METHOD AND APPARATUS FOR CONTROLLI NG GAS FLOW TO A PROCESSI NG CHAMBER
BACKGROUND Fi el d of the Invention [0001] Enbodi ments of the present

i nvention generally relate to a method 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 m croel ectroni c device fabrication processes. Providing gas between a
substrate and a substrate support in a sem conductor processing chanber is
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t enmperature control
process gas flows into the processing chanber are required in order to
obtain desired processing results, particularly as critical dinmensions and
film thicknesses shrink. Furthernore, gases nmay be added to processing
chanber efBACKGROUNERNS to mtigate the environnental inpact of substrate
processi ng.” Good control of the gases added to the effluent streamis
necessary tkieghetithe Inentionost effective and proper renediation. [0003]
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regul ation wamratd@wewﬁintrdnh@_gﬁa@,qmafoya pfockE&ing ciayhbee. affected by a
plurality of factors that contribute to an uncertainty of the actual gas

fl ow. For exanple, the accuracy of the MFC will typically vary with changes

I n tenpera‘?égmgémgfméaﬁé%gdgpp vol unme. Deviation fromthe gas fl ow set
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poi nt due naccur acy contribute to processing defects, poor

em ssion  cggdzf 0! ABSLraiteEdritkd dMlga¥aRhe i9fanCRiportant pRRess [BRR4I athlbufeugh
conventional pressure control systens have proven relativel reliable,

fiel d experdridgale tamany Heicesaleations devisrolabgpaticts preeassasefrevidingeddhd f or
ok e hadk SR ohnd oty SO £ 0ESRIERY flodBnd Love,
-1 tenper atehanierr 8l a Wedikabwnc aneshad) fpodmpfaving deposiranster betveterhiting
results, mslu%gtrate and the substrate suppon, 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 results, particularly as critical dimensions and film
thicknesses shrink. Furthermore, gases may be added to processing chamber
effluent streams 1o 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
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 wili 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 control of gas flows

used in backside substrate cooling applications may result in poor substrate
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cannot be tolerated in next generation circuit designs. [0005] Moreover,
conventional "‘gas delivery systens generally have fixed conduits for routing
gases fromthe gas sources into the processing chanber. Thus, only a '
predefi ned conbi nati on of process gases nay be delivered to the processing
chanber at any tinme. Such fixed gas delivery routing prevents process
flexibility. For exanple, processing chanbers having fixed gas delivery
routes nay t!éﬁ%peb&e&ﬂnﬁot, PharebP CHBSIAG DoBEHINP Hep SIS BICRERSBsURS, viAfish t hat
require a different conbination of process gases. Additionally, a processing .
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del i vering S 31%71? ngu Y g | e In one
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system i ncl redae aa plfteremti cgmbihatigasf i prperssl gasss. e Fdditimallpngaaprocessig por t

and a plurality of gas outpyt lines each avin noutlet port . A.plurality
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t hrough the respective connecting lines. A plurality of "~ mass gas flow
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having at least a fi rFt, secondhthi rd agedffoﬁlth inlet that may be

sel ecti vel yIe¥RfR 88S dEMgry sygigay haying grealerilex®ity.cecond third and fourth
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envi ronnent by;oﬁ_assi;]ng t he processing chanber prior to processing or to a
ogngitne ga

cal i brat i oncagit bvery ehbagps ta grtaicopdudier RrogasHRd BY#teM: he processi ng
chanber during substrate processing.

SUMMARY

y

[0007] A method and apparatus for delivering gases to a semiconductor
processing system are provided. In one embodiment, an apparatus for
delivering gases to a semiconductor processing system includes a plurality of
gas input lines each having an inlet port and a plurality of gas output lines each
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
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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-2 [0009] In another enbodiment, a nmethod of controlling gas flowto a -
processi ng systemthat includes a processing chanber coupled to a facility
exhaust through a foreline is provided. The nmethod includes flowing a first
gas froma first gas source into a manifold having at |l east a first outlet
port, a second outlet port, a third outlet port and a fourth outlet port,
flowing a second gas from a second gas source into the manifold, selecting
an oper at i ogge) St 2l 4ot KhtbodithéAt M tMBHERANIof Oédiwtidﬂirgialg%% Hbw b rgt and
second gases to exit through at | east one of the second or third outlet
ports whil epronessing system fbatninghides| aviragessing chamber aewplascbh@ irellity

t hrough the
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chanber unt PHesh rdiudt'd 1ofile i Brd ekl T MRt Moy Yowifl 373 a9
obt ai ned, diroract fispgadeodrice $toanthasibold Madvipgset Seast iat firspouttet postnafsecdnd nt o t he
rocessi ng chanber, after the predefine state has heen obtained, and
P ocesat ng Sl aBe, Aden ailih P Asd priowih Bl Rtk B%InG isReBRY BEBARIBTI O oF
THE DRAW NG sb88HP haseoliftat intd hemBARSI] SeldbtireNah BperdiRngl s@td bedalfeat ur es
of the present invention may be understood in detail, a nore particular

descri pt i onwigtinithe manifpichta eausenthiecirsl and saeend- gasetmh sy exit thipugle ahlaasby
reference tQ e i , f | i ; | ot : ded

dr awi ngs. I(?nef ESHD ﬁ% e&ﬁi@t %rd?)ﬂgﬁoo%%@@hgﬁ@% q? i#ebg%%é%hggné&%v&%%@aw ustrate
only typi cairseatddecmnt gasys thhiugh thevneanifolthaad thtatiee tdrelirsd by-passihg tige be

considered limtin f 1ts scope, r the 1inyention ~admt to ot her
cqual |y of 1RIEPRNG ABEPRE DU & Poediyerstgiar o e Saseso RN, PBaGE it ¢ of
a sem condugfiginel! MBERd %he IIATRRE RBRAH Shse @ﬂﬁnﬁﬁh@%ﬁﬁﬁ&ld%t@ti@@s _
delivery systemof the present invention.” [0012] Figure 2 is a schematic

di agr am of peeessimdchareber dierdherpradedine staie hak deen obkaingdsangprosessingyst em
of Figure 1; | ' S I ¢ di agram of anot her enbodi nent of
a m xing n%ﬁi"?sg@é “Ftbg@?F H%?égeffrsg'gﬁirégﬁ%tr'schenat i ¢ di agram of one enbodi nent
of two mixing manifolds coupled together; [0015] Figure 5 is a sinplified

schematic of a sem conductor Drocessing céianber coupl ed to anot her
enbodi ment BRIEF DESCRIPTQ HRAWING

foo10} So that the manner in which the above recited fealures 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
manifoid 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 simplified schematic of a semiconductor processing

