METHOD AND APPARATUS FOR CONTROLLI NG GAS FLOW TO A PROCESSI NG CHAMBER
BACKGROUND Fiel-d of the Invention Mot] Enbodi nents of- t-he present

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

[ 0002] Accurate control of gas flows is an inportant process control
attribute critical to many microel ectronic device fabrication
processes. Providing gas between a substrate and a substrate support

in a sem conduct or ' ' t for
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substrate and the substrate support, thereby enhancing the precision of
substrate temperature control and uniformity. Additionally, precise control of
process gas flows into the processing chamber are required in order to obtain
desired processing resuits, 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 o 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
primary 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.

[o004] Although conventional pressure control systems have proven relatively
reliable, field experience with the existing technology has increased the demand
for more accurate measurement of fiow. For example, poor control 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-i-n-backsi de substrate-cooling applications may result

I n poor substrate tenperate control, thereby causing poor film
deposition or etching results, which cannot be tolerated i n next
generation circuit designs. |000sl Moreover, conventional gas delivery
systens general |y have fixed conduits for routing gases fromthe gas
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are arrange contro [OW T NnNto a respective In por

anot her enbedhingling the delivdry df gdsesdoBrsehicondugtasprbtessirigsyategm.ocessi ng
systemthat includes a processing chanber coupled to a facility
exhaust thrayglmarioreline is provides that includes providing a
mani f ol d ham—l east a first, second third and fourth inlet that
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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 contro! flow through the respective connecting lines. A plurality of
mass gas flow controllers are arranged to control flow into a respective inlet pont.
[o008] 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
at 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-i.s provided. The.nethod-i-ncludes

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
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above recited features _of the resent i nvention may be understood in
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sunmari zed ahRVEs thEBkchifd B%u’aymmef ﬁélﬁnﬁﬁﬂé th 5@%&%5%@@9%@%(9
which are illustrated in the appe ravmra@g *@rﬁh s to be not
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delivery systemo e present vention

schemat i ¢ dizasgplstratefwithietheryocksaidgtchamber.m xi ng mani fol d of the gas
delivery systemof Figure 1; [outs]Figure 3 is a schematic di agram of
anot her enbodi nent of a m xing manifold; [0014]Figure 4 is a

schemati c diBRIERDESCBIRTIONIOE THEDRAWINGS m xi ng mani f ol ds coupl ed

together; pots]Figure 5is a sinplified schematic of a sem conduct or
processi ng [0010] ~ So that the mannerin which the above recited features of the present

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 coupled together;

[0015] Figure 5 is a simpiified 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
[cats]Figure 6 is a sinplified schematic of a sem-conductor
processi ng chanber coupled to anot her enbodi nent of a gas dellvery
system [0017]To facilitate understanding, identical reference
nuneral s have been used, wherever possible to designate identical
el ements that are common to the figures. i s contenplated that
features of one enb di ment. may .be b nef|C|aII | ncor.porated in other
enbodi ments ®Phout ‘FJU‘fet He‘? ?e%'?’?'éﬂegoﬁ"heﬂ?fﬁl% ﬁ@&'ﬂ degiopnprocessing
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delivery system 100 to control the operation thereof. The controller
150 general | | udes rocessor, support circuits and nenory.

[ oot s] The ﬁM—WOO | ocat ed outside of the processing
chanber 114 ud t | ed.
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[ 0P201Each gasuﬁqw @Ciﬂ%l}f} 503lsmep!eﬂdottbrz\l@rdo@Sﬁﬁg]Eclhm@bﬁ”ﬁm4 ahd gas
inlet port 104A-F. A shuf-o va 142 and a SS net er

170 ar o i s BRI B SRUSE i cpetian BersbA. EhatPTRLdD ve
mani fol d i n|gﬁneﬂﬂl ﬁnoll%é\aﬁarbceg@emsnpﬁortéi@uﬁémmbrr@aﬁ from each
source 102A-F ent e(;llha! t he nlfol 134, The manifald 134 includes a

plurality ofl®H#hi f gat| ‘éﬁ very: systarpe NG Ipgated Rifside ofelhec pPraressing

coupl ed to amympee1ed lrtcmaeg@splatamgloy 086 8b6eEs é&?;ﬁecﬁd Q@ﬁé‘%rﬁfﬁl@l 134.
mani fold inl_et rggm s 104A- ast one of the outlet ports 106A-F

may be coupl@¥ Id dpf B?‘%quér? E’PFQ!'LY ¢f valves {digriised fBWP%jé’Q'QW?eWWSfA
enable any combination of gas sources to 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 manifold 134 includes a plurality of manifold outiet ports 106A-F that
may be selectively coupled 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 circuil 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 provi-ded. 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 nent, the orlflce 130 is sized to provide a restriction that is
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[0023] The ﬂow leaving the calibration circuit 144 is coupled to the purge line
154 by a calibration 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 flow of gases through the purge line 154 fromthe manifold 134.
The fast evacuation path allows quick gas changes wi th m ni nal
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connecting valves 204A-F sel ectively couple the gas source 102A

sel ect ed outdeliyehopem @R to prayidesBymetist pdicalivey of ke ast flowp endigas
provi ded fr RemRMawili?hd djsnghod. h?hmrfc%rgwééﬂ’fb ﬁwm%é%esa&pig% iy

connecting valve 204A is in’an open oBeratl onal sta

connecti ng PRI Wtized by hercondiolipm? st dhsoytpigim of e MFGre 479 opathes
routed thr O‘éghmpbhéwtoé{‘t fhet gdRoaknERP Ay té’mtﬂﬁ) §@éh‘ Maftd BBsifdd” EdthboshiA:;

I n anot her exanple, if connectl ng val ves 4B-C are in an open
oper at i onal PsgsguEe, viBle er yighmeec of mgsesalaweaswma tptire chamber dM}se’Bhe

