METHOD AND APPARATUS FOR CONTROLLI NG GAS FLOW TO A PROCESSI NG CHAMBER
BACKGROUND Fi el d of the Invention [0001] Enbodi nents of the present
invention generally relate to a nethod 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
a well-known nethod for inproving heat transfer between the substrate and
the substrate support, thereby enhancing the precision of substrate
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' substrate and the substrate suppor, thereby enhancing the precision of
substrate temperature control and uniformity. Additionaily, precise control of
process gas flows into the processing chamber are required in order to obtain
desired processing results, particularly as critical dimensions and film
thicknesses shrink. Furthermore, gases may be added to processing chamber
effluent streams to mitigate the environmental impact of substrate processing.
Good control of the gases added to the effluent stream is necessary to ensure
both cost etfective 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 reguiation device. However, the accuracy of MFC's may be
affected by a plurality of factors that contribute to an uncertainty of the actual gas
flow. For example, the accuracy of the MFC will typically vary with changes in
temperature, line pressure and volume. Deviation from the gas flow set point
due to MFC inaccuracy may contribute to processing defects, poor emission
controt 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 roWs

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 may, not be able to accommpdate n or revised process recipes that
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SUMMARY

[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 cutput 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 contro! flow through the respective connecting lines. A plurality of
mass gas flow controllers are arranged to controi 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 enbodi ment, a nethod 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
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delivery systemof the present invention. [0012] Figure 2 is a schematic
di agr am offresassESEdMkehafist the predeting stattmhaobepbebiaiiedyad Peraseing syst em
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a mxing mani Figure 4 is a schematic di agram of one enbodi nent
of two mixing manifolds coupled together; [0015] Figure 5 is a sinplified
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(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 illustrate only typical embodiments of this
invention and are therefore not to be considered limiting of its scope, for the
invention may admit to other equally effective embodiments.

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

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

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

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

[0015] Figure 5 is a 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
chanber coupled to another enbodi ment of a gas delivery system [00171 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 enbodiments without further recitation. -
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chamber 114 inciudes 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 enbodinent, 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
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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 properties 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
to 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
10613-E are coupled to one or nore inlet ports of the processing chanber
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port 106F is coupled to the Purge |ine 154 through an isolation valve 172.
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depicted in Figure 1, by-pass valves 108A-E are disposed between the manifold
outlet ports 106A-E and the purge line 154, The by-pass valves 10BA-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 1068-E into
the purge line 154, by-passing the processing chamber 114. Isolation vaive 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 ftows and/or
chemistries within the system 100. The metric provided by the sensors 180 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
chenmistries within the system 100. The netric provided by the sensors 190
may be utilized by the controller 150 to adjust 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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Lhe routi e GPOBE CobRiRing hiED oS Weiery 16 R2DR B A, e PHE ey R 45 5 "Ror
exanpl e, idelivegnmec23argFyabreedPdAadlves FOHNFape iishosedlin eommwiiaitienwhi | e
connecting valves 204B-F remain closed, gas fromthe source 102A is routed

through t e cannepiing lingseoGAsFrand may ibsrepardigd do fluidly caure thainklot her
exanpl e, 'gdasc ReRL lifd 2@%J_\\étﬁsonezgﬂ%ﬁ%ac§fqgérb@@t gﬁ@rﬂjeﬂp@rﬁiqme@.r@WﬁFat e while

connecti ng val ves 204A, remal n osed, gas fromthe’source 102A is
rout ed t hrtbogightthe injat gas dplivary line 220A, depending 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 cfosed, 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 fines 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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106B-C. Each of the other inlet gas delivery lines 220B-F are simlarly
“configured with connecting |lines 250A-F and val ves 204A-F for coupling the
inlet gas delivery lines 220B-F to the respective outlet gas delivery lines
232A-F. Reference nunerals 250A-F and 204A-F associated with the inlet gas
delivery lines 2208-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 ”Héuuélb@ t33flowSa PHPIRSH bRlnetiow Phidiig tm&@etwgamﬁ@élﬂeém
depicted in ure 2, exce t wherein the gas mani 34 includes a
plurality lise \Zé’gﬁam eent@brth@cteiSﬁgctw&l ges g@ﬂﬂt\ delvenpllingg t Hee geasiablgl et
delivery | t ri abl e
connect i ngéd\}glfe\g/l%gga\géﬁiggﬁm ﬁq—ﬁ)%y B!,:!?A gh:p%ﬁidné?(/é{lvé ?%‘g&?%‘g%oﬂﬁﬁr oﬁ%of t he
fl ow passivalvd, tarmagdnflbhe:ogtrsllemheteed@l uah&ar gr othenliow? 20Mtiroladesrtieesuitable

