METHODS FOR CONTROLLING TIME SCALE OF GAS DELIVERY INTO A PROCESSING
CHAMBER BACKGROUND OF THE INVENTION 100011Advances in plasma processing have

facilitated growtky i #h@/sesmniconductor industry. In the competitive semicondyet®yigshdasisyas
manufacturer may gain a competitive edge if the manufacturer has the ability to maximize throughput
and/or to produce quality devices. One method for controlling throughput is to control the flow of gas
into the processing chamber. 100021 Typically, for substrate processing, a recipe may require more

than one gas speci rl%clﬁa I O éﬁv\?ﬁf‘gﬁﬁg %‘Wﬁ%éﬂf{%ﬁﬁ«h é&g%ﬁlgwg%%essure state

(e.g., set pressure)' W Eﬁ ever, severa rs may
cause the gas species to have dlfferent tlme scales (I.e., dellvery Ime). [00031 One factor that may

impact the gas delivery time is the mags &I@Qﬁﬁ?ﬂ Eqﬁevgkjlll?g]\}n the art are aware that gas
species with heavier molecular mass may travel slower t an gas species with lighter molecular mass.

The mass differ@8BH bethéernefadnsperie Pieesssinghare fh‘"é‘ﬂé\ﬁﬁrafé”éf BdbhsgRicepEIeTN a low
pressure environgery. M tiaanpassw eeaivsoBeRiihe gasdiotidiey haceamedveigruiareand each

gas specie may hecome MiLAUNIDERSnR oL SARRAILEE AR AlE Sl SRRRRROD Rl o0 species

may occur resulting in %;als composition drift at the chamber. In other word c};ss species may
reach the equiliff1iifFstaie ﬁf‘ﬂﬁﬁeﬁ%ﬁf’ﬂﬁﬁ’g neHRrQvERBYih & Sl E"‘(H‘@ﬂod‘eﬂ(;é"’ri/ﬁ d¥for each gas may
differ. 100041 Anaitsenfadtontbiat may impact the gas delivery time scale is the gas line geometry. As

aforementionej GPRARY f&w&rmﬁom@mgaeegf?é §Q99&%§JQ:H@:@%H SWslgirdrocessing.

Each gas may fl rom a gas line into a m|X|r4% manifold gas Ilne% The geometry of each gas
line may |mpac hﬂéW 8?%5%885% REBHUKE Bﬁiere?ﬁ}éad‘e Wér‘ rfﬂWé’W RS ire Sér f5F the gas flowing
through the longessyas HintdinlOO0ss Surpkardcipe tharaphave. | dloviow . gasemitiaypwitahigisflow gas.

This type of gasdgliyssycisskbaun &%&atrﬁ%sgax%sqfw?&deéwwewhere the high-flow gas (carrier

gas) drives the éfd%go tfg aIcow fow ﬁgas ‘_‘Sgggtct S %SP‘ \yela rr‘}glee,cszlghar;n cagslllostlon In orde:[{aor the process
gas to enter the mix ngnman 76k et the carne r gas |?ffowmg, e proc E&5°pES Fieed®’fo build up a
pressure compéllsibindiehetre sa(are thatkes sRBASE WHARRoYEr H@w@‘)@rmm@ayam@* gawes flowing at a

much higher flayssate §bad1emtmmg:assx@a&utaeauka takexaapgambisf«@wm@rngaes&&mer@wcess gas

to build up enour%‘ QHEHW r%‘[l m%}\m&@(s\% "H‘% low pressure environment. In a low pressure
environment, the gas flow may become molecular and each gas specie may become virtually
independent of each other. As a result, separationl of the gas species may occur resulting in
gas composition drift at the chamber. In other words, the gas species may reach the
equilibrium state at different time. Thus, the time scale (e.g., delivery time) for each gas may
differ.
[0004] Another factor that may impact the gas delivery time scale is the gas line geometry.
As aforementioned, a recipe may require more than one gas species to perform substrate
processing. Each gas may flow from a gas line into a mixing manifold (main gas line). The
geometry of each gas line may impact the flow of the gas. As an example, the delivery time
will be greater for the gas flowing through the longer gas line.
[0005] Some recipes 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

]



carrier gas. In this case, the carrier gas will reach the processing chamber without carrying the process
gas. Thus, the carrier will reach an equilibrium state before the process gas resulting in gas
composition driftw 864 £&s6an be appreciated from the foregoing, undesirable-fRRSEA/UGHEES May
result due to the gas composition drift. For most recipes, substrate processing may begin when
pressure stabilization has been reached within the processing chamber, regardless of gas composition
drift. Performing substrate processing without the proper gas mixture may cause substandard devices

to be created. QUligl/gg Q@%ﬂ%&@%@&%ﬁ@féﬁm ?&@&'&é’%@!&éﬂ%&&ﬁ?&%@& Shambel,to reach the

required equmbrlum state before processing may begin. However, the additional time required may
result in longer ﬁl"b&’é’§§?ﬁgaﬁﬂ§‘5n@€lé§’§'%’u‘ﬁ@tfﬁ?@%ﬁ"tﬁ’@‘b‘r’%é’%’@’dﬁ@ﬁfﬁf@lﬂf\ﬂ%ﬁ” OF THE
INVENTION 10e8itdng regisvwentiositietates, in an embodiment, to a method for establishing a mass
flow controller (Mbés) aQnEPbSG %t@arf%mpﬁorygbﬁge%H@@:MEQ&@&{&@A&@Wﬁegﬁm&ﬁgured for

reducing a time scale for gas delivery.into a processmgghamber of a plasma processing system. The

method |ncIudeéolﬁﬁr#ﬁﬂﬁﬁ@pﬁsé'é?rb?rdfélgﬁéﬂlﬁsééegﬁg il Egﬁ)‘ifﬁﬂ%%&vel&‘@t‘l‘bﬁ}lff‘tﬂrésféape with a
set of delivery tisnéiEtowmerthdirea tergetiddiive thctprressaakeciFmbemetiod alsy’ pasludesastablishing an

initial overshootdaﬂiemgmmn@%bsg@é ﬁ@e@aﬁx@fmoﬁem@fp«#@ay@@l @a&&p%ie&u%@imaﬁj initial
overshoot strength iS a gctor b wg k}laen '\er% owurgg% alghmcreaé%g3 WI'I' e ethod further includes
determining an TNfidte) overs‘hoo duration for each gs speci GOt the Set of |%1’§/r°<%lesst sé’spemes The
initial overshootBuratioR igaéltrméqsamﬁ@ﬁ%?r&mWﬂﬁ@wmﬁmw@psﬁeh@mwwn@|v|Fc: flow
rate. The methoddiesrlstinaiysies vierfieng: theoMEGrodnbsnheme by exeauling sbe recipe by
adjusting an MEC hard are for each gas specie of the set of delayed gas species, wherein adjusting
the MFC hardware includes applyi e initial overshoot strength for the initial overshoot duration to
determine if the MFC control scherr%’%ﬁﬁﬁ&%%%%@rﬁ a&géﬂgé@?i%e set of delayed gas species a
pressure profile|8oithjiTeetarget aceluac)irodrasmbaditibrium pressudrisfestibisprgcesadgichamber.
100081 The abgyg ST, IRIAERIRANYLREObthemaMuRIALInERIS AL iie Inys Al disclosed

herein and is nat intended to limit the scope of the invention, which is set forth in the claims herein.

These and othdPTEsHFAS %?ﬂféﬁ?é@rﬁ%%ﬁﬁ@’n%lf‘ BEPRSSBABRNRF O AP G PERSIB the detailed
description of thesievefiemethadimdodge ntniofy nwith e folbydh pafigerass utilizeBRifle DESCRIPTION

OF THE SEVEB«%«Luwﬁwtﬁe%J&@PBAW#H&&@Q&%M@:M%%M&nugn:ﬁ%élmﬂated by way of
example, and f limita |on n ures 0 the com W|n s and | WhICh like
reference numrl:ﬂ éx V}\é &f fosify El'é SRR ﬁpéngg kvt 'giégg §Cé?r?1 f diagram of
a partial view ofeajals eisihasnsesaiearyyheoanthy imdn! pBa@hewstrang#nple ﬁam@(adl‘agl@mm MEtrating the
flow of gas in afeariiaE gasceiven fevnRmMABaRNRNac LBkl fmithin: SAONVEalIBvaRIRBIRAdIRENt Of the

invention, « smplepvuelian syaiiog sigke oL uRismening A prsssls conialseheme. (00131
Fig. 3 shows, inan e iment of the invention; a pot lustrating severa Overshaot strengths.

duration for applying the initial overshoot strength to the MFC flow rate. The method yet
also includes verifying the MFC control scheme by executing the recipe by adjusting an MFC
hardware for each gas specie of the set of delayed gas species, wherein adjusting the MFC
hardware includes applying the initial overshoot strength for the initial overshoot duration to
determine if the MFC control scheme provides for each gas specie of the set of delayed gas
species a pressure profile within a target accuracy of an equilibrium pressure for the
processing chamber,

|0008] The above summary relates to only one of the many embodiments of the invention
disclosed herein and is not intended to limit the scope of the invention, which is set farth in
the claims herein. These and other features of the present invention will be described in more
detail below in the detailed description of the invention aﬁd in conjunction with the following

figures.



