METHOD AND APPARATUS FOR CONTROLLI NG GAS FLOW TO A PROCESSI NG CHAMBER
BACKGROUND Field of the Invention [0001] Enbodi nents -of -the .present

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

[ 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 conducto s rJ | )= d for

| mproving heat tr METEPD AN APHARATUS OB GONTHOUING! .« o
support, thereby enHaA$ FEQWeTEO AFRBRGESSINGCHAMBERBer at ur e
control and uniformty. Additionally, precise control of process gas
flows into the processing chanber are required in order to obtain
desired processing results, particularly as critical dinmensions and
filmthickpggegrOUNDK. Furthernore, gases may be added to
processi ng chanber effluent streans to mtigate the environnenta

i npact of idddof tieclnpeotiessi ng. Good control of the gases added to

the effluent stream.is.nece sure. hoth cost effective.,.an

pr oper rerrgogf"it e} .’“b["élﬁﬁ‘%‘]qﬁg’f\\%é/nf’f%ﬁﬁf’”g@“’%e????é@fy rsei%tfg?rsa Ukegbmﬂn th
sem conductnd apparaessomngpntrbiind gas flge hea ptdcgssimg theteber. mass gas fl ow
nmeter (MFC) as the primary flow regul ati on device. However, the
accuracy of MFC s may be affected by a plurality of factors that

cont ri but e DieeciiptiometthechelatedoArtt he actual gas flow. For exanple, the
accuracy of the MFC w Il typically vary with changes in tenperature,

| i ne press(®e] andAcaratgeconelofgasdiowsris antimpodan proesss sentrglaitiibutgue
to MFC i nagg ' t | : : 1.SS1 on
control angﬁl}&%gﬁi Cl nt?rﬁ %}éfteg“% Ccc%gitglégﬁ ggidé@g %&%%EE tﬁ%ﬁ%ﬂggé
convent i onb¢tweeess gukstiadmEnd| a sybstae shppast pr evaamicenductor girgcessing -

chamber is a well-known method for improving heat transfer between the

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 results, particulady as critical dimensions and film
thicknesses shrink. Furthermore, gases may be added to processing chamber
effluent streams to mitigate the environmental impact of substrate processiﬁg.
Good control of the gases added to the effluent stream is necessary to ensure
both cost effective and proper remediation,

[0003] Conventional gas delivery systems used with semiconductor
processing chambers generally include a mass gas flow meter (MFC) as the
primaty flow regulation device. However, the accuracy of MFC's may be
affected by a plurality of factors that contribute to an uncertainty of the actual gas
fiow. 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 refatively
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
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reliable, field experience with the existing technol ogy has increased
the demand.for nore accurate neasurenent of flow  For exanple, poor
control of gas flows used in backside substrate cooling applications
may result in poor substrate tenperate control, thereby causing poor
filmdeposition or etching results, which cannot be tolerated in next
generation circuit designs. [00m Moreover, conventional gas delivery
systens generally have fixed conduits for routing gases fromthe gas
sources | ntwmhetepmws@ﬁn@ﬂ@hhrtb@ﬁby Tausing qoloy film pdembeitionest etching

combi nat i onQfy PLARH B OlR e(’?% r%?c} #)é/rf'errﬁ%n c?{chji‘ﬁe&][;ecess' ng

chanmber at any tine. very rou Vent s process
flexibili ty[,OUtEDr d&daneptw, qonmmisealngaa: Idalmtwy s;ybtamsngerﬁeral@,d hges fixed

delivery r n a accomm revi se ocess
reci pes t hetomRRI Y (Oing e B ol DERT TGN By Hi% BlackEihd BBaRbSK
Addi t i onal | Thusaoply acpresiefirgdedtamtieation af ipnareas gazxedmggbedddliveeiytontbat e
desi gned to_deliver ,one conbi nat.i cess gases to perform
first proce¥8C6rEongid e%era‘%lbﬁmi thEr%HPPE]f'éeg&?én@aw?%é ngpRypvents
utilizes a moédserienibiligonBimaaimple, plocgesiag charhibdre biavibg Eixed tiad Geliesy
processi ng chanber frog%%ghvng utilized for other, %Focesses and

S

causi ng t hd®HRS BHhBP FecomMasate PR oL JBYiEet PERRGSD Tesiees thalis,

it woul d baeggr aa@ﬁ@rehocdaunsmraogaﬁacdgé gusdy RatieAuad bﬁ)cﬁ&ﬁ@gi]
flexibility qﬁlgL"POOGHher ef ore, ere is a need for an inproved t

and appar at 8F hawrg Adixed ggs tdﬁ[éved%ﬂ?%ﬁj?s'%ecbﬁ’s@'v?boﬁe combination

senm conduct@hrdRees §8sdsne peksing BiirsPPNYRRY mlal Ry Mam%tﬂa%rfenﬁl a2RBaHAL Us
for delivering gases to a seni conductor prfocessing stem are

provi ded. IAfoGEsEe tRafpdiicaedt difgrenk serabiaation phgases |ﬂw¢ Y\ @reyesting the a
sem conducttceRERE %ﬁéﬁhﬁ@r fROFS b@iﬂb hﬂﬁead&%t@erwrwe%éé xn@éam mewta

| i nes each having an inlet port plurality of gas out I'i nes
each havi n@Wagr duinvest Horddition ‘bﬂ!-‘{}r‘-"aﬁ'illt@m@ﬂt c'ﬂ?ih?e(tft Wﬂ!;!}dlti'%égfﬂéib@ to

provi ded t@@L.sggwg%emerrﬁpﬁ&h'hmnggréaser%x. 'nput and gas out put
| i nes. Connecting valves are arran to control flow through the

respect i ve [@8finectinagiaenibsre ia goneaddor ey iprored siafzed andappayatusdoi er s
are arr ang%gnﬁ'd?h HE- HBIIwefr%Ql‘c’]!;dsggﬁ) é‘sérﬁ ﬁ’&fc'lc}f c{é@%/gtgg&lé pocia) In

anot her enbodi e contro |ng g a processing
system that incl udes a processing chanber coupled to a facility
exhaust t hEMMMABY; oreI | ne i s provides that includes providing a

mani fold h ga se third and fourth inlet that

e e ol DEPAS 2 IR Anq ebBhean SR orkOi”gHE 1Y Semlsndod g

and fourt hpmetbsitg s‘yb@m mgeoplevided.rmme @as esnbodingerg dnheppamiisoliet t o
a vacuum egvn ronnent i rocessin i

processi ng ol §2385 r%ggfeﬁﬁﬂoq‘é?’?'@hgcheaﬂ%p F?%&Eﬁﬁgg@hﬁgéha{’@ﬁ'gn% e

gases i nt oghdigppr reessich haeing panietipst BGd 8 WREFAKIALE gRs 0GRS MG 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 fiow through the respective connecling 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 lhe processing chamber during substrate processing.
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~2~=Tons] T another enbodi nent , a method of conirolling gas flowto a
processi ng systemthat includes a processing chanber coupled to a.
facility exhaust through a foreline is provided. The nethod includes
flowwng a first gas froma first gas source into a manifold having at
| east a first outlet port, a second outlet port, a third outlet port
and a fourth outlet port, flowng a second gas froma second gas
source into the manifold, selecting an operational state of val ves
within the (9ens] f olld awootbausetiddendritr st mathbd ef ocmhtiplings ga® @ tio a
t hrough at t.0on t S e or Ld outl et por ile i.p a
processi ng ‘!‘lrrg es,Sln Igﬁ?%\nd t?' ﬁte? ?”;ag'tg aar%é Cslggsc'%%ézﬂag'ggrs c? Hé%ﬂ\é{ﬁ ?ﬁ%c'lﬂy
mani f ol d anekhiangtdhioligh facicedlinaés pxovipladsiTihg rhdthog incheles iffogrirgha st Kas
until a predefine state of .the gas ithin th ifold is obtained,
it ect g (A pe el el bR DASEL Baind get e il a6l oo s sropni
processi ng aiangst, adthiré butldtepdpr Ared fouethsdudéiepdm globiga skdaridngd, froand
processing a substrate withjn the essi ng chanber,.. BRI EF
DESOR! PTI O EREORRrdaBreRuacialoraBatiole SeRE!:AhEPoTRHONH ISEH oh ¥aliBv e
recited featithireteahatifttd By ea®sR!t the ififgt @t seBorithiadee t8NskarthfoRen dt east
detail, a nore particul arr rggcsicri tion of the invention, briefl