respective _gas outl eliver he ,varigbl e connecting valve 304A-F
may be a Pg[ﬁﬂ”f#'é‘ﬂjf‘ 38%)‘1??“’%% %’H'%&P@ ﬁ%ﬁ'ﬂ"ﬁ?ottle val ve, a mass flow
cont r ol | erppoz3) Neethe opatalienal st thd bmm&&%m@ctﬁgvm@s SoUAFOIAY Heor

regul ating the fl ow between the inlet and outlet I1nes. [0031] The

oper at i onaloréled e Fradie avdgsirgs| r@h@@fwﬂ@wtthwgoathee@!vgormtwerfﬁjloweby
control | ega&s%mr‘grtﬁgw%h% gﬁéﬁ b tﬁé‘bhﬁ?é’ﬁgﬁ}x% é}éf%P f{iﬁ; Wb \ntbhét | ve “—"
assing the va e va A

fl ow by- such™ t perate as a flo
rati o contindhé tme 2P0AL kel opeeatRR@hstalehef tbpenaaablermhned:t&tgevmﬁest B@AALRr i abl e

connecting val ves 4A-F . ma adjusted b cont o | er |n response
to a metri btbg\ﬁ%‘ége%fyttﬁg gcg‘@rﬁggr iéqubret §f‘ ﬁ% 'CFF?r&u‘rd@ % Wen this
manner, f afen@¥AMPYE (ndthshoinat inoFighre 9RSRSIHY Manfer fonbrarhpR, (Y rateré) gas
outlet delivery lines 232A-F fromthe single EYS i nput_delivery |ine 220A

may be adjgasesdPrHdpedptnieo wer mferehﬂf-iﬁ.wﬂebﬁ@ ensding§ 23R Eefm@ar@elgo so
t hat t

Foal i sed e JaSThats deERAP TG P28 may BY Adhfed IR taGhoreTBHEMERE %, | o
gas del i vgryvileddy th20fensoss ¢98isw {hat hytaggmtfahgmmisgty eompositam kot |ratg | i nes
250A- F and val 304A del i 2206- F
Co the rodndimassie may bScedlel i pifut SR bneianBlland 3R, o1 o

250A- F andy 3fAothers il gheddetiviely tinesi Pbeg- Fgase Al Yeonfig@ed2a@h- F have
been omtted to avoid cluttering of qu%ure 3. [0032] Returning to Figure 2,

t he mani f GloAneding #esadefPAFonad IV§"Vieﬁc3 Al dor spurigaibe dniek gre debivery The
bridgi ng GhpsWldopP2o! el idpscivePbl Ml ¢ BERRnARed P30A-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
selector 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 disconnecis may also be provided to allow coupling of
multiple gas manifolds 134. In the embodiment depicted in Figure 2, a first

group of disconnects 216A are disposed adjacent each outlet port 106A-F while
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may be sel ectively coupled to each of the output |ines 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.egethey ggaszzpfa%%oﬁﬁe%g%e@ome i%Eg%déglA}‘r% t%gé ng'\é?lrcﬁﬁ‘e’zgfz t he

bridging circuit OWs eac out put e coup (through
t he out putbdhiveen #82jdging tihe 260a0d the malved 842Aronfroppeenple, ansnwit iler eby

duci t ti ' : ifold 134...[0 | lit f
i sconnactSomey are ST ERsP A dinhtis ATER AR PriowlpTp B0l ™ 1Y ©
mani f ol ds fitidmahifoldl IB4aNaasH FEAbvetEand befifst end-4Q21be thh gas butlett deligegup of
di sconnects 216A are diégosed adj acent each outlet port 106A-F while -8 a

second gr diif B12APE Bniist Maniokbaadh teibepeupled 1o 8 recard eaoMPLrl g ¢ 202
petueen gt ifld! 9ol B a2Q8aRe ddifrokAlA4aB EERA- e FRMUnGXPORIoRs @S Shown

in Figure the second group of disconnects B al 'ows ™t he bridging line
260 of a disasmneatsn? T6A, 1B A eacth enardiolsl 434 And348.f i Tret otbrd calat lofest he gas

outl et delj l.ine 232A..0f the firs. nifold 434A I to a
second en&Js\ﬁ%a'y(g?()tt%?wno'ﬂﬁ'%lfrel$ efg@lﬁgrgfcogpgegggdacgﬁ%ﬁp@%gﬁj@%éﬁ sing the
mat i Nng porduniiss o narifokizanag b SodpledtoddthE infthisasdnreani f ol d 434A, 4348. The

other outlet lines 2328-F (not shown in Figure 3) are simlarly coupled. It
i s cont eni?®kd tRaUMIRG to Figuie 2. dneahMeit §8nsRLy 198 *ddpPatPedRAvBer in
this mann R i pn FTo r as