100141 Fig. 4 shows, in an embodiment, a simple flow chart illustrating the steps for performing a
multiple steps overshooting process. DETAILED DESCRIPTION OF EMBODIMENTS 100151 The
present inventiogyvwithowyssagr described in detail with reference to a few embodmanistheiepbas
illustrated in the accompanying drawings. In the following description, numerous specific details are
set forth in order to provide a thorough understanding of the present invention. it will be apparent,
however, to one skilled in the art, that the present invention may be practiced without some or all of

these specific details. igQfheh IFANEESNEH KRR PERGESS SIQRS GNGMOE SHRUGHIeshave not been

described in detail in order to nat unnecessarily obscure the present invention, 100161 Various
embodiments al&8¥sEPHRESHUASF B THEIGHH G RS S ARG LA MY PES 1 SHBINPBY kept in mind
that the invention theidlataise dovesr ampetesnp firmaimgfeod e whishihktudizseace ompertér reéardable medium
on which compuigreasdable atiuaigans for carrying out embodiments of the inventive technique are
stored. The computer readable mediu ay include, for example, semiconductor, magnetic,
opto-magnetic%{'@a ,‘%rl(/)% }éor ofms 8 T:aé%rﬁu é)fl ?e%ﬁggl\ge?ﬁgé? )asg)lrhé'f%ﬁs tce:rélmputer readable
code. Further, tH85hlBistidR thewysal soreb/epdpbegatn sesvoripg shaiing o gas delinsemies gfsthe invention.
Such apparatusisvay fiacludaereidiis, dedicated and/or programmable, to carry OUT tasks pertaining to
embodiments o invention. Exampl £ S incl neral-purpose computer
and/or a dedicalf[%ﬂaséo@r}%p%ts!n%w éﬁgae ﬁhé%’@%&%%ﬁ§%%%§°£ga%§§§ (g%gﬁr%%@?}lrgcp ltj'lgé S(a%leggmbination
of a computer/dBMpalERs HEwie @SHYESREAlSH BT grammable circuits adapted for the various tasks
pertaining to ernfisadjmgntssbbthcitrvemntiodinko0 b7 hdisvafokementipradotiiitheapngsatadelivery delay
may occur whegbgrggoglrsgp&gghg‘as species flows into a processing chamber after the processing
chamber has reached an equilibrium pressure state (i.e., set pressure point). Since different gas
species may reehAhE EHSE: BadifORATe? é‘ﬁg’@&ﬁﬁégﬂfbﬂl‘éﬁ‘mtm‘éﬁ”?ﬂ&ﬁ?f%o facilitate
discussion, Figp¢Xesows agimslerdiagrenshofiagrariaisview of a gas delivery system. 100181

Processing tool 100 may includerz gas #eipercrysia Nt cioliversgag ko a processing chamber
114. The gas delivery system may incIudmI(';l1 m in(g%as ine 102 (i.e., mixing manifqld) and one or more
0

Al ,
gas lines (104 A 0EY. FREMHAW BFAL TG ‘%cﬁ'!be i REAh A 486?5’&%1?&1?5‘(7 a mass flow
controller (MFG)nenstirents Mieepf a0 ustiaad @ the 2¢cqeoimapTippidatynghelysts fioleime processing

chamber 114 igddMproRynanmeasypecHifesantaldenidheihighepresasiigedas dnixgrre and the low
pressure proce&rlsén ch 5“%‘?¥h%14e-ant‘% ressur. V(\?11‘“pbrocessin§:;L chamber 114 Iksfh é)nili%ed by a

tanding ennon. ¢ appare OWEVEL, 1o one s cd
sensor. Based 01 the reading of 1he sensor, a vacuum punip may adjist & throtle Vaive 130,

which is positich#dbatPsEVEBYRIPP IRRD ihRERCERphjthouh Pt otk PAest3eesiBiedemilpump 118 may
control the presstuanatithiss pretassing whambeand d/drhepasiionefdhinedtiedcadvigeli 3D deanmtrols the gas

conductance (\{9I&g&ﬂg’(,:l(g%ﬁ,@gggS@ﬁg)og&m%g%§émgnggﬂmger 114 to vacuum pump 118, thereby

maintaining the pressure within processing chamber 114 to be at a specified equilibrium pressure.
Equation 1 bel&W ' Sho@eargahodimsauintrisrirdieddetria tinrainshedisg metpogsand rbeiausas species at
the chamber reaghegithekeppuil itmindthpréssoven(idy, wiphchiss eyuadticisef attadhdhe:gas flow controlled
by the MFC (Q),angethe-gapaucianas ohlt.shamiedttothe RURRAR) i 020K T8 {Equation 1)

10021 In practice, to sg‘t the injtial valve positjon for throttle valve 130, a gas conductance curve may
be empirically A8ETIRTHEAFPE, L A0H BALRE G RO B TR 2 hAe SIRRRRYIFE Feathbls tRedpB &tre within
processing chambyde, ok kampteschecbeisap reamts. ppintmsgissiv atetivrh ce sdingfonay die initiated.

computer readable medium for storing computer readable code. Further, the invention may
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 andkmay
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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p[-t'c: t,12,xpf-t | T71)0 / k? (Equation 2) [00221 p2(/).= (1 r PIr2 100231 However, even if the
chamber pressure becomes stabilized, the processing environment may not be ideal for substrate
processing. |deslly 2thedifferent gas species would be mixed together beforerar iy togratessing
chamber 114. However, the gas mixture delivered to procession 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 2 above shows that the partial pressure (p2) at a specific time (t) depends

upon the gas flgyyHine, seale-thiieh heoasding, de)vdRedans Henotine skalefemibie grocessing
chamber to the pump (1-2), the MFC gas }fllgm) ratgeﬁ(lgr)é and the C%E%%%;%%ggebg een the chamber

and the pump (BB 18894194 B RiEAr Srocessing environmert, the time scale (1-2) and the flow
conductance (E@)’librium pressure state (i.e., set pressure point). Since different gas species may reach the

chamber at different time, gas composition drift may occur. To facilitate discussion, Fig. 1A
shows a simple diagram of a partial view of a gas delivery system.
[6018] Processing tool 100 may include a gas delivery system that delivers gas nto a
processing chamber 114. The gas delivery system may include a main gas line 102 (i.e,
mixing manifold) and one or more gas lines (104 and 106). The flow of gas through each gas
line may be controlled by a mass flow controller (MFC), such as MFC 110 and MFC 112.
[0019] Typically, the gas flow into processing chamber 114 is driven by a pressure
differential from the high pressure gas mixture and the low pressdre processing chamber 114,
The pressure of processing chamber 114 is monitored by a sensor. Based on the reading of

the sensor, a vacuum pump |18 may adjust a throttle valve 130, which is positioned at the
vacuum pump inlet. By adjusting throttle valve 130, vacuum pump 118 may control the
pressure within processing chamber 114. The position of throttle valve 130 controls the gas
conductance (volumetric gas flow rate) from processing chamber 114 to vacuum pump 118,
thereby maintaining the pressure within processing chamber 114 to be at a specified
equilibrium pressure. Equation I below shows that at an equilibrium state, the partial
pressure (pz) of a given gas species at the chamber reaches the equilibrium pressure (p.),
which is equal to the ratio of the gas flow controlled by the MFC (Q) and the conductance of
the chamber to the pump (kz). |
100620] p, = -/% =P (Equation 1)
[0021] In practice, to set the initial valve position for throttle valve 130, a gas conductance
curve may be empirically determined for each gas at a given flow rate and pressure. Once the
pressure within processing chamber 114 has reached a set pressure point, substrate processing

may be initiated.

T boxp—1/ r; ] : ?pr[—/ 't} YOIk, (Fquation 2)
! 2

- je022] p(0)=(1-

[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 1 14. 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



are usually unchanged since both of them arc a function of the processing chamber geometry and the
pumping speed. Thus, the partial pressure (p2) at time t depends primarily on the time scale of the gas
line () and the WiE & dlowsate (Q) of the given gas. 100251 r, 101-4 L2 Mt M RINAE2HUIATS) r1321.i
4 4100261r,V, 1k, -104D'it 10(L and D-r Din [cm] and , in [sec])(Equation 4) 100271 The time scale
of the gas fine (rl) is determined by the gas line geometry. and is inversely proportional to the square
root of the mass of the gas species; as shown in Equation 3. For ease of discussion, assume that the
mass of the gas 0ot factar 116 seKpmples the gasdtevfingrieoutrhegdsuine hOgdeafidwgas line 106 is
the same. If the mass of the gas is not a factgr, thetime. f ing (&) r of the gas
line geometry, $8HBIKHRE q%’ﬁ on 4 a %ée%i%%%?%é%g%ﬁgf}t%g I%%%%é%%%’%g%\%%ﬁgtime scale
of the gas line {§d pisnp fenctieMFChesgasine (QlLanetiydoader tregertire dosbutbaned (3¢1). Since
both the volume ancéthe flow conductance of a gas line are a function of the length and/or diameter of
the gas line, thEfith k75)(:ale of the gas fine ( z-, ) is also a function of the length and/or diameter of the
gas line. In an Beatiphe BisisahneotiseringenifenToBtHbs imeeHe f Teh it H5d1 H 481HE 65 (8hsed on

Equation 4 abaye  the vollime,ef gasdingrlMiscleatemting Sremvplirasiag gnsnieegtfiGeand the flow

conductance o?gas line 104 is less than gas fine 106. Thus, the Heliyery ti for gas line
104 is greater f4HE GREGIRE R (e St ?éngipgr%sssﬂfﬁgpiﬁoaéﬁ%g% TENEHHIRG S50l

time scale of the gas line (7, ) and the MFC flow rate (Q) of the given gas.
[0025] 7, =107 L}/ Dx (MM, (Equation 3)

DL/ 4
10° DY /L

[0027] The time scale of the gas line (7,) is determined by the gas line geometry and is

[0026] 7, =V, /k = ~107/*/]) (Land Din[cm]and 1, in[sec])  (Equation 4)

inversely proportional to the square root of the mass of the gas species, as shown in Equation
3 For ease of discussion, assume that the mass of the gas is not a factor. In an example, the

gas flowing through gas line 104 and gas line 106 is the same. If the mass of the gas is not a

factor, the time scale of the gas line (7, ) is a factor of the gas line geometry, as shown in

Equation 4 above.
[0028] According to Equation 4 above, the time scale of the gas line (7, ) is a function of the
gas Jine volume (V) and the gas line conductance (k;). Since both the volume and the flow
conductance of a gas line are a function of the length and/or diameter of the gas line, the time
scale of the gas line (7, ) is also a function of the length and/or diameter of the gas line, Inan
example, assume that gas line 106 has a shorter length than gas line 104. Based on Equation
4 above, the volume of gas line 104 is greater than the volume of gas line 106 and the flow
conductance of gas line 104 is less than gas line 106. Thus, the gas delivery time scale for
gas line 104 is greater than the gas delivery time scale of gas line 106,
[0029] Referring back to Equation 3, besides the gas line geometry, the time scale of the gas
line (7, ) is also a function of the molecular mass of the gas. In a production environment, the
gas species required by a recipe may usually be of different molecular mass. The mass of a
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.c., 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

