METHOD AND APPARATUS FOR CONTROLLI NG GAS FLOW TO A PROCESSI NG CHAMBER
BACKGROUND Field of the Invention pool]Enbodi nents of the present

I nvention generally relate to a nmethod and apparatus for controlling
gas flow to a processing chanber. Description of the Related Art

t 0002] Accurate control of gas flows is an inportant process control
attribute critical to many mcroel ectronic device fabrication
processes. Providing gas between a substrate and a substrate support
in a sem conduct or processing chanber is a well-known nethod for
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substrate and the substrate support, thereby enhancing the precision of

substrate temperature control and uniformily. Additionally, precise control of

process gas flows into the processing chamber are required in order to obtain
desired processing results, particularly as critical dimensions and film
thicknesses shrink. Furthermore, gases may be added to processing chamber
effluent streams to mitigate the environmental impact of substrate processing.
Good control of the gases added to the effluent stream is necessary to ensure
both cost effective and proper remediation.

[0003} Conventional gas delivery systems used with semiconductor
processing chambers generally include a mass gas flow meter (MFC) as the
primaty flow regulation device. However, the accuracy of MFC's may be
affected by a plurality of factors that contribute to an uncertainty of the actual gas
flow. For example, the accuracy of the MFC will typically vary with changes in
temperature, line pressure and volume. Deviation from the gas flow set point
due to MFC inaccuracy may contribute to processing defects, poor emission
control and inefficient waste of costly gases.

[0004] Although conventional pressure control systems have proven relatively
reliable, field experience with the existing technology has increased the demand
for more accurate measurement of flow. For example, poor conirol of gas flows

used in backside substrate cooling applications may result in poor substrate
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for nore accurate nmeasurenment of flow For exanple, poor control of
gas flows used in backside substrate cooling applications may result
in poor substrate tenperate control, thereby causing poor film
deposition or etching results, which cannot be tolerated i n next
generation circuit designs. (0005}] Moreover, conventional gas
delivery systens generally have fixed conduits for routing gases from
the gas sources into the processing chanber. Thus, only a predefined
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system that includes a processing chamber coupled to a‘facility

exhaust thr foreline is provides that includes providing a
mani fold h | east a first, second third and fourth inlet that
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[ 0oos] I n aget ment mvetsoechchmaivmgaarrmtempdn@hd@qvimabﬂyl of rggs pautp it lfioes eacha
having an outlet port. A plurality of connecting lines are provided that couple a
respective pairs of gas input and gas output lines. Connecting valves are
arranged to control flow through the respective connecting lines. A plurality of
mass gas flow controllers are arranged to control flow into a respective inlet port.
{0008] In another embodiment, a method of controlling gas flow to a
processing system that includes a processing chamber coupled to a facility
exhaust through a foreline is provides that includes providing a manifold having
al least a first, second third and fourth inlet that may be selectively coupled to at
least one of a first, second third and fourth outlet, flowing one or more gases
through the manifold to a vacuum environment by-passing the processing
chamber prior to processing or to a calibration circuit, and flowing the one or

more gases into the processing chamber during substrate processing.
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processi ng systemthat includes a processing chanber coupled to a
facility exhaust through a foreline is provided. The. nethod-i-n¢l udes -
flowwng a first gas froma first gas source into a mani fold having at
| east a first outlet port, a second outlet port, a third outlet port
and a fourth outlet port, flowng a second gas froma second gas
source into the mani fold, sel ecti ng an operational state of valves
within the manifold to, cause,t rst and ond ses 1o .exi
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enbodi ment ?yr&feséihé ShhRBEN LM af@aemeesthtéeéfetherg%seetw.ﬂwm bR menkidey ed

limting of its sCope, for the invention may admt to other equally
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delivery systemof Figure 1; [0013]Figure 3 is a schematic di agram of

anot her enbodi rrent of a m Xi ng manl fold; 100141Figure 4 is a
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invention may be understood in detail, a more particular description of the

invention, briefly summarized above, may be had by reference to embodiments,
some of which are illustrated in the appended drawings. It is to be noted,
however, that the appended drawings illustrate only typical embodiments of this
invention and are therefore not to be considered limiting of its scope, for the
invention may admit to other equally effective embodiments.

[0011] Figure 1 is a simplified schematic of a semiconductor processing
chamber coupled to one embodiment of a gas delivery system of the present
invention,

[0012] Figure 2 is a schematic diagram of one embodiment of a mixing
manifold of the gas delivery system of Figure 1;

[0013] | Figure 3 is a schematic diagram of another embodiment of a mixing
manifold;

[0014] Figure 4 is a schematic diagram of one embodiment of two mixing
manifolds coupied together;

[0015] Figure 5 is a simplified schematic of a semiconductor processing

chamber coupled to another embodiment of a gas delivery system; and



chanmber coupl ed to anot her enbodi nent of a gas delivery system and
roots)Fi.gure.6.is a sinplified schematic of a sem conductor
processi ng chanber coupled to anot her enbodi nent of a gas delivery
system gl onmlo facilitate understanding, identical reference nunerals
have been used, wherever possible, to designate identical elenents
that are common to the figures. It is contenplated that features of
one enbodi nent nmay_be beneficially incorporated in other enbodi ments
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any nunber o as sources, Six gas sourcge 2A-F are shown in the
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142 and a mass flow neter (MC) are di sposed between each
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134. The nlfold 134 includes a plurality of manifold outlet ports
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o7t e aby AR OEROEs IO LAl ROEARAE . G ferlgasisone

144 and/ or Taepoanifeld 13feingkdes a plurality of valves (discussed further below) which
enable any combination of gas sources 10 be coupled to the processing chamber
114. The manifold 134 also is configured to allow quick evacuation and flow
verification of individual system components and conduits. Although the system
100 may be configured to interface with any number of gas sources, six gas
sources 102A-F are shown in the embodiment depicted in Figure 1.
[0020] Each gas source 102A-F is coupled to a respective manifold inlet port
104A-F. A shut-off valve 142 and a mass flow meter (MFC) 170 are disposed
between each gas supply source 102A-F and respective manifold inlet port
104A-F to control the flow of gas from each source 102A-F entering the manifold
134. The manifoid 134 includes a plurality of manifold outlet ports 106A-F that
may be selectively coupied to any one of the gas supply sources 102A-F through
the manifold inlet ports 104A-F. At least one of the outlet ports 106A-F may be
coupled to a calibration circuit 144 and/or a purge line 154.
[0021] In the embodiment depicted in Figure 1, six gas outlet ports 106A-F
are provided. The first gas delivery outlet port 106A is coupled to the calibration

circuit 144 that is configured to accurately measure gas flow. The calibration
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[0021] I n the enbodi ment depicted in Figure 1, six gas outlet ports
106A-F. are .provided. The first gas delivery outlet port 106A is -
coupled to the calibration circuit 144 that is configured to
accurately measure gas flow. The calibration circuit 144 includes an
orifice 130 sized to provide a chocked flow condition. In one

enbodi ment, the orifice 130 is sized to provide a restriction that is
substantially equal to that of the processing chamber, 114. The
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[0023) The flow leaving the calibration circuit 144 is coupled to the purge line
154 by a calibralion circuit outlet line 142. An isolation valve 140 selectively
isolates calibration circuit 144 from the purge line 154. The purge line 154 is
coupled to a foreline 138 exiting the processing chamber 114 which runs to the

facility exhaust 136.



