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 wel |l - known net WET | ANBAPP ARATUSHOFCORTBOLILING substrate and
the substrate suppo%%ﬁgﬁm?eaﬁﬁygeggﬁﬁﬁﬂﬁﬁéb Substrate

t enperature control control of
process gas flows into the processing chanber are required in order to
obtain desired processing results, particularly as critical dinmensions and
film thicknesses shrink. Furthernore, gases nmay be added to processing
chanber Ackemoisipeans to mtigate the environnental inpact of substrate
processi ng.  Good control of the gases added to the effluent streamis
necessar y Fiedarfshe énvdraidn cost effective and proper renedi ation. [0003]
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fl ow. For exanple, the accuracy of the MFC will typically vary with changes
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point due to 8 i naccuracy nmay contribute to processing defects, poor
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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, particularly as critical dimensions and film
thicknesses shrink. Furthermore, gases may be added to processing chamber
eftluent streams to mitigate the environmental impact of substrate processing.
Good control of the gases added to the effluent stream is necessary to ensure
both cost effective and proper remediation.

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

[0004] Although conventional pressure control systems have proven relatively
reliable, tield 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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substrate tenperate control, thereby causing poor film deposition or etching
“resul't's, which cannot be tolerated in next generation circuit designs.

[ 0005] Mbreover, conventional gas delivery systens generally have fixed
conduits for routing gases fromthe gas sources into the processing chanber.
Thus, only a predefined conbination of process gases nmay be delivered to the
processing chanber at any time. Such fixed gas delivery routing prevents
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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 output lines each
having an outlet port. A plurality of connecting lines are provided that couple a
respective pairs of gas input and gas output lines. Connecting valves are
arranged to control flow through the respective connecting lines. A plurality of
mass gas flow controllers are arranged to control flow into a respective inlet port.
[0008] fn 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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chanber prior to processing or to a calibration circuit, and flow ng the one
or- nore gases into the processing chanber during substrate processing. 2

[ 0009] In anot her enbodi nent, a method 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 |east a first outl et
port, a second outlet port, a third out port and a fourth outlet port,
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delivery system of the present invention. [0012] Figure 2 is a schematic

di agr am ofa substretebeithingme piceasing chagberani fol d of the gas delivery system
of Figure 1; 100131 Figure 3 is a schematic di agram of anot her enbodi nent of
a mxing nmanifold; [0014] Figure 4 is a schematic di agram of one enbodi nent
of two m >BRIEF DESCRIPTION OF THE 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 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 simpiified 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 fogether;

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

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



mani f ol ds coupl ed together; [0015] Figure 5is a sinplified schematic of a
sem conduct or processing chanber coupled to another enbodi nent of a gas
delivery system and 3 [0016] Figure 6 is a sinplified schematic of a

sem conduct or processing chanber coupled to another enbodi nent of a gas
delivery system [0017] To facilitate understanding, identical reference
nunmer al s have been wused, wherever possible, to designate identical elenents
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system 100'CP Control the operation thereo controller 150 generally

I ncl udes a processor, support circuits and nmenory. [0019] The gas delivery
system 10@‘5@1@%&5'.8&93 the processing chanmber 114 includes a
plurality of gas sources coupled tg a gas manifold 134. The manifold 134
i ncl udes” &%8lr alfilgyeot depictaea SiPHiEdsTBgMAlE 1oh & 9 ABlle sy etB™ é8Qbl e any
conbi nat i - I - ' hn 114. The
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[0020] Eagergs pesvessingl2Ming, degaselngl eflehtation besegtvacaunmpiotessing nl et port

104A-F. A shut-off valve 142 and a nmass fl ow rret,er\éﬂlVFC) 170 are di sposed
bet ween elRFnine. dupptipliebdpeds covples tade PEaGsesing v ambier f1dARNtheas port

104A-F tod%@g}wg stdif fl(?@"\'ootzoﬂ?tﬁ frie0 @%%anl‘?i%FélH?. 1%%—53 IR fup the

mani f ol d e manitold 134 1ncludes a plurality of nifold outlet
ports 1064efertalpinciudes a processor, support 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 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 outiet port 106A is coupled to the calibration

circuit 144 that is configured to accurately measure gas flow. The
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may be sel ectively coupled to any one of the gas supply sources 102A-F
through the manifold inlet ports 104A-F. At Teast one of 'the outlet ports
106A-F may be coupled to a calibration circuit 144 and/or a purge line 154.
[0021] In the enbodi nent 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 4 caldfbatibRmiclii quutménﬂlﬂes el Hﬁfﬁ:‘é 50 @fzbaltaepr@ﬁ@e% %ﬁecﬁéa pewvi de a
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calibrati BHfice. In another embodiment, the calibration circuit 144 utilizes a calibrated
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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
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circuit 144 includes a vibrating nmenber disposed in a calibrated volune. In

ot her enbodi nents, the calibration circuit 144 may include a sensor

configured to detect at |east one of electrical or nmagnetic characteristics
of gases disposed in the calibrated volunme. In yet further enbodi ments, the -
calibration circuit 144 may include a tank supported by a cantil ever. $
[0023] The flow |l eaving the calibration circuit 144 is coupled to the purge
line 154 : ibrakion circuit outlet line 142. An isolation valve 140

sel ecti velf{j/)éﬁn?s?g alf%s}%%al ibration circuit 144 fromthe purge line 154. The
purge |ingookdd i sThecoutp gebrisol G6B-Bragbicveplt83oeaxiet omyotehmlgirmetssyithg chanber .
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circuit 144. In the enbodi depicted in Figure 1, by- val ves 108A-E
are di spo?gdmﬂ'é?g\g%cqr'[ﬁ@gﬁg%iqk& 8? Hare gtproblg{:\:ttge 18ge I'—_Lméngg‘fﬁ@”bmege l'ine
154. The marnifars13al Mesfab8habudiRy fhih aHeleGuickedas omeigakadit mimerpl e the
outlet ports 106A-E to the foreline 138. For exanple, the by-pass valve