5



10029] Referring back to Equation 3, besides the gas line geometry, the time scale of the Ras line (r,)
is also a function of the molecular mass of the gas. In a production environment, the gas species
required by a regipeomwayasually be of different molecular mass. The mass ofP@lgesiwespetially
important in a low pressure environment. In a low pressure environment, the gas flow may become
molecular. 1n other words, the gas flow may become independent of one another (i.e., collisionl
momentum transfer may become minimal between the gas molecules). For a recipe that has several
different gas spegiesnthe.massfthe gaspay &idetaeing hosdalivaiitine akihe gas @iven the
same physical condit,lonshésuch as ach %%s Iineah virgg tgges‘g%ewgnasali&% eometry, e»gch gas specie
is flowing at thdEaah g SHOWTALE ath ﬁtéyliﬁec) dheavier gas spécies flows at a sfoyver velocity
than a lighter gats spdchedikasadisaieiesierceies denvery fieneforlagtiiine Heuer sy tiftes faster than
CA4F8. As a resultyfhesligiiemeasispacing Mapuseachtlisoequitbrivm presstse iithimagrocessing
chamber before the heavier gas specie. in other.wards..the IS ach gas
may reach thergf?ﬂté ‘8?%&&?.‘8%?&3 At i%%ﬁ%ctlr%}veg?i%ﬁ()%gi T%?ﬁgﬁr%@zb%a%g%ﬁ%ﬁ%%%ﬁn
processing chamfbesrthel tesviey £ Tesihda SUEMHBUGH #S TSHECFGASRIRIEARDHS T 58N delivered
into the processiig tleamber. dnoilisomeardiffresy sutestrate processing may begin even though the

proper gas ik AN, GkRE RTESINL BETEAY 5 ALian  suhsiandais devices e created. For

other recipes, substrate processing may be delayed limtil the proper gas,mi%ur%ls esent; however,
the delay time HpHERSFPTFEHiGHP BOEE stp'??)totﬁﬁﬁgﬁ ’éfﬁrg%"f%%ge‘?r%r%ség S0 TP Ben if the
processing envigpyentssanopradosngressbrgieavirchenahthe ampkslie fyixnug misapideelayed if the

pressure of the nrogess gas insllicaniaiess an dhe-resauig OF thewaienaasbigadB shows a
simple block diagram illustrating the flow of gas in a car.riereg%s-drive flow enaﬂier%ment. in this

example, a caRiBregHias BR¥PEARYGEHN ALY BORS ERSATNE MR G GRVEry Tine 102 (6.g., mixing
manifold) at a mascteduigiveri flow qeste thendue o des s dagerpraeasiidiegas-driven flow environment, the
process gas iS,yiiﬁlklx_'ivgmfi@Q H%&Qe@é’ﬁ@%_ﬁ&ﬂﬁrﬁhﬁﬁ@h@faﬂbﬁvﬂ b)yéil&l&_ecaﬂi@hguaﬁti@asmllk&@nal -
momentum transfer. However, if the carrier ressure (Mat an.intersection t whic
e gt I inBREGHIE ChE TRECiTte 5 B p e e L AR e O ad fRedlien 1T
process gas may ferianasie s rhBsiis therealpribe i saang egaingbeflow e $354R 4S9t tick” at
intersection 1504kl thaprasess gampressiiedpipitcachestbe catlies gappresgbear(padO0321 In

other words, _aigt%fficil%not %ggﬁ%reimg@??gg ’t%ngl bWABHQ159 dhe.gas H@ﬁe(q]gw gasying, 104) before the
process gas in'gas fine" th

may be able to’mix with the carrier gas flowing through main Cg)xjas line 102.
In Some casesPRERs IgRig el AR YEEEFHIRY ST TRt BIEES GaE S PR SHE WdRPMFC 110
into gas line 1@dbatoig siaffisient pogsseicentiits vip cdienatlertirecprotesssias tivwbewith the carrier

gas. Equation b below shows e ine sealadequbrd Joreassw e Ruldup.aliitatseetion 150. As

shown in Fig. 5, the delay time is longer for IargeL gas line volume ar}d srgaller flow rate )(Cb)g [00331 c
=011 O(Equal \fﬁﬁ& g)e mixing mamfold) is higher than the process gas pressure (p)), the process gas ma

unable to mix with the carrier gas. As a result, the process gas is “stuck™ at intersection 150
until the process gas pressure (p;) reaches the carrier gas pressure (pc).

|0032] In other words, a sufficient pressixre may have to be built up in the gas line (e.g., gas
line 104) before the process gas in gas line104 may be able to mix with the carrier gas
flowing through main gas line 102. In some cases, very long delay may occur from the time
the process gas is released from MFC 110 into gas line 104 before sufficient pressure buiids
up to enable the process gas to mix with the carrier gas. Equation 5 below shows the time
scale required for pressure build-up at intersection 150. As shown in Fig. 5, the delay time is
longer for larger gas line volume and smaller flow rate (Q).

{0033 1. =p F/Q (Equation 5)



100341 As discussed in Figs. IA and | B, delay of the process gas into the low pressure chamber
environment may cause stabilization of the process gas flow to be reached after the set pressure
point. In other woedsohesgas delivery time scale for certain gas species may eaudsa¥y@aiposition
drift. To minimize delay and/or to control equilibrium pressure within the processing chamber, at least
one parameter - gas line conductance, MFC flow rate, or pump speed - may have to be modified. In
one aspect of the invention, the inventors herein realized that by increasing the IVIFC flow rate for a

short burst, the, Fﬁl}\é%féﬁ&@a‘%éﬁi%ke fRay.Peecantpiedy ot g@guﬁmseh&udw@gerehanges [0035]

In accordance embodiments res tlnven%1 n ao@e%sss fI roI g\g ggﬂ%gn%me to

reduce the tlmé@éﬁtl’érﬁf‘b‘é‘glﬁ'éﬁ\/‘@?%%a oceézgfhoﬁ ShamBSFss rOV|de fments of the
invention includet pwssstrstintg hhetW@tdﬁJré@lﬁee%é’%ﬁé@ﬁ/@ﬁ%ﬁ?d%‘f%hﬂﬁﬁéﬁ?&f@%mbodlments

of the mvenhorwagMgQgO@imy liipde stepmpreassjonparforoingtbeuditeishpodiagde. bouce

delivery time durlng a carrier. -driven flow environment, 100361 [a, a0 emkodinent of the invention,
a single step oV EFSGHIE Fathesg i 5?8t\/|de831{(a)rrngt\(/iers%(§otm§ the MFC to reduce the delivery delay

into a processimgrunsedser Ty Azyase Torwaiiedzdrdemasrrdaldle TaHamdIdIsrRREREH-—Ngth may
be determined.;dine-apking} prarshohsivEmthisraddstosiywinehthedvi&G vRowinstecaray be
increased by to en%efgor@gg“ny%\gv%%?rggmg%%g%ggfgﬁggggp processing chamber. Since reducing

delivery delay increases the quality of substrate processing, optlmal oversh ot stren t{Mg esirable.

To determine tiﬁ@éﬁtﬁ‘hQTWOH%TWWETWB{I%@@%‘ T EPERGtA “r}?gfi/ e caﬁ:u he initial
overshoot strenghbnis & fatettaheoithecaleeriimdtivamtion pracshiagithembenie iPYEHelayed gas

species (rl). A%%&?%%%ﬁ& hereinamioysishaot duinsiand efersro thedimesiapsed.pesiod during
which an overshoot strength ma be a plledé an MFC flow rxgct:f %Q%%Z;l In an em(pccggg%em the
overshoot dura%W?§§éﬁé%‘é §”ﬁ‘?ﬁ‘ mveﬁﬁ&a(so he spee R the MFC can
respond to a seiedbmsttgjtmmsr)shlémra typidatMEEY e FERpOWEE dSMYTRRY- é‘k}sef‘\ﬂﬁéfn an MFC setting
is changed. In gfher weids, when an MFC setting is changed a few second may elapse before the gas
flow rate is changed. In an e ssume that an MFC has re f If a tool
operator first sé?%ﬁ@ M‘Paﬁet‘gﬁf gﬁ) afaﬁdl Vé‘%f‘f’%r%é&i’a’feﬁ“p \gﬁﬁ%gtﬂighrﬁé@é&tﬁ&?%%%giccm the
MFC may reIeaeerg?awmmes?éé%tﬂfﬁ@%‘e@ﬁﬁd%%@fé?@Yé%‘é%ﬁ@cﬂ%@“@ég‘%ﬁ‘ﬁ‘ﬁ @é@rh“TiT@ delay is due

to the MFC reSEm&ﬁzEmfh@agzldagrydaﬁowmecde}dneasatedngem@pbefdmmtomécbpﬁrawnmnce the
Intentlon IS to mln”{hlze tI?T%nt‘l’rn?S %Cfac?or %ﬁlgﬂﬁ %H‘Fﬂ)@ QGQ%?%Q%&QWI&Q@SQ%HS*]ON

duration set at &' ?ioésres ponse tlme ittle or no additignal time to the overall delivery time,

thereby enabhrfg"ﬂl*fé‘%i\@%%@ft"ét?@ﬁﬁffﬁttff‘ﬂenﬁﬂ%eé"a'%cﬁafﬂ%qu"ﬁ?r'%‘i”ﬁ‘r’&%I?‘ﬁ 4% $ME scale of gas
delivery while mipigaizingethe: lisner spburinetbtocapply, theroverstisooduretion iskeeg8]Ascan be

appreciated frop the foregQing, Me JERPAREEIME MayoRe-dRecificta PR E alBuaiber verds, if a first
MFC has a different response time than a secori MFC, the initial oversl| oot strerzg r}fﬁ)r the first gas

species associABEHFTIMEFESHEaRRGHBRaT TS RYFRACTBRPHIR ARH 3% WHEHGHR 9o the second gas
species associattaiiththecectnd MRGcTkrishalsin cRarshevrtiEion f%@%‘i@éﬁ%&‘%e MFC response

time. 100391 Ag afQ ianRd »&h@%s&%&&r@a@mmﬁ&wpm@a@n withedimescale of a
delayed gas species (t1). SIHC? the time sca ends 0 trhe as Imetgyeogpgg%g@q tpe molecular

mass of the ga&®H¥ REHSABS rah orﬁeafys/ e to rle‘"?nscc}:re(:alsed 6 account fora longer gas line.
Similarly, the oversiredasirbiatytherYHiE ribrésaoRItS BEHREBHEEITBY afipa 3t HYEG€r molecular