i sol ation valve 172. \Wen the isolation valve 172 is opened, the
purge line 154 provides a fast evacuation.path that facilitates -
efficient renoval of the gases fromthe gas manifold 134 and into the
facility exhaust 136. A throttle valve 156 nay be utilized to control
the fl ow of gases through the purge line 154 fromthe manifold 134.
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routedthrou h th r.t 106 l,] rat ircuit..122.

o ot hor SaRaneE of the Haanfivert Pt a0 SR biA effed roppaiion

oper at i onapresbaep rabi dbrevalompesft gmsva’evmwa@dl% tDa Fctfaﬁﬂﬁrmml osiad,
sensors 190 may be pressure sensor, chemistry sensor, flow rate sensor and the

like.



adjusted to allow a proportion of the flow passing through the gas
inlet delivery line 220A to enter. the respective gas outlet delivery
line. The variabl e connecting val ve 304A-F may be a proporti onal

val ve, a pinch valve, a throttle valve, a mass flow controller, a
needl e val ve or other flow control device suitable for regulating the
fl ow between the inlet and outlet [ines. [0031] The operational state
of the variable connecting valves 304A-F may be controlled to create

a desired rig828b ofFigura\ ie GehRipdic dieorar of @ne embodiment 8f thediamipibh 34 ng

the valve, sdifdied fﬂ\alflgwéa @cﬁ@ﬁa%@h%t PBRMALA-FAS r@sﬁécﬂVéw Bbiifled to
controller 1n the line 22 he operational state of the variable

connect i ng %FWS@WF’YW %%DA(IH] tadfegilitate, trenslering Gases pm g 935
response t Qso%rd@%t {02A-PT iR ﬁ'\‘édmta)ﬁlfolﬁ hi2345 &R Rardifof (:.tmét SEPWRGAIF is

Fi gure 3). hi s manner, for exanple, the ratio of gaseswgr ovi ded
into two (cresmiee)!y gagpigdttoan aetiat\gasydalivens Sing ZBRAEE r legaht plethsi gagl e

gas input dgl dbéﬁ rIIMe:% E@fA Fa4 H@%@lg&w%fﬁ%g?%g t:’f Bné %fﬂfcbﬂiﬁf i@ ifiBFgas

metric provi e sens arge mstry
conposi ti ordellvérp\!mesaiE%OﬁaﬁdAwlotqghébs mapifold yi 3 enaydeg ctzrélduw tp Hrdedageput

106A-F of t -
i nes 220B- SI m ﬁfétg fjnile? géggmhvgwconnec &qaﬂg%gg%F
and val ves Bﬁ)ﬂsd? ofitbat gao dplmerggl:rtdseﬂ&’éml‘earemwdm theeanybddmw depo®dF to

t he respect.j I|v 2 £ ‘

250 F and’ %&fﬁ&?%tzass%’%@{’e t'r?z ?%l"‘é% &’""e'&ﬁaﬁ ver§g E“%ﬁgsmé%os F
have been avithtthe duthbessfqjad sohm'ekerl ng of Fi gure 3. [0032] Returning to
Figure 2, the mani.fol.d 134 addi ti 1. ncl ud br.i dai ng.

i Sourt posbeame. uhe el dds TRMvEHY bbb Ak Hekdee iR Y {PnBing,
that may banéseEiB@NF\/cﬁuwlirl(g)lhﬁglgd; gf @eﬂugbrydfrietzze.ﬁ\aum@hpécme$Ju2¢323§.185 by
a respective _sel ect Y e - i circui.t

iy of ¢ he By B Banfh EonFeing yalvEF eB7T e EioPHEe e B AT HHERES! ves
204, may beitahe keshdcing eesc280AF ahti GmayChd Wr&te&%ﬂuﬁbﬁ:obbledﬂe et
circuit 202 alsq allows the MFC 170 associ at ed V\ntglg E%?e
for exanpl @%(ﬂ?ﬁ)\‘%yi'ﬁ%@zoﬁdoﬂﬂ‘ B’u'ﬁ'PEed"f&'et%'eE&?? PRS0 144
via a secomgaiyh fHéLﬁhIét bQ@Heﬁ»@ﬁPl’r@E@Gﬁ@&ieﬁaBﬁﬁnﬁ@%h3&@86!@0!@3 dp@&tlonal
connecting valve 2 Mor egver,

g circuit 202 all vv?‘ each
out put i né‘%?ﬁhﬁ"ﬁw%go%ﬁpﬂé‘& CP{‘H‘?C&'UQH ‘f’%z%”tﬂ El?f"eﬁ"f?éy%‘?% theg
the purge lyh8godied 1fomrn> qpResHtRe sbis idsﬂtﬁbﬁeréﬁﬁdéﬂtm“bhﬁefrém
required to purge the manifold 134. [0033] A plura of "di sconnéects

may al so bél GABPIRKAec §omRIeHFeCHRA THighchr M%W“ﬁf"e‘ s FRRAXABPls 134,

In the e”bQQME%ﬂF&g Jape $ogA & th Eh%éﬁ era%oﬁélrs?éte g«vrman:o%e&h@%na@cts
216A are di sposed adjacent each outlet port 106A-F second

group of dP8¢BMmiestain sloser.gas fiers phe sgurca mé B P'éfgij ﬁ@foéGh é’lﬁ putiey2
bet ween th Rﬁbgﬂ 'tc?‘ ol dliSrafiGP cirisl 1B [N ghéﬁﬁér SBAM it rf)?iﬁefl 9 lv%ﬁ as

shown in F 4, e second group of disconnect's 2168
bridging |2 2‘6arf=brn an fapestopesational sfalp3while somectisgryalvs #9¢Aa OFF r st

end 402 of rémnﬁﬁ%egubggtfmﬂlﬁk e’ Shifrck ' RAZRZOURI ISk it o RS

434A to be cou secon of the ou
second manﬂ@ﬁﬂl@ 43zmhuof ﬁbetm@rmietngaiaoieﬂwmshr@ﬁ &(&Enﬂ@cﬁm@ﬂBA

2168 of eaglyapni Al dithing AEB25TR%, SNHAUL: o BEHIAT: fi !

shown in F at any
nunber of gamndélmJems Imfy25@B€olmptrsdretspgrmvhe:-utlehgamdshmmrllees 232A-F.

