GAS TRANSPORT DELAY RESOLUTI ON FOR SHORT ETCH RECI PES CROSS REFERENCE To
RELATED APPLI CATIONS [0001] This application clainms priority under 35

US C 119 (e) to U S. 5 Provisional Patent Application No. 61/016, 908,
filed on Decenber 27, 2007, entitled "Gas Transport Del ay Resol ution for
Short Etch Recipes”, which is incorporated by reference herein for all
purposes. FIELD OF THE | NVENTI ON [0002] The present disclosure relates
generally to gas delivery systens. More 10 particularly, the present

i nvention rel at @ASITTRANSPORTDENAY RESGI ETON FORISHORIAETECHARECHES del ays.
Even nore particularly, the present invention relates to a gas delivery
systemto reduce gas transport delays to efficiently m xing process gases.
BACKGROUND OF THE | NVENTI Qkds0@@8idenoces Repassegraceroe i vered from a gas
box to a process chanber for 15various .applicati . SuUc .reactive ion
etching appl i ¢¥%bns Térarpliation ﬂﬁm’tsrpéilﬁ‘é‘f%(}?lg’%olﬁggﬁﬁf o(ﬁp%g?‘ar s. Process
gases are Bi X%v@%ﬁﬁpitﬁﬁmp?ﬁcaﬁb@Nm%1f6|,9@${ e Dedegibsr IVEES) cithled M Xi Ng
mani fold prior to deliver o0 the process chanber, such as a pl asma
reaction chanbeps TiThwesiistay Repelugion iqpelaliry Regpegoni s@‘&@d"’%@i%’g of very
| ow flow and hi:gh,flewid At & ?ﬁﬁggegr gases in the mxing nmanifold and
deliver them 20w thout significant delays (within all owed gas settl enent
times) to the process chanber to%&t@ﬂgﬁlﬁéﬂﬁé@ﬂous appl i cations, such as
et ching. [OOOﬁ%)'BQ]anSITﬁQ B8 akliow 'Q%la@e)é%e_é?aﬂyh@ o RECSS seRaPaNoreWhi Ch are
greater than e al l owed gas settllerrent times, affect etch rates adversely
for short 19r opessulube ipesesBinwadeongites & SOassiEE v SYSEFIHOasdEs Fadue t o
non-stabilized_or ea g - I is further
enhanced due ﬁ 0 Rar gﬁ% rb'e%ﬁﬁ %‘gg}ﬁl}ctglslfapﬁ’ ‘5%?‘?5@%%“@%3?@?@5‘% ng different
transport del dgizetysypencessuchanbergort deloysdatdicendhmianepieptss Bisey) | ssues.
In a gas-box with nultiple ga%iﬁ&ﬁguﬁﬁdﬁ% Eandapigh flow rate gases,
spatially separated in a random—g'as—crrﬁvr—ﬁrvnrvm"rous M-Cs, are bound to
be delivered pwodl f f erceass ghiseese tidivetd fpnotesdor anpeecsselpertdi fvy upon their
di ffusivi 30and fl ow vel oci.ties (nomentum or .inertia). . gas

del ay del 5 er VISFO bR ﬁ%‘oﬁhﬁuﬁleasé?ztcg‘?’ebﬁflé%&tné 4 %hecag%qslg%ebu%lhlggglgkgﬂ&

on silicon wafers. Process gases are mixed downstream of the mass flow controllers

(MECs) to a mixing manifold prior to delivery to the process chamber, such as a
plasma reaction chamber. Therefore, it is necessary to achieve good mixing of very
low flow and high flow rate carrier gases in the mixing manifold and deliver them
20  without significant delays (within allowed gas settlement times) to the process
chamber to perform the various applications, such as etching.
[0004] Transient gas flow delays to the process chamber, which are greater than
the allowed gas settlement times, affect etch rates adversely for short process recipes
(30 seconds to G0 seconds processes) due to non-stabilized or unsteady flows to the
25  chamber. The problem is further enhanced due to hardware differences in various gas
boxes causing different transport delays to process chambers to create etch rate
matching issues. In a gas-box with multiple gas feeds of low and high flow rate
gases, spatially separated in a random gas order from various MFCs, are bound to be
delivered at different times to the process chamber depending upon their diffusivity
30 and flow velocities (momentum or inertia).
[0005] The gas delay delivery problems may be attributed to the volume through
which low flow gases flow to mix with the higher flow carrier gas(es). Delayed
delivery of key process etching gases to the reaction chamber impacts wafer etch rates
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which ow fl ow gases flowto mx with the higher flow carrier gas(es).

Del ayed delivery of key process etching gases to the reacti on chanber

i npacts wafer etch rates and critical dinmensions on silicon wafers. In a
m xing manifold with an isolated |ow fl ow gas, |ocated away from a high
flow gas, will take sonme physical length of tinme to mx with higher flow
gas used to speed-up the deliver of the gas m xture to the chanber. The
time required to fill the low fl ow gas volune fromthe MFC until it 5m xes
with the hi gh an{l euicghdimeasiongein|siliggn peksrsdilp f guxiag mepifdd yithapésokitggHowl ow gas,

det er mi nes they t\xpéagl|loéa'{e%1%}&9rf1ton{jﬁlggﬂ ﬂ% IgEJ“?rvﬂ'i E@&Edn%[})h%@{mﬁ{gdﬂ Qgﬁ?ﬂg

[ 0006] The present®invention” provi an appar at ystem
to reduce gas rmxavm@@nghblﬂ@«i/gysusah@ spcﬁdefpfth@d@wt:ﬂ(}f thﬂg@Spnme?stsﬂg:ases in a

gas delivery 1 arr‘?ly ?ﬁg t1rfle regune(fstg?ﬂqfleﬂi%w ﬂow %815 VQB 10%5%116%F(Pr1$9ﬁ| ding a gas

m xture of a p ura ses nmass
controllers ( MEﬁs)wu}ahmh]gh ﬂgwrmmlaf; @/Ierﬂ as is d1ffummh mmmgledtelmgh fidvt paseach

plurality of Cs,. a pluralit fo.m xi mani f exits positioned on the
M xi ng nani fop{gtﬁmgﬂ?i’ tg%tofaih %%P‘gﬂel%@tgeqw?wofll g?“%’ “Connection with each of
the plurality of mxing manifold exitg §y0007] I n anot her enbodi nent, a
nmet hod for dy cally mxin Iurallt ) ri se receiving
a first gas ar&? 6} | rsﬂl Qﬁéeqt?ﬂ"%‘i‘t (?‘%quﬁbi‘?’ ﬁ&“ﬁ?t’fl%mt Oflhzg1 VYR Yas bei ng
received at arddutesgas ih@portat@ys zrnacz@bfﬁbiaguﬁmﬁ@ﬁm@a&lata gas &@cend gas inlet
to the mxing manifold, the second gas being received at a second fl ow

rate, det&?m PKE- WREGRRERbIfiReR; %FP?IP‘&WOFQt%l‘il%g"r%%émf‘ﬁ%o tEUakYShd f1 ow

rate, and 20apfseiTatay®ald ¥ l%ﬁgld"fgna@b fibw S&nurbi1gds ROIFTeN b hekidg exhiolnioxi mate to
the first gas inlet when If et erm ni nngeterm nes that the first flow

rate is |ess fltiggonrsetigerdherchpbyritueMEfoord)is opmedehnapifféptiison

provi des ot heﬁos'ﬂ%&y\@ﬂ Bie GRKHE FHhRY a1 AdRR{LRKBA H«Jf{@ce in fluid@hhQdsn it he
invention, as well as softwafe stored in a machi ne-readabl e medi um 25(e. g.,

a tangible st@ﬁhgéthﬁﬁm%moﬁ@lwiﬂbﬁow@wces to performthese met hods.
These and; ot Hebo71eat b &3¢ Ll SSROh&FL ByIRIGUIRHANE s bhuhiligof O | OW NG

detail ed scription o e I nvention an associ at ed f gures. BRI EF
DESCRI PTI ON CEsFHRapRAYNES:ceiving a first gas at a ﬁlst gas inlet to a mixing manifold, the

first gas being received at a first flow rate, receiving a second gas at a second gas inlet
to the mixing manifold, the second gas being received at a second flow rate,
determining whether the first flow rate is less than the second flow rate, and
20  automatically opening a first mixing manifold exit proximate to the first gas inlet
when the determining determines that the first flow rate is less than the second flow
rate.
[0008] The present invention provides other hardware configured to perform the
methods of the invention, as well as software stored in a machine-readable medium
25  (e.g., a tangible storage medium) to control devices to perform these methods. These
and other features will be presented in more detail in the following detailed
description of the invention and the associated figures.

BRIEF DESCRIPTION OF THE DRAWINGS

[0009] The accompanying drawings, which are incorporated into and constitute a
30  part of this specification, illustrate one or more example embodiments and, together
with the description of example embodiments, serve to explain the principles and

implementations,

[0010] In the drawings:



[ 0009] The acconpanyi ng draw ngs, which are incorporated into and constitute
a 30part of this specification, illustrate one or nore exanpl e enbodi nents
and, together with the description of exanple enbodi ments, serve to explain
the principles and inplenentations. [0010]In the drawi ngs: [O011]Figs. IA
and 1B illustrate an exenplary gas stick. [0012]Fig. 2 is a block diagram
of Fig. 1Bto illustrate the delay tine of a low flow gas. [0013]Fig. 3 is

a bl ock diagram of an exenplary m xing manifold having a 5plurality of
m xi ng mani f ol [B0%LLi t Fig] O p4F B dbnstraaamprempBuy Basdel-at e an exenpl ary fl ange

to reduce the me ©of LT h &Qe HPRT ¥l gﬁﬂ;fold.
[0015]Fig. 5 i[pwgitrafgﬁsﬂ% %gﬁ’ﬁzg@}é\{é{“gaﬁ 'ilﬁ téz\i/ﬁlggga%ti cﬁ%é%nggft e flange of
Figs. 4A and 4B.fl&E8010] Fi gs. 6A and 6B are perspective views illustrating
exenpl ary uni | fluid f daptors. [0017]Fi.g, 7 _i. fl.ow di agram of
on exempl ary HETRBG Fof 2y el edRBgh T st Pl by Foh By phelle | 0818 F .
8 i s a schematphwality emixinganamgioenglitar y gas feed device for 15sem conduct or

processi ng. [0014]  Figs. 4A and 4B illustrate an exemplary flange to reduce the volume of a

gas flow from the MFC to the mixing manifold.
[0015] Fig. 5 illustrates the flow of gas in a gas stick using the flange of Figs. 4A
and 4B.

10 [0016] Figs. 6A and 6B are perspective views illustrating exemplary universal
fluid flow adaptors.
[0017] Fig. 7 is a flow diagram of an exemplary method for dynamically mixing a
plurality of gases.
[0018] Fig. 8 is a schematic view of an exemplary gas feed device for

15  semiconductor processing,
[0019] Fig. 9 illustrates a schematic view of another exemplary plasma processing
chamber.
[0020] Figs. 10A and 10B illustrate an exemplary computer system, which forms
part of the network, and is suitable for providing a controller system.

20 [0021] Fig. 11 is a flow diagram of an exemplary method for controlling a
plurality of mixing manifold exit valves.