mass. 10040. 1r@gg,esmﬁ)yglﬁﬁlmeEShQafastmmﬂathﬁ@b&&lﬁg@leterxrntnedyﬁdesmmmmy@e conducted
with the MFC flowrate heing jacieased. b fagtar olthe Jaill gyershact slrgngthy Iy an example. i

the set MFC floW Tate is 2b°scan and the initial overshoot strength is 3.5, then the MK will be initially

set to 30 sccm e thameshatia Wé\n’?bie‘reﬁ?%‘ﬁtﬂeéabﬂfﬁléeﬁ?ﬁ?fbefBB%‘ER)eeaafﬁ 49 s Efermined
period of time (gigc, O ceeanss) Hay ianadyiaialy tihengh dmbti(rassgre Prefie, theNHitiahovershoot

strength may be a dée g&‘?%%'&%m%’rngc&Rﬂméte%%réJaegt@rggaqﬁhol&aﬂ ernbadinent.ap overshoot

strength ma be detefmined
J Y he MFC response nme 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 _



adjusting the initial overshoot strength until the overshoot strength creates a chamber pressure profile
in which the chamber pressure at a pre-defined target time period (e.g., 2 seconds) is within a target
accuracy rate (ax@,2do0paseent of the set pressure point). Since limited time is psuaibzqeondtied for
establishing a stabilized pressure environment, the pre-defined target time period may have to be set
at a time period that is less than the time allotted for stabilizing the processing chamber pressure.
10041] Alternatively or additionally, the overshoot duration may be adjusted if the initial overshoot

strength is not withip Hgﬁdy‘lf&&?@@ré% Hsonfranantionsdhe-averhantciyationmayde set to the
C

response time of the MFC g minirrlﬂz? gd itional ti e dyne to ig\{(%ggf&o%tirré%beg\{\éeve Mhe modified
MFC flow rate (¥ HRESMARFATR TR SEd'SY & TAc O OT thetovershoot strengt P {80 close to the
maximum flow ratesbdaduaRE®, the overshoot duration may have to be increased in order to reduce the
overshoot strengyas|methenwgisiscitha avarshoptdunation rahe madifisdd theimadiied mass flow

ate s ot eSs (hap 3 pre;determined pergeRIagE (5l 55,95 RETGRHLS INEMENREMFC flow rate.

In an embodiment, the pre- etennine percentage is less than 100 percent to account for potential
hardware inaccuagyerehenbyresadt fpr the fmtess Sirces asvn Nrde i abeHi Hiffepan e dfstcification, the
maximum MFCeflavwiatemay iyt apapding upaectne dMiGe{@O4Rdcimaivémnirediwent, factors and/or

physical conditigns. (&, 9as INRISORAIY DaIGRAIA, Mestre! Agasdmaraentum of a gas, and the
like) that may have caused delivery delay max?now be mana%egfbg over Dootin% the I}/IFC flow rate for
afya cale of a

an certain time QE?4tioA (VRrSRiBE SRS AT PRI DL thae OP R YALHE pPdEEsEing chamber
may be modifiettlytiginizeith e fimsrdiibraioesciietweéensngasts e des!iftr gemtingrdmhequilibrium
pressure. 10043} ill A, SmLosimepls annuiRi steRs aNershaing meibedsay Recarntied in a carrier

gas-driven flow environment. Although the sipgle step overshooting method may be applied to
decrease the dMREEHFEANS ma' Gl é’ggi%i;r‘?\‘}te%"?ﬁgﬁ S L e Wi 123 36% 3

environment, the multiple steps overshooting
method may previdecancaltateativveasethod for reducing delivery delay. 100441 As aforementioned, in

a carrier gas-drjygs flonSMYiranments ol wnimhmacess @astiay, have inbuilidodpsuticient pressure
before it can mix with the high-flow. carrier gas.,To agcelerate the.press ild fip, i embodiment,
an initial oversh“élgit a%ﬁt@gcﬁ‘bﬁ?éedb te(‘)nﬁ%ﬁ%ﬁsédf v:\i/sr;aacttgrc??l E'ﬁ%lﬁﬁgﬁg\?\fgé?ggi%égs 1Ir)rl1§ali1n
embodiment, trrednilg-ijresandfeoiarratcnZhisrpand Rmiii SR raticestine tim& SR of the
build-up time periaghvanddhacinitakoversheat shegithe Sinctdhedfitsigrershopisiteangthdthe initial
overshoot strengih) s, apnlieddo minimias e ild wh I RGHAS. M Rildiniisagpt duration is
less than the bui de-up time BGI‘IQ , In an embodiment. However to prevent uncontrollable pressure
profile (such asPspesgofite BemRtiEhWERORLBTIELBEN 18 Whvysdre WeRAL & MEC response time,
in an embodimend:skmisaeigihénsimghebstépeovershecting sretigtdntheénitiahowedshoot strength may

be a function of e QyershaakidNEAliRs: aRchie dimenscalespldharlawlow pracasmensbaRd51 After

accelerating the pressure_build-up for the low-flow %?}?’f’th% MFEC flow ratedglag e mogi ied by a
second oversh8BLEEgRis HoheL IRRRSHRSF IR *1A AR SIS A TehT thB S8 Shb ovErshoot duration for
the second ovewsthoot sheeheptvraraydie(set tortteeV FhecsshpissItrpeingi Rinse miRd SiRgle step

overshooting mgthad ptheRecond iershost ebianatprenay:kadetersi) ed prpiiaad yarpaother words,

e e ST P Allied Mate ML.OPHIEH SVRISRROLRIESH) o Centiod
100461 Thus, hETRUITHIE? teps Qversﬁootlng ethod enable muﬁipfe overshoot strength to be applied
to accommodatebilzidiffbeaneqspeise SBARPEGHERtSAs that may exist due to the differences in the flow
rates between gag gpecias SN dasdaidbeatingle stephovatshoeiingy brettiosedhemauliiple steps
overshooting methad enables 2 faslengrmdrive e miniglizing. Bk dime seguitsd for applying the
overshoot scheme. o N ,

duration may be set to the response time of the MFC to minimize additional time due to

overshooting. However, if the modified MFC flow rate (i.¢., mass flow rate increased by a |
factor of the overshoot strength) is too close to the maximum flow rate of an MFC, the
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.
8



10047] The features and advantages of the present invention may be better understood with reference
to the figures and discussions that follow. 10048] Fig. 2 shows, in an embodiment of the invention, a
simple flow chag dllusisatigg steps for implementing a pressure control schemeCT/00A®YRIH first step
202, a slow gas delivery situation is identified. Slow gas delivery may be due to many reasons. In an
example, slow gas delivery may be due to a condition known as gas coposition drift in which gas
species are reaching an equilibrium state within a processing chamber at different time. As

aforementioneglﬁ %a§m%%m9,9§éti&{@ LI AW G éBnth O 4 RIS AL G I PHFQAMEBEABAY ¥ in a carrier gas
driven-flow environment. Those skilled ir}‘the art may [aev%ggfeéent tecpm%ergagpﬁgi?eentifying when the
' I

situation occurBEUIEEIAYAE HASHIG tf‘?f}?ilffiléz“measurlng a16?8§§ﬁre time profile. By employing
metrology toolsiitesitiomped fwittin, the mastewsiNT € flewFe, PresanrdsrainanesBeddsing chamber
may be measufggh {p5EAC B SimE RRVINGHRiAIgRS EReRIes 0 gedbte thensetypressure point

takes longer than other gas species, gas compasition drift 1965 NG 1008 L &as composition
drift in a carrien”fj’é%“d?ﬁ/@ﬁ*fl%% %svﬁicgﬂ’rﬁnenﬁ r?[\%a%yggfégn%&%qg%étﬁlf%(j b %bser\?ing the é%r?figuration of

the plasma tootieBomey piaws rmersscr iy herskogiaghe NHEC B thee eriat FRePORHOHEE A the
downstream of the gas:lineafion thamin aesmngasaSisteethencaprige gt ishiouatotad bamstidam, the
carrier gas is unable to carry.a piacess gaslodhe dapnsiesmdaLaresHag.aRmBgFuesS the

. to,mimymize the T > A .
process gas is al:g?e_ 0 feach t’ﬁe pressure of the carrier gas. 1005;“%}1 as.com ogltlon (éllfrlférmay also
occur due to thE9 s i ealAgRetich™ABH G GRSOTRE AR 8 QAR L0 7S 87 §ad'deiivery time. In

addition, if the gasispecinsane pbudifterenitnagbes, thelpsiop areshowogmeatohavies Falishay reach

an equilibrium st %e‘r‘é‘éistQH}etaSs%Rﬁ&égﬂg FhAmberalASloWer Fal.sinee, mbaaviplgapdends to flow
at a slower spee t%an.a ighter gas. Additionally or altern ti\ﬁl{}/, tf&e asdg 1eercocpefii uration may also
require a Iarge‘?ﬂﬁf?ﬂ?@?%& BFH&%@%%WE}%MEY%’%“B Bl  Wirin fheygas line volume in
order for the prpoesp gasdeheitibgs . eneugtnpressirrectoimixeprapemynivatior ERmerages Sihich is
usually flowing at & highet v saterdius-dbedonges the.gas linantie hagenthedrlivesy Tielay may be

for a given gas species. 100531 At a next.step 204, the gas species v\p1 amgll ItB el tinpe sigwer than a
target delivery ?ﬁf@efﬁ‘ﬁy}hﬁé’ﬁ?fé?fﬁf"é’géﬂﬁﬂg)tﬁl'gapﬁ'?ggafgfé]e’ta&éﬂ%@ryo}fi%se%%tusugal\fy gé ecific to a recipe, it

is not uncommfFédfithedaroisheltivdlgptipreees Bes |daatreabadireat ohe Suiid-4h ¥k , a set of

