoneityd T8ds, PEFERT Rirbs Mo BB H5R, oG BBl i s b s oy
present i nvepd tpriged WElthres, Wringste f @axial Aibesli TBroGpl fheiRE OF @flo @R hoké XYtV er
the full width of the shield assenbly which spans the dianeters or w dths

of the substeauxin] tt®s,ahe inviengve apporatus rednces the sensisimity e pressuro effeeis geer a
substrate di angter, such 30 waf er.. | articular,. as_sho in Fig.
P Gas el PO RS by T LTS bffform) FrrBite arfcoul At 1S dgHEn o i e
pl enum 25 of ipgen®de, BRI ehell mhinGrisihi ahd (AHsRAMY thae GhiBRfity hhe Bastasts! sfvery
tube 10 may be positioned at any desired |ocation within the shield

assenbl 10 secpliessure tntheramnelat kpace dretvaenidbe teg tieessivae 8wt fullt langtheddhe $ehet i on.

30 Typically, th )s/lgllr d 24 and injector, 22 are.r ved for, cleani W th
ctchant o susirssBRGRl ohie g BnGessdbu o Gonf weiofies Filiesan sp b ndOgs

del ivery tubgydQ.als e eRliG AS effect? 16ite§ Y APhLHOHEA QT Dr ARG Ahd 1S
easily rermvab%@et 0 enagﬁle serSi ?:i nsgﬁéﬁ? hg shi el d assenbl ?ral one. | nW
anot her enboedvertint lengthef gresulbkedssetably intobwo 5&pemay be enpl oyed within the inj
ector assenbly 22 itself, preferably within a,Iine r j ector_sych as the

Lnj
type described 5 fhdBgissedabqye, te g atEvingd spgleit e‘é(HBPFé‘%@Y%ﬁ? ISFS 24 no.
09/ 113, 823 ( - | ¢ Y hot h
her eby %cor ﬁ%ﬁ’g%ﬂ? %%/})a{r%g)? tee reét?l g«%ﬁi?r%s %tetlhtre %&??c}&g&%@%sﬁ?eg%g}rﬂg\{aﬁé}}t %ggr 1B
i njector 22 fublsagth $o pdovidelunifptre flomoms of theranal ©f onficgsoAtdo8 Zlow eomditivgst he

sur face 34 DFAPBAPEROES ARG LR AR S RRma e S et arn CHesPaltgt b
of the injec : i : i t

depos 1 onr 5y aESby 8GR EFRorttl bk URGAATIOHSNEVRE il BPRE i, 18 s
Preferably, ideerdieposhe preseryasestiat, ehd iadertepat hofthy ptegetaimlentifontiheizpdint s

32. The_cited disclosures discuyss in detai] severa onfigurations, t

ensure i f o iR £ s _og?nf?fr?é lgé%%iﬂ{llsbﬁnga%ga%lwef%e #1608 15 Byt
of_the i ni eCeemagoufd wRAdd IEUbiAGoRREHILAGE théliaGRR: Bkt Bk Und RGN e
present inventTon is well suited as 15 gas defll very device that may be

i nserted i ntof theerificesriinpafant. HEhquirefiass6 82 didtribited hlopg det substa@idl depgthyi de
o T ke R HET TR D EEL G54 ot bR S
this may var : 4% % L] t i ' Lty 1Ng on
the type of %urfgg%@;g%ﬁ%%estt r%tagg %ﬁ)s%délvg?ri érﬁgﬁ‘? ep@ggﬁ f’@!}dsq.)é% ggg#egsent
i nventizm pr@ithihake wbipledesmeuticss lengthhGap flb@rfran the inhcrughe it evédigdistributed

i mprovenent of the uniform téntgf gds distribution, resulti-ng in film

nonuni f or ni t pleBe 8§ leagihapnd isedsifie pagdan spage kaswean thodnnsnaed ofolubes: at ed, a
substantial i nproyaeat & i i cul-ar. DA e
present inventi onﬁlprowt?ilggt%ﬁ' a}fr:lgwlt[z%J ﬁﬁ’ﬁﬁ%{w’?ﬁ%ﬁ‘g@fé&@@‘?{%w %Q@%ﬁf@w
subst ant i al | PisanbirrmRIPpSTY | Adiiahess @y eAndligcal,e Bxpbridéntah eanda Cogdutationyl
system For the shield application, the gas flow rates are typical on~t he

|
order of a f&ophsplegiearia Yliide, Strpeturesi Rrangionts| and Natugaldisgards éISM%e?QI’? ube,
while fo t h%oiugrllxe%sof)aé%pﬁlﬂ %ﬂ%éeﬁﬁra?%zat{gh%ypg Qt%gr?ﬁ fL§ e{gﬁfa?x{eﬁglc%f I;}l?en the

order of a few sTmto out” 21 ¢ d™appt rcati e ert
gas is delivemetub&!i (R )IteblehMBILYarkineIRE siRed, Y résmbialignmifoha MY Aeie! d
screen, while in the 1njector application, the cross proximty of the

pl enum and channel slot help to nodul ate the gas distribution and to direct
the flow.

,//



13 The geonetry of the linear injector, shield and substrate arrangenent
-requires that gas be introduced at one end of the delivery tube. Prior art
for linear gas distribution systems includes several approaches that have
not been successful in certain APCVD syst gns, particularly those for
"substrates that are z 200 nm wi de. The sifplest type of design is a single

tube with a distribution,.of orifices alpng its, surface.as, shown, jn, Figyres
oS . GRelRah s, Furies RAaRon et Rl R g Sy eRitl g
tube of the i Wetp Ol i i j i ikl
indesi 1 abl o Ferfil EREqaticnte, T ! Mhgehe1 20N B4 beRflonales 1950)rtauifs
assenbl y, butthat&ribex 76 vbile MokivearigaggasishyteRample th L /D p5Q. hadditibhAdVokiiter:i For
10 this case, according tqo an alternative enbodi nent of the present

i nventi on, tWéaléht“é‘rth%tghdd@ﬁ 14 eramereshoyld gkpeshtaPievide gogmilowantfarpaitnever
arrays ot ro | O . rthal |
st bt ed s Bl ISIER br R ofe, MIRGs WiEes FRA healid ol Binal B ARANG ! | Y

illustrated ithafch@f thmidi®ld (fBEYV4ysheildsmt exedahitpr port itself forns a
boundary around the inventive assenbly and can nodulate 15 the gas |
di rection before Thefirigiert thee petvidae sel oft rudssdarrstablistoralatively stablg bepldinder .