h

sunmar i zed WER/dNe FREPNTC ytietRisaile if R RIPEBRAINGE ACSe, Bowipg dre

whi ch are irdtupkirsabest §abesBroagp eRd@dnitiiduhdéto tHel fotdink ByfisSiAg @b
however, that the a[ﬁpended drawings illustrate only typical )
embodi ment PrEFESERE ShrmpehtnidR Rifdelre slfeplethgraasgswiy e wankqldids ed

limting ofpldifads WPRSind He KRG AtV SSnANGARY SGHY O nRinftely REad ¥
effective enbodiments. JoatijFigure 1 is"a sinplified schematic of a
seni conductircesing Esambey afteaMsapregefing|séale has baen ebisiernend Proressingas
del i very Sé%u%@rzﬁévﬁthﬁ'\ tﬁég&%‘é%siir}ée‘léﬁélﬁl%nﬁﬂ- [00121Figure 2 is a

schemati c diagram of one enbodinent of a mxing manifold of the gas
delivery systemof Figure 1; [0013]Figure 3 is a schematic diagram of

anot her e FRiis Hiphidl P HHE DRAWINGS

[0010] So that the manner in 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 llustrate 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,

fog12] Figure 2 is a schematic diagram of one embodiment of a mixing
manifold ot 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 1o another embodiment of a gas delivery system; and



mani fol d; [0014]Figure 4 is a schenatic di agram of one enbodi nent of
two m xi ng mani fol ds coupled together; [Oots]Figure 5is a sinplified
schemati c of a sem conduct or processi ng chanber coupl ed to anot her

enbodi ment of a gas delivery system and [00161Figure 6 is a
sinplified schematic of a sem conductor processing chanber coupled to

anot her enbodi nent of a gas delivery system [00171To facilitate
understandi ng, identical reference nunerals have been used, wherever
possi bl e, tBlsi digre § der istanified Ssbematia phe seBICORMIEST PWCEsRNg

figures. Itchmb@pwﬁmtata%ehﬁehaﬁmt)@afreuf&sagﬁs RN6e @gaghﬁent may be

beneficially |ncoTporate i n ot her enmbodi nents WI ut turther
reci tati on.[0GETAI TRrDapiitRUPTeEkRNdingo identieal refetengepiurerals kavepbedn ed

schemati ¢ Qfsed AR JoUERY, BY &Rl Hentical elements that are common to the
figures. [t is contemplated that features of one embodiment may be beneficially
incorporated in other embodiments without further recitation.

DETAILED DESCRIPTION

[0018] Figure 1 depicts a simpiified schematic of a gas delivery system 100

utilized to supply gas to an exemplary semiconductor processing chamber 114.
The processing chamber 114 may be configured to perform chemical vapor
deposition (CVD), physical vapor deposition (PVD), eiching process, ion implant,
thermal processing, ashing, degassing, orientation or other vacuum processing
technique. A controller 150 is coupled to the processing chamber 114 and gas
delivery system 100 to control the operation thereof. The controller 150
generally includes a processor, suppoit circuits and memory.

[0019] The gas delivery system 100 located outside of the processing
chamber 114 includes a plurality of gas sources coupled to a gas manifoid 134.
The manifold 134 includes a plurality of vaives (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 1o 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 outtet 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
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utilized to supply gas to an exenplary sem conductor processing

chanber 114. The processi ng .chanber..114.nay be..configured.to. .perform... ..

chem cal vapor deposition (CVD), physical vapor deposition (PVD),
etching process, ion inplant, thermal processing, ashing, degassing,
orientation or other vacuum processing technique. A controller 150 is
coupled to the processi ng chanber 114 and gas delivery system 100 to

contr ol the ation h eof ., The contr | er eneral ly i ncI udes
a processor ?@GB%PFCLH %‘L 'Q%Udfﬁcf’”r@mﬁey 0[@6? OI'FI% ljfﬁ ad"'@%?
syst em 100 dopgisibed i@@hsléjﬁbafméﬂnew OFRE S130ds @t@&h@rpr&&de |an|‘é|stﬂé@c§1 a
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condui ts. Alishaggibet MiRizEY 36 GELRA HHRY vaicEBRIN bOHERFOof BiHRF fs&gmn t h

any nunber of gas sources, six gas sources 102A-F are shown in the
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control th e fold
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106A- F thaﬁ!zmtﬂmedwdarr&asgrwismame@d to any one of the gas suppl y
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t 144 e n,or,.l Ze rovi de. a e ow

condi t1 on. 41k SHETEBRIT LG S 00, BrifBhcd 36 SefSid FbyiThe s
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chanber 114. orifice ow C ni fol d

30.crea
T34 9 i | aPIR BTN BT UBER: ekt gugub 19F Snkftsg raiTRed t he
proc esfs i ngvc?llhraeb@r reﬂ:;éﬁmg'ﬁhe gaalfiolr atroenp @pérﬁe&h and/é4 amutdemighblired ed
to perfor w verificati C or ot her stem co nents,
whi Lo not et e BR8 it HioraiRtuSd wirOet T Rl S Ganial DtsvaEan 0d 455 The
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od. In one
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[Oon]In one enbodinent, the calibration circuit 144 includes a“gas

source, a 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 embadiments, the calibration circuit 144 may include a sensor configured
to detect at least one of electrical or magnetic characteristics of gases disposed
in the calibrated voilume. In yet further embodiments, the calibration circuit 144
may include a tank supported by a cantilever.
[0023) The fiow leaving the calibration circuit 144 is coupled to the purge line
164 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
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di verter valve, an orifice, a regulating device and a sensing
ci-rcuit. .The regulating device is flui.dly coupl ed between the gas
source and an inlet of the diverter valve. The orifice is fluidly
coupled to a first outlet of the divener val ve and has substantially
the sane flow resistance as a processing chanber. The sensing circuit
is configured to receive the flow of gases passing through the
orifice. In another enbodinent, the calibration circuit 144 utilizes
a cal i br at daCRpeEhaust 4#6 receiving the gas flow. From properties

and/ or at t rpdsit s THRaRHEEFortd PUBH-BCr88upiBd id18ns Bl Hdrattrsl PoRk Withe t he
flowrate and/or pressure of the gas entering the sensing circuit may