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

2 desi red r 2BV of PRGN £ saghanndsem el i Soodment o BfraniekeRie
a desired ra

the val ve, sugdictedai Figaee \‘raEa@rs mafidld ieNsrel BARF i€ rédpevtivelf téupled to
controller in e lin 20A T% a cinal staje,of the }/arlﬁble
connecting valP \Fﬂ% %@4&6%9%9”%% 98 g‘{ g%" ilRje t“?‘i'@s{’?ﬂ'ﬂ’tgr gryesy fremothp pas
response to gouigds i G2AFONSIaRk wadrrera ssmsgécm ar&@.rréla%utraqu hoeArour e
3). In this manner, for exanple, the rati o of gases provid into two

(or nore) ga?seﬁﬁt'l"@ﬁ’ ‘H’é‘PI%Hfa'l‘lor‘\@@ 92 fslivery #ng 2R3AL. ngﬁaéhg%fs* B rgRst
delivery |ingeige mnggmm rama %%lécﬂvdlﬁ&&iﬁ'@cﬁtot&wet SmBRY &t 1hie IS aded

by the sensors 190 so t et chem stry conposition, flow rate

and/ or press@® @ewdv%?%zﬁ Hteau thereaniiglch1i#4 ey Reropfigyrad ternterfased
334. Each ofwﬁmsn;pﬁmﬁﬁeﬂd?hﬁét g&%%uq@llocja‘é‘?fe}'v Jynﬁﬁ%v %3&8%2@@%59&@4 Y

configured with connecting |i'nes 250A-F an
coupl i ng t hel R ek aytiet gnsi dajivery linesd32/pP@Ee shawn initbe pebodiment depicteti et

gas del i veryylding 223%rrﬁalﬁﬂ{eeﬁ Bgr & r'ﬁﬁg%@%ﬁfjhave cgb(r)n‘]iﬁ‘er'!:sur?t?ed

associated wththe inlet Ivery Tines een om
to avoid cl uvmrehhemvgn@erﬁigﬂﬂmmcesmoszmeturm ng to Figure 2, the

fold 134 t

b1 dgi ng o SR 2otk bl cdEh fib"antA iMELs S Ry 57 amieting
sel ectivel y lpea@564-K coupling thod mleh@aemielmmy hmmezomaﬂmssmtme outlet gas

t t 202
o PECt e BB Mo S8R, e R 2R Bt o™
204, may be \mltrumb@r}rn@:tmgéunealzsni%amnay be;mpgralqtftﬁ fﬂiﬁy Bouslgitnginlet

t 202 a asso e uid so e
For “exanpl o 8.8 08R 24 KE6ue G0 eI 08 65 Bl ah Boval fnescile s
via a secondaroyaghmﬁ mldthyats delicany tine 2208, HésendRgi & m@c&l@ﬁed b erational

connecting v 04A the brid Cir t 202 ows each
ot pot 11 oo Sa8sr B VAR MARIT Cnd Smabia abes 2onath Selpcibobisshplers
the purge |igae sbarkef 100M mmoméwommdﬁoné h%ﬁb)’tkb@ébjﬁdﬂiﬂ'ohlh the FBRitin

required to e th nifold 1 033 Iurallt of dlsconnec S
e Ll S0 bo ditsd Ritited YA SowTes.10pA ORI M MApHdGiae BN PeTHRS s,

I n the enmbodbRRsvtingemivet B3hA R iﬁleﬂﬂé;fénzopeilatfdnéﬁétaﬂi wnina eﬁmmo'ﬁﬁ@@a@@é S
216A are di %ﬂéed adj acent each_ outlet port 106A-F wh a second

group of di e fanainp rised, gag| ’§Bb§1§cﬁquﬁ39c H2his Hljit‘?fb”tﬁ)lﬂg’fmhle audiet

bet ween t he ﬂlmhqgmée@baﬁg VRl AR S
shown in Fi Ha 4, the selcondngir}gﬂlfoh%‘ @I scorﬁ%@gﬁgiﬁ-%gﬁﬁﬁb&ve@

bridging |i 4@@3& iy apj PRAN REFIRHENA) stpda Avhilg gnenpetifey valvepd04Af Prist
end 402 of biRafiddoi |gls 6ih M8 0uldd 90283 e Mirolibh She RIS BbAS

434A to be cou second en e ou
second mani f’Qﬁg ch34§a%|9igthﬁhéth$ﬁtlﬂfﬁg gesr delyaey Gneslid2@Brn caressimilany

2168 of eac *&oﬁﬁ’d?)ré@x'u% é&%cnagfh% é@% ﬁgﬂé’ﬁral%ﬁ b6 b'fBPfo@ﬁﬁ&frEz ffulBPt

shown in Figure 3) are siml 't I's conte
nunber of maAs fAsiiREY d@?sb"éw@oﬁm? éble tf@%j'@m\@r OﬂtiﬁttgﬂssdeiHﬁWehnes 232A-F,

[ 0034] Ret ur

Sbove mmy. beCIaT R, QUALRE, S0 arkl 2bLE SERRALS WM AneTUERSE BB

154 to provilers 2207k hae been eaitieddo groid hivttging ¢fl igwe 2nd/ or

cheni stries h| n y 0 Y ors

190 may be EJ i zefdzfglt)] ? hgépg%%\tja ?‘o? JH&TEE ér{é&d[ ] @s%fdglc‘j?eag '&%Piqla gﬁg

state of thd hMQ&‘S man‘vfold 32| iv ssb2@BAIF sinBlad 15 the gad4hariifolal 13t deicted 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.ncl.udes a manifold 134 coupled to gas sources 102A-F
purge line 154 and a calibration circuit 144 as descri bed above.