Hence, th | i h ter t i f.i istributi

e s oot SRR R b BB B Bl bR bR AL PR RELIFE R, T

appl i cation, mﬂd>r1ra,\hn_am§,,i,,@%mﬁeoaf1,a¢h%@w [sAHSnBAerBESHARS ih BRGEHe, Md Lh istheng
g

the tube length. Uilizi e gas delivery netering tube of the present
i nventi @8 pr crass esctignelaares oliedch of thegaorificesy This bgenart frelimited faia sigld pect or

20 applications. Wiile two specific ex | es. have .been di scussed, j.t.should
e under st ood Tearm oy RSl gt R gl R R et [aReF on
may be enpl oy&ﬁleﬂiﬁefﬁnﬁﬂféefaﬂaiubhen}lﬁ!obwelsmﬁwté@ml@l urfifor@ity. applications
where substantially uniformgas delivery is deSirable, such as for exanple
in all CVD appli cdheonsntesemvedsdovedred thetimaipteaeming thegrion ert r¢duareme@sts for the

EXPERI MENTAL . S | J i ded, bel f ilJustrati
onl y and ar SRS 0R 12 ER AR o efativel st TRrBR pregi e ApPAE bR By bR e
various 1§Xamb.eSFLﬁfk%r,StEQ‘liﬂlflehﬁrJﬁﬁle%is]cbvg}@@ ki i'naﬁﬂaiﬁin;‘g‘ shBashti i cBhstdnas t ube

14 5 Case# rows# hol eshol el DOD# rows# hol eshol el rdi aper
r owdi ar owAl @R oM ebtURed BAGIEGPOd4 bl B 6l i2H 2ABBBINB RO s|BLO 05 betivéen the 480 560

0 0.1 0, 250ar cusD220, 00060, L2601 SCHTT0 1300, 2010 2845 3901 o s
According to the present invention, the pressure uniformity in the annular space between
the inner 12 and outer 14 tubes is established by the size of the annular space, and the

20 uniformity of the gas distribution is governed by the distribution of the orifices 16 of the
inner tube 12, but is substantially improved by the addition of an outer tube 14 and its
orifices 18. Thus, according to the present invention the combination of at least two
coaxial tubes establishes constant and uniform pressure within the annular space 15
between the innermost 12 and outermost 14 tubes and along the length of such tubes,

25 resulting in distribution of gases from the outermost tube that can be very uniform.

The inventors have found that preferably the cross-sectional area of the annular
space 15 between the inner 12 and outer 14 tubes to that of the inner tube 12 cross-
sectional area should be approximately equivalent, but must be at least within a factor of
three of each other. In other words, the effective diameter of the effective annular space

30 D, and the inner diameter of the innermost tube D, are within a factor of three of each

other, and preferably D *D,,. In addition, the ratio of inner surface area of a tube to the



Exanple 1: The follow ng denonstrates the viability of the design
-paraneters shown 10 in Case A of Table 1, used for a netering tube placed
within a protective shield simlar to that illustrated in Figure 7. Backing
_pressure is approximately 200Torr Gas Floy 5 to 301/ min per tube I|nner
tube length (first hole to last hole) ~ 9.26 inches 15 Quter tube length

first hol | N ; _ < . :
1 Tabl o 1 ( FHsPOt;9RLdp aregof il AR AL Fin GKEbe R U0 FRRRL BP reefindy o
D, equal t oaPprokindedeliyM0bnd praferdbly grbstetliireT00 Ibstheliwaras iSarfaceztrea | DNA Q.. |

86 inch and OD = 0.250 inch. The effective diameter, Defe, for the annul us
bet ween i nnerr ¥ iaRree Thisprasddessigmiacantly gaprored gasdlayynorpuniformityvajues, igout er

_itnner-~ 2 ga‘uaf@o %%del%géj&lgﬁ ABhAR8s raﬁge ?o%)thgélf%s% itﬁlﬁfehfﬁél? Qs[e%%r@afr%i{cfab()ﬁf 5 15

5 where Aou-~ r 0Ss-secti onaP ar ea e ou nner 1Is the

cross segti opal0BrdRaindd beiphiveart! IR, sehEMVib@oLihs FElhesEhipBeweangasPdwAner ~
respectively, and Deee is the effective dianeter of the annul us between the

i nner and outsifornuitete thetmbelengthliyinngh lBeufer therpuer tube 1dlkandbisdortthommeniubei ded
above yields: = 2 x [(.186/2)z - (.134/2)z] "~2 = 0.129 inches = Deer O
interest is & conpari son between the cross sectional area of the tube and

the 10 15 sum of g GHQ8Sthe GRlch@PAdedds 8Sstlish B&s?&@ﬁé&iﬂ%ﬂrgésﬁ%%lofﬁhet he
i nner tube, the cross sectional area is n(ID "ne,/2)z = (. 114/2)z =
0. 00325n, whildngtteafche gasi deliver'ysutertbongh detdesignlof thegandr sube ¢ndidE) o maintain

0. 000049n. For the inner tube design.we are interested i.n the val ue of.
Dhroe olliai t paebiaal AESHS B o digp Bion,oter Ghe et Lipuslh MoAEsFYdte The
three conditi ' t '

oot or - ( by PForRR {fhe i b beChul nk BRAN Y holeh the 43 MokOtbEN the
and (c) the oater ubefs drifeeslismilftionl]l the orifice areas to the cross

sectional area of the tube. Specifically: L/D <70 (4a).D d ~ > 10 (4b)
N~oaAbe ~ ~1 . ( THE PRSPIIGRVTA0E TR ScHSh VR VA ARG G ATeRCAtome do9iYRh i n

Case A of t hﬁpﬂi?c%igns]arg Qiscussed below. Inone embodiment, the gas delivery metering tube 10
15 ofthe present invention is employed with an atmospheric/subatmospheric chemical vapor
deposition system using a linear injector arrangement, such as that illustrated in Figs. 7
or 8. The gas delivery metering tube 10 may be used within the injector itself (as shown

in Figure 8) and/or within shields that flank the injector (as illustrated in Figure 7).
A portion of a CVD system 20 is shown in Fig. 7. The CVD system 20 includes
20 a deposition chamber including an injector 22, protective shield assembly 24 and a wafer
26 which is transported by a transport mechanism 30 such as a belt underneath the injector
22 and shield assembly 24 and through a deposition region 28. Gases are injected into the
deposition region 28 from the injector and react to deposit a layer or film on the surface
of the wafer. The shield assembly 24 typically injects an inert gas, such as nitrogen,
25 which aids in minimizing the build up of deposits on the injector surfaces and also acts
to help isolate the deposition region 28. In this embodiment, the shield assembly 24 is
comprised of four sections, two of which flank the injector 22. An example of this type
of CVD system is further described in US Patent No. 5,849,088, and patent application
Serial No. 09/185,180 (Attorney Docket No A-65583-1); the disclosures of both are

30 hereby incorporated by reference in their entirety.