DESCRIPTION OF EXAMPLE EMBODIMENTS

[0022] Embodiments are described herein in the context of gas transport delay
resolution for short etch recipes. The following detailed description is illustrative

25  only and is not intended to be in any way limiting. Other embodiments will readily
suggest themselves to such skilled persons having the benefit of this disclosure.
Reference will now be made in detail to implementations as illustrated in the
accompanying drawings. The same reference indicators will be used throughout the
drawings and the following detailed description to refer to the same or like parts.

30 [0023] In the interest of clarity, not all of the routine features of the
implementations described herein are shown and described. It will, of course, be
appreciated that in the development of any such actual implementation, numerous
implementation-specific decisions must be made in order to achieve the developer’s
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[0019]Fig. 9 illustrates a schematic view of another exenplary plasnma
processi ng chanber. [0020] Figs. 10A and 10B illustrate an exenpl ary
conput er system which fornms part of the network, and is suitable for
providing a controller system 20[0021]Fig. 11 is a flow diagram of an
exenplary nmethod for controlling a plurality of m xing manifold exit

val ves. DESCRI PTI ON OF EXAMPLE EVMBODI MENTS [ 0022] Enbodi nents are descri bed
herein in the context of gas transport delay resolution for short etch

reci pes. The fspedildvgaaly, dheh as ¢ameplidessorifhpappeatipe ol budposatdlafed Zmefiiptsand i s

not intended t ‘ - it n diiheht Ll afeeadi 1y
suggest thensé@%ggt%%ﬁgﬁ%IM@%FFP@E%gggggﬁéﬁﬁgygﬁggthe %é%g HtHOE ?ﬁis
di scl osure. RehederbgcmblahothawMieeavaide wil beepaediat¢dthptrptlendnepivons as

illustrated in.the. onpanyi ng, drawi ngs. The s reference indjcators
will be used Fﬁ'%Haﬁﬁﬁfgﬁﬁﬁgﬁ?gqua%”%n mgﬂﬁgpgﬁggﬁfﬁégﬁgﬂgiIgggﬁéscription
to refer to thedsakigof edgideeripafol those3d 00023 kiill ihée antheviegthedbnatitaf i ty, not
all of the routine features of the inplenentations described herein are

shown and des&FFH&4%Y% will, of course, be appreciated that in the

devel opment ofo@ay SUBGB pacdnd alveh oAl pRSVEAS &b 2@ AppAALE @B, and system to
i npl ement ati on-specific decisions nmust be nmade in order to achieve the
devel oper's ISHecsditanyeyislaysand e siciep @P%HE%”VF?ﬁ”ﬁﬁé??@g??ﬁh- and

busi ness-r el at@ebnf ONSY. 1A10HIB iR aleRAkbxdiRES gapRIck f ABh@RaliBuswhied wi@ry from
one inplenentation to another and from one devel oper, to anot her. Moreover,
it will bé0appiEel QrwgnetathesiericeogmrasthieArt IRERGFC K GRIN8ES conpl ex and
ti me- consum ngigreRUE coMiohcheDRNEHE Nel 88 FoIBss 1 FRM doRBoRsHITRRY BKiRE (f

engi neering for those of ordinary skill in the art having the benefit of
this disclosuﬁémiFDEQATﬁﬁé“Hﬁé§é%maF%v@hﬁ?%ﬁb$WWNhﬁ%@QFéﬁ”ﬁﬁhébbaratus,

met hod, and syshigimot fhskedUGE AR dde@RRANLide! AY Sis@Rdl8o /S § bRkARY by M X
process gases in a gas delivery system Figs. IA and 1B illustrate an
exenpl ary gasgaststigis. forhnigetierx driphepdt hatnesgnbgilinpent, the valve on the components

15  is an integrated surface mount valve. In general, an integrated surface mount
component is a gas control component (e.g., valve, filter, etc.) that is connected to
other gas control components through channels on a substrate assembly, upon which
the gas control components are mounted. This is in contrast to gas control components
that are generally attached through bulky conduits with VCR attachments (vacuum

20 coupled ring).

[0025] Referring to Fig. 1A, the gas stick 100 may have a gas stick input port 102
to input a supply gas. The term gas used herein is not intended to be limiting and is
meant to include any liquid, gas, or a combination of liquid and gas. A manual valve
104 may be used for carrying out the supply or isolation of the supply of supply gas.

25  The manual valve 104 may also have a lockout/tagout device 106 above it. Worker
safety regulations often mandate that plasma processing manufacturing equipment
include activation prevention capability, such as a lockout/tagout mechanism.
Generally a lockout is a device that uses positive means such as a lock, either key or
combination type, to hold an energy-isolating device in a safe position. A tagout

30  device is generally any prominent warning device, such as a tag and a means of

attachment that can be securely fastened to energy-isolating device in accordance with

an established procedure.



10certai n conponents, the specific conponents are not intended to be
limting as different conponents nay be used and/or |ess or nobre conponents
may be used to formthe gas stick. Additionally, although described with a
single gas stick, the nunber of gas sticks is not intended to be limting.
As di scussed above, a plurality of gas sticks, forma gas box or panel. In
an enbodi nent, the valve on the conponents 15is an integrated suiface nount
valve. I n general, an integrated surface nount conmponent is a gas control
conponent (e. ¢0026yal Vereghlator €08 may e Ysed tvatgulse tomacrestretas thetskerly gas

control componept 2 LArOUAl. FRANNALS AN RHBSHE Bt ARG APLYpl 4REMWAT ch L he
gas control conmpohents @re nount’ed. i's 1S 1n contrast to 65/ control
conponent s t hate anedgesaertad pryssatetracedréshraad ght dead lobegegrdated. sinwandtherVCR

attachnments (vacuum 20coupl ed ri .. [0025] Ref.erring.to Fig. -1 t he gas
stick 100 rra§/ eﬁ‘ﬁ@‘gmﬁmg%lgl’egsﬂ’ecq?%Eﬂlg%ft(“%dﬂ‘ﬂs%ﬁg) faying S Pag t%glﬁ%lf% h€as. '?'he

term gas usedphen@d May Be ed. THY goWed tiasdoeer nayibt ippgtiard nex tergant to incl ude
any liquid, gas, or a conbination of ‘Ici %u_i d and gas.,“A@nanu | valve 104 may
be used for c&ERHNRYIBUE iRl 'LUppi 8P W PIGPREBRTSTS ThEC SN §%5of* suppl y
gas. 25 The nppagaly i@loreyal@4] 10BYaydleS@edB\peevant 10 ¢ kerdsivie 3Ry gabeasifeen 106
above it. Wrker saf et%/ regul ati ons often mandate that plasm Vg[ygcessi ng

manuf act ur i ngrEkipke $%é‘|1‘il‘dérh§(£’flfl\?§‘tﬁhB‘ﬁOff)P’@V‘eh]tdfi B I_E?afﬁatﬂofti such as a
| ockout / t agout, IRCHBMMc FRABKALAY PelaR@KANE ais8mBlydRN c&Red thatalus @S
positive neans such as a |ock, either key or _conbination type, to hold an

ener gy- i s at besgmadeactizatpch(closedif whighy i tinghfectvelya{RiP 8B 8% & véhigener al | y

any promi nent th\é@g\snéueg. SRV IER v AMER 185 BrdRG RAL s, TRANS ifogeh RGNt t hat
can be securely-tastened to energy-isolati ng evice in accordance with an
&

est abl i shed prssdéupnres the pooPel Alreayugcatabre 110 SaxdyvafbregPers torpuduicat e t he
gas pressure @l ggl ? gﬁ)g?sg L ¥n gﬁ?angﬁ? B aP Eﬁ?g&{ £.d98HQ8a2d QoY be used to

nonitor the pre t he sup gas. In one enbodinent, the pressure may
be preset andl0idi] neédjatant be preguhine édio manbamoMierl18nBbeMiENtLS a pressure

beneaq o, Sl HRLLBEER) ARVt AL AR B FAALARL Y phlaE BRI ROS LT S MY

be used. e press ransducer my one o0 the regqgul ator
108. A filterneki theaylFlel 1dsdowt ousee mopregd amp gpiresiessupply gheesioppl MFgas. A

primary shut-poff valve 114 be us prevent an I ' ply
gasses from redai hithyS ¥ }‘fehlga éﬁ’%tei%ﬂjleggl.:é EFHQH% igerrltésre ;a/l tésl(ﬁ)ﬁ]ﬁ iy {)tﬁ gaﬁéglln\ﬁ/éplm may
be two-port vabple ghamibagnisst Wit odret supplpgedesatn tbagdsypaoper at ed val ve assenbly
t hat causes t alve to 10 becope deactivated (closed), which,in turn
effectively s@g"pﬁ pllg%‘:}hio@ﬁ%“eflf %ﬁﬁﬁsﬁf‘ Ipi"rygbegpé)ss{ué’fl?cg%o)’%Elélmgoiel%cti vated, a
non- Cor r O8j Veb|§ukl Qeplgasity Fuehifasl biddks agen, subatdie2us ageitod npuifge btdeks gas

stick. The purge valve 116 may. have three-ports to provide f.or the purge
process - an tB%tCFeéWéé‘eﬁlﬂ“tEaﬂhﬁf%‘ﬁet" t}b‘BJrgﬁ t‘éﬁfﬁf‘“é“ﬂi @)(Qhﬁ@éasp%llf@y

[ 0027] Adj acenfontpbfenPUhgeoRkViendildh thahieol@Blobt®ylah§ kndhe (s skdiBas 15
accurately nmeasures the flow rate of the suppl,¥ gas. Positioning the purge
val ve 116 nextithopreysareNiinersesland Fews -2 haet e Jpur ge any corrosive supply

gasses in theohoE 118, A Mg dveddyendidfly @é@estt&:otlgﬁlﬁth%@ skidB 1omyriee used
to control the anmount of supply gas to be mxed with other supply gasses on

ply , : >
the gas panelgas popisy EaLe f marge valve f hpaghigtodhs MEGHHY b Eheggsitanoned
above a nmani fo? hgw path A.  The gas may then flow out of the MFC 118 into the substrate 122,

through the mixing valve 120 and into the mixing manifold 226 as illustrated by flow

path D.

[0030] Fig. 2 is a block diagram of Fig. 1B to illustrate the delay time of a low
30  flow gas. The gas box 200 may have a plurality of MFCs 118a, 118b, [13c, 118n

(where n is an integer). Each MFC may be a high flow MFC or a low flow MFC. A

low flow gas may have a flow rate of less than or equal to 7 sccm. A high flow gas

may have a flow rate greater than 7 sccm. For exemplary purposes only and not
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20bl ock. A plurality of manifold blocks forma substrate 122, a |ayer of
mani fol d bl ocks that creates the flow path of gasses through the gas stick
100. The gas delivery conponents nay be positioned on the manifold bl ocks
by any known means such as with a pressure fitting sealant (e.g., C-seal)
and the like. [0029]Fig. 1B illustrates the current flow of gases through
the gas stick 100. The 25 gas may flow out of fromthe purge valve 116 and
into the MFC 118 in the direction of flow path A. The gas may then flow out
of the MFC 11&téntedtd hedimsitibs e dlustrad@Pin Figh2oMER Ll beis ausirafgd 4 bpw fio and

into the mxin i f .226.as. 11l ustrat I at by PurQRAFig. 2 s
a bl ock di agrz&%cg?n%ﬁdg.&qié]fgﬂﬁsfwﬁ&s%sraa 1%“ ?ﬂ’\é%&f'a@%eﬁgné O}B/Ja Io%)%o flow
gas. The gas bmher 20@hTRY MaCera gl flioaMEY. of MFCs 118a, 118b, 118c, 118n
(where n is an_ integer

.. Fach M- . a., high fl . . fl MFC.
A low flow gagooﬁél/ hg\%)éh MF ?jﬁg&f‘ﬂ ggtnga"%i’ B‘Teg’ggm %O m%n?gggg/ggvlltgit%e ngﬁgcm O\,,AV hi gh

flow gas mgy Rawgold 106 owWehahRt IRAIE6, 148N 47n STigas Foet nexyerphatyeplir poses
only and not _ intended to be limting, as %LIPustrat?d i n FiHi?'t 2, \MFC 118c
i's illustrat ediledhasmagRe maeilvee e XpBp e Hok SXqinls e M4 &Y i gh f1 ow
M=C. However, ;amno\aGudtayn Ba: @by Rehafually gdviddneninMrGpar oracldseivpdsitan. MrC.