Qutl et ports 1060-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 ment

Gtr | zed 1o GRS el SERGTOLE PRI bEsimlihiciiot By 93¢ i doivery
processi ng chren220Altd enten thiee respbctiiengas , outlet delivery tnwt P& variable
provides gases to.a C f t he processing chanber 114  whi |

Port 516 o eapRulioat SReAT a7 R S RREBH ATV g valPur drslec
t o the out ervdlggiaanasofiow bentiles emﬁ_@ vaihverdrethdr ¢low. control ddwice suitable
Phe 1l et polt FouEtRaY iy berbRaa Bebend ot 178y ons of & T
shower head V\?bd@ t hend meeaudwar étafelcﬁ trﬁm\)ariabre\ﬂddﬁe@mga@hiee 304AE may be
regi ons of t head. i nl et porf? 516

may be di spo%‘é'&‘of‘?g]? eErte %BeﬂfedaraB? 8?@%%'%@ %Q}Po‘éaﬁv%%a‘b(ﬁ&f W by-

gases downwapglsihgltRe @aﬁru bﬁich&h@t B vhI9ed B@‘4A F'c%brd!@rab ficly Faib ddtrolier
di sposed in a sidewal processin provi de gases to

outer regi on'§ tog "@‘?1%2% bElBQ 8&’%’3“9"}@1 glate %HB? M@ﬂabéﬁm%m Valygs3QthsEs
may be provigedpe s@écﬁby HESHNel T8l REPpSHeAbE mli Hﬁf&eﬁ h@tthe

m xi ng of the gases o occurs once wthin the interior voI ume " of

t he processi wseﬁambfno{ showr} GOBEHE 3w Inagthisgnarifry o lexppler e ratio of
504 are coup %a%@st oRa&d ittt st@f%@) 206n& dJK‘@?Fﬁ%]SSEWF R the

split the fl XIrtirng eac | et prts 106D E
pr edet er m negingle @as rirput slelivenp liog 2264 meay he adjustachini igspengsoiot thergetris 18

of the proce {,.agd %g"iﬂgss%n%oké g;%ﬁﬁssof 15%1 3 tgrg;t%t cﬁ%m@%op@fmﬁn fﬁd&?ﬁjat

out put rati OI’ m he OUt
the FRC s 50and/t5(]ute$ﬁmm tﬂae beanalized ct ﬁ]ﬁtplllplltrjl@ﬁt\sf: ¢DiB8-nEnifiols 334 Each

respecti vel yofcg]rgbo{},@ gga%zggﬁl%?g%bg e56d d?@-ﬁlan?f %ﬁgﬁbr%’ with

t hrough each del’i very I'S control val ve
508, 506 posidnneciiog Ijrlest2&®|&d% taedmahrbstaﬂéAfmfmtcopphngtrﬁllﬁlet g8 defivarpe

Bach dol 1 verler iaeaed Jo S IEPHARE IR R0uctllly Bk AP ekt
opened t o cauwpherale@5DAdehnd/BO4A-Fiassodatad wﬁﬂzﬂhet et lgas peligey ImeseQZ[)BélF
[ 0038] The gas deliver ste vi des nany advant ages
over convent a&ﬁz’leegﬁgiﬁ[eer‘?éo ai"ﬁﬁgﬁ’gﬁef'?%ﬁlegg&? e system s nodul arity,
fast “evacuat. op 53%?‘“’;555‘?13:5?%?ﬁ?ﬁ“éj’f&‘?ﬁfﬁ?@?ﬂ D%f@%
of cheni st rigggin Hih udgng fircu Olpss A dongelne
| oopf contr 0|mé}g%eE fsela;etnteu,ncmgoréﬂ tccB&IN Sft thig dﬂ:q:tjut \nﬁ?s/ 28PA-F bp ¥ respective
t - tl
bre- 1| ow pardFIEcT AT EaboA oudiPith dheydsabe virgt 22 cirvigh Bagfon
provi des a %mﬁém@nror @xérhﬁlecaeébeSthéseoﬁwuﬁg vhRed 204 Srﬁ!zl{( 68 Todddd)
t hrough one or npre va t o a_vacuum envi r onnent IS separate

fromthe pr dﬁ%§§5'tﬁﬁt"ﬁh8'ﬁ%’§r1%41-t'% b@’dgmgﬁé"‘:?'%lz@?lar'@ E@%’”st el R

purge |ine ladociatBefvithea HaRICSOURE féﬁéﬂéﬂ'ﬁ:ﬁ@@o&rﬁetﬂﬂ)@APi@ﬁ@%‘éb?lﬁdQ@@i@er
114, the gases nm be su%:ledtothe eratellneso

mani f ol d 1348ppraf Y‘%é‘r%ﬁ@?@%ﬁ?‘i‘@d FNGOTEBIRAY therretintance of
substanti al lye r&hﬁét@iﬁ taveC 004t | BreRled iGe %Sﬁlﬂé difcuit L2058 8115WsO Watr
into the processing chanber 114. This al | ows t ases
output ling 232A-E to be coupled {through the output Ime 232F) to 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 substanti-ally maintai ned one the gases are diverted into 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 flow conditions within the

delivery system; %ﬁ | ‘?}@fﬁ‘f B¥bdrRols 1@3{@8&86%&8%% ;]ng;@igcjulﬁezm

conventi onal gas y experil
pressure dr opeht-re@ndmerbndmmmhher mﬁﬂ/\arrchthes:afv@n g@62A#Fhdan nxamplﬂ, ay smwrgms

delivery in }t&%ré’é,ﬁﬁ@%éb&% Oérgﬁkggﬁ&@éo nBQF,%LHs@‘%'uX £leAd ﬁ-@[%ebz%‘baé?