0034] R
bbove. nay. BRleRehck s aBa-2 Ao 3haRRt SRR i A1 IREHAIGEY
154 to pr oMa&teE?@BrFehave(beenchrmaed toeavoid d;lhmerggsf Figuws2 and/ or
rlc |ded nsors

hem st t h th b
190y belf 1 | Za0y> RBRoRR Aprefie Shblifuchl B e i Mgkl R 2
state of tTiee MFOTENIGO s34 whsta&ﬁal}y Finil @06 ArdgaSOARdid B4 dbpieted in

Figure 2, except wherein the gas manifold 334 includes a plurality of variable
connecting valves 304A-F coupling the gas inlet delivery line 220A to each gas
outlet delivery line 232A-F. The variable connecting valves 304A-F may be
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utilized to supply gas to a processing chanber 114. The gas delivery
system 500 i ncludes a manifold 134 coupled to gas sources 102A-F,
purge line 154 and a calibration circuit 144 as descri bed above.

Qutl et ports 106B-E of the nmanifold 134 are selectively coupled to
inlet port 516, 518 of the processing chanber 114 to facilitate
transferring gases to the processing chanber 114. In the enbodi nent

depicted in Figure two_separ at s inlet port 16, 51 r

it zed ¢ PO B put BB GERRHT oI MR s bl heteer P B
processi ng li@bapd@x tdléntel nthenespadiodi gentoutiéthdelivehetlinpor tThelGariable
provi des gases to a cen f the processing. chanber 114 . while inlet
Port 518 | SonnesBaaane Ada-G v Bad maparofd vENETE Bineh sl PbBrls o
to the out eﬁaimﬁginmb flofv ddmegmerpaaegduegalﬁb@nbmer(lﬁug%mrc;lcmet/ibe suitablel
peri neter qof the substrat i sposed within the chanber). For exanple,
the inlet ﬂ%’r'?g?s'%”%‘z‘?f%wg?ﬁtﬂﬁg’bigé@ett%’ %@E’F‘eﬁegi ons of a

shower head pf3t) e tTipe dpRlRlonBiQitite ot therRYialile QUAGIZIGG S8Ged BO4AF @fiay be
regions of the showerhead. | n another e

I i 16
may be di sF8skefiadriocrealp | drpirss ra“tp?fofm@? hgthsﬁfa@re'rg g\tf@p&g@%gv-

gases downwakglhy tieOvalye Whgh it haMiled 30uA-F Bparktesd & flakSali@¥oriiRiler
di sposed in a sidewall of the processing chanber provide gases to

out er regi dhiiedinetdZBAs (it ererationpstgigro! Sitotaieplecivpoertingralves 384 dses
may be provigese a8pialR) el dinfde 150l iﬁtrﬁﬁﬂfn%% 1 hOmetBid Bréviddy bjiate

m xi ng of the gases only occurs once within e interior volune of

t he processengpreigftset hown POGSYER) ovn ths imaneshtieoexasime.(thRrapticsol
504 are CO?}%&%’ HP&io%%C#at&m Qbr %F@S%%sgﬁar#-demﬁy Res £328% Rt P

lit
the flows g each outlet port D-E so that a predeterm ned
fl ow rati osinglepgasy inguti deliverie ine 8a@h may ke agdigsteddn gesponge &9 thermetric

processi ng 4 , i
Fati o or RHERChy hsditrd Tho So Ui e PGeTREmighodnpdshi b ide
FRC s 502, ab04r aregsuieenanhé redlidedat thatoufrwt  €6A-H3BE mapifeld Sgéctachel y
conbi ned i o) : iuer Lhe 4., Fl :
delivery | I’&F]ghgztﬂjﬂ&gﬂ&: g\égo%?dygrlt}l Eﬁ% Qgg%i4 r?é%: S@'ﬁ%@ gg@guﬁmnh
posi t i oned cpurscting ditee A0A atrk valwese 8044 tior Bapling 1i8e dflett das delivery
processi ng,.cha 114 - . " & Co o]
each deli v«grr%))S ??é\lée[: %theg%%gélﬁwga%@? %gé%%\ég veém%}%?ééﬁ rrgg*eg%cte
opened t o oomptats 250%Fdmidi 308AYF bssveiabtDwitlbthé inlet gasadgliverydines A208:64.
[ 0038] The gas. deliver st e SCT | ovi des many advant ages
over conveﬂ?\'eoﬁ% n %'9@?8?%?\5?@%@%@.{91 %:ﬁ@"&g?he systenis nodul arity,
t he gas defooy®ry BgRineiny mayFibeeahethatraghitold pBo\male agditioridilpvingiadena a
fast evacuation path ntrolled. chem. m xi ng, re efficglent use
of chen ot Pt Bitya L0 8 RibBnSrimt 2ha Ml PRied e 268 e
| oopf cont r alayfiey sdiédivelyoiupipdab R nof she yutﬁeij ﬁnee][aezmd byl sovéspective
verification. PRE-FEL A 0039].1 n, ane node eratiqgn, a
pre-flow pﬁ‘?‘ﬁc‘f’% V&E’F%gp‘ﬁr oL'@'ﬁ‘gt 6559'8%| ?’W@ﬁ)yz@])s?%‘gog‘eaﬂaw
FL ovi dﬁs aceApSRMld, ooy ?}@rﬁph? oveedTiiss ﬁ%r&@ﬁr{ml\(&-%})dq gm?lnecmwéaaé; F)
rough one or nore valves to g vacuum environne at Js rate
f rom the. piscedBrgn cirsiib a1 1he BdEnS Bty SRLRRR 21985 & MITE R Phe
pur ge | i neaddedinteBRItDCNORSBErCR! Ror leREMBRL Slirde) 107 tpruécaﬁ.?iéagtocthanber
114, the gases may  be sugpl ied to theﬁgro?r_l ate lines of the
mani fol d 18AfPRtiopicyhd4hela 9 SpGondast Bl Bist ingoPoriRRIiG Bvistanse of
_sugst ?Etl afrleY cARREEHRS H&lgg mlglél wd%ﬁq@r, ft?ebwt ﬁaamtu‘n b2 \aws | vh ng
o © péuotgl?tslﬁlen 22\—6!0 g@[ coupled (thrloﬁgt?theogt\ﬁput Iir?e ggZSF?)Sto the purge line
154 from opposite ends, thereby reducing the time required to purge the
manifold 134,
[0033] A plurality of disconnects may also be provided to allow coupling of
multiple gas manifolds 134. In the embodiment depicted in Figure 2, a first

group of disconnects 216A are disposed adjacent each outlet port 106A-F while
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within the manifold 134 to rapidly reach a steady state condition
that is substantially maintained one the gases are diverted-i-nto the
processi ng chanber 114. Since the pre-flow path allows the gases
within the gas delivery system 100 to stabilize in a "process
condition" before being delivered into the processing chanber 114,
there is little or no change in the fl ow conditions mnthln t he

delivery system 100 onc | ow t 0 cha unl. |
convent i ond SEAS OQPWé’?)?I%C%'P%ﬁ’Y% {R}FHOE%‘? |"yﬂgxr§8$ 1%850"5{
pressure drgepvadnthe btiging nes 260 and rret\ewuesmuarF t her mnfpw mstsyowrﬁ igas
delivery in the processi na cha er to be {E’Hé |IS e ause
25 the. br o TaG/ApRErPeRPEA BERUB o SREUTTRATA ZHTyAION ! Bnd
f1 ow condi tjQisarield 4344® BRESRovaaIAdfd Mt BEd 4DL of iHéegéH @ﬁesaemry
chanber. The throttle valve 144 naayﬁ al so be utilized to match