With industry requirements for film thickness non-uniformities of less than about



yield: (a) Inner tube L/D = 9.2610.114 - 81 (b) Inner tube Dd =
-0.114/0.014 = 8-11 (c) The ratio of total nunber of orifices to cross
sectional area inner tube: 39 x (0.000049)~t/(0.00325n) = 0-66 Conparing
the cal cul ated val ues of the proposed desjgn with the design guidelines 25
of the prior art (Equations 4a, 4b, 4c) SHOW that the proposed design for

e U, S AR TS Sl B B SR b
oot o0 25 ORI WP SN MR | I SO i) gk

other) (5a) 3¥hgBunhdaigo Aeardl=defidellAdith fspect 18ty gd¥tfll@v oblhe wideloppbiite the t he
inner dianeter of the innernost tube, SurfaceAreaou~er is the surface area
16 of the out@esesDapgpitionaeenps-deiverpdperpendigtlarly eto s substrate] sowalipcedethe of

all the ogrifi Jn .0u . he.desi gn. essof 0
Tabl e 1 for REtineebb RS 8 NG BT e ity e
Surface ar ea shiglddsssbl§ Bl ipefaky RApssedd Banifintide dopokition dElhusédhstebiakon tBO720
= 47 and the design criteria are thus net. Exanple 2: The foll ow ng

deronst r at es injpeiord2asidiexhanstipath suafagess Tha shialdassanahly 24 eaywists of seepsal sestions
[T ustr at ed MHRPBRRESFTactEo irERr B o e s LShw S FveiyB0e hieb
Gas flow 2 4 il dds BelRBfed! UG indrl@Ris BRRrddGAB tHe EXNASHE paOhRY difutdAnt
hol e) ~ 9.27 inches The inner tube and outer tube i1nner/outer dianeter
di mensi d0s amususgidepositionges etrénoindladyl diretts tHhenused depositior gasts sivgy fronl the s
can be cal Cu'e%fugt Iya% Q&’rféc@E equati ons and
For maximum effectiveness, the inert gas must be delivered just downstream of
the deposition area, and this proximity requires that the inert gas not perturb the
distribution of deposition gases onto the wafer substrate. In addition, typical APCVD and
15 SACVD tools require application of heat at the substrate to enable the deposition gases
to react and recombine to form the desired films. The wafer temperature is typically
500°C or more, and thus the surrounding apparatus, though not directly heated, can also
expected to be at elevated temperatures (several hundreds of degrees C). Thus, it is
preferred for the inert gas to be metered and delivered at uniformities along the length of
20 the shield and the injector which are similart the yniformities required of the deposition
gases ( i.e. about< 1%nonuniformity), and its hardware design must be capable of
operation over a wide range of temperatures. Of particular advantage, the gas delivery
tube 10 of the present invention is well suited for providing such metered gas flow over
the full width of the shield assembly which spans the diameters or widths of the substrate,
25 and this is particularly advantageous for large substrate diameter, such as 300 mm wafer.
In particular, as shown in Fig. 7, a gas delivery tube 10 of the present invention may be
located in the plenum 25 of one or more of the shield assembly sections. The gas delivery
tube 10 may be positioned at any desired location within the shield assembly section, and
more than one tube may be placed within each section.

30 Typically, the shield 24 and injector 22 are removed for cleaning with etchants

such as hydrofluoric acid. Thus, it is preferable that the gas delivery tube 10 also tolerate



15 process described in Exanple 1 above. Specifically, Derr for annul us
-between Inner and Quter tubes = 2 x [(.261/2)z - (.156/2)z]"z = 0.209
inches = D,re Cross sectional area of inner tube = ~t(.136/2)z = 0.00462k
Cross sectional area of inner and outer qPifices = n(.0048)2 = 0.000023 20
Using this data, the relationships shown 'I'n 4a, 4b, 4c for the inner tube
desi gn of Case, D,may be conput s: UD ~ = 27/ .1 = 68. D, ~ = .

. 136/ . 0095 =UFh & solytqhis aEﬁPé’é%(e.e@é‘h%f%‘?vdgl?e'9~?naggo§ei‘§°1§% Qg&ﬂ?)é?‘iel?g t he
cal cul ated v ues1vAiodehe proposed design with the design guidelines of the
prior art show that the proposed design for the inner tube of Case D

appr oxi mat el y neelsartotteer eorbddimanm,sthé gas delivieoy tubé [10wma¥ e eprpimed evition tler

t ube design for Case nust al so be verified against the criteria of,

Equat i ons Samzaﬁ%prsaserrg& 2%&%%}, preferRRlyryithin a figpaidpiseieniyshias thadvpe desgribeds

Deff 30 =. 20! = 1. i ' Wit hd D i .
The out esr_ tu]glgp%%qg'_o' %,6%?,5@'3 g@ Bhtl%g %hﬁ%ﬂloﬁ;ﬁ gi @?9% :éggzggaAfé%&Leg\r/]?%g(eg
di anmeter of A.YU3B-4)nedascloditesof wdivRhicbdiBhertBy ingbrpotti& by téf&ence in their

approximately 9.7 inch | ong becones, 9.p(.261)/(77 x.00692n) _ 690. Exanple
3: Case E ofemfaglye In generdl,tthe injegier 25 pensistupe lgysrags crmgelspopperthads, a
set 5 of three naryow r.at her i.near arr of orifi j he
Suter tube  TRRRRUCHhEh B eiREAG 22 8% SlhifERE BAIRY Pkomioh sifdeilvin 'S

accordi ng t osirhge B4 B ikrow BME Iké Oanaele 36N whichDaEd exterkDBk 1dnph &f the Ifecisr
before Din Surface area to cross sectional slot area = 10

(9. 7) ~(10261) 27 Siesesoadthogsdetivery surfacd 34 btiba depnsitioniregion 38 f(be- a veduraek st t ube
are net. The_,annul ar ace he ndhe innernmost and out ernpst tuhes i s an
of fecti ve anfimameaBERSRRAg ot e PRy, BB Pt t BThalb b Bade

bet ween the d)ﬂﬁ@?ﬂi%w.a’ﬂl@l: ALHIRTi PRSsurds UBISGush [ @FN LSV cOfidubRiohb aPensafe t he
tubes since the tubes can be of a variety 15 of shapes (in addition to a

cylindrical whfype)distAbutdesefithtdepoaibionegasasdlangtbn sl langd of thetingctor 22.  Of
AR EMRC T M40 A R S
i rrespegt i vegRide i aYBERE: hhERayHe th@RGA thio BiYe STnEGE b8e BleNBAS 32 bPthe injector

22 to provide desired uniform and/or metered gas flow.