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



-3 [0016] Figure 6 is a sinplified schematic of a sem conductor processing
“¢hanber coupl ed to anot her enbodi ment of a gas delivery system [0017] To
facilitate understanding, identical reference nunerals have been used,
wher ever possible, to designate identical elenents that are common to the
figures. It is contenplated that features of one enbodi nrent may be
beneficially incorporated in other enbodi ments without further recitation.
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| ocat ed out si the processing ch 114 includes a plurality of gas

sources coupled to a gas manifold 134. The manifold 134 includes a
plurality O&Mﬁﬁﬁm further below) which enable any conbination
of gas sources to he co pI ed to the cessin anber . 114. The fold
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through the manifold inlet ports 104A-F. | east one of the outlet ports
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chamber 114 includes a plurality of gas sources coupled to a gas manifold 134.
The manifold 134 includes a plurality of valves (discussed further below) which
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 outlet 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 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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are provided. The first gas delivery outlet port 106A is coupled to the

calibration "circuit 144 that is configured to accurately neasure gas flow.
The calibration -4 circuit 144 includes an orifice 130 sized to provide a
chocked flow condition. In one enbodinment, the orifice 130 is sized to ;.
provide a restriction that is substantially equal to that of the processing .-
chanber 114. The orifice 130 creates flow conditions in the manifold 134

simlar to GROAI4YARSIUBES SRMNfiNEaR0 diAAR BARBSIdaLchdKedTbwW BERiidE In
processi ng chanber 114. The calibration circuit 144 may be utilized to
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volume, the flow rate and/or pressure_of the gas entering the sensing
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magneti ¢ clH@nsogesirout i8capfigiesete trcspyesbe flaw of igases nassigelroughutie. I n yet
furt her e”ttﬂﬁibg?%saq&ef@%r ERbbARRIN: OfheCediibHiton ittuit P LIAZYOR caitliafdd

supported by a canti
volume for receiving the gas flow. From properties and/or attributes measured

from the gas in the calibrated volume, the flow rate and/or pressure of the gas
entering the sensing circuit may be verified. In another embodiment, the
calibration circuit 144 utilizes a non-calibrated volume for receiving the gas flow.
From changes in the propenties and/or attributes measured over time of the gas
in the non-calibrated volume, the flow rate and/or pressure of the gas entering
the sensing circuit may be verified. In yet another embodiment, the calibration
circuit 144 includes a vibrating member disposed in a calibrated volume. In
other embodiments, the calibration circuit 144 may include a sensor configured
o detect at least one of electrical or magnetic characteristics of gases disposed
in the calibrated volume. In yet further embodiments, the calibration circuit 144
may include a tank supported by a cantilever.

[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.



[0023] The flow |l eaving 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 fromthe purge line 154. The
purge line 154 is coupled to a foreline 138 exiting the processing chanber
114 which runs to the facility exhaust 136. -5 [0024] The outlet ports .
106B-E are coupled to one or nore inlet ports of the processing chanber 114 -

to supply VRgbfUS MheCRARt BoASI0EBENadBoGFEd $6/RREYr ok iBRE pbAdAfihe | N the
enbodi ment depicted in Figure 1, outlet ports 106B-E are respectively
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gas manifold 134 and into the facility exhaust 136. A throttle valve 156 may

be utilizedcemra ehtheogas fipw nteiheoprogasdrg ehambeh! ¥he purge line 154 fromthe |
ifold 13 h t o t t ' ; .t 1 ni mal
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cross-tal k en gases. t "evacuati on path ma
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circuit 144. In the _epbodi nent epicted in F.qure 1. Dby-pass val yes 108A-E
o 6 di sposelrbBiendest Recaps srlr Paliiietgy bty Rl R g G | | ne
154. The byy ahieis 18a8MhdEintBihadRcilife@aubl €36, ARAFMIEJalve 168URAE t he
outlet ports 106A-E to the foreline 138. For exanple, the by-pass val ve

e
108A nay bebgeytitized Je|gpnypbiha daw of gpsescthrgugh thairures lingel dhdiomdtie out | et
port 106A i ; I ' : ' | | [ LeGU 144,
o anot her HENIBRS! P9 fasl Sugciatiof (AT Bl bk & Rl Ve hilftel |1
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o by P, S AP IAGY phA B LR KRR, OB 012

154. [0027] mannsiarsutib? BoRBY 08IASD 2p@ thE QuliBiatior irdgit HausIr @RaéhBs@ment t he gas
depicted in Figure 1, by-pass vaives 108A-E are disposed between the manifold
outlet ports 106A-E and the purge line 154. The by-pass valves 108A-E may be
selectively operated to couple the outlet ports 106A-E to the foreline 138. For
example, the by-pass valve 108A may be selectively operated to direct gas
exiting the manifold outlet port 106A into the purge line 154, bypassing the
calibration circuit 144. In another example, by-pass valves 108B-E may be
selectively operated to direct gas exiting the manifold outlet ports 106B-E into
the purge line 154, by-passing the processing chamber 114. Isolation valve 172
controls the flow from the sixth port 106F of the manifold 134 into the purge line
154.
[0027) Sensors 190 may also be provided at various locations in the gas
delivery system 100 to provide a metric indicative of the gas flows and/or
chemistries within the system 100. The metric provided by the sensors 190 may
be utilized by the controller 150 to adjust the outputs of the MFC’s 170 or other
component of the gas delivery system 100 such that a desired composition,
pressure, rate or volume of gases are provided to the chamber 114, The
sensors 190 may be pressure sensor, chemistry sensor, flow rate sensor and the
like.



delivery system 100 to provide a netric indicative of the gas flows and/or

may be utilized by the control ler 150 to adj ust the outputs of the MFC s
170 or other conponent of the gas delivery system 100 such that a desired
conposition, pressure, rate or volune of gases are provided to the chanber
114. The sensors 190 may be pressure sensor, chemstry sensor, flowrate
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state of thi#028kl ve$heonlat rgasmw@nhh@%s PROAViacdes 20 purality eof eeanngeling coupl e
the gas so I ling
the routi nth’e%]& %da%ﬁ Jo%gﬁrié}ﬁfef ?'g% tguofetél\e/&%dbi %%?Q‘lfgﬁ %%écﬁ@%ioﬁg%ﬁ%yh For
exanpl e, i fde!mergnh‘fcet PBRAFalComn26tny vavemzamwfm dippossd ionaimmuaiteationi | e .
connecting val ves 2046- oS as from urce 102A.is route
Chrough ¢ DeWRRHTEEoTH0S IDBAEBPATHENE A1V PPN oo 55 Bo gt ner
exanpl e, ifg @s)aamfetr%rnaevzﬁoma) 0B84 -rhoRy 6f the auméirgea& ea%aﬁ \iRdak3sAate while
connecting val ve remai n cl osed, gas fromthe source 102A is