[ 0031] Each MFC '118a-118n, may be in fluid commnication with the mxing 5
mani fol d 126 ioshegasuinkt, de grg fdet maypg any ey velpshat 3 bg SEtiollPdyiagay pe any

type of inlet, selfRY oP&nTBINL 3 i_)é/re&'bte[}ﬂﬁﬁﬁ&hUtoﬁ@tﬁHaﬂQFbs@tﬁ)neEQfz_xrﬁ)@affp! e, the
gas inlet may be any known junction that rna){wbe manual | y posit nfd in an

Ol
open or cl@sed Pessil ppwtion. [The aplymsef sedimihe MEGoleiad S f] G g?ﬁa}?{ebé 2hy known
valve that may n}gg be 9%{89%%@ ¥l 20 fke RIRL BnS RNy BANOIOINER nfag DE
I y

renmotely and/ or auto positioned in an open 10or cl osed position.
The vol une of flgasn the diredtioe oMEGY aB A to pBW xing MagEOl£5itilH) Bar tydigh Hovay be
represented b . glg SRt &5 Sadshe, X kR BN L Ao k0 et MY flow
in the di rect%(/lgzléj 1&?@?@%1 a{lﬁ‘g%ﬂt%?)l g‘smu;?bnagﬁknani fold exit f401.6r31e§r t he hi gh
fl ow MFC 118alowThev pisgbwdrtl 0w roiainginemifglexitd 4 Bxsrelly Rt IIE (e BB HEect i on t o
drive the lowflow gas. toward the m xing ' QreXd honl AR LDEE Y

attenpti nb% t od%ync}yﬁk%z?lﬁéngl‘%lgjewggowo o gb' nj‘{ﬂgphgumv% tf % th% I ov‘%/11 flow gacs. The
vol ume of gastofthomixitenga®ld edietd0d@betrepreshgedbxVng mani fol d exit 140 may

be represente V) 0032] Once the gas . xtur i XL ni fol d
126, the gas &O%Jr eOH"i[aeytgeg émf(ﬁlbeedm%]r? Fe é]?aﬁlgfaﬁiﬁ%%glﬁé %o%t?o%agﬁanber
144 until it besfldvs@dhnil Fetanrioaesslathaciearber MHemiisolisatsedm aghegeber may be any

type of chanber used to isolate the s 20pri t o, bei ng us h as a
dﬁgl gas feedhagpey Hgejoagon ?]ﬁfﬁ‘ﬁ]' ﬁqﬁgg‘f iﬂyatppe gflrcgﬁl/m ellrlrlwsaed% lb<'§1)E'Ige'ot\}/]vgg%bow gas to
m x w th g hightd omcaed iseth gasiubilos adedDelteylikei MeLow Fl ow Gas) may be
calculated as the tinme it takes for the |ow flow %aﬁ #10 rfFach_ju heagn‘i Xi ng
mani fol d (T, P31 usThafatef defy fipe plade Homesdydd MW HR # LA OPTA Y 681 on) with
the high flowrgal DERY THRAS b BS ol.) hiksbd @l@htddrs tHaidiol taed fogthe quatiben:

gas to reach the mixing manifold (Tmm) plus the time it takes the gas to diffuse

(Tairusion) With the high flow carrier gas, as illustrated in the following equation:

25 Total Delay TimeLo\v Flow Gas = 1mm T T(Iiffusion ( 1)

The time for the low flow gas to reach the mixing manifold 126, or the inertial delay

of the low flow gas (illustrated as V), may be calculated as follows:

Tonm = (V/@u)*(Pmm/Pambient) (2)
Wherein V = volume of the gas
30 ¢ = mass flow rate of the low flow gas
P, = pressure in the mixing manifold

Pambient = ambient pressure
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25Total Delay TineLow Flow Gas - Trmm Tdi ffusion(1) The tinme for the | ow
flow gas to reach the mxing manifold 126, or the inertial delay of the | ow
flowgas (illustrated as V1), nay be calculated as follows: Tr. -
(VI (Pm) *1Pi ni n/ Panbi ent) (2) Werein V = volune of the gas 30= nass fl ow
rate of the low flow gas 1)1"," = pressure in the m xing manifold Panbi ent
= anbient pressure The tine it takes the low flow gas to diffuse
(Tdiiflision) with the high flow carrier gas, may be cal cul ated as fol |l ows:
Tdi f f usi on oc Ik Befefiealtds vie(13) \herae tadiffuse (Wisf fidsvionthe bahfflogi @nierghs,t he | ow
fl ow gas 5Deffec iv%': egfe hivq rate of diffusion Exanple | [0034] The
exanpl es provi¥PeREFErRT 8+ RE el v for exenpl ary purposes and are not
intended to be limting. The current volunme of a |ow fl ow gas Lron1the M-C
to the mxing nani?@ﬁémﬁﬂyﬂﬁﬁﬁbetmeen about 4-5 cubic centimeters (cc), the
10pressure in the gipcientg manizioligudidycobgicrRosthd B fldhgasand P
- anbient nmay be 760 Ton. Thus, the delay tine for a |low flow gas to reach
the mixing>manifold (Tin",) Draycecifstivuiaidditasionol | ows: (Prn=l scecm P, ,
= 100 Torr 15Panbi ent = 760 Ton

Example |

[0034] The examples provided herein are merely for exemplary purposes and are
not intended to be limiting. The current volume of a low flow gas from the MFC
to the mixing manifold may be between about 4-5 cubic centimeters (cc), the

10 pressure in the mixing manifold may be about 100 Torr, and Paypien may be 760
Torr. Thus, the delay time for a low flow gas to reach the mixing manifold (Tym)

may be calculated as follows:

Pm=1 sccm
P, = 100 Torr
15 Pambient =760 Torr

V =5 ccfsec

_ Scc/second « 100Torr _ 40 seconds (4)
lscem 760Torr

mm

[0035] Thus, a 40 second delay in the flow of a gas to the mixing manifold would
20  adversely affect etch rates for short process recipes that are 30 seconds to 60 seconds
long, such as in reactive ion etching or gas modulated applications as the process
gases may not be mixed properly or the process gases may not even be mixed together
in the mixing manifold. Additionally, the slower the flow rate, the greater the delay
will be. Thus, a way to reduce the time delay may be to lower the gas volume from
25  the MFC 118a-n to the mixing manifold 126 or locate the mixing manifold exit 140
near a low flow MFC.
[0036] Fig. 3 is a block diagram of an exemplary mixing manifold having a
plurality of mixing manifold exits. The mixing manifold 126 may have a plurality of
mixing manifold exits 148a, 148b, 148c, 148n. This allows for the flexibility to locate
30  the mixing manifold exit 148a-n proximate or substantially close to a low flow MFC,

illustrated as MFC 118c¢ in Fig. 3, thereby minimizing delay of the low flow gas when
7



V = 5 cc/sec 5¢cc | sec ond 100Torr = 40 seconds |sccnv60Torr (4)

[ 0035] Thus, a 40 second delay in the flow of a gas to the mxing manifold
woul d 20adversely affect etch rates for short process recipes that are 30
seconds to 60 seconds |long, such as in reactive ion etching or gas
nodul at ed applications as the process gases may not be m xed properly or
the process gases may not even be m xed together in the m xing manifold.
Additionally, the slower the flowrate, the greater the delay will be.
Thus, a way t mikiegudt tidiggl flove gabellaysenty hipd floov gae)irxelVIFCHéfigwy\mteuﬂE from

25the MEC | | 8a-n to.t 5 | ocat m
exit 140 near H&Xngwagﬁf%a?ﬁgégF%gggE% Lfg%ﬂ' gﬂg&lﬁﬁoca lagram ﬁ?ng mani f o

exenpl ary m Xiane:«Inor fiok ath@/tbﬂ'@ld&hd)llowrf&iw gay embring dionge minnd ohdfexi ts, The
m xi ng manifold 126 may have a pluralit xits 148a,

148b, 148c, 14Bras Tl 4% Télwgasrwﬂtlﬁ@ﬂﬂ@wﬁf ih)ié'eﬂg%%ﬂﬁa%%@f*izéwhe m xi ng

mani f ol d exit . id8amRirdl Oxi m@evq\ ﬁupgé acfatvbmﬂexbfglxsq‘s@nm 2ds Inw1k2ow MFC,
illustrated as 118c in Fig eby mnim zin elay of the |ow fl ow

gas when mi xirige witing mreiald @’Ht Hfﬂéwlgﬁsmax be lﬁgséhaw%véﬂmtlg"*wdﬂ‘? b gas in MFC
118a, may ent @03?#6 )ﬁ'aﬁg HR fléprhf;(u%%ﬁan\ﬁ'oﬁi &as 149l eindbpedng Eﬁ@@m;@in?h flow

gas may then flowin the d rection of flow path C toward the |ow flow gas
entering i nt omehiéldixit htParemptiokig oviclaseybis thaipettlopgdEC, thivengues hitdbar e nay

then exit the oW ffévpgasga@ {rﬁlx@vlﬁ'ﬁtﬁe }ﬂgﬁ ﬂ%w@a@b Qofrt%@'xlftl(ﬁ%%e%leng%‘?foldvz New

nay bethevo unme o rom-t s inlet 142c to the m xing mani fold
exit 148cl0whih Irms}ﬂebwmldesmvmganﬂt\me infubifpdd eals erhyimHNIRYiEE ttheI{lDQ}ﬁ‘]VBy havi ng

muitiple m xi pge SRS BlAiEXkd fo dd Bftifle AM-AREAL 00h HRACHTIE AGy HANKLP! d exi t

148a-n proximate or ¢ Osest st this ensures at” the | ow
fl ow gases wi bd abid to IWM]thttthhlgﬁl ghwfgh&)}vmcgasestlr}xrth@mwmg asiitdldéZd he mi xi ng

mani fol d [0038] As illustrated in Fig. 3, mixing manifold exits 148a, b, n may be closed
and mixing manifold exit 148c may be opened as it is proximate or closer to the low
15  flow MFC 118c than the other mixing manifold exits 148a, b, n. As the low flow gas
flows from the MFC 118c to the mixing manifold 126, the high flow gas may
simultaneously flow from the MFC 118a to the mixing manifold exit 148c. Just as the
high flow gas reaches the mixing manifold exit 148c, it may mix with the low flow
gas entering the mixing manifold via gas inlet 142c. The gas mixture may then exit
20  the mixing manifold 126 via mixing manifold exit 148c. Thus, the delay time or lag
time for the low flow gas to flow to the mixing manifold exit may be minimized.
[0039] Although illustrated with the use of two gases, the number of gases used is
not intended to be limiting as any number of gases may be used to form a gas mixture.
For example, MFC [18a and 118b may both be high flow gases and MFC 118¢ may
25  be alow flow gas. In another example, MFC 118a may be a high flow MFC and
MFC 118b and MFC 118c may both be low flow gases.
[0040] In one embodiment, the mixing manifold exits 148a-n may be any known
junction that may be manually positioned in an open or closed position. In another
embodiment, the mixing manifold exits 148a-n may be valves controlled via a remote
30 server or controller, as further described with reference to Figs. 10A and 10B. Thus,
the mixing manifold exits 148a-n may be remotely and automatically controlled to be

in an opened or closed position.



