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Provi sional Application No. 60/475,079 filed May 30,

2003, the disclosure of which is hereby incorporated

by reference i nGASIBISTRIBIELION SYSTEMSf the I nvention
The present invention relates generally to the field

of sem conductor equi prment and processing. Mre
specifically, the present invention relates to a gas
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system wutilizes chem cal vapor deposition (CVD) to

its entiret¥posit films or layers on. the surface of a
substrate as a step in the manufacture of
sem conduct ors and Fieldeefrthe dulvenitiopui ts. | n CVD
processes that require nmultiple gases, the gases are
Thnpresdnt inventin rebude svgiqehhxiatlyao?iieg'let&ﬁof %hﬁtrﬂmd_h uctorgétplipment and
gaseous mixture is then coupled through a conduit to a
processigigs Momg specsfically othe prgsentdnyspupn eelafes i as digibutionapgaratus

useﬁllir‘i’lséiﬁﬁ%ﬁd\%td}ffa @spsuch that the gaseous mixture is
evenly Istributed into a process region. As the

gaseous m xture BARErDu g%f QSRR .&ggi on and is
infused with energ-y—é'uthﬂg[rewrg—“'eat ed, a chem cal
ction aoccurs, between the gases to, . form.a filman. a
Blafemraceasin Eeprion Sert ey et ke Widely Wi ik e etiteciegte of
semicoriduc@y@iddihtey radclvairtuns COHS pirficiilaxtyP@ s £aRF pRicedsthg system
delivery into a process region to ensure that the

utilizes gheyeisalayapor,dappaitinn {C M3 te dapgsie flmnerayeie op thscwfgoe of a
s 5940 ARG B BRI IIE oy
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‘infused Wi “én%ngds%lzﬂ i {xymgo I\ea(‘i’eads,’ zex%hérgxic readtion oocirs bel ieglq tﬂengages to
form a film on a substrate proximate the processing region.

Although it is generally advantageous to mix gases prior to delivery into a process
region to ensure that the gases are uniformly distributed into the process region, gases tend to
begin reacting within the mixing chamber. Consequently, deposition or etching of the mixing .
chamber, conduits and other chamber components may occur prior to the gaseous mixture
reaching the process region. Additionally, reaction by-products and deposits may accumulate

in the chamber gas delivery components.



sequential manner w thout prem xing. For exanple, in
an atom c | ayer deposition (ALD) process, which

w0 nipraessngl y becones an alternative to CVD preCEESHE84/016795
each reactant gas is independently introduced into a
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substrate surface. After the excess first reactant is
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self-lirritig{g% rfacereactlon A desired film
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surface Feeliask g 4o T RSN S IOROLATPPging Be depositionsycle as
necessal@e SIi s @evdra gBUHoAhRoHIRE B firdt arkBRAd e RaRARS ﬁﬂl@%@%ﬂ%nﬂy and
hin a showerhead until they exit the showerhead
separatel)fﬂlmtahphmi@smhqaégm avpid Ty chiastion hetwveenthe teastntyds de
h (?ma single inlet port to a nultitude of outlet
s owerlﬁ gas distribution networks created in a

r head bod ed. For, exanpl e, lurality
TRotSer  1Re & L Ta br & AL acdssrin 8 derecio mmmitain gases ih
separateJANUBENSAvIBAAY shE e Ghiil ﬁw@‘élx‘t'tﬁé]%v@ihead into a process

per pendi‘cul ar outl et channel s“deliver process
region. chenmicals into a process region. The parall el
channels are intersected perpendicularly by a single
To distsibategroquse pases Gomnesihgld itlet porcenimaltitudgad oatbetr}ﬂ)&s gas
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perpendisular eutletichanmslssdeliverprotrss phaicals inte giporcesyregion. The parallel
channel{ 4 P AR APRerBendi M PaSen Vel B 198 conta
gas sourCOihsdt dink, Pﬂﬂ:b a‘édpbisb@ﬁbﬁﬁhé fias Beashtieof thd doWethead by
there is typica arge _variation in backpressure
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t he shower head and those -2
variation in backpressure within the interior flow channels that result in an unacceptable
azimuthal and radial variation in outlet gas flow velocity from the multitude of outlet holes.
Furthermore, in showerhead designs with a single central gas inlet, there exists an

unavoidable time lag between the gases that exist near the center of the showerhead and those



WD 2004/ 109761 PCT/ US2004/ 016795 existing at the
outer perineter. The large variation in total flow
w@adoh/1ed76poi nts of constant radi us i nherent wWaUS2004/016795
Cartesian-style flow networks creates a "phase error”
that may lead to non-uniformchem cal concentrations
existing® M GhtdriRriRRicr T¥he larSd vdriafios PRI ABADpaAGIditRYf constant
affect deposition in Transient-flow processes. To
radius imhenéntiwith Cdrtesianistilie flaw netwarks creates a “phase etfrery thataerydead,to

mon-un i PeS BRBR i o B B of e Rg 9t may
affect d9stlongh tahadISlow protiys@yver, this type of design | eads

to a decreasing outlet hole density (hole per square
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passages. This nay be conpensat sonewhat y
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by additigrtaheadial Phssagdsat targarhiedib howevernthess require ¢yass-connection to the
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same sofge o8y BB BT Bl P B kR BT R DIokR e
Further@dte]ktlifadt adpparend gt thitwit§ield hepRbRIIdvwhadiforityleitherr

the center of the showerhead and those existing at the

PHerEford Phdro R £eed b ﬁth@distri‘Bﬁ?(&i SRt %ﬁxﬁl% improved uniform

distribution apparatus useful in CVD an D processes
outlet veloeitn disttibutiosandhegdycedfvaripdon imagimuthal timelag between the gases that
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developRitpey idigh$ disfribiiibe Sppa?dtﬁ@ﬁdéflﬂ ifleVMD/&id/ADD pyecessesiard teeded.
process region and reduces azinuthal variation in

time [ ag between gaﬁnﬁdtﬁtofmt,ﬁeﬁﬁaﬁ t he center and
gas exiting at the outer perrneter of the apparatus.
Jg&pag AR RS Ir?‘gﬁ{}ams biguRh %@rﬁf%u%@?or%bﬂcrag&ms' ﬁgvided. The gas

aratus co ses a nenber and a gas distribution
distributien uppakathoproastesiuinkformiyrdelivery tof ggsesintb e précess iegiohandirgduces
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outerpgrﬁnetgrcgﬂ{ﬁgaﬁar%.i nl et passage extendi ng upwardly
through the 'upper surface of the unitary nenber for

RLSSHBJAEER, fe g?e}t:ﬁ%% ftrittiBh Ypparathy cdhiprises & member ﬁnd a

passages converg junction and I nterconnect Wt
gas disttibetionettvorkaforagkwithinttheunpitang meober far phiforaily dylivering a gas into

second passages ar connected. wth the pluyrality of, .
a processTron, BS AGHDST cARPe THARLPEEpeD Ths gos duifaion ghiyRsk i
formed %9@:51%&%”?6 theddify Bhwiaraly thiough 1RAGHBHsUPASS 8L@S uhRiry

del'ivering The gas into a’processing region. The first
member for connecting to a gas source. A plurality of first passages converge at a junction
and interconnect with the inlet passage at the junction. A plurality of second passages are
connected with the plurality of first passages, and a plurality of outlet passages are connected
with the plurality of second passages for delivering the gas into a processing region. The first

passages extend radially and outwardly from the junction to the periphery surface of the
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passages extend radially and outwardly fromthe

junction to the periphery surface of the -3 WD
WQ@OM4Nd0eir61 PCT/ US2004/ 016795 unitary nmenberpCiliig2004/016795