Typically non-uniformities of the film thickness using the prior art are close to
about 2% range, although this may vary upwards of 4% to 5% film thickness non-
uniformity depending on the type of process chemistries used and the CVD conditions.

20 The present invention provides improvements to the prior art through further
improvement of the uniformity of gas distribution, resulting in film nonuniformities of
equal to and less than about 2% range demonstrated, a substantial improvement over the
prior art.

Of particular advantage, the present invention provides means to “meter” the gas

25 flow to ensure substantially uniform distribution over the length of the gas delivery
system. For the shield application, the gas flow rates are typically on'the order of a few
standard liters per minute (slm) to about 30 slm per tube, while for the injector application
the gas flow rates are preferably on the order of a few slm to about 20 slm. In the shield
application, the inert gas is delivered into a relatively unconfined volume behind the

30 shield screen, while in the injector application, the cross proximity of the plenum and

channel slot help to modulate the gas distribution and to direct the flow.



L " . _Y establish constant backing pressure independently from

-establishing uniformflow along 20 the tube | ength. As shown, the annul ar

cross sectional volume is inportant to achieving the desired flow rate and

uniformty. COfparticular advantage, it is iound that the wall size of the

tubes is not inportant in achieving the dé ired result, provided that the
nor u

aspect ratio (i.e._the hole-to-wall .thickness) is.z 1; is the s |y
gas feed, provi dedTliergéog’GBﬁPE/t%S geqréaact%ggelaapd %&%gﬁtﬁﬁeﬁn&%n@%wﬁﬁﬁﬁf 25

O furth - - ' ad _ . t
bt e, S L o S o A BB Ol

al i gned, rectysgisdnclhddsesyerabapppiuebedithhohdveenct peemsiiccestultinlbesais PPEVDN
the figures. Mreover, the gas delivery neteri ng t ubes, of the present

i nvention carfyBémeopriiglarbythese for sybstrates Heat aje HEr widgpd hg atmplegiyrerin
desired, or a rnat i.vel e I: . . f ] i na.
16" New Erbod, Ussie a f  aDEa SRR B EhcBt a b CRRARE & Rowntth Ellke
il lustrated inadd PedesisGisted abdve.Fi gure 9 is an expl oded di agram of a gas
delivery netering tube 10 conprising a twotube assenbly havi ng nested,

coaxi al "inner 12 dfntthagase wharethhges dskyry metetingjubgrof dhiatuesent Bvepinds usd The

outer tube 14 i l.osed at one. end . d,ca i l.e..the opposite
"hi et end- a7 Byt RuSHaPRRe e TS bngtbisaRledor e R DBl oy Him REGR s
outer tube 14;4QBLalQmiaY, Hu??zﬁﬁer‘%‘ﬂ@ul@re'hfé)‘%é)zfz_ilﬁﬁ!h_fall?ﬁﬁifé{%ﬂ?'ﬁ%trr{ {Heuhed @rong
its substantial |éngth as shown for exanple in Figures 9 and 10. The i nner

t ube 12 0as opsrasahebordifg truah altatrlative dridbatcisnt cfilie presentmventiannicdeter hibe
outer tube 14. .fThe.i ner tube 12 does not contain an. arf of ori{‘i%es 10
The out | et ertiifer dxripyliomnatem yRe e3eraLUEYA gt FeeisEr inlesalgnethsisrgtce
of the end cagrBoiubbYdhd hALRally ISt FHiguEbByres 1 1 a and 11 ¢, it
term nates sone di stance from %,he end cap 35 so that gas may fl ow out of
the outlet end 17 Iifr thtreasernfehe injdmtoripplicationritlosttates iankigl & tpmgestarSrosthe
exact distance of se arati% frogﬂhe outlef end 17 of the inner tuﬁ@ 12 to
the inner surf4B%e!GF PRtk Esedhiprngp baundary grgyncihe pyeptiye ssymptyaad camympfigate
oper at i 15 I it #hes thid i : i ely
0T i nonto o8O RO (L HAG iueh BARRS chihoo iy IRHIRiE o AL HIOREL,
enbodi ment ofthe hees govemmingthe odestepaoréfideaiistdbwicpagemim, teIessireatictivasn theed.
Thi s provides an advantage of supplying gas.tq opposite ends of the gas

del i very et efichtgT ERpCa4on (an fhet %&b? wglﬁgpﬂmay% agf v sogug of g Sy 1Pvroind at
only one end. it e : i

mot or i ng ¢ ubd SO EEHES AR U OPRARE) BuRAIR 1R g INAREMERHRY P ortne

i nvention prquestes invegtien promvotel giedter udionpogad flowenh bath abeshieldhand mfjeetorends
of the inner ang outer_tubes. The. gas flow divider 38 has . a fjrst gas flow
path codd ed qwﬂfﬁ@nﬁ-nWévlettwaépefzﬁ‘:a%n@l@éle&waﬁegé}&wss%lb%hoﬁ{dcltﬁ}md t9°d t he

annul ar spac L t. : LEd t he
I T L o i R i R B
outer tube ldadditppmaily és dulitablendnmaapa@iicarshsalicgnabsahagly iditorinrgandsléveseisaxi s
approximately even with the inlet, end 13 of the inner tube 12. The gas fl ow
di vi der 38, a¥suselpgsieh asorgrapmls ia al fdiinanplicplionsr saiquugiegequpmentgnd the
conprised of g disk 41 having a plurality of small orifices 42 forned there
t hrough and a cénter orifice 44. The central orifice 44 has dianeter