condi t i ons fing 28R4 9ftke firshanifeld,dddn toobe reypled ta asepprst e HAd o EHE“nber
114. [0040LAdeh fiheoablhy of %n)éeédngwrrﬁh?félg'mgj@élnﬁeﬁ!e ﬁ‘léﬁhg ridh@ bf ow

ratio controllers 502, 504 or val ves g/% have th e|r out put s

routed i nt gischRengsite 21§ it Af E@Q*bmaﬂ@’%ﬂ@ééséfﬂ Jherathgr quilet U‘Lﬁsput s
of the divixgbgg ﬁ%m faglie a';ta?é)e.hmaﬁpcaﬁ)ﬁéa @ i be.weanaa@éﬂ thiesRd to

t he processing one éenbodi nent, pre-flow path is
defi ned thrngm@lar @fhéa@jfﬂkije'ﬂﬂ}’ hecqmtecawaethnémuppawmer nes thr ough t he

fold 0
tmraure" p8r geglﬂ#’ﬁ lé%gﬁgﬁ%'llg%ETB&I%XE@I@%G?‘%%QERO @EFS%HD e o
oper at i on, n&ayftassht@medamihomyp@ftthe|I!se$182@/h5d 2BPAFhE6Q.ato4iel prowrdg a
t 100 d I j f t
FYSterm 100, PURAVIE P GADTBRS kAol LU ADE, TRRHI ALY 430 1 e
provi des anmrmec:twdm by ¢t shrsochdB0 oady tiel ut»heeq/ bg dbe crestrolrardﬁ,ﬁ@hmt he

acuum enverBanEReob P RSt ey d ol 2oBRes A J0hR Yy

(e.g., t heofl-@rebom;eoribaB ofh o glmst hieh\mny gsysleme1c1(54s)ucthtfmtf astesired

evacuati on ath .S coupl ed to each chanber. connec n su h t.h her e
Lot oo B, REssBL i oA 47 S58s 6 B s e SRS A e
the flow rahé ansiotmay latsos bd QRilizénD m/cmitmema?»ﬁéuﬁpEstcm ot Igases‘ hdtkain

restriction. Wien j.t |s requir t hat in.the

b ocesat nvaisomridne, S hE s bg vl O 5E-Heb e bbs s Ring

by- pass vaktn&ficdfiAing, §as tilehgesand Relikei rhQNBR Bétetlellin Bl apen®@reby
renovi ng the excess process chem calc? from.the cherqacal del i ver

pat h. [002 REGi dESRARSG dMe AR SHRIPIAING \astes pL BXPEISIVE IRIOGESS ous
val ves W t Bhdest he manifold 134 may be sequenced such that the purge
time of chem cal s_bei ngc{em)ved rom the g Pel i very system 100

t hrough t hi9%3st BgHELATeHIFH DR F’se'F?Pﬁ?"fﬂef'ea a/9p% 9¢lyRY $xptem vO0

oper at i onajiiigkatesppl toal @&ﬁﬂ@%ﬁm&@mﬂ% %em@ﬂg e Gob hat
as certain r'egl onsﬁpggﬁam f%l d 134 are enpti edeg)fgst h eﬁical S

utilized iWCWREs praaniglis 134 sewred ta gas equsesset03 ki Bivge gy 164 anka
filled wit [ﬁ)Fh?loﬂ%{Ycﬁthr‘ﬂ ok "désorbeaiabobat ddist $odB-ENifNind Rnifotd

mani fol d 134 are replaced in the nost efficienht manner. Moreover, as

certain pot$4 aigsseactively caypled & inlel part 16 Bl uke @@Cﬁiﬁ'@ @ﬁﬂreh@ry 14
relative t f val v
204A- F may R Qéaﬂétgp?%hgfé@r?ﬁegra%?ﬁa{@gﬁ% é\tgc ew c m C§1 Ve
repl aci ng @fhbodjmnbﬁ%ﬁfﬁééllﬂ E'@Ufﬁe‘%\dwoe%ﬁﬂaraf@rgaﬁrﬂﬂ(eé pgrts Pbodd8wArag
flow condi xﬁthngé'@)to' el e %E’&'{ rs@ﬁﬁheﬁ' fi&mP %ﬂn?bﬁold [%QA & the gﬂ&essun%
oW O ment gases

enbodi nent I gher pres ure vol une and repl ac
from the sehanhes 11428 menerpbesimprlothiedalet port 616 peovidasr gaseedo eresnist t he

nani f ol d t,.gases
oxi ti gt 12 e ArFRaH sanBenane aite, i T 51 B uRaodRpRAGRFHY 1nd
pressure ankf pert 668 ang pravitesfdases wfthe beter cagionsi aitlee ploeesdirenthaaiber
{e.g., to the perimeter of the substrate disposed within the chamber). For
example, the inlet port 516 may provide gases to center regions of a

showerhead while the inlet port 518 may provide gases to outer regions of the
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capacity of the purge tine 154 is dedicated to only those |ines
requiring gas renoval so that change.over .of .processing-gases may be
made in an efficient manner. It is also contenplated that the fastest
evacuation path may include routing gas flows through the bridging
circuit 202 to the purge line 154 for at |least a portion of the
change over time. CHEM CAL M XI NG AND CLOSED LOOP CONTROL [ 0045]In
anot her node of operation, the gas deljvery system 100 nmay. be _
Gtilized tShONRERES Myanatierex [End1e iplgt BTk 5 LR ROS‘E%M gefing

M Xi ng MRy oPgGdcedbihyichambér aplooie ghdds Wﬁﬁ@ar&ll?@o halubeatd Gdhe theor
by coupling two or nore sources 102A-F to a single gas outlet

del i very | it pesoN §nay 56 AM0%e4 o wileviaiigh tenpiRpssaEChagiRgE PEovilso
may be uti lghg@dict Qutér RYioHS of kiR SGhIaRY mOJH: aAbthef efBBdifttalRéhaddsxi Ng
within the“gas delivery system By nonitoring the chem stries
entering tmaydtapesided saparatgly thigpghHelehaerts 619 & 518sugh dhat srixigg ofihg

ot her poin a¥dd Bf#g dcBrs I8 Fhiid QRY YR AIIRD of e BrdcBesisg BRAHSerL 90,
real tinme adjustnment of chemstry paraneters, such as desired
conpositiodlde. g., gas mix), rate and/or pressure, may be realized.