second passages are non-perpendicular to the first

passages and extend outwardly fromthe first passages

unitary'nferhbt®. THE s&Joad ba@ﬂ%é‘s%?@non%@pﬁididt@ir 16 AfcTReesasest el extend
downwardly through the | ower surface of the unitar
thecfpr

outwardhyfinsm strassages torthe periphgrssurface Theoutjst passages ﬁgénd

regigqn. | e i f, 1 [ e s
conm oV s BOREAETE e 5 A9 Rg Bias o te
processﬂig/ie@iolﬁg the gas distribution network into four

regions or quadrants. The second passages in each of

D EndtABs ARt HeirBEsadtdetd ardichMpASKd bIFbMrthobbnal coordinate

opposite two quadrants, the first and second passages

passagardividingrthe gasohistripution nateyerdk. intorfouniiegionn or quedrantsa drherseeond

t he sec sages .on.both sides of ;a co firs
passasds 8 eaicoLipe ABRETERE RIS il st St I PRy blihans, the
first an8 86coRE pRAASALLS syipmstrichlly AraipednNi Rljddenniwdifudtiradfy, the second

about 45. Tn one enbodi nent, the angle 1is about 45

passagesey ol sidesofamenniaen S penseasrare steggeredly arragaeds dhe diryend
C rise Sj ' n e
second PRTRE B e oo BRI BBouy 30 fo BORES Thn o B RERRERhe anele
is about 45 dégre@ssages have a dianeter larger than the
di aneter of the second passages. The second passages
ha WRotRertin?bBiREnt] ME Giest phitapestaiecsth frigell Of sidfpabdagesy did &djacent
passages. In one enbodi nent, the dianeter of the first
two passagesfgun ah gnglp of plout §Adegeesom about 5 to about 15 mm
the di aneter of the second passages is in the ranrtge
fGemeradippthe fdstipassapesutavd 2 diammterdanger then thetdiameteli ofrthe eqcond
. isd.n th f t Q.25 bout 2.5
pessagts T ot SRR b TP e LR B o ol
passag&st I8 bad binBbdivaca, the @ihmeRt ofhe fied ?Eisﬁg’qstiﬁ)in the €atige €rom about 5
inserts to alter the size of and/or direction of gases
to abousy p mmgthe diamster| oS the sepens passagetisdn therrapgeotiom jagoyt 3 to about 12
' ovi ded
rom, i O e SRR TF B e e i FBouR B30 B
nbodi nent,, the present, gas di stributi. st
I8 Ao hEcambodipiparb g S5t AR LA SiBiAblipty S FOfEH and adapted o
receive iNSEHRQH AREH th@ Sise Of Hid/dridifetich oraiavey ditidfoatherocklens inké # process
. the unitary nenber. Each of the gas distribution .
region.nkn avBirther ¢mbediment thsroutlpt passages 18 Preiidedswitia Hupady for receiving
theinséi?swardly t hrough the upper surface of the unitary
nember for connecting to a gas source, a plurality of

In one embodiment, the present gas distribution system comprises a unitary cylindrical
member and two independent gas distribution networks formed within the unitary member.
Each of the gas distribution networks is formed of an inlet passage extending upwardly
through the upper surface of the unitary member for connecting to a gas source, a plurality of
co-planar first passages converged at a junction and interconnected with the inlet passage at
the junction, a plurality of second passages connected with the plurality of first passages, and

a plurality of outlet passages connected with the plurality of second passages and extending
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co-planar first passages converged at a junction and
interconnected with the inlet passage at the

wQ wvatiooony a plurality of second passages connecCt/Es2004/016795
with the plurality of first passages, and a plurality

of. outl et passages. conpected with the pJluyrality of |
downwazdly thrqueghthe dejuer salﬁfecee&fﬁhﬁaw?gy memper gmsﬁﬁ\i ¢ gas into the

. l» r. .
processifloaiCrE U (R Reec IOHE ety U] B e uncion o the
periphery stifadeod theouitaey siember. €bheseconihpnsfages srepagdane svithrand mdn-

radially and outwardly fromthe junction to the
perpendisalar TS PerRER B Skhad IRl S i st asge ibe
peripher? ﬁgﬁ?&? mrﬁs@&dgk&iﬁ@g}aﬂagg e O the P% BSRDLGH Adtwbiks are

I rst passages and extend outwardly fromthe first
formed gtakiffergutsel¢vativhewithiarthphmitayy swembecand the enléti passagesof each of the

gas s 0B AR BVIR GO UGPSR e PES EREDRIEDL G g vorks
are not ih MRidErhRELNcHRIFORThiATEE ddifiry MefbeD a8 A8 @MbBHINRAE thofirst
the gas distribution networks offset each other. The

passages ofteach dEihergde distrifaision networks.are eemprasedwd ikeur osthegensd coardinate

pssoe, HlpGRFTHBLABA PR LBl LA RS o e

network§l egfehd Bizbnghthe BIwe stiFacelift ag aNgrhite add everd anfigoratibo.obdfurther
coordi nat e assages. | n another errbogj ment ,

. S ) the |
embodiment; e tya gangdiskibyfionastyyorks hapesubstantally ¢e supe dimensions and
rks extend through the |lower surface in an
conﬁgu%ﬁ{n‘é%?nate and even configuration. In a further
Iarne @mbedinent; the preventgras didtritutiob system comprisgslasurtitamecylindrical
ubst anti al | he gsane di rensi ons and confiqurations.
member, igviRigEn HPBEHEREE, HRBCTAMEe e ndRer HAERy SBAs, ARd LS o
independéHt gﬁé SiSRibRiSNhd tovksTYth ik itkif the WREPLMeRBYY. Bachdf the gas
upper surface, a |lower surface and a ‘periphery i
distribution fetwerks anformhd efan inted ppesagie atplusality wif Sirstippssegesna plurality of

networks fornped,w tRin the unjtar . h.of the
second FESAEOHF QPR o B Rt i T ppflsedes
connect®BWRAHR sedor phssdges. Y TIRS infet padsagersdade spwardy thralghttiie @pper

second Fassages connected with the first passages, .and -
surface for Gpurresting ip dgassaurce: The S gassages SAREEL Y ajunetionpaad is

. . S e il S ' :

merconb G R RRCAAE Bl R o TS SRR iy

outwardboftomehe junetién fosth?]I pagﬂﬁgamrfa_om?/m@ﬂcamd paspages wﬁmm-lﬂmwr with
IS Interconnected wwth the 1 nl et assage gt e

and nongperpenhsplar faribe IHPAsIELR é*§teé*$198ﬁ’ga’$1é{3?g°é’i‘ g figpassages to

the peril%#w\@{r?gc& ThOBudd Pads! tawébxﬁ]ectw%n%é.&Qﬁfédpésyég’egaﬁd extend

€ second passages afe co-planar wth a _ .
downwandiy-tjrengle theti lowkmsurface fondelivering thegasdntoshaprecessingregion. The

out dly fromthe_.first passages,.to .the perjphe .
it G gk ER R b BECTAPBpebB  AREEN i
elevatioREFRAG: thP BRitAY BRenibeflaidthe Mlet passages of each of the three gas
distribution networks offset each other. The three independent gas distribution networks are