descri bedﬁ@o%@%ﬁ%%‘ﬁt% ggtehg I\?\}lé{sﬁz%)rﬁyp’o?s?ﬁe’l [ g’ei%%@ﬁ%@&k F,

260, 154 troetpcawvlicgiva ofrtee gae flomsi avelfonabiecfisttibe withdr thieaysteamd00r Tokemi stri es

ithin the system.10Q. T tri i ded byt 90 b |
Wil sed BYRATOUAPR g M pBtedr 1SR 7 milegd Bt Fa Griay d5Bor he wec s
170, val VewijiR8 & bperdfidriniBlatd U fhd MPC's 010 8aiveREBACR! 20fA-Fh804RF dlel i very

system 100 such that a desired conposition, pressure, rate or volune of
gases ar e 9hgvicqaepongnt e dhguingas delivery mystemt 19Q shgh dhab dederiedi zed to

ol very SoRBRSRR PleatuR, B SOl s S e PRI o ANE SBpmbb 22 s

changes ardhet metiid keaymalsobbe ddilieed dd inaniterathet compositien elfygases 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. Outlet ports 106B-E of the manifold
134 are selectively coupled to inlet port 516, 518 of the processing chamber 114
to facilitate fransferring 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. [00351 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 pr ' foaci |iid for g s
o e P SHERBHI VATHef o A 16 RS kAR P i)

separ at e gds pmbessinmehambaicand p®viadeegasssi davrwdardly tdel $ubstratgawbie theppl i ed

fromthe nj f ol 34_tqo the praocessi. h er 114.. odi ment, the
i nl et por %@ﬁ%"'ﬁ%&éi’ﬂ%%%a@%%"oﬁe@ 'ﬁ ac%'ﬁ%‘g?{f OW‘bE‘t 'Hré’cs?%%ig@'ﬁgeﬁﬁ%ﬂ@’& 114,

whi | e i nl ejaspend coldt regiofts ipasedubstiarr dn Glet bhether ehitiodiaertt, THeBgaged provi des
gases to the outer regions of the processing ch

. C anber (e.g., .to the
peri met er "BY PAPravided papaalnly Jysean etRarts %&éﬂén%h)thagwfxm%se%m e, the
i nl et po”gpa@é@ dreyY oEélR!é'éjrf‘cegﬁgﬁﬁ he RfdHoR vollfee (?J'f'ﬁh@fgr@ces% o] whi | e

the inlet port 518 nmay provi gases to outer regions of th -9 shower head.
| n anot herltdxanple, the inlet port 516 may be disposed in a ceiling of a

processin hanb and..provj d dl iIle the
et por 1oBRE " natjoRatyp Bl PTPER) PREER U obiBy R 8k Bl iR itso e

provi de gaGESE! ThelkRC sI50P, 608 split tHadicwsbstitiraj €acH dutiertpodtsotlisex-E egbodi nent
t he gases  may be prov,ig ?I se arsapzlel _throulhrﬁq nl e ,porips 516, 518 .such that
mi xi ng of B P@%?é%’"ﬁﬂ‘?‘g lgwcatic 1 Revidad Retveeneeach iglat don 8 t he
processin : ] Ak} . 504 are
oupl od oS BARStp ShAmLEP 198) T PRO SO0 RPN Hte 3 fpeg oD
exiting eachmauhhet apadjgsiaiole uEpgloratio hlibe autma détliee MR{es S0RoHO4 ando i s

provi ded t ween.each .inl et po ...518 of .the processi chanber 114 The
Bre’s 502 16 RSN olob. Bor oldaito we dePecily RADYRE 4N, EURMAE: abi o
out put r atdefivery liee® 8220  FiblhahFdighsedaBielibOd limed22, 524 iecorft@lidd byt put
ports 106B-C are respectively conbined into commmn delivery |ines 522, 524.
Fl ow t hr odgina yabre s, paFpasitiped dyst upsirep@ Qfdhe iyiel RIHY 16248 Hfdfeval ve
508, 506 Wgsgplgedﬂ,a}ﬂb%tmqg_stream of the inlet ports 516, 518 of the

r 114.

processi ng chanb
[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,
controlied 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
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[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 coupl e each delivery I|ne 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 chemcal mXxing, nore
efficient ri d fi C iQn tines,
cl osed Ioovgﬁ"g%nbr oﬁﬁﬂfgidf |1§§ %ﬁ?gﬁms& Hef%% ryy g{*?%&y }a@d“ﬁt 5
verificat |substaﬁmﬁlnélMﬂA§¢Ho[1@0l3®ba£ms arecdiverthsl iofo theepratésamg wqmlaerf | ow pat h

