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[006%] Bowerrecipes may have low-flow gas mixing with high-flow gas. This type of gas
delivery is known as a carrier gas-driven delivery, where the high-flow gas (carrier gas)
drives the flow of the low-flow gas (process gas) via molecular collision. In order for the
process gas to enter the mixing manifold where the carrier gas is flowing, the process gas
needs to build up a pressure comparable to the pressure at the mixing manifold. However, if
the carrier gas is flowing at a much higher flow rate than the process gas, it could take a

prohibitively long time for the process gas to build up enough pressure and then mix with the
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the clains herein. These and other features of the
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also cover apparatuses for practicing embodiments of the invention. Such apparatus may

include circuits, dedicated and/or programmable, to carry out tasks pertaining to
embodiments of the invention. Examples of such apparatus include a general-purpose
computer and/or a dedicated computing device when appropriately programmed and.may
include a combination of a computer/computing device and dedicated/programmable circuits

adapted for the various tasks pertaining to embodiments of the invention.
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[0023] However, even if the chamber pressure becomes stabilized, the processing
environment may not be ideal for substrate processing. Ideally, the different gas species
would be mixed together before arriving at processing chamber 114. However, the gas
mixture delivered to processing chamber 114 may not have the correct ratio of the required

gas species. In other words, gas composition may drift in processing chamber 114. Equation
4



environment may not be ideal for substrate processing.
Ideally, the different gas species would be m xed
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gas is especially important in a low pressure environment. In a low pressure environment, the
gas flow may become molecular. In other words, the gas flow may become independent of
one another (i.e., collisional momentum transfer may become minimal between the gas
molecules). For a recipe that has several different gas species, the mass of the gas may
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gas is especially inportant in a | ow pressure
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pro&dﬁﬁhlggiﬁa)t b@dque@ eﬁtllg&Sprdibex g&rxﬁxm&e}és prefenfh dopews ahd delay time
resu n. subs n ard devi.ces being
m%?ﬂé‘a& '8%‘5hﬁ0‘i95t0ququuft§)8Idﬁ(é 10 1OREThRPESE B™Br ocessi ng may
[00bH Eieh ﬁ}tl&cbrbm%shﬂ)g, érhﬁ*orpﬁ@lp Srnogﬁﬁwmréstuﬂé en\hrﬁmiﬁérﬁsmtlehvery

may R eloghd 16 b ATGE Poresn s tenfcn b BES iR g of

the tdteleriag CEig SiBIgho@s W isingphantodk dl@rmtlluardtmg\nmﬁbm rges m a carrier

nvi r onnent iver
sas gt (Lo ropfiER  PEbis SS e ey sy e S RS ey e
intotrhiin gxse&ﬁvmyehmé 1R2hegs anxmgamaxgmd) afa gucH }Bgl&h ﬁm ra@te than a
ng the
pros s cfn aes Oy HRPishi s s e el el o
processisy ¢chamberglds bysluniarr&s grvigoro]lisivayl riv@ndnnjnecsmséeri However, if
the Eraamer aﬁregsﬁre (p$ la%/ an 1{1{% egt% lg& ggc'rgi’rog gge\?vs(lléi&ggggyﬁl lfnqn%lairqt)ers@c{s
wntlcﬂne migng gmasnfcdd) iy bnghérlthmvtmpmcressrgm ptessutd @ )pthe pesess gassnay be
ana A RS R, | ALEBPERTRIAN GORATHEL, bhhNechierso
untl!l-kjmmcss gasf predsereqpu) reaches grsapeesss pressufp(p)). at  an
1003 DG BT STk Bk 1l Be b B P b e s
linet16¢) ipfwe de prayass gos mpuline | (hinky be dhde ooz e t@mrrnﬂagaSbe
r
o ch ool g W o I s el velP g b PRl orh I cime
the proogse gas lgaeéeapndefsmuwc(lﬂp)mo e&dheéO‘% brdore awfficient pgessure builds
up BERRPULE pbP&L as| tQQm??;glvbtf\ ﬁb%x]?x@:r nﬁﬁ‘s 585&/'39&?5'1& time
pressure may Rave e gas line
scalg eeqgired fgnpressureebuild4p abefetfp@mﬁéo pM)@@S’Q igyBig. $.theggdeday time is
Ion%e'r RSt lzﬂ' L lgﬁ@iYne%h@lw and tsﬁ.’]aﬂ'@r ﬁoWr&tp&é)he carrier gas
| owi n rough main gas |ine In sone cases, very
 10033rig=atl &y may occur fromthe time the process gélsq"iaéon 5)
rel eased from MFC 110 into gas |ine 104 before
sufficient pressure builds
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up to enable the process gas to mx with the carrier

gas Equation 5 bel ow shows the tine scale required for
w@e@edssel bui | d-up at intersection 150. As shoRET/U82009/047279

Fig. 5, the delay tine is longer for larger gas |ine

volune and smaller flowrate (Q. JO0331 te =pi VxIQ

(Equation 5)[0034| As discussed in Figs. |IA and 1B,

del ay of the process as into the | ow pressure chanber

[003H\Asriserised | é/é@s% Btdglay pf haprogess érs ipiRdhploy PeEgas
cha}‘nbg'\’gnt/@orﬁ%n{ ﬁ%?&h%gje b 1Bht T 1RGFrodREsSHS HER 1B fdhched Hfter the
ot her words, t’he gas delivery tine scale for certain

set @fg§uge|§)@g]t egl q%ﬁy we%stge éaééle'é‘@ﬁb?)‘g? scalsforgertpip gasgpecies may

caubd g3k Uibrﬁ;%sﬁ'i%h Akt 2ME hi@imh R deIAP hkdPdr 18 Edhitrdol &uilIHALMIPPESUE Fithin
within the processing chanber, at | east onwarreter

the progesging rhagbiep ahigest apfcReramgter—epolipecqpdictagse Bh B OF
punifPpeLVRay RavB & BOOEbdifi@d In bit [Pt dSPERVerdion tth€inventors herein

invention, the jnventors herein reali

realizgd fhatlyy Eyetsng RARAFEI Tl TPig o agprt uré% tga%%?ﬁ’y}{‘mécale

ma)g&scodﬁbllédaﬁmobﬂ BRuiseasdwibe/chaggesont rol | ed wi t hout
har dwar,e .chan I n accordance

ul ri . 0
1004 T8 e i B TR o e o L ghons gt dTom el (iec)
schefdtorréducé i GmescdIiestzat Gelivedue & pidoessing BRansteals @ravidedas

el.iver 0. a processin Vi ded. .
e bGP R g it o s YRS b pabER Ao e e
dehN&@tm sta2¢) Lmﬁbddhﬁelﬁ@‘ dfeled inveatigraslsoiat ludees yultip wBtepCprbeess for
i.ments r]tion. al sa i nclude a rrultddple
perlGB S 1B O ERAB P TURY PG T 06 R FEHE G A g

envirehke delivery tinme during a carrier gas-driven flow

t, of. the i tion,
10088140 AS PR R BUEF v BioF iy TR HotP L Brigh rad g oV 68 for
ovegtienimbaetMAQ td i’&éudhfl%l@ debve’ryédeja}emtol'lﬁ)rd@lss:mmdel ferya gant Bo