Mot

not in fluid communication within the unitary member. In one embodiment, the first passages

of each of the three gas distribution networks are comprised of six passages, and adjacent two
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downwardly through the | ower surface for delivering

the gas into the processing region. The first and
waemanad7passages of each of the three gas di str@busi00H016795

networks are forned at different elevations within

the unitary nmenber and the inlet passages of each of

passagéd¥orrh fah Q818 BF abélit B0 defrékd. OThe e pak dis@fbuti6h n&olks may have
ot her. The three independent gas distribution networks

substangially theotamerdimpngionsasdeonfigetions. wi t hin the unitary
menber. I n one enbodi nent, the first passages of each
of the three gaBrigf Bescariptionaf theDwawilngsare conpri sed
of six passages, and adjacent two -5 WO 2004/ 109761
FOiEhé By drd 1V Sxitagen @$ drgesehvinnemivndrgbme appandin Uﬁo@&ading
egrees. " The three gas distrjhytjon networks may have
of the %@a@g Sesariptipy of the 1aventiony PW%@ﬂg’ﬁ@“&ﬁtﬂi YORTEIGEANSE fogihe
drawingﬂne&zhia%scri ption of the Draw ngs Qther objects and
dvant ages of the present invention becone apparent

4160 AR A SRR, Bl s

distribwtiorvdpp@atus fin ¥étioedancdith ode embadifehtsithe pregém\invehtion.
sem conduct or reactor systemincluding a gas
ISt D iU xWARRAY 8F &'Bas dIstABGMTCPaRNN hith@ied from a unitary
enbodi ment of the present invention. FIG 2 is an
membegin agcardancé with ohe embedimgntefithypresent inyeptiemt us nmachi ned
froma unitary nenber in accordance with one
di1603| slnewd anointerried gpy disteibutiomeetworkoforméd GithB sunitasy aember in

i nter.pal ga istribytion network fornmed within a
accordiiie i PHsITER oL eGSR GIER: one. enbod ment. of

th resent inventign. FIG. 4.is an external view of a

&@v- i ﬂssacwqwﬁawﬁgﬁg%% STBWIRN aRparsiis sBpWiRgullgierassages

GBmt i fiehBeth aBodtlhrcd Wi EHERG bodinent of

MOUggg%g}Pchgwc%ﬁ\?mP?ﬁfag@éégnbogli ?renta of ét“'Lce VM| nvent i c‘))| n .ﬂnanIt(% the
inventibni s a bubbl e plot showi ng outlet velocities in the

geonetry of a prior art showerhead. FIG 6 is a

HIGD5 s pbuliblesplovshogrimgiditiet veletities iniths geomdttyeofgaaive arty

rgf%da gas distribution apparatus in accordance with
showergad. anhodi nent of the present invention. FIG 7 is a

pl ot show ng internal and external ﬂ?ath | ength ratjos |
i Gab 54 bybblg plot shewiirg putleg velocities in the geometry of a gas distribution

apparatus in accordance with one embodiment of the present invention.

FIG. 7 is a plot showing internal and external path length ratios in a prior art

showerhead.

FIG. 8 is a plot showing internal and external path length ratios in a gas distribution

apparatus in accordance with one embodiment of the present invention.

FIG. 9 shows two internal gas distribution networks formed within a unitary member

in accordance with one embodiment of the present invention.



FIG 8 is a plot showing internal and external path
length ratios in a gas distribution apparatus in
wa@ewanagece Wi th one enbodi ment of the presentPCT/US2004/016795
invention. FIG 9 shows two internal gas distribution
networks formed within a unitary nenber in accordance

wi th one enbodpemiéd D@sdrli%ioﬁr(ﬂ'%ﬁmn\ieﬁﬁﬁﬁti on. -6 WO
2004/ 109761 P arled Description of

W@qs'diétﬁﬁﬁtidﬁ"hp?aﬁﬁ_ﬁ waLfl il emidABuderPa ﬂ&égﬁngiﬁ@ygeh,nln

b
sem conductor “Tabrication is provided.
general; the ggadisttibaition bpparatms afibe presers inventibe cpmpssesta unitary member

i nvention ,c rises a unitar nber and one or. nore
and on¢ e ghy AisHTHLSIR REtiskSorned wBmARE prifery member fopipiformly
deliveritipBasys ihtdla pibéesOreglon. del i vering gases into a process

i}(eggi on. Referring to the drawi ngs where |ike

gt the dravingsswheradikelcorpponerts aredesignated byrikewefatence
e DGR R BRI g oS 2o 11

T .
for exafpleafMOmiERGEUepbiiatbn gﬁh‘%ﬂar%&oﬁor SORrAa8H A Linefudt e

resent invention. It d be noted that the reactor
showerhepdslRonirihg presanginventions It shouid bematedithat e peactnsd@ sbowy in FIG.

. ' i, 1.t co of the..invent.ion
vis for fftuite bEBSRIREY s kads o BERRG Ropb o B ipeOipio R any
way. The ehbwetheudydesdrited belost il bahigé®inkblyfotiePsgaém where uniform gas
distribution into a_process region is desired. The

distributign éatg P PIereptieBioads desiredndho sapter 10 inglirden p gnclesure 14 defining |
d r P

s poceRERERRTATG, [EURRu s, AP LAERME S, onfpgine

. proximgate mlaremscefs? gegumT 116501_0? pgdqsﬁﬂ@&t The ?ﬁﬁsmll@zedmtewicaBQ within the
noyes vertica W thin the cl osure A,

enclosufo LF fa st ey 5ws Mherabase 8 e 6 eiroved oD i thedovered

position/Aide® duBsthdd€ 18 ARARE onRRSHAdeQR 23 THRVPeatRAI08E thehBaiked into a
pl aced on the pedestal 20. The pedestal 20 1s then

processingsition, Which placesthe selistrajspsoximate, thehiosksspegiord 61 Reocess gases

N T R
one embditentFake grésdn®inVentior, iféh eXhmpleein’ LEVIDIProddds, twd gaSRqGas 1

enmbodi nent of the present invention, for exanple, in a

and 2) are/imdspendsntly andgeparatedy suypelied tp the phpveerhegdd 2. The two gases are

i QSR 1 AP RO YA M g1 s 0
the showerhesd 2. r Elgise gaskS reacartdforms @ @apesitongthe substratel 118Ut @nother

.networks 21 forneq i the showerhead 12. These gases
embodifgitel e prere mvgna@bggq RIS, FRAnALD: Araess, eefirs) redciant gas

(Gas 1)3'tr88ced into the process region 16 via a gas distribution network formed within
the showerhead 12. After a monolayer of a first reactant gas is physi- or chemi-sorbed onto
the substrate surface, the excess first reactant gas is evacuated from the reaction chamber 10
with the aid of an inert purge gas. A second reactant (Gas 2) is then introduced to the process
region 16 via a separate gas distribution network formed within the showerhead. The second

reactant gas reacts with the first reactant forming a monolayer of the desired film via a self-
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enbodi nent of the present invention, for exanple, in
an ALD process, a first reactant gas (Gas 1) is
w0 ndoraareed i nto the process region 16 via a gBGSI/US2004/016795
di stribution network formed within the showerhead 12.
After a nonol ayer of a first reactant gas is physi- or
limiting bnarfidce seactiexﬂ. Bixt excesseecondashctaitds thon beavaatet Indthetke eklof an

first cta as. | s evaguated fromfhe reactjon

inert pyrt ey A GRS Uikt i GRLmB b isppa (198, e depRstton cycle as
necessas[?pond reactant (Gas 2) is then introduced to the
ocess region 16 via a separate gas distribution

R T .