10126. In other words, having nultiple manifold exits may m nim ze the
delay or flowtinme for the low flow gas to the m xing mani fold exit such
that the low flow gas may be able to mix with the high flow gas prior to
exiting the mxing mani fold 126. [0038]As illustrated in Fig. 3, mxing
mani fold exits 148a, b, n may be closed and m xing manifold exit 148c may
be opened as it is proximate or closer to the low 15 fl ow MFC 118c than the
other mxing manifold exits 148a, b, n. As the low flow gas flows fromthe
MFC 118c to t HeO4Hl xi niylditeominll o IMF dsaBay dltvebetviogiolietl biva gemoteragyvaionul t aneousl y
flow fromthe M-C,11 t h 1n |f > . hi gh
fl ow gas reac ﬁgréu%l%leaﬁ%wxhrqﬁ% %E‘?ﬂl"{ ngi exl @ghm#th%égﬁ%tiy%?ﬁ%hgﬁl ow

fl ow gas ent erflongviFOer miloe figw (. f Tectowiralleg amy baketigisd to coflrel geis m xt ure

may then exit 20th ] Xin nrfold 126, v xin ni.f exrt 148c
Thus, the del &0 i s Mok ertiurge e VB KRB b et he i xi ng
mani f ol d ex¥i t compubel tohfdhitdizBE oy Q@é&gifédtdhhﬂﬂ(g,hlalvinglﬂﬁ:talbﬂitﬁw qrmmga: thhe use of

two gases, the nunber o es use I|n1t| as any
nunber of gas Wﬁﬁﬁoﬁﬁmgégg§‘%wFBWﬁﬁ'15§£&n¥ t&?g gﬁoﬁiﬁﬁﬁwgco ¢ 118a
and 118b nmay BRiHixBe ing®idfdxaNoIPsehe aliin nitdi8 exibpyx idmtd@e oweaid oW gas.
I n anot her exanple MFC 118a nay .be a high flow M and MFC 118 and M-C

118c may bot h'#eM &NTbrbewyéseeéul i PELBTITUehY SHBRHTRLI PIORES nP Yy

mani fol d exitgroldda ﬂﬁnﬂ&we&eb&m KBAWMIcd-bREdd Plbnt AdlibeBY | H@4dTRAGRI Y
positioned in an open or closed position. In another enbodi nent, the m xing

mani fol d &R t Sigulsatornpmey Bsbingaf \hdetionkims Veas Psripdic Maduigtonsy Geer ver or

control ler, aghiyit-Ner)deSsh bbaMzWhd R 1ﬁ&tﬁzﬁ&?ﬁm&f?bﬁ@éen&(?& and 10B. Thus,
the m xing manifold exits 148a-n may be renotely and autonatically

controll ed toPBeosh an opened or closed position. [0041]Additionally, M-Cs
may al so be C@B&ﬁpl | 6l E&ﬁn@{)&%@so%% YRligRdd GRNLE BkBLing TRGiMECRiRY be a

wi de range MFC having t 1ty to be elther a high flow MFC or a | ow
flow WC. The thotre 0¢tlpe¢>ﬂmaty thsdowesm flpy dMED Hewemtthwonanwelémrr@e the flow

rate of ay ascdn@l 1?1%8?0 ?ﬂ;ln ttr?(f CIMZ CEEe e)(aﬁ ?H Itr&ll\a}%éq}q-ﬂglrﬁlt}lleelfbepﬁ ‘?

configure to At or ow rates o aving the ab |t to
change the fImﬂmvamekmknﬁasmeECwtdetemnbnemmhm@hmwﬁGWthﬂﬂﬁ@ @b@ﬂ@st flow

rate, and control ﬁgxrn nan f&ﬂﬁﬁﬁ ,gﬁﬁgggﬂé} 'fold

exi t proxrnateQXW%HFomes |n processes
such as gas nilgul ati on processes. Such a process IS further described in
detail in co-gmmeg Eatent nunber 6, 916, 746, entitled" 10 Hi gh-Perfornance
Et ching of Di c Films Using Periodic Mdulation of Gas Chemi stry",
filed Aprid 900&£003 andoilswing @ﬁ)zi’rﬁ]ﬂé atfetexbapainpbyoscedey emtlﬁ)tﬁménchaﬂ ko

pur poses. [004%{The control al so be confr ureﬁwﬂﬁ clos nixing

ﬁ Ler. ma
mani fol d exi t HHAPE &y8Y 58TPIRAL Hep et NV FRESTF 1l E?”?% t he
control I er may alBBst process the following requirement may be desired:
MFC 118a:  high flow gas A
MFC 118b  high flow gas B
25 MEFC 118¢  low flow gas C

Thus, mixing manifold exit (MME) 148a, b, n may be closed and MME 148c may be
opened.
[0044] Any time thereafter, such as between about 20-60 seconds later, a second

process may be desired. The second process may have the following requirements:

30 MFEC 118a:  low flow gas A
MFEC 118b  high flow gas B
MFC 118c  high flow gas C



15 configured to open and close the exits as determ ned by a user as the
user may desire to have multiple exits opened as there nay be nore than one
|l ow flow MFC, the user may desire to have a m xing manifold exit open
proximate a high flow MFC, and the |ike. Exanple 2 20 [0043] The foll ow ng
exanple is for exenplary purposes only and not intended to be Iimting as
any conbi nati on of gasses, flows, processes and the |ike may be used. In a
first process the follow ng requirenment may be desired: MFC 118a: high
flow gas A NFGhLi&bxh@gmmﬁbMngﬂﬁNBDZBWE@ mh&gbomkﬁﬁbmd@ﬂﬁEG4XMU@ybﬂixing

mani fol d exit osed e opened.
[ 0044] Any tlné’gwg gﬁ?gﬁﬁhaggﬁﬁTiéE %Wﬂgﬁ% Hggggﬁﬁgg%%h YYater, a
second processodiehs desdleed. The second process may have t he follomnng
requi renents: 30MFC 118a: |ow flow gas A MFC 118bhi gh fl ow B MFC
118chi gh f1ow§¥S1c Affghe Sﬁ?%ﬂrﬁgOCﬁﬁﬁ% FBHRICtER TR 48 eeﬁ%@“b%go SOy be
cl osed and 5'“'“%%&%?& esPEtAPRNESCck TBe CSroaldaddng siiviashifdyrob®s. As

v

automatical ly change ia a renote conFuter or controller. [0045]After the
second processvill 8o¥dalhere angeRibinkiopat (e iteheares$0- 66 Riksitry Bt he user

may desire to p&‘?é! Slch ugﬁg Eletvglltgtﬂ%rrfb'oﬂl%{en@'b@%%%sé}ﬂﬂ{\/@ﬁtlo%t art a third
process. As will now be”known, any conbinati on of flow rates, processes,

and the Ilke Mﬂ%ﬁbe ﬁéﬁf@$ﬁ@@4@§hh@m@wavawﬁ@bgm@ﬁﬁb@ﬂW§ﬁ@%V%#m?ﬁ@lpresent
i nvention. %g@éfvb H5m ¢ é@ ﬂﬁ %%amgﬁ AN RGN Z%BYeféc@l@ﬁgsﬁeo reduce

t he vol une of he m xi ng mani f di scussed
above, red(ci Ngltltnh@f g@ fyamh tlmé/ﬂiﬁ togths M viegrmp MRy fedugeHbe Hpwiting ofani f ol d

may reduce the f a{ b2 hunqun %%nlffJIQ”th@Ah’FQﬁth iﬁl&ltmx' ng

mani fold. Fig. 4 es a ront p rspectiveé view of e exenpl ary
fl ange and Fi gerbpbetlvd \hm of tit eseravltu‘aﬂangﬁemé e ¢ B vidustriptena bifcktphlépwieﬁpl ary

e, The 118055 00 IRk W, 2B, D0,TRAEK, S07 40, LMD, 2 025
mate with a gas delivery component, such as a mixing Valve 120 (illustrated in Fig. 5).

15  Although illustrated as a circular mating member 402, it will now be known that the
mating member may be any shape and/or configuration as necessary to mate with any
desired gas delivery component. The flange 400 may have a gas inlet port 406 in
fluid communication with the gas delivery component and a gas outlet port 408 in
fluid communication with the mixing manifold 126.

20 [0047] Fig. 5 illustrates the flow of gas in a gas stick using the flange of Figs. 4A
and 4B. The flow of gas from the purge valve 116 to the MFC 118a in the direction
of flow path A is similar to the flow path as illustrated in Fig. 1B. However, the flow
path from the MFC 118 to the mixing manifold 126 in the direction of flow path E has
a lower volume, Vinew. The gas flows directly to the mixing manifold 126 from the

25  MFC 118 rather than through a substrate 122 (as illustrated in Figs. 1A and 1B).
Thus, Vnew 15 less than V. Additionally, V new i$ less than 1 cc, and preferably
between about 0.01 cc to I cc. By reducing Vi, the flow time delay of a low flow gas
may be decreased.