I s defined thr he stem 10 provides a_co nnection to
the chemi st'fy gB‘%Fc‘b gg%‘” Pa ?@é%’ %g\aei_e)s Wﬁ?'ﬂ[}gﬁ d%?"e%?ﬁ ¥ ves to a
vacuum enworoowegthbhf@tml 3 §:@@@§@t@nhn@m't$aow oeaRsidlivedeanis theé4 (e. g.,

the foreline 138 through the rge line 154). Before gases are requested in

the pr oceﬁ?‘?ﬁ?sﬂ%ﬁ%‘?‘beMW“ I”Fﬁé’e '@8’%’8§fwr@@9§@bﬁ]q %”F@"@'H@“%}ﬂ’ﬂh'@prl ate
lines of OW ottt @ bhEs Oty 18CiHeY BhamBYP i€ Botiflohted! GARG! {1 ON

t hat substantlal s the condition of t gas as it It was flow ng
i nto the mooeeddinal gebaldieeryldystenthivehich typially expgaseee a- p@ssunehitiopt he

mani fol d 134 ach t ady.state condition that is .

substanti & 'W&'%Fﬁ*%% r% ﬁ é—ﬁ“fSF’%ﬁVd‘?’\cl%arﬁ %?JNFM 'Bqﬁﬁ@ r%cregglggsi ng
chamber  kh4mbsr neEbé hguipkig- éétQWISFP@théd:AlQWSaﬁ hpegpasow pathNpidiRiegas
delivery system 100 to stabilize in a "process condition" before being

del i ver ed SuBsigntially the samesyeristancgeised Haw cangitiops; as | the @ases Weehange in

the flow ?Bgﬂl%}]nhﬁi‘ e'hrbbidLin ré@ﬁarﬂﬁél‘ Vﬁ‘ié’thl?é(tﬁ&‘%ﬁlvéoﬁ4%8 ﬁ;nog# bffizefe chamber

I S conmence convernit 1 onal gas Ivery systens typically
experi encédo ampilclasth@r eoniditpns amdhei predlosh@asf pattv toathed . of Tthes pradessiogi formity
of gas del hve% 2 the processing chanber to be quickly established because
as the pr b #h provi des substantially the sanme resistance and fl ow

condi ti ongoecas) i f AduRiGRARS aw dlowl | dvitling ideliees hesuphoees siadldnasiier . The
throttle valve 144 ma e utilized to match the conditions |n t he

pre-fl ow §a8UiaH 308 %’Qﬁtoro\‘a"t’?fe39?%(?&&?\(163"% G eHtPuis) royted Ao the
Addi ti onalghy o Path bRtk B piatlEing &4 theBiheSHtPud D thE diVidiMg 'HaVic8s 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 fiow
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, may have their outputs routed into
the pre-flow path prior to processing so that the outputs of the dividing
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 1004 Wodef aNAL bREcuEBPalycRE Bbbllond diSlo IHETHRDLODaEL Ry def i ned

in the gas delivery system 100 and provides a connection fromthe manifold
134 to thethemraﬂoidw&ﬂa@ytbﬂwnce@smh thet thenpurgs AimeTblectfessitaleb@ingat i on

bt ocessi ng oYM BEF o8 MALET Bk IS BRuoB vk e o BR8] £l Badium -
envi r onnenhinirhiaid) sxddamangttaefolperatbhal ftaecsisthe VGIveRBTAN-F W4y akkode, the

foreline 138 thr%ﬁ%h t he e line 15&1) The fast evacuati.on (E)ath S
coupl ed t eSHERCRh ZRpEIAL El?oﬁﬁ %'Pl BN e manitpie 84 areaempdigd: of

connecti Orbhté%rtYQ@mtlﬂfB/d W‘@hé | RMViol€phddest ] %Sem%ﬂég r@éro’hgemfi Qe 1 _
controll ers 502, 504, val ves 304A-F or other ow reStriction. V\hen it is

r equi red tfilad wnﬁetweem'szheymm rgueht that B\eoge@ssu wighincthanmenifald 4 dharel d

change. t 1go4a5031AQ AL BiibgRs S0ty PORRe(RL V5 ABAR Forka! depeacuum

envi ronnen ened renov the excess process emcal s fromthe
chem cal dnhmnifoed y13@|afahe evhl:u{al@ﬂ4&ioré\sqlﬂ¢laycusmde abovthert patioperait ithenal state

of the various valves with mani fold 134 nay be sequenced such t hat
the purge TaMPIGFSEINERFIRYI eb’é‘t"ﬁﬁ goflré]‘n'%\’/@i/ e r@n@ ﬁ&%arg'@l rital 3llodsst em 100
through thgef@slh @RGEAL RIPIBAD the ol Bidthie8R- to\dehén Alilp¥iunt R8.g.,
operational state of the valves 204A-F nay also be sequenced so that as

certain reyommgi@mamdlmrw) iBthephorieapirnegossiblehe  chenicals utilized in
t he preV| b{ﬁsﬁ ﬁatdntehhgmswmeﬂg Lh‘?%le? 2)“5?5%1’? J&’%ﬁ fa'nh}cﬁ‘d fl h ot he new

chemstry, e gases w't are rep acdd in the
nmost effi ceplat:emanhgasesl\bomo&uersommescdamm:nmpwtie providefd tohene mamdrel d 134