. h
mmgrgfz)égeqﬁ/g% c%l%tvf w&p gﬁgoott etn{;tén a[yr[;le nﬁtmrn%mead eILhe op{l%al
ovethad@ rsmngeds a Tdveor dJthrcaIthed\dE(r? sﬁbwoate stay ba gtci'easad ba td esbrer
nunquze igasccomt Qs?nrtllogr/lg ﬁ‘ca\g&\g/oérggeesmmgham er. rkclj{c% ?cﬁ E’mE Xelw%ry delay
mcrpzses:tbs qualgy cffsabdare. pragiessos, wmadutowgshd@lstrmegtlyns dedimple. To
det%@ﬁ{e‘?%s g)t%mtghcsvé:ﬁsg?(#]t s&éénggfé isnﬁt;ég% e}éﬁo% sk drggt‘?ﬁﬁmﬁi( Bgcalﬁ%&ﬁéd”%e
initigpgviershbot orengghio o furs tioresfghdgvershedt derdatignand shecone sale @ﬁgvte h
dele&g %{%%8&%‘5 % aAse(%cuIsjaﬁ hér&lntdé{jl ?1%”0%& ﬁl!;}g{?gnhx%lée!sqg %ehmll

he over shoot ion an
elapséd penied dettingyveldchyansovsyshent etsengthinay bﬁspdlesws!swCH‘@mman

|00§‘Q 192{:‘?5@%‘&%%‘? mﬁ%Je%ﬂo& %EI%B&HE Qetw&e Hsg&ﬁg h@g %ﬁ% MEFC (e.g.,

: I od during I ch an overshoot stren /
the appfl atexchichohaMFIZREn f4spwpdrtaig eet of MEBIEHoNsh Ear agyriead Migha

resp‘onﬁe cfé)é? (1-%9%% Shinah 'Mﬂft ée?u V\% ﬁge‘dh% SRSRANEE whi T rgffc

he speed he MFC can’respon
sem.ne rsa:hsreﬁed affew m@rvm@w @my befw@rth%’as v cate isvPaged, ln an

exaﬁlﬁﬁpﬁm tqg‘tlaﬁmlﬂffab{as%%g&se WAE o sebMrGs SBh kdd) Qpérﬁor first set the

anged. In other wor wheh an MFC setting i
MF@h%@{g&cema@nﬁ then immedintelyshanss ks MF Gasttinedo tlﬁéccgwaglefl\fﬂiﬁ\may
relehRlg8s 4120 SOANRL Y sedoRdsPHRfore releasing the gas at 10 scem. The delay is due to
the MFC response time and not due to the deliberate intention of the tool operator. Since, the
intention is to minimize the time scale of gas delivery into a processing chamber, the

overshoot duration set at the MFC response time may add little or no additional time to the
7 s



exanpl e, assune that an MFC has response delay of 2

seconds. |If a tool operator first set the MFCto 20
w@emansizel t hen i nedi at el y change the MFC set t PEyUSHOL Q17279

seem the MFC nay rel ease gas at 20 seemfor 2 seconds

before rel easing the gas at 10 seem The delay is due

to the MFC response tinme and not due to the deliberate

intention of the tool operator. Since, the intention
overall defivary Hings theselyrrpablingahecqvatshoas streggth toibe plized as ‘h‘%’%‘h%fi for

confbAiRE et seN1IQPhRE dellvel MR INSihiaRLingthe Alre QuEEd to Fp
M-C response tine nmay add little or no additional tine

overhoptduENigt-al | del i very time, thereby enabling the

[0098)E4 SR BE a;ﬁiré’cﬁ'&itffbrﬁ the ki’&egﬂiﬂgl theepase ammﬁab o6 sﬁe@ff' ic to an
controllln scal e_of gas delivery

tine
MFG; dp phss %gg% I‘fé‘ frstMEG B 4*%66&[66533&? ime jhan 6\?%?°§§Wtc the
lnltdlllé\&trdh@& stréd¥a3R) theFirst aks speri’pNocialedtvad tier fabd N1 hE may differ
for e%})‘l nogf‘ﬁt he res&ons ti ne ma (1:

be specif]
froyehe i B901 AP 01 the o710 25 AP R Sied it B affpne
MFCe Shag) §f dverdRoot Baiidh is BRarbyNOMFChespondettingl  over s hoot

renthfor t first gas species ssoc:| ed wit
1003 AL Hisberiingec PreroahaoDiiendB e BreHg0 P LR Gt stale S
del@feﬂ gibg;bkblésﬂé’f.) t hme&%mﬁd SRS, Bﬂfffdseﬂ tiesSga® hnageeduemy il the
f econ t he ove ot dur.ation

mo eF\ﬁ? TRASS B h? glaé %@q@g&t&ﬂg@tq ﬁnﬁgé av[e %l\;)fgx]xui@ed to account for a
lon@efr@ﬁelmenﬁlrmlmgi th beerdisersebiget msy slenigive td te iadresedifor a gas

g nctionlol the tine scale of a delayed gas species (t
wit Eea.“e'sl“ﬁé&“ P'H&*Sti me scale ti depends on the gas |ine
[00g@ adret khe inirial ovirehdvbstenythabs beas detadimilddea @asyun mhgbe conducted

i AT o S P B oo P GBIk

exaﬁtpreeﬁgtehemyc dlog/oath /29 scon brel the amtevaemishboxrstrangglas Vi, thian the