be verifi edro9essiag SPREYCCE b AP SEpRY VPWSCEPF?ﬁsaQQSSH fom ¥@ gas aupply
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sel ecti vel o i brati.on circuit 14 0 ne 154.
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the gas suppbsatslobémen@a%F In the enbodi nent depicted in Figure
1, outlet E are res ectively cou edt0|nlet orts 110A-D
of the pro@ |ng 'E%é?wﬁe?vaffﬁ" nApBThuF'ﬁl 5o g:fe Felggivalia cowded fg U Flﬁly be
respecti vehﬁnmmb@@l PR {sWEIBA-E hed e chiratiopUditcalt 109r knstha QéshoBinadmd
chanber inl et cﬁ 110A-D to serve as % n/.off flow control of the
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val ve 156 may be utilized to control | ow o gases t hr ough
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fast evacuation path al so be sel ectlve to the nifold
out | et porgelectivgnope thelired | gasresitingrihe imanifold autlet ppris t1REB-E into
enbodi menty, t | ed
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outlet porisy 106A-E to the foreline 138. For exanple, the by-pass
val ve 108A may be selectively operated to direct gas exiting the
mani fol d deReFlet [FENsoE0ER Mtyoaish deppiogided i atevaiibds !dpporss imthet bas
calibrati her I

may be seﬁ{égﬁr?/%%{eg%gﬁgt !é)dp R%I Fger('?t8 ffgg@b@aﬁl\%\’ﬁpﬂfi@\ég fYO o%rg‘%out | et
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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
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delivery system 100 to provide a netric indicative of the gas flows
and/or chem stries within the system 100. The netric provi ded.by: t-he
sensors 190 may be utilized by the controller 150 to adjust the
outputs of the t+AFC s 170 or ot her 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, chem stry sensor, flowrate sensor and the |ike.
Ioon)Figurék% is schematic di agram of one enbodi ment of the manifold
134  depi cty@gs)i N FigiHE © id schasiic@ghel &_dn@e%bldaﬂﬁénzz;ogﬁé;:rﬁ?giﬁ:}d 134
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2 Nor o | JEBRCTES 220G ARSI ik (3T 138 RS e SR GeRo el

wi t h t he nwithaeny oimgessoisulat gessoutled G294 dlveryilinkgtsiggss didiverydings i 02%s

220A includes .a.plurality of connegki | i nes.250A-F coupl.ing. the
A = L L P e e R R e TR S
232A-F. Conngliienty valmveby, 204 Aufmbar ef das s aiblivaty dineanisncaraiieasurdiet h

t he connecting |ines 250A-F and may be operated to fluidly couple the
inlet gas H4l ﬁ'\%\‘ﬂ'/n FRe9220X % one or nore of the outlet gas

delivery ljmep 2324 Mmidgthgaughivehe ihed eRogascIstRIs! ¥ @iivkakity 8 c@RRésting
dependi ng on t23§ s,éal ect ed %F)erati onal state of the valves 204A-F. The
connect i ngdM@aIaP88 - eoyRliRg die Kt das dpliveiy ine 2eRa o asearnsive ouitsl gaso

sel ect ed oadiil@y iiRErA32AL0 @orinectiftetaRss SOIN-F Qlrd h@goéémnrdaﬁinhmca%ngas
provi ded from source 102A throu the manifold 134. For exa

|l e
connect i ng"ifaih§Lonpedingdines 2§H‘“‘%p@’r‘f’ BS¥Lgtarsed & Hidy gRunla the infet’

connect i NGyaéadaliosry 2RBJ0A eBh8 | ARG8T tBaUlIE0FRs BaiveQUiHes HDAAFT S
routed through thée outlet port 106A to the calibration’circuit 144.

I n anot herth@kghireinigtioas sigheanyiling 228 v depersing @ Kieesalertethopgrational

oper at | onatatgbh® veleb 0aAINCER BshreRln PRt BaA EolbaiiBlybobhBIRY,
gas fromthe source 102A is routed through the outlet ports 106B-C.
Each of 't 1985 6PHEE i0eA0 sgipsterbpitipd ports i1ﬁg§F2Q@Batw angolipgrihearauying

confi guregy g'a& *br&@&ﬁ!ﬁﬁbinnlgodr&é‘%ﬁﬁﬁ.%ug% R R8s 3%94195&{5‘% le, if

coupling theé inlet gas delivery lines 08-F to the respectiVve ‘outl et
gas del i vépynading yalvg 04A, isRefasy eprieoprIaional staRs@hild-cenrdclhint alves

associ at e b | Et‘ﬂldqi I VE, i = b, jtted
to avoid %P)ﬁ?:ﬁ;?l ngn C():PJ SE?Q%?% frgﬁll théo%]“}f‘i 3@%%%&% @?%@nﬁgnouw
al t er nat i pertdabddb thentalibfatian gisuitrivd. f lol aho8 84 exdihplegihsommatifglalivés34 i s
substanti La t h ifol d.13 epicted in,Figu 2,
cxcopt whef e Bl T aa ' o Pt ATorl Sard I La N B S D b
connect i ngenvah \obsse804As Fraoupé i sograch €02 ss rnlted tatebgly aitey olitletep&@0A t o
each gas i wery, fine 232A-F. The. vari.abl ecting.val ves
304A- F na@bj‘%ée%tadf“gés S Ve aP gl 'ﬁ'ébrgéfso?‘?e'i‘%ﬁ’ lipe} 0BT iiarly
t hrough t banfigasedi witretorshetlingelines! 4508 2 20d\vaI0e LPOBY-F fhrecoupiREdRiiMe gas
outl et del] v«ar%/1 Iirlle. }?ﬁ ﬁ:arll zﬁpl e con.ectitrg valﬁ 304A-F ma %e a
proporti ofd IG%ENs 185 SEHRH 2 INe resPeptiveopytiel gas) drlivery 'W§§s2q‘2?;b'
control | eReferereadinteruial 260A0F aptlEIaALF Qvssriéd With drY i@ gl dakbe T or
regul ati n% t h% E|FOW between the inlet and. outlet |ines.

Ihes 2208-F have been omitted to avold 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
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[ 0031] The operational state of the variable connecting val ves 304A-F
may be controlled to create a desired ratio of flow t-hrough the

val ve rel ative to fl ow bypassing the valve, such that the val ves
304A-F operate as a flowratio controller in the |ine 220A. The
operational state of the variable connecting valves 304A-F may be
adjusted by the controller 150 in response to a netric provided by
the sensors 190 (not shown |‘J__1ﬁg{*%ure 3). In this manner, for exanp

the ratio ONgEBg B¥ivEsi¥ed- adhe gas iistlelivary iga 320 t&éiaicbegﬁ?

l'i nes 232A-dunbt asmicherisd naba- Fgasmenb&tab@ebéﬁt@wniwaﬁeg%%emynégﬁbe
adjusted in response to the netric provid e sensors

that a tar geiustaskle; Allowa smReHEan ‘i’fdﬁe fiewRgssing éthHﬁ/‘ dre gae il deliyary be
realized atjng h@zcwtte%mép% Fre Fﬁeét:b@ gﬁ?sn'ot:f?étddél%ry Faeh 0I‘Ehet %n:ﬂ}l@er

inlet gas delivery lines are stmlarly configured wt
connecting Cpﬂfr‘\%fé'"QS/@iﬁ(ﬁﬁ%ﬁdF \W&@Wb% aguaperforiad vakyeup [pined tahes, |a11hwtﬂfgas

delivery |ines 24085 ﬁo&f%oknglgégeé E@&cflé \@HQ%\ %Etﬂ[g‘rs @%?:Fgrﬁt%\ﬂ%{/%ﬁlspi%?e