R fbtgy €I EA I ER A W AN R

chem cal s g,8Bk a&iting théenal..fdai&hsmmk@ch@s rtl‘i‘é‘@i@si?éﬂ'bhérhida‘llm& Epi@dssure

processing flow conditions) in the shortest tine possible
and/or volume, the flow of chemicals into the chemical delivery system 100 may
be reduced to the desired levels in a manner that maintains a desired flow out of
the manifold 134. In cases where the chemical delivery system 100 will be filled
with chemicals from earlier processes, flows into the chemical delivery system
may be altered (i.e., reduced or increased, depending on the desired effect) so
that the desired flow into the processing chamber will reach the desired values
as quickly as possible. As the chemical flow out of the manifold approaches the
desired chemical mix and flow rate, the flow of chemicals into the manifold 134
will be adjusted toward the desired flow rates in a manner that maintains the
desired flow into the processing chamber 114,
[0044) 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 nent, higher pressure, volunme and/or flow of _

repl acenent gases fromthe sources 102A-F nay 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 nay be reduced to the desired levels in a manner that

Chen cal - daPRS) oF doe RS fhe 15 i BefBebo oty inapd IRESRaIRA Rl ™,

pr ocesses,refriogabsé thay dhaege e chlprateissingrgasey staymbermgdddn anteffigdnt(i . e. |

reduced or_increased, , depending.on .t desi,red effect) s { hat desired
ot nt o THEWT ol a8 eistooanamerehingt tre daneshe arelipa P el ncdilB Pkl v
as possi blreutir ghbdloalemiraaih fHeolridylhg @irctib@opapi thel surgpineacht fort he
desired chem cal m x famd flowrate, the flow of chemcals into the manifold
134 wil | ‘pestadpartieral heaaoe R¥eHWBered flow rates in a manner that

mai ntains the desired flowinto the processing chanber 114. [0044] In

anot her enbodi nent, chem stry change may be expedited by sequencing the _
val ves 2042HEM IKING iy CAAASEI (LGP CONTROL232A- F  cont ai ni ng gas whi ch
have not vy een, r I ot al t o L} . Once

r epl acemen@hags |nlg %gcit@%fg‘gggx&t %%aﬁ(ﬁ#eqhggﬁafso?%n%ﬁ%& P&grﬁn} AQQGIB%&%F he gas
delivery lutiligsd ®3ehhdncerchdmiealahixiig. pihesies emeddineea) cliamickhaixigpmagel i very
line 232A-F su ing the replacenent gas is di nected fromthe purge
line 154 ¥§ut Wi‘%ﬁ% F’é‘ﬁlf‘éﬂ@e‘féhﬂm'@'asth svalss 3%‘@?-253@ ?’M %’Q"%ﬁwai%nt, t he
repl acenen}o@asufts @AdF\t’@éts%ﬂbié b_ﬁé‘ﬂohﬁ@ deui &ty lihb3oho#, i nto the processing
chanmber 114 until the change over“is conpleted. In this manner, the punping
-12 capacileagebf tlRearmiefeembadimitd, the shnsiornil 8@ may bl ytilizedste priovide
requiring r ~aver .of BroCcessLE be nmade _
nan of 71, bOTRRlroP, HenRERR M fth, B5 GRS AR RIERIET By acuat | on
pat h may imenitediag thewhentstdes ehteding thbrahagiber hid 4beitiognthe ahanitold 1282 to t he
purge line 4 for at,  least a portion of the change over tjnme. CHEM CAL

M X' NG ANSTE] BEBDATCRIeRBRRAITID isgas Aeliesl RSO HRngBF SENSHS t he gas
delivery syt pia) iR ddj¥sthRnt B tﬁérﬁ@dyb@r&ﬁ&@@%uen%@ﬁhremc&hﬁﬁsmbn one
enbodi nent, chem cal mxing may occur within the manifold 134 using the
val ves 304A0r G#S mgx),c@@g,pna/@rmﬁﬁsyre, 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 iniet
delivery lines 220A-2208B 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 thal 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. [00461 In
anot her enbodi nent, the sensors 190 may 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
composi L1 98 dré\ﬁng-gasgé%rﬂh thd RlaRifGBI R [IRELABIhCareBINAIR Ja88s gkl For
exanple, if sensdors detect an inproper flow ratio of chenmistry from sources
102A- B exifor Hip oéxd proeedsing dequenger sudipeg newmi indisdlvaed @ages.spenge g#s t he