approxi st el y equal 30 to the outer EXRPERIMEN®ALL he i nner tube 12, and is
positioned adjacent the inlet end 13 of the inner tube and al gng the
transverse cent er | y576tabexamples arggrovidgsebaley Sorglingieatignpurpaseseiy, andgrg pefy
path into the_j t . I i rifl .
preferably pl 1g£e§ggcgtroolﬁg t%%gvgﬁ?oéﬁ r#[gfgea'rr]%réetg Ot%@ lﬁ@s X&Qxﬁﬁlgﬁ%pﬁ%’hﬁgg Eh
second gas flpai@ath into the annul ar space 15. Alternatively, the gas flow
divider 38 may be fornmed as a flange on the inlet end 13 of the inner tube
12, and having a lip with the pluralityTebledrifices 42 forned 5 there

t hrough. BRA angt her al'mernative enbodi ment theogas flow divider 38 may be
formed as part lef—t+helfas—suppty—port—50—TFhe - Wrareter—of—t-he—center
orifice 44 and the plurality of orifices 42 are not particularly |limted,
however, preferably, the total sumof the cross sectional area of the
plurality of orifices 42 is preferably substantially equivalent to the
cross sectional area of 10 the inside of the inner tube 12. Mreover, the
plurality of orifices 42 may all have the sane dianeter, alternatively the
di aneter of all of the orifices 42 may differ. In one exanple, the dianeter
of the orifices 42 are in the range of about 0.015 inch to 0.025 inch and
the inner dianmeter of the inner tube 12 is in the range of about 0.065 inch
to 0.075 inch. 15 The inner tube 12 is supported axially within the outer

o, o, . ., 1 . rr ~:r 1 _r r




standof f portions 43 engage the inner wall of the outer tube. One or nore
st andoff spacers 40 nmay be positioned along the length of the inner tube.
Preferably, one standoff spacer is |ocated adjacent the outlet end 17 of
the inner tube. The standoff portions 43 ?ge preferably formed of a shape
to substantially mninmze obstruction of e annul ar space 25 15. As

A b o AN S 7 I U R I S = O A L
delivery of gap at’ opposit g, endlg, W {hi n [the das deld weradretieri ng tube 10
while using only a singlelgas supply inllet at] only one fend gf the tube 10.
Gas is supplied by als@ngl® gagosuppbyspgonts 36, shaessn flororexianpd po.isn

Fi gures 1l4a anpg-14h The h¥s_s pplytport! 50 ifs 30{disposed at ong of
the metering tpheB 10l And | conpflPsedlibf] 9b434silifgl el 4t §QdhEl) WSS | ing a

hol | owed vol unp.0f_phedkeest | 49 formedltherein lgas Julpplﬁ CcO ctol 62 jand
20 hol | ow Tubelst®h B Al dvet 099p5 £aR6dA1565 vl ded’ ont jod ¥i8el aR6lck B8 tlo
encl ose the gap path{ ' Att aéhed| ®9g QﬂéHQpﬁy conngét or BX6k g EPpr Bt 1 jat e

pl unbi ng ( not H-te—eoRvey-—gas—om suﬁp+y4{u"%ﬁg. +he-poeket 49
and out thro tube assenbly 64, The hol |l ow tube stub 64 is
coupled to tRﬁmﬂ&H@eﬁ i %%'netering tube 10. The outer tube S 14 includes
t he adapter @&xamiplone dnd.folldhveingdambastrabes thoviabilityhef theidesigr ppamdtdrstshowhe

| arger di ameter tube stub 64. In one exenplary enbodi nent, the flow divider
38 is pafiti smbasphfdebletlsusad figea smaiwingdubgplacedevitiynginsptessye diprdd simila nr ee
conmponents ar, | ether ., 1n this enbodi rent the adapter 66 functions
in effect astgg%gQﬁgﬁg%gﬁJ%QS%ﬁ%er tube 14 such that substantially no flow
di srupti ons @gicﬁfhg%ﬁesg@g id 5@\4@5&5&@%& he_ flow 10 divider 38 and into
the annul ar space 15. During operation, gas is conveyed fromthe gas supply
and into the (padiew: 490 3 Hminpectwhmiect or 62. Gas travel s through the pocket

49, out throygh e .hol uhe. s . .into the gas delivery netering
tube 10 as _sﬁ%\lf%rh‘f% rler@{%%séhqq%tqfagtﬁ}oié Nli‘zgélbcﬁéﬁlb . As gas approaches the
tube 1015t | DaNWEYRHehTRY dblettd BasBRSeS £ OW idthdsder 38, and is 15 split

between the first flow path provided by the center orifice 44 and the
second flow path pihevneksdubs/dineasions eeg shoynoh Tabtd 1 (onerf dismsten D, egualttpat

is divided by the center orifice ent i.nner..tube 12 .and the gas
i vi ded by ¢ el g gp Gty Of PRl L nDphs HE Sukf el tudibetls
By keeping t Qe 8F 295 888R¢H smabDar €aso plcht hese two pat hs about equal ,

approxi mately equal volunetric gas flowrates are provided in the two gas
fl ow paths. 20 Beddhestetthe diameer, Dypforiize dmslusdebydehiimes and outgr tubes daphgt h,
the gas §xits the.ig er tube at its outlet end, and enters the annual space
15 at efd opfSEMEe8PYtihe inlet end. In other words, gas fromthe inner
tube enters the annul ar space 15 at the opposite end of where gas enters

t he annul ar space 15 through plurality ongéé}fces 42. Thus, gas is

. o anc oo

conveyed to both ends of the gag deld very ring tube 10, while engipying
a single gas supply port 25 conn®¢ted™f o bnky/ one end of the gas delivery
nmetering tube 10. In the exenplary enbodi nent shown in Figs. 9 to 14, the
array of orifices 18 in the netering tube are of substantially the sane

si ze and spaced equal -di stance; however, alternative enbodi ments may al so
be used w thout departing from h%mgemggrd? the invention. For exanple, the
pitch of the orifices 18 may v idékg desired gas 30 fIOM/pd?)ern.
I n anot her exanple, the dianmeter of The i/ndi vidual orifices may vary in
size to tailor the gas flow pattern. The orifices 18 may be fornmed by any
sui t abl e techni que. 21 For exanple the orifices 18 nmay be fornmed as pop

t hrough holes. Alternatively, t?@vpri bc%ﬁaﬁay be formed in a materi 5
preferably a material suitable outg[ Oiper/t OF e ance nmachi ni ng such as Lby,
and then such orifice is seated into a pop through hole. O her features and
advant ages of the present invention nay be apparent to a person 5 of skil
in the art who studies the present invention disclosure. The foregoing
description of specific enbodi ments and exanpl es of the invention have been
presented for the purpose of illustration and description, and although the
invention has been illustrated by certain of the preceding exanples, it is
not to be construed as being limted thereby. They are not intended to be
exhaustive or to limt the invention to the precise fornms disclosed, 10 and
obvi ously many nodifications, enbodi nents, and variations are possible in

| ight of the above teaching. It is intended that the scope of the invention
enconpass the generic area as herein disclosed, and by the clains appended
hereto and their equival ents.