232A-F. Referénce nunerals
inl et gas Gwlregdatng thadewdzogedn thavdetzadroutiatilivesed to avoid cluttering

addi 1 onal F9*nct 48 caeielefH)stdte bL ¥l Engoio TR kilker Soh-Ea he

202 i ncl udeents::llbd |tcdgrera¢p hld@elr%ﬁattokmtﬂomlynrdmghstbé ealve\relayve:mmdveﬁy-t o]
each of th e 32A: r ive, sel egtor val
Sooh b Lo PReHH R SUAPAAT B SRRRACO R £ bR ralSbaioter

for exanpl i, themee @20A h@he opamtibhalgtatabl e vafdble rasaynemangwmbedotmﬂ he

calibration circuit 144. The i circuit 202 also a MFC
190 asaoc: Rebdeddistad By i Sanlifer 18 of ispihita 8 s iR eyt ot M
coupl ed t osdrizerscdd0 hroatshorn G IF‘Igluré 3144 WimAnSaT TBEmpIOUhE rithadf
i ncorporates the r val ye 204k Nbreover,

si stance t he connect i
the bri dgi %@Seélﬁr@‘d‘s?d 39 o &Ké“@r&\, 1938 LYYt g%’?"’ﬁ@’ RS 2820 emcBigp! ed
(through tﬁ@gr@tgta@umet i qeEv@3 Ak 22mA hay ber fudtéd é oﬁéé)m fHeP@sirice
ends, thereb uired to purge mani fol d 134.

the tinme r
[0033] A pl WPQF'?CF % %%ﬁn@@t%o ajpwst ghemjs .C@@&Pwom {leyy rate
coupl i ng oancwlpire@luee gy berehkRldds Hedutphtn deRer eprdhamild 98Pisgcrd in

Fi gure 2, a first group of di sconnects 216A are di sposed adj acent

each out | &t h6r PthepERISE Sasi delivery dingn 2Bt parst Sm'@ﬂbnm'gﬁfeﬂw’ghare
di sposed 'dibnh@&m rlindgi IBYACE raﬁal\xai»%%ohﬂtm?&rbotuaﬁn et Gak | difv

and the val ves 262A-F. For exanple, as shown in ure 4, the se ond
group of dNSecRABCL & MBEPWErTNRs OLlRS aRsi dRlivery Jmeﬁ 3996F of iaeferange

meni { ol d 430 sbealemRY otk ARhsSodhibd ik, ARR o8 d&h%t?gﬁ‘ﬁ'eds 3208

delivery line 232A of the first mani e co
second enday®heen omiieddaeie’d dutiedn@gbiigee 3 second mani fol d 4348

using the @ikl N RAGKIENS Phufl §Cw§1§gﬁ?§3?§§t még R onsykhcm%@'§0' d

434A, 434 he ot her utle fines 2 own I n re 3) are
si m | ar | y bgduipy eticuil £02.s Td?@nbreimﬂm@exdﬂttawtmdnqemarﬂn@gmgf linea26d thatls

may be co e re 2,
one or mon ot L8HENRE BRI RANA g hBRP InEF RS bebiile

any of theelectoesvad0 %QPZFZSZJ@P@ imﬁ(hnd@ﬁg tiecytr @02 deang nBtthe cflow

i ndicativ I int 100.
mhe ot r1 £oBPalid8hs A IE ARCRbe SO5RTNS kiPer i uta S BYEET
controll ethelEﬁhbta)noad;lmsn Tdke ?lemerbadgm@aircmt ao2 ato dllevsVviFE BIFTC7 070

val ves 262A: F E, 3 4A or_other co t he el.ivery
syst em 10878 ﬁ(%e(fﬂ' AL R i"drﬁd‘éﬁpﬁ {9 3 rc%e'@ééu{p pe Pa %S o8 une
of gases aailtbrepibavaudem %9 vﬁahe sehanday rdutd thal hecoipdraics thBYesib@ancd 6f
utilized nonitor the c OSII‘éI on of ﬂi%ﬁgséqlw thin various portl ons

of the ga ed‘é‘W\?@'l"W Ly'yp YePYRit B4 G4CYt 20dr glomg, each
cheni cal giginee 2s-EapgesuRsd (thRRgh ieonBy: Re deFei) 8d Jufyd BR)

154 from opposite ends, thereby reducing the time required to purge the
manifold 134.




inlet port 516 and provides gases to the outer regions of the
pr-ocessi ng -chanber (e.g:., to the perineter of the-substrate di sposed
within the chanber). For exanple, the inlet port 516 may provide
gases to center regions of a showerhead while the inlet port 518 nay
provi de gases to outer regions of the showerhead. |In another exanple,
the inlet port 516 may be di sposed in a ceiling of a processing

hanb e the lnI
e 6 oD, & RRY of BN el s HE Brp e I e e
provi de gasmesltiple gas eranifeds dBg. o theeerabdititneat dep:btedy!etF;gmt hes first
nmbodi t, th ded separ at el rts
516, 515 sURUE REASRTRARY PATHE dkdeed shRoey eath subetabn) Bk vile
i nt terl ﬂ vad ula:aR>Cr@f Srbgs qggﬁmaamg mFa&mt@rduépbé.ﬁd [uﬂgrl:i@bﬁhgw? ro@«?g:g [2>02E
contro er -y ar e 0O eacC 0 e res
e FRC o hemmeahiiR dianodne 260 Gad Tis A s AL, Bk Pl Shemeg £
so that a nrgﬂsmemmdncﬂ bwuproaais@omﬁeciy@wai%m@%%ﬂa Iﬁgqhe bBb %ta

port 516, 51 roceSS|ng chanber 114 T
have a fi xdistamapgtd ‘Ffﬁﬁ 9 baremiexpdnrea Hist sagl 69?29[5["%9 gat Bﬁ‘!etrd&!"{%y

The out put ;ag 2t3bﬁ d‘?'ﬂ% $|rs5%mf§@i44:ﬁﬂﬂtot &ecﬁﬁ}ﬂéé ’fﬂ d éé'ébrﬁ’d’r'%n@ql@ﬁ%f]@@8 c

ar e respect|ve Y nmbi ned i nto comon del Ivery i nes
through ea®htlefeling, &37A| pha secondspenifeld c4HE aisingdthsy nwtrngnmm%ﬁ @é

1 508, 506 PoRichihaRed ) sst: mgg;;s&en Rhnidl§ 4bahea34@rtm95étﬁer Sttt Bhed he

processing chanber 114. ass val ves 510, 512 are coupled t
each del i v@BgBif (met Fravn BHAGUIFIFR alyysipdiary qaiiplask Itaaoontsmlmtméany
opened to I purge |line 154.
Nonirhe gas 9@@%@%@&@?@&%’?@%?@? I e@a%tp 85%32%9“%’%% Fadvant ages over
convent i on{iodgyst Beirning tadiiure Enote or eore yseheors § Sfviutiescribgd abbee gas

del [ very SRy MYaREy WPRIALET O IR AREPsBL EOBRIdy 1 tolbaRt o

evacuat i on pat contro re e
chem str i emetrisaeqdleam@obfrﬂwgwﬁbvbs amd/ammeavacaawtbn the menmaﬁ)seﬂwl oop

control f ver, t
oot Frow PRt SRl fle SRR égé‘?% h¥4 %G?JQQY |“8§vv¥8aﬁﬂﬁ T el ned
t hrough t hedjgststheieber\mmr}al shatd e‘rrhétMFCHmd?(mr\mmedéﬁza F @814, |30|4AfFrmm

the chem st sour ce squr ces, 102A- F n r
val ves to & vaCt?tﬁTl"ﬁoé‘ﬁw rcgnwgntgafth"veéy Sys tert "' LR el "B

composition, pressure, rate or volume of gases are provided to the chamber 114.
The metric may also be utilized to monitor the composition of 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 circuil 144 as described above, Outlet ports 106B-E of the manifold
134 are selectively coupled to inlet port 516, 518 of the processing chamber 114
to facilitale transferring gases to the processing chamber 114. In the
embodiment depicied 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
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separate fromthe processing chanber 114 (e.g., the foreline 138