VEeR S 38 e Do A FabS lhe Borls vty
obsbn&ed:fmn dl prbﬁﬁdﬂmmddrpetldsﬂeoﬂ‘vﬁ(é (EleoW0 sembmdsp eB;naglalymmg eteohamixy

preses)lélg;a?g&% é tlg)efm tnlr]leovlerrg to,{/?_lt"en# enﬁalsyr e g)ulgtg(i %d rﬁLQ n%r}r[\ahe
oversrhocpnsgén_gdv Gn sin exobodsrherer@tohersl&oﬂst&pgm e bt Idaerhﬁ@dvhyl I
ook B oYl R A o ol U 0 o ghibber pressure
profilceuehigh tierrbanire prestiraxt apiendefifed graet trde preiod (eis ) 2 seBynds) is
. | h ial.
wnggg rt%ééz Q%uh@f ra‘EJ‘@%}bﬁge&%lgt%zgfegg@'}%&%r% S?larz §m é“M) téi‘j time is
usualit proveifleddoeestahbehingst stabrliped pregsnrezenvieerisdi, rhsnvte df:fmed target
- t t he
i SN0, SO0, 1, B0 L ki
stabiliziegtye procaseing elmmyeriteastrer pressure profile in which
|005ﬂ%$‘e§%§|’98§ oPIBRRAR, AL ofkrdHobt &?Jdon% B@Qgﬁsttedt:'fﬁ)@ initial
sec Is wthin a t accuracy
overshod srengg is nqt Vﬁé‘r"t@ﬁf\" Capafety s A8 a@r@@guwdpbir me)shoot
duraici Gy bk Qlttt@gretréspgnsb ﬁmE'%F‘@L, MECPH X hidESL fa8kional time due to
establlshlng as | ized pressure environnent, the »
ovepheatiigf Hawever.df gemodifisg M éf flydraeelyre hmess flow e ingeqasedtby s
factot SRhPHelsREbt sHaH) B tbESFsci& MR nlalfndnh TBw 2did O An@AFE Qhe

stabilizing the processing chanber pressure.
overshoot duration may have to be increased in order to reduce the overshoot strength. In

other words, the overshoot duration may be modified if the modified mass flow rate is not

less than a pre-determined percentage (such as 95 percent) of the maximum MFC flow rate.
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[0041] Alternatively or additionally, the overshoot
duration may be adjusted if the initial overshoot
w@reoens2bi i s not within the MFC capacity. As PCT/US2009/047279
af orenenti oned, the overshoot duration may be set to
the response tine of the MFC to m ni m ze additional
time due to overshooting. However, if the nodified MFC
flow rate &i _e.. mass flow rate increased by a factor
In agemppdimenieths nffoéetwrnéﬁ BerFANtACe istless thep R PRTEE I9CEFRIRT o0

poténlumawaee 19£cc§ﬁcyMﬁg% miy&isPMBhSIPOT SPhek ddch MIFATRMy hane
be i ncreased i n order to reduce the overshoot

dlffgr@wéa@oe@faﬂ% therpaamyps MEC flgw eteanay ams depepipgatRog she i C-
(0098 17RslbhbRSndd:, hdisrs amﬂérfﬁhgzﬁcan@&}ana‘ohpwg %hﬁlmeSgeBﬂEtr}l ess

than a pre- det’er mi ned percent age. (such as 95 perc

molgguiaTfesh b BRI 647 §ea i8S FR kP t&mmﬁmausef’ﬁ&“vew
del@rmﬁe%ﬁﬁﬁdnﬁf&@rﬁﬁoﬁgﬁs ihe MRS oW Radfol 0cep@ina i dutadion

account for pote t| al ﬁ‘ gvvare i naccuracy that
(ovegitiost dyrpionh TN ce @t ecale,sh Bospie PROESSHR AT 189 B rodified
to ngﬁﬁﬁieg th€fidné Oiﬂferdlﬁkﬁ bemEERENsPIcies ffdrewcmag &n equylibrianypressure.
endi ng upon t
(00§55 B EmBhdihat: A inE Sep Aot BR T e oy of B jpp carrer

gas QOB WY envﬁmhrﬁénﬂl AlthdGh theGfngR sgPDyveSRUBENS igthod may baspplied
and t hat rrg% hav ed delivery del a

Kk
to dEpoh e AR B ST EHBSEr T ToReevEe s T Bl s
oveﬁﬁo&ﬁ@h&th@dﬁﬂ%rdﬁﬂe&hIal)dfm(ttw @letHod Gdr réﬁlkﬁhtgldelmery deltays,
time sca rocessin
00l onech A S e e PO F G e eas BT Arefess e
maSIee tetuili @p siffiaiein prgswre beforeiil dab kriitiwith resdhr flow {H6kIps. To
scetiig e e TRRYE B - b ik Bipegt s el Epg o B apbled W ne
MFEflow rar ot thie ovAlfib v @uglasstgae Iaian ginBodimen, i Buikihgodversboot
d
B AT T
initiat @fashmteﬁeigdotSumg tlféﬁirkmnderﬂl’mpt freogth ajuhe anitizd bveeshoat smzn},th) is

deI Lver l.a 04 % L
_appg?ec} tIQ mm}HILe (}fé}ezg -uﬁ: ime Cpaelr'l?(? e bueld -u Pv?/rse oot Jurdtion is less than the

buildupitinerpreod, in @ dnthadinkepw }pcrvmyeusts pgasmmagmhawmd wedsure Ipcbfile
(suﬁtj]llﬁla E@Fu};%whg %E‘Jlrl(?g[? géegsgxgot‘?d%r'a%{)r? 1S sgt t8 ?Q atrl%]a?.s,t t i IéJs%sCL \Jétg)onse time,
in abembalimpgnt. Smikn tosthboolglersteg Qveeahommg,trm@iodonhe rgtied overshayt
streg fth ﬁﬁg Ib% gg.m%f? (Q'Ft‘hel\@:g SM v4 ?& n fthe tﬂt? 4 A loQW)w ﬂ

p‘? ocess gas. "n'an enbodi me at Ul (§ up over shoot
proctsy gisi on nay be a functl on of the ratl o of the tine
100752 s AR bl DR AG, RRSHEBIPC ot ot oy
be riadiféedi bryiat seednd ovesls)hmltenzsh Ifcerag:leh()d ofginggp b Areeinbagliment, the
seccmd%'vépﬁl;o%t& guott)l% tqe 5o dd@rsﬁ EtpeqilﬁthtrEa? lfégbt tg tHéFMFC response

overshoot duratron Is less t
timg e¥imgay, to the singlecstepoaensineting Weted: dlre seepngd rowehvpt strenz,th may be