as the pre-f rovi Ssane re ance an
flow conditi Girs¢ rrmufo[ﬂ 4314!3 lgdsasmovead aﬁﬁ(avﬁrslgendwﬂf vhibe masaediet defivery

chanber. The,th I ljze t h
conditions i H'I'? ?géé)roiﬂﬁ (ﬁf @59#%%4338%‘? ouﬁfedt!ﬂe g?%"g‘é‘rs%“ﬁgo‘t ﬁgm?er
114. [0040] Ald]dilettl lneaPBIA ainy sfdcolmd dnmt;t(i)himgladsvu@eg theunﬁtirags poktiont | afv
ratio controlJers 5 0 val ves ir outputs
routed into PREOHE Psf?lﬁ% kgﬁ Hrgash ﬁjoé%@gﬂqv*?é z?ﬁ“etrt?é'%%ﬁﬁl s
of the divi dea@»ﬁqnomman thereaﬁénelslmmwmhplea t&imm@npleieldmatemwo
t he processin thgb bn on enbodi nment gre flow path is

def i ned throﬂgfﬁ 4 S|m"=w &8P, dog‘ﬂ@erﬂﬂ}ﬁ'ﬁ BéPHes t hrough the
mani fol d out jogidy 10ﬁémﬁuﬁ KPPRIrd PEokty oPAREe ¥ansons 19088 -desarisbd didve
the purged I|ne 154, FAST EVACUATI ON_ PATH 0041JI n_anot her node of

operation, ame¥de iBipdaced WAR apKiah theslings 29080 i 252E. 20 184)tp\REpyjde a

system 100 appRriRyi b:ﬂ% cﬂ‘ﬂ?&@é?ﬁdvb@&hcf/&r%ﬂe?ﬁiﬁrnéﬁiﬂhﬁlﬁkl% éy%‘ferh(i(]bhq he
foreline 138 through the purge line 154. The fast evacuation

provi des a CWH@CPTO@HEF’ rwmmh@f@ﬁ@rﬁ %Imﬂﬂ’ep‘i’ \W@l‘%ﬁds%ﬁ%§°t‘tfﬁ"§ﬂdﬁottﬁe
processi ng chgIBGhe I8N sRES & thO MIt9H 1 PN &aRks PBEA-FY 20T, BOAARF or

vacuum envi roﬂnent tﬁat I's separate fromthe processing chamber 114
(e.g., the fetherigunpegnt W oligh geRedplivepe dypiem 1HW) suthethphsa desired

evacuat i on p@&,ﬂpésﬁlog:,o%ggget,gtée&%uﬁnélap%eg‘a%%% téfﬁ%fbhh%br‘iﬂﬁgg

is at | east one connect|on betmeen an estrictions sup_
t he fl ow r at The dugttic ondyealso 5382 utilk@q twaﬂovw tbemqsrtloot bfegasaso\mthln

restriction. Kg@@ggﬂ#yXﬁsﬁgﬂ%’yﬁ%el & EnCh 3%% t%tst?étﬂi.?g%g{%ng,

processi ng cha change; € IS0 t|on val've
by- pass val vdsenﬂ@sﬂﬁniﬁng,ag&sk@amgwamd éue\lkemydmdmmw ereaptimedthereby

path, T 004zt Renang HeREE apBhEe iR Sn i, PSR oAbl Hideess
val ves wi t higaseshe nanifold 134 nay be sequenced such that the purge
through ¢ ne PAB! *oVaedd:s SRPER: woheh pmibodtant Siuh 456 ashie et s00
oper ati onal sttiaéetocdupblyegagad wgsoctading EhmbenaﬁstoTbe gaeqalmeqesym Bhat
i1 zed 1 BRLE 8 pRRBR| ety tn a8 oiss Dl ror e 458 v o
fi Inl fedI \C/j\n a gfdﬁ?raﬂ?mlmﬂma ay deecmbhdtabave t t]}et!gaﬁmnwsgam ﬁ‘; Emmamfold
(r:rgrltalon port] n%e(ﬂ% ac pl"?fpﬁ "rlﬁghp%ﬂ @Iée&égl?ilfrgprﬁg?sé‘”&ﬁ em{l‘?” 14°

relative to ot Wlltél@rtrtaﬁfférrmb gases ani td obro@@qlmgnehambbha Mal ke she
a.manner_.that_ all ows the new chem.c

204A-F b
o oY e eHedenRY T Giqula., Tha RIS GHE (Rloh Pons BiBe 518 A
fl ow condi tigimsed itd ddnee.sb@gdsesﬁpmaeaefrcnﬁaﬁe brheanitdd® 043] {01 tHN @rocessing

enbodi nent essure une and/or flow of replacenent gases
from t he soﬂeg?em pqﬁ*&f%@ i hedELPRha! & Prayisies 9asgP éha Bl he

mani f ol d 134tiRe ?x&egyﬁg cRAPBEIEPNE fwhil 8SnIbSor smvsoa‘nsgs&ehmmnt of GRS €S
exiting the manifold 134 approaches the desired chem cal m x,

pressure andnigtPYbfimhand Pwdps sasest todhe piteegiong b therosessingeiamber
(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 line 154 is dedicated to only those |ines
requiring gas renoval so that change over of processing gases nmay- 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 tinme. CHEM CAL M XI NG AND CLOSED LOOP CONTRCL 1004511 n

th d f t th [ i, t 0Q. -
B eed o natREsd tohottio? BrdifiRe e InE b DR, iR BisPBYeshf ageiing
m Xi ng may oefalpracessitd cimarhiver amaprévidalgdssé desinngrdint a aubstmata3@Hife fheor
b [ i t 102A-FE t i | t] et .
del ivery |1 nBISBoRS rapRgdspoatiin siaipbat he irooehe SHaabeeprpyise
may be uti Ihl g@fbﬁtto qmteﬁr\érbldbns of ﬁ&&thbbleB doner Q{lotl@ér édﬁiﬂ?]dtdneﬁﬁ, ¢ %as_es
m Xin Wthin e a | ver syst em, no oLl ems | €S
entering t heMeARrPvidad serartely uER nishRAS| 1 Bg S48 Shel) that miging,of the
ot her point yadeli shiy Rec@dSorde! witkdt Yhes tdroMvdidiheUsi h@ HroGesshiys Oliginis?0,

real tinme adjustnment of chem stry paraneters, such as desired
conposition jUs“g gas mx), rate and/or pressure, may be realized.
For exanpl e, [ob:is%sennsl@wsraﬁ@b@mona& (FrD) Bb2) 504 doﬂg!eg t8eath 8lHIA gorts
from sources 102A-B exi tl,n%the mani fold at port 106C, the

oper ati onal 36R-E. ofhe HECsai0ges0BeRlthedinus sidinarash aydlet rastey106De so
220A- 220B  t Oyraii | BEEIMING Yol AR BHHGE oiiodfliodeh et forPs1 15 1B