t hrough the purge line 154). Before gases--are-requested in the
processi ng chanber 114, the gases nmay 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 flowng into the processing chanber 114. This allows the gases
within the . |f 134 to pi dl ach a steady.state conditi

that I's subSEReT a7t 5 halcNices Rase iR Ruef st ot BB ad Fhidherne
processi ng (efya,rrimethelﬂnérlmaeﬂ(m thbesybsaatel cﬁﬁpqimtlhwﬂlhlhom tl’ﬂmnlwﬁeSFor
wi thin the gas el'%lve ésteg%OOto st b|||ze|na %

condi ti on" Hétd Pitvel deHtB“W'g BF¥Ce i R héﬁ%@?sf¥4a
there is | lsihbbverreadrvmneha@gﬂeﬂ port Bes avpreandight@Nto Biiehrdhiddeof the
delivery system 100 once flom1to t he chanber is ceg;gnced unl i ke

convent i onat"CYa&eae| (RN RREWRIS. {if '@ﬁ’t pyihpEamay kedignqsefda ageiling

pressure drfg Fﬁ‘d?kﬁesglh@"cﬂhﬁlbéﬂarﬁ ng;‘b!vfdétg%?ses doMswartilfao Wi dRfrBiel Whikfthgas
er to qgui ckl y "est abl i shed because

delivery int ocessi ng
as the predd ?fo%rgé tEhmay bei (H%%osgaw%ﬁaﬁ'ﬂqu theherosasring eféar‘g@%rrﬁrewaﬁd
flow condi yhediStAGuted reb%s%%ﬁésﬂ&rtr%té e V‘qoé?%nbfﬁfepe%%diﬂ’i&ﬁe@@

chanber. ThHe throttle valve 144 may also be utilized to match

condi ti ons May ttqwerowﬂedfspewa@é}stwgh intst perta SH3. G1Besushdeaignixing Qfﬁhq?rber
114. ton I f i &W’h

ratio cong SJ’Ig'? JgoLér,Sa@ei vg%g?%e@éﬂ& -F,&(r?r’wi?\%e? ﬁe{;?ﬁ] gmb%ﬁvts
rout ed mthhe pre flow path prior to processing so that the outputs
of the dividing | d e 0 f d dto
he procesLoﬁér,]éS Ehé}gﬁr%ﬁo %Qﬁtr&f%rém 4 goﬁ)ﬁﬁ é&rplécfﬁ &a6h @Lfe}’gér?
defi ned thﬂ@ﬁ@& tHe Ptz hed st Imtilowme)uluypm ¢utlee$ortt$m0®lg+!i tdhe

The pur ged' Pt Ae iR TG Aeh, b rhiad BBt 60 B R ofBaal Ebe

operati on, tha p‘raxsassaega;bambeomqodmh RRC'd&N2 i may hine: gdisedielitpuerayio,

FYsLem 100, S ST MAIRSRL oL TR TEpI PR S13f (e 0

provi des atheomaamctld o:mt;bwiom)rltdwel 0éBetn aral redpéatwelyycmbune@smtm kcomgiont he

pr ocessi ng ry h thro e_Vval ves t
vacuum env 'H?S gﬁ% 2?5 Fé(g”ﬁkf’ &' %rﬂe? 3?%52%’ ?%Q'SGHQW%"%YM
(e.qg., thea fmeblvaesoessm bositiged jnst ypstrgemlof e it portd 5 6f 858 of the
evacuati on ath i S co E ﬁﬂ to each chanber connection such that
there is &t ?%93@9‘38 bhHecti on between any two flow restrictions,

such as t hgoaf] OWBy@;iSas@ ORI DI, @18 8 20ubiBd to batly eslivdl find 5P, eéaher
flow restr_llctlon s‘h is required that the chem stry within the

processi ng f't,eh'%%’n‘??e‘-‘r“’ VB "453 &ulsach?t%i’h opeRRs loseauRts eictydetvemvline atri

by- pass vadas hldfAg&ibo15he vacuum environnent will be opened
removi ng the excess process chemcals fromthe chem cal delivery

path. (004%F¥s diT6e asetriupRyysiaedetsabed PEtYidessPame adrantagesvaNerous
val ves wi chhﬂant;BE'ﬁ gyef@rﬁsol & dadhidrPio @u%hs;@%?@ﬁ%?duwﬁh tﬁé'g d&%é}w ge

time of chemcals béing renoved fromt as delivery syst
t hr ough t I§¥SIERs agvhe reraind piatwovlgemi’fﬁrfl@iwzéafh md@&tuwumn A,

oper at i on%m%neaeceémkeae nv.ﬁhgesm?rg%n iEieMBYusd! 3P é@\%ﬁﬁﬁg@ngs&aﬁe& hat

as certain regions the manif are enptied of the chem'c
utilized |r¢ﬂq0ﬁeflkbﬂe@ﬁw@@a;§%©e@§, clesnd leop coritd! fardinerisninapf blesrbistn

filled w TchJeH?arQ:?N%uf gﬁtgry such that the gases within the
mani fold 134 dare re ace In the nost efficient manner. Nbreover, as

certain portions of the manifold 134 are evacuated nore quickly

relative be @PfLions of the manifold, sequencing the valves

204A-F ma a manner that allows the new chem cal s

repl aci ngfobseg ol ith aeemodald operatieac pesitiow ipath rdefiaed thropgio ¢es §gasng
delivery system 100 and provides a connection from the chemistry source (e.g.,

sources 102A-F) through one or more valves to a vacuum environment that is
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(004411 n anot her enbodi ment, chem stry change nmay be expedited by
sequenci ng the val ves 204A-F such that only gas delivery lines 232A-F
cont ai ni ng gas whi ch have not yet been replaced maintain coupled to
the purge line 154. Once replacenent gas is detected exiting the

mani fol d 134 fromone of the gas delivery lines 232A-F or at another
predefined | ocation, that gas delivery |line 232A-F supplying the

repl acenent gas is disconnected fromthe purge line 154 so that the

r epl acementSegad'e Yomoie\pietesging) siagher dith daighelie forefiee r8BI thrssiribe gas
may be di vejtgdider &Mt BeroRU§HRs!drd ?eqL%étePEﬁ ﬁ\ﬁf‘ﬂ?@t:é%%@%ﬁﬁémr q E@Wﬁﬁ r

114 until the change over iS conpleted. | iI's mann punpi ng
capaci ty ofdaseemairisesynnied 161e aprieriataliegs plothermgnifaid 984 df dles gas

requi T ng gRAvdrPERNGh 199 if B¥ondaN i SWMatbu PRARARS ICORRES SR, De

made in an efficient manner. | al so contenpl ate est
evacuat i on ggaeh ifibyas Hewindentp dhg pregessing ehamizertiidoddis aifravsbthiedigisag)

circuit 202 : likpe, 154 . for I i t :
change ove%vnbﬁn%ﬁbegﬁgkﬂgaﬂbﬁlﬂ 5% ﬁ‘%“;&degﬁk&?‘%@ﬁ%@ﬁk& {ﬁgj I
anot her nogebgéntepe matntaned ohe hgagasee arevdivgrieslistoethe Padcasaipglobamber

i xi ng. may SEorus P ey ralhiBia MSg80S RERRRS BAb nelvaY il
by coupl i nd0fdwo eiabilee einsautpesesiO2dnditidnd kefsiengemggadslivaned ahto the
'delivery line 232A-F. [0046))n another enhodi ment, the sepsors .190
my be uti PPEREETd " LREL RIS RrEBr b dotec Erbie
M Xi ng Wi t tHen dehengays@el i10eryncey fvwno By BRANDET i GoliitenthaMuslitd es
entering t hoenchﬁnb?r 114, exiting the manl_f%l d 134 and/ or at %Eal

ot her poi nFOREIHRI RS drieery SyPivEY WRIGR hically P ReTaNEe: A PretHED FE5P1 90,
real ti [re anq utinedd dw eleyT ."S!’MsYtl‘iéa.(ijrﬁ\fB'ﬁﬁ/ B 6, gas UWRlIvery irdgﬁs.i ﬁr@d&lzs_singd
For " exanp! Enadetslon B8 ettt st abishethBGuse At dh  srerbvoPoh ety
from sour cashsliaHBiIexishind Jrebid@ngB ndrdo sy ajonBibhs M6 F, thk hgases were
operati ona} state of the val vesp_%04c coupling inlet delivery |ines