val ves 304 ouRnli Al jvery |. - t lLivery line
232C may b%dg%ﬂﬁgt@% 't ﬁ‘“%f‘f%‘ﬁ%ﬁ?g %ﬁ‘é’%ﬂgi F §a%ll'(?)'o‘z"v%\j/sz'%'It-Qi gggngﬁisﬂlk?'e@g? adreget

rati o. Thealiganse pomcieepurgy libe 15dearfid fowdd urstbribe thecedsivey chaibbes 104. f | ow
ratio contyqllers. Information fromth ensors 190 | so be utilized to
adj ust the 'NfFéﬁ%‘?é? fhe, gmaiping,fines %Jp;qu;cbaﬂe B‘r‘ré’gs'lﬁﬂee%g%% gﬁee\@éé'@?dpr ovi ded
fromthe SAuCEBIdh2Hrdhe SRDSHERUATI ONEI: SORESH BRIk SERLES {190HAY ten anot her
mode of operation,” the gas delivery system 100 enhances efficient use of
cheni st ri asilizethio iodigatst when lacdivergivarfoam diie pwostineh! 3hie themhembesidid st at es

of the val - R 08A- - E..ar . > ged in a
manner t hast\ﬁ%?'léjzn%égé’ ﬂg)%é%%hP lréoﬁﬁtaﬁceh aﬁlﬁ%ﬁr 8[:13)"%@8&@“@&% %%%$€%€P§%§nd W th

m ni mal  nigdses, fifw gas aad of perssbie ofl daset Rdthiratdiediner esponse  tinme 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 |ing hd vEriFreafdiisted using the throttle valve 156 to advance the
gases qui CKT'y through the manifold 134. Moreover, while the gurge line 154
-13 is drdMepy gdseanatigromgdetdicopesalicroltae 134, delivaes sy#pen 189 enao®eai n gases
ready for .4 . C ' Lot . gases,
burge. gas WiAR BUSTEIREASS (48, SFRHF B fre LA G B SBRHT BnER" T,
mani f ol d, thecabieration \oictig di 440 oFot lexapiplegethki vedvelsS 4f dimel sybtewed OOntnayt he
processing ch er 114. This allows the remaining |ines coupl to the
purge Ii ng’r‘i‘é e digwy or@\,a%gpgooa} ther'alet gi’ﬁfﬁl%’.th?n‘f 'H.{eat@'i‘bﬁ‘éq%ﬁ‘?- d”met ric
provi ded Byoire® ex&MPRY. $1owSGi¥BYd BY valles| di 268l s%ﬁehﬂ‘f\'a?fﬁeevé’ﬂ"ﬁéﬂ f8r flbwer si on
fromthe purge I'ine 154 to the chamber 114 should occur, for exanple, by a
change or rateamiangzeachdianeh ehibeslvigriiow.on of the

[0049] Figure 6 is a simplified schematic of a semiconductor processing

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

[0050] in one embodiment, each output port 106A-F may be individually
coupled to the tank 630. In another embodiment, the tank 630 may be
segmented (as shown in phantom) so that each 106A-F may be retained in the
tank 630 without mixing, then individually coupled to the processing chamber

114, Alternatively, separate tanks 630 may be use. it is also contemplated that
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gases, flow rate and or pressure of gases within the line. FLOWV VER FI CATI ON
[ 00481 I n anot her node of operation, the gas delivery system 100 may be
utilized to verify the flow rates of any of the conponents 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 verifi fiafatf : it i .1 0049]
Fraure 6 (ooaniel g, Gk R Ins AR B s 1 SHE rpbaing et
114 coupl ezhampesridéher enbodi ment of a gas delivery system 600. The gas

del i very m IS nf,Lgur ed apti.al l imlar.to th elivery
syst ens dfsel}sgtc?:sbf beGE@%é\Ie?ggx@%%%érﬁh%fsg%ﬁgt ﬂé\"ﬁés{%s?n g}ﬁ%&faﬁg Pud)gg‘sgatz‘?gr age
tank 630 adwaptag@otslyatniisiasproeessiog gdeesosupplyingofiom 1A6Aghs ofleltivegy systen s

mani fold 134. The stor a‘%{%,tank 630 rﬁgg/ ge coupled to the at | east one or
more of tt'%’Steﬁ?%E%%éim@? g eyster withstable gag f&%é@@é‘i"ﬁﬁ“‘é‘ﬁdh‘ﬁ@@“@% (shown
in  phant offls fa@t B UdBbA YRths 8xStfited 49 p(o'i% 8 aRBRatob rﬁﬁ'r%e’?%%ﬁfy
processing chanber 614, the calibration circuit 144 or the facility exhaust
136. A sermsVoriadbrategapdows bormithe gas delverydsystemettheebyrptovidinavgoast t he gas