108A may Sg%éﬁ@&qt\v%?'}/g@%at ed to direct gas exiting the manifold outlet
port 106AdeBdi0 t heP ¥ BCedclGtidm Pattd ¥RAP ISP teh8electively coupled to the

manifold outlet ports 106A-E and the calibration circuit 144. In the embodiment
depicted in Figure 1, by-pass valves 108A-E are disposed between the manifoid
outlet ports 106A-E and the purge fine 154. The by-pass vaives 108A-E may be
selectively operated to couple the outlet ports 106A-E to the foreline 138. For
example, the by-pass valve 108A may be selectively operated to direct gas
exiting the manifold outlet port 106A into the purge line 154, bypassing the
calibration circuit 144. In another example, by-pass valves 108B-E may be
selectively operated to direct gas exiting the manifold outlet ports 106B-E into
the purge line 154, by-passing the processing chamber 114. isolation valve 172
controls the flow from the sixth port 106F of the manifold 134 into the purge line
154.

[0027] Sensors 190 may also be provided at various locations in the gas
delivery system 100 to provide a metric indicative of the gas flows and/or
chemistries within the system 100. The metric provided by the sensors 190 may
be utilized by the controller 150 to adjust the outputs of the MFC’s 170 or other
component of the gas delivery system 100 such that a desired composition,
pressure, rate or volume of gases are provided to the chamber 114, The

sensors 190 may be pressure sensor, chemistry sensor, flow rate sensor and the
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calibration circuit 144. In another exanple, by-pass valves 1088-E may be
selectively operated to direct gas exiting the manifold outlet ports 106B-E
into the purge line 154, by-passing the processing chanber 114. Isol ation
valve 172 controls the flow fromthe sixth port 106F of the manifold 134 )
into the purge line 154. [0027] Sensors 190 may al so be provided at various .
| ocations in the gas delivery system 100 to provide a netric indicative of
t he gas fhﬁ¥s and/or chemstries within the system 100. The netric provided
by the senstrs 190 may be utilized by the controller 150 to adjust the
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sel ect ed dplest limaPF2Adt diennsetingyalyas o4 m® dispasrd orpieBtnicglionnl ves
204A-F Selfvﬁﬁttﬁé’ %l)(necc%HB lli‘ﬁers r}%O;ﬂ\-{: and may be operated to fluidly couple the inlet

gas delivery line 220A to one or more of the outlet gas delivery lines 232A-F

through the inlet gas delivery line 220A, depending on the selected operationai
state of the valves 204A-F. The connecting valves 204A-F selectively couple the
gas source 102A to selected outlet ports 106A-F, thereby controlling the routing
of gas provided from source 102A through the manifold 134. For example, if
connecting valve 204A is in an open operational state while connecting valves
204B-F remain closed, gas from the source 102A is routed through the outlet
port 106A to the calibration circuit 122. In another example, if connecting valves
204B-C are in an open operational state while connecting valves 204A, D-F
remain closed, gas from the source 102A is routed through the outlet ports
106B-C. Each of the other inlet gas- delivery lines 220B-F are similarly
configured with connecting lines 250A-F and valves 204A-F for coupling the inlet
gas delivery lines 220B-F to the respective outlet gas delivery lines 232A-F.
Reference numerals 250A-F and 204A-F associated with the iniet 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 manifoid 334 is substantially simitar to the gas manifoild 134 depicted in

Figure 2, except wherein the gas manifold 334 includes a plurality of variable
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gas source 102A to selected outlet ports 106A-F, thereby controlling the
routing of gas provided fromsource 102A through the manifold 134. For
exanple, if connecting valve 204A is in an open operational state while
connecting valves 204B-F remain closed, gas fromthe source 102A is routed
through the outlet port 106A to the calibration circuit 122. In another
exanple, if connecting valves 2048-C are in an open operational state while

connectin , - i - t r Ais
Foutea t nPalePRERGA A PG R B8 ey ol Qe 2008 ¥ RRE, B

del i very butetsd@R@B: Fnara2s-Ai | &hé wariablef tgureetngy vadiveso 804&4H ngayl baes 250A-F
and val ves 204A-F for coupling the iplet as delive | i nes, 220B-F to the
espect | vedbaitoep HBk Beithnon of fust Mok pasting 1hguahdht sas et FeLerson r and
204A-F astpsi 2d0xd twi bhtel Mol RelecB®s iRl oviBéty delivd19slim0BThehaygatheen
omtted to avoid cluttering of Figure 2. [00301 Figure 3 depicts an

al t er nat i genraabodivedet 3HA-R Gay heaainrepertigr] vaiveha giash vahiel @l @t i s

subst anti ghiy ShLLAn iR dB 1918 of 3 PBLCR ol ey GiR2. excen!