0
chem stry flows to a desired tarq_et ratio. sanme process nmay be
per f or med usthagredessiogiebambar 1 The FACGHH92t504 neahibavst a tixes output ratio,

| nf or mat i on &r@g% hage SR nsga}blquue;avra%.swé)guw b %%CFﬁ@s%‘.‘ggct %ha

M-C setti ngs, w rates or pressures o e gases provid rom
t he sources the2mapifoldONEpyy/pataON 06B-CRBESeepHEtvET RidRsingd) 0ulp] ¢emmon
anot her node. 0 i t LVer A :

rTi o ent usupOiREe badihad Fal ool cotf bty NThAs SR BcHife by

t he oper at i oméihalstaivedsDBH0§ pesiticiieddastapsiedn of TR Inkd @ortES10.6218 of the e

changed may I manner that renoves gases fromthe
mani f ol d 134&%%%85@?(?%&1468@?@' and with m nimal m xi ng of gases,

t hereby al | ojeearpy f aBy-pass edypEnSH), t51@wrarndupled te edclp delhesys limg 52,0824,

Thus, durin a han t t ) are dr t.hr h

del i very pat éyéags ?ﬁ?%su%{ﬁci]?l'ﬁ?é F$Rggﬁeég%ﬁ%oieaﬁ%vﬁ]ﬂ?"ge&ﬁg‘ep%%e
i ne 154 maysdietodide pergedinedbahg the throttl e val ve 156 to advance the
ases qui ckl rough the manifold 134. reover, while the purge

P 184 ool oo b A eqRBH Slthrrs AesBRE Piitenshant pud e, o
cont aij n ggs esonvestityal gystérhe rlregﬁdimsmﬁ:emiei Sygtedes) lumtarin? ubd gas detvdry

i ntroduced gasges urge gas and/or the | ast renpant ases
brevious y coRtEH Aoy B PRsaduier brayiE ap oy GRUE: dat el patge
l'ine 154 andeontrongil chainical hRixpigponsri Rifichnier of lchenfistiies, abeéquighctde
remai ning lines coupled to the purge |ine 154 to _be, evacuated nore
rapidly. In rsﬁ@e@d@ﬁ\dﬁﬁwa@n 95 eloprbiPrR ANt ferineduniag ok chapsingy

be utilized defivér)@heHb® whifdationdi 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 of prEegsow T t he fine. 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 may
be utilized to verify the flow rates of any of the conmpenents: 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 systen1nay be verified for flow rates al ong each branch

e conduct on gL SR Aol el 199 oBaPh oF heaioeRls EReth bt

a gas del i verspbsigsilainntdiftainéd @ngdise gedes\ses giveyed nto m@(processmgfmgmbed
substanti al I Jar to t scr .above

xcept whor e HangS e Rieny” Pat s The sevee §Rp HfE Sea UGy dem,
a’:] | east one 10f)ktd1%tawtzputl;1 mor‘pmcééc%Géoﬁdtﬁﬁn"tb@‘f)wﬁee@ glelwned thd 4.
The storage tank 630 to the at | eas e or

t he processi r*?éoc@ﬁsa‘ﬁﬂéga%ﬁﬂ “é‘ h“’o“'g“f %‘Qed'h 'lfﬁo "'1 n
phantom, a @&s déeldry edysteny SIOBMoAEY) floROfd Bie @ARANbLEF id fwnﬁﬁérmd unlike
processi ng chanber 614 the calibration circuit 144 or the facili tgé)

exhaust 136. CANEAHERR! W%?WWS%WBEB yrRjcyly oiPgEeRLE R RrpEsure dr
i ndi cative ofypf '&ﬁnnﬁ%ﬁed‘ﬁlb\b'rﬂeg hﬁ’ h&@"if’fe Brfdrmity oPgRs SIRe e pro&éﬁ%nng

nmetric may be indicative of gas pressure, gas conposition c? ,
chemistry), reapeeatube aw%lyh@?iatéﬁa%dxeéaw@c iag . thFOB?d]qVﬁ Rate Prow es

enbodi ment, %@Eﬁaﬂ}é‘ilf%e RAhje +5fadceBa iew Mdﬂidﬁ'&!aéé Xf FRUgiRA \Fvé’re
the tank 630. I n anot her enbodi nent, the tank be segnent ed

(as shown inﬂpwmtuaiﬁ)th%arqcﬁaﬁln@aftamqeweﬂhﬁtlwragileb@lwee i Rayakse bendilizaghk
630 wi t hout [ dnt r S

charber 114, T T S SRpURORY UE U5 e RO SR BeR e Bssing,
cont enpl at ed chaaber-114t he i nl et of the tank 630 may be utilized to

del i ver gasgaﬁJ @at hﬂdBi’i;BﬁQ (Flpﬁmaﬁd"igl%fvan tls[AHs sg{p@ @ﬁ&vl V&Y

systens havi evacua ageous y ena
processi ng gae@sollsmomzylff&} cﬁrr mam@o@as uhel ihare haiy stitputs fouted! iato the

processi ng > P il fhrbr?otrqg#)?qc%g&aé PQW.a?[Pl‘P'e gh hfé‘%?‘t%% s ﬁamesﬂgﬁ

fast evacuattoh pa s are u 'ze I OVi an al e nanner
to verify antéostaliidedb batoes dosy id d\am/efed)m tthe maeesﬁmlgl vlmmbaysﬂmrme

t hereby providin cont 1 t
br ocesai ho. s FPBATeE das B pfhd® PETEATnicy S LT PRaE B 1B ahdhe by
enbodi ment s pésd liweptiesegh ther nemtifolinouttetd d06ARI tﬁimugrhehe doylads neaites
of the inventj may, .be ,devi se ut departing fromthe basic
scope t her eo%bg’g'ﬁc?'%H%toég%B%rgFﬁg?%igg| s deternined 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 to a vacuum environment that is
separate 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 flow ratio controllers 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 vaive 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 1028 gas
sources 102C gas sources 102D gas sour-ces 102E gas-sources 102F gas
sources 104A inlet port 1046 inlet port 104C inlet port 104D inl et
port 104E inlet 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 valves 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 portions 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.