routed thr oihgfwgfh@edﬂﬁ gespislivery line 2204, dependlng on the selected operational
state of the valves 204A-F. The connecting valves 204A-F selectively couple the

gas source 102A to selected outlet ports 106A-F, thereby controlling the routing
of gas provided from source 102A through the manifold 134. For example, if
connecting valve 204A is in an open operational state while connecting valves
204B-F remain closed, gas from the source 102A is routed through the outlet
port 106A to the calibration circuit 122. In another example, if connecting valves
204B-C are in an open operational state while connecting valves 204A, D-F
remain closed, gas from the source 102A is routed through the outlet ports
106B-C. Each of the other inlet gas delivery lines 220B-F are similarly
configured with connecting lines 250A-F and valves 204A-F for coupling the inlet
gas delivery lines 220B-F to the respective outlet gas delivery lines 232A-F.
Reference numerals 250A-F and 204A-F associated with the inlet gas delivery
lines 220B-F have been omitted to avoid cluttering of Figure 2.

{0030} Figure 3 depicts an alternative embodiment of a gas manifold 334.
The gas manifold 334 is substantially similar to the gas manifold 134 depicted 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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1066-C. Each of the other inlet gas delivery lines 2206-F are simlarly
configured wi th connecting |ines 250A-F and val ves 204A-F for coupling the
inlet gas delivery lines 2206-F to the respective outlet gas delivery lines
232A-F. Reference nunerals 250A-F and 204A-F associated with the inlet gas
delivery lines 2206-F have been omtted to avoid cluttering of Figure 2.
[0030] Figure 3 depicts an alternative enbodi nent of a gas manifold 334.

The gas nanpfjob@d3dhiow & pasdcitién ot the Bdwrphssing @hrbhgh dae ?Bﬂhlbﬂbdhvb?ﬂ

depicted in_ Figure 2, except wherein the gas manjf includes a
plurality ohna/ Ofvite’ entghribet rwequ/@@sseumdew.wthéfhgasama'nleet

del i very | | BenRRAy YaBa0 MR maP el £hrctilriotel Yalyens ARG Eive TRnKAN4 201 €

connecting va Ves OW a proportion o
fl ow passi ngalvéyraogiss flow cgnﬁrolle:l atne@eile valvey or biheeflﬁ@m@ntroi denties suitable

respective ga tlet delivery |i e.. e varia connecting val ve 304A-F
may be a prg’ﬁé?qlf %‘H}jﬂ‘hﬁii%ﬂ’ betgélespﬁ%r\pgla\pg ougei)lmegt“e val ve, a mass flow
control | er, gaafjeediTae\splerfional Sthitedt thé Qdtiale comhediRY ve@veSLBUARF enayf I

regul ating the fl ow between the inlet and outlet lines. [0031] The

oper at i onal cafiteliedde areate\mpesirderatiomi diow theough thesvalvr relativenlp flew by-
control | ed EQ é?ﬁgfﬂf?eva?v?esﬁ'cﬁei'ﬁlatrtﬁé \anet dohave BEé%g%% s oW FatvSedritdibl Ve to
sing the va v

fl ow by- pa such that the val operate as a flow
rati o contr ol therinei220BhelHe operatidral sEte obther wiriableatorstenting whlveb 804ArH abl e

connecti ng valves 4 ed by the contr .l er N Lesponse
Co a et rcMaveR addsy nl caficiPk 1583 reRhondR ofer Mistes BLpves bY €T TS
nmanner, for s&%s%i?@ﬁ 80 (hBEsHicMn th Plgurdd5esn m@vmamerl fﬂ)ﬁ'%thblé Qhe ITBfi® bf gas
outlet delivery lines 232A-F fromthe S|n as input delivery |ine 220A

may be adj ug@wes Prpvidesh e dweolof HEOW‘étQaiScO liyery tes R828dnhiems ﬂ1@30 o)
Lhat 2 " 9BhgE SR RhLY (EMEPTHLI A HeRd R ¥ ey i T
gas deliver prdvudedsb)QﬂﬁiLSestmseigﬁl 0 theat |2y tagget§ ¢lamistty wotposidionndowirate | i nes
250A-F d I 304A- | J t he, inl elive s ,2208-F
fo the espRadprBragttemay e harRrain it 36oa%38r PRrbbada sl BBl " T
250A-F and g04Re Fothes aslett R WeWbr? hmesnbgoaga%rdebmarrly bonﬂmré’c?%& F have
been omtted to avoid clutterin ure 3. [0032] Returning to Figure 2,

t he mani f ol aorlrwhﬁwnaﬂ@wﬁocnan -5 fopcpplingytha indeli gaspdelivenhe
bridging ci fgdd bogfF 't@?ljlé‘qgsﬁ)e%tlpé o‘élﬂépgaé | 2GverfOideddb32A-F.  Reference

numerals 250A-F and 304A-F associated with the inlet gas delivery lines 220B-F
have been omitted to avoid cluttering of Figure 3.

[0032] Returning to Figure 2, the manifold 134 may additionally include a
bridging circuit 202. The bridging circuit 202 includes a bridging line 260 that
may be selectively coupled to each of the output lines 232A-F by a respective
seleclor valve 262A-F. Using the bridging circuit 202, any of the flow
components, for example, one of the connecting valves 204, may be coupled to
the calibration circuit 144, The bridging circuit 202 also allows the MFC 170
associated with a fluid source, for example source 102A, to be coupled to the
calibration circuit 144 via a secondary route that incorporates the resistance of
the connecting valve 204A. Moreover, the bridging circuit 202 allows each
output line 232A-E to be coupled (through the output line 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
muitiple 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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may be sel ectively coupled to each of the output lines 232A-F by a _
respective selector valve 262A-F. Using the bridging circuit 202, any of
the fl ow conponents, for exanple, one of the connecting val ves 204, may be
coupled to the calibration circuit 144. The bridging circuit 202 al so
allows the MFC 170 associated with a fluid source, for exanple source 102A,
to be coupled to the <calibration circuit 144 via a secondary route that

i ncor por at e §dwndegionp asfcdisednnetize2 (6B e tdisp@sed | iv ah Grigind erene 02t he
bridging circuit 202 allows, each ocrth%ut line 232A-E to be coupled (through
the output PEHEERBRPridginglinerfland theyalves26aAsh, 55p8%RMPle A§ShOMRAR cby

duci ng t hesdy | | : ity of
reduci ng ‘Fnéd;@ﬁr fl’?’%ﬁec'bﬁg gtré?ud;fe)Hf @Scorfcts BBH QI!Idr?\ésl%;é bﬁrﬁ@ﬁmegzg{b gfgi ity o

di sconnects ray als rovided to allow coupl as
mani f ol ds 18t manifolcb434/ el begrmared iandet fitsh eRt gi@2eofXhe pasi owlet dghivany of

di . | | Rowhile -8
second g1 ol PogRS kRS En Rl 2GR 1088 Boibi T L SitardEBH Aottt e 20,°
i veer e et o ol b Sap crmimg ettt
n Figure 4, ) .