wherein the gas mani I'ncl udes varra onnecti ng
val ves 30fhkrégulatig) thedlovwhieetgasnitné etletdaidi ortieylindsne 220A to each gas outl et

delivery line 232A-F. The vari abl g connecti ng val ves 304A:- F be adjusted
to allow E’%ﬂopoﬁﬁe@rﬁ’e&q“ Stlafeow tBﬁé’Q[‘?ﬂeFﬁaﬁﬁﬁﬁgtﬁve@_a@%ﬁi@ayd@! very
l'ine 220Acb@rebiab dr8Rer£8PSIFdd »g@ioqasnowmr&sqmmel YA rélhfife 1olfiéw byt i abl e
connecting valve 304A-F may be a proportional valve, a pinch valvé, a

throttl e Pestingthevalee suchdinlcthatvadieseiV4AF peette ag A flew satioeprirolier ow

control device. . sustabl - |2l | il et- and
outlet Ii ﬁe‘?g%[’%gg?? & %fpoéerfa g [ or?g%tés%? giere\?aor;abﬁ%"cé‘&ﬁae‘rélﬁg@lvé@%ggﬁggtﬁ ng val ves
304A- F mapndyebe adjosieal byethd oomtraliet d 58 idesspardertata metfic praviddchbptigh t he

valve relative tqg fl ow by- passin he val ve, such that the, val ves, 304A-F
operate aSe®¥o§ 8§pr(3?ri %f‘%vﬂhlfo'} §|qu.g$33.i N {iHe Mrier ok gxample. dpe rat Shal state

gf the vaghah prvnrReRtd HQOV®|r\/rﬁ§re33fa§' butleTBeliDBryaflidss DedAlY tlofe teontrol | er
50 in reSponse to a netric provided by the sensors 190 (not shown in
Fi gure 3)single gas BpwheRbrery fioe 20dnPiay, ba pdiustad © ©EPoRsE & the A\Alided i nt o
o, o DSl LBk UL I G i TRy B0, 5 0L
t he sensoasd/@BPreseutehaty detranlipstd athbeiostpuy 106AF0st theaonanifdld B34 aEach
of the other inlet gas delivery lines 220B-F are similarly configured with
connecting lines 250A-F and valves 304A-F for coupling the inlet gas delivery
lines 220B-F to the respective outlet gas delivery lines 232A-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 1o 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.



and/ or pressure nmay be realized at the output 106A-F of the manifold 334.
Each ~of the other inlet gas delivery lines 2208-F are simlarly configured
with connecting |ines 250A-F and val ves 304A-F for coupling the inlet gas
delivery |lines 2208-F to the respective outlet gas delivery lines 232A-F
Ref erence nunerals 250A-F and 304A-F associated with the inlet gas delivery -
| ines 2206-F have been omtted to avoid cluttering of Figure 3. [0032]

Ret ur ni ng dsdaaﬁihg Lﬁaht%k@ JTBUARER %%?HA@SE%MHQBQUéﬂo\nﬂ%ﬂ:’ﬁlﬁngaof bridgi ng

circuit 2 g circuit 202 es a bridging line 260 that nmay
be sel ect mdtlglec@ﬂqorrm'fp@seh% dn thaeerobedgiment |dne@teszAFthw9 4 adiggective |

el oot or RhyEoP §RANE1ectoh ok YPPREbIS GChCHLL, SR AN Rl FihiE! oW

conmponent exa one o i'ng val ves may be coupled to
the cal i braasé@ndcyrotipi <bf diddonnthees Qneagar@gjfspdseul ih e2brdging afcoinweobhe MFC

170 associated wth a fluid source, for exa ource 102A, to be coupl ed
to the caEtweei therpridgingine d6hand ﬁ‘ea"%‘é‘@o?ﬁ’gq'o IEEAMPR: A5 REOMbPat es t he

resi stanc t o rcuit 202
al | ows eag:r@jrgtft hﬁg&lyﬁgng%ova,tggg%e COUT%EWﬁI{‘hOGUB%ﬁéeh%?ggt&h ne 232F)
to the purfigs mamt@ld 184A fto bm reppyedtandem dicst endet@hof thedgas owtlat idelivene :
required t.0 e d 03 i f, g nnects my
al so be p ngé&%% ?f JP%I frrgﬁﬁggu%lﬂlc%s’;ﬁﬁo 0 b%m“rPP?']SP %\ggg@a’lﬁ# %B‘?é‘soq t?' In the
enbodi nentoudepilicd ezBam Jfi gusesodd mahifoldt 4348 oms)ng)fthdi mngepcblﬁoﬂéﬁﬂ are

di sposed adj acent each outlet port 106A-F while con
di sconnectdsconBests d 64 <1686 #arht manpe!f 4y 4941Bcu F‘ be'g '?%@ﬁst he

bri dgi ng 3'3@9 P t%ﬂgwhh@ FYRkY 85 a@&ﬁmﬁny Eeﬁ;t)@aam Sont8fhp %?@(Y"fhdt%ng':' gure 4,

t he second grou di sconnects’ 2168 al | ows dging |1 ne 260
first maninumb@r¢Bmmf@idbe1aydmowimwmtﬁarnrsthlsemdmnee of the gas outl et

ol v O APl DS, B iR AR ebgbg oo o
portions ohay b wetonaeet ®itd bow, of ARE Bnes 220AF NeBaA-B| 0683164 tdtBdivideThe ot her
o o e by o i 5% Rl ehe gy St b goBh 8o 1
g‘ggcgr [ QRRAd PrROVIEEN i) ItnkOsdrisBkd 898 maP &L LtiNFdChY S UomtrbEr 450 dgscri bed

adjust the operational state of the MFC's 170, valves 262A-F, 204A-F, 304A-F 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 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 systern 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 coupied to inlet port 516, 518 of the processing chamber 114