one or mmga)(ﬁsftnblitldnh?t\d@ks 2 fChsfshb\ml M} EIG:I 3s fdrined z?m the unitary
4/ 109761 PCT/ US2004/ 016795 imti ng surface
membqrég I"i‘t&ﬁbﬁfﬁéa’éﬁlé% & twe eomare tladks sambineddogsthesy Jo simplify

f

s 50 Al s il 22565 88 4 BSBILAER AN 1 o

shown ayE1GS. 2sand e degwaldybe nidted thhtotwer dralude gas dlsm;bunérenaWb;ksal can
FI.G and

sh ,
be indeggpds A ETTIEQT FIERSTE FleN S B Hhe upary TaGRbGH |35t or
three gﬁsoﬁdi%@ZVUah Ibe Prdvided4d '1ﬁcﬁ:b¥ndeﬁﬁﬁ?ﬁ‘d atdV? Sy %&’seQ fito the two

al'so be two Oor nore bl ocks conblne together
or threg gasplistfibutianestwonks an Tbe twier thregegas distribution mngmksgbhare not

mercol RTS8 S Y AR iy

separatelylifodiRed Hit6 b pideeés @Qloﬁ ElBWﬁﬂi@ﬁt prém@dfg. Bfone embodunent where
i ndependent |y formed different el evations wthi

two or hyee gﬁﬁ.@%ﬂbutmevorkﬁ arecformgsd withinithg wnitagy mepbet 1;3 Awo or
three gfR8 AFHE S AROUQ shARBTRITRY rbwARad TRROA opkuaht B urces
(not sh&dm) TSmcdmetm ot thr@egag dastmbtmbn inbtwtdri2 hat wot losfldd ar e
commq%not io{tggté 81?{)] wﬁe dlétgwééeh \Iétir\]lg\tr;] gx‘ggxgglth ﬁl@qn&%g%&hrleg gases are not
mixed HRAMA! &livkhé MIwRenead 2'1%%@p1%&9s‘§ ¢Ssion €4 Rﬂeﬂaﬁnww rt%tor
prem Xi ng. I n one enbodi nent” where ~two or three gas
three gakies arei suppliesiintocheprocess2égion 6 ﬁc;pm@hllw vidnihe tWhe)r dhre¢ gasy
t hr ee be sinultaneo
distribA ks 21 SRnft e halES nBRR%E 15 mes bediht pER R Atremens,
for exafiiple, §E8n atbM 1a§ErAMPYsitici poBesshe two or three gas
distribution networks 21 are not in fluid

%’ﬂm}' 1834 b&ﬂer%l&gha%ﬂﬁlgd Bbhed bloLk bf Aluflifint! @taﬁxﬂééé steel, nickel-

mber 13, or three gases are not m xed unti
based atllhgy oeany matesiakthoteh eatread witht the phticplabgasss being supplied into

16., Al.terpativel t ree suppl i
the shopgihgay 12" 17 sy meltin 4 eorl 8% 56k DT B Sar® SRany s,
suitablé &Y £8d &¥She fa&bf 1 R UTheihifAe) i«h@fn‘bér Blcomhprivedan h@odﬂ BhrfAeY3, a
menber 13 to neet speci f| 0£rocess requi r enmen
lower surface 24, and a peripheral surface 25. A plurality of channels, passages or holes are
formed within the unitary member 13 to form a gas distribution network 21. Various
manufacturing techniques known in the art can be used to form the channels, passages or

holes, such as electric discharge drilling, mechanical drilling, pressurized reactant drilling,



for exanple, in an atom c | ayer deposition process.
Menber 13 is preferably nmachined froma bl ock of
w@booaitonae st ai nl ess steel, nickel- based al | oOp&T/USI004/016795

any material that does not react with the particul ar
gases being supplied into the showerhead 12. The

water J'dmdtaﬁy, afié fedikel 3n 68 eaBodiment, thebé ¢tAhhelabr pdisapes are faried by
shape, suitable as a lid for the reactor 10. The

mechapigpk diillingangjer amelectionp mssl&geamadpw&EQMDf ace 23, a
| oner surface 24, and a peripheral surface 25. A
A G alsho\ys @gas:dxmhml@ ngswe formed withincthe pnitary oxemer 13. For

uni tary

carityndy F R R BForRep g Foos rorpaps o e= Wl ERR nrwepe 21 ave shown i

FIG. 3t efthe RérAAIRThglsORIMMatetials Batalefin€ Biesdéhatféls] JaSsakey & Ho of the gas
channel s, ﬁrssages or holes, such as el'ectric

distributienonetwerk arﬁnpfrﬂﬁlowﬁé@ﬁﬁﬁt:al drilling, pressurized
reactant drilling, -8 WD 2004/109761 PCT/ US2004/ 016795
vm Blusfrated ouFiG. Bgthe gasldistributipk petwork bheomprﬁmsl anindet passage 26.
. ese c nel s passages chanl cal
The inls} PRPRRZ G AP BTG B AP e e FendiF B8 e fo
supplyﬁigci gad iAf0AHE g FABLEHGH detRotki2aN Thetiner 36 SderldsufRerdly and -
hin the unitary nenber 13. For clarity, only

ﬂlrougbmwessurfmg?,éges or holes fornming the gas
di stribution network 21 are shown in FIG 3. The )
r & phiralityepf hotizahtalphassagesl o pldnams @8aidraze fdrmed withamthelugjtary

e85 5 ol ol 205 S8 2on B LRI R 2P O e ety
and o@@ﬁdﬁ‘ t%tthé Péﬂﬁh@ﬁl aatasenk of theGifary maaban 3. MRthobidsmaldenums
he inlet passage 26 is coupled to a g@z source

28a-d grn@iossqh alihy pemlshesal 8 |&5 (Tﬁwsthogmm)plmvns pheaji heformed by
aiting Bt Bt Bet R ARG R RSB B PGS rfosed

by for ekathplk iséaling pplig(hatahbwh) Wﬂ&qﬂ&lmS Maeharedordtak: dl"}ﬂrlﬂet
formed within the unitar Erenbtg g g.dglgign

passags|26ritipennoeied avitythe plspyes é%ad ot emﬁE?I} t

or&og@ﬁ&l%ggrdﬂ%gé @lf:}n)ﬂﬁs S6dq QntnehA's I ﬂlﬁstfalﬁ% Eﬁfprg‘ o Qﬁould be noted

surface e unitary ne e hori zont al
that othérenmbs:r oPflanuinsican tel foseel. ﬁortehanpler §ip plenuins san befoemed

The h tal pl 28a- d be f
convegiig AP Br AT BR BHAETG S P e 38 ank t BB kRS A g2
is mtr&ii‘tcéd’@ia@ﬁerinl@? ﬁs%h%eSZU {rACHstrAbuted tit6 HHRIRFizokN] pléviums 28a-d.
-exanpl e sealing plugs (not shown) after the plenums

2&%&@‘@%%6” : asiggk% d’ o % R3I5AfRrRbd hdng qwa% Sfjeach of

e junction 30.
the hoﬁmntal pkmuhrsglsaai 'ﬁwdntiutaad:seﬂdmndrfmrﬂ gee- ;denaume 2& Itcothn perlpheral

surface 85 olf {hle %%}tar?ftéglgbéqup%e mtll}tagelg " are aoser& att (fahe peripheral surface
25. These branch passages or tributaries 32 are formed at a same elevation with the plenums
28. In one embodiment, such as shown in FIG. 3, the gas distribution network 21 is divided
into four regions or quadrants 34a-d by four orthogonal coordinate plenums 28a-d. An array
of parallel tributaries 32 are formed in each of the quadrants 34a-d. The length of each of
individual tributary 32 is determined to define a desired gas distribution configuration. In one
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that ot her nunber of plenuns can be forned. For
exanpl e, six plenuns can be forned converging at a
wQ vatiooon; and adj acent two pl enuns constit ut ep@NUSIVGY/€16795
of 60 degrees. A gas is introduced via the inlet
passage 26 and distributed into the horizontal plenuns
emboditfientdvhesde @kuhsmhtmlyy m‘culnr almlrbumas;agﬁgmmoﬁ is idbsitedy each

individyg) by foﬁf%? LR Qﬁ&nﬁﬁf@ 4 #f Eippaandiigs subgiaatially caually
distant' S el Periph&d Be 39of i€ cPRIdrREEhEMberSY, [Ghér distriBlition
il s F ePrdrs

e unita er 13. utaries 32 are ose
configaratiomesupke a$ ph@.xaad paterif cancbe dbﬁnedl‘h;esm’yblgahc:}cng&mfalyeﬂenums

or, tribuytari r d. at a sane elevation with
28a-d, P‘F@tﬁle@%‘@ de%]%tslﬁ ‘Eﬁ%“q@ﬂg’%ﬁ%nt such as shown in