duration may be a function of the ratio of the time scale of the build-up time period and the
initial overshoot strength. Since the first overshoot suength (the initial overshoot strength) is
_applied to minimize the build-up time period, the build-up overshoot duration is less than the
build-up time period, in an embodiment. However to prevent uncontrollable pressure profile
(such as spiking), the build-up overshoot duration is set to be at least the MFC response time,
in an embodiment. Similar to the single step overshooting method, the initial overshoot
strength may be a function of the overshoot duration and the time scale of the low-flow
process gas. :
|0045] After accelerating the pressure build-up for the low-flow gas, the MFC flow rate may
be modified by a second overshoot strength for a period of time. In an embodiment, the
second overshoot duration for the second overshoot strength may be set to the MFC response
time. Similar to the single step overshooting method, the second overshoot strength may be
determined empirically. In other words, the second overshoot strength may be adjusted until
an optimal overshoot strength is identified.
[0046] Thus, the multiple steps overshooting method enable multiple overshoot strength to be
applied to accommodate the different processing conditions that may exist due to the

differences in the flow rates between gas species. Similar to the single step overshooting



partial pressure profiles may be analyzed to identify the set of gas species that may have a slow
delivery time. 100541 At a next step 206, the MFC flow rate (Q) for a given gas species at a set
pressure point ve.2@guidianium pressure) may be determined. In an embodink€iUs2e0MBC Row rate
may be determined by referring to a conductance curve. The conductance curve for a gas species
may be determined by measuring the chamber pressure for a given flow rate. Those skilled inthe art
are aware that the flow rate for a given gas species at a given set pressure may already be

pre-measured apd,spayhe.aasisiiRvato MR canBustanse cuveaRdou iy rate chart, the

flow rate at a given set pressure ma detelrmin d for each a8s specie that may have a slow delivery
: 5 : f o - : )
time. 100551 AT &'HEXE ttgf)t%%fegutll{%ge?%rca e (1h groégrgﬁ})é)as specie identified as slow delivery gas is

calculated. OndOR4ELHTY ferteiet@RhAYRS ASES PITRCSESIENT TOSTIBY TRCH FIHY PPESIOR mel in the
processing chagiberdot.argingndVin dievssades () witbva fixed throttle valve position (i.e., constant

pump speec). 10561 AL3AEK! 15 A0, AGISOR! SKGRAIN (DR el oy dcppeciic gas

species at a specifi , nan em odiment, the initial overshoot strength (a) may be set by
employing Equiigirl BEMGHRE 4 BUSPIaceniebfEaf6n 6) 1- exp(-10/ r,) 100581 According to Equation 6
above, the oveshooistigngthe(a)ds, a fionctioridiviine sovevishdoideiitibrS{ey) saaddhetimescale of a

delayed gas spgcigs 6 ThnR-a0 AMBOIm@RLIOR SO HEWaIoR{e) 408 & BasnanasieasMay be
dependent upon the MFC that controls t e%as flow rate. T}%‘%@”X@‘?‘Pﬁ)’r\{lﬁ% ma vpﬁ\é% a delayed
response time. & RBMER GHNVIPEERSTPRAY Be Shitched to'a How Tate of 40 sccm. The
processing toopmaysaxpiriehoaadfiwese tond< slieferyerafiresth eanAPORe YD A5h MBI GES at the

new flow rate. Iym’:@‘uysum‘%n@ﬁ%ﬁh%r@n@‘?aﬁ@@@ﬁﬂ&ﬁ%%ﬁﬁh&n&%ﬂy mhaye\canjedepending

upon the specific MFC. Thus, the overshoot duration t%)%m Q %% %gag'éng upon the MFC
specification. 166@5? ?H-[éar%t?%efreenmtl%ﬁm%ﬁstﬁ e overs o%%%grgatgl}on to) may vary depending upon

the time scale 4105 Qotayebiogareyradiss TRANTRE ARSFETE ATIET theBIRBRENRE FE YS& species
(TO may depenshiypedihiR ORaHinegpRRIEIE anRshile, prasarefithiaghs spesies; thanbarney Ras
O T NIS, eme. 2031581 088 890 S T vy @ AR ISRECIORINE o roce of e

carrier gas. Since the carrrer gas’is usually flowing at a higher rate than the process gas, the process
gas may have teBURBEAptBrAHETHaS ABSEET SBRITTE BEIRY Uie S6CE8EERRly mix with the carrier gas.
The additional tiwE |deiay impbstphyiaffinctionaftadriven-flow environment may also be identified

by observing the configuration of the plasma tool. Some plasma tools may have the gas line
for the carrier gas positioned at the downstream of the gas line for the process gas. Since the
carrier gas is located downstream, the carrier gas is unable to carry a process gas to the
downstream processing chamber unless the process gas is able to reach the pressure of the
carrier gas.

[0052] Gas composition drift may also occur due to the gas line configuration. A long gas
line may usually add to the gas delivery time. In addition, if the gas species are of different
masses, the prior art shows that a heavier gas may reach an equilibrium state within the
processing chamber at a slower rate since a heavier gas tends to flow at a slower speed than a
lighter gas. Additionally or alternatively, the gas line configuration may also require a large
number of process gas molecules to be accumulated within the gas line volume in order for
the process gas to build up enough pressure to mix properly with a carrier gas, which is
usually flowing at a higher flow raie. Thus, the longer the gas line, the larger the delivery
delay may be for a given gas species.

[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
10 ’



time required by the process gas to build up sufficient pressure as previously discussed in Equation 5
above. 100601 At a next step 212, a test run may be performed by modifying the MFC flow rate (Q) by
the initial overskvmbatyanstin (a). While the test run is being performed, the ga-¢GmpEsitEaWithin the
processing chamber may be measured. 100611 At a next step 214, a determination is made on
whether or not the overshoot strength (a) is sufficient. In an embodiment, the determination may be
made by tracing the pressure profile of the gas within the processing chamber for a pre-determined
period of time (g,9:,1 0. SGRONUReLANPRL aHaih 8. PE6 SRR SHOVINEAR Shicipi @t wigy Peadle at a
pre-defined targlet time period is within a target accuracy of the equilibrium pressure, the overshoot
strength (a) maXIOB“edglt‘J‘fﬁé'igmeOr optimal for minimizing delivery delay for the gas Since limited time is
usually providel®§6¢]establishireg 206taIMEE Prossir €8 A0TbRFEREsERE Pread_ Afiddctar et time period
may have to bg sgt (esscthabihemtineallptiad besiabilizangithe proodssing thavifdefipressure. 100631

Fig. 3 shows, in an,embodment of fhe lventions A sinle, ploklsyalng sevsrel gysrshoot strengths

(a). Consider tﬁéaéi?ﬁgffgﬁn\}vrﬁergin, for ample, the equilibrium pressure is set at 1.00, In an

embodiment, thipeoiperhios: disAGP (2)) REBHINSRH BRI 16 B BIStRHAIT the R AIRB & prdStte is within
the target accusritgd i:eihd peisenthatitapte-tefined fargeitemgeperiods inaigisenanppiesugssume that

the overshoot dyration | ! HhewRiasletingd ey gt line eeiRdindvdsr.of the overshoot
duration (i.e., 2“2?0%)%%%%.&2?53% %sg%%ggl@from th%%?i(g%?re, tﬁe over%hoot stregtggg)r(g%%gf 2.52 (curve
withi

302) is considetesoafospinsaaihdbelarnite 8t & 1sh HEE ST S B R FETR Fihe target
accuracy at thesgarigehdimey(Raseeohdsieivsm riewult, the target pressure accuracy is set such that the

pressure profi '%J&Hs?%iéewi%#? SAQSLIOXIMitY: IPrth 88 LRy esS RiRInt Anckihe quassypesprofile of
(0]

the gas reaches equilibrium before t e-determined period of time. 00641 If the optimal overshoot
strength (a) is bt %}ﬁﬁﬁe&?’ﬁdﬁﬁﬂgg f‘ﬂ? BLRTAENG B ,Sﬁ?g?n Ut gbﬁe%csf?@éh ﬂgé?%t ué% (‘)ri\gl]éeaighoot

strength (a) maydyecacitistatrabesiovesireEMESHN 7R (G MET 2ie Ryt ld@YB RaMt Pressure (pc)
and the preSSU(ptggq})@;tgmng@g@ggl)ed by the overshoot strength (a). Steps 2 t 2-216 are iterative and

may be repeated until an optimal gyershoot strength is determined, 100651 a. 54n,.L p(21,)(Equation
7) 100661 If théﬁgélgréﬁgé}f%t?zee thTwX(gﬁxés ((:))(t’?nS ,e 't%lepne(z)tnéa%gitﬂgtépy21é, thes%% is%r'ﬁn again with the

optimal MFC ovesshrooesteiitiED . I enenoAIma dhe B ArENeTEmnst CrarytF §75)be
determined, inagglisdey RyaNMRewEdbthe optimal overshoot strength causes the MPG flow rate to be
set too high. Ideally, hardware |

10057 a. = m (Eguation 6)
= EXPl—iy 1 T

[0058] According to Equation 6 above, the overshoot strength (a) is a function of the
overshoot duration (1o) and the time scale of a delayed gas species (1;). In an embodiment,
overshoot duration (to) for a gas species may be dependent upon the MFC that controls the
gas flow rate. Typically, an MFC may have a delayed response time. In an example, an MFC
control may be switched to a flow rate of 40 sccm. The processing tool may experience a
few seconds delay before the MFC may begin flowing gas at the new flow rate. Typically, the
delay is about 0.5—2 seconds; however, the delay may vary depending upon the specific
MEC. Thus, the overshoot duration (to) may change depending upon the MFC specification.
10059] In another embodiment, the overshoot duration (to) may vary depending upon the time
scale of the delayed gas species (11). As aforementioned, the time scale of a gas species (1))
may depend upon the gas line geometry and the mass of the gas species. Ina 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



MFC) may perform without malfunction. Those skilled in the arts are aware that most hardware may
not perform according to design in the extreme range (e.g., maximum and minimum). To account for
the potential ervoo thabmsagzexist in the MFC, the desired modified MFG flow PAIEPRZRPBETEES than the
maximum MFG flow rate. At a next step 220, a determination is made on whether the slow gas
delivery situation has been resolved without experiencing hardware inaccuracy. One method for
performing the analysis is to calculate if the modified livIFC flow rate (i.e., Q x a.) is less than a

pre-determineq} Retcantady Ahiol@sd gasd5 REICEHaTIBR PaimuMEELflpuisaisedrinan
embodiment, the pr,e-detgrmined percentage is set at less than 100 percent. Since the maximum