I

dete’éﬂﬁgg%ghkaﬁ : @ og%? ﬁﬁ‘{‘?%ﬁ%"ﬁg&m Qtr%%thsfm)meeggiuste?] il
an dpR@akavsysbers etrangtes idevtifigd enbodi ment. Sinilar to the

|00‘§d] Wb@ ﬂ%ﬁﬁﬁu&lé’ ?tEfsmgrtshdwngﬁ&mgﬁjenabﬁ%dlﬂﬁl& b@érsl@&%ﬁ%&‘?pk be

str eng function of he overshoot durati on
apphigdlgo m@ntnror%te %al@raﬁ Ptq%ssma\ﬁprfqltms PrabBasexig due to the

differences in the flow rates between gas species. Similar to the single step overshooting
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| 004S] After accelerating the pressure build-up for
the lowflow gas, the MFC flow rate may be nodified by
w@2@easnel over shoot strength for a period of tPEEUSINI/047279
an enbodi nent, the second overshoot duration for the
second overshoot strength may be set to the MFC
response tinme. Simlar to the single step overshooting
nmet hod, the second overshoot strength may be )
metpad, dhemylEple sieps Pvesheaupe merhog enables agqstfé gasiqslives il

mlrﬁMQFn%hH@t‘imélteﬂﬁ%tf& apBlyinl Qheaeﬂlbidﬁ&ﬁgch@i%” an optl mal
overshoot streng is identified. 00484 Thus,

l““ﬂmFheﬁ?a@"eta@sgdwesewégﬁpﬁf‘gem‘ﬁmf" eé’emﬁl“t‘ﬁ‘eﬁ?‘%"d with

refe@mesdm@m,lﬁésraaagtsﬁlstsxensbeata&w\u ed to acconmodate the
different processi gg cond|t| ons that RTQ eX| st. due .t

l‘"’t“HeF igiZrshey e Hrarembedimear gfiths inyegtion; a5 ‘Q‘Eé’&i“@s“eps
forshmxhaﬁmg@ptebse@doagélecretr&p overshoot i ngrret hod, the

e o ershootln net hod. .e a fa
0o ARt b GOR AR G A e B SR G T colgr sagi §fry may
be arem waimgreﬁdaﬁs avan shagle, slah%aedehlvagﬁﬂﬂa)/ bEIaee a‘oeabnmm laodn
a vanta aﬁ t he resent i nven may,..be be hi
a5 & 8‘%5‘?%"{5 d {mpwhi %ﬁ?é?ﬁfifs 1§ ¢4 ‘“? F‘bfﬂ%‘éb”éfﬁ‘cf‘a‘e withina
proﬁhsﬁﬁgl&&mbél&n ﬁmtenf tithé. oA afbi@fréitfonkd, gas c?)rrﬁ:bsm&n drifimayloccur in
of i nventi.on
o I et SOMGER BT B <Pet dn dRte O Ce B U o Thogp kilgd i
the a hgnbave| dBtElt tedhiniqueki Ifcfrsdenefymg vZ&ﬂ the‘asuazhmvoga&

00ROkl v iR PR P e Bl & playfinderorosy

toold ebsu\mﬁey wiithiy theeproessiigchambastedsire NvlihnahmpraSesgﬂgschamber may
t ion dri f s_are

be GERRER o e o elieEotions BredBET I eRiript FEgRIR A

takedi ldin‘ger tdmt othérigas sp,éeesaf;:{srcempmaannbm mayas oconpqsl tion

[009{! jas ggrp Qs] 1%% ¥|ft ina garilgrvgﬁ{)orwserséﬁ{?wreg]gl\é%n;on “ﬂﬁy alsor\)e i@ntified

by elkerving thei mnlﬁgtmat@n mf tia plabraa @o | Sofre mpéasina tceudslmaquesthﬁ: @as line
for khg %E ncellr E'I}’/l@a 951t 5]%1 tR dosvsllntstlfle%tm (%l?h ﬂ%g Hnes for lhtg%?ocless gsr %mce the

cartBy gwxpllcmytemgowretrc:mh dwatrmogzs lspmablenm)cved a\mrodessn,as athe
doxﬂ{]gé;ﬁ) e}?fb%gi;ﬁ h%ﬁﬁgér’suaggsgtﬁ§ g{o&ég%{] s :ﬁ;lé J&%T,a‘%{\ ﬁm‘eé%?e%&ﬂg of the
canp&e!gaied for a gas speC| es tor each t he set pressure
[ C

[005’% n('fph% é:llnfl#&%r% h taﬂ@%g&%glgl{l t??‘% as dé)gfigui%a% A long gas
linegaaypisedllyiadd tOdh¢ gats dr—lmveay e dn eddthJaSIf theigeespetipoare of different
masg%\éyl'e gﬂ?&g{r‘lltsgﬁ@% ;th«J @gaaﬁagég@gg }efaft% J%Xm%hﬁrg st e%th‘i ﬁ%e
progeaginghehambertaba gjawer ratg emf:m heakier gagtandeto f@a\satp@bwr mqecﬁman a
h gh?ér 5 @Acﬂgmmf (ﬁ'amrﬁgtwte&eth llnE g&gf rgfangllﬂﬁlayglg&ﬁgl%regﬁ%ge

Si fice the carrler gas I's wnstr eam
nunghgt ¢fi pEpcegscas melegresp de ﬂ@umalme;i withpythe gasding selume ing gder for
the 91%!‘4‘_@ %53‘?@ %M@%%%‘}Qes&h@[mﬁ& %yeﬁianh Q%arPiEP&@ §§hl&\ai§

I's ablfe to reach e pressureo e carrier”
usuplyofepingz g highemlay rateo Thys. itetlongaytha asding ctbe }argsm@e defivene
deldaRayl e 6 LVt @UERELON. A | ong gas
|0053] At a next step 204, the gas species with a delivery time slower than a target delivery
time may be identified. Although the target delivery time is usually specific to a recipe, it is

not uncommon for the target delivery time to be less than 10 seconds. In an example, a set of
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line may usually add to the gas delivery tine. In

addition, if the gas species are of different nasses,
wao b@opsizer art shows that a heavier gas nmay reRChUSI009/047279

equilibriumstate within the processing chanber at a

slower rate since a heavier gas tends to flow at a

sl ower speed than a |ighter gas. Additionally or

alternatively, the gas line configuration nay al so
partig guessuee piofilas mey brarblyzedsp ifsnbydhesehefsaptnesicnihamaydhayea
slo\@QGthﬂﬁeed within the gas line volune in order for

process gas to build up_enough pressure to m x

lﬂﬂé‘ﬂo‘ﬁ@rw wvﬂ%%hemm flow rgied Q) (R p BHen gaspBerdgs|ay 59t BRFE

poxﬁt(l @ daLBBA M fpleQWird) Ma§ be TEEEinddN 8n hPOBIRIdihbe (BASIEC |ﬂ69w rate
larger the del'ivery delay may be for a given g

mas beeqteé@meﬂ ewéqmwa to %é@d—tc‘%f“e“p“"zoif he poRJuEaRce spe f°é§ gas
spereJ thayabeQFete'rM R by InfRuSHONE Ehahlb@NprésshrIrgat gx%' flowerad. Those
may be identified. Althouhthetarg dellversg
Ski g 7 &7 AELRIAreha heAIGY ate fGr 8Ty Rilgan sbeciep A% agsifgyset pressure
ma ! AIEQ BB pré-HHeadudy ahahﬁ%e elaehy Wfidved.| FrEmitRe ddh@mSe tm
10 seconds. I n an exa a set ofparti.al fs
andfgyr flow|rate C%&t'ﬁ@ogﬁswk "?“o“‘% H&%ﬁt“ef’i}ytbﬁée%‘e@"%’fs °fﬁ‘§h gas
speSiP @fat @8y hdvah srdsawehaetenaxesl ow del i very time. |0054] At
a_next step ;Iowrate glvenv%s
l““éﬁe%‘uaé?"‘a*fepazoé,é‘t“%"r%é'&ﬁ% OpEAch &as JPee "e‘é‘bﬂffjlaf P\ dRivery gas
is cRIE@IsEd I e M&KodoRr d’&érﬁﬁdﬁg’\md timb Bcad (1@ Me19aAtagRgtthe preskire rise in