to facilitate transferring gases to the processing chamber 114. In the

embodiment depicted in Figure 5, two separate gas inlet ports 516, 518 are

utilized to deliver gases supplied from the manifold 134 to the processing

chamber 114. In one embodiment, the inlet port 516 provides gases to a center

of the processing chamber 114, while inlet port 518 is disposed outward of the
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may be interfaced with any of the lines 220A-F, 232A-F, 260, 154 to provide
a netric indicative of the gas flows and/or chem stries within the system
100. The nmetric provided by the sensors 190 may be utilized by the
controller 150 to adjust the operational state of the MFC s 170, valves
262A-F, 204A-F, 304A-F or other conmponent of the gas delivery system 100
such that a desired conposition, pressure, rate or volune of gases are

provi ded tiQef ht 608HRE hrdidkes gdie 1BRhd b&tewé@i@fksserttﬁg %iéééés?rﬁjjcﬁé?n@@rni tor the

conposition of gases wthin Vvarious portions of tlI as dellvery system 100
so that tHe.gstis the okripeig)i aglhe cubstratal dispssaty withits thet ahgewbeihd fete |i ke
may be det ip.real.ting, -4 y_ enhanci y r e tinme and
m ni m zi nge(?(\(e/ivé@%é 0 Z@Bterésoﬁes1pérq§{(]:§gspmg'§§egg&%%o@S?EElf%ur?ezgq@ﬁ%eogi éts

anot her ershodemzay wiilcathgaisicl @lortveTs/ maysirowidd Qfasestib | dutedrdgiorsupipthy gas to a -

processi ng, chanber 114. The gas delive system 50 .ncludes a nmanifold 134
coupl ed t &hgWehegdr frgnatishekampigy Hig 'P[%Bo%ézl%éﬂﬂy ge OSEHAR RGRBr cui t 144

as descri bed REQMEIng™HaRlerRPI SolBE§uEedbohfalfiid Qlsdbstatt ik pel ectively

coupled to inlet port 516, 518 of thée processing chanber 114 to facilitate
t ransf er riimgt prRi& 838 rmayt be disposed 1 Agidavwaindrtha plocassingheharabiropfiomdat

depicted i [ qu oo L r i t . re ilized to
del i ver ggggés:é %uégﬁe?é%é”\ég%ﬁf egﬁnl%rtﬁ% ol Hpkéf@gﬁéi%rﬁégg'gieﬁ’l f’r%'ge g%srt%nber 114.
| n one enipeai e providduesdparfelypibrdudhlialepports Ga6, 538 each that mixirigesf thef t he

pr ocessi n% chanber 114, while inlet port 518 is disposed outward of the 9

i nl et por 9283 CANOGMEYicdes Wi dhe diitpHY WRlvme PlelieoRWCEpsIPELHATR S s si ng
chanber (;849., to the perineter of the substrate disposed within the
chanber). For exanple, the inlet port 516 may provide gases to center

regi ons 0100as] shdvew iatadcawirdliers (‘Fd*fl)@)nfli(&, S0drarezp@plegytopeani oldtiej@pods t o out er

egions ofobhi: TORIEay ks ABRYAEToGE RTINS ookl B0 bhnR oy be

di sposed in"a cei procCessing C provide” gases  downwar dl y
to a substhateptshbteenireel flowmlratio poproviddd benwedre ediis mleedoit 1518, Sndextal | of

yer anot i BRGEHIHRAa PG hJ88 Py B8 B e Eoadrar bR iibgn | ni et
ports 516or adedy SHENak BajusiHb dELRA rAfte THIASRPUOHS }eOFREYS50AC50MMaRAI N the
interior volume of the processing chanber

the manifold output ports 106B-C are respectively combined into common

delivery lines 522, 524. Flow through each delivery line 522, 524 is controlled by

a final valve 508, 506 positioned just upstream of the inlet ports 516, 518 of the

processing chamber 114,

[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
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114. [0036] Flow ratio controllers (FRC) 502, 504 are coupled to each outl et
ports 106D-E. The FRC s 502, 504 split the flows exiting each outlet ports
106D-E so that a predetermned flowratio is provided between each inl et
port 516, 518 of the processing chanber 114 The FRC s 502, 504 nay have a
fixed output ratio, or may have an adjustable output-ratio. The output of
the FRC s 502, 504 and the manifold output ports 106B-C are respectively
conbi ned i BRRD thd B EEiMa | dh 3 4. Hylgel glivery
line 522, Sgé%al?és) cont regﬁ gégilyg daaﬁlﬁ)r?gﬁ \z}a Ve’ gﬁ%ﬂi’)’g%@b’ pggih{'l 0 ed@‘j ust

upst r eam glrgeniéng ikt Hederegdses ard idjuektedhe thpparessingghahdmndr41thé. [ 0037]
By- pass valves 510, 512 are coupled to.each deljvery ]i 22,..524. The
by pass vaRvES Mobe 24gp ikl o Rebaiien i thes i S Tdplad o2 rRtiss 0. 524
to the puigfvdryBgstdhdi0d POB8dnditien GRS sdBdtanRllly xshesthalestdilidreds tpeovi des
many advant ages over conventional systens. In addition to the system s
nodul ari t gas@rd’ fassdiominginyo thg riosrFTiag chambpel i -ed Msoallsmeingedases- f | ow
path, a f i Uat,h@ddg Pas A, p‘ﬁmlol hgah §@! st91eX i JadditidR" f&icient
use of chg‘ﬁn@sﬂ?\rﬂ?%s, 5Eieque’;::gceofo r c'iu{ée{?agﬁI% g%ggvsatgltﬁti o(rzllmt(z(’!qrrgnsaf,E IcI osed