For exanpl Lf s ' f ' i
! fooad) | S PIEWafio BhfFGlerd ACTSE 84 ab@%tfp?%%% Elen JURBH st

from sourc exiting the ort

oper at i onalt08P-4& eThsf FRGE 802, $04 spitdiee Houpexiting eanheoutieb poNE1860-F 56s
220A- 220B ' j: x ' [ he
chem stry #I]%ct)\%éﬁ r% gétgg@é%ﬂy?é% '%‘f:!f?Sseﬁ'%ﬁ‘g‘?‘?%fg“%%ga%é’ﬁzﬁ'g?%@g? Zér?;l% fe
perfor med tie prgeassimgathambey 41 4 ekheorREs GA2r 304 may bave alfiked sutput ratio,

I nformation. from.t S . a t i Ly t.o-adjst, the
VRC st t i ndsmopTys g 50 Sotb R THE ok WA SoBlsE aols T
t he sour cethel Gi2Aiéld QOPBSERVAT| INGBAE &&SESpEHRlySTRnEBed [ 04 Thimon

anot her node. of operati del .ver. 1

offi o ent  delvBoPBRaAP Bt J20%BRgh Bhor BNe IR S ot SOPRRS R Y
t he oper at adinall vahteah@% 506 pokitioned jtebu@dbAmiof the hietIBR-HE, 2626k thear e
changed maé be ar r(g}ré?@d i13 a manner that renpves gases fromthe

mani fol d 1BF°H&ER9 i %1 y and with mniml mxing of gases,

%_Eer ebé al foos) ng Bﬁpaﬁ vaileeqosrﬂ.e?ﬂ atmﬁ ?mdledetdtmd qglimsi?ﬁrﬁgﬁ Smh
us, duri as _changes ate a es _are drawn.throu e
dol i very. phlh By Regs VAT S o PrEoe| dhreds 3550 cff SPive TR ge
line 154 n%,yz; mﬂagmgﬁtliﬁd 188) ngftrg tlngot "tvLe val ve &gﬁl t o advance the

gases quic t hrough the, manifo . . Mor eover, ile the purge
line 154 i°§%hra *ff’g%%&*é"%?%@ﬁ%%é”#&ﬁiRTBY@ESL@EPYPFH@Q& Wrare
cont ai N gas@fveh®aadY sy<dms han REYRION 116 GRS Sy Memsarb@Ngfty, the Gasaklive y
i ntroduced gases,wgg}r.ge ‘?ras and/ or .t he fast rennanfts of Cgases

previ ousl ySYeH® dP i AP ﬁ@drr%lpf?i‘l“&, Py "bé’aé‘?rv%rf‘éﬁei’? Aieh@aur ge
line 154 agghtiolieyasheldad mbéngr MRS difitdert Nasdast dHemisthigk S sablinesdt he
remai ning lines coupled to the rge line 154 to be evacuated nore

C .the pu ) ¢ |
rapi dly. |5§deeRs ErassievagHationtimes. closed jaop;ceatolfgr tingtuaigah ceemislyY nay

be utili zeg{e"t,@,)[ialﬁgiﬂg@t@ri%@@na di version fromthe purge line 154 to
t he chanber 114 should occur, for exanple, by a change or

stabilization in the conposition of the gases, flow rate and or
pressure oppgasesywatii n the line. FLOW VERI FI CATI ON

[0039) In one mode of operation, a pre-flow path is defined through the gas
delivery system 100 and provides a connection to the chemistry source (e.g.,
sources 102A-F) through one or more valves to a vacuum environment that is
separate from the processing chamber 114 (e.g., the foreline 138 through the
purge line 154). Before gases are requested in the processing chamber 114, the
gases may be supplied to the appropriate lines of the manifold 134 of the gas
delivery system 100 in a condition that substantially matches the condition of the

gas as if it was flowing into the processing chamber 114. This allows the gases
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[ 0048] I n anot her node of operation, the gas delivery system 100 nmay
be utilized to verify the flowrates of any of the conponents wthin
the systemusing the calibration circuit 144. For exanple, the val ves
of the system 100 nmay provide flow fromany one of the inlet ports to
the calibration circuit 144. In another exanple, flows divided by

val ves of the systemmay be verified for flow rates al ong each branch

of the divided flow [0049]Figure 6 is a sinplified schematic, of a
seni conductifing s daaritell d én%br’a&qw re3ah| 2 Pleaslya st onditpd dhafe it of

a gas deli \éﬁbéiam?%lrﬁgﬂedmé t@%asﬁ%'éré’Gﬁf&ﬂéd’ﬁﬁ&iﬁ&ﬁﬂ&és%m@@ﬂﬁﬁnﬁéf ed
substantially simflar to elivery systens descri be above

except wherldfn $inge ﬂ'@si"‘@rﬂ%oeaﬂ']n@ioﬂ’aéﬁe Q%‘?%I”&B‘B the @S slevens FYFEM t o
at |east ongyoj, tstb%nﬁét i?tura p&BEéssl%ﬁd;Forpf béfb% DR HefvadiBd i bl €he134

The storage tank may coupled to the at | east one or nore of
the pr ocesprqvgssmmbwbqum these ésoiitde pi e ehpsigRdn Healiryesorslitione s i n
phant om . IRy B! Bt M R Tcn@RBbr 96 dolifindiRed] dniike
processing c the ca ration circuit 144 or the facility

exhaust 13@onwn§ermi cgasmz-vwwx&s@npﬁ wArich picd]lypepeTiaRcena rsessuce drop
di cat
i ndi cative g& dhﬁsg é@lneéuétr%g tarhﬁs %ﬁ@lsnlm.t¥ b@ﬁ@:gg@pﬂ&@%ce%@g”

nmetric may Deé | ndica ressu ositi1on
cheni st ry) chamebgretatber euioklyoesiebltsbh@rtw@am a5i be PGy Imtfomeowdes

enbodi nent . out put e duall oC
T s e 6StSAiaBR soR FockRBAe R AGRC A RO Ul heoGillecloS
(as shown imwmganom pooeddined cleaatier 1 J6AtiFotiayalye 1r46traameldo ba utllwdt ank

630 wi t hou th d| Vi I coupl t roce
chanber 11 he%?‘.% 06&;?' énert)'g %tr‘l‘é'n?‘gr%% é%B %ay%geongé.&%é@mgal SO
cont enpl at enlamﬂm'mmt he |nI et of the tank 630 may be utilized to
del i ver ga es to cessing ch T gas Jvery
systens ha ?de faéagg@?@ﬁatqngnglﬁgt ﬁé\”qe%t 3\7 ‘nt ié& ggl?e ﬂ%‘g
processi ngc@ﬁmﬁérssmlmng vahas :BOH]?« Eamaglgiawﬁngdr symuemﬁbuteﬂt iatoathe

as ow,and .im n
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enmbodi nent §as%f ifRet IO L tHe marﬂakﬂ outletOt1DBA-Batdoligh tihe byago diaest s
t hout departing fromthe basic

of the inventi deV|
scope t her &4 Bé‘ﬁgﬁ’ﬁﬂg“%‘&‘fj’g% F‘P\%\j\%‘bf is determned by the clains that

foll ow

FAST EVACUATION PATH
[0041] In another mode of operation, a fast evacuation path is defined in the