[0048] Use of the flange 400 may also result in an efficient gas delivery. The gas

30  delivery component, the mixing valve 120 as illustrated in Fig. 5, may be positioned
in a horizontal position along the x-axis. Positioning the mixing valve 120 in a
horizontal position allows for the low flow gas to be quickly measured and flowed
vertically to the mixing manifold 126. This position not only reduces the volume,

10



15AI though illustrated as a circular mating nenber 402, it will now be
known that the nmating nenber nmay be any shape and/or configuration as
necessary to nate with any desired gas delivery conponent. The flange 400
may have a gas inlet port 406 in fluid comunication with the gas delivery
conponent and a gas outlet port 408 in fluid conmunication with the m xing
mani fold 126. 20[0047]Fig. 5 illustrates the flow of gas in a gas stick
using the flange of Figs. 4A and 4B. The flow of gas fromthe purge val ve
116 to the MU klBe gan) bhha&sooﬁlhoe/stﬁecgtas offldd guicksatiil vhintgrupiaditd e npiginghe f 1 ow
pat h as iIIustrateﬁ é] . 1B. However, the flow path fromthe MFC 118 to
the m xi ng maf¥gPy 1£96 |n the direction of flow path E has a | ower vol une,
Vi New. The gagof49pws Felist €€ thd/6RB BretpbRpattixdé vigwsranitong cde2plfry onivedsd 25MFC 118
rather than through a substrate 1225$|as i LI ustrated in Fftiﬂi qhA and 1B).
Thus, VI New i élur‘etgw taiersyI The Aareitick BrRplsg be wed wiha yopgesat U f9we o ang

pref er abl YSbetaM‘fped? 680 eido lﬁus@:bte@@n £iQ. 3 t6 Becrddye thedbIGMBGf Mis, ﬂotwl”lﬁorﬁlthl‘)lv tine
delay of alo ow gas nmay be decreased. [0048] Use of .the fl an e 400 may

al so result |M%”egftplﬂlﬁféﬁtngg%ufﬂ@lllzéeﬂg Iﬁbea%eé?eﬁﬁ’ﬂé(ﬁ“(/%fr*vw@ Yonent, the

m xing val ve 120Q.24 ffuiciﬂ{%ﬁ@aﬁa%g ahd ikl 6B is,pefPYREvIBA DI b iR Fbrt hnidersal
hori zontal position along the x-axis. P05| tioning the mxing valve 120 in a

hori zont al podiidiflew aslaptensRefering HeFipoRAfaNG @Bgiks ubigerr T 11y §danies 09 ed and

flowed vertic L@ack 262 ofsRe POSHkI QirbOB040R! Y
reduces the vg{ g%eﬁg’ln%/@%tlﬁﬂt%’e;llgvﬂ@&l Stg% | so gﬁycb)v\‘fgs t he gas ato f1 ow qui cker

and uni nt é9r ufitseeide @lqmomexubﬁ@nﬁfaﬁ?ﬁéﬂ @nd 2 §irst F@b@@]OIPP‘Q]%te aoRAANEB ar e
perspective VB@%"@TH elahMR5 6?5'"’“’? h%eefﬁbﬁh c}f%l\{‘éfd%ﬂ!mnt:f Bk G'orfdbf?é"(s%iépt ors. The

gas stick may be “use Ive | ow 5adapt or 600 (al so
illustrated i wc@iwgancﬁ)orrtrmmdmtcrmséet hgasvbdltufrlm)l 9¢m@a§10ﬂltwcff} ot thhe MFC 118

to the m X:c ngeéfnﬁ useéﬁj em 1 condgit re !0 a c%fuﬂ%[ %190%%0&1%% dlpg gfoﬂhém port

uni ver sal OW adapt or and I's’a perspec vi ew of
t hree- port unihugpesalts ﬁdstnud of ﬂchaxdazpnmuonRefveqen|tm<g10t?@10ﬁf> ghe ‘@Alcahd 6B, the

uni versal fluid flow adapt 00 be a singl t atop
sur f ace 66% of)oﬁ‘gg’l&téékémé’oef(g%ﬂﬁ‘éﬂu a eeacéﬁtﬁl, gdadq@%g ﬂ%lt(l'r;l}g%tl ?%%@%6&8pp05| te a
second si de 6dtonbsueface da4rnstheemducﬁ(}b$t}mmﬁqsblt@OaAsmmdhfevmlﬂ@@@mdﬁhe adapt or
600 may have pl ural i ertical ne r c 1o receive
and comuni cat’¥ &° ﬁ]ﬁém(t%eé“en méélgouﬂlﬁﬁ ({d?‘pmb@é)l&’?bsg |16nr? a? ngr eol )~ As the
termis used Wigh®l fkis, & widnduppreigbLmst he vatichaomeit,mdyaeing houpdnig gor t
pi pe, or the |ike that perm.ts gaseous or. fl uid conmmuni.cat Lon betgeen t wo
p

| ocati ons. Thi&e {Rerspitecslt ?‘Egﬁﬂlﬁﬂf‘aé t@l%’e%%(”éﬂeé)ﬁﬁoqlﬁ?%ﬁﬁh the*a8dpt or 600

fromthe 30p guriacs 8RRt WAg nBRtMhFESHE baae tcﬁﬂﬂnﬂadfb 6016111td1¢eeﬂ’ 4or of the
adaptor 600. Although the vertical conduits 616 l@b %ngzextendl ng

t hrough the daisemal capdi ¢ 4avidy BF gfpiarioNe aﬁflGﬁ@ ﬁ@apé%{ M axi s,

wi Il be appregi@temaitipatochdts MRNS difdlenCrail tetveARYI RAVAG @ani@penhag on the
top surface that is different that the opening on the bottom surface. For

exanpl e, 20t Hep vwface 6@ conduit 616 may have an opening on the top surface
602, '“tersegggs’ibéhor Et?zltecﬁi?ﬁl@?k @r{%f%etmtftarélﬁd@ﬁ@aélts%y@@% and exit

t he adapt or t ottom surface 604 at a location that is different
from t he 3fer tqnaaﬂceavmtgn@fhetori@ opbeil pepdait 61 heay bp 25 ¢ Rgle AgpPustrated in

Fig. 6B, one vertical conduit 616 may be an entrance port, another vertical conduit
616 may be an exit port, and the last vertical conduit 616 may be a discharge port.
Gas delivery components, such as valves (see, e.g. Fig. 1A), may be coupled to the
top surface 602 of the adaptor 600 such that gases enter into the valve through the
30  entrance port and exit through the exit port.
[0051] The adaptor 600 may also have a plurality of horizontal channels or
conduits 614 to receive and communicate the gas. The horizontal conduits 614 may
extend through the first side 610 to the second side 612 and/or from the first end 608
11



[0050] As illustrated in Fig. 6A, one of the vertical conduits 616 nmay be an
25entrance port and the other vertical conduit 616 may be an exit port. As
illustrated in Fig. 6B, one vertical conduit 616 nay be an entrance port,
anot her vertical conduit 616 may be an exit port, and the | ast vertical
conduit 616 may be a discharge port. Gas delivery conponents, such as

val ves (see, e.g. Fig. 1A, may be coupled to the top surface 602 of the
adaptor 600 such that gases enter into the valve through the 30entrance
port and exittmhm@u@hdbmfﬁEMhﬂwpmbﬁmcﬁﬂ@&ﬁhﬁh&madApﬂbbu&mM)WMﬂwﬂaMSo have a

plurality of horj tal channel s ondui LS ve apd communi cate
the gas. The HS?(i ﬁi@@a%ﬁ%]ﬁfﬁig?g’“gi}f ONYR d“tt Hggeﬁ%ntt e’ P&‘St si de 610
to the second agipie 664 dncduhe horizohiaDE0rdties (fll4rn$£ty cemdel@aa&th ézﬁhbhﬁl sgoenad end 606
in the interior of the adaptor 600. strated, the verttcal conduits

|
616 may converget RF ISt H@p i thﬁ‘ﬂegFo’@Bﬁdaﬁ 5, 8% Y PRE Y IREsE U6y of the

adapt or 606 aanegt{;leﬂb@rphgl@n{)@,IW}g@ﬂdmom 614 may converge with each other to
format | east one cross-shap or t-shaped conduit. Thus as gay have at
gad

| east four 5 é‘?qS?'breﬁ@eﬁﬂaﬁwlﬁg‘?H@YF‘JP%H?WP@HME%OWWW[@%%ZT aptor 600

may al so have @Rl @lch Eh)é a?&ﬂﬁ‘&%?b‘éﬁ@ﬁdl@g@mu@hTtH‘éQb';Q&hlfaEéG[ﬁtbaﬁeea)tt‘ﬁdnt h the
apertures 620 extending through the top surface 602 to the bottom surface

604, the aper twifass o¥hyhedpyuresmanenlpartendaparially Hreiesrhe e sybiredie patde 602 or
the bottom supface.0d. 60%3'@4&(1&%@1'1;1 Yhe aE)E&%uléLD@fotn&%rﬁ)% tBrRQeHBRY bkt paded or

designed to 10 recelve an attachment nmeans, such as a screw, to couple the
adapt ors 600 teseize ynatadenin aregnss sithonaprewsto sourlathe edupows 64 (g 2 3y |

[ 0053] Addi ti Oﬁéﬂvew éiﬁ{sngﬁssedﬂig 1‘45(5)&51 qutors that may be used with the

vari ous enbodi nen rein e further discussed in detail in
co- pendi ng ap[053at i Mdmenalahlvnmiﬁhmd@@f//mtOTSB@atrembetllb@blwﬂhJﬁIWQl&I Fluid

Fl ow Adaptor™, fil 15¢ r 0 ndingy;appl i cation
serial number® ?L%?‘ﬁ%%‘%g&ls%%&? i a(ﬁéaﬁhéx(?%mssgﬁl/& &?n plg lﬁ%)egrat ed Gas
Syst em Gas Paaqwllisduonfsénﬁzédumhm£Oﬁ72188 20@7%d “lbbtmlselfFlmﬂleww adeptprichlegor at ed

herein by ef er ur pos 4 L,agam of a

met hod f of dy% %11 19 ?f%% 1%’8 “QPpid ?%TP{P %O Selgll gémb ?ﬁfgug%ﬁ% ?I St rat ed

with the use ‘GfleximeMpageld,Foi Intaafrdtéd @Mybenk(ﬂmmmllsiafﬂe@rwl Jﬁﬁ)lhlﬂ@ﬁér of gases
onally, the term gas

may be used to fo ny desired dditi

used herein i® t}h%f{m?lﬁf éﬁd‘bcalﬂobat‘?fgwl“? %erécﬁ Olalprr@ganff‘S to include any
liquid, gas, [0054 CORRi NRtaifRY @ﬁglhm(iﬂﬂhd’te&m f@&l@/n'{fé&ﬁlﬂj&kﬂ@ﬁpmﬁwm
received at a first gas inlet toamX| mani f ol d

first gas being
received at a¥§r étlthPP%WlP%&“E’ddflth?bﬁuseR e et gfa@lr?ﬁv%ﬁé‘“wé&m%wa at a
second gam i Nlu@fbet & dah@ lyPUeNGedBAbMPLG, detiRel HeaONGegAsIdBhAY), the term

gas used herein is not intended to be limiting and is meant to include any liquid, gas,
or a combination of liquid and gas. A first gas may be received at a first gas inlet to a
mixing manifold, the first gas being received at a first flow rate at 700. A second gas
may be received at a second gas inlet to the mixing manifold, the second gas being
25  received at a second flow rate at 702.
[0055] The first and second gases may be flowed into a mixing manifold having a
plurality of mixing manifold exits. This allows for the flexibility to locate the
mixing manifold exit near a low flow MFC to minimizing the delay of the low flow
gas from mixing with the high flow gas to ensure that the low flow gases will mix
30 with the high flow gases prior to exiting the mixing manifold. In other words, having
multiple manifold exits and/or having a manifold exit located proximate or

substantially close to a low flow MFC provides the low flow gas time to flow into the
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25received at a second flow rate at 702. [0055] The first and second gases
may be flowed into a mxing mani fold having a plurality of m xing manifold
exits. This allows for the flexibility to | ocate the m xing nmanifold exit
near a low flow MFC to m nim zing the delay of the |ow flow gas from m xi ng
with the high flow gas to ensure that the low flow gases will mx 30w th
the high flow gases prior to exiting the m xing manifold. In other words,
having nultiple manifold exits and/or having a manifold exit | ocated

proxi mat e or swkisg anhifal kychahasevitidlos ihowhd howmgvE@ifotdovitidego e witbw f | ow

gas tinme to flow.into the . mxin nifold su at it will flowinto the
M xi ng nani foIﬂH’V¥Il${j é‘?vﬁﬁastpélohﬂfxﬁg‘lgnﬁhaetrﬂléﬂ%rﬁgﬁlﬁfgﬁo@v’\(ﬂgas prior to exiting the
m xi ng nani f olghseki t .A §LGRG]abofehebaimadd dsae Wik ob&efﬁﬁﬂﬁo&&aﬁe@n&\khech of the
first flowrate and the second flow rate is slower. ql fold exit
proxi mate to E%eng flpwratgEslgusref misngRAERId 5 BIr‘r‘é‘t“i‘aéea nﬁre%‘ﬁg?‘?éé“ When it is
det erm ne that, i e ficbfaficalll OYenkalBed # id RESmind @ tREirg Bloondielid W that e at