I260 of ga f dpsepnnggals fgdpg' %égﬁquoqug Wéﬂﬁ&]gdiaéﬁd 4348 ribe%M@?[‘%ﬁ'ﬂﬁﬁg gas
outlet deli \29234? tdoﬁ‘%hgﬁﬁf‘ﬁ? F’fgu}i’é‘g) BE% %kwilﬁ?@b&@élé’dﬁ?%érﬁe@?%ﬁaﬁn 0 a

second end 404 of "'the outlet” |ine a second nani f 4B using the
mat i ng por t ingmbeodf mandeds maytbe capled yetesin ticcmanael.f ol d 434A, 434B. The

ot her outle |.nes 32B-F, ( shown_in Fi gur il upled. It
I s contenpl ;‘{"é‘h t hzﬁe%'éwg HJUE%&FG f oprgr%rfrg?%Ssgepag}so@@@%p{%s&%%ééﬁgé) I n

t hi s manner mdyOPsHtefedad with Gink of fhg lines 220A7 2B2ARB] 266,181 pro¥idleds

descri bed above may be interfaced with any of the |lines 220A-F, 232A-F,

260, 154 t oMAtEyingicalive gbiha gas flewe apiior chemistiiesyuithin R.SySiRAY 100-chB®%r stries
within the : i Vi : r

b Ded oy HGie Brdiided B e ol 00 MhAf bebltilZe8 BPIRG confdier Mo #7 -
170, val ves agdsithe opzoations) st ol thedMFCst 176y valuep8a2atF, @04AHe IHA-Heri very

ghccs fre pPU aBdpaieilc o oS ERe Byl r Y Bch M (BeiEea 1o

nmoni t or t he cemppsitibh, rossire Jasesr Véllimiedf gussd aesprpditbd of thedthdrhiserglls!.
delivery system 100 so that the status of purging, chemcal m xi nﬁ1 gas
changes and ThReMplriceMayyalse Rrblizedyte mmeniler the gompositiq, pf gases within

various portions of the gas delivery system 100 so that the status of purging,
chemical mixing, gas changes and the like may be detected in real time, thereby
enhancing system response time and minimizing waste of expensive process
gases.

[0035] Figure 5 depicts another embodiment of a gas delivery system 500
utilized to supply gas to a processing chamber 114. The gas delivery system 500
includes a manifold 134 coupled to gas sources 102A-F, purge line 154 and a
calibration circuit 144 as described above. Qutlet ports 106B-E of the manifold
134 are selectively coupled to inlet port 516, 518 of the processing chamber 114
to facilitate transferring gases to the processing chamber 114. In the
embodiment depicted in Figure 5, two separate gas inlet ports 516, 518 are
utilized to deliver gases supplied from the manifold 134 to the processing
chamber 114. in one embodiment, the inlet port 516 provides gases to a center
of the processing chamber 114, while inlet port 518 is disposed outward of the
inlet port 518 and provides gases to the outer regions of the processing chamber
(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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enhanci ng system response tinme and mnimzing waste of expensive process
gases. [0035] Figure 5 depicts another enbodi nent of a gas delivery system
500 wutilized to supply gas to a processing chanber 114. The gas delivery
system 500 includes a manifold 134 coupled to gas sources 102A-F, purge
line 154 and a calibration circuit 144 as described above. Qutlet ports
106B-E of the manifold 134 are selectively coupled to inlet port 516, 518

of the procgﬁ&ué\%eabamaﬁotﬁéﬂexérﬁprbamblmlteﬂp@nBne c}ﬁbé Ul&ﬁogé’@ﬁﬁa t:@mﬁ@e
processi ng chanber 114. I'n the enbodi ment depicted in Figure

separ at e ga8t apregesgiwgichagioer asﬂavraw@e gases ﬁ@\e@ww@"w@ 3 ﬁ@bstg?ég é\bﬂgﬁw i ed
fromthe ”agii%oéoqt 458 iy BBisPEOSE#PA euféhf%g‘iﬁ gi‘d‘c‘éss;h ﬁ?ﬂ%ﬁ@@m he

inl et port provi des‘gases' to a cen roce si ng 114,
whi | e i nl et gpses tcod@er segivnpobthe substrated lrmfyetﬂmothml erbgdiment 1Be gadepr ovi des

er ot o of i BERACRpeieh SRR hof STra b evs T Ry miBastie. e

inlet port §é§emﬁlym@at§l©na@aﬁmuﬁ the @lbRdr VRGmenst Bk procesumigichambenhi | e
the inlet port 518 nmay provi de gases to outer regions of the -9 showerhead.

In anot her d%4nple, the inlet port 516 nmay be disposed in a ceiling of a

processi ng ?@tﬂber <ol [@g&,ﬂﬁ,u??ﬁéﬁ%@ﬁfe%Buﬁleﬁqgséécﬁtcﬁjtgﬂgbﬁst he

inl et port may be spose the" processi ng
provi de gade8Dikn ©he &RC’s§BNS0bEpiit ke Hols exiting eath o;aﬁet ports h@6D-Enkmdi nent ,

th b ded t el | et rts 5 5 h that |
i g of ¢ MY agareB R o,Boh Fat RoltoyiPe e Breb bt P Pineotd She

processi ng gapieesssidd harhBEBHi4 FiHRVWWR@kisn2c 904 el mﬁeéﬁ%‘a obipat ra564 are -
coupled to each outlet ports 106D-E. The FRC s 502, 504 split the flows

exi ting eacRBr B1ay kavepan aeiustrtte putpst ratitaThe eitedledlcthei R St HQRv fr% ard i s
ded b t t 8 114 Th
provide e%ﬁ ﬁd; duffthﬁf P&‘P& 1 336% t arkS r&d ec{.\gbﬁy ﬁ%dy?ﬁtﬁﬁéb Nghd e

FRC s 502, ve 'a fixed ou rati ave an a jUS kbl e
out put rati dehvﬁlnyslimnaﬁﬂﬁ 524, tHi@NEIRGUgh 8ach delnalink 522eb24inichatrdllexlibyput

Fl ow t i ought 1CAC KPR PPBePdb PERLoMSbILSE YRt <ans SR gons 515, SR Wi ve
508, 506 pogfdclegg]ﬁgchgﬁ-,beumﬂream of the inlet ports 516, 518 of the

processi ng chanber
[0037] By pass valves 510, 512 are coupled to each delivery line 522, 524.