IVIFG flow rateEﬂ’\'éﬁ’/o\?aﬁrﬁ} (%%ending upon MFC specification, the acceptable range is set as a
percentage of tARSAadipnest NIPG Hoss et Re RsFaEmsd Br e borstinM 1o A8 HHE tondition is
met, then the aptimalevessbeRtGliengin (a.) hasidderidantifibeifoptnforgas.spegies for a specific

recipe (step 222). 100691 l—tlitl)w%\ver ifeEQx% gcaﬂg;g%%rbgtrﬁg%&en at a next step 224, the overshoot

. 1k .
duration (k) m§y Bihcreased. es.pa?(%rementloned,, the overshoot duration may be set to the MFG

response time @ #infrnizethecp L ditsins o ip RS Ty 4R e S BSF YdIRMny &5 tsgffﬁ%ﬂt‘processing
chamber. Howeyey siffthemoidifiedibd@rRouna e ig o tiogeatobthaadrbil MR o Riaeest an MFG,

potential for haydware: RaceLiAGYIALRXISLNLQ miNERIZS thecprssibilin pdoaceuracy duedo hardware
limitations, the overshoot duration may have to be increased, in an embodiment, in order to reduce the
optimal oversh56P%tength, thereby reducing the modified MFG flow rate. 100701 Steps 208 -224 may

be iterative untibeaz oitimarcverstichvsirangthprrisrospftete ratreaingores Aeceiiitbihppreciated
from Fig. 2, the, qpiimal puelshery sreratudhmayladeiprmiaerbivssspaciiagase By identifying the
o o iy R i DS JEIRN D5 PR e Bl Pl

overshoot streﬂﬁﬁ'ﬁé‘f) mploye minimize gas composition drift by manipulating the MFG
flow rate of onerorifsdrergatisbisies sEOD7ZEA PERSFECCAMIEN aRLdiR/ B flelv e tHa MREtA P TEECribed in
Fig. 2 may redyge the. i sqalesassosiatesd withal gasuidiseyens duedsithe additionelstime delay that
may ocour due Jg e {ime seale asacialamuii A0 Rl eSS U dlRme Boddescribed in
Fig.2 may be d Jus ed&o allow for a multiple steps overshoofing process that may further reduce the -
13 delivery detagrshagt siramsivd“in GEMEATHEGIFEHON B MOW &RAK TSIEHRE e steps for
performing a mydtinle stepsovershoaiiagtpibeess tHeonsideptheesitbidtivns swhereird fobexample, a gas

with a slow de'é‘é%%ﬁﬁ‘t‘%é%ﬂ%%@éiﬂﬁgsmr@ SR %%ﬂie‘(@&ﬂﬁw (i.c., | percent) at a pre-defined
térget time period. In this example, assume that the overshoot duration is 1 second and that
the pre-defined iarget time period is twice of the overshoot duration (i.¢., 2 seconds). As can
be seen from the figure, the overshoot strength (a) of 2.52 (curve 302} is considered as
optimal since the pressure reaches the set pressure (1.00) within the target accuracy at the
target time (2 seconds). As a result, the target pressure accuracy is set such that the pressure
profile for a gas is within close proximity to the set pressure point and the pressure profile of
the gas reaches equilibrium before the pre-determined period of time.
[0064] If the optimal overshoot strength (a) is not identified, such as curves 304 and 306,
then at a next step 216, the overshoot strength (o) may be adjusted, as shown in Equation 7
below, for the target equilibrium pressure (p.) and the pressure (p) at time to attained by the
overshoot strength (a). Steps 212-216 are iterative and may be repeated until an optimal
overshoot strength is determined.
[0065] &+ =/ P(2M0) ) (Equation 7)
[0066] If the overshoot strength (a) is found, then at a next step 218, the gas is run again with

the optimal MFC overshoot strength (a«).



environment. 100731 At a first step 402, the initial overshoot strength (a) is determined. As
aforementioned, in a carrier gas-driven flow environment, besides the delivery delay caused by the
gas line geometmoanasasszmlecular mass of a gas the delivery delay for a lowEfldlf 79ed4E2dhs may
also depend on the time scale required for the low-flow gas to build up sufficient pressure to mix with
the high-flow carrier gas. To address this type of delivery, in an embodiment, the first overshoot
strength may be set to the maximum MFC flow rate. 100741 At next step 404, the first overshoot
duration is calcyjgie fA\&@Qﬁﬁﬁb@d%ﬁ&em&rﬁte@mm{a@%durﬁﬂmdmachuddympvamhﬁot duration)

may be a function of fhe rallo,of e praesire Auld;e e perpd.anddbeinitialaNerafiasuairength. In

an embodiment, ‘fhoé“b up oversh ot duration is less than the build-up time period since the initiat
overshoot strerfgth. |§15§bﬁ"éﬁ ReF oMt tHEATHNEHED (HRSHErY i aURFEHS aLARH for the first
overshooting stepdway heyaricpistes usingikguatisiyBibdiowiEaaningnize. umesimrolieti pressure

profile (such as spiking the £<§§Ouﬂv?g§¢a9gegu{arlmﬁw mgyetzgtsﬁu@tm@lu@ alsgegater than or equal
to the MFC response time to I.n an embodiment. pcV, :t.-- %7 uatlon 8 ]%9761 After

accelerating the&pfee M Sd\fﬂ"lﬁfﬁ‘&a@h@ 15%5- ‘ﬁ’ﬁwkberg‘@éggué“a il e'modified to

Iow rate ma
manage the timedsealereiaiednedhen gasdinetbrenenetry daitaoy fneam@léeﬁﬂa?mgév%ﬁ HEYAs. At next

step 406, a se %@&K%M%@&Eﬂﬁ%may Q&xéﬂamm&%&mﬂa{@a@mm&eﬁwxauarsh"ooung
n

Since the second over hoot% tion is the time eq to man ethe e associatpd with the gas
line geometry a‘ﬁEI}B?‘{ Iﬁjélx“rrrana 40) Xgmeis tegsseago overs Shoot g@ rcatlor‘%’(g may be set to the

MFC response tine (Sasmeniiofitheversion Mk Asrree Flg 2 embadiesib SWinee 8 hffimize
additional time pé?eagt@gd@g&t@t the averalb peessireatahilizatiomtimmFLO0FY takften theysecond

overshool durallon has been dejermined o 621 SR A0S, seeabd avesshanyspiength i

detemiined. In 8 B&dmRe second dvers strength may be determined by performing a test
run. In an embodiREAR Mﬁfté@%uﬁem‘&?‘}ﬁ&iﬂié“ﬁ%ﬂéaﬁﬁ’fﬁ‘fﬂé MFC flow rate (Q) by the initial
overshoot strengtag|. ﬁ“tkfé@rﬂ%&fﬁh&@éﬁﬁ@ﬂ@thb:p%ll:aret@hﬂmmﬁgm stepovershootifigdiethod, the
second overshoot strength determined empjrically. In an example, the second overshoot
strength may be aﬁjus{’gc%'zll eljnrpt %C*tlmalrg%rsﬂeoo?jstren th (a.) is iden fled uch that the chamber

pressure at a pi@?@ﬁﬁﬂ%@éf%@b‘@ﬁ%’f?%fﬁ?ﬁ 2 ?éf’dl?f‘é%ﬁ%?&éy it the eaﬁifjﬁrlum pressure).

Step 406 (to) may be increased. As aforementioned, the overshoot duration may be set to the MFC
response time to minimize the possibility of increasing the time for delivering a gas to the
processing chamber. However, if the modified MFC flow rate is too close to the maximum
flow rate of an MFC, potehtial for hardware inaccuracy may exist. To minimize the
passibility of inaccuracy due to hardware limitations, the overshoot duration may have to be
increased, in an embodiment, in order to reduce the optimal overshoot strength, thereby
reducing the modified MFC flow rate.

[0070] Steps 208 — 224 may be iterative until an optimal overshoot strength has been
determined.
[0071] As can be appreciated from Fig. 2, the optimal overshoot strength (o) may be
determined for a specific gas. By identifying the optimal overshoot strength (a.), the delivery
delay may be significantly reduced. Thus, the optimal oyershoot strength (a+) may be
employed to minimize gas composition drift by manipulating the MFC flow rate of one or
more gas Species.

' {6072] For a carrier gas-driven flow, the method described in Fig. 2 may reduce 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 (), the method described in Fig.2 may be

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



is similar to step 212-216 of Fig. 2, 100781 Once the second overshoot strength has been determined,
then at a next step 410, another test run may be performed. The test run, in an embodiment, may
include the mukige@vwarshoot strength and overshoot duration. 100791 At neBIE3044/247379
determination is made on whether the slow gas delivery situation has been resolved. Similar to Fig. 2,
the determination may be made by determining whether or not the modified MFC flow rate for the first
overshoot duration and the second overshoot duration is within the pre-determined percentage of the

maximum MFG, fiow fai8, 1398 L the sondiiesuis.snet shandhewpiimahshaeh strengh fax) has been
identified for the gas'species tor a specific reciEe ste%4éo4 nd the.pr cess may goqd. 100811
1 \ ;

. f ) th
However, if the®SONaMIET B HER S RIS SoRext RIeH A€ second overshoot duration may be

changed. 1008%a@teps 40 if16sinayitie s ratcd istenrifie BriFAEIUAr ARSI has been
determined. 10983d.5RES, the multiple steps overshooting method enable multiple overshoot strength

to be applied t9 gogonunadate e Aferanime sealesihahmaw alshihe oyerall delivery time for a

gas Similar to the smg]e step overs od, the multiple steps overshooting method provide a

ooting met : ,
method for deteferfivingashotified fMF@Sr%W%f@WFQGHE@B brsIrs W AR WL RSIRRTZing the time
required for appiyingzibemvemshant sitengihleBathnhe nfetboddddédoninedelny Fygs.iovafiedd may be

manually perfC’{)FQ?e‘i’s SWQQACAQ;%H‘&%%@HQ?J%@ ihe MHGa6keme. as dlusiiatgd by Figs. 2 and
4 may also be automatically applied (e.g., software aé)r%icatio , t(? reby reducing Iqbor cost and
5 a %ress this dehv

minimizing the MEkBFHRIASHCSA B 0HERS HE LR S8 AB s cidte g

f6i one br More embodiments of
the present inventiotydinethotls e providedsfonstiamaghgette tmeasialendf BgBevsiiéie. By
determining th%@%@@k@%‘%ﬁ%@@&iﬁeefﬂzg%v%@tf s rete svaydreadiusieehisogignificastly reduce gas
composition drift. With a modified MFG fls?(\!\_/ rateé eottte(ri tg_otntrcLI n%f as u%%%%‘@HB@SrB{%X}ded’ thereby
enabling less SSLAFRRY g‘ﬁfﬁg?fé 'é%’t%ube TRantractlred th S, the overshooting methods provide an
inexpensive solutionssoreritiactonmg ingprst huiiip! aysshegesirns it i 6F ABYAERESSIR overall

processing tim@ui!d-up overshoot duration is less than the build-up time period since the initial overshoot
strength is applied to minimize the build-up time period. The overshoot duration for the first
overshooting step may be calculated using Equation 8 below. To minimize uncontrolled
pressure profile (such as spiking) the first overshoot duration (tx.) may be set at a value at
greater than or equal to the MFC response time (to), in an embodiment.