gas delivery system 100 and provides a connection from the manifold 134 to the
foreline 138 through the purge line 154. The fast evacuation path provides a
connection from the chemical delivery sources through the processing chamber
delivery path through one or more valves t¢ a vacuum environment that is
separale from the processing chamber 114 (e.g., the foreline 138 through the
purge line 154). The fast evacuation path is coupled to each chamber
connection such that there is at least one connection between any two flow
restrictions, such as the fiow ratio controilers 502, 504, valves 304A-F or other
flow restriction. When it is required that the chemistry within the processing
chamber 114 should change, the isolation valve 172 and by-pass valves 108A-E
to the vacuum environment will be opened, removing the excess process

chemicals from the chemical delivery path.
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REFERENCE NUMERALS 100 gas delivery system 102A gas sources 102B gas
sources 102C gas sources 1020 gas sources.102E gas sources 102F gas -
sources 104A inlet port 104B inlet port 104C inlet port 104D inl et

port

[0042] As discussed above, the operational state of the various valves within
the manifold 134 may be sequenced such that the purge time of chemicals being
removed from the gas delivery system 100 through the fast evacuation path is
minimized. Additionally, the operational state of the vaives 204A-F may also be
sequenced so that as certain regions the manifold 134 are emptied of the
chemicals utilized in the previous process, the emptied regions may be then
filled with the new chemistry, such that the gases within the manifold 134 are
replaced in the most efficient manner. Moreover, as certain pottions of the
manifold 134 are evacuated more quickly relative to other portions of the
manifold, sequencing the valves 204A-F may be made in a manner that allows
the new chemicals replacing the old chemicals to reach equilibrium (e.g.,
processing flow conditions) in the shortest time possible.

[6043] In one embodiment, higher pressure, volume and/or flow of
replacement gases from the sources 102A-F may be provided to one or more
regions of the manifold 134 to expedite changeover. As the flow of replacement
gases exiting the manifold 134 approaches the desired chemical mix, pressure
and/or volume, the flow of chemicals into the chemical delivery system 100 may
be reduced to the desired levels in a manner that maintains a desired flow out of
the manifold 134. In cases where the chemical delivery system 100 wiil be filled
with chemicals from earlier processes, flows into the chemical delivery system
may be altered (i.e., reduced or increased, depending on the desired effect) so
that the desired flow into the processing chamber will reach the desired values
as quickly as possible. As the chemical flow out of the manifold approaches the
desired chemical mix and flow rate, the flow of chemicals into the manifold 134
will be adjusted toward the desired flow rates in a manner that maintains the
desired flow into the processing chamber 114.

[0044] in another embodiment, chemistry change may be expedited by
sequencing the valves 204A-F such that only gas delivery lines 232A-F
containing gas which have not yet been replaced maintain coupled to the purge
line 154. Once replacement gas is detected exiting the manifold 134 from one of
the gas delivery lines 232A-F or at another predefined location, that gas delivery
line 232A-F supplying the replacement gas is disconnected from the purge line
154 so that the replacement gas is nol wasted. In one embodiment, the
replacement gas may be diverted from the purge line 154 into the processing
chamber 114 until the change over is completed. In this manner, the pumping
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104E inlet port 104F inlet port 106A outlet port 106B outlet port
106C outl et port 106D outl.et port 106E outlet port 106F outlet port -
114 processing system 116 final valves 134 manifold 136 exhaust 138
foretine 142 shut-off val ve 144calibration circuit

capacity of the purge line 154 is dedicated to only those lines requiring gas
removal so that change over of processing gases may be made in an efficient
manner. It is also contemplated that the fastest evacuation path may include
routing gas flows through the bridging circuit 202 to the purge line 154 for at

least a portion of the change over time.

CHEMICAL MIXING AND CLOSED L OOP CONTROL
[D045) In another mode of operation, the gas delivery system 100 may be

utilized to enhance chemical mixing. In one embodiment, chemical mixing may
occur within the manifold 134 using the \}alves 304A-F or by coupling two or
more sources 102A-F to a single gas outlet delivery line 232A-F.

[0046] In another embodiment, the sensors 190 may be utilized to provide
closed loop control of the chemical mixing within the gas delivery system. By
monitoring the chemistries entering the chamber 114, exiting the manifold 134
and/ or at any other point within the gas delivery system 100 using the sensors
190, real time adjustment of chemistry parameters, such as desired composition
(e.g., gas mix), rate and/or pressure, may be realized. For example, if sensors
detect an improper flow ratio of chemistry from sources 102A-B exiting the
manifold at post 106C, the operational state of the valves 304C coupling inlet
defivery lines 220A-220B to outlet delivery line 232C may be adjusted to bring
the chemistry flows to a desired target ratio. The same process may be
performed using the other valves or flow ratio controllers, Information from the
sensors 180 may also be utilized to adjust the MFC settings, flow rates and/or

pressures of the gases provided from the sources 102A-F.

CONSERVATION OF GASES/CHEMISTRIES
f0047] In another mode of operation, the gas delivery system 100 enhances

efficient use of chemistries. For example, the sequence of in which the
operational states of the valves 204A-F, 172, 108A-E, 262A-F are changed may
be arranged in a manner that removes gases from the manifold 134 most
effectively and with minimal mixing of gases, thereby allowing faster response
time and reduced processing time. Thus, during gas changes, the rate that
gases are drawn through the delivery path (e.g., through outlet lines 232A-F) and
into the purge line 154 may be adjusted using the throttle valve 156 to advance
the gases quickly through the manitold 134. Moreover, while the purge line 154
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146 circuit outlet line 150 controller 154 purge line 156 throttle
val ve 170 mass flow controller 172 isolation valve 190 sensor 202
bridging circuit 204 connecting val ve 220 inlet gas delivery |line 232
outl et gas delivery Iine 250 connecting lines 260 bridging |line 262
sel ector val ve 304A val ve 30413 val ve 304C val ve 304D val ve 304E

val ve 304F val ve
is drawing gases through the manifold 134, lines which are contain gases ready
for the next processing sequence, such as newly introduced gases, purge gas
and/or the last remnants of gases previously contained in the manifold, may be
diverted from the purge line 154 and flowed into the processing chamber 114,
This allows the remaining lines coupled to the purge line 154 to be evacuated
more rapidly. In one embodiment, a metric provided by the sensors 190 may be
utilized to indicate when a diversion from the purge line 154 to the chamber 114
should occur, for example, by a change or stabilization in the composition of the

gases, flow rate and or pressure of gases within the line.
|

FLOW VERIFICATION

[0048] In another mode of operalion, the gas delivery systen 100 may be
utilized to verify the flow rates of any of the components within the system using
the calibration circuit 144, For example, the valves of the system 100 may

provide flow from any one of the inlet ports to the calibration circuit 144. In
another example, flows divided by valves of the system may be verified for flow

rates along each branch of the divided flow.