FIG 3, the gas distribution netvvor 21 is. divided

.Imoap%wrtwr)aga@ﬁ%ts stchpsaida and 3495300 ayd 345, the configuration of

tributagést ﬁ%g :39:%1 g—?:{af’ B3l gxlnt“%% '@m aflts 5 duct( 43 ﬁhrafo@ 3?@2& 34a and

arles are I'n eac
34c, the mblrtamsﬁz&‘éaneﬂ aldiigea t@nmoh plehumasnbh ad 28a crrdasblawﬂhggered and

ngted g i, Lty oh STt 32 5003 anes vith
plenunt’$d 6%@4& QdHEQ0 THRRRHM ORe dhehihed @@ég&wﬁém

circular disttibution Cconfiguration is desired, each
requirenreniitsiinhoadd by tho mumbgr pae distritrigion netwearkd andethel desired eutlet hole

at a location that is substantially equally distant
Patterngy om t he peri pheral surface 25 of the cylindrical

TRIGRE Mheahein ot G ob Uk THRLRERAST et BYAX SHEFPHGS WOt EfbgRopre
formed3for Hﬁﬁ'llﬁiti‘ﬁg $e%es u%gﬁ p%ce"s“ ?ibtn%' %e%%tlet@ ng théhh@&@wxﬁﬁardly

A descri bed bel ow. I n oppositTe two quadrants such as
and thrangh S¢dower susfabe 2haf the anitaryignameher 13 as shavanindilG. 4. The passages

ofthe e 6o ol o PRl Rty G BRSsadefor g utrs 36

comprisé a Bt Ppoktesh pdxinfatdihe uithRag 32 ag@ ARECOnAIpORILA distem tAStributary
28a or 28b are staggered and angled fromthe plenum

32. Thedfirgiporidomeithaentiet passage may Baves largep or ynaler dipmeterthan that of
the secBi k)grtf%ttg B&{hg)l (R K g}cfgél;@ g)fﬁlg %H{let§1§6 Iggcg{rgiﬁé to B_lfz)'ctg‘ss

angfe can termn eone
requirdrnﬁamw r'Hmnitlst pasgpapsemalnlsbibe pmmdlmlrwmli thyeesls dbxs’ea:amng irgerts that
rks dthe%esued outl et hol e Qa,t erns.

are desiiisd g ferdhe ige of B owkeoF Siestionat gases SRt e culet i the
proces??e?zcgﬂq; SO/ Ma‘ﬁ@ﬁ SetfiNg.€ forned for (ﬂﬂ&rnéjl PLiki®o. A-
O 1I6. The out

into process regi lets 36 extends
723 14)1kmlsmlﬁd f‘Aﬂylstahhd}astDlsnn@htwm Systanifiled wohagrentdy with thisapplication

cisclofd b e st BB Ao b fone S BRERASE Syl e
disclosbtd S wiath ¥aleYebyliR€orpeia®a ®§ Tefefentdiih igbinkigdty. 36

The diameters of the plenums 28a-d, tributaries 32, and outlets 36 are selected to
provide a desired outlet velocity. In one embodiment, the diameters of the plenums 28a-d are
larger than those of the tributaries 32, and the diameters of the tributaries 32 are larger than

those of the outlets 36. Small outlet diameters create resistance to gas flow so as to sustain
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conprise a first portion proximate the tributary 32
and a second portion distant the tributary 32. The
wao poogtiogper ti on of the outl et passage may have BCT/ESDP64/016795
or smaller dianeter than that of the second portion
to control the back pressure of the outlets 36
smallea vanatibnnig tack pressues smongesiliof theootlats. Targe plehhmtand tributary

. assages y .al so be provided with threads. for . .
diameleze gt wgt“fsrﬁf@ﬁ Which s&c{esw@e-d&m Welthe Backte Rrpssusis wniform
I . . i "
smongalHeulets, G offierVeldRfitcs B o GARER, Hideyel if i feidpleior o
make thatoutlets égo fnalk at thisanayllead @3 Jet)inghofi gasesc whikdlj isisndelsirable in
) Di stributi stem fjled concurrently with this

semicaIE(OL BT qCBTes o B FHTEETLpRBE T 26 (7 e thiughqut phe
entire ARG ir@gi&lﬂeAR_Eﬁﬁﬂktly,gﬁesdiﬁun%feﬂ Suhé ity S §iffer fdh[?rovide an

di scl osure of which is 'hereby 1 ncorporated by
inner regioarweitice largeridiameters and ay outdhregivinavith smalleo dianteters.

pl enuns 28a-d, tributaries 32, and outlets 36 are

shi ertentbddimeny the idihencterdd sher dehums 28atd isaklecied yn the rargueefrom

nbodi nent,, .the di apeters .qf t.he pl enums, 28a-d .are
about § g1 0 it Simede gamofss of cotibipfie I e et figm sbout 3 mm
to abogif PZtTﬁﬁI?, fand l@fe Jiﬁg%&f 68%'5 l@ﬁt‘leﬁsg%?i?n tRE PanlgB HORT abidufd.25 HAIS about

he outlets ) | outl et di aneters create
2.5 mme dn snctheremtwdipentf the diagwtarof the pleminzs 28a-dii3 seierted in the range

004/ 109761 P US20044.016795. ,smal | et r.iation i
from RS B ECaheBt L, U fianpter peehp s 2 e e fpm abou 6
mm toPd¥dut 9 bitkllahd\the bRt 6f the d6EES B6 ilthe Rarfze Ffdne &bout inkh to about
is desirable. Typically, if the backing pressure is

1.5 mmpi form anong all the outlets, the outlet velocities
are also uniform However, it is desirable not to )
nBtaecletity and sinepliity ponly sethé¢ tribsitaries, outhais and ptenums are shown in

FIG. 5 e P e an R e RSB Gl Gb sg apes cm e
formed @0 praWidealebindd QItIY AdsRy Blr@pécifié Processtd. 'For @k shple Pk in@fber of
region. Alternatively, the dianeters of the outlets 32

plenuys ftribytaties andovitlgs asmselactaddp pravidesn qutiehdensity phaout I hole per 2

di_amet and an outer region with smaller dianeters.
Squmﬁ%eﬂgﬁng%é%bodi ment, the dianeter of the plenuns 28a-d

O S5y e Sro BT et on st P Sl gadin o

amlyieﬂ@xﬁb@BFMhti&aﬂﬂhidtdyn&hwsf(CFE) ifulafast he “di aneter of
" the outlets 36 in the range fromabout 0.25 nmmto

about 2.5 mm |In another enbodi nent, the di aneter of
the plenuns 28a-d is selected in the range from about -
9 mnmmto about 12 mm the dianmeter of the tributaries
32 in the range fromabout 6 mmto about 9 mm and
the dianeter of the outlets 36 in the range from about
1 mMmmto about 1.5 mm
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For clarity and sinplicity,
outlets and pl enuns are shown in
WO bdougby7at | ve pur pose.
tributaries and outlets can be
desired outlet density for specific processes.