The by-pass valves 510, 512 may be opened to couple each delivery line 522,
524 to the purge line 154.

[0038] The gas delivery systems described provides many advantages over
conventional systems. In addition to the system’s modularity, the gas delivery
system may be operated to provide pre-flow path, a fast evacuation path,
controlled chemical mixing, more efficient use of chemistries, sequenced
reduced fill and evacuation times, closed loop control for fine tuning of chemistry

delivery and flow verification.

PRE-FLOW PATH
[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

-10 -



[0037] By-pass val ves 510, 512 are coupled to each delivery line 522, 524.
The by-pass val ves 510, 512 may be opened to couple each delivery line 522,
524 to the purge line 154. [0038] The gas delivery systens described

provi des nmany advantages over conventional systens. In addition to the
systenml s nodul arity, the gas delivery systemnmay be operated to provide
pre-flow path, a fast evacuation path, controlled chem cal m xing, nore
efficient us@gthi tﬁ@eﬁ‘iaﬁﬁélbeﬁa45ﬁgli§;ﬁlﬁl?d redcAdECealiy | btagh GondaRHatH®Nist | Mes,
cl osed | oop contraol for fine tuning of chem stry  delivery and fl ow

verificati osubsrptiziyonpintaineq oo d)e pasasare divestedtintabe areeassing ¢iagbarow path
i s defined t ' , Ldes; tion t
{hechenm st i fooainck e 478 iR Hlbwiile YRH Wi R ek Woinen  QRRA T o

the chem stry source through o
vacuum envi ri@0mimt stabilize iip as&pacese condilivn'hdeborec berigngetvareteintd 1the(e. g.

the foreline 138 thrqu t urge J.ine 154). Before gase .e reguested in
the by bees e racassingrAmher Vi, B6rd i b fe pB thandS b e AR Eondlicha SRR Lo o
l'ines of thehgredulivend sisténpf1oDhengaSlowded i ther ¥haybéen kdehrhended; onlikei on

that substantially natches the condition of the gas as if it was flow ng
into the pr&op¥entiapat gassialivaryssystems whighoWpically expedence aoprgseendRe

mani ol d1341iQu ARl d/d? Al 8 TRLEAHY LRGN S detei 1Aliné Brocessin

substantial l'y nmai ntal ned one the gases ar I'vertied Into the rocessPng
chanber 1l4haBibecdot he quickly| estaipishiedabécanset ag thaspe-ilew hpatht pevigles
bef ore bei ng

delivery system o stabilize in a "process conditiaqn

Gel 1 ver oa” | RLEStentalty, s, SaER, e dsianth Angb Ao coaditng 43 i ihe’ GRSAS eange i n
the flow congivingifso et froBesdifieciierhbaer ThesthsdtBevaRe 1aacRaf by Bedufilized chamber
i s comrenced, unlike conventional gas delivery systens ich typically

experi ence d0ppatshuthe appgtiongdn dhed Riedieud g Rath altetat wuthe prRCessiNgorni ty
of gas deli }{:F\E%biepﬁﬁ'.e processing chanber to be quickly established because
as the pre-flow path provides substantially the sane resistance and fl ow
condi tions 4604 t hadditwedlyweany flomowdividingndevicee, suobessi tie dloanbmatio The

Lt L vt fe T, 200 ot AR, i PR S it

Addi tional | yorefiB patR\ridr Yo Bidtessinyiseahat thecdutpdts tdiehé ldandin@idedices can
be stabilized before flow is delivered to the processing chamber. In one
embodiment, the pre-flow path is defined through the purge line 154 and the by-
pass lines through the manifold outlets 106A-B through the by-pass valves
108A-F and into the purged line 154.

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 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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controllers 502, 504 or valves 304A-F, nmay have their outputs routed into
the pre- flom/path prior to processing so that the outputs of the d|V|d|ng
devices can be stabilized before flowis delivered to the processing
chanber. In one enbodinent, the pre-flow path is defined through the purge
| ine 154 and the by- pass lines through the manifold outlets 106A-B through
the by-pass valves 108A-F and into the purged |ine 154. FAST EVACUATI ON

PATH [ 0041] [doazjanotazedissmsteddboreethat dptitatichal aiite oY AUvdricu’ vadids withiglef i ned
in the gas delivery %st em 100 and provides a connection fromthe manifold

134 to the thebmémf?iw gnay be sgaventedaicdhatithe purge timgof chemicalsleingi on
path provi d &ﬂegﬁfr& gélsﬁéath t@gstshme%@ﬂ%mg &P{ee'ia/st%%%&aﬁmtaétﬁqgh the

prOCGSSI ng C rough one of nore valves to a vacuum
envi r onnent mumat:zeds Adélpamaltye the gpersahmqj state of theyvalkesBe4AF mmayealsp bet he

foreline 138 throu t e fast acuat i on LS
coupled to 83%%e@ﬁ§nﬁ%:}ﬁatc§ﬁn€%w%r{ 91}}3 'Iﬁg[‘%@a 1:?{ ai%] r@@é‘?d)%mhé
connection Beémrars anbzedwm fHeowevrcﬁstpnoeéwrtﬁe grbptiedsedities frrhawvbéathe@ _
controllers 502, 504, valves 304A-F or other flow restriction, it is

o Dot Y WERGRE Y ChOmERs SUEhana Be GRsPR QI dhb aranioll SHbare
change, t heréﬂﬁﬁ&{)irp'fhé’%dﬁ &F&eﬁﬂq%aﬁﬁﬁpa%oﬁéﬁbgﬁ%égéﬁalﬁ P! rﬂoﬁ{'%f & UUm

envi r onment e opened, renoving the excess process emcals fromthe
chem cal dehandpld paﬂhare bYad@dd] mos: d;usnklyss@dti\wodveothehmoumsabf dnal state

of the various.val ves w thi t he ' d 134 may, _be sequenc such t hat
the purge t A8 éﬁgﬂ?r&cén%ﬂl?e}’%\ﬁeggg%@!e cﬁ"rmaﬁg ESH g‘@Pﬂ/ taﬁ?/‘g?em 100
t hrough t hetrfeaﬁeme\ca@#ﬁéawrrepmtngl $he mlmldnezrﬁchlsA@dkéamn@hhmmnmrhe(e g.,
operational state of the valves 204A-F may al so hbe sequenced so that as

certain regPHfgseiRg flewriansitipnssin the sharpstitene Bessie. chenicals utilized in
the previ Ou@ugﬂoceﬁﬁ oh8e e‘?ﬁ%dlrﬁgn{lleﬂi ? Egééspﬁtlﬂgfgmé Elln@/gr"wlé\n ge new

chem stry, that the gases wt 4 are aced in the
nost ef fi ci eayilacesmerdrgasericoudhe mraasrt&ﬂmt:p'oay ibengrovidetite oneaol frorel 134