ithin th : hodi . ' be indicati f th
gas. pr ese oS gas Bow BpRIRER RE BlocesdRoRbenT oL atur e or other
charact erijsdser. [WOHE] thien foregoidgbadidiredted eachmbutiimintpostt tHO6pekenmy be

individually coupled to the tank 630. In another enbodi ment, the tank 630
may be sdB¥RNPBd ot aRbHMDSr SBRCERGNS ot it invedkon oBAY FPereiEMRe et ai ned
inthe t j i %hBOhadi hadinkkHdal t rocessi ng
charber T oRReERIR Hof HhEdoadicRRobl InktettD et RRBEe! T B O

cont enpl atdstenriagd by the ¢laims thaklollow. t he t ank 630 may 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 102D gas sources 434A manifold 102E gas sources
434B manifold 102F gas REE&&IENGIESNUMIEBNAS nl et port 502 flow ratio
controller 104B inlet port 504 flowratio controller 104C inlet port 516
port 104D inlet port 518 port 104E inlet port 104F inlet port 106A outl et
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 10438 ghouehenesystéd shut-of f vaByse ek calibration circuit

102A gas sources 304F valve

102B gas sources 402  first end

102C gas sources 404 second end

102D gas sources 434A manifold

102E gas sources 434B manifold

102F gas sources 500 system

104A inlet port 502 flow ratio controiler
104B inletport 504 flow ratio controlier
104C inlet port 516 port

104D inlet port 518 port

104E inlet port

104F inlet port

106A outlet port

1068 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 ftoreline

142  shut-off valve

144  calibration circuit
146  circuit outlet line
150 controller

154  purge line

156 throttle valve

170 mass flow controller
172 isolation valve

190 sensor

202 bridging circuit
204 connecting valve
220 inlet gas delivery line
232 outlet gas delivery line
250 connecting lines
260 bridging line

262 selector valve
304A valve

3048 valve

304C valve

3040 vaive
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146 circuit outlet line 150 controller 154 purge line 156 throttle valve
170 mass flow controller 172 isol ation valve 190 sensor 202 bridging
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 304B valve 304C valve 304D valve -16 Wat is clainmed is: 1.
Apparatus for delivering gases to a sem conductor processing system

conpri si ngwpét&lélbﬁhé&}'s:()f gas input lines each having an inlet port; a
plurality of gas output |ines each having an outlet port, at least a first
outl et port of Adpargilsifat dblveringogasest topar ssamicongladr prdcestingt yysterhaust and
at least a second outlet port of the plurality of outlet ports coupled to
t he proces@%'s'%anber a plurality of connecting lines, each connecting

line coupling g gigamEdiiga mmu.he%aaaﬁamng% iARfpgas output lines; a
plurality of connecti'ng val ves, each conneCti ng vaI ve arranged to control

f1 ow t hr ough aarelypﬂél@t pﬁ/gas@mtmﬁtllnng elauchdwavmgdara quitlet abftt gt fastradysigas f1 ow
COnt Ot el SigP B SRR @R bPYR BohS'cobiea™ RIRPEA LT MM Rieddia 11O 2

respective Y
second outlet port of the plurality of outlet ports coupled to the processing

chamber;

a plurality of connecting lines, each connecting line 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; and

a plurality of mass gas flow controllers, each mass gas flow controller

arranged to control flow into a respective inlet port.

2. The apparatus of claim 1 further comprising:
at least one sensor arranged to provide a metric of at least one of flow,

pressure or chemistry from gas exiting at least one of the outlet ports.

3. The apparatus of ctaim 2 further comprising:
a controller configured to adjust a characteristic of a gas flowing within at
least one of the inlet lines in response to the metric provided to the controller by

the senor.

4. The apparatus of claim 1 further comprising:

a processing chamber coupled to at least a first gas output line of the
plurality of gas output lines; and

a purge line coupling at least a second gas output line of the plurality of

gas output lines and a facility exhaust by-passing a processing chamber.
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2. The apparatus of claim1l further conprising: at |east one sensor arranged
to provide a netric of at |east one of flow, pressure or chemstry fromgas °
exiting at | east one of the outlet ports. 3. The apparatus of claim2
further conprising: a controller configured to adjust a characteristic of a
gas flowwng within at |east one of the inlet lines in response to the
nmetric provided to the controller by the senor. 4. The apparatus of claiml

further compri SiH¥GapparPi8LsRIMG fghag.b@jmpm@;ed to at least a first gas _
out put line of the lurality of gas output lin urge line coupling -

p s, and a purg

at |east a secchindyaiverayrted torSegondrutist gediof the plurality ot guiel Rorsi nes and
a facilityygghaust by-passing a processing chanber. 17 5. The apparatus of
claim4 further conprising: a final valve coupled to a second outl et port of
the plurality of bppabetvapyer tcaplechbetwedny theasecondl alet aept and e waege t he
second outlln%t port and the purge line. 6. The apparatus of claim4 further
conpri si ng! a throttle valve arranged to control flow through the purge
line. 7. The apparatus of claiml further conprising: a flow restrictor

coupled to an oqutlet port that is of simlar restriction to an inlet of the
sem conduc®-or phScaRPsFYSs & Slaln? Tthe MBIt us of claim 1, wherein at