MFC fl o ned by referring to a ..
the BER0R SPERPeC T B B M Ce e e B Gty igipsivion
(i.e.spﬁﬁia&@unﬁyspkw)determ ned by neasuring the chanber

essure iven flow Those skilled
1008816 v lsnoon ar P B en Bl 1t et o
spe&Bﬁﬁ la@fecHic MFQI M @i edBddipém SBbelindianBuershbstaaenstt@) may be set by

@ nEasur egl ‘Snd may be easily retrieved. Fromthe
emplayieR K9RHRLC BlPYe and/or flow rate chart, the flow

te at a given set pressure may be determ ned fq
loogﬁc‘[‘r ‘g?s‘Wt hat may have a slow delivery ti

[ 0055] At "a next step 208, atine scale (ti) for each
[oogtasf\(spnamgeo Equeanibn 6 abave abe stemhoaairengdr (g) gadundgion of the

ovefs%o&‘é uidli Srg(yu,)‘ﬁ?&m”%'é?%.lé &Ha ess&? £Qs Q;&e'&%s Lrh)e th LBt &,
ovepsho«nels@nwg(tdj terratges sHeoies ma)gba/kperrdléﬂ dpbm)we le@th@@onnwlt Hhe

gasehow r%ét)g dTytprQ%taL %{?@Jﬂy t)x(e{i’@% 'dgla)Q féﬁpmgs\? Aime T aif % a‘%‘%’?@%g MFC

step er shoo
con(rab mavak;: slv_veclnqdltco a b yats ef 40fsoem aTep@oichiing galsnapapéresceat

fewaseg‘ogﬁ %ycbefgf Cthe i\ﬂ: ﬁf%%dﬁbmgé%astapﬁle 'n&b hb@lrate Typically, the

O wation 6)

overs
delgge aitquomeﬂbedoow h{ﬂ@@@? theadelay n(aEqaraftdemd@)o ubon thexrpr(:lfvc

MF% /ﬁm%t}le%gé'g’rloo%ﬁﬁro? (sﬂgmgypc é“?lm@ ﬁmﬁe Mﬁ@ﬁ)e ﬁcatlon

over shoot strengt |on overs
[0088] rla eiather embydimend. thhevershaet ds@abe(tdfmaa veeyi C&peulrgaxeon the time

scal%%?ﬁlie 9§la)(etdi glas sp'eaesa(ql).eﬂpé:}griem@ﬂtoned, the time scale of a gas species (1)

may depend upon the gas line geometry and the mass of the gas species. In a carrier gas
driven-flow environment, the time scale of a gas species (1;) may also depend on the flow
rate of the carrier gas. Since the carrier gas is usually flowing at a higher rate than the
process gas, the process gas may have to build up sufficient pressure before being able to

successfully mix with the carrier gas. The additional time delay is thereby a function of the
11



overshoot duration (to) for a gas species may be
dependent upon the MFC that controls the gas fl ow
WO 260¢/1552ypi cal | y, an MFC may have a del ayed r eRQDOS®09/047279
tinme. In an exanple, an MFC control may be switched to
a flowrate of 40 seem The processing tool may
experience a few seconds del ay before the MFC nay
begin flowing gas at the new flow rate. Typically, the
timej eeuiyed; by thgpraeespeas 1pbuyldupruliciepigesyere as PIEEOWY discupsgy in
Equ4fibys sRendi ng upon the specific MFC. Thus, the
over shoot duration may change dependi ng upan the
100K A8 43P B A TSR PerfoRTI e ErouNBB e ALk Rov ee (@

by @Y R eetrsh@ws@%ﬁgm (o()t WhildBi t6aFh iSIERRNSHAIENLIDMR ghde
time scale of the dela dgas speC|es (ti). As

conygpgHahwithip gisguocessing qt‘?‘ﬁ%eré’@éﬂ & NsPsusedgas species (ti)

100@@%4@@%@&%% dehemBAador ik RBIOGOWRIKEY oPiA uterbeeﬂaw&sstefngth
as species. . In a carrier gas driven-

(o) éﬁm%b‘ﬁhén #n eppedimenhedetgrminggion,may be ewec'es e AEESH

profile 0thd @RENTEhif Fhetph edsirpWhiirbed fifa prdigetéraiimed @eri@RS tinfi (AL 10
the carrier gas is usually flowing at a higher rate

secoidshy t he process gas, the process gas may have to

[0062]i1F fhe PRrssutd dsishbveiin th BB e PrdTidd zﬁtraQJréDébéﬂfngd ableetihe perxod is

successfully r?x wth the carrlﬁr \%asi\ aggltlo
WitEih e peky s OF e Fulbris e Rrreete o B R o G ey B
suffdient BﬁoﬂﬁlirQCﬁ;S ﬁmgﬂxszutdgodehuery delagpfos m‘efghgz | Si‘lﬁﬁe lipties &ufees mally
ev] ous | SCusse n E
proﬁ floges&g @ A st lfggpreﬁs[ygb %yorgléenb é efpé? fjr%'{f 8y'1r et nme penod
mayThide to/besgt ledsehdvithe fihewldi@ad eor G@H&)m, ttheprdcesstdg,ahamber pressure.