| oop cont isobsthaotiallyimantaimddonafhecdrses stre givedetiiimterthie pnecesising atemildércat i on.
PRE- FLOW RATH [.003 In gne de , of eration,.a pre-flow,.path is defined
Lhrough | HabgaSnceans vl o8B i Sys B8 sase Vit B agh Habey oyTthe

chem stry 190ufC &t4lRIZR in $OPIcRss108AdifoN"t befiighbeing aeliveree Wab viee to a
vacuum environnment that is 10 separate fromthe Brocessngg,chanbe,r 114
(e.g., thergcssaingsbambe it olfigre sHitle pung ehangreinitha)flovgepniiionsayithingy e
request ed r in c%@b 194, nAase ppl.i to the
appropri attHeQIdlteﬂg%r?o%?%g ng%i 0 d%gﬁoofth% @agas %elrélavx\e@%ms%yél%drinﬁgoo in a
condi t i oncommaEntisndisgantiedldry sysieotsewhichetypioatly experiarfcet Aepregaseadopf it was

ot o0, 34 hORBERGES P PRI e Al o o e S BB ecthi ™ e
substanti ghambaRitt iz NRECON@sIAMSHRS GecaliSe H Bid qsleiftve Jdie PooRessi ng
chanber 114. Since the pre-flow path allows the gases within the gas
del i very §yRitapjally the same resistance and flow conditions’ as if the gases weré
flowing into the processing chamber. The throttle valve 144 may also be utilized
to match the conditions in the pre-flow gas path to that of the processing
chamber 114.
[0040] Additionally, any fiow dividing devices, such as the flow ratio
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 tlow is delivered to the processing chamber. In one
embodiment, the pre-tlow path is defined through the purge line 154 and the by-
pass lines through the manifold outiets 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
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100 to stabilize in a "process condition" before being delivered into the
processi ng chanber 114, there is little or no change in the flow conditions
within the delivery system 100 once flow to the chanber is comrenced,

unli ke conventional gas delivery systens which typically experience a
pressure drop and dimnished flowrates. Thus, the uniformty of gas
delivery in the processing chanber to be quickly established because as the

' . : J i r
Pondi ¢ onohleRioty RETE g ARELR uf a0, FATTRHER RBEE A1 el e
throttle wastetickd4 soety aalige floer titiol dor@diledsos0mtaA, vhkres GUIA-F asrsother t he

pre-flow gas path to that of the processin chanmber 114. [0040] .
Addi t i onalqﬁow P%ﬁ‘fﬁpnppomme\’/‘i tilngegdac that tggcﬂ?eﬁ%’SWé’V'ﬁ'%\WﬁL’ APFSSE¢htrol l ers

502, 504 Qhakdly %4 304dFonalBY, RBVSoIARK Valfe!l PYERINRMIELL (dN4s idga.Epre-flow
path prior to processing so that the outputs of the dividing devices can be

st abi | i zedo bleEovacuunpverive odient evikdbe opehedprremerwignihea RxsBes .Prreesne

enbodi nment - - f N Lsedef .nged through the purge Iine 154 and the
by- pass lcﬁhgéﬂcﬂﬂﬂr@rgéh%@ﬂ%&%}hIbéi(a)\%gy égﬁ ets 106A-B t hrough the by-pass

val ves 10@AzJF ants distesdehieahpvegtd dparatidrd stdtdST tHa/AQiATE GivéARMEhin0041] I n

anot her npde of _operation, a fast evacuation path i.s defined in the gas
el i vory Y8 FeRITaBo ArpPeReaUenasdiidbet BR Agrd RO ARTIEHB 0289 (o the
foreline 188oldd auehiHehgaPHEBRY isPReAP400 ThBubRThe %(ﬁct%{ﬁhtgwﬁbrp%fh Rrovides a

connection fromthe chem cal delivery sources throug processi ng chanber
del i very pritimized. obgtitionalyo tharoperatianal state of dhe yalvesn2@ddiir oravealsotigat i s

ceparat s LEGILANG B 9Fa0Sk B EIRTRGnE hel R P L LRI04 001 11

purge liné 'S coupled 10 ea cha

connect i orhswidald bkizeuher thel praaiousepetess)eheomnptidd eagibat wean banthehwo 1 ow
restrictiogons, such as the flowratio controll ers, 502, 504,. val s 304A-F or
other fl 8‘\%991 é‘%‘grt 81159 ChoRdsty; SUPR thaltherqasesnyithip Héedﬂ@'ﬁ'{%gﬂ g‘mﬁ"@hi n the

processi NGepighieine Ios NQttiEniChrnaer. tNMSebSe!, add @BrMm! ¥EtibAS AnN@eby- pass
val ves 108A-E to the vacuum environnment will be opened, renoving the excess

process d@ranifolshl1S4f asmevaeuaiténnedwl qaikly eglgtiyaatte, other portions of the
manifold, sequencing the valves 204A-F may be made in a manner that allows
the new chemicals replacing the old chemicals to reach equilibrium (e.g.,
processing flow conditions) in the shortest time possible.
{0043} In one embodiment, higher pressure, volume and/or flow of
replacement gases from the sources 102A-F may be provided to one or more
regions of the manifcld 134 to expedite changeover. As the flow of replacement
gases exiting the manitold 134 approaches the desired chemical mix, pressure
and/or volume, the flow of chemicals into the chemical delivery system 100 may
be reduced to the desired levels in a manner that maintains a desired flow out of
the manifold 134. In cases where the chemical delivery system 100 will be filled
with chemicals from earlier processes, flows into the chemical delivery system
may be allered (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
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(0042] As discussed above, the operational state of the various val ves
within the manifold 134 may be sequenced such that the purge tine of
chemi cals being renoved fromthe gas delivery system 100 t hrough the fast
evacuation path is mnimzed. Additionally, the operational state of the :
val ves 204A-F may al so be sequenced so that as certain regions the manifold
134 are enptied of the chenicals utilized in the previous process, the

t d i t , t th
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earl i er processes, flows into hem cal™ delivery system may be altered
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desired cheast agortivrxofahd chhoge vadetiméhe fl ow of chemical s | nt o the manifold
134 w1l be adjusted toward the desired flow rates in a nmanner that