[ east one of -t hianplid Ghiveaihged BRIA hoinidiBntRé phtddifihaust i s al so

connected to the sem conducto processi ng system he apparatus of claim
1 further conprising: at |east two adjustable valves coupled to a first

out put porg of e . justabl e val ves configured to divide |
flow from-{'he fﬁ?sﬁp%gh%}%f)f g'%hﬁ fféagﬁ%g]l‘%%é) "atus of claim1l1l, wherein at _
| east one of t keflde reartidtbNgowAdy &5 an foutibhedrt (Hamiy bbsifilaftedteah thwh

adj ustabl e val ves configured to divide flow fromone of the input port
bet ween t viBebe! the semigondyetos procasspgrivstem.

8. The apparatus of claim 1, wherein at least one of the ouilet poris
connected to the facility exhaust is also connected to the semiconductor

processing system.

g. The apparatus of claim 1 further comprising:
at least two adjustable valves coupled to a first output port of the output

ports, the adjustable valves configured to divide flow from the first output port.

10. The apparatus of claim 1, wherein at least one of the connecting valves
further comprises:
at least two adjustable valves configured to divide flow from one of the

input port between two or more of the outlet ports.

11.  The apparatus of claim 10 further comprising:
a calibration circuit configured for calibrating an effective open area of the
adjustable valves by measuring flow through the valves while critical

(supersonic) flow is maintained through the valves.
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11. The apparatus of claim 10 further conprising: a calibration circuit
configured for calibrating an effective open area of the adjustable val ves
by neasuring flow through the valves while critical (supersonic) flowis
mai nt ai ned t hrough the valves. -18 12. The apparatus of claim1l further
conprising: two of nore orifices contained within the connecting val ves or
connecting lines sized to maintain choked flow through the orifice such

that a fl o, sump,leldﬁ,argmgmg@@nqrfuﬁpé,ecdmndaorts to two or nore orifices
is divided between the orifices such that the flow through each orifice is

proportional tdweletmareprres hentaiedwigin thescormpesting yaivesur aonneftingm 12,
wherein eqels QElaly tﬁ%%lﬁ aLA ‘dhglké/d ﬁQ\H th‘?ﬂﬂﬁ Qhé‘ onﬂ@é 888f 't@’a‘? aOP&N %LPéI

connecting val'ves suc romo I vi ded
bet ween t Heorordrei oescedhpithpdrtd e thaw mre)tmghcwcéw dmidéd between the
proportional. to t rea of the ifi ortlo to the unt of
e the GRS Ln YD dhe Sowdliu sasteadivedt rprtiv@Aldpahe ot offie

appar at us &fficel ai m 12, wherein one of the input ports is coupled to three
or nore orifices, wherein each orifice is fluidly coupled to a respective
connecting val ve, and wherein at |least two of the orifices are coupled to at

| east one f | pQr Lis; h f - di Wi b e outl et
ports is pr opwglwﬁrﬁpg % éslléj'rrrrfg? (‘)A}Héﬁ!}?lélgrée%woﬁnﬁg%l &oﬁﬁgﬁycﬁdﬁﬁl%:&y coupl ed
t o each outppdctivpane ¢fhmetxgjnnabiirmg1 vallvesvsush pbatnildw érbnb;onbhm friowe éhigt coupl ed

I 15. Th f 12 furt I {
P oot gn hoad bibned Heh bR Al R riOTBY il Sy Helietbl o 11 ow
t hr ough tf}ﬁo;%m&w%m laFéaCéﬂ ﬂhb,qu.céSdrhlae.:srw@mshaiftbq%Ia?némr&%mme through

t he connecting val ves. -
connecting vaive coupled to each orifice is open.

14. The apparatus of claim 12, wherein one of the input ports is coupled to
three or more orifices, wherein each orifice is fluidly coupled to a respective
connecting valve, and wherein at least two of the orifices are coupled to at least
one of the outlet ports such that flow is divided between the outlet ports is
proportional to a sum of open area of all orifices fluidly coupled to each output

port through which flow is permitted by the fluidly coupled vaive.

15.  The apparatus of claim 12 further comprising:
a calibration circuit configured to calibrate the area of the orifices by
measuring flow through the orifice whiie critical (supersonic} flow is maintained

through the connecting valves.
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