I st
(00531Hig Aabar A et g e e BBt R
oveﬁ;h@d‘f’@&éngﬂ‘ﬁja)bG{‘oﬁﬁaemhﬁifuat[oﬁ@\ﬁﬁﬂelﬂforaxmmé tlSstcﬂpllanﬂJﬂ a
t
preSticr gt 1005 Th o elRA e A R Shona e e e eted 1968
optigtat &t chahbed Presnye Ravitiactbe tyget dcachogi.t.he pgees)siun ere-defined

rofil e of as W thin the proces chapber for, a
ars Gnesri B FEPE A e e RS OE 4B I e nd 6 e
the pRRaBAed thrgtthangpeeisd isrteicasf dib owishont duneiop (ias,2xeeonds). As can

d d t n
be s[e):e tfrom g}}eqlégaeur e 8;// %}o F ﬁrengetﬁ‘ aq %:5? ﬁr\%r%egﬂg cé)ﬁss %Mhe'ﬂ QL
optlmnéﬂsditohft predsnrenesiches(tix) semayssb@ (SQ@)fw:thueﬂht tapget @qsllramaht the
tar%epnm%glec?&n ngxs%i%su“ quél ta%%%@gsaur raféura%égstasgbﬁu El%?the gressure
pro§lediyia gag esdvnpmeelsssvrpeomw toohmenpressifegpomt andctbé pme?dre profile of
r [ s than the
e ¥ ERhesl oA b Y o AU b e SE b RE® e P anber
(0064 dEthe pet:ma[l 0O ooFitgngtd (@hsmws 1denmﬁ®1n5lehbmilrvm 304 wfd 30ke
I r e
thedo%}\ér%g t's ? rttzéng({% sfodl's ?&ngthlégﬁﬁlg)agg éﬁlﬁéeﬁsa}ét%hg{m in Equanon 7
belcwnémrehmtargkmque»bamplpeesswm@ )eqyd ithei pogssurer(n) rEtrBRIN ettalsedsbeftthe
ove?’simolc stQng ). ?1 R0 @E‘é‘izerah&ean%%%?‘? Larsd Gt 9h Dol
consi ere t'o be opti nal er pressure Is
Ovewi’l@qmsﬁneﬂgﬁ'es deergeredaccuracy (i.e., 1 percent) at a
read_e); 172?2 arget time peri od In this exanple,
100685 ime /“hAt“'the overshoot duration is 1 second affguation 7)

[003("] 3f the overshoot strength (a) is found, then at a next step 218, the gas is run again with
the optimal MFC overshoot strength (as).



the pre-defined target time period is twice of the
overshoot duration (i.e., 2 seconds). As can be seen
WO e@oitsfel f i gure, the overshoot strength (a) oPCRUSD09/047279
(curve 302) is considered as optinmal since the
pressure reaches the set pressure ( 1.00) within the
target accuracy at the target tine (2 seconds). As a
result, the target pressure accuracy is set such that
l006HeAlmoeslsm@nmagﬂer%owéﬁe%ﬂga@ bedetgrminpdy inacguecy may occur if

the BpEHA1 B Er¥hdoPstieNBth 2 Mlse AhE S owPAleb befl tdoMEzhP &R Mrdware
"profile of the gas reaches equilibriumbefore the

(e. ebr'\éf@ewmﬁfﬁea Wpté?lffaalfarwpv 105¢ S04 in fhe afthare @ypte it most

har@V&E 5130 abt peEb@NAcBrd(n@d)io E&idnoh thie d@dniel ta@gd.(c. umamaﬁm and
rcurvesgjsoltﬁand 306, nf%)en aét a next_ st eﬁééZl%

t he
mirgum hEsorcoQunt & gherporenyial gr that meyjeist ia éPe MEC shodgsireh

. moEHERMFC Mol RE! BYY, bel18% utah ehelrdxOlm SLRE AdvDFakel mxmrx@&ss%azo
the pre at time to attaipned b

and
» st s e B ﬁi‘ﬁ‘%%‘é?e 3%5@&“%25%@%% D araipegithout
exp@ﬁ&cﬂi@)ﬁarﬁ@afeﬁ@e&aﬂi@@ lmielr&nett&ﬁ fer{petfomding®the asdy@atis to calculate if

e SR M 39 500561 075 RA5 18P & RsetesminEn gieags of

(ed %Ipdrceﬁth@ﬂ’th@ﬁmﬁnﬂ@ﬂﬂs flew rﬁ&SLn ah RebgdifmehtSthe pﬂ: (ftgﬁhmed

PerSRPIHEGH P Ml PeEsTbl Stk TE M edp st oy vary

depddigy wioh 84K C speaificationOtie AddyptalCdnigd if sdt Bea pgptantage of the

Qv W cgtﬂ stre n'%thdc auses the MFC flow rate to be set
maxgy 8 OV ISP RS FNAFEA FRSE™ MFC) may perform
[0088]tIh e odid dnU s Bk, €ian thElvpSiBalDkershodelstieRgth i ) Bastbeeraidentified for

awar e .t hat nos{. hardware y not perform according to
‘heééssﬁpacﬁesir}ﬁfﬁ?éc‘é%fef@ﬁés &ﬁgﬁ (e.g., maximum and
[0069]rHowev}r, if e dadiGomnis nbomet] then ap@mexrtstealzznenhmvetshm damyon

t S d MEC f
0 iy S ineated AN alPromeiates bt Ricoeoy oy Beeoe s B hEkGEC
resmhsmuﬁéZ(b miaindad the possibilityoof ineasing Gleomevfoeddhecrntgmqgas toahe
progei%%g? fehé"né hg S\\'/etvuag:;hgenx?olr}hgfiegylg(g )f/]r es‘%el: }é%c{ H a t? H\e maximum
flowp eme_f czf_ramX\m@ tpoengal dbrymrcb«a_resmtwura@d oay exise Td mtrillelze the
posglrrglgil_t)}c dAefﬁlgarc%ﬁ%gyuggr %‘2‘?1 aéé inml%%tfop tl% o)\ enjsﬁ’oolt gﬁtlonqﬁag/ l?)ve té)fbe
inciehwed maxn eromdivR€Dt fih oxder @mtralucd the amuea’rbwshmemrengﬂnehereby
. e- -' tage is set at |ess than 100
red%g'r?gctgﬁﬁsalg}e Oofﬁocra“p%%m mum MFC fl ow rate may vary
{009 Saepd 20— a%mamt@pefc uftileaopongl ovérshoatgepgthbhebeemnge
deté'rr?lirﬁeﬁt as a percentage of the maxi num M-C flow rate
ead of as an actual constant. [0068] If the
[0021d ek can bnappsecmd frannEig. 2. e cppmialnevershace stsdngtht (g tmagbgt h
e f On
dedrfhi r)ed F@% s Xt éeag B Jehtgfg én}g ?e o%gégmkgﬁ&?%e%ﬁth (& ) tﬂe delivery

Specl wever
delaydnzm heusmmﬁcentlyotedwed T hulcthe @mmal mocstts@glgﬂm 1) m&yebe

em;ﬁ?ﬁﬁ%@g%mgyg?é ! o&&&‘)dr rpiﬁ\ Ml%?%WFC ASw rate of one or

or enent i on e overs uratton nay be set to
morelgas YPdey esponse tine to m n| m ze the possibility of