704. Otherwise, 'the mxing nanifold exit proximate to the second gas inlet
may be aut ormathiesatang flopanedat e thawiss, tB"eF‘é?‘r“Pﬁ ‘ﬁémf EFICHRKBBESRECT | ow rat e

I's less than Ts&@?(i %zrsqltdetf rl’x%\%er ﬁ‘o%a@i%alg%ene-ﬁhﬁlemu)ﬁh AdemB theltie @¥bds may be

manual | y control controlled in an opened or cl osed position.
The 10m xi ng ﬂawuﬂeliSdete)tlil’tnéhﬁrr@yt%éﬂﬁéﬂ 4?8@6 c bt poisgEniel! ot BRpPe server or

controller, aﬁm‘t{x&%ﬁ%@gﬁtmqﬁégf}epﬁ%lﬂ&noﬂ&flﬁ AR BF& el Br fTb @8 poskéh and 10B. Thus,

the m xi ng mani e Tenotely and automati cal |y controlled to
be in an dPenexxiog m@ﬂllﬁé@dxwwmythednlvet[@msvl]lqdfvw henmioEess of @nlgllercml et e at

708, the gas Ifuﬁ% c{eb? 2d TR IQ%eH&% trﬁ)% ﬁAlgld EB7 ]IQIub 'ﬁ%crﬁlxw%arm%h be

controll ed by e server or co MFC nay e a W de range
MFC havi ng thexxabmyubueyemmeuyenénmtbmuncallhpgmoﬂbfbwuvmcuoweaed owldstdw MFC. The
controller may be configured to control and change the flow rate of a gas
in each of thE> Vs, As such, the controller may be configured to nonitor
the flow rat eﬂ)osﬂ eaIfhhd\,{Eﬁbeshﬁ\don@mt}jk&e atbﬁOBj thygfascﬂqslvﬁmﬁmalbbynoaﬂhalﬁ@e t he

flowrate f a det erm ne MEC has rate,
and contr ﬁ] ﬁ?‘ﬁ‘gﬁﬁgbn %Coé’%f){lﬁ\g\:f ispen the' % C%H%IPY\BE&P oIYIg&Iex t
proxi mat e themhpweﬁwlcfeh@vgechhM@ @adbiory tGIb@Sﬁ”ldl hhlgmquvaFﬁamiaﬂ@zv ds that
are not proxi rrate the | owest flowra ntroller detect a
change in thefl?¥ §HGaths CﬁFtIG}@maYﬁ%C‘H&]@B‘?&O f‘%{v# g Ctﬂf‘ngfeg%erﬁﬁ%@eﬁa such,
the second i n%a@tm Plca%t maherdo & s&acmomlmmgmmanéﬁigdmxo tnonByr the

25aut omatically be opened when it is determ ned ﬁi %ﬁ t% zlgco_nd | ow rate
is less than ﬂ%lfﬁbr@éﬁa‘#‘ll\éﬁ\?’r}&f’@g Ueods Y Fheymemsaay SUAESE QY above may

be used iy vaLiRNE@ROEIGAL WRRE MEC has the slowest flow rate, and control the mixing

manifold exits to open the mixing manifold exit proximate the lowest flow rate MFC
and/or close the mixing manifolds that are not proximate the lowest flow rate MFC.
Should the controller detect a change in the flow rate at 712, the process may repeat
from 706. As such, the second inlet proximate to a second mixing manifold exit may

25 automatically be opened when it is determined that the second flow rate is less than
the first flow rate.
[0058] The embodiments described above may be used in various applications.
For example, Fig. 8 is a schematic view of an exemplary gas feed device for
semiconductor processing. A plasma processing chamber 810 is supplied processing

30  gas through gas supply line 814. The gas supply line 812 may provide process gas to
a showerhead or other gas supply arrangement arranged in the upper portion of the
chamber. Additionally, gas supply line 814 may supply processing gas to a lower
portion of the chamber such as, for example, to a gas distribution ring surrounding the
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For exanple, Fig. 8 is a schematic view of an exenplary gas feed device for
sem conduct or processing. A plasma processing chanber 810 is supplied
processi ng 30gas through gas supply line 814. The gas supply line 812 may
provi de process gas to a showerhead or other gas supply arrangenent
arranged in the upper portion of the chanber. Additionally, gas supply line
814 may supply processing gas to a | ower portion of the chanber such as,
for exanple, to a gas distribution ring surrounding the substrate hol der
or through gasu@ﬂh&emkwamnmnggdgkmuﬁﬂeMsmbshndKEMBumﬁnmppmikﬂn%ﬁym;aan

alternative du feed arrangenent can sup center and
top perineter E?‘m%hvg dBﬁ gfd a’ﬂ’%@&@%@ At Sué’gféj’ grgrsa%t &%gﬁgnﬁ‘%llaggtﬁf o gas |ine
814 from gas %&mﬁ&haﬁfﬁiﬁmmBéSPuﬁaﬁmg§3ﬂn@h@n@p@ﬁﬁ$@gg&&8@$4ﬁbmqmsuppl|es

816, 818, 820, 830 bein ied to MFC 822,

respectively. SHRRECVES: §§§83@fggag?gwe%éﬁmfh%ﬁmﬁm%ﬁ‘S%# gg%§§g§§28?“%o a

m xi ng nmankf olsghpBd@ioarcrg?, aazm82r6a$3zt1yspeétwmyx1rmwmmatcﬁzd &0, 8% 802a, 802D,
802c, 802n after which the m xed gas is directed. to sol at.i on chanber

804. The m xeau@bsthﬁav%bhéﬁbﬁ%@&umlé@gé&n{ %‘déééh?‘ﬂlwwlﬁ‘ YL AIXIPR059] | n

operation, the,ysan Rys0ee!eeb, sohe shrpgtd ORichlihdthxedgdslioudcadheaslel i ver ed
10 to the plasma processing chanber. For exanple, the user mght select a

flow of 250 séeling chanber &He hheareed snsmax Hign ba fisecteszo gapiiRvobnelith ver ed
through line ghdg) By h%}sépﬁfomge L8l PbAlc THe Mt MG b icheCRBGerg@uUl d De
measur ed by sunnlng fl ow readouts of the MFC 822, 824, 826, 832
in the gasObofo the hlesrnzompemln@phf@m &y @@tnpteh@e@e‘gm@@tefle%tﬁrf@mfPﬁQﬁQ inline
814 to achievg c&h&‘l%ﬁ n‘?@lﬁ'/? ﬁélnséﬂ:‘spﬁ i.on- Ozjcéf\/é&ftﬂﬁ)tugl\(ﬁhé'iima%}ppt' onal
total flow neter ¢ elnsa ] ust mmﬁremno e m xi ng ‘'mani fold
828 t o measur eoneing teddtal flaw vdfichin Magcagasould e medswieh b sereneemllfitl i t he
total flow byqsu LaRd 22y B4 08RG caB3dudtn the
gas box. [006 Iﬁy%ﬁ% Q?eexanp é§2p%2é%82hfﬁ§§§ra¥és %f£Cﬁeﬁ£t|§u&lew of
anot her 20 exéﬁpbgewmbMashmgmﬂm@é$$&nghmhambé¢ﬂ®®ﬂowh@@ﬂnﬂynbe used in
enbodi nen of . the.i pvention

conpri se %%nf%ﬁ%ﬁ%ﬁeykWhﬂ%K@Hiomg%Rﬂ per “e %@A@%&ﬂ%éﬁgﬂg@ﬁﬁgaggfe ect rode
908, a gas samﬁm@uﬁiﬁ@ﬂéﬂﬁﬁtammﬁmmamShx@dﬁpuﬁzmxaMhe1@@51®@mdm@n@m@gnay be
substantial ly, sim.|l ar to t he S squrce erence to
Fig. 8 and wi {'f 9o 5Hm§%ﬂ§§§ﬁl g?%fﬂf£@&gﬂ#§ﬁyﬁ%§%%%%$%%3séﬁ g 25chanber
900, the subsgdgxat e mafer 980, over mhlch t he OXIde | ayer |s dep05|ted i's
positioned up n t he | ower elect 538 The I t elect &

i ncor por at es @Ultdﬁﬁ@o@ﬁﬂ?ﬁWa i€h %ﬁﬁ@”ﬁﬁﬁ ISMe” “O 81ectrostat|c

mechani calp cl&epbng; plwmat;h@cdmkgeahamél 40l cRlic Ay bh @siUbsibatimen@hbeme 980. The
reactor top 928 |ncorporates t he upper el ectrode 904 d|§ osed h&gﬁﬂlately
opposi te t he INGREPN el et g ot ingrHemBe IR dray rBRt i Gl iagnent |

el ectrode 908, @PQ SRBbIRIE N owel BIES: R0 D08l af dab ouk e 100aliianedh ks vol ume
940. Gas is supplied to the confined plasma vol une by gas source 910

t hrough a gaémpnﬂb?g@@SNQﬁH'Q%mékﬁaﬁgﬂ@ﬁmVPEWF%Héh%éﬁfPWéﬁgﬂ?@§ﬁﬁ“Volune

through the capf l.ReIROL fib @”ﬁld%ﬁ BNek AR usxhaush. ertﬂm ?Mbﬂlﬁ‘ BroéXbiagst punp
920. The 14 exhaust punp 920 forns a gas outlet for t | asma processi ng

chanber. 2An RFMQ@U@@@tQﬂSmNSM@Wé@t9&b8¥¢yﬂwﬁﬁh%@¥é@PW%1%Wﬁwwﬁﬁe¥ el ectrode
908. Chanbe[ o0 1&)1?6(1%%8 AehbNEG B RLASIR, mclb@ﬁLgl@ctﬂoHe 9 6L hhgccONT I nement

rings 902, upper { ect rode 904, and the [ower el ectrode 908 are
di sposed. Theumf‘élest@lmtcaee cQﬁlekmgyleg@npm (s@.,gleptyostatic, mechanical clamping, or

the like) for holding the substrate wafer 980. The reactor top 928 incorporates the
upper electrode 904 disposed immediately opposite the lower electrode 908. The
30 upper electrode 904, lower electrode 908, and confinement rings 902 define the
confined plasma volume 940. Gas is supplied to the confined plasma volume by gas
source 910 through a gas inlet 943 and is exhausted from the confined plasma volume
through the confinement rings 902 and an exhaust port by the exhaust pump 920. The
14



5 MHz power source and a 2 MHz power source. Different conbinations of
connecting RF power to the el ectrodes are possible. [0061] An 2300 Exel anThi
dielectric etch system nade by Lam Research CorporationFrenont, Calif.
nodified to provide the cycle tinme required by the invention may be used in
a preferred enbodi mrent of the invention. A controller 935 is 10
controllably connected to the RF source 948, the exhaust punp 920, and the
plurality of mxing nmanifold exits 802a-n and gas inlets 850 a-n (Fig. 8)
of gas source cQHdst pﬁn@fQlehea@amlebiel mrpnemhmcminghmrgm AmREt 943. The
gas inlet 943 may be a single inlet fOcEl ach 1% 8&%% O{é a i‘fgé rent
inlet for eacﬁoﬁ%f‘s9‘£86§1?18‘e“fﬂnyéo?ﬂeﬁtf%\ §lo8F! PIRFURES ¥ b - PRERH GAS “3%ur ce or

ot her possi bl geg 103l QOSsurd B WHEZLE L‘(Qﬁ"meﬂa@lﬂ11@@@90]2056&&)#61!&16&@&(& a
conmput er system 1000, which is suitable for | enent j n contro noJrer used

in enbodi ment 90bfand fis e sleauodeiPB e dbwoseg Eh %?“é‘ﬁ(?\%é éOﬂB’é%ﬁ

physi cal fgr ]%cnz%l CATRUNG 2SM§IE%H@vex‘?om@@lﬂﬁ@lenttolaﬁlbﬁﬁﬁ&m&onﬂﬁé&ﬁrﬁgm may
have many physical forns ranging froman integrated circuit, a printed

circuit boar d RFaedentodhradi¢ctiogesdirepassiblévi ce up to a huge super conputer.