[0043] In one embodiment, higher pressure, volume andf/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 will 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) tn 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 not 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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104F inlet port 106A outlet port 106B outlet port 106C outlet port
106D -outl et .port 106E-outlet port 106F outlet port 114 . processing
system 304E val ve 304F val ve 402 first end 404 second end

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 LOOP CONTROL
{0045] In another mode of operation, the gas delivery system 100 may be

utilized to enhance chemical mixing. In one embodiment, chemical mixing may
oceur within the manifold 134 using the valves 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 port 106C, the operational state of the valves 304C coupling inlet
delivery lines 220A-220B to outlet delivery line 232C may be adjusted to bring
the chemistry flows to a desired larget ratic. 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
(0047} 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 manifold 134. Moreover, while the purge line 154
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434A mani fold 4348 mani fold 500 system 502 flow ratio controller 504
flow ratio controller 516 .port 518 port....116.134 136 138 142.144.-146 . . ..
150 154 156 170 172 190 202 204 220 232 250 260 262 304A 3046 304C

304D final valves manifold exhaust

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 operation, the gas delivery system 100 may be
utifized 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
systems 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 to 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 pravide 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. Altematively, separate tanks 630 may be use. It is also contemplated that
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fore line shut-off valve calibration circuit circuit outlet line
controller purge.line throttle.valve mass .flow.controller isolation
val ve sensor bridging circuit connecting valve inlet gas delivery
line outlet gas delivery line connecting lines bridging |line selector
val ve val ve val ve valve valve What is clained is: 1. A nethod of
controlling gas flow to a processing systemthat includes a

processi N9 Ra"RR of Wik 580 Tndy?Bb! it Boer Hs2845 o' Toblashy
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 fast evacuation paths are utilized to provide an alternative manner to verify
and/or calibrate gas flows from the gas delivety systems, thereby providing good
control of the gas flow supplying to the processing system.
[0052] While the foregoing is directed to embodiments of the present
invention, other and further embodiments of the 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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flowing 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, wherein the first outlet port is coupled to
the foreline through an evacuation path conprising an isolation valve
and a purge line, each of the second and third outlet port is
connected to the processing chanber through a respective final valve,
each of the second and third outlet port is connected to a pre-flow
path through a respecti VBEFERENCGEINUMERALS pre-flow path
conprises: a throttle valve upstreamto the purge line; and the purge
line upstreamto the foreline; flowng a second gas froma second gas
source into the manifold; selecting an operational state of val ves
within the manifold to cause the first and second gases to exit
t hrough atO0l egsg daiveryaslystelme second or 304Er daleeit | et ports while in a
processi n@2Aodas sdureesi ng the first and3€ceslde gases through at | east
one of th@28egamsbuncest hi rd outl et por t4n2of fitgshendrani fold into the
forel i ne W2Cpgassoucashe processi ng chattider sedondegd t he pre-fl ow path
until a pro2befansoustest e of t he gases wW3Ai manih@d mani fol d i s obtai ned,
wher ei n t19@Epgasisfurcesd state i s obtai MSdBbynaaifeldli zi ng the throttle
val ve t o 1afchacsnudiesi ons in the pre-f300w patdmt o conditions of the
processi rig48hmigbpert - 17- directing 30Be flow sttiozndtraliecond gases
exi ting ti9dBrialet pokd t hrough at | east 9de tdw tatie cesteddied or third
outl et pdiOBE infef port he processi ng chantidé aparer the predefine state
hag been 108Painteddort and processing a st rptre within the processing
c er. 104E2inieThert net hod of claim 1 further conprising: flow ng the
first andO4ecioletiperhses t hrough the manifold into the foreline
by- passi 1§6A heutlet parkssi ng chanber after substrate processing is
conpl et e.106B outlet port

106C outlet port

106D outlet port

106E outlet port

106F outiet port

114  processing system

116 final valves

134 manifold

136 exhaust

138 foreline

142  shut-off valve

144  calibration circuit

146  circuit outlet line

150  controlier

154 purgeline

C 156 fihrotile vaive

170  mass flow 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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3. The method of claim2 further conprising: replacing at |east one
of the first and second gases in the manifold with a third gas
provided to the manifold froma third gas source. 4. The nethod of
claim3 further conprising: preventing the third gas exiting the

mani fold fromentering the foreline ; and continuing to draw at | east
one ofthe first or second gas into the fbreline while the third gas
Is exiting the manifold. 5. The nethod of claim4, wherein
preventing the third gas fromentering the foreline conprises
stopping the flow of the third gas or flowng the third gas into the
processi ng chanber. 6. The nmethod of claim4, wherein preventing
the third gas fromentering the foreline conprises: decoupling the
outlet ports throqghat\/%icqﬂlﬁéaplst hird gas is exiting the rrani foI d from