" 100 FHoRRING dal8ritdn Mo Ble nfl@lok WELCHBE iR FEAS nfaf rddd€e the time
scale associated with a gas. However, due to the additional time delay that may occur due to
the time scale associated with the built-up pressure (t.), the method described in Fig.2 may be

adjusted to allow for a multiple steps overshooting process that may further reduce the
13



processi ng chanber. However, if the nodified MFC fl ow

rate is too close to the maxinmnumflow rate of an MFC,
weoioensi2al for hardware i naccuracy may exi st. HOI/US2009/047279 -

mnimze the possibility of inaccuracy due to hardware

[imtations, the overshoot duration may have to be

i ncreased, in an enbodi nent, in order to reduce the

opti mal over shoot strength, thereby reducing the
del‘rYﬁ‘dldFﬁaédF’WF‘chOP"éW AR T8O RYTRG s"s?lééngw Ulugragngthe sgps for

perfolRinghl Jﬂagt%ds oa&smhhg%ce@yeaf&]laﬁ@ftméglfuenamhéaaﬁ fbreen

determ ne can_ be appr eciated fromFig
exarple, {EAsi Y 2 %F%’W&fdttmset'f WRgiid (2 5arﬂ%[3ﬁ%€"¥fétﬂé’P"m ned
envir@hméeSpeci fic gas. By identifyi ng the opti nal

overshoot strength (a"), t del i very del ay may be
100431 5Miaffirataier 402, r‘g“d‘BE'ébo"e“Fh% strgngih (ghis idﬁtﬁﬁm'ﬁ%je Shoot
afofelrieRNGEA ik AEarrieBds-BveTRWANEFodnenTbedides AR c@ﬂ&ery delay caused

osition drif mani pul ati ng fhe MC fl t e of
by %ﬁ ggdi“e ﬁﬁ‘?”éet@’é’é‘d}gb@% fegilar “Faé‘iﬁftz"ﬂ gagd'f‘e ‘ff“(‘f%f?’ rdFl for a ow-now
profi3s gﬁfnha‘yﬁlkofdkﬁe\ﬂd oh hfé tmtsbﬂdredﬁsdéir fblbtﬁﬁ lownafl&w gas I—tlg buikd/up
uce the time scal e associate a gas. ver, .
sufE Bless o iR ik Ry e P ecaar 9 L TR OB gt o il n
an énfitdinheie d&d&ht&)v&@l&ﬁﬁkt&h@lﬁ vy tbB sét lethb uiakitnupr}FCEﬂBﬂLkrae.

d.d dj ust ed
100241 At en FORe 151 @ Sishor bt s RUGHTRY b EabebiRtl he
first@rshout dbation @dybelddpadelshooe ﬂtyraﬁiﬁi) agay bEh @mcﬁorsdfom,auda of
St ratin
the BRRaEE B Airie oo ST e EBR strerelfy b & AR, e
bunlﬂn@(w&shooc&mmcdﬁﬁ lesdrdarstht bisitd-prindyeeried sincd the 1rﬁ1)aan‘{zﬂrﬂlpot
i, t | ti ' dent, f

suefyfl 5 appicile P 6 i Sl Ao e S gy Sl Bt s
ovessheq@ind Q2p ntabl e calcitlated usingeiqainionts tlave it minfrajze um:ontrolled

det erm,n on arrie sdr
preispis e Pl o e BEFBLL e dufhoufi) e s A aly¢3)
gredttrahgas equahe thebIFEt respoade diher(to)yix zaoamhlmdmmss of a gas,

t he dellve % delay for a lowflow process gas may al so
depenﬁl_oa time scale required for the | owflow gas
[0079] bui led W sufficient pressure to m X With the (Equation 8)

carrier

r00g sk pEpleFaini e arias e OTES Rt i glolRS othe MFC flow

rateShdyeie@hddi fisdto banage thettiond dosle ratatedo nthe\fallifid gaomieay end/or the

0074J At.npext step 404 thef| rshoot duyation.
molegi st ot Pine. ARG SEAP mshid BT apEroL Ry Eddsined
snmdarrtathe@rmg,(elste@ overbhdohﬂg Lﬂanc(a\ﬂ&fﬁtmﬂtovehsﬂi@t dlmit)onrmyle bhimea

n ssur e, bui

reaf AT ORI R PSRBT SR i O e mass
of a@ﬁb@l@h smacmti ovérsieobdiirhtibnunmyde setst oo MR fe@;ﬁdn@&’]tlmS(ShlﬁS 8s the
oveE)s\B%oE gH (tm cgfltlin%%)gthanleg%gﬁl gt{elntgg Sllnxr]n?rl]%naltldr?riﬁlzogatth emglagded to
the byvanal masuredtabfﬁhmoomemshoot duration for the first

[00% ?{ﬂs 9"1" gecog% g{gﬁ?@g c%ral?l% ﬁa\asI q%gn & tterﬁjnneﬁl gex'%gt%;? %é) ﬂxessecond

oW, 'HEORE 10
overshoot strength is determined. In an embodiment, the second overshoot strength may be

determined by performing a test run. In an embodiment, the test run may include increasing
the MFC flow rate (Q) by the initial overshoot strength (i.e., first overshoot strength).

Similar to the single step overshooting method, the second overshoot strength may be

14



pressure profile (such as spiking) the first overshoot

duration (txa) may be set at a value at greater than
w@erooegsakito the MFC response tinme (to), in anPCT/US2009/047279

enbodi nent. ' =- =- 10075] C' a a (Equation H) [0076|

After accelerating the pressure build-up for the

| ow-fl ow process gas, the MFC flow rate may be

nodi fied to manage the tine scale related to the gas
determyined gepivisally Impyamplene prsprtrerhoqiaEenstirmayke agisted pptil

an ﬂﬁ"““' SicBRobQfength GEGO HRnTNEANSRP Mar @b ERbeNpraRYredEa pre-

termned simlar to the single step qvershootin 9
defiged, tagget Wime B iYW BB theHR8e! apuvacy iobthe F%“"(“Pﬂé“‘t presure). Step 406

nssrnaﬁutorseéﬁztm-znaaag ihe tine associated with the gas
line geonetry and/or the nolecul ar nass of a

t he
(0028} 0758 {15 pevact Gpershagh ST hseRperpdetamyned ghenpt a it sep 410,

ancktRE RONEEmhY BBpdrivAi®d. ahelidtEruaVig hf BRABdislett ahdyoicl@de the multiple
n enbodinent, to mnimze additional tine

OVWQEﬁdA%@ OYeISHRPT BRI | pressure stabilization
[0079]7er. nekGebp Al 2Af deiminagorsie aaddorDvidtisdh ﬂﬁtslod.lgaatiélwamsanon

nas RGeS, SIT BRI e T BTG Yoy e SIS R Tige whether

or richthe aditied mceﬂs\h exé fos ttree’mg olersmyt dieatidatand e 8B&dndyvershoot
test run

rform.ng a L ment

o i WD e B e et s E R MCObR he
[00807i If thakoamemsfimet, theh tiergtifal(sho® strenfzthr (81) hayiedes hdeatified for the
Lstrength). Simlar to e single step overshooting
s RS i Ash el 41 DRoB IR FeR gl By bedet er i ned
[008NH avwesead, Ifyhe dondidon Bxanpétethert i@easepAUS, dhwasesdnd @vershoot

strength e adjusted until an opti mal over shoot
d“’%‘l%‘é??g:bﬁ‘:ﬁr%&j’“b. s identified (such that the chamber
|0082] Beps HB6-AL6 maypbee:temlafma medl theoopjetal MFQaclpare hasbéen detetniihed.