Conput er 20sy 10 1 maAie B $RhaYesdPO4, a housing
1006, a di sk paR, 1%%8236%5%&21#%&%41%& %’%Ql%én e B e 71014 1 5 °a

conput er - r ead &bt mlmdmmmt,t@lﬁ regisfiesito gepvisletthy Rlg tipegruEsHbYtEs syst em
1000. [ 0063] Fag ntlogBS :Dr%al e é%@%& e%fen%oaln%ﬁkogh@ﬂ(/@ﬂnoﬁ Ok GRIBALL &5 isyst em

1000. Attache are a wde variety of subsystens.
Pr ocessor (8) i@ﬂ@ll’a’cﬁ( edrmectedeoehy R squoceeliSctbn t:ﬂahbtpr@e &2Qiangd therilyrglityor  CPUs)

are coupl ed to sto Vi ce incl.u NBJD, 18Y i ncl udes
random access® Wg r’f}&ﬁ%e“tb §02a ¥ Z(Tdég‘T {}llgertrermrrl ! Df%n?sl 6\:/v%ﬁq.)l%\known in
the art, ROM Em)tvx&lﬁeﬁ)d mnﬁhesécemecﬂkaitat}wwhb urﬂ@@ﬂﬁ;éﬁh@@nsin@n%ﬁm:ebﬂlEmelbl y to

t he CPUandRA used typica to.tr fer .9 in a
bi - directi onai ﬁé\ qub‘%l ”t%fé gt mlg@é o S%m%glgl {n'@&‘glg%f include any

sui tabl e of tﬂﬁ}e&ﬂi@ykﬁ[ceroﬁ}ad]ab}bcesﬁhdbmbdlMI bed beI ow A fixed di sk 1026
is also couple |-d|rect|on Ly . CPU 10 r S jeddit dat a
st or age cé%acmg?%andljﬁﬁy}%l@ lpﬁéltthﬁaeteéﬁ?m@f éjtsﬁ/ete% l%éjt“glrlc-hrlegdaab e rredl a
descri bed belwlerﬁénmgiadmﬂ@naﬂ%éd TeynH@ins 8o te }ﬁésemen\mnaq{aﬁrg lodat a, and

the like and is typ |cali% second 1%/ stora e nedl sucEeas athard di sk)
that is sl oweOVRARS PSP MPYEE FAGe thCOWPFﬁe Wéteﬁ)pp CrEbet” (R he

i nformation rgtamngs mivt Hiaﬁ‘y{zI %ﬁgl f@lrﬁsklzul@g froMan ihtBgraPPtiopid apentedses, be
i ncorporated i'n standard f i'on as virtual menory in nenory 1024,

Renpvabl e di skrerd daarpeipd parell hprdhelddeyiss uing Tee tHs" cumitTe-OFe4ganl e 5
medi a desgf | ﬁgtegell()@(‘f\’mc 1199%111@?%& 3&@@22 a'd%gﬁlysl 004 QuBlEek 10062a Miakk Higfey Of

i nput/ out put devi ces, such di spl a board 1010, npuse 1012 and
speakers 10301008 ]@gh@m@ﬂOlOappd a mouse 1012 Disk lO 4 13 a computer-readable
medium used to transfer data to and from computer system 1000.
[0063] Fig. 10B is an example of a block diagram for computer system 1000.
Attached to system bus 1020 are a wide variety of subsystems. Processor(s) 1022
25  (also referred to as central processing units, or CPUs) are coupled to storage devices,
including memory 1024. Memory 1024 includes random access memory (RAM) and
read-only memory (ROM). As is well known in the art, ROM acts to transfer data
and instructions uni-directionally to the CPU and RAM is used typically to transfer
data and instructions in a bi-directional manner. Both of these types of memories may
30 include any suitable of the computer-readable media described below. A fixed disk
1026 is also coupled bi-directionally to CPU 1022; it provides additional data storage
capacity and may also include any of the computer-readable media described below.
Fixed disk 1026 may be used to store programs, data, and the like and is typically a
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i nput/out put device may be any of: video displays, track balls, mce,
keyboards, m crophones, touch-sensitive displays, transducer card readers,
magneti c or paper 10tape readers, tablets, styluses, voice or handwiting
recogni zers, bionetrics readers, or other conputers. CPU 1022 optionally
may be coupled to another conmputer or tel econmunications network using
network interface 1040. Wth such a network interface, it is contenpl ated
that the CPU m ght receive infornmation fromthe network, or m ght output

i nformation t@ect)ﬂcﬁxrﬂﬁ&‘ﬁgé Jﬁe&iﬂm}éﬂﬁh GOMES€ dRk) Banf 96warmghntphignakpstorage.
above-descri bed nethod steps. Furthernore, nethod enbodi ng%r_:lé(s of the
present i nvenitivaH beragpresiged that theinfnpatigiostamptwipSixgd digy Ved@dit: over a
net wor k such ) I r Wy oTeT A TMUTaToy e Y RS rCRUntRaty shares a
portion of thgﬁpb%J(gjgltees%%%’g&elfl%%%bé%lgﬁing%%?gﬁmogPr%%di ment s g:? t he gr esent

i nvention fur b Resloattde dick tdputyenkeshofoage! prodies @mputck redable

conputer-r adaghigdgs%q'g eﬁ&z{at have conmputer 20 code thereon for performng
vari ous cngTpu er-i rrpf enented operations. The nedia and conputer code may be
t hose speci al [0p6dlesi GREM0ARE adonstplettoedafiey of guihnpyedegcesfsuehgs present

i nvention, or the y, be of the Kin L1, known - VAl to those
havi ng skill ﬁﬁpq?%éé@olﬁ%’ﬁ?aé? 1@@? v?/lésregm\zg?fmsd. blf) arrpﬁ%gg' %fé%g%?fghfer-readabl e
medi a i ncl udeinpbwtutait devi@timiy e dng df: tvixteo iagigs, iecknedi.anisu dhyterdsar d di sks,

fl oppy disks, and_25magnetic tape; optical media h . ~and

hol ogr aphi c d@\lﬁ"‘é@g?esngﬁﬁléfet'}?t%%&’pé@g’ RS STE Ieg%&f P%gﬁ%: igl sks; and
har dwar e ggvi Gesrehiias, talds, Srsealdiye @onhdgilingdedognigtroréomaidesexatety er progr am
code, such as application-specific integrated circuits (ASICs).

pr ogr anmabl e ‘P%ﬁﬁC@”@éﬂfii'scggU(@%‘%gBm&ﬂg/ A HP AN % (e)%lcéeosn}p u&fﬁ)éﬁrrpl es of
conput er codeijcRshMd@cARENIAG okAERE nstwelk AfrftotMOedibysuah coarpioller, 30and
files containing higher |evel code that are executed by a conputer using an
interpreter. iABER drs fosmatel BadhaChE pugitdErehE UGy g?mg’ot transnitted
by a conput er,fat@ §iEiBR ougiP g BetibMNoaAh SN RN W CBuBNsf feepeiag el Nng a
sequence of instructions that are_executable g% a Drocessor . -%30066] Fig. 11
is a flowdi athoseriestribad nestearpitensy Frgherpercs BehebHP G PR A pPEwat i ty of

m xi ng mani f of,d. ex} Ena\/@kééﬁh%-sol%ﬁ/ BhACed RROVEmMaY BRABSvEAHERRBYChRE
controlled by a renote controll’'er. The renote controller may be configured

to conmuni cattbe Wittrhettiheonpingtiel Wit a aqUrCRU it slecsglelOr e & RIB°cge ™% r mi ne
whet her each [?O&éljc 5 aﬁffﬁ@ﬁ,%%ﬂﬁdeﬁé%@' Rk Rt Rl AliNenthe Ehewo r ate of each
ol l'er ‘may

MFC. The renote contr ave conputer readable code for determning
whi ch of the phyogal stbpgoproMECswhias campuwestdapleapedigg Baghave $POPUE0067] The

of i xi ng el @ P B PRt P N B i P hse each
of 10t he pl urabictypatr qdx mag berdoisd pledalkxddasgnehartdreniiukicd dorfempiptsds The
remote contr Oolf ltheerpresent invention, or they may be of the kind well known and available to those
having skill in the computer software arts. Examples of computer-readable media
include, but are not limited to: magnetic media such as hard disks, floppy disks, and
25  magnetic tape; optical media such as CD-ROMs and holographic devices; magneto-
optical media such as floptical disks; and hardware devices that are specially
configured to store and execute program code, such as application-specific integrated
circuits (ASICs), programmable logic devices (PLDs) and ROM and RAM devices.
Examples of computer code include machine code, such as produced by a compiler,
30  and files containing higher level code that are executed by a computer using an
interpreter. Computer readable media may also be computer code transmitted by a
computer data signal embodied in a carrier wave and representing a sequence of

instructions that are executable by a processor.
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may have conputer readable code for opening at |east one m xing manifold
exit valves to mnimze a delay flowtine or lag tinme of the MFC with the

| owest flow rate at 1102. Thus, the delay tine or lag tinme for the |Iow fl ow
gas to flow fromthe MFC to the m xing manifold exit may be m nim zed.