220A- 22013199 ie te rraressBcchamber. 2 Baethellle Malva A Maydalsd b%r‘ﬁ“h@dt he

chenistry fol pcht hedcORfiidnadint tdedple-lod igls pHIE 1§ aMBt BY ARESFobBNMinge
performed using the other valves or flowratio controllers.
| nf or mat i of"¥MEEMIifhe sensors 190 may al so be utilized to adjust the

MFC set ti n@guep T | oNvdiRInG 8y, 2BH omovpr&ﬁaiggeae@&eé he, GasS&s R Oihehibr om
t he sources 102A-F. CC]\YSE ATl ON OF SES/ CHEM_ STRI ES [004_7] In
anot her notRatigHers FERabPH 9 vales gR4Ade I mayhgvestisireninge rentedrinesthe

pre-flow path prior to processing so that the outputs of the dividing devices can
be stabilized before flow is delivered to the processing chamber. in one
embodiment, the pre-tiow 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
foo41) In another made 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 ihe processing chamber 114 (e.g., the foreline 138 through the

purge line 154). The last evacuation path is coupled to each chamber
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efficient use of chem stries. For exanple, the sequence of in which
t he operational states of the valves 204A-F, 172, 108A-E, 262A-F are
changed may be arranged in a manner that renpbves gases fromthe

mani fold 134 nost effectively and with mniml mxing of gases,
thereby allowi ng faster response tinme and reduced processing tine.
Thus, during gas changes, the rate that gases are drawn through the
delivery path (e.qg., through outlet lines 232A-F) and into the purge
i ne 154 mepnpectiafj susheflalubiong) is Bt ladst onelwnnattios badeen anyvbwiciowhe
gases quic ughunt ey Jaegy =89V e r

line 154 is %X&F:Iétﬁn% &Qgs%gt t hr %%ﬂtﬁgﬁ%%é??dg(Q% ‘}m}leisgl%edsﬁ\v\ﬁﬁ%gﬁggerre
cont ai n gadiw mmstyonf orthmurve)c‘eqtpiranbé'aSilhug chemisty oathirs dicd pas:easxmgy

i ntroduced d/.ar. l.ast

previ ousl y aTPal LR RBAR Bl e il A R SR I0%8E ge
| i ne 154 and théoweduinneovitdnengpt odilk I rmgenéthntaamovmxheﬂaxseed Ipmr&si; he
remai ni ng I to th rge l.pne 154 to be evacuated nore
rapidly. hSﬁ\gcagsﬂ‘go%ﬁ% }}e{n'%f"?ﬁgfvﬁﬁ/(:p%bbvi ded by the sensors 190 nay
be utili zeq!um:q [ ndusaixtoe:smtbabcarediheecr;&irmmnémmetdieh@ua@msl vahaeshithirt 0

t he chanber, 114 0ocC ur for exa b g

stabi | i zat |t%%"?ﬂ?$§igg i‘dteqﬂﬁn%fdxstuﬁnﬁ gé%pur]gf)gwer tg‘em'%*i’e'"g
pressur e ofregagrisfrovh tthlda Bak hienxldryleyst&anNO\/ﬂERhJﬁ)W &34 e»{a@Gék&:]nl path is
anot her node of operation g%rg del i vergf lSyst em 100

i1 sed T 0@y ARl s peaa i Rt Pha=BamEOReT SAGAI B ¢ he

system usi @Q% ehn@e@adol a@tdsOBertdid Gegibns 4e niedifoRXA8W| fe dhptiabY @se Of
the system 1 provide flow fromany one of the inlet ports to

the calibr &P?'B'ﬁa&%. H“E‘Eﬁ’q e PIEYIONA JITARSSe it Bmetied regiangiimaydke thgn

val ves of ftifgy ﬁ:yﬁwmaww@ﬁuw hidte that e bb@é@ %ﬁﬁrﬁ&hé"n%ﬂfoﬁ:ﬁﬁ?ﬁh laF@nch
of the divided flow. [0049]Figure 6 is a Sinplif schemati c of

seni conducfRagsHoR 88 REsicHHsBMr menaete oMoreayer. oa%ﬁgf‘ﬁ'@rp%fﬁmﬁjphﬂiﬁ of

a gas del i y@mioldy i€ mdWacldisd gﬁ&edSUIbM?rr)éla%Vét@”blﬁgp Hoptidn@nbd ¢y ed
substantially simlar to the gas delivery systens descri be above,

except Memnrﬁofﬂh@%lyg@l@@ﬂ@o@ﬂv%mﬁfeg A Magle ineRapBer belplas t o
at |east opf byt %Sqeéug%p@%g OB Ehﬂ@caiee & YSdEMeFuillBilinh Oledy. 134-

The storage tank 63 be co ed to east one or nore of
t he pr oces§ﬁqqgss¢ﬂﬁafiﬂ§\é¢0rlﬁ;ﬁwns)am§f@@:we§tUU@QQ!?P«!!QJGChanber 614 (shown in

phant om, pofigs del ¢ YersyodhrintL ;éeﬁo rggsuﬁ&%fgjgaé hs‘mﬁs CORy of

processi ng chanber 61 the ca bra ion'circui't e facility
exhaust 13@pime@9n@mse§gmrmlye b@Ufpe%ﬂD%(E mey peoiodided toreneia more

| ndi .Cati Ve onE %?1%3%&1&1 8 Loh&geaﬁé(c gfg{?o{!& %sem%%%ﬂ% FBCG!%IQI%

metric may e Indicative O COh‘pOSIt
cheni st ry) gaseerexdingttioe slamrfoldt 18dr apphioaches dng deslrad ¢hem)ital romepressure

enbodi nent LV I dto
t he tank ngﬁ&ﬂé!@ﬁ%ﬁ ﬁéep & Cad-g'gﬁalts w’ﬁ?ﬁh&:lﬁrﬁ%g%ﬁ%& 3%2%%@5'13%
(as shown bevregineett tmrt)we slositéhiblbvedatha dGAeRhabyaineaineh alesiest flow bheoft ank
630 wi t houf i Xxi. n|nd|V|du coupl| to the essi n
chanber E.' fggj Blc9se ‘Mb%r?zg?%x?%{ﬂ’ﬁgl cgegﬁewégstﬁgp ij@cg‘."ﬁllstie fﬂlgdm so
cont enpl at\enth tmmnrcalbérmnbaﬂleobrdcbesetsaﬂkwéi&ﬂo gy cbemuﬁl Helhed éyi’atem
del i ver gases,to th processi ng chanber Th ivery
aystems haVrhge PUEEELDG. (ETRER Yy TRRR e Fasioing, ot b drred AP <o
processi nghgﬂﬂe&iesmpfrllw ngo fthe mdcbﬁsugglahaigb&wm yeaorsfr@rmes‘iraa @aRies )
processing s m W t gas an inimum fluctuation. The
f ast evac?ﬁft‘%/ yp?ftﬂ SS B?ﬁﬁ %&"’F %W&Htg}et H“QT'I‘%#HB‘?’P@@%&‘H%H
to verify mdé@bh@ﬁ?cmbhataemgf&ﬁv fdiovhe floanpftoneniRss med tﬂéerﬁwﬁnm{@ﬁgﬂrs,
t her eby praqyi din Qoaad control of the gas flow sup pl}/ to the
pr ocessi nd"" aé:ﬁulls ed toward the desired flow Tates in a manher that maintains the
desired flow into the processing chamber 114.
(0044] in another embodiment, chemistty change may be expedited by