tar cu the equi,librium.pressure). St

IOO%SHLUS tl% I?(pal € Steps Aévteresao%lf% ”f%@d 8¥a%¥_z| tatm@e o[/fﬁ%lf.)gg stra)]gttg B be
apphkcbtoammmbdawehsmffabntsﬁnesngeshhhamyknéfecn tltbedvenmdalecéry time for
agas § lﬁirto hgﬁelﬁgtéle? ?vers ootm%nmtho%r tesit‘ s[teps oyemmootnrr% de

FOrme VTR Nt (o ™Y
methbréprnukid: ] pieéloéﬁmdsthomhmghmwdg‘teh Mﬁ(dﬂow enesﬂhaxcrbduces delivery

sl ey P e L oFy LMD bl
methedsrlesceiber] ndazs. Band 4 may beomsiuglly perforthe et techmicieat iloan

em@@égf dBABC R¥he ﬂ]%ta%rmpat@@bgﬁﬁgerghoot g%tsowsmm'; a{yﬁg

owrate or the tirst uration an
appYet(esd sofivears ipplicatgnl, dherebn rédycing taborrostiaed primmingtherisked
hur§ile ggpt age of the maxi mum MFC flow rate. (0080J If the
condirtion is met, then the optinmal shoot strength (a*)
(008 Astser be 4rpeasiatedi fesah dnsror yrivee grbodinratsiof thefpogsent inveatadnf i ¢

'metﬁ&ﬁ'a%ré\ﬁ&e%ﬁfor l:ll'lé'l)agﬁlgq}le e QEIQS?:?‘gasr{?ééle r%dele%ﬁm“ the

However , ition 1s not at ne
ovﬂmab@vezsmot Strmgths MsHRlo e s matoRstadigted £ ggnifeeptipeeduce gas

conﬁ)laﬁﬂ&\e&ift. With a modified MFC flow rate, better control of gas throughput is
provided, thereby enabling less substandard substrates to be manufactured. Thus, the
overshooting methods provide an inexpensive solution for manufacturing higher quality
substrate with little or no increase in overall processing time.

[0085] While this invention has been described in terms of several preferred embodiments,

there are alterations, permutations, and equivalents, which fall within the scope of this
15



[0082] Steps 406-416 may be iterative until the
opti mal MFC schene has been determ ned. [0083] Thus,
wo b@mrsd2ei pl e st eps overshooti ng net hod enabl epaTriusiopd/es7279
overshoot strength to be applied to acconmpdate the
different tine scales that may affect the overal
delivery tine for a gas. Simlar to the single step
overshooting nmethod, the nultiple steps overshooting
invepsiono & Ithough ivarious exammisare rsevidrdthsrein, Hiingteadadsbat thesgiexgmeles

be JI]th‘Q(nC@'trﬁ rfoh%mﬁ%%?ép&ﬂo' tHE€MmYerigh.ay while m nim zing
he time required for applying the overshoot strength.

IOO%HHSQ (¥ tiftetaRd eramrgery efei phRdded hensingfer cozvmcwmm%"m be

useﬁﬁf'&ﬁkt}dé tRedchgy dreict c@é(m@hér@ﬁ N pirHef the db&ra%f"ls enaesl innEmhly
the MFC schene, as illustrated by Fi 2 and 4 may

abbggvigedtfierma gdgprior el hejein fsicprigniercegnd ¢ 6flt°W§r'1§" be employed to

conSPR! dr Giddid RO dverdiNBVRRYN, WaRHG &gre'ssﬁla@ﬁthg Ofims2Mthe term “set” is
m nimzing the risk of human error. (0084) As can be

emplpySAGETEi B ASBYTF BFFdEHO Hoveds SR RAe ad s
medHifpSE bver BtS,Ynk QU morEhAO6He nddnfeP! R\éhGlRdlalE e BRI fi@re are

the tinme scale of a gas spe y det ermi
TR VP SR B eTa 5 e R P FLReB O iR invention

It lsaﬁ¢ruﬁ>teexdtemd3m mefbeWﬁg 3ppeRIY CRIngR itterprRamliat iefuding all such
Wth a nodifjed M- te, better cont

rift.

a'teavlogsagewm&a&%meqwalﬁwae% %ﬁaﬂtwm ?%‘WPEM TRARF G dagresent

invetidat andard substrates to be manufactured. Thus, the
over shooti ng nmet hods provi de an inexpensive sol ution
for manufacturing higher quality substrate with little
or no increase in overall processing tinme. (0085|
Wil e this invention has been described in terns of
several preferred enbodi nents, there are alterations,
per mut ati ons, and equivalents, which fall within the
scope of thisinvention. Although various exanples are
provided herein, it is intended that these exanples be
illustrative and not limting with respect to the
i nvention. [0086] Also, the title and summary are
provi ded herein for conveni ence and shoul d not be used
to construe the scope of the clains herein. Further,
the abstract is witten in a highly abbreviated form
and is provided herein for conveni ence and thus shoul d
not be enployed to construe or limt the overal
invention, which is expressed in the clainms. If the
term"set" is enployed herein, such termis intended
to have its commonly understood nat hemati cal neani ng
to cover zero, one, or nore than one nenber. It should
al so be noted that there are many alternative ways of
i mpl ementing the met hods and apparatuses of the
present invention. It is therefore intended that the
foll owi ng appended clains be interpreted as including
all such alterations, pernutations, and equivalents as
fall within the true spirit and scope of the present
i nvention. CLAIMS What is clained is:
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1. A nethod for ascertaining a mass flow controller

(MFC) control schene for a recipe, said MFC contr ol
waeenss2bei ng configured for reducing a tine sPel/ES$009/047279

gas delivery into a processing chanber of a plasma

processi ng system conprising: identifying a set of

del ayed gas species utilized during execution of said

recipe with a set of deligiesiyagi me sl ower than a

target delivery time scale; establishing an initial
Whatjaelamsdts:strengt h for each gas specie of said set of

1. ﬂ%ea%ador%&rﬁmﬁ@aaﬁasswb\e&&Mbn&a?dtc)r&bﬁrroakcr@meIfcﬁrae@dlpe said
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4. The method of claim 1 wherein said initial overshoot strength is a function of said initial
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