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together to produce a quality device (e.g., MEMs,
etc.). Thus, inaccurate paraneters may result in
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[Para 3] The accuracy of the indicated flow rate may be dependent upon the accuracy of the
MFC. During the manufacture of the MFC, one or more verification test may be performed on
the MFC to validate that the gas flow rate control provided by the MFC is within established
MFC design specification tolerances. The MFC verification is usually performed in a
controlled laboratory environment using an inert gas, such as N; gas. To translate the
verification results into corresponding results for other gases (which may be employed in

actual production environment), conversion factors may be applied. However, the translated



verification results into corresponding results for

ot her gases (which nay be enpl oyed in actual
w@e@doetiuon envi ronnent), conversion factors negr/bs2007/084724

appl i ed. However, the transl atedcorresponding results

may have errors since the conversion factors have an
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true method for validating the indicated flow rate of the MFC.

[Para 9] Another method that may be employed to verify the indicated flow rate of the MFC
includes utilizing a small external ROR chamber or a flow measurement standard (e.g.,
Molbloc) instead of the actual reaction chamber. With the external flow measurement device

method, the external device may be employed as a testing device which may be directly



true nmethod for validating the indicated flow rate of
the MFC. [Para 9| Another nethod that may be enpl oyed
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[Para 14] Figure 3 shows, in an embodiment, a simple flow chart illustrating the steps for

generating a set of accurate gas tables based on the experimental based method.

[Para 15] Figure 4 shows, in an embodiment, a simple flow chart illustrating the steps for

generating a set of accurate gas table based on the computational model based.



generating a set of accurate gas tables based on the
experinmental based nethod. [Para 15] Figure 4 shows,
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steps for generating a set of accurate gas table based

on the conputational nodel based. BRIEF SUMWWARY OF THE
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enbodi ment, to a nmethod for determ ning an actual gas
flowrate in a reaction chanber of a plasma processing
system The nethod includes delivering gas by a gas
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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. In
other instances, well known process steps and/or structures have not been described in detail in

order to not unnecessarily obscure the present invention.

[Para 19] Various embodiments are described herein below, including methods and
techniques. It should be kept in mind that the invention might also cover an article of
manufacture that includes a computer readable medium on which computer-readable
instructions for carrying out embodiments of the inventive technique are stored. The computer

readable medium may include, for example, semiconductor, magnetic, opto-magnetic, optical,



[Para 19] Various enbodi nents are described herein
bel ow, including nmethods and techni ques. It should be
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assumed to be of a known diameter and without blemish). See Gas Table section for a

discussion on how the accurate gas table is established.

[Para 23] In an embodiment, the percent of error may be calculated by first finding the
difference between the predicted and indicated flow rates. Next, the difference between the

two flow rates may be divided by the indicated flow rate of the MFC. With the percentage of



pressure nultiplied by the slope of the line, plus a
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[PaR 4| AtaSfst step 102, the upstream pressure is measured by a pressure sensor (e.g..,

manometer).

[Para 30] Consider the situation, wherein for example, a gas is being flowed from an MFC
into an orifice at an indicated flow rate of 40 sccm. The gas may flow through an orifice and
exit the orifice under a choked flow condition. At the choked flow condition, the gas velocity
attained is at sonic velocity. In a choked flow condition, the flow rate is independent of
downstream pressure through the orifice and is dependent upon the upstream pressure (at the

input end of the orifice). Thus, the flow rate at the input end of the orifice may correlate with
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based on the precision orifice nethod descri bed above,
in an enbodi nent. [Para 27] The features and
wa@dwaneages of the invention nmay be better undeCBUSA7/084724
with reference to the figures and di scussions that
follow [Para 28| Figure 1 shows, in an enbodi nent of
the invention, a precision orifice nethod for

th€l@s@Eam predire! heanréﬁﬁrﬁﬁat.ﬂqgu@h [RESK@E is highEhdN REY @ie@high. If
orifice nethod assunes that all orifices are the same

PrEfeVIERSIFRAISIIgY temEpy raiols Iy 14 an ppbedimeniss gy relptagship may

ex%?%ﬁ'&ﬁrih RPRSEH hRsdufe B 3 BWPsle. DBy RadihESSredstre 3&R&Upstream of
[ Para 30| Consider the sjtuation

manonet er
thmefg fog Mhile B orificerpine chaked flowjcandiiign, the pressespfftiesss may kec
méaieq an orifice at an indicated flow rate of 40 seem
The gas may flow through an orifice and exit the

[PFd 1] GR atRdatep 3oL kReki diddvweaRRhdyibe Beterlindd TROnCRO iRfteam
flow conditign, the gas velocity attained is at. sonic

pressyrg cingap emP?fi'raer&ku@sssmedwsww ipfedha linepirelpfionahip 24@ ajslope
angﬁq}&%%hggﬁg‘ bivef andRMes Lt ARk B8R RH MBw{lE AP be &Blﬁetf?zﬁl cgllyC e
endent upon the upstream pressure (at

ca|chlgtgd baesﬁdj Olben aspiEnpHien thiatllow ratprigequaktp @emeequdam@ream pmeure
ml!llﬂ Kb b§ il s R)é ?hﬁ aQEx'lsfta'nP Qn GRother 9:(15&!1:9&1@ i ﬁr&faa@d flow ratc

upstrean1pr ure. In an exanp stream pressure
asjogiater giththeemeasyred upstagas pressire gﬁy be ¢xtxr9¢te£§ml @n gqsunateiantable
w1?lfpﬁésgl}r{¥e EIQ F& ahd 9 E;?o‘ix&‘m é flow 93@(%5 f%&aap%a? ggg%mn*ce siZe. Inan
expmpls she MFE nctp‘antf broudncmdélo“aytem Hosceng arad the mga;w!cé ummsmr

r , 0 | .