sequencing the valves 204A-F such that only gas delivery lines 232A-F
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[ 0052JWhil e the foregoing is directed to enbodi ments of the present
I nvention, other and further enbodi nents of the invention may be

devi sed wi thout departing fromthe basic scope thereof,

and t he scope

thereof is determned by the clainms that follow. REFERENCE NUMERALS

100 gas delivery system 102A gas sources 102B gas sources 102C gas
sources 1020 gas sources 102E gas sources 102F gas sources

containing gas which have not yet been replaced maintain coupled to the purge
line 154. Once repiacement gas is detected exiting the manifold 134 from one of
the gas delivery lines 232A-F or at another predetined 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
capacity of the purge line 154 is dedicated to only those lines requiring gas
removal so that change over of processing gases may be made in an efficient
manner, It is also contemplated that the fastest evacuation path may include
routing gas flows through the bridging circuit 202 to the purge line 154 for at

least a portion of the change over time.

CHEMICAL MIXING AND CLOSED L.OOP CONTROL

[0045] In another mode of operation, the gas delivery system 100 may be
utilized to enhance chemical mixing. In one embodiment, chemical mixing may
occur within the manifold 134 using the 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.9., gas mix), rate and/or pressure, may be realized. For example, if sensors
detecl 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-2208 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.
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104A inlet port 104B inlet port 104C inlet port 1040 inlet port 104E
inlet port 104F.inlet port 106A outlet .port 106B outlet port 106C
outlet port 1060 outlet port 106E outlet port 106F outlet port

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 stales 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 outiet 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
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 aliows 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
[c048] In another mode of operation, the gas delivery system 100 may be

utilized to verify the flow rates of any of the components within the system using
the calibration circuit 144. For example, the valves of the system 100 may

provide flow from any one of the inlet ports to the calibration circuit 144. In
another example, flows divided by valves of the system may be verified for flow
rates atong 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 systemn 600 is configured substantially similar o the gas delivery
systems describe above, except wherein the system 600 includes a storage tank
630 coupled to at least one of the oulput 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

14



114 processing system 116 final valves 134 manifold 136 exhaust 138
foreline 142.shut-off val ve 144calibration circuit 146¢circuit outl et
line 150 controller 154 purge line 156 throttle valve 170 nmass fl ow
controller 172 isolation valve 190 sensor

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 oulput port 106A-F may be individually
coupled to the tank 630. In ancther 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
1 “!4. Alternatively, separate tanks 630 may be use. It is also contemplated that
the inlet of the tank 630 may be utilized to deliver gases to the processing
chamber 114.

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

[0052] While the 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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202 bridging circuit 204 connecting valve 220 inlet gas delivery line

232 outl et gas-delivery line 250 connecting lines 260 bridging line: == ~ "~

262 sel ector val ve 304A val ve 304B val ve 304C val ve 3040 val ve What
is clained is: 1. Apparatus for delivering gases to a sem conductor

processi ng chanber, conpri sing:

REFERENCE NUMERALS

100 gas delivery system 304E valve

102A gas sources 304F valve

102B gas sources 402 firstend

102C gas sources 404 second end

102D gas sources 434A manifold

102E gas sources 434B manifold

102F gas sources 500 system

104A inle;t port 502 f{low ratio controller
104B inlet port 504 flow ratic controller
104C inlet port 516 pont

104D inlet port 518 port

104E inlet port

104F inlet poit

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
138 exhaust
138 foreline

142  shut-off valve

144  calibration circuit
146 circuil outlet line

150 controller

154  purge line

156 throtlle valve

170  mass flow controller
172  isolation valve

190 sensor

202  bridging circuit

204 connecting valve
220 inlet gas delivery line
232 outlel gas delivery iine
250 connecting iines

260 bridging line

262 selector valve

304A valve

304B valve

304C valve

304D valve
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a plurality of gas input lines each having an inlet port; a plurality
of gas output lines each having an outlet port; a plurality of
connecting |lines, each connecting |ine coupling a respective pair of
gas input and gas output lines; a plurality of connecting valves,
each connecting valve arranged to control flow through a respective
connecting line, wherein each inlet port is selectively coupled to
each outlet port by the plurality of connecting valves; a plurality
of mass gas flow controllers, each mass gas flow controller arranged
to control flowinto a respective inlet port; and a flow restrictor
coupled to one outlet port of the plurality of gas output Iines,
wherein the flow restrictor is sized to provide flow conditions that
are substantially equal to flow conditions of the processing chanber.
2. The apparatus oWlatas glainfedrisher conprising: a calibration circuit
coupled to at |easl. Appamiug fie deliveahgrasestd AsemtoidiRidd S-
restrictor. 3. cdRmAERAIBENRoRIpriRkALM 2, wherein the flow
restrictor is size, fﬁr‘z]ﬁ §asbﬁl§%glé@ E%a ShEnt 1%@ A downst r eam
pressure of the fl oW resprigctor. 5 %Eé s of R m 1
further conprisingP aﬁ a‘%fg%ﬁn%“@_@hgﬁ?s PitieRFUBE RN AUt east one
of the gas output 3 PHuglityt abcearedtimgutings, each sennéaingdhnecpilng | i nes,
the at |east one serploig arespagive pair pf Qus depa amedtgasouitpet 1passt ve of
flow pressure or £paakity ¥f connecting valves, each connecting valve
arranged to control flow through a respective connecting
line, wherein each inlet port is selectively coupled to
each outlet port by the plurality of connecting, valves:
a plurality of mass gas flow controllers, each mass gas flow
controller arranged to control flow into a respective inlet
port; and
a flow restrictor coupled to one outlet port of the plurality
of gas output lines, wherein the flow restrictor is sized to
provide flow conditions that are substantially equal to
flow conditions of the processing chamber.
2. The apparatus of claim 1 further comprising;
a calibration circuit coupled to at least one of the outlet
ports through the flow restrictor.
3. The apparatus of claim 2, wherein the flow restrictor is
size adjustable based on measurement of a downstream pres-
sure of the flow restrictor.
4. The apparatus of claim 1 further comprising;
at least one sensor interfaced with at least one of the gas
output lines, the gas input lines or the connecting lines,
the at least one sensor arranged to provide a metric

indicative of flow, pressure or chemistry.
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5. The apparatus of claim1 further conprising: at |east two _

adj ust abl e val ves each coupled to one outlet port of the plurality of
gas output lines, the adjustable valves configured to divide flow
exiting each outlet port. 6. The apparatus of clains 1 further
conprising: a storage vessel coupled to at |east one of the output
ports. 7. The apparatus of claim6é further conprising: at |east one
sensor arranged to provide a netric of flow, pressure or chemstry
wi thin the storage vessel. 8. The apparatus of claim6, wherein