o o R4

,L‘(I =

c
10075] a : (Equation 8)
[0076] After accelerating the pressure build-up for the low-flow process gas, the MFC flow
rate may be modified to manage the time scale related to the gas line geometry and/or the
molecular mass of the gas. At next step 406, a second overshoot duration may be determined
similar to the single step overshooting. Since the second overshoot duration is the time
required to manage the time associated with the gas line geometry and/or the molecular mass
of & gas, the second overshoot duration may be set to the MFC response time (same as the
overshoot duration of Fig.2), in an embodiment, to minimize additional time being added to
the overall pressure stabilization time.

[0077] After the second overshoot duration has been determined, at next step 408, the second
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
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100851 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 invention. Although
various example® asespseided herein, it is intended that these examples be FGSPaAUE/AHd Hot limiting
with respect to the invention. [00861 Also, the title and summary are provided herein for convenience
and should not be used to construe the scope of the claims herein. Further, the abstract is written in a
highly abbreviated form and is provided herein for convenience and thus should not be employed to

construe or limithe Que ealhinveifian avish e emﬁmﬂdamrﬂheockaimgthlfrmebmiiw@etﬂdé!employed
rren suh i, e o s o UGN bl oz

one, or more tHASTORE mem R% also be noted that there arel altern§tl of
implementing tﬁ@méiﬁ’iﬂé@‘ma@?ﬁa‘ﬁa‘m@é’é‘ﬁ RS EAD S ARH DT THE RSB mtePl d that the
following appepdediclaimepelinieErpeetéd as including all such alterations, permutations, and

equivalents as d’%”:ﬁ Hin. the frus, 3RVt 8o §99&%%\q;‘am&r@§@9ﬁm\aemaz NG Sebb BIBLAIMS What is

claimed is: 1. A me (?for ascertaining a mass flow controller gM(%ECQ contral uggt e fo a reC|pe said

MEC control scReité Bt BB RSP fedBRiSY AL caRISHGas G Very mt%rgupr%cessmg
chamber of a plasshadgproeassimpystemecrmpeising:
[0079] At next step 412, a determination is made on whether the slow gas delivery situation
has been resolved. Similar to Fig. 2, the determination may be made by determining whether
or not the modified MFC flow rate for the first overshoot duration and the second overshoot
duration is within the pre-determined percentage of the maximum MFC flow rate.
|0080] If the condition is met, then the optimal shoot strength (as) has been identified for the
| gas species for a Speciﬁc recipe (step 414) and the process may end.
[0081] However, if the condition is not met, then at next step 416, the second overshoot
duration may be changed.
|0082] Steps 406-416 may be iterative until the optimal MFC scheme has been determined.
[0083] Thus, the multiple steps overshooting method enable multiple overshoot strength to be
applied to accommodare the different time scales that may affect the overall delivery time for
a gas. Similar to the single step overshooting method, the multiple steps overshooting
method provide a method for determining a modified MFC flow rate that reduces delivery
delay while minimizing the time required for applying the overshoot strength. Both the
methods described in Figs. 2 and 4 may be manually performed by a technician. Inan
embodiment, the MFC scheme, as illustrated by Figs. 2 and 4 may also be automatically
applied (e.g., software application), thereby reducing labor cost and minimizing the risk of
human error.
[0084] As can be appreciated from one or more embodiments of the present invention,

" methods are provided for managing the time scale of a gas specie. By determining the
optimal overshoot strength, MFC flow rate may be adjusted to significantly reduce gas
composition drift. 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



identifying a set of delayed gas species utilized during execution of said recipe with a set of delivery
time slower than a target delivery time scale; establishing an initial overshoot strength for each gas
specie of said sg},gf,d@layed gas species, wherein said initial overshoot strengihhgingsfastor by
which an MFC flow rate is increased; determining an initial overshoot duration for said each gas
specie of said set of delayed gas species, said initial overshoot duration being a time duration for
applying said initial overshoot strength to said MFC flow rate; establishing said MEC control
scheme by executing said rec adjusting an MFC. ha ware for sa s specie, of said set of
delayed gas speC|esg(§Nhg\reE|ﬁlpgda¥ e %m Said MEC ha vf/%{?é'}ﬁ% egeggjﬁlylng “said | %’ﬁilal
overshoot strenbghlistraaig ﬂﬁﬁl&?‘d\i@ﬁﬁ%ﬁ%‘dﬂﬁmféﬁpt@“d@t@ﬂ?ﬁﬁe if said MFC control scheme provides
for said each ggsoseeeinghisait seldadalayet.gas: kea diasin fpressue grofa ahthild sotakget accuracy
of an equilioriur.ieeuis R RellpLagsRelidARMRCT A0k meadlualing sAIELINiRh AR/ shoot

strength if said pressure profile for said each gas specie of said set of dela as speécies is not
within said targ@Periaret{Por S8 saititid T dymmy spierssandr e sk Eﬁ‘a E@P'Wﬁ%f%ln said
initial overshootohstation fonisaidsach gasnspecitict saxbsatdfidatayeihgasfspeees iernadified if an

adjusted MFC flaw iate R Qiealgh RaR @ iRisidetemired &ﬁﬁ%ﬂt%ﬁ&&?om%mélﬂazwc flow rate for
said MEC hardware, whereln sald adéusted MFEC flow rate is s |d MEC ﬂOYP\r,?rat fﬁ‘m&’ ified by said initial

overshoot stren§fA¥8F Safd FsHSBY ARTH. rEef’ﬂeermefﬁo%“ s Biudfing
identifying said Mﬁﬁaﬂewara'm\’fe}‘ssa‘ tnpkolsmyag st ofssaibapptrafuges| af/td gasspemsmand
determining a tigne as@e@m&a&&aaﬂmzw%ﬁg&a&d selef slalayergasshesian, whekin said

time scale is a fynction of at least one s I|ne EI%, mass of .said each s Peme and said
ajterations 8 rmutanons an entsa ﬂ)lﬂt and scope o d) rh
MEC flow rate oOf Said each gas speC|e AE"ME hod of claim 1 wherein saidhmitial overshoot

duration is a faéiemiPat least one of



a delayed response time for said MEC hardware, and a time scale of said each gas specie of said
set of delayed gas species, wherein said time scale is a function of at least one of a gas line geometry,
mass of said each gas specie, and said MFC flow rate of said each gas specie. 4. The method of
claim 1 wherein said initial overshoot strength is a function of said initial overshoot duratiowweg?h lime
scale of said each gas specie of said set of. delayed gas species, wherein said time scale Is a function
of at least one of a gas line geometry, mass of saigheagh,gas specie, and said MFC flow rate of said
each gas specie. 5. The method of claim 1 wherein an optimal overshoot strength for said each gas
specie of said¥&ebb¢Eped §as species is determined when said initial overshoot strength is within

said target acquracy gfisaichaquiliyivm prassHEs NI RAI AdRIEANEC Jaiaigisiegs,than said

pre-determined percentage of said maximum MEC flow rate for said MEC hardware. 6. A method for
establishing a'fiEss A NERtMIEFQMERIE iR sSeRBAERHFY redisdsadnvseakeolidPscheme being

configured foru@rlusiad iRe-scali.(oraanslvamunip #assssRachamhes afgplasma

processing system, comprising: identifying a set of delayed gas species utilized during execution of

"

said recipe with a set®PHBINE trhelde\restisanertars stilen iy inexseaiion of gitisidbing an

initial overshogisteeRglr tieasaas specerisaidiset afidelnyadgas.rpecies, wherein said initial
overshoot strength bein%a first fac,to,ré)gci/ which an MEC flow rate is increased during an initial
t

overshoot duration, SSEPHHEISFRASHES Gk sHemgh Ao radihsasdinesio st dpphyihdLaiadnitial

overshoot strengtipéeisaicMRaflaw iateal oveesiablishingtd seiegndravershoasirenginrior said each
gas specie of said set of delayed gas species, wherein said second overshoot strength being a second

factor by whici§df"E3idw rate is increased during a second overshoot duration, said second
overshoot duration bgirgrmaisegonditimne dveativdfananplying saideeaqad pwishrchrirangth to said

MFC flow ratede g}%d gas species, said initial overshoot duration being a time duration for applying

said initial overshoot strength to said MFC flow rate;

establishing said MFC control scheme by executing said recipe by adjusting an
MFC hardware for said each gas specie of said set of delayed gas species, wherein said
adjusting said MFC hardware includes applying said initial overshoot strength for said
initial overshoot duration to determine if said MFC control scheme provides for said each
gas specie of said set of delayed gas species a pressure profile within a target accuracy of
an equilibrium pressure for said processing chamber; and

adjusting said initial overshoot strength if said pressure profile for said each gas
specie of said set of delayed gas species is not within said target accuracy of said
equilibrium pressure for said processing chamber, wherein said initial overshoot duration
for said each gas specie of said set of delayed gas species is modified if an adjusted MFC
flow rate is greater than a pre-determined percentage of a maximum MFC flow rate for
said MFC hardware wherein said adjusted MFC flow rate is said MFC flow rate modified

by said initial overshoot strength for said initial overshoot duration.
2. The method of claim 1 further including

identifying said MFC flow rate for said each gas specie of said set of delayed gas

species; and
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establishing. said MFC control scheme by executing said recipe by adjusting an MFC hardware for
said each gas specie of said set of delayed gas species, wherein said adjusting said MEC hardware
includes applying said initial overshoot strength and said second overshoot strength to determine if
said MFC control scheme provides for said each gas specie of said set of delayed gas species a
pressure profile within a target accuracy of an equilibrium pressure for said processing chamber. 7.
The method of claim 6 further including  identifying said IVIFC flow rate for said each'as'spécie of

said set of delayed %asn%ﬁﬁcies; and e%jetermini a time scale for said ‘ih s specie. of said set
A AL G

of delayed gas spetisE WHBPH S d il sl e reARABRCEY At 1RO RS SHAGAEfnePsEstnetry,

mass of saisvbaengagispeeis;dn ik sdichMion dlow lkate ofcalth @ashi gagesspeais, Badshe sagthod of

claim7 whereiré said initial ngrSthﬁ}sé{ng tgrf{%ros%idgac e%ﬁs specie is set to a maximum MN: flow