Sequenci ng. faRioTR 08 roeaeid T 1o KietiscinaRoabin & e 8F veplEemERL “hew

chemicals r aé@s:em dg Iige maiuf@tmemm:abﬁrda@hé@&cdﬁd@gwd ERSrhida) i, Pressure

processi ng Iow conditions) in the shortest time possible
and/or volume, the ilow of chemicals into the chemical dehvery 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) 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 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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[0043] In one enbodi ment, higher pressure, volunme and/or flow of
'replacenent gases fronlthe sources 102A-F may be provided to one or nore
regions of the manifold 134 to expedite changeover. As the flow of

repl acenent gases exiting the manifold 134 approaches the desired chem cal
m x, pressure and/or volune, the flow of chemcals into the chem cal
delivery system 100 may be reduced to the desired levels in a manner that

mai nt ai ns acgesityest fheopurget lirdf 158he deniddied do bdy tHoseChsas rafudiry Hhe

chem cal deli ver)( system 100 will be filled wth chemcals, fro earl i er
processes, faRA sAtthat ARANGRAYRIPT RIGPPRAING 98533 BRAY brunase in anpligient o

reduced or (AGHEAS Glis Q@@%ﬂté?ﬂpl@fédtmﬁt%Ldsftﬂsteéyaﬁﬁéﬂorﬁ atht Ay |h£|6dé'eS' r ed

flowinto the processing chanber will reac eslred a ues” as quickly
as possi bl eroutibgtdas Howsritiraligh |tbey bidgingf cirdvét 2@ehitd dhel papgs bae Hed fohat

desired che [ e flow of chemcals into the manifold
134 wll gg‘]ﬂ 88[‘2’86@39\%?%%’ 5‘2% eéd flowrates in a nmanner that

mai nt ai ns the desired flow into the processing chanber 114. [0044] In
anot her enb dlnent ch b edited by sequencing the
val ves 204A d MDA F " cont ai ni ng gas V\:hi ch

nave not yejoofifen \eBhaHeR rH@éié“o?'dSyeFéﬁéﬂ' b s UyEYT SRtorhi 110 1,

repl acenent gas is detected exiting the mani . m one of tlzle gas
delivery Ii uhi:zed:m/mhaoce gheminst nExingr éd@her&mbc»dmm ehemi¢altmiyiag rday i very

i ne 232A- .n ect t rge

i ne “1oq caSaRiRInt il 358 5o 388 valel SFRGPCS 67 cRUBMG, o Bht O e
rﬁpLgCGWEQZWSWﬁbQOﬁA%rdzedlnfgreogaﬁdﬂﬂlelt)délj}?rjr :rm@2ﬁ5ﬂ—ﬂ nto the Erocesm ng
chanber unt i e change ov ete nt t he punpin
S5 capact (WOB ¢ nin BHPKET P IEEN, ShadanERe ot FianPs WiEss ¢ pragad T "0
requiring gagsed %Vé%nt&ﬂ drRé hBATEE MiXRY Wlﬁhlﬁﬁﬁé%ﬁ%'d&mgﬁzst §xidHy By made

in an efficlent nner I's al so contenpl at ed est evacuat i on
path may i niondering thet clhgh@mesf ectesing e ghambae 1h4; eyting the manifold2034 t o the

W xine A Edsies e B vl Bl R bt somEnCRARER RO M pifoN e gas

delivery syso®medlimeryjudement of cheatistnppenintncs, @bmmsailesmd(cmgposkmomne
enbodi nent, chem cal m xing may occur within the ifold 134 using the
val ves 304 A(qigoﬂaﬁﬁmc‘,bdﬁﬁ g@d \(,/\Brt-@,sure 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 target ratio. The same process may be
performed using the other valves or flow ratio controllers. Information from the
sensors 190 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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nore sources 102A-F to a single gas outlet delivery Iine 232A-F. [0046] In
anot her enbodi nent, the sensors 190 nay be utilized to provide closed |oop
control of the chem cal mxing within the gas delivery system By

nonitoring the chemstries entering the chanber 114, exiting the manifold
134 and/ or at any other point within the gas delivery system 100 using the
sensors 190, real tine adjustnent of chem stry paraneters, such as desired

conposi ti oNg dedwitlg ga8as thiokihh thanfariofl P34, lINES WHich arB¥orRBin Gk 786y For

exanple, if sensors detect an inproper flow ratio of chem stry from sources

102A- B exi tfPhiha Aext preaesong saauense: suob@s nevdy dpleodicesrgasest aweodas he

val ves 304 ' i | | = Iwyery lLine
1320 may b S st Bnflant Bf LSS plovibERy cfined i ik Rldhicl, Ay 6

rati o. The diwartedbfromethe pwrgetine bt find fedvedsintythehprosebsing hiarder dn4f | ow

ratio contrgl.lers. Information.from @Fﬂe seﬁqsors 130 al,so _bhe utti ized to
adj ust the allaws thg Lemainifg fines souplfd 40 e, PUEge, .%%'ng e 8&%%?%Ejrovi ded
from the saubrepiiRAFondaMBERYASHON nidtri&p RvRidHRMHBTRESd 963 Flayltie anot her

node of operation, the gas delivery system 100 enhances efficient use of
cheni st ri esutilipeq teipgigsie wheRea dwgisorBomrthe puigs bine { Bé to dpreamieral 14t at es
of the valy, < F, 5 - ; el dina
manner t hatﬁgﬁéésﬁgfgi ééa?wi:%ﬁy Eaecna f(ng %é@g%lﬁ)@gﬁ qh%??@(?tg ?Rt/'gf' f/)?g% W th

m ni mal m gasgsofiovg sate aindtdvgrredsuralof gasesgwittas thes lineesponse  time and reduced
processing time. Thus, during gas changes, the rate that gases are drawn

t hrough the delivery path (e.g., through outlet lines 232A-F) and into the
purge |ine AiFs3wWWYRIRCATIONt ed using the throttle valve 156 to advance the
gases quickly through the manifold 134. Moreover, while the purge |ine 154
213 is dradP¥g! gasBsanethglgrdenef papiationdtheagas deliery gystam 00 ®aktka n gases