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

anot her emiMENIEAL MIKINTAND UL OTBEIYeOUN CoNFReedi ted by sequencing the
val ves 204A-F such that only gas delivery Tines 232A-F 12 containi ng gas
whi ch havd0gt ydr a@@@wrr@pﬁ@déopmammltﬁempqi%!wenosrﬁerrpu%énay PRe 154.

On T I f f h
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del i very 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.g., gas mix), rate and/or pressure, may be realized. For example, if sensors
detect an improper flow ratio of chemistry from sources 102A-B exiting the
manifold at port 106C, the operational state of the valves 304C coupling inlet
delivery lines 220A-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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l'ine 232A-F supplying the replacenent gas is disconnected fromthe purge
line 154 so that the replacement gas is not wasted. In one enbodi ment, the
repl acenent gas may be diverted fromthe purge line 154 into the processing
chanmber 114 until the change over is conpleted. In this manner, the punping
capacity of the purge line 154 is dedicated to only those |ines requiring
gas renoval so that change over of processing gases nmay be made in an

efficient odpePRYATION GF B ASES Bhed that the fastest evacuation path
may i ncl uge——mm‘rng—gw bridging circuit 202 to the purge

| i ne 154 {msa7jat Ih easthca rp«m!& bbnperfatibh,etherwsgmlive@r s;ts'tam 1@HEM GResM XI NG
AND CLOSED, L CONIT e%% ¢ anot her' rrgﬁe of o erat on, the ﬂ
delivery §U§f Y50 Oltra IStr de’f%n%ﬁh & SEWE 8a? FHX‘?"H@“ i one
enbodi menpp e@heﬁa:oaétemomfﬁ@vmus ZQﬂALFF WAzt hDB8A IR @ EPALF faed dhé@gbdlfnlapg t he
val ves 304A—F or by coupling two or nore sources 102A-F to a single gas
outl et dePPvaignggdha QSWGV[‘OQHS?”"‘PY?%@@?%H%B&W@ﬁtff"dth%“éﬁ‘?%ors 190

b |
v”ftyh. e ;’Lgfé@t% cYIe glcn)mw Ahim@| Qﬁﬁﬁg & sgenfﬂe%b éllécuﬁ Gh&8} cadpdisi NY

very system itoring t strles entering the
chanber 1mme mxuftredng:etdherqmaseﬁgltdna,34Thwmdiurmg gas ehgngrshdhepaianthati t hin t he

Cham ot ry opseiiR BN Wiolih Mo HEGPERRRGrsn gk St % BRAR IR 21

and/ or pr gss weepurg@yinee! 3. ealdyzasdadjbstedaeigpite, thidtie eaRer 56 @e&mhcan
i nproper flowratio of chemstry from sources 102A-B exiting the _manifold

at port 1¥ECyaseReIbper Htr%%fh%maﬂéolaﬂb‘ﬁhé\ﬂwovsé vduledhe sle Hoe i'Af et
delivery |d %@%&%ﬁ%@ﬁ@% ﬁ.fdiéhgxemes'wmeh %ﬁg‘éoqaﬁm Qgse%daeaaged to

bring the c ems ry f eswe target ratio anme process may
be perf ofcmaUe uexhgrdaceesioy eequeat s, esuchr ad hewlyrlatroduccamgasﬂa gugge pagor mat i on

f th 190 | so_be ut d t the MF tt fl
ot es andPao! Broelrat i o dagas iovie i b= PRUTN e Mabl. FFa0hR s 15™"
CONSERVATHiRHENH 1oASER Bt HIRH ES drd0Hoiyed miamed bafce@@iag dHangRar |4, on, the

gas delivery system 100 enhances efficient use of chemstries. For exarrpl e,
the sequenBé alowsHh@HEBIRITIAG lingp&oHPiesral therrgs lige 1eto R wuacyalad F 172,

108A-E, 2fefs Fardif. #hBRISHEBment, a metric provided by the sensors 190 may be
utilized to indicate when a diversion from the purge line 154 to the chamber 114

should occur, for example, by a change or stabilization in the composition of the

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

FLOW VERIFICATION
[0048} in another mode of operation, the gas delivery system 100 may be

utilized to verify the flow rates of any of the components within the system using
the calibration circuit 144. For example, the valves of the system 100 may
provide flow from any one of the inlet ports to the calibration circuit 144. In
another example, flows divided by valves of the system may be verified for flow
rates along each branch of the divided flow.