22 WHAT IS CLAIMED IS: 1. A gas delivery netering tube for delivering a
‘gas, conprising: an outer tube having an inlet end and a cl osed end, and
one or nore arrays of orifices forned in said outer tube and extendi ng
along the substantial length of said outeﬁ tube; an inner tube having open
inlet and outlet ends, said inner tube beiﬁg nested and axially aligned

i.nside of said outer tupe formn n effective nul ar . space t her.e hetween,
and wher ei n sYNEC dhoud Itk %?f&s%?ecgg‘i‘% aF%‘r’élthet%gtﬁg ’rﬁnmalsetge prosyectigng! geea

cl osed end of i 1 a 1o (RYA e l-Ys it i

adj acent the ?’?\?éelgn éellrg%ﬁsg’ lééwt?@ala@%%res:@éﬁhﬁgg%ﬂé?‘“”%%ggﬁ% d aﬁ@t@l”fﬁ%m&% Frst gas
fl1 ow pat h coufibmdtet of thabahuluyigstwianthe mmedr sndsatsrnebegaThid, sstvigtByuations ést t o
t he annul ar s%ace between the inner and outer tubes. 2. The gas delivery
met eri ng t ubethgrorditipns provided ghavetyddsyas f 1 ow di vi der 15 conprises a di sk

havi ng a central orifice,f ' 2S i N &t _ pafh and a plurality
of small 5gri fices form néx ,Ifﬂé@,g anl§4é2§‘4 H@ﬁﬁﬂ . X! 3§°Whe gas delivery
netering tube of coHainierdstWoeEempParison bebsech tyCrdbyicdBon arsarofSigstude hh@f@ge on
the inlet end of said inner tube, said flange having a Iip containing 20 a

plurality of sumbf ther¢rpssceestionnl araag of dheltubscsorrdfiegas Hor dhe pureh tubs, tiphasossas

delivery neterin ube. of .cl aj,m_2 whereih. t he.cross ctional area of
The 1 ms! do- of Setihg! fief s ([Mipa2) & ’5@{)#42% ﬁﬁé)@?-?éﬂeaﬁ%ee%qrﬁe S S5t syl
sectional aregepfs fod)R glvadddoy. of small orifices in said flow divider. 25
5. The gas delivery netering tube of claim1 further conprising a single
gas supplly port coligltbel innsr tube desigotweand inferesteddnitheealuaofl thrae eenditidns dsor
suppl ying gas,to.sai.d neteri 30 .6, The s.delivery meter.i tube
o6l 21 m's s TFadA P ies <8 RS A BB G RAY FgOH PR
formed ther ei gxthSRhHBO AR D HiaBRAr QW) WelritiPofGRY @hmeter of the tube to the port

diameter, and (c) the ratio of the sum of all the orifice areas to the cross sectional area of

the tube. Specifically:

15 L/D <70 (4a)
D/d = >10 (4b)
NA Awpe ® <1 CD)
The values calculated above for the inner tube design in Case A of the Table 1
yield:
20 € Inner tube L/D = 9.26/0.114 = 81
(b) Inner tube D/d = 0.114/0.014 = 8.1

(c) The ratio of total number of orifices to cross sectional area inner tube:
39 x (0.000049)7/(0.003257) = 0.6
Comparing the calculated values of the proposed design with the design guidelines
25 of the prior art (Equations 4a, 4b, 4c) show that the proposed design for the inner tube of
Case A approximately meets the conditions for uniform flow, and it is noted that the
design results are on the high side of Condition 4a.
According to the present invention, the design criteria for the outer tube are:
D¢~ D,, (or at least within a factor of 3 of each other) (5a)
30 Surface Area,,./NA . = 10 or more (Sb)

where D, is the inner diameter of the innermost tube, SurfaceArea,, is the surface area

outer



23 to create a confined passage, and a gas supply connector coupled to said
pocket for receiving a gas and a holl ow tube assenbly coupled to said
pocket and said inlet end of the inner and outer tubes for conveying the
gas. 5 7. The gas netering tube of claimjswherein one or nore standoff
spacers are attached to said inner tube to axially align the inner tube

| nside sai d_OWGL ottt fine NENIRS, AGhL KERYIELENLDN S B inEbREsIn the
wherein said netering tube is use¥ I'n a chemcal vapor deposiiron system
10 9. In conbdmé@hicentubé.he gas delivery nmetering tube of claim1l and at

I'east one injector assenbly having at | east one port for receiving said gas
del i very metering Tlhgdesignyalues of Gassi hat Table ltfaethgpytagdutosdeld: met eri ng t ube

of claim1l and, at Jleas e shield assenbly having at | east one plenum
for receivindggaidb@%é&agyr6épé'“ tering tube. 11. A gas delivery netering

tube for sdel iggri nGurdicOarea 16 BFHRE betibikl pBft aRdAl-L(9.1)Pe 8BAMISBY 53N 00 TGt £nd
and a cl osed end, and one or nore arrays of orifi'ces forned in said outer

t ube and ext eandithgdesigmagitedirears tlinsstagtt i al | ength of said outer 20 tube; ~
--_ ., T i nner tuhe havin en inlet and outlet ends, said inner
{uBe bel ng’ neDiiRERy al/Og i st te VoPiICkphife dERE prrdlelc oG an
effective annyl@ke BRAGELIENCLEAIE! ¥BBRring AHMNBLL D I§EkSt ReErhg} éa%’?ﬂus@xfateﬁa' d
inner tube termnates prior to the closéed end of said outer tube; , 25 a
gas flow di viiddiigge8).ti oned adj acent the inlet ends of the inner and outer

tubes and having a_first gas flow path co d to said inner tube and a
second ¢& flow pa@??kelﬂlﬁg%ﬂretléaﬁ’mexm}é&iﬁgce bet ween the inner and

outer tubes; and 3%%‘?&1,92 Q)aﬁ%l?xﬂ JuRRrt coupled to the inlet end of said

i nner and outer t or ‘supplying gas to said netering tube, wherein said
gas flow divider clanseybe gagtht(firsoppledo 16t BélendR7dhclsal d netering tube
whil e said single %zlas_ supply port is connected. to on].y one end.. .
e inner tubé and outer tube inner/outer diameter dimensions are given in Case
D of Table 1. The various key design values can be calculated using the equations and
15 process described in Example 1 above. Specifically,
D, for annulus between Inner and Outer tubes
=2 x [(.261/2)* - (.156/2)*]'* = 0.209 inches =D ¢