dy f | , A ,
ready 1or Jtmg?&;fd(%%rﬁe}y%@ﬁéwqﬂte%ﬁ@ﬁf& thé%ﬁ]g%ﬁeuﬁ‘é‘%mh ?’(i)én %’%ﬂ%@g;sﬁﬁffﬁe

purge gas an l'ast remma gases previ ous
mani f ol d, rthy dadibradionecitaait 144m Edreexample, thenealked ofnthef byniem 100 andyhe

processi ng cha 114. This allgws.the r | ni ng_|Jd nes coupl to, the

i ge 11 na FHBROE oyt T, i G o rheloparts o e SalPraRen Gah 4a Rt i ¢
provi ded byariditfersaple, i GRIdachy Wilvéd dPthel Systaiflingal Be Wefledfdtiflo@ Si on
fromthe pur%g line 154 to the chanber 114 should occur, for exanple, by a

change or Jetsialongeagihbianchiab thedivideddfionn of t he
[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 substantiaily 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 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. |t is also contempiated that
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gases, flow rate and or pressure of gases within the |ine. FLOW VERI FI CATI ON
[ 0048] In anot her node of operation, the gas delivery system 100 may be
utilized to verify the flow rates of any of the conmponents within the system
using the calibration circuit 144. For exanple, the valves of the system
100 may provide flow fromany one of the inlet ports to the calibration
circuit 144. In another exanple, flows divided by val ves of the system may
be verifiedngohict|@Vihe @hRS6H oty BaCRiBEAR6Nadlvet RAsEE Wb ABE Hroe¥ssind049]
Figure 6 is a sinplified schemati'c of a sem conductor processing chanber

114 coupl ecchagkgidtifer enbodi ment of a gas delivery system 600. The gas
delivery sy 6 i fi NtyJ Y £Sd4Mi t S livery
syst ens des@?aﬁg]e a %‘\’Fz %ggcggwlﬁvﬂﬁ |§1‘tnt§htyagiyn tef%é%éd/gl&%%:tfbl?dggatgéstthgfage

tank 630 canvahtagiepuosigt ehablet pooessihgt asesutsppplypg tfom Ow- Basf delivensyst eni s
mani fold 134, The storage tank 630 coupled to the at |east. one or
Tore of t heVetae B PrRyOtsaiLs el W SBRIGRE NG A8 MR ER R shown
in  phant omhe fasfadadlfitiov§aths ¥ed 6iMzEEC0o ((POAdE antfdmativet anssCONErify
processing chanber 614, the calibration circuit 144 or the facility exhaust .
136. A sens¥id/arglibradg gge flewsrare dhe gas pelMeme systamsy therelpeaitdinggedd t he gas .
within the i t ; LG.may be indicative of the
gas pressur%@wgéggﬁﬂgéﬁgggiq{]l&éﬁlg e&%ﬁ%ﬂg%é%{ﬁyﬁ%hperature or ot her
characteri goes2] [ 0040k the doegeirgods ndirdctedtdoh emidgdirhentsr bf 166 Apfesenyy be

i ndi vi dual I. oupled to th ank 630, In anpther. enhodi nent, the.tapk 630
my be. sediETRH (kers AptlnorhepiRmhatnells” PhaRe daffmEos AaY haySBHSTh: ai ned
in the tankifod® depdmmy fronki 1he. bhsiensédpd eatbel, | aine aHe! ssbpeo thidigoigcessi ng
chanmber 114. Alternatively, separate tanks 630 may be use. It is also '
cont enpl at edptemriped by the glaimsuthat fdlow: he t ank 630 nmay be utilized to deliver
gases to the processing chanber 114. [0051] Thus, gas delivery systens
havi ng fast evacuation paths that advantageously enabl e processi ng gases
supplying fromthe gas delivery systens into a processing systemwth
stable gas flow and m ni num fluctuation. The fast evacuation paths are
utilized to provide an alternative manner to verify and/or calibrate gas
flows fromthe gas delivery systens, thereby providi ng good
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control of the gas flow supplying to the processing system [0052] Wile the
foregoing is directed to enbodi nents of the present invention, other and
further enbodi ments of the invention may be devised w thout departing from
t he basic scope thereof, and the scope thereof is determ ned by the clains
that follow -15 REFERENCE NUVERALS 100 gas delivery system 304E val ve
102A gas sources 304F valve 102B gas sources 402 first end 102C gas
sources 404 second end 3 r nifold 102E gas sources
4346 manifold 102F gas i@&%@lﬁﬁs@mm nlet port 502 flowratio
controller 104B inlet port 504 flowratio controller 104C inlet port 516
port 104D inlet port 518 port C 104E inlet port 104F inlet port 106A
outlet port 106B outlet port 106C outlet port 106D outlet port 106E
outlet port 106F outlet port 114 processing system 116 final valves 134
mani f ol diO013@aexblivesy sysi®8 foreli ne 1324khwaveof f val ve 144 calibration

circuit 102A gas sources 304F valve
1028 gas sources 402 first end
102C gas sources 404 second end
102D gas sources 434A manifold
102E gas sources 4348 manifold
102F gas sources 500 system
104A inlet port 502 flow ratio controller
104B inlet port 504 flow ratio controlier
104C inlet port 516 port
104D inlet port 518 port
C 104E iniet port

104F inlet port
106A outlet port
106B outlet port
106C outlet 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 outlet line
150 controller
154 purge line

C 166 throttle valve
170 mass fiow 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 seleclor valve
304A valve
3048 valve
304C valve
3040 valve
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146 circuit outlet line 150 controller 154 purge. line 156 throttle valve
170 mass flow controller 172 isolation valve 190 sensor 202 bri dgi ng
circuit 204 connecting valve 220 inlet gas delivery line 232 outlet gas
delivery Iine 250 connecting lines 260 bridging line 262 selector valve
304A val ve 3046 valve 304C valve 304D valve -16 Wiat is clainmed is: 1. A
nmet hod of controlling gas flow to a processing systemthat includes a
processi ng Whatiselaipmehised to a facility exhaust through a foreline,
conprising: flowing a first gas froma first gas source into a manifold

havi ng at l4e Iy 1 St C e t L ut | et
port and a f aurEngd g SHlichlo BR; o’ 15 3 BRECHNG Zhyeff tnaf il 2
sour ce i nt pradessimgrohfhinibedr cogplieddd arigeility eapaustithmogh asfostlmeptomplisieg: wi t hin
the manifold to,cause hhf fi rfst aqd second ases to ei}%‘i througgh at | east
one of the secofl@Whe & Hisf gasfrema firg fasSaliey 16 A magiold bawpd &IRAsE £ 1 owi ng
the first pdobRe0pth, $osRont bufiegbort, Rethiraputied ngrﬁaﬁld bTbOrth Betletfpomel i ne

by- passing the processing chanber until a predefine state of the gases

wi t hi n t he mani flewingiasseaong gasdroraiarsacend gas seurcerigto thadnandolid gases

exiting the m“&%l%ﬂ%%%p%%iorﬁf Ofefs oF VANVEE W A hitnitbREIPEARR thae state

has been obtai ne
first and second gases to exit through at least one of the second or third outlet

ports while in a processing mode;

flowing the first and second gases through the manifold and into the
foreline by-passing the processing chamber until a predefine state of the gases
within the manifold is obtained;

directing the first and second gases exiting the manifold into the
processing chamber after the predefine state has been obtained; and

processing a substrate within the processing chamber.