[0049] Figure 6 is a simplified schematic of a semiconductor processing
chamber 114 coupied 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 coupied 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
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be arranged in a nmanner that renoves gases fromthe manifold 134 nost
~effectively and with mininmal nixing of gases, thereby allow ng faster
response tinme and reduced processing tinme. Thus, during gas changes, the
rate that gases are drawn through the delivery path (e.g., through outl et
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.
Mor eover, phahiotn)t Regasird@avdiyngsidd 1008 (30028 BOOD 8 #5e IsBESKE Prédesimgni f ol d
134, Ilnes mhlch are contain gases read for the next processing sequence,
such as n@mﬁmbphﬁmdhe@ahtg’aﬁ@@Ctr@mlﬁﬂ gafé\e fagibty sxhaug 113235#\ FeRsAPd of gases
previ ousl ier ge line
154 and fm%!% ?nt 0 dh@ %Pg'gg?g“fﬁg‘{‘ﬂaﬁg@&? e @é%%h\fﬂgqralf”:i%v{\%sﬁk e00 we]mal ni ng
l i nes couphedemodhmrpurtge netre by the bredicateveuat dte g@sepreasplrdl yasl n one
enbodi nent, _a t he_,sensor utilized to

i ndi cate \ﬁﬁg}?o 8?19‘%92[ d %H@eﬁﬁt%eeorl?tﬁgr%ﬁga " e chanber 114 shoul d

occur, foreosmanplie, oy e@wt@d@ﬁﬂgﬁt Osachi aliput 2 QDEAF trﬁl@y wmuduamg of the
gases, flow rate and or pressure of gases within the line FLQNVE | FI CATI ON

[0048] | ncardeRelc Midank Gikr aln anotheneergbrdiaent. viliey @ysG8h MY Ray be
utilized tngM?Fmgdy akholdrnoW élﬁnﬁ%?ggm Heht AC é’s{)ﬁﬁtréta‘fﬂeftd‘fnnthlahe system

using the |on circ or exanple Ves the system
100 may pardvEd@ mmw frmnmungaﬂwmnehwduailhe:quplat tqotha pracessing dwlmbearat i on

circuit 144, | a er exa VI ded al ves of th S stem may
be verifi 334 Aitepfii ra%% A L?H&Sé%?@ B B 8So f“b%é Sutoatipiateg et ' 0049]
Figure 6 ie misti oPIHd tatk sghanmy ite afiiRdSRMHEPRIUgisRs ©F @repiddegsinghanber
114 coupled to anot her enbodi ment of a gas delivery system 600. The gas
delivery §Yamkes 5Ub i s configured substantially simlar to the gas delivery

Systems dRRST DO TAHSY Spa XML SRR, ARy SaSim SRRufiGl Uhe 3 ukor 208

tank 630 couple | east one’o e output ports e systenis
mani f ol d aﬂi%tag‘éws@t cma@&e tquxes@mg rgmyebesmmlmm@dfrom thee %S Idetigaryone or
nor e of thet 0gessing cha ' ¢ tstgcond gr ocessi.n ﬂn‘g t614 (shown
in 14 phé)ﬁ%%’ﬁ’f My YRS 8?'?9&9’?/69%4 fpak %96%6' Wt B Y)Y 6'{" HEU€8bnd

processi nghe ghardiebudich pithe waldtihiat iooprotidetdt alidrdtival nidh@ef & iddfyy exhaust
136 A segrs‘g/ror <1:gh0brate 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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may be provided to provide a netric indicative of the gas within the tank
630. In one enbodinent, the netric may be indicative of the gas pressure,
gas conposition (e.g., chem stry), tenperature or other characteristic.

[ 0050] In ohe enbodi nent, each output port 106A-F may be individually
coupled to the tank 630. In another enbodi ment, the tank 630 may be
segnented (as shown in phanton) so that each 106A-F nay be retained in the
tank 630 without m xin ed to t he processi ng chamnber
114. Alternatively, h%ﬁﬁg%&gﬁj%ﬁ& is al so contenpl ated ;
that the inlet of the tank 630 may be utilized to deliver gases to the .
processi ng chanber 114. [0051] Thus, gas delivery systens having fast
evacuation paths that advantageously enabl e processing gases supplying from
the gas delivery systens into a processing systemw th stable gas flow and
m ni mum 00 ugiasakelicary systhen f ast evacuat30dB paltdis are utilized to provide an

al t er nathare gmnparceso verify and/ or GauFbralre gas flows fromthe gas

del i ver yoxy sjaeseurceber eby provi ding gagd f@enef®l of the gas flow supplying
to the praxepsisdgreeystem [0052] Wil apihesésdn@awiang is directed to

enbodi MegH® 2k sbikepr esent i nventi ona3aAhgianadid further enbodi ments of the
i nvent i qupERsReu@eyi sed without depapuBngahfi@f t he basic scope thereof,

and them;gpo Stsgg,rcggf is determ ned Ryg th@g@é,ﬁi nms that follow 15 REFERENCE

NUVERAL &, gt del i very system 304Egyal y&y ra]tB% fafersour ces 304F val ve
102D gas

102B gaﬁ) rt402 first end 102C ggg s gcond end
sour cesy ﬁzlﬁ old 102E gas sourc%gﬁ manl ﬁgﬁ 102F gas sources 500
system f({;% port 502 flowratio Qntﬁ ler 104B inlet port 504 flow

ratio c]qﬁtErQ 104C inlet port 516 port

104F inlet port

106A outlet port

1068 outiet port

106C outlet port

106D outlet port

106E& outlet port

106F outlet port

114 processing system
116 final valves

134 manifold
136 exhaust
138 foreline

142 shut-off valve

144  calibration circuit
146 circuit outlet line

150  controlier

154  purge line

156 throtlle valve

170  mass flow controlier
172  isolation valve

190 sensor

202 Dbridging circuit

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

260 bridging line

262 selector valve

304A valve

304B valve

304C valve

304D valve
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104D inlet port 518 port 104E inlet port 104F inlet port 106A outlet port
106B outlet port 106C outlet port 106D outlet port 106E outlet port 106F
outl et port 114 processing system 116 final valves 134 nanifold 136

exhaust 138 foreline 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 conneGihilds\eMinfad k20 inlet gas delivery line 232 outlet gas delivery
| ine 250 connecting lines 260 bridging Iine 262 selector valve 304A valve

304B val va. Apparatus for delivering gases to a semiconductor processing system,

comprising:

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

a pluralily of gas output lines each having an outlet port;

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 piurality of mass gas flow controllers, each mass gas flow controlier

arranged to control flow into a respective inlet pori.