Cross sectional area of inner tube = 7(.136/2)? = 0.004621

Cross sectional area of inner and outer orifices = 7(.0048)? = 0.000023 1
20 Using this data, the relationships shown in 4a, 4b, 4c for the inner tube design of
Case D may be computed as:
L/D,, =9.27/.136 = 68
D,/d=.136/.0095 = 14.3
Na,/Aype = 39T(.0048)%/.004627 = 0.19
25 Comparing the calculated values of the proposed design with the design guidelines
of the prior art show that the proposed design for the inner tube of Case D approximately
meets the conditions for uniform flow.
The proposed outer tube design for Case D must also be verified against the

criteria of Equations 5a and Sb. For Case D, the first relationship is met; that is,

Deﬁ”
30 —=.209/.136 = 1.54 which is well within the required factor of 3. The outer tube of

in



24 ' 12. The gas delivery nmetering tube of claim 11 wherein the gas fl ow
divider . conprises a disk having a central orifice formng said first gas
flow path and a plurality of small orifices form ng said second gas fl ow
path. 5 13. The gas delivery nmetering tubgyof claim1l wherein the gas fl ow
di vider conprises a flange on the inlet end of said inner tube, said flange
having a |lip L 4 AG- i : if ) i nd
gas 1ow pat 12 GriRABLET R o her B dablcl SEPOLiShel TR, PaRRo R
gas supply pdbtfolbn oorptubsapp@xithaely Hainch dors irootkes, 9f Tor(1ed )/( 1vex.6068* k=i d
pocket being sealed with a cover to create a confined passage, and a gas
supply conned®®8r coupled to said pocket for receiving a gas, and a hol | ow

Lube asserbl o Gopl &0 (ot 864 Slsco sl ikl a6l &/CHAD biHgS 2 80

out er tubes
-GggéA’?- A3. A, .ol t}irell nardR: Slofs?rathéy . thah ARirsarrly .oAUrifRES if\thd\ulde thbe. AThe. A, &
V-

| zupkf a\ W ca]relajienshins]ferthe apteniubapithjsuel] ¢ eb§letapecrrdiap éathearesahidnyariaical c

a]ca]c“a]ca]cq% a%c“a]cTa]cTa]ca]ca]ca!NAWW!#<%&v(x((@©))5***D++++A,,,N—./d

//0|wwnhcAY]f% %%“]ca]ca]ca]ca]ca]ca]ca]ca]cAa]ca]ca]ca]ca]ca]ca]ca]ca]ca]c

alcalca]calcalcalc a) ca] ca] ca] ca] ca! 002k2223@334f 444' 5<5556X66617D777808

}888V9| 99| wr mhe/ Y] Féalcaloraksal cod sddFakcal ca] cal ca] ca] ca] ca] ca] ca] ca] ca] ca

] ca] ca] ca] ca] ca] ca)lea] cfa] ca] ca] ca]ca] ca]cal 9%:z:: :;
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(i.e. the hole-to-wall thickness) is 2 1; nor is the supply gas feed, provided the supply gas
feed does not constrict the gas flow. ‘

25 Of further advantage, the axially aligned, nested tubes can be of different shapes.
For example, the nested tubes can be comprised of two axially aligned, rectangular tubes,
as opposed to the cylindrical tubes shown in the figures. Moreover, the gas delivery

metering tubes of the present invention can be configured to provide the “jetting” type gas

flow when desired, or alternatively can be configured for the absence of jetting.
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tube 12 to the inner surface of the end cap 35 is not a crucial parameter in the operation

15 of the metering tube. Distances in the range of approximately 0.1 inch to 0.25 inch are
expected to work acceptably. In a specific embodiment of the invention, a separation
distance of 0.135 inch was used. This provides an advantage of supplying gas to opposite
ends of the gas delivery metering tube 10 while employing only a single gas supply port
at only one end.

20 To convey gas to opposite ends of the gas delivery metering tube 10 while using
only a single gas supply port 50, the present invention provides a gas flow divider 38
positioned adjacent the inlet ends of the inner and outer tubes. The gas flow divider 38
has a first gas flow path coupled to the inner tube 12 and a second gas flow path coupled
to the annular space 15 between the inner and outer tubes. More specifically, the gas flow

25 divider 38 is disposed proximate to the inlet end 37 of the outer tube 14 opposite the end
cap 35 and aligned along the transverse axis approximately even with the inlet end 13 of
the inner tube 12. The gas flow divider 38, an example of which is shown in Figures 12a
and 12b, is comprised of a disk 41 having a plurality of small orifices 42 formed there
through and a center orifice 44. The central orifice 44 has diameter approximately equal

30 to the outer diameter of the inner tube 12, and is positioned adjacent the inlet end 13 of

the inner tube and along the transverse centerline of the inner tube to provide a first gas
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15 The inner tube 12 is supported axially within the outer tube 14, at least in part, by
‘ one or more standoff spacers 40. Standoff spacers 40 are provided to axially center the
inner tube 12 inside the outer tube 14. One example of a standoff spacer 40 is shown in
figures 13a and 13b and is comprised of a thin sheet having one or more standoff portions
43 and a central hole 46. The central hole 46 has a diameter just slightly larger than the
20 outer diameter of the inner tube 12. Inner tube 12 is inserted axially into hole 46 and the
standoff portions 43 engage the inner wall of the outer tube. One or more standoff spacers
40 may be positioned along the length of the inner tube. Preferably, one standoff spacer
is located adjacent the outlet end 17 of the inner tube. The standoff portions 43 are
preferably formed of a shape to substantially minimize obstruction of the annular space