Table Exanpl e, tributaries and

t he nunber

of pl

enuns,

only some tributaries,
FIG 3 for
It should be noted thatP@IDBI00UEG16795
formed to provide
For

outlets are selected to provide an outlet density of
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dn Jiablephy MMaxiMin refers ésthe matip of tpmmemstom@rmﬁn ontles| vslotity.
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ri"but’ion
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ratu

BB AR S PRGF.

prior

S over

gg:cg?g HSWR’ Focﬁ?.t The

~ values shMm/Mﬁﬁﬁﬁi Rdﬂge@\v}@f'ag@ fareuised SO tieRifophaitdeaf the gas
Cartesian sty

distribytion sygtemysd Smsiurva yeg obMax/Mimand ange{ Averags arerflesiredyfor uniform

distrib Gt

el TR

B iftfo

%

Oﬁ}S%e‘QHEﬁ%

net wor k type,

1.50, or

the Max/ M n rati o was

velocity is as high as nore

e/ Aver age was 150%

st gtse)s;é lfﬁ%{t%rfo%a&% off?ﬁe ﬁr@s%nggas distribution

apparatus over prior art showerheads. In a prior art showerhead of the Cartesian style
network type, the Max/Min ratio was tested and found to be 3.584, which means that the

variation of the outlet velocity is as high as more than 350%, and the Range/Average was

1.50, or 150%. In comparison, the Max/Min ratios for the gas distribution system of the

* present invention range only from 1.220 to 1.364, and the Range/Average ratios range only
from 0.131 to 0.337.

FIG. 5 is a bubble plot that shows the outlet velocities in the geometry of a prior art

showerhead. FIG. 6 is a bubble plot that shows the outlet velocities in the geometry of the
present gas distribution system as defined by design S in Table 1. As shown in FIG, 5, the
bubbles in the outer perimeter regions are obviously smaller than those in the inner region. In
other words, the flow velocities in the inner region are greater than those in the outer

perimeter region. FIG. 6 shows an improvement of the flow velocity provided by the gas
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present invention range only from1.220 to 1.364, and
t he Range/ Average ratios range only from0.131 to
wW@®2837709761 G 5 is a bubble plot that shows thepOmUE®D4/016795
velocities in the geonetry of a prior art showerhead.
FIG 6 is a bubble plot that shows the outl et
distribwtidnsysteiresf the ptebent geenton, yFIG. 6tdemongiratesendubgtastially uniform

di stri buti S em as defined by design 5 in Table 1.
outlet yelSciigs ieaalens of the disires ToIGRT eTICBRE out o1

perineter regions are obviogusly smaller than thgose in , .

tQre advantage efihe present gap disibulion sestens fiea smaller fransiiclime ¥ariation
. . e . HOSEr A
nthe el A0t 881 0 5 P Ik N PIAN 8 8 compae
the intérhaltdnd ektepnul pathdengtly irpthe yredartt gay distribugias sysiein ¥¥d prior art

2004/ 109761 _PCT/ US2004/ 016795 distribution syst(fm of
showethgead. plneldI&i: 7iang 8nt1is remresents QulgkRsREetes Positigns, and y-axis
epes S AU o T B M P a5 G0 G501
paramétéreandransxndrna) pathcthattthe pastwauld srgred] drom the aenstepjuhetion radially and

e ra T A0, R b ST
3, the inRIRAeRterfd) Paththd NPJeriffdter P5iA6MAG aRdHs CRIGEN Hik {olike radial

present gas distribution systemand prior art
designsasshewnan&iIGl § Talagsior Artsshowerhead, thei internab/extemal patb patioeat a

. perineter positions, and y-axis r t | gn
cquivefeg} pefifier fo¥ans S pe BRK a1 4ces SRERP S ERG  Fifss J3808
demonSteitt SHat @e fro®nPpdsistrib@ichyttem gemllygedess tenalmythillvariation in

that the gas would travel fromthe center junctign

time laghetveangagesdhatenitnaniths censerat dee shewerhsadrandthoseexitingat the
outer ;)ngéeaarrgflﬁﬁqinm efhaik é g&tdi&qblft}'oglg%#op{é{tf fiftd ngoq:e%sﬁg ice)rrl,

e 1 nternal/®externa o at "per
which ixoduisiralsle $n §eneioshdcios mzhofaetuting.l due to the radi al
design, as shown in FIG 8. In a prior art showerhead,

t IA®nle Rhfbodhdne XvalifeabgdshiistAbitibnatetwork e anei fumhedt different
perimeter positions can be as high as shown in

1.4,
elevatippevithin ATy MBer @ INdRPRBIFSHLY ARGSAPRENCY FUPRLY BEGERSeS Into a

procesd ?ejgi&[. %Jch%‘f‘tﬂe%o%}{ﬁkﬁf"g%cﬁ&hb&!ﬁcﬁﬁ%&@%s § NG sBTledHLBA with
va ation I n t1nme ag et ween gases that exit near
refererice ¢o EEGS.€2-8.0Th¢ tveo miteruad igaedidtribation hetserlexdre notgn flnid he

outer peri.neter. This |n rn ephances S .
commpmeationgithip the ifapt MPmHer e canﬁg\ae%%ofﬂ_@@%l,me%igeﬁ
distribhﬁ%ﬂjﬁét%ﬂ@cﬁn b8 sHRENGANIE sBhe "RIVHeARABHdIRERt ab BhdWifin FIG. 9,

enbodi nent, two Interndl gas distribution networks are
each of thertwd intermal gdsaligributicnl retwaorke sdividedinto foun mégiens\or quadrants by

our ffA PSR STESaLts A SRELAE b JURE. 1l Wcpiapms
conver@@at AljumctibPaid Sflerdrbdiall¥ 8nd Sutharily toxaé parisheal Wifate of the
unitary member. A plurality of parallel branch passages or tributaries 58 and 68 are formed in
each of the quadrants. The tributaries 58 and 68 are coupled to the plenums 54a-d and 64a-d
respectively'and extend outwardly to the peripheral surface of the unitary member. The
tributaries and the plenum connected therewith constitute an angle about 45 degrees. An inlet

passage is formed and coupled to the junction of the plenums. The inlet passage extends
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reference to FIGS. 2-8. The two internal gas
di stribution networks are not in fluid commnication
wowdoaitep7she unitary nmenber. The configurati on BET/UR®04/016795
two internal gas distribution networks can be
substantially the sanme. In one enbodi nent as shown in
upwarélly@nd Shrougiatiie uppert suefatenof the tmitarg imegeter th ctupldrota gas source via a

netwqrks is.divided into fo regi.ons.or quadrants b
condufto (Bl SRR Gt PheRe s o0 a2 2 fyeimed bk ik g OF each of
the tritiftaidd RhIBRAe ectT\tC‘lé?y.f PR ofleEPAeRres $9ANE Y %xtgﬁctl ﬁ%wnwardly and

junction and extend Tadially and outwardly t
throughehé lomwer alrfangrof theainitaryt inembenfot dirgcting ghses intd ajpronessd fegion.
of parallel branch passages or tributaries 58 and 68

aTke fway iffetindl gas didttibutibn hétevorksak ardrged ahdifferenbelt @dtiops within
58 and 68 . are coupled tqQ the i)l enuns, 54a-d . and 64a-d
the unjiary macebey dn suchfqmannes sQjthat tha Rieaiuns, ibpEes, dpletandrontlet passages

of one?ﬁlgﬁfgf gasoéist}ihﬁtim%@@khéefrﬁgeﬁ{%sﬂaﬁingt ;{lérﬁh‘ﬁsa ’hjil:gﬁagrfég,dinlet and

num connect constitute an
outlet pizoages 45 anketherdpernal\gas disteibutigastwork. ils ofher weddsathd

e, S D A TRl gt v
viewed RYAY 8k Yoprithotfoistdhe bhlfary Ritfibes UWhas Qiefed it : ibkﬁbﬁﬁ of the

menber to couple to a gas source via a conduit.