15[ 0068] The renote controller may continue to nonitor the flow rate of each
of the plurality of MFCs and have conputer readable code for determ ning
when there is a change in any of the MFC flow rates at 1104. |In another
embodi ment, t @og6g MOL@g.GANE & AbY AlagF@Yofau teRemplngahdiypdthangeoling af | ow rat e of
any of the plurality o% MFCs.. Shoul d t he rermée con%rol | er detect a chance
in a flow rat @UalRof BHOIEIREING G111 BHVeirads S pRAE PhESSPYELRRY PF om st ep

1100. [0069] Wb}go1RABdirdBAL Sorfdde 2Pl k&Rl Qtsonér hdYite cony@iéd @n have been
shown and described, it would be apparent to those skilled in the art

havi ng the beremimunistterifhghaiplaislisd Ml EsHatherghyounisrie drparing eatPErach han
mentioned 3 2? ;@F%gotpg&%%r Qfo?ecw(ﬁlrd Rt Emide BR ol GtefoF S IVIEC | PNERIIoKEe concept s

herein. CL is claimed is: 1. An apparatus for providing a gas
m xture of a pburalei myy bfvegampster ieastipleicsilnigr deferplinipg Mbich opthephyality PHw

controllers (%@Q}ias?%&&ﬂl&gfa@ﬂilfl din fluid connection with each of the
: ap

plurality of uralrty of 'mxing manifold exits positioned on

t he ni xi ng nmaif@Goea] d; Thederaote ewlolerirary aevieseniigurdd icamapnireletiidribe t h each
of the plurality . of mxin ifold exit o . of. im1,
further conpr P}sL%{ar%lgy 8{?61%%%??“% fi(%;?xltrrvia@ﬁ\lgnsﬂrlr%%sfs ;c!)- ge f%%@%{ ?(V/Oglci%g ?Acgé)? h of

t he pl uralldt y tefpluhixiy o mirng fhohithbléxiits ouahoresingougplifel!. tldeeandte ofnttober
plurality of mxing nmanifold its. .3. The ar at f clai further
conprising: ™Y Iha‘ge Cé)g’r‘?ﬁ{ﬁ @adzg’i‘?ﬁol%ﬁa?‘lé)ge?l%g %géf)ﬁéruonnle(ﬁf( %gvr\ﬁg nﬁr&g}a%ﬁ i Xi ng
mani fol d exi t vyMadsme snibigniepatlgitioime bosg timaohthe MEG @ithithe Ingesréinivfrate d

exits. 154. The aratus of cl.aim3, wherein each of t urali of MFCs
are either opétrﬁ@?' iﬁ‘ﬁsé’ﬁ gy R &F g”‘igr‘iméeaéhtlheo‘boe%ﬁwg %tgts}ﬁ éVp flf(f%\;ﬁ\}erhgf%,* |
wherei n the ceypuheline@ARdlSest eaRuheimizeadabl e medi a, conpri si ng:

conput er readabl e code for determ ning which of the epglur al i tiy og Cs has a
| ovest fl &% r 10681 5ndhe remote controller maycontinue to monitor the'flow rate ofeach of the

plurality of MFCs and have computer readable code for determining when there is a
change in any of the MFC flow rates at 1104. In another embodiment, the remote
controller may automatically change the flow rate of any of the plurality of MFCs.
Should the remote controller detect a chance in a flow rate, the remote controller may
20  repeat the process from step 1100.
[0069] While embodiments and applications of this invention have been shown
and described, it would be apparent to those skilled in the art having the benefit of this
disclosure that many more modifications than mentioned above are possible without

departing from the inventive concepts herein.
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20conput er readabl e code for opening one of the plurality of m xing

mani fold exit val ves, wherein the open mxing manifold exit valve mnimzes
a delay flowtinme of the MMC with the |Iowest flow rate. 5. The apparatus of
claim4, wherein the conputer readable nmedia further conprises: 25conputer
readabl e code for determ ning when there is a change in each of the MC
flow rates; and conputer readable code for determning the MFC with the

| owest flow rate. 6. The apparatus of, gpy of clainms 1-5, wherein a
vol ume of a gas between one of the pl urﬁ‘F“T“f} y of MFCs and the m xing

mani fol d i s | es¥hatlradlaihed isbi c centi meter 30(cc). 7. The apparatus of claim

6, wherein the,volu is hetween 0.01cc-| ec. ) . r .any of
claims 1-7, f urlt her Kgl(?%arri%g? }ﬁgpgv%n&nat %aﬁé"%ﬁ“?fn‘gé‘ pﬁﬁ*tfgf)% S%%Enlérnﬁ%lgsé%’i on
wi th each of the pl aphikalityofahashBley camebllersgMAGs);ng mani fol d. 9. The

apparatus of claim 8, .wherei.n.the unti fl.an further .comarjises: a gas
inlet port Pn flui da%ﬁ%mg‘flis Hhﬂ'a?f(ﬁmfﬂ&nﬁﬁ%eg@h%ﬁée gggall u?%#é%ort in
direct fluid comuni ghitdli@nofwhikihgtoitmifbidexNgpdsiiivnédbddthe mixihd matitaldpp@ar at us
of any of clains 8-9, wherejn the_flange is in fluid 5 conmunication with a
gas delivery corrpon%‘h‘?é,’lﬂﬂiﬂ?eci’e@icﬁ"t%‘édﬁ eehian Wity spek 8 Bﬁl@ﬁmgiuérﬁ‘d‘é‘}gti oned in
a horizontal peghifél@Bxits.11. A nethod for controlling a plurality of m xing
mani fol d exit val ves, wherein_each niXxing mani,folﬁ exit valve controls a

m xi ng mani f ol & exi the appEps A dalghl. diskdien gomRiFTec Rivakiyof mixing piraideld g

bet ween a m Xi gt yarsfQbiloaRe pRlitySEl Aiking MahHER\EK R Qalvih @uflel thedoh bf al i ty of
mass flow controllers (MFCs) are either open or closed and wherein each

open MFC has athepBialitapemixpgepatifpldexé®nput er conprises conputer readabl e
media, cOMprising: BRLEEiTLAL BEIN £ hutler tdiprRldgral ity of MFCs has a | ouvest
flow rate; and opening one of the plurality of m xing nmanifold
exit valves, wher eiarconpatespenfigred e pormumiedic withietcdimixmginanifgldagitn ni ni zes a
delay flow ting,af %n%@o%lgg} ehf}fof the mixing manifold exits.
15 4. The apparatus of claim 3, wherein each of the plurality of MFCs are either
open or closed and wherein each open MFC has a flow rate, wherein the computer
comprises computer readable media, comprising:
computer readable code for determining which of the plurality of MFCs has
a lowest flow rate; and
20 computer readable code for opening one of the plurality of mixing manifold

exit valves, wherein the open mixing manifold exit valve minimizes a delay flow

time of the MFC with the lowest flow rate.

5. The apparatus of claim 4, wherein the computer readable media further
comprises:
25 computer readable code for determining when there is a change in each of

the MFC flow rates; and

computer readable code for determining the MFC with the lowest flow rate.
0. The apparatus of any of claims 1-5, wherein a volume of a gas between one

of the plurality of MFCs and the mixing manifold is less than 1 cubic centimeter

30 (co).
7. The apparatus of claim 6, wherein the volume is between 0.01cc-lcc.
8. The apparatus of any of claims 1-7, further comprising a mounting flange in

fluid communication with each of the plurality of MFCs and the mixing manifold.
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| owest flow rate. 12. The nethod of claim 11, wherein the open m xing

mani fold exit valve controls a mxing manifold exit closest to the MFC with
the lowest flow rate. 13. The nethod of any of clainms 11-12, further
conprising: 20determ ning when there is a change in each of the MFC fl ow
rates; determning the MFC with the | owest flow rate; and openi ng one
of the plurality of mxing manifold exit valves, wherein the open m xing

mani fold exit val ve.m ni m zes .a, debay, fl.ow tine.. it h. the | owest
flow rate. 2514.The ?I?ngf%lbstf lr?i}n g’f%%ﬁr%?#g el H@%ﬂ%agg% %r %égrﬁ\ﬁgﬁsgs}r?re of a
gas between one of thssipleupat intfiuidéonmEscation withéherMRCregpdmani fol d is | ess

than 1 cubic centineter (cc). .15, The. nethod.of claim 14,. wherein the

vol une is between 0?@330%1_&1%}%0.“ liéfreefﬁgldrf@f’%ﬂm ?O%‘ﬁ@‘@fmﬁ“g? m)anﬁ?lgi m 11- 14,
furthe{ co;rprlso.ng_ gy@WﬁJSbYa@O&fWﬂxﬁ&@Q,ﬁher&iﬁ@&tﬂaﬂ@@isfixhﬂ\ﬁdrat6. 17. An
apparatus for providing a gas mxture, conprising: a first MFC to provide
for a | ow fPowCHaBUBEHIBTEHY 2 gagglivery Com@n%’c‘@i‘?ﬁe‘ﬂ/ﬁ’egﬁﬁd%rvﬁvicﬁglpf’ ta high

flow gas conmpoRenfitionheh &indrikdifal bdkord | OW gas conponent forms a high flow
gas line, Swherein a volune between the first MFC and the high flow gas

line is less thhn 1Acuthed ferenniraingp plusality ofigixingaaniglbaxitrvalycoherest m 17,
e 17, S B Sl Al gl g of ofal
mixing manifold exit is connected between a mixing manifold and an isolation
10 device, wherein a plurality of mass flow controllers (MFCs) are either open or
closed and wherein each open MFC has a flow rate, wherein a computer comprises
computer readable media, comprising:
determining which of the plurality of MFCs has a lowest flow rate; and
opening one of the plurality of mixing manifold exit valves, wherein the one
15  open mixing manifold exit valve minimizes a delay flow time of the MFC with the
lowest flow rate.
12.  The method of claim 11, wherein the open mixing manifold exit valve
controls a mixing manifold exit closest to the MFC with the lowest flow rate.
13. The method of any of claims 11-12, further comprising:
20 determining when there is a change in each of the MFC flow rates;
determining the MFC with the lowest flow rate; and
opening one of the plurality of mixing manifold exit valves, wherein the
open mixing manifold exit valve minimizes a delay flow time of the MFC with the
lowest flow rate.
25 14.  The method of any of claims 11-13, wherein a volume of a gas between one
of the plurality of MFCs and the mixing manifold is less than 1 cubic centimeter
{cc).
15. The method of claim 14, wherein the volume is between 0.01cc-1cc.

16. The method of any of claims claim 11-14, further comprising dynamically

30  changing at least one flow rate,
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10 20. A program storage device readable by a machi ne tangi bly enbodying a
program of instructions executable by the machine to performa nethod for

controlling a plurality of mxing nmanifold exit val ves,

wherein each m xi ng

mani fold exit valve controls a mxing manifold exit, wherein each m xing
mani fold exit is connected between a m xing manifold and an isolation
devi ce, wherein a 15plurality of mass flow controllers (MFCs) are either
open or closed and wherein e%ch open MFC has a flow rate, the nethod

conprising: detldr m ARFEPHAPE

T 8roViding 35533 MUK Sy CURPIREEES has a | owest flow

rate; and opening opgr®MHOR PRbHEAb i YovPflowkad ddghpoRent;faed d exit val ves,
wherei n the one open mxing mani fold exit valve mnjmzes a delay

flow time of the MFESsPRAMESo povissdet 2 high{loy gagcomponent, wherein the high

flow gas component forms a high flow gas line,

5 wherein a volume between the first MFC and the high flow gas line is less

than 1 cubic centimeter (cc).

18.  The apparatus of claim 17, wherein the volume is 0.01 cc to I cc.

19.  The apparatus of any of claims 17-18, wherein the high flow gas line flows

in a mixing manifold.

10 20. A program storage device readable by a machine tangibly embodying a

program of instructions executable by the machine to perform a method for

controlling a plurality of mixing manifold exit valves, wherein each mixing

manifold exit valve controls a mixing manifold exit, wherein each mixing manifold

exit is connected between a mixing manifold and an isolation device, wherein a

15 plurality of mass flow controllers (MFCs) are either open or closed and wherein

each open MFC has a flow rate, the method comprising:

determining which of the plurality of MFCs has a lowest flow rate; and

opening one of the plurality of mixing manifold exit valves, wherein the one

open mixing manifold exit valve minimizes a delay flow time of the MFC with the

20  lowest flow rate.
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