. specie, angd s t ac as SpPgCie,,. . .
rate for salde R éaﬁanware. SHe'me aim B whereh s3iahitial overshoot duration for said

each gas specie is a factor of said initial overshoot strength and a pressure build-up time period,

wherein saiq pressiyie pulidup fime period eind. a fime duration dyting phich pressurefor said ea.ch
gas specie is being accumulated 1o at least match pressure for as carrier gas, said carrier gas flowing
at a higher flowt rate dhan said each gas specie. 10. The method of claim 9 wherein said second

overshoot durationaia g, %t% fo%s%qg%eegogesap(pﬂﬁectmre {%rgag% M FC hardware. 11. The method of
d sécond’ i

claim 10 wherein sal cond overshoot strength is initially set to said initial overshoot strength,
wherein said secondioersHoot stiehgithigadipstedbyaapplyingdempirdgaisdatxigathdradjwherein said

second oversfioghERAU s AUURIEC sd pissshys pIOflE oL oash 4o spacle gt sad et o

delayed gas species is not within said target accuracy rium pressure for said processing
chamber. specie, and said MFC flow rate of said each gas specie.

4. The method of claim 1 wherein said initial overshoot strength is a function of said
initial overshoot duration and a time scale of said each gas specie of said set of delayed
gas species, wherein said time scale is a function of at least one of a gas line geometry,

mass of said each gas specie, and said MFC flow rate of said each gas specie.

5. The method of claim 1 wherein an optimal overshoot strength for said each gas
specie of said set of delayed gas species is determined when said initial overshoot
strength is within said target accuracy of said equilibrium pressure and said adjusted
MFC flow rate is less than said pre-determined percentage of said maximum MFC flow

rate for said MFC hardware.

0. A method for establishing a mass flow controller (MFC) control scheme for a
recipe, said MFC control scheme being configured for reducing a time scale for gas
delivery into a processing chamber of a plasma processing system, comprising:
identifying a set of delayed gas species utilized during execution of said recipe
with a set of delivery time slower than to target delivery time scale; |
establishing an initial overshoot strength for each gas specie of said set of delayed
gas species, wherein said initial overshoot strength being a first factor by which an MFC

flow rate is increased during an initial overshoot duration, said initial overshoot duration
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12. The method of claim 11 wherein said second overshoot duration for said each gas specie of said
set of delayed gas species is modified if an adjusted MFC flow rate based on said second overshoot
strength and said second overshoot duration is greater than a pre-determined percentage of sajd
maximum MFC flow rate for said MFC hardware. 13. The method of claim 12 wherein said%biﬁfiiﬁ'ﬁi
overshoot strength for said each gas specie of said set of delayed gas species is determined when
said secondRygrshaglsireoatids ithinpaiditar gatasauesy.efsaicseanibrivmidressdréand said
adjusted WC flow rate is less than said pre-determined percentage of said maximum MFG flow rate for
said MFC haftfivare. 14. A method for determining an optimal overshoot strength For reducing gas
delivery time SC_a|eéﬁ&b%sﬁfﬁ%@%%@@fb&m’@m@fs&@igﬁmarpa@@essin@s;yg@m@ disirid extedution of a
recipe, comprising; identifying a set of delayed gas species utilized during sajd. execution of said
recipe with 4 8¥ ot %Eii?/%‘?gll?ﬁn&%‘i’émF?h%ﬁe%(}/f%f]rﬁgFﬁgl?%F)t/rﬁlﬁ%lflébce&q S %%?f;stﬁlrﬁ%’an initial
overshoot stigngthdor e@ch Uas specisnwheieinistiginitialoadershebb strngtivheing adactdr by which

a mass flow controller (MEC) flow rate is increased; .. determjning an initial avershoot duration for
said each g&% %rﬁ%%%,délé%‘(??%h[@}%%rs’g%%% &ﬁr%gt%ﬁaggflngoﬁaﬁﬁ%lagr%ﬁ%rsleﬁ)ornglpoﬁiyeﬁﬁ%oggid initial

overshoot stygagithte said MFC flow rate dad said each gas specie; Mcsup executing said recipe

caic el overshoB BLIATB = SEhep il M STSCSLAS RhTE o G b e oA biehed.
during said exXgclitiodwisdic recipedgainsipadargtiadcuratydbpedaensitibeiues, pressiresdst said
processing chamber to,determine ffsaid infial overshagt stienaihis e R imal gyctshogg sirength
second overshoot strength to determine if said MFC control scheme provides for said
each gas specie of said set of delayed gas species a pressure profile within a target

accuracy of an equilibrium pressure for said processing chamber.

7. The method of claim 6 further including

identifying said MFC flow rate for said each gas specie of said set of delayed gas
species; and

determining a time scale for said each gas specie of said set of delayed gas species,
wherein said time scale is a function of at least one of a gas line geometry, mass of said

each gas specie, and said MFC flow rate of said each gas specie.

8. The method of claim 7 wherein said initial overshoot strength for said each gas

specie is set to a maximum MFC flow rate for said MFC hardware.

9. The method of claim 8 wherein said initial overshoot duration for said each gas
specie is a factor of said initial overshoot strength and a pressure build-up time period,
wherein said pressure buildup time period being a time duration during which pressure
for said each gas specie is being accumulated to at least match pressure for as carrier gas,

said carrier gas flowing at a higher flow rate than said each gas specie.
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adjusting said initial overshoot strength if said pressure profile for said each gas specie is not within
said target accuracy of said equilibrium pressure for said processing chamber; and identifying said
MFC flow rate for said each gas specie of said set of delayed gas species; and determini@gggftigm}e
scale for said each gas specie of said set of delayed gas species, wherein said time scale is a function

of at least ong of a gas lin ometry, mass of said each gas specie, and sa.id MFC flow rate of said
cach gas spalie, whBFATF A Ut A ARES! S gt IS LOHELOH o CA A OVSIh BBt duration
and said timédepde ofspaicetate Jassapebid Oftsaddvast. of delayed gas species and wherein said initial
overshoot duration for said each gas specie of said set of delayed gas species is modified if said

adjusted MFC flow rate is greater than a pre-determined percentage of a maximum MFC flow rate for
an MFC hardware. TheThetimdthbd ofcldimidairherigincsaid! optinhbovershgotistiangthy fen said each

gas specie of said set of delayed gas species is determined when s iol[riniti | overshoot strength is
within said tafraé@ rélclce:lﬁj ch?)r/si)l?/(s)%al%g %r%ﬁjaﬂ?bv%erﬁeglrgasléﬁsr%c%dOsvaiilqu%ocﬁu% ed 531:1& Eﬁi Ws%ac{eg ¥s less than
said pre-detelppinet: perpentagbof saldrdxihemidEC fooandhte fothsaidcsivtirGtinarddjased if

said pressure profile for said each gas specie of said set of delayed gas species is not

within said target accuracy of said equilibrium pressure for said processing chamber.

12, The method of claim 11 wherein said second overshoot duration for said each gas
specie of said set of delayed gas species is modified if an adjusted MFC flow rate based
on said second overshoot strength and said second overshoot duration is greater than a

pre-determined percentage of said maximum MFC flow rate for said MFC hardware.

13. The method of claim 12 wherein said optimal overshoot strength for said each gas
specie of said set of delayed gas species is determined when said second overshoot
strength is within said target accuracy of said equilibrium pressure and said adjusted
MFC flow rate is less than said pre-determined percentage of said maximum MFC flow

rate for said MFC hardware.

14. A method for determining an optimal overshoot strength for reducing gas delivery
time scale into a processing chamber of a plasma processing system during execution of a
recipe, comprising:

identifying a set of delayed gas species utilized during said execution of said
recipe with a set of delivery time slower than a target delivery time scale;

establishing an initial overshoot strength for each gas specie, wherein said initial
overshoot strength being a factor by which a mass flow controller (MFC) flow rate is
increased;

determining an initial overshoot duration for said each gas specie, said initial
overshoot duration being a time duration for applying said initial overshoot strength to

said MFC flow rate for said each gas specie;
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executing said recipe with an adjusted MFC flow rate for said each gas specie by
applying said initial overshoot strength for said initial overshoot duration;

comparing a pressure profile for said each gas specie established during said
execution of said recipe against a target accuracy of an equilibrium pressure for said
processing chamber to determine if said initial overshoot strength is said optimal
overshoot strength;

adjusting said initial overshoot strength if said pressure profile for said each gas
specie is not within said target accuracy of said equilibrium pressure for said processing
chamber; and

identifying said MFC flow rate for said each gas specie of said set of delayed gas
species; and determining a time scale for said each gas specie of said set of delayed gas
species, wherein said time scale is a function of at least one of a gas line geometry, mass
of said each gas specie, and said MFC flow rate of said each gas specie, wherein said
initial overshoot strength is function of said initial overshoot duration and said time scale
of said each gas specie of said set of delayed gas species and wherein said initial
overshoot duration for said each gas specie of said set of delayed gas species is modified
if said adjusted MFC flow rate is greater than a pre-determined percentage of a maximum

MFC flow rate for an MFC hardware.

15.  The method of claim 14 wherein said optimal overshoot strength for said each gas
specie of said set of delayed gas species is determined when said initial overshoot
strength is within said target accuracy of said equilibrium pressure and said adjusted
MFC flow rate is less than said pre-determined percentage of said maximum MFC flow

rate for said MFC hardware,
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