unitary;mgmbkr, the @itley passagsa of each|of thepintesnad gas distribntiore@etworks extend
al ong the h of eagh of he t.ributaries 58
through W Tbleofh Sfifach i sty 35 But conbidfilibhiog o 11 °8

tend. d . dl d.th h.the | yr f f
Vheh heE s oaHime, tres intermal g6 JigmButenngwpHs 2 fopmed a
differenele®dtiond AEthiy\® uhitdr ki@ beH RSin@pehadnitlytan@ Re pHRAtMN 6 Bpl9 tifree

arranged at different el evations within the unitary _
gases mtmbprocess region. Bacheefithe thees intemal gasediptribitionsnetworks is described

.h b ' i [ f .
above Mitnd¥hcRircE To FiFs 218 o Tf Bfe Bl R0 RBp Rin, R0 atis e ey i
fluid coh@nimiGatioh MWithitt theiualaryinidrgber aMte cOfiguedtiondT sROBFeeGhternal gas

. _another internal gas distribution network. |In other
distribyiienynetworks cap be sebstantially: e sprpy Fsone smbodimenteeach gf the three
el B0 oy 8 SRR 50 BF AR AR or pleums
The siX\plenumis eomkrge atra juldionand extend radiedly andiovewardlyaoitter peripheral

t he out] et passages of ..each of e internal ga .
surtucty g DD SRR ey RATUD, Shiavelleh PaghpavFREeh oF Fiaries ar
formed H da@R 8f tHe sBlredldnSr TAE irititAfes aR\RpIe@wd theWléHuhRNind eRteAd

further enbodinent, three internal gas distribution

outwarsdy teothk periphersl snrface ofithe whifafyemember | Ehedtibutagespndithe plgnum

connegifi el BB ileCon AAERABRNCN defrdR ARTRR! BisSogt 4 gt ana
coupledith eefahctibhofdhSplehiid. | THE iARE %A@: dxtend§ GpwhidBOandahfagh the

w th reference to FIGS. 2-8. three_ internal gas
upper gurface op thei wnitaryanemberdo spupleter a gas source via a conduit. A plurality of

vertical outlet passages are formed along the path of each of the tributaries. The outlet
passages extend downwardly and through the lower surface of the unitary member for

directing gases into a process region.
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fluid conmuni cation within the unitary nmenber. The
configuration of the three internal gas distribution
wmedmaodksl can be substantially the sane. | n onBCT/US2004/016795
enbodi nent, each of the three internal gas
di stribution networks is divided into six regions by
SThe thfdeinteARE galisteibutidnibWdrks art@rafiged 41ldeffetem elevations within
converge at a_junction and extend radially and .
the unigagy ey in gichaananzer shibpidhe inletand eutleipagsases afiong internal gas
THE L f l.&l r
disteibfFEE otk G4t Bkt g e s ne S ARE BB RE R s
distributien ﬁeﬁgfaﬂ:t dn iod'f]er aloedsg ﬂigﬂﬂoﬁldsﬂoﬁdlrg énlpt a:ﬂwgs passabes uiearivd
outwardly to the peripheral surface of the unitary
overlaprediyeien vignied ér?rsﬁl?eaﬁop@g %amn pﬁ thegingarymembnnect ed
therewith constitute an angle about 30 degrees. An
Aaldescribad abajes, # gas distributiemrabparabisdias feandprovided by theipsesent

vven, 3568 TR G RE BB HEAf e

presented fot the Fpﬁrp’tbs@ afillastution avd des’tri?ﬁm UThey afe pbtunrhdddtodk
vertical outlet passages are forned along the path of
exhausgiye pr tsx limi dhe inventiontp &g pravite fgrms disclogedsandebyieuslyanany
modifiSMAR o6 AALs LAk Quthidnd Brd dREIbICTH TiERCS o aBdl€ teaching. Itis
unitary menper for I'recting gases Fnto a process
intendecdethatthe seapé ofhednOehitiba Hé difimidbyihe RN OdipéAded Relneto and their
. three internal gas distribution networks are arranged
equivaentsyi f f erent el evations within the unitary menber in
such a manner so that the inlet and outl et passages of
one internal gas distribution network offset the
inlet and outlet passages of the other two interna
gas distribution network. In other words, the
corresponding inlet and out passages are not
over | apped when viewed fromthe top or bottom of the
unitary menber. As described above, a gas distribution
apparatus has been provided by the present invention.
The foregoing description of specific enbodi nents of
the invention have been presented for the purpose of
illustration and description. They are not intended to
be exhaustive or to limt the invention to the
preci se fornms discl osed, and obvi ously nmany
nodi fi cati ons, enbodi nents, and variations are
possible in light of the above teaching. It is
i ntended that the scope of the invention be defined by
the clai ns appended hereto and their equivalents. -15
WO 2004/ 109761 PCT/ US2004/ 016795
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CLAIMS W Caim 1. A gas distribution apparatus,
conprising: a nenber having an upper surface, a | ower
wewotaecgerand a periphery surface; and a gas  PCT/US2004/016795

di stribution network formed within said nmenber for
uniformy delivering a gas into a process region,
said gas distribution ne¢palMSoei ng forned of: an
i nl et passage extending upwardly through said upper

We Clgigi-f ace for connecting to a gas source; a plurality
of first passages converged at a junction and
connected with said inlet passage at the junction,

aid first..passages . extend.r.adially and outwardly from
T et RS AR bFRERIRS 1Y acor o ploral Lty of
San oM BerRymadRupper et € d Iviversusfitdland dipaphtdy sotfabd;afl
passages, said second passages are non-perpendicul ar

taggas glisripytiontnepuerk doramedawithie said memther ferrumifprmlyslelivering a gas

. ' : per | SUEf . e.and
nto o G134 852 5903 Aok RRUBTRLADR ALHARERFEL 3,
rinunRt pdsyagefexsadimgdippasdiagesughnaid wpplee nulfacy fotavanestiti Yo a gas

through said | ower surface for delivering the gas into
Source; he processing region. 2. The apparatus of Claim1

AL SR STRHRE odrcfé nl Lunkeiln Y Cobdor P FRR sid et
passagé at the junctios,sanhfirsipes sagge extenderadially phdinatwardly fibimethe junction to

apparatys of Claim 1 wherein said plurality of second
theperﬂggg’aﬂ’é'écfretv\een adj acent two passages are in

RAPIAIANIB) of second YasPHRBRERINESe @ ithlsAid Plura Myt First padiafes, said
second ‘passages are angled fromthe first assage i
secondmssages ard nohwemwndiqular torsaisbiiigt passagepantheendiditwangiefom said

-16 004/109761. PCT/ US2004/ 016795 6. The appar at us
'ﬁrstpag?agav\g)ltﬁ]ege eple?‘ﬁfag%’i%‘gsecond passages are angl ed

fd}ﬂ’(ﬁalityeoﬁddtﬁté)as@ég%s agithetted A dfhudtigr efdecohd phb®ages and
appar at us _of aim 1 wherei n said second passages )
extending foaawagdly thneaghysaid lpver gerface for delivering the gas into the processing

region.
2. The apparatus of Claim 1 wherein said member is cylindrical unitary member.

3. The apparatus of Claim 1 wherein said plurality of first and second passages are co-

planar.

4. The apparatus of Claim 1 wherein said plurality of second passages between

adjacent two passages are in parallel.