t he storage vesselS. ﬂ"@ﬁt&p@mﬁu&pft@mlﬁﬂh@a&dmpnemgutIet port
connected to the ptdessswogdihatabRr valaad egcls ecapiddaut dies oﬁ@éﬁ
connected to a secopgrtpsogRSsl 'uPeﬂltZ"tﬂ”%zﬁ’out ut fined NGe jgs of
claim6, wherein anva%ge nﬂ?é?ﬁrted diV} @:Qﬁn}g ﬁéﬁ‘bu qafg | east
one of the outl et Gp?h o es are d to a

| et tt nber 10. The
common inletpor %rame CepE B e e L0 ot

| east two separ at baPPBMAG of cloiaceBathey comprEng:. 11, The
apparatus of cl ai @ baﬁhmlﬁéﬁnwmauga@’fo pravide posietionf \aiwe f1 uidly
coupl ed bet ween t hepsssurage chessisiry avithia thastdragy vesdehust whi ch can
be sw tched betwenTheldppaeates el claind6;Seheref$ the Gidrage 3R Ul |y
open. , further comprises:

at least one outlet port connected to the processing cham-

ber; and

a second outlet port connected to a second processing

chamber.

9. The apparatus of claim 6, wherein an outlet port of the
storage vessel and at least one of the outlet ports of the gas
output lines are connected to a common inlet port to the
semiconductor processing chamber.

10. The apparatus of claim 6, wherein the storage vessel is
connected to at least two separate sennconductor processing
chambers.

11. The apparatus of claim 6 further comprising:

a two position valve fluidly coupled between the storage

~ vessel and a facility exhaust which can be sw1tched
between fully closed, a preset restriction and fully open.

12. Apparatus for delivering gases to a semiconductor pro-

cessing chamber, comprising: :

a p]urahty of gas inlet ports each connecting to a gas
source;

a plurality of gas outlet ports selectively in fluid commu-
nication with the plurality of gas inlet ports and first and .
second gas inlets of the processing chamber; :

at least two flow ratio controllers each coupling to one of
the plurality of gas outlet ports, the flow ratio controller
splitting the flow exiting each gas outlet port; and

a flow restrictor coupled to one of the plurality of gas outlet
ports, wherein the fiow restrictor is sized to provide flow
conditions that are substantially equal to flow conditions
ofthe first and second gas inlets of the processing cham-
ber.
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12. Apparatus for delivering gases to a sem conductor processing
chanber, conprising: a plurality of gas inlet ports each connecting
to a gas source; a plurality of gas outlet ports selectively in fluid
comuni cation with the plurality of gas inlet ports and first and
second gas inlets of the processing chanber; at least two flowratio
controllers each coupling to one of the plurality of gas outl et

ports, the flowratio controller splitting the flow exiting each gas

gas out |t ports, uberane heoustl JAHPLE WhereAlfEhInl) gi%?g' i
f1 ow condi ti ons tii_e[u, ot S S dﬁ?g& E(F%é E‘éﬁaﬁ% qjs%% EBHeE PPBAs of
the first and secongu ER tg éff apﬁgl sUnggyabfasnber.  13. The

apparatus of clai m¥®, éPE@rﬁui%‘éf%llﬂmldlz twhestimtse first @spoket s ar e
coupled to the pldif%tsgﬁswd@\an\mmﬂbfdb psuistratdhddpobedvatlidhahé ty of

vari abl e connect iprocessingshambi#é and g S0RAN%al tn d?ﬂe@’csr@d#gs gy\,her el n
s

the first gas i nllﬁmﬂé[re@@tﬁhggﬁ&zm(gﬁvmward a substr posed
wi thin the processing chanmber an e second gas |nI et directs gases

mefg: 'n”ﬁ]gr a?f t hPSt SFHES&{ @tus of éﬁnn-ﬁflew%lépél?%é'ﬁt 1\%}&5 Hhd! 1w 2,
adj ust abl e out pu %% c}ﬂ%’ 56%%%%31?% %ﬁ]’&g OER% ragégpettﬁge% econd
gas inlet. tE %ilf‘étt"{'} the secandgasinlgher ei n the out put of
the at |east t vvo f]ﬁ)ereaapparmmﬂbrf oldier K2, avittrain theasttptvef the at he
ngr lelt ! zeol‘: O%ﬁrzle@utr}v%tﬁw&%ﬁo acbﬁrdslgéﬁ@ﬁagmhyts t%ﬂ:l"f@ft TOF e bhedligy Lot and
secgnd gas inl etés}\'%g lﬁ?é’t;y?r 5"c5na§§|r§§) éc%&% ‘gon%gllleffai%rﬁépgﬁﬁg? at us of
claim 12, wher ei GPIEHONagelreea ll’cwofsltﬁwetda‘wsér%%tqfdh? it #ibvi de an
output ratio sudecondgas ipletselthe mpesssimnehamberet ween upst ream and
downstream of the 1t Theappatates &fcdsini 42) wheih ti) dtdest twoglpough to
mai ntain supersqpiis cohn@Wllehs PrBAAE BE RimitGasH tR thhOWprakhRe
conrelvne, i
oressure of th e%ﬂ ((‘.RIBIEO ers 1s enougl fo maintain supersonic
ﬂow throucrh the at least two flow ratio controllers.
18. The apparatus of claim 12, wherein the flow restrictoris
size adjustable based on measurement of a downstream pres-
sure of the flow restrictor.
19. Apparatus for delivering gases to a semiconductor pro-
cessing chamber, conprising:
a main gas delivery having at least one gas inlet port and at
least one gas outlet port, wherein the at least one gas inlet
port couples to a gas source and the least one gas outlet
port is in fluid communication with the at least one gas
inlet and the processing chamber;
two flow ratio controllers configured to split the gas flow
exiting the least one gas outlet port;
an upstream pressure sensor disposed between the at least
one gas outlet port and the two flow ratio controllers for
measuring a pressure upstream of the two flow ratio
controllers; and
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19. Appara tus for delivering gases to a sem conductor processing
chanber, conprising: a main gas delivery having at | east one gas
inlet port and at | east one gas outlet port, wherein the at | east one
gas inlet port couples to a gas source and the | east one gas outl et
port is in fluid communication with the at |east one gas inlet and

t he processing chanmber; two flow ratio controllers configured to
split the gas flow exiting the | east one gas outlet port; an upstream
pressure sensor disposed between the at | east one gas outlet port and
the two flowratio controllers for neasuring a pressure upstream of
the two flowratio controllers; and a downstream pressure sensor

di sposed bet ween  hiepviverdahopresatio samot disposed batdeendhpiveessi ng
chamber for neasuripgwardticessnti6llaevmst teapradesting ¢hambénterr at i o

control lers, wherein thetng fLaws dbisteniy of fhersafiewcadbr ol | ed
such that a pressure_di ) grertial between upstream and downstream of

the two flow ratio ers.is sufficient to i i ersonic
fl ow t hrough the PRETINIRE LFO; %O‘EJHP‘B&PP@P ?%?r&’r\’g‘t"gfe@ sr%g us of
claim19, further ciwpapsessyre diffarenfizldptveen BPSTE%BIHEQ @6“1’% at
| east one gas out | efiragntof hbame Aowhetivl awtrdbyrs it seligentsiozed to
provide flow conditjgfsiahp3tparseniy Behartiiakhytheqed flow fiatw
conditions of the PLOGESSL A9 chanber .
20. The apparatus of claim 19, further comprising:
a flow restrictor coupled to the at least one gas outlet port,
wherein the flow restrictor is sized to provide flow con-
ditions that are substantially equal to flow conditions of

the processing chamber.
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