[0049] Figure 6 is a simplified schematic of a semiconductor processing
chamber 114 coupled to another embodiment of a gas delivery system 600. The
gas delivery system 600 is configured substantially similar to the gas delivery
systermns describe above, except wherein the system 600 includes a storage tank
630 coupled to at least one of the output ports 106A-F of the system’s manifold
134. The storage tank 630 may be coupled io the at least one or more of the
processing chamber 114, a second processing chamber 614 {shown in
phantom), a gas delivery system 100 (500 or 600) of the second processing
chamber 614, the calibration circuit 144 or the facility exhaust 136. A sensor 190
may be provided to provide a metric indicative of the gas within the tank 630. In
one embodiment, the metric may be indicative of the gas pressure, gas
composition (e.g., chemistry}, temperature or other characteristic.

[0050] In one embodiment, each output port 106A-F may be individually
coupled to the tank 630. In another embodiment, the tank 630 may be
segmented (as shown in phantom) so that each 106A-F may be retained in the
tank 630 without mixing, then individually coupled to the processing chamber
114. Alternatively, separate tanks 630 may be use. It is also contemplated that
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402 first end 404 second end 434A mani fold 4346 mani fold 500 system
502 flowratio controller 504.flow ratio controller 516 port 518 port-
-16-. Wiat is clained is: | . Apparatus for delivering gases to a
sem conduct or processing system conprising: a plurality of gas input
| i nes each having an inlet port;

the inlet of the tank 630 may be utilized to deliver gases to the processing
chamber 114.

[0051] Thus, gas delivery systems having fast evacuation paths that
advantageously enable processing gases supplying from the gas delivery
systems into a processing system with stable gas flow and minimum fluctuation.
The {ast evacuation paths are utilized to provide an alternative manner to verify
and/or calibrate gas flows from the gas delivery systems, thereby providing good
control of the gas flow supplying to the processing system.

[0052] While the foregeoing is directed to embodiments of the present
invention, other and further embodiments of theI invention may be devised
without departing from the basic scope thereof, and the scope thereof is

determined by the claims that follow.
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a plurality of gas output |lines each having an outlet port, at |east
a first outlet port of the plurality of outlet ports coupled to a
facility exhaust and at |east a second outlet port of the plurality
of outlet ports coupled to a processing chanber; a plurality of
connecting |lines, each connecting |line coupling a respective pair of
gas input and gas output |ines, wherein each gas input line is
coupled to each gas output line by a respective one of the plurality
of connecting lines; a REFERENCE NUMERARSval ves, each
connecting valve arranged to control flow through a respective
connecting line; a plurality of mass gas flow controllers, each nass
gas flow controller arranged to control flowinto a respective inlet
port; and a flow restrictor coupled to one of the outlet ports that
is of subghantisaldiVer§Qidbmr estriction dogeapaenl et of the processing
chamber . 12% PRacatus of claiml fagntheqeconprising: at | east one
sensor arhaf dofird2kovi de a metric ofspat fi@asig one of flow, pressure
or chem shby Ll-Qx aas exiting at | eastgganes@bnlBegout |l et ports. 3.
The appangbySafschtcakM 2 further conprgzghnganioigontrol I er configured
to adj ustysp charaeieki stic of a gas flsaubngamtdidi n at | east one of
the gas i1gPEItqds fdGResN re€sponse to theggget §jstenprovi ded to the

control | §h4RYinfegoreNsor. 4. The appapat UgovPfati6lcahtrdiler f ur ther
conpri si Rgag anRHHEE I'i ne coupling at Isgastficv &6eBsirg@s out put |ine
of the pligi@lihfe¥pst 9as output lines ang apdraci ity exhaust bypassing
t he procegshndiet er; wherein the prggesgéng chanber is coupled to
at | east 1g4éiiﬁ@§p(gas output line of the plurality of gas out put

lines.  404F inlet port
106A outlet port
106B outlet port
106C outiet port
106D outlet port
106E outlet port
106F outlet port
114 processing system
116 final valves

134 manifold
136 exhaust
138 foreline

142  shut-off valve

144 calibration circuit
146 circuit oullet line

150 controller

154 purge line

166 throttle valve

170 mass ilow controller
172  isolation valve

190 sensor

202 bridging circuit

204 connecting valve
220 inlet gas delivery line
232 outlet gas delivery line
250 connecting lines

260 bridging line

262 selector valve

304A valve

304B valve

304C valve

304D valve
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S. The apparatus of claim4 Thither conprising: a final valve coupled
to a second ou tlet port of the plurality or outlet ports; and a

by- pass val ve coupl ed between the second outlet port and the purge

i ne. 6. The apparatus of claim4 fiirther conprising: a throttle
val ve arranged to control flow through the purge line. 7. The
apparatus of claim1l, wherein at |east one of the outlet ports
connected to the facility exhaust is al so connected to the processing

chanber . 8. The apparatus of claim1 further conprising: at |east
two adj ustabl e val ves coupled na first outlet port of the outlet
ports, the adjustable valves configured to divide flow fromthe first

outl et port. 9. The apparatus of claim1, wherein at |east one of
t he connecting va further. conprises: at |east two adjustable
L%e'?%ﬁ%j?‘ F"%f’ ‘ow fromone of the inlet port between

val ves configured,t
two or nore of thk ‘RRAYS Rsdeliveringgasehiw agpaicenductof prs-ai m 9
further conpri sFRYISSYERM, SPRPISMEi rcuit configured for calibrating
an ef fective opern plualitdf ghwinguf listsadalch huwihyas it pe@sur i ng 11 ow
through the adj ustpibtatity af gRounhtitlRessdchiladingGRURAESM G

least a first outlet port of the plurality of outlet poits

coupled to a [acility exhaust and at least a second outlet

portofihe plurality of outlet ports ¢oupled to a process-

ing chamber;

a ph!rality of connecting lines, each connecting line cou-
pling a respective pair of gas input and gas output lines,
v_vherein each gas input line is coupled to each gas output
line by a respective one of the plurality of connecting
lines;

a plurality of connecting valves, each comnecting valve
i'a_rranged to control flow through a respective connecting
ine;

a plurality of mass gas flow controllers, each mass gas flow
controller arranged to control flow into a respective inlet
port; and

a flow restrictor coupled to one of the outlet ports that is of
substantially equal restriction to an inlet of the process-
ing chamber.

2. The apparatus of claim 1 further comprising:

at least one sensor arranged to provide a metric of at least
one of low, pressure or chemistry from gas exiting at
least one of the outlet ports.