2. The apparatus of claim 1 wherein the connecting valves are arranged in a
grid pattern with the infet ports arranged along a first axis of the grid and the

outlet ports arranged along a second axis of the grid.

3. The apparatus of claim 1, wherein the plurality of connecting lines are

embodied as one monolithic part.

4. The apparatus of claim 3 further comprising:

a second monolithic part coupled to the first monolithic part, the second
monolithic part having connecting valves arranged in a grid pattern, wherein inlet
ports of the second monolithic part are arranged along a first axis of the grid and
outlet ports of the second monolithic part are arranged along a second axis of

the grid.

5. The apparatus of claim 1 further comprising:

a calibration circuit coupled to at least one of the output ports.
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304C val ve 304D valve 16 What is clainmed is: 1. Apparatus for delivering
gases to a sem conductor processing system conprising: a plurality of gas
i nput lines each having an inlet port; a plurality of gas output |ines 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 val ves, each connecting valve arranged to control flow

through agr eSp%ﬁ%i""ég%s?&n&c F+iﬂg1 ”ff’}%*g?'fﬁgfiginﬁj urality of mass gas flow

controllers, eac gas ow contr rranged to control flowinto a
respective inl etlepsirdne &nsdbhetanfarsdavitrsatdéast| arienof thadgas eutputiees.dhaect i ng

val ves are_arranged in rid pattern wth the inlet ports arranged along a
first axi Sornpflanss o Ty tPnaectg: st e 2 RstamiR eRrang a8l dfia axis of
the grid. poviddg neR@ndidasivebf b predsurdloeerémistdye pl ural ity of connecting
lines are enbodied as one nonolithic part. 4. The apparatus of claim3

further conprising: a second nonolithic part coupled to the first nonolithic
part, the-sseco Lit hi It L i in a

r1 o part G, e ABPar] O GiaRRT WA 0N FRRid INEC
arranged &htegcamprissd: axis of the grid and outlet ports of the second
nmonol ithic part, are arrange | ong a second .gxis .of . th rid. 5. The

Bopar at us of ciblst e ARRSREsHAteS cRgtoued 36: dvde Mol Foftaft Ll ed to at
| east onejrplut bHE bethdudt twedrtrBore df théoutidipomgpar at us of claim 1 further
conprising: at |east one sensor interfaced with at | east one of the gas

output lines, the gas input lines or the connecting lines, the at |east one

sensor ar gangeg, & Qppepréﬂj‘éicg%lﬁmn?ﬁfrfh%rE&ﬂbﬁé’}ﬂéz\’e of flow, pressure or

chem stry.
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.

9. The apparatus of ctaim 1, wherein at least one of the outlet poris is

coupled to a facility exhaust by-passing the processing system.

10.  The apparatus of claim 5, wherein the calibration circuit further comprises:
a flow restrictor having flow restriction similar to that of the processing

system.

t1.  The apparatus of claim 1 further comprising:

a storage vessel coupled to at least one of the output ports.
12.  The apparatus of claim 11 further comprising:

at least one sensor arranged to provide a metric of flow, pressure or

chemistry within the storage vessel.
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7. The apparatus of claim 1, wherein at |east one of the connecting valves
further conprises: at |east two adjustable valves configured to divide flow
fromone of the input port between two or nore of the outlet ports. 8. The
apparatus of claim7 further conprising: a calibration circuit configured
for calibrating an effective open area of the adjustable valves by
measuring flow through the valves while critical (supersonic) flowis
mai nt ai ned 4t hr in at | east
one of 1 ha ot Lo Bar P B e oS N the
processi ng sysatleastione Jihiet gppavatesiedio tlegirnedssinheystém. t he cal i bration
circuit further conprises: a flowrestrictor having flow restriction
simlar to that of the processing system 11. The apparatus of claim1
further caapri Thegpparastoofageimsess ethetditpit tzhst on@butierqsdrt oneatorae out put
ports. 12. The apgarat us of claim 1l further conprising: at |east one
sensor ar MERRIAISt OB d° dhRePTOCESHRY FIYSIEM pﬁ"@g&?r@ geconch @RWR [ wit hin

the stor a@%ﬂr\f@(ﬁﬁglval\ﬂé% é?ang%'?i fﬁ%%@édﬁsgr‘?& tp%{té%nmmﬂereamﬁfe? [denEh:g tﬁ%or age

vessel further c ri ses: | east one“ou ort connec t
processi ngesmd grmd paternEhe aappae«éalmgm‘flrei axisrof thB sagoadgrid patteneasd one

out | et por t rage vessel o th system
Chr ough' a LBt ohE' B 8ng SRaRe] A0 AOBEOEE plegld SO BB AMINE Y o
pattern, whesigrid patedmports of the second grid pattern are arranged al ong

a first axis of the second grid pattern and outlet ports of the second grid
pattern are arranged along a second axis of the second grid pattern. 15.

The appar ggus ¢fe ghalm Llof dEher f {:' a two position valve fluidly

coupl ed between ?hgaéstor age t]anE gﬁ@ﬁﬁ# &?n% exhaust which can be

swi t ched bet weatwé pokijiot velyedividly powsed bete&lenltbe stovagethnkfand g famdin. 19
exhaust which can be switched between fully closed, a preset restriction and

fully open.
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