25 15.
As described above, of particular advantage the present invention provides
delivery of gas at opposite ends within the gas delivery metering tube 10 while using only
a single gas supply inlet at only one end of the tube 10. Gas is supplied by a single gas
supply port 50, shown for example in Figures 14a and 14b. The gas supply port 50 is
30 disposed at one end of the metering tube 10 and is comprised of a single unit block 48

having a hollowed volume or pocket 49 formed therein, gas supply connector 62 and
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Attached to gas supply connector 62 is appropnate plumbing (not shown) to convey gas
from a gas supply through the pocket 49 and out through the hollow tube assembly 64.
The hollow tube stub 64 is coupled to the gas delivery metering tube 10. The outer tube
14 includes the adapter 66 at one end. The adapter 66 joins the outer tube 14 to the larger
diameter tube stub 64. In one exemplary embodiment, the flow divider 38 is positioned
between the tube stub 64 and the adapter 66, and all three components are welded
together. In this embodiment the adapter 66 functions in effect as an extension of outer
tube 14 such that substantially no flow disruptions exist as gas travels through the flow
divider 38 and into the annular space 15.

During operation, gas is conveyed from the gas supply and into the pocket 49 via
the connector 62. Gas travels th.rough the pocket 49, out through the hollow tube stub 64,
and into the gas delivery metering tube 10 as shown for example in figures 11a and 11b
. As gas approaches the tube 10 it is conveyed through the gas flow divider 38, and is
split between the first flow path provided by the center orifice 44 and the second flow path
provided by the plurality of small orifices 42. Gas that is divided by the center orifice 44
enters the inner tube 12, and the gas divided by the plurality of small orifices 42 enters
the annular space 15. By keeping the cross sectional areas of these two paths about equal,
approximately equal volumetric gas flow rates are provided in the two gas flow paths.
Because the inner tube 12 has no orifices along its length, the gas exits the inner tube at
its outlet end, and enters the annual space 15 at end opposite of the inlet end. In other
words, gas from the inner tube enters the annular space 15 at the opposite end of where
gas enters the annular space 15 through plurality of orifices 42. Thus, gas is conveyed to
both ends of the gas delivery metering tube 10, while employing a single gas supply port
connected to only one end of the gas delivery metering tube 10.

In the exemplary embodiment shown in Figs. 9 to 14, the array of orifices 18 in
the metering tube are of substantially the same size and spaced equal-distance; however,
alternative embodiments may also be used without departing from the scope of the
invention. For example, the pitch of the orifices 18 may vary to provide a desired gas
flow pattern. In another example, the diameter of the individual orifices may vary in size

to tailor the gas flow pattern. The orifices 18 may be formed by any suitable technique.
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orifices may be formed in a material, preferably a material suitable for close tolerance
machining such as ruby, and then such orifice is seated into a pop through hole.

Other features and advantages of the present invention may be apparent to a person

5 of skill in the art who studies the present invention disclosure. The foregoing description
of specific embodiments and examples of the invention have been presented for the
purpose of illustration and description, and although the invention has been illustrated by

certain of the preceding examples, it is not to be construed as being limited thereby. They

are not intended to be exhaustive or to limit the invention to the precise forms disclosed,

10 and obviously many modifications, embodiments, and variations are possible in light of

the above teaching. It is intended that the scope of the invention encompass the generic

area as herein disclosed, and by the claims appended hereto and their equivalents.
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1. A gas delivery metering tube for delivering a gas, comprising:

an outer tube having an inlet end and a closed end, and one or more arrays of
orifices formed in said outer tube and extending along the substantial length of said outer
tube;

an inner tube having open inlet and outlet ends, said inner tube being nested and
axially aligned inside of said outer tube forming an effective annular space there between,
and wherein said outlet end of said inner tube terminates prior to the closed end of said
outer tube; and

a gas flow divider positioned adjacent the inlet ends of the inner and outer tubes
and having a first gas flow path coupled to said inner tube and a second gas flow path

coupled to the annular space between the inner and outer tubes.

2, The gas delivery metering tube of claim 1 wherein the gas flow divider
comprises a disk having a central orifice forming said first gas flow path and a plurality

of small orifices forming said second gas flow path.

3. The gas delivery metering tube of claim 1 wherein the gas flow divider
comprises a flange onthe inlet end of said inner tube, said flange having a lip containing

a plurality of small orifices forming said second gas flow path.

4, The gas delivery metering tube of claim 2 or 3 wherein the cross sectional
area of the inside of said inner tube is approximately equal to the total cross sectional area

of said plurality of small orifices in said flow divider.

5. The gas delivery metering tube of claim 1 further comprising a single gas
supply port coupled to the inlet end of said inner and outer tube for supplying gas to said

metering tube.

6. The gas delivery metering tube of claim 5 wherein said gas supply port

comprises a block having a pocket formed therein, said pocket being sealed with a cover

U,
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to create a confined passage, and a gas supply connector coupled to said pocket for
receiving a gas and a hollow tube assembly coupled to said pocket and said inlet end of

the inner and outer tubes for conveying the gas.

5 7. The gas metering tube of claim 1 wherein one or more standoff spacers are

attached to said inner tube to axially align the inner tube inside said outer tube.

8. The gas delivery metering tube of claim 1 wherein said metering tube is
used in a chemical vapor deposition system.
10
9. In combination, the gas delivery metering tube of claim 1 and at least one

injector assembly having at least one port for receiving said gas delivery metering tube.

10.  Incombination, the gas delivery metering tube of claim 1 and at least one

15 shield assembly having at least one plenum for receiving said gas delivery metering tube.

11. A gas delivery metering tube for delivering a gas, comprising;:
an outer tube having an inlet end and a closed end, and one or more arrays of
orifices formed in said outer tube and extending along the substantial length of said outer

20 tube; v da

an inner tube having open inlet and outlet ends, said inner tube being nested and
axially aligned inside of said outer tube forming an effective annular space there between,
and wherein said outlet end of said inner tube terminates prior to the closed end of said
outer tube;

25 a gas flow divider positioned adjacent the inlet ends of the inner and outer tubes
and having a first gas flow path coupled to said inner tube and a second gas flow path
coupled to the annular space between the inner and outer tubes; and

a single gas supply port coupled to the inlet end of said inner and outer tube for
supplying gas to said metering tube, wherein said gas flow divider conveys gas to opposite

30 ends of said metering tube while said single gas supply port is connected to only one end.
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