the foreline. t
adj usting the oper afx {B%Mn%gﬁﬁ@ggaeﬁo@% chg‘ éa e mani f ol d
to obtain a rat fﬁba (‘3 CIf]f’ Foies g‘ﬂ’é’l a@ﬁr E:‘é“li’lﬁaoil&’gﬂ li¥ast two
outlet ports. X ausﬂ{ ipreling) GuppHsingher ei n adj usting the
operational stat eﬂof«vmgel ﬁntst geafnonmaeﬁmagasasmm‘cehﬂtcrrammeimfcddf urt her
conprises: sensing BavinprdtGemt atfiret @aetqpdrt,i ngecold oAt bekda and
~adj usting the oper afj hﬁi‘&‘lﬂ g&&%ﬂ a fdey utieﬁﬁ;% W &ﬁ'tﬁ@ﬁm the
mani f ol d to change § (felrl?c;[ljc coup PV e ToPHE 1rou§h an evacua-

tion path comprising an isolation valve and a purge line,

each of the second and third outlet port is connected to

the processing chamber through a respective final valve,

each of the second and third outlet port is connected to a

pre-flow path through a respective by-pass valve, and the

pre-flow path comprises:
a throttle valve upstream to the purge line; and
the purge line upstream to the foreline;
flowing a second gas from a second gas source into the

manifold;
selecting an operational state of valves within the manifold

to cause the first and second gases to exit through at least

one of the second or third outlet ports while in a process-

ing mode; '
flowing the first and second gases through at least one of the

second or third outlet ports of the manifold into the

foreline by-passing the processing chamber through the

pre-flow path until a predefine state of the gases within

the manifold is obtained, wherein the predefined state is

obtained by utilizing the throttle valve to match condi-

tions in the pre-flow path to conditions of'the processing

chamber;
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| east two outlet ports. - 18 - 9. The nethod of claim1 further
conprising: sensing a netric of the gas exiting the manifold; and

adj usting one of the flow of at |east one gas entering the manifold,
at least one flowratio controller, a conposition of the gas entering
the chamber, or a pressure of the gas entering the chanber in
response to the sensed metric. 10. The nethod of claim1 further
conprising: selecting an operational state of the valves within the
mani fol d to cause at |east one of the first and second gases to exit
through the fourth outlet port and into a calibration circuit. 11.
The nmethod of claim 10, further conprising providing a chocked flow
condition in the calibration circuit using an orifice, V\/n_erel n the
orifice is sized t@rqsiteg the farst esdrsecondgasesbexitingi thiel manifokl to t hat
of the processing ciargh at ledg.orEher tirt feednalorchaidimdtet partsher
conprising evacuati ﬁh!ﬂtotthépﬁ?é?ési:i‘ﬁ%hﬁﬁl%?%%Pﬂléél@ﬂ%ﬁﬂ%}%ieq%]sval ve to
renmove the first ang.sge8 n&ftsa%%[fromthe manit o through the first
outlet port md th? evacua |l(gtrrf%1pa? h.. ... ]ﬂg% The rtegg:gd of claim 12,
wher ei n evacuating “2‘6@5%‘3‘? Yirate Witlin the pncessag PRbACng t he
throttle val ve toZcohfrmBfthodotialaim dfughercompuisingie manifold to the
purge |ine. 14. fiowdngehedirsoand 3ecowbpeies divasglathe martielaani f ol d
further conprises opmoig fdreliby-Bapassied YBS ﬁ%ﬁ@isﬁ%&%a}@ﬁgseqond
‘and third outlet pogfef ﬁlH@hraFé:grdl@siﬁg'ié b&ﬂpgnﬁg seco"ﬁss?g cﬂgg‘ger
outlet ports intostpf, RROASH FIERYS RefiRer bmprisings g '

replacing at least one of the first and second gases in the
manifold with a third gas provided to the manifold from
a third gas source.

4. The method of claim 3 further comprising:

preventing the third gas exiting the manifold from entering
the foreline ; and ,

continuing to draw at least one of the first or second gas into

the foreline while the third gas is exiting the manifold.

5. The method of claim 4, wherein preventing the third gas
from entering the foreline comprises stopping the flow of the
third gas or flowing the third gas into the processing chamber.

6. The method of claim 4, wherein preventing the third gas
from entering the foreline comprises:

decoupling the outlet ports through which the third gas is

exiting the manifold from the foreline. '

7. The method of claim 1 further comprising:

adjusting the operational state of at least one valve in the

manifold to obtain a ratio of flows from one gas source
through at least two outlet ports.

8. The method of claim 7, wherein adjusting tlie opera-
tional state of the at least one valve in the manifold further
comprises:

sensing a metric of the gas exiting the manifold; and

adjusting ihe operational state of the at least one valve in

the manifold to change the ratio of flows through the at
least two outlet ports.

-18 -



15. A nethod of controlling gas flow to a processing systemt hat

i ncl udes a processing chanber coupled to a facility exhaust through a
foreline, conprising: -19- providing a manifold having at |east a
first, second, third and fourth inlet that nay be sel ectively coupl ed
to at |least one of a first, second, third and fourth outlet port,
wherein the first outlet port is coupled to the foreline through an
evacuation path conprising an isolation valve and a purge |line, each
of the second md third outlet port is connected to the processing
chanmber through a respective final valve, each of the second and
third outlet port is connected to a pre-flow path through a
respective by-pass valve, md the pre-flow path conprises: a throttle
val ve upstream to 2-Hepmegeod phelaimndiumermomprisinge upstreamto the
foreline; flow ng seneingra nmtdc odsles gahexitigh thbenamféliohgdto the
pre-flow path by- pageitiih bhe oIRE FR% BY a?'l'@d@%he(%a‘s%ﬂ Ind & €551 NY

or to the calibrati : ui, ...t he: alveein the
pre-flow path is adjglggl g(s fg{ ;%Eé’{c‘ﬁﬁg g1 |10t g&i%% & 201 E2 R B path to

ondi 170
conditions of the prsleddbrgas ﬁﬁf%’é’l&t?ﬁﬁ a’f“l%ﬂwiq{g" RreeswReT e nor e
gases into the proc&8seRtpratmmsahaghar iy reposse ta hareogedniatg. 16
The net hod of clai mrikS, wherein flow ng one or nore gases through the
mani fol d to the vaguifeanyilodnsdlhinh 4r fubfier €OARY{sH@S: Wi ting unti |
the flow of' gases saR@tiscdn %ijﬁfdlﬁ‘?%?f‘é I‘ﬁ%lv@%\%rs Qﬂ}ih(?{lghl\éﬁij' ng the
flow_tothe prpcessi&]%tt&% ?ert_s .“eﬁe hod "0 acalm 5,
wher ei n predefined t 8 ? L%@ AMNEQ S $5ORdg8sCHiCessur e or
exit through the fourth outlet port and info a calibration
circuit.