3. The apparatus of claim 2 further comprising:

a cantroller configured to adjust a characteristic of a gas
flowing within at least one of the gas input lincs in
response to the metric provided to the controller by the
SeNSOL.
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flow is maintained through the connecting val ves. 11. The apparat us
of claim1 further conprising: two or nore orifices contained within
t he connecting val ves or connecting lines sized to maintain choked
flow through the orifice such that a flow supplied fromone or nore
inlet ports to two or nore orifices is divided between the two or
nore orifices such that the flow through each orifice is proportiona
to the area of the orifice. - 18 - 12. The apparatus- of claim 11,

wherei n each orifica TRe b L .ive one of the
connecting val ves sy H#h%ﬁiﬁééﬁfgﬁ%qﬁgﬁgﬁo% I%ﬁhet g&r@ts is
di vi ded between the o Tices Clgg ?"5 zﬁ?gocﬁ OV gROERER orifice
is proportional to tHe .ﬁlth OfB3% RUDHF fipptancha decliypabensdal- to t he
amount of time the cdii¥BEIHRPRPSPSEIEHURIRES to each orifice is open.
13.. The apparat us Bhergirhaprocessingelpinmbearivronpletieatiedses iports is
coupled to three or rgaseutpu line of thewleraditnobgsvi@nitiingg is fluidly
coupl ed to a respedd.iThe apparaest dfitdaiddl Yisthed 28y ?irnf; n at |east two of
the orifices are c . 0 et rts such
Wﬂ@aﬁ@c@i%l??ﬁ?ﬁTe%ﬁd&l[#eﬁstpl gtog lbepﬁh‘{)a?%al to a

that flow is divided , utlet por
sum of open area of l§’ ﬁmg?tﬁ?’iréésmp fluidly coupled to each outl et

port through whi ch ¥ PP $alieFavRled betpen Hie serandsnyletparpadi
connecting val ve. QEPWFE% 18®paratus of claim 11 further conprising:
a calibration circd thesppargus ef clamehfiirthentempingr ea of the
orifices by measur mm'oftt_ﬂe)val‘?élmat%?dttb@oﬁﬁrdyﬁ AdvPN LT HE rpiu[ééecal
(supersonic) flow isljp@i ntai ned through the connecting val ves. 15.
Apparatus for deliyeq},09,038/8 di%18ns M Qnduet Rhstone of the 0 SYStEM
conprising. outlet ports connected fo the facility exhaust is also connected
to the processing chamber.
8. The apparatus of claim 1 further comprising: :
at leasttwo adjustable valves coupled toa first outlet portof
the outlet ports, the adjustable valves configured to
divide flow from the first outlet port.
9. The apparatus of claim 1, wherein at least one of the
connecting valves further comprises:
at least two adjustable valves configured to divide flow
from one of the inlet port between two or more of the
outlet ports.
10. The apparatus of claim 9 further comprising:
a calibration circuit configured for calibrating an effective
open area of the adjustable valves by measuring flow
through the adjustable valves while critical (supersonic)
tlow is maintained through the connecting valves.
11. The apparatus of claim 1 further comprising:
two or more orifices contained within the connecting
valves or connecting lines sized to maintain choked flow
through the orifice such that a How supplied from one or
more inlet ports to two or more orifices is divided
between the two or more orifices such that the flow

through each orifice is proportional to the area of the
orifice. '
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a plurality of gas input lines each having an inlet port; a plurality
of gas output lines each having an outlet port, at least a first
outlet port of the plurality of outlet ports coupled to a processing
chanber and having a flow resistance approximately equal to a flow
resi stance of the processing chanber; a plurality of connecting

| i nes, each connecting line coupling a respective palr of gas input

and gas output linesyyarptly ﬂqﬁbé &Fcﬁfegrﬁckﬂﬂgu a\éﬁs

R
connecting val ve aﬁ %Qu %)g r g gﬁﬁs mag‘@ ]
roneons ) ow o n‘g‘l}]% % ﬂé‘g‘ﬁlet %‘T&‘H %tIPOFIFb 1Y IF "‘f‘f@§pe§?|Cve

mass gas fl ow cont
inlet port. 16. TheHNPHasHSt ghreape prid %ﬁmr@pwg a

calibration circui toBY)ipiheqrearithe P@ﬁ%@ﬂl@rﬁopﬁﬂlvthQHHMmpmts

17. The apparatus of tl@lleahfmqml,ecuhgrv@ln'ncauplb@a:seachrmmﬁné it bgermout | et
ports is coupled to £3./HA® dfpayatexbAYRim (1, WilreliNeadPdeahits of claim
15, wherein all of @ﬂﬂﬁs@&ﬁﬂ]@&t&ﬁfée%rﬁ{&céﬁfit%tw éaeuehﬁé toa
facility exhaust t 1"3‘1 M o a2 res ecuve co;llgeci ar 3s| gd O
claim15, wherein @h r 4&‘ th\e; nﬁtces ara%O F‘ p

a calibration circui
del i vering gases @t g'é F%‘Mwéb Fl si ng:

ports 18 proportxona to a sum of Opeu area of all orifices

fluidly coupled to each ouﬂot port through which flow is
permitted by the fluidly coupled connecting valve.

14. The apparatus of claim 11 further comprising:

a calibration circuit conﬁgured to calibrate the area of the
orifices by measuring {low through the orifice while
critical (supersonic) flow is maintained through the con-
necting valves.

15. Apparatus for delivering gases to a semiconductor pro-

cessing systen, comprisin0

a plurality ol gas input lines each having an inlet port;

a plurality of gas output lines each having an outlet port, at
Icast a ﬁrst outlet port of the plumhly of outlet ports
coupled to a processing chamber and having a flow
resistance apprommatc]y cqual to a flow resistance of
the processing chamber;

a plurality of connectmg lines, each connecting line cou-
pling a respective pair of gas input and gas output lines;

a plurality of connecting valves, each connecting valve
arranged to control ﬂow throug,h a respective connecting
line; and

a'plurality of mass gas flow controllers, each mass gas flow
controller arranged to control flow into a respective inlet
port.

16. The apparatus of claim 15 further comprising;

a calibration circuit coupled to at least one of the outlet

ports.

17. The apparatus of claim 15, wherein at least one of the
outlet ports is coupled to a facility exhaust,

18. The apparatus of claim 15, wherein all of the outlet
ports are selectively coupled to a facility exhaust through a
valve,
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a body having a grid of input and out put channels formed therein, at
| east two of the output channels separately coupled to a processing
chanber, wherein each input channels is coupled to each out put
channel ; a plurality of connecting val ves, each connecting val ves
respectively coupling a respective pair of input and out-pin
channels; a facility exhaust coupled to at |east one of the out put
channel s bypassing the processing chanber; a plurality of nmass gas
flow controllers, each nmass gas flow controller arranged to control
flowinto a respective _inlet channel; and a -flow restrictor coupled
to one of the outl etl%rdwrapsratwaet Fiinflss ywyrentalael frecpilet
restriction to an mcrIrFSeftre@¢lettth@1)p¢@wé@ttomg:adihm&bercircuitﬂﬂougha
valve.
20. Apparatus for delivering gases to a semiconductor pro-
cessing system, comprising:
a body having a grid of input and output channels formed
therein, at least two of the output channels separately
coupled to a processing chamber, wherein each input -
channels is coupled to each output channel;
a plurality of connecting valves, each connecting valves
respectively coupling a respective pair of input and out-
put channels; ’
a facility exhaust coupled to at least one of the output
channels bypassing the processing chamber;
a plurality of mass gas flow controllers, each mass gas flow
controller arranged to control flow into a respective inlet
channel; and :
a flow restrictor coupled to one of the outlet chamels that
is of substantially equal restriction to an inlet of the

processing chamber,
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