5. The apparatus of Claim 1 wherein said second passages are angled from the first

passage connected therewith from about 30 to about 45 degree.
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a common first passage are staggeredly arranged. 8.
The apparatus of Claim1l wherein said first passages
wae@4amTpr i sed of four orthogonal coordi nate paEEsSes016795
9. The apparatus of Claim1l wherein said first
passages are conprised of six passages, and adjacent
BWQ“hé) appa@es of Olaitm 3rwirereih saidfseaind pasdagesiarg angled from theéirst
paratus of Claim1l wherein the first passages have a
passageflp,agputcﬁ S8t , the second passages have a second
di aneter, and the out| et passages have an outl et
di anmeter, where the first dianmeter is larger than the
se The dpphramnebéClalmridwhdremseldcsn@bndlmmg@r cangegted gboth sides of
a}n the outlet diangter. The apparatus of Caim
acomfrm WicRagTase AFS1948e yd?%? is selected in the range
from about 5 to about 15 nmm the second dianeter in
the range fromabout 3 to about 12 mm and the outl et
81 mmpparanus pfi€laimrgehdreiorsaidifost pagsages are camprisedofFowm

h ‘? tgparatus of Caiml wherein the outlets have
ort ogogaggﬂgg 13 PA}¥Econst ant density on the |ower surface

of the unitary menber. 13. The apparatus of Caiml
wherein the outlet passages are substantially,
Oy Tha@pparatus of ClaimTihwherpinaaig: first @ﬁsae%%fﬁwc?n\mé?de‘?frﬁl’% passages,

h
and aciftioh Bt BRSERE R ERFaldlt JPiball sdhoctkiel 1% i a0

greater dianeter. -17 V\D 2004/ 109761 PCT/ US2004/ 016795
15. The apparatus, of C ai.m | rErlger eint

8= The eaprsappbi Tad WrrrintP BRurech Bive o fiamgter the
second tpHsc‘s?igésshaR/Q a@ééo‘ﬁ'&l idifretst ?ﬁ(% @k oans ﬁaEsaEE’seheﬂrb raﬁ%htlé?trthﬂﬁeter

as exiting the out passages.
where thie :ﬁrstudmm@tans stqrgd;rethan tho sgnond idiagneter, and tha sgcoog diampterdslarger
W& aV|ng an upper surface, a |lower surface and a
than the, gy Isurface; and two i ndependent gas
dlstrlbutlon networks formed within the unitary
menber, each of the gas distribution networks be|n

| fldr Fiibd apparatas of Glaim lﬁaglmge thodirstdipmgten haglegted i dﬁ'@ﬂ? from
about 510 | BouPRs T, the f 366 d BimS&QPAGHS irarﬁge FQnPatddr3 toMHYuf $2 mm, and

the outlet diameter in the range from about 0.25 to about 2.5 mm.

12. The apparatus of Claim 1 wherein the outlets have a substantially constant density

on the lower surface of the unitary member.
13. The apparatus of Claim 1 wherein the outlet passages are substantially cylindrical.

14. The apparatus of Claim 1 wherein the outlet passages are formed of a first portion

having a smaller diameter and a second portion having a greater diameter.
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a plurality of co-planar first passages converged at a

junction and connected with said inlet passage at the
wQ wvatiowon; said first passages extend radi al | yp@ntus2004/016795

outwardly fromthe junction to the periphery surface;

a plurality of second passages connected with said

AU TRk lapyarfus bf CRimAARIRASA he &ﬁleg{)as‘é 9 RIprBAAISR UM tRfekding
co-pl anar with and non-perpendicular to said first

for recqivieg aupens toraltes theaiine of andinntheldjrettiomofithe gastéxiting the outlet
fpassages to the periphery surface; and a plurality of

PassagHut | et passages connected wth said plurality of

second passages and extendi ng downwardly through said

| ower surface for delivering the gas into the

Ao degasidigiribytiog systemypmprisingai d first and second

e5,1:Qf.: f ' khut | networks.are.
PIPRER 30 R0y o Eafber DV it g d e Sy tite SRa EpBriphery
surfacet atependent gas di stribution networks are not in
fluid communication within the unitary nenber. 17. The
App ddependent gas distibution sy @k farmed mithan the agitary aaenaper, each of
%?&F’b t ] ' i on networks are conprised _
the 8as§ olgionodrgtﬁ%%g%%%ﬂé g%rgff gi%r}at e passages. 18. The
ap pdetgassage extehdingup@andhetheoughtshid upptt eirfapa fis @gmeectihg to a gas
each of the two gas distribution networks extend
SOUrC:t hr ough the | ower surface in an alternate and even
(a i I, 1 F) o . .
T Bl G R RO ! a bR O BEd Vith aid
inlet padsage at the junstioncaidofitsbpassages extbt radiallsilahg outwaedly from the
ncti dit nsi onli and.configurations. 20. A gas distribution
Junc logy% SRR er%?‘i“ga}cﬁg: a unitary cylindrical menber
RphiraBty DT sedoRd passdpdsavtnected Witk §aid PRur@lR® offitht assages, said
peri phery surface; and three independent gas

second passagesne Ferhlanar with rrd non-pespengiqulgrio said figstipagsages and extend

. bLSErd I net wor ks bei ng

outwar?igmanqué sa&?ﬁ%ﬁ@%ﬁ%@&%@%&%@%ﬂ@%’ %‘gd upwar dl y through

aglutaliggpdioutetrfassages cnnenedhwith said plwality 9fisecoad passegesand

plurality of co-planar first passages cpnverged at a .
extending devryatdly thretghiratd lawersurfroe lr deliyering: i)agss%@ethaprqcﬁ%mg
region,) UNction, said first passages extend radially and

outwardly from.the

wherein said first and second passages of each of the gas distribution networks are

formed at different elevations, and said two independent gas distribution networks are not in

fluid communication within the unitary member.

17. The apparatus of Claim 16 wherein the first passages of each of the gas

distribution networks are comprised of four orthogonal coordinate passages.

18. The apparatus of Claim 16 wherein the outlet passages of each of the two gas

distribution networks extend through the lower surface in an alternate and even configuration.
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junction to the periphery surface; a plurality of

second passages connected with said plurality of first
w@amgdagesly said second passages are co- pl anarp@i/Ub20a#¢l6795

non- per pendi cul ar to said first passages and extend

outwardly fromsaid first passages to the periphery

39! ThE Bpparitts G Claith 36 Whére the Wivb Bhs Si8&HAAES nSNOREAa0E
with said plurality of second passages and extending

substangially sameidignensionuagid configutationss surface for delivering
the gas into the processing region, wherein said
first and second passages of each of the three gas

A0S IAr ga8 diistrdbutiof tsySemscondpriifgor med at different
el evations, .and said three independent gas )
aiusitaysylindricahmenbexkavingan ypper susface, s lawensurfase end 2 periphery

hin the unitary nmenber. 21. The apparatus of Cl aim
surfaceé\%{dv\herei n the first passages of each of the three gas

dirgd ingbpﬁnﬂm gastisaitasion hét\k?ﬂtﬁﬁbhﬁ&ﬂwnlﬁin&he(?magﬁ agatber, each
and, adj acent two passages, forman angle of about 60
of the gggdiskibytion petwpgls be Enekofhf O ai m 20 wherein the

T L S
source;

a plurality of co-planar first passages converged at a junction and connected with said
inlet passage at the junction, said first passages extend radially and outwardly from the
junction to the periphery surface;

a plurality of second passages connected with said plurality of first passages, said
second passages aré co-planar with and non-perpendicular to said first passages and extend
outwardly from said first passages to the periphery surface; and

a plurality of outlet passages connected with said plurality of second passages and
extending downwardly through said lower surface for delivering the gas into the processing
region, '

wherein said first and second passages of each of the three gas distribution networks

are formed at different elevations, and said three independent gas distribution networks are

not in fluid communication within the unitary member.
21. The apparatus of Claim 20 wherein the first passages of each of the three gas
distribution networks are comprised of six passages, and adjacent two passages form an angle

of about 60 degrees.

22. The apparatus of Claim 20 wherein the three gas distribution networks have

substantially same dimensions and configurations.
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