11. The method of claim 10, further comprising providing
a chocked flow condition in the calibration circuit using an
orifice, wherein the orifice is sized to provide a restriction
substantially equal to that of the processing chamber.

12. The method of claim 1, further comprising evacuating
the manifold by opening the isolation valve to remove the first
and second gases from the manifold through the first outlet
port and the evacuation path.

13. The method of claim 12, wherein evacuating the mani-
fold further comprises utilizing the throttle valve to control
the flow of gases from the manifold to the purge line.

14. The method of 13, wherein evacuating the manifold
further comprises opening the by-pass valves coupled o the
second and third outlet port to direct gas exiting the second
and third outlet ports into the purge line by-passing the pro-
cessing chamber.

15. A method of controlling gas flow to a processing system
that includes a processing chamber coupled to a facility

exhaust through a foreline, comprising:

gas conposition.
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18. A nmethod of controlling gas flow to a processing systemthat

i ncludes a processing chanber, conprising: flowing a first gas froma
first gas source into a manifold having at least a first outlet port,
a second outlet port, a third outlet port and a fourth outlet port,
wherein at | east the second and third outlet ports are coupled to a
processing chanber, the processing chanber is coupled to an exhaust
through a %eline, the first outlet port is coupled to the foreline

t hrough an evacuati on..path co ing an jsolation valve and a purge
li ne, geach of thepré’é’&q}ﬁ& aaﬂwnﬂ%@ ilepha hﬂgs seomde il o a
pre-flow path throuwild Eowdspalet ithas mey fsseleativaly cowplechéo pte-f | ow
path conprises: a lefwtaid ef v filstesetpstl dard had thertbwiglet pbite; and the
pur ge line ufﬁt re?rﬂﬁé}ehh%%f g\fﬁl st ﬁ%x?ﬁ ea“toom%rﬁyfrﬂ?@e;‘v' state

of valves within QE]CE{%ZJ:

si mul t aneousl y throug a eas Cﬁgggo th é \51%3? &ﬁ%l G s; and
flowing the first JAESHARIGH Dﬁtlniee%f 1&gy HFtthlrd

outlet ports of t hé‘oﬁh’(ﬁ GQIgCiest 9 ﬂwanmseﬁmgu@h@ymsmgh@
processi ng chanber redpestiyh finhkvalve,-dachwi tad stecundvahdahl@di eddét ne state

of the gas within bet:monﬁ@dtedtt@a Pé—ﬁoﬂi?ath\’eﬁﬁﬁ fdigeqigrdef i ned
state is obtai ned gs'sl\ﬂaﬁ %ﬁih‘ﬁe% gatYlaéo\ﬁgPﬁQes tch conditions

in the preflowp “t1.ons chanber . ‘ 19. '
The method of cl 5 fVL?? BPSIE% ‘?51?915“ cé’gﬁlﬁsr?& a netric

i ndi cative of th&gPBrgeding npstreana to tesforghigecontrol ling the ratio of
first gas flow bélowdrg difeeof nicre msﬁﬁmﬂﬂa e n@iniRfAL® e response
to a sensed metric pre 130 aTtheo by e Bl¥eiAd AR iGensi g
further conprises: ﬂie@?jnﬁt aﬁ]%g) %rgté ghen % “}ﬁ?gre@ﬁure or

rate of each flow 6f t od of

claim18 further c Y%Eje i dhe gre-flogr Padi g H@tegéﬁ%@f‘?}h&t ric,
that the flow di vi %Ql shtine i the precidewipatiataeonditipas of the pro-
cessing chamber; and

flowing the one or more gases into the processing chamber

during substrate processing.

16. The method of claim 15, wherein flowing one or more
gases through the manifold to the vacuum environment fur-
ther comprises:

waiting until the flow of gases meets a predefined criteria

prior to diverting the flow to the processing chamber.

17. The method of claim 15, wherein predefined criteria is
at least one of flow rate, pressure or gas composition.

18. A method of controlling gas flow to a processing system
that includes a processing chamber, comprising:

flowing a first gas from a first gas source into a manifold

having at least a first outlet port, a second outlet port, a
third outlet port and a fourth outlet port, wherein at least
the second and third outlet ports are coupled to a pro-
cessing chamber, the processing chamber is coupled to
an exhaust through a foreline, the first outlet port is
coupled to the foreline through an evacuation path com-
prising an isolation valve and a purge line, each of the
second and third outlet port is connected to a pre-flow
paththrough a respective by-pass valve, and the pre-flow
path comprises:
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a throttle valve upstream to the purge line; and

the purge line upstream to the foreline;

selecting an operational state of valves within the manifold
to cause the first gas to flow simultaneously through at
least second and third outlet ports; and

flowing the first gas through at least one of the second or
third outlet ports of the manifold into the foreline by-
passing the processing chamber through the pre-flow
pathuntil a predefine state of the gas within the manifold
is obtained, wherein the predefined state is obtained by
utilizing the throttle valve to match conditions in the
pre-flow path to conditions of the processing chamber.

19. The method of claim 18 further comprising:

sensing a metric indicative of the flow of the first gas; and

controlling the ratio of first gas tlow between the first and
second outlet ports in response to a sensed metric,

20. The method of claim 19, wherein sensing further com-

prises:

sensing at least one of chemistry, pressure or rate of each
flow division of the first gas.

21. The method of claim 18 further comprising:

validating, using the sensed metric, that the flow division
meets a predefined criteria.
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