2. The method of claim 1 further comprising:
flowing the first and second gases through the manifold into the foreline

by-passing the processing chamber after substrate processing is complete.

3. The method of claim 2 further comprising:
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 at least one of the third gas exiting the manifold from enterihg
the purge line or stopping the flow of the third gas; and

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

line while the third gas is exiting the manifold.

5. The method of claim 2, wherein at least one of preventing the third gas
from entering the purge line or stopping the flow of the third gas further
comprises:

flowing the third gas into the processing chamber.
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processing a substrate within the processing chanber. 2. The nethod of
claim1 further conprising: flowing the first and second gases through the
mani fold into the foreline by-passing the processing chanber after
substrate processing is conplete. 3. The nethod of claim2 further
conprising: replacing at |east one of the first and second gases in the

mani fold with a third gas provided to the manifold froma third gas source.
4. The method of claim3 further conprising: preventing at | east one of the

third gas exiting the manifold fromentering the tgurge | ine or stopping the
f1 ow of theb-thi ridieg@ethaghef elgim |2nmh¢ge'ﬂ@td%%cme rlpreventing e thie ¢3s st or

- “The ot R opPEfing 5 puidenindy, Sioping' W Ao s el SHeeefNPTG as
from entericuynpriwspurge | | ne or stopping the flow of the th| rd gas further

conprises: fl OWI i nt th es cha.nber The
nmet hod of cl ai m {]hr? ‘%?3% @? %’Lﬁ’ @vﬁ g';s Exling hp? (ﬁn%ﬁfé)?d from
entering thﬂ)rﬁlﬂﬁQFuﬂgeﬂmeor st oppi ng the flow of the third gas further

conprises: decoupling the outlet through which the third gas is exiting the
mani fold fromthe purge line. 7. The method of claim1 further conprising:

adj usting the opgy, earf'nb%ﬁlof%‘azﬁhel Rbkthat cérﬁ?ﬁém ne valve in the manifold to
f

obtain a ratio of ows from one gas sou ‘hrough at |east two outlet

ports. 8. The rrmdjumingftheltmemf?qna!\mwmf atdleast bng vaie optheamanifald &1 at e of

t he at Ieacagt! one\{ Zﬁ P the manifaold f rthhpﬁge?é Ses: ensmgarretrlc

of the gas EXMHG PR ﬂ’é{ﬁlﬁ"m ane A7 SAYich tE'“’Ha E) %Pi‘ "State of the

at | east one valve in the manifold to change the ratio of rovvs through the .

at least two outlet ports. 9. The nethod of claim1 further CO[TPI‘ISII’I
§

sensing a rktri dFhef methwdgelsclaim i mipereia adiusting|tae oprmtiomalistate gf theeat | ow of
at | east ong,ga5 eS8 ihHe dnifSRIYuhALAedhphdesponse to

sensing a metric of the gas exiting the manifold; and
adjusting the operational state of the at least one valve in the manifold to
change the ratio of flows through the at least two outlet ponts.

9. The method of claim 1 further comprising:
sensing a metric of the gas exiting the manifold; and
adjusting the flow of at least one gas entering the manifold in response to

the sensed metric.

10.  The method of claim 1 further comprising:
sensing a metric of the gas entering the chamber; and
adjusting at least one flow ratio controller in response to the sensed

metric.

11.  The method of claim 1 further comprising:
sensing a metric of the gas entering the chamber; and
adjusting a composition of the gas entering the chamber in response to

the sensed metric.
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the sensed netric. 10. The nethod of claim 1l further conprising: sensing a
metric of the gas entering the chanber; and adjusting at |east one flow
ratio controller in response to the sensed netric. 11. The nethod of claim
1 further conprising: sensing a netric of the gas entering the chanber; and
adjusting a conposition of the gas entering the chanber in response to the
sensed netric. 18 12. The nethod of claim1 further conprising: sensing a

netric of tie 9aheqREWBbH R claif 10ARBEEsMPBMEh@d] usting a pressure of the gas
entering the chanber in response to the sensed netric. 13. The nethod of

claim 1 further seasipgiagnalic of theges Agtesng dppehamberarndt at e of the val ves
W thin the mani faa]ltgtiﬁ acﬁfé,?,gu%tof th?a%rt? d&‘“?l;j] ! tﬁaéqgfé%ﬂh%?l; '%nar%@pﬁﬁgé)ﬂijy%ases to

exit through the tourth outlet por fon"circulrt.” 14. A
nmet hod of mentediatriy gas flow to a processing systemthat includes a
processi ng chanber coupled to a facility exhaust through a foreline,
conprising: providing a manifold having at least a first, second third and

fourth inlef3 t haheFR¥hBA of elafftti fuRh¥r &tpficish:t 0 at | east one of a first,
second third and fourth outlet; flow ng one or nore gases through the
8

mani fold to a v&elegtinganioperational stele ¢fdbe ivalyes méthiy thedwanield dmsawss alorior to
processi ng t Ie; i [ [y i 0 gases
into the prlgécsetéjg]ieﬁcgq@%g'g%?rndg%ﬁghg%gé%é? rggigteﬁrlﬁ? cg%s;bsfdr?f'gl.h (ﬁ!‘gf.e?%)ﬁgqr?e hod of
clai m 14, \dnercalibfdtioni shguitne or nore gases through the manifold to the
vacuum envi ronment further conprises: waiting until the flow of gases neets
a predefined criteria prior to diverting the flow to the processing

chanber. - 149 A method of controlling gas flow to a processing system that includes a

processing chamber coupled to a facility exhaust through a foreline, comprising:

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.

15.  The method of claim 14, wherein flowing one or more gases through the
manifold to the vacuum environment further comprises:
waiting until the flow of gases meets a predefined criteria prior to diverting

the flow to the processing chamber.
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