RS8R, 68 LSl IO WG 30 s
witheedigel flgvPrateas mgccmt See Gasxliable sepor 4 a distvssigr @dhont thel

acmrg}gvggsng@e llrsrgg{abl?gheget erm ned fromthe upstream

nbodi nent, the pressure versus flow

[Pﬁﬁltiﬁl & a%a:;t sté 366 rﬂ%'d?{? dréfde Dét&eeWtBrﬁﬂg@d&%é Yo eg}%k‘? (t)l{lev%dlcated

aﬁ orifice size
flovatate Ofrﬁy Mi'eC may bresatsulatedl Inancadnopie, aheamedbcae;ieftbmteaimo sccm and

thé%ﬁ&&l?& tha?‘ra(Jb?‘thefMPéf":s%t@ &111{ Srdx%glé %(;f(gcrfclé]% 1”s% ur ed

tream pressure, mul ope, us a

L
mayebg chleulaird biadividung theahffeence besweeattiee pyedicatediflow rate aid the indicated
. ; |
LRI HENA IR0 Lo SRR P NGRS b
ansxanpdé, the, difbarenice biétwednabe fredivted and éndicated Aoweates iah decirh ghus, the

pe{%ﬁ?%ro?grr&q S$ /ﬁ@ WJW ‘f@ 834 ep%rclef?t ’v\% tLé) éé’r?giig%%?r/eﬁro{ éﬁerigd?’(]:ated

rate ab ressure o
floacraeof tie MFC may be adjusted accordmgly thus enabling a more accurate flow rate to

be entered in a process recipe.

[Para 34] The precision orifice method is a simple, quick, and cost effective method that does
not require the reaction chamber to be down for a lengthy period of time like the prior art ROR
procedure. For example, (1) the volume of gas that is required to calculate the percentage of

error for the precision orifice method is miniscule in comparison to the larger reaction chamber
(which can be up to 60 liters) and (2) the precision orifice method does not require time for the
reaction chamber to cool down since the measurement is being performed at the orifice and not

the reaction chamber.



with a predicted flowrate is 40 seem See Gas Table
section for a discussion on how the accurate gas table
w0 2008064 | shed. [Para 32] At a next step 106, P€TIES2007/084724
di fference between the predicted flow rate and the
indicated flowrate of the MFC may be cal cul ated. In
an exanple, the predicted flowrate is 40 seem and the
lphnﬁss@ a&&ﬁenﬁ.bwlﬁ BiluBreQf the Bt%c%ﬁioﬁf&e%%ufoe %ﬁhmIﬁH&thetd"ﬁieter
ference is seem  [Para 33] At a final ste
anfi B@W@éﬁﬂ'&@‘éﬂéﬁfm@ﬁ? ithe same Hpn opgprfise torgnethse r@éwgg e
re&lfsn&!l&%ﬂ%ﬁ%a%n%tn%aﬁﬁa&)@e&hé&h@kﬂl? dud QhadlifhiiefiRN68rance,
tween the predi'cated flow rate and the indicate
shmeowdreaseeqt@hwt Rer exaple.game prifices may bavgsmeesh edgeapifeothesy
haydi e A ﬁvumle lightl
o e S B B Bl Pnghiibte, ofte SN RTEE Bightl s
roprg ersshgl@lylsn@ﬁ@rw laméwan tha erepisioe enficeg d e the Pﬂﬁ?e th@ may be
e j@a i fBkrla30dl nfkg Be BiffefefilYiom 1618 rdoleT ercp&e&ﬁmoaaﬁ dftferences
elnlcat Tow rate of
in duqqmﬁp@djmwmnd Bengieyry (thesgalibratitnt facter raayrrweem@e dmvad éor each
orlfic@W rate to be entered in a process recipe. |Para 34J
€ precision orifice nmethod is a sinple, quick, and
lP?%Z% %u?@% Bh%@zé ?ﬁ%#&gh&dm gfqgfmgéﬂflcenﬁ] gqgiglbrrﬁr;ceotr (%}O c mfethod for
detqrmmldglt!kea)etdeetagﬁqf errordhetweRORdisatod Bel rate anidlre pesdaatesl flow rate.
l{e c)lhbrangd onqlckéI ﬂl‘%thgé ingfide {hg ?}Focés? f c?e?elrjr”nﬁ%.a cghb%u ?)%c%tr applying
ercen age or "srror forthe preci sion ori
thmmmdon factoi tmﬁsd theeoiirevted pradactad Slow rate, thtme:alcallaWpercemage or

engogﬁecf\%v e%Qhe ARG ndwial fcand ﬁl@ﬁ%eg%tegmg&/%tgo liters) and

precrsion ori oes not require tine
[Ptr}%\raiisﬁ Pﬁmrefﬁt&geg ngéﬁgé %P@S srbdh S rg g@hre %’Iﬁ% %ﬂg{b%&eé&geﬁ or each
ortﬂqeatrgwoNEG}ﬂ@hmﬁaén af @doroan&fs thesetrné measoreédlpstnarﬁlpgeasuee
vag}rle% Bﬁ@? pdofiéd é&f \Qlﬁleq)}g Jnﬁ%? isTFL &%Qeﬂ?o%%&‘ﬁﬁmw at t _he

er an Iveh sl ze orifice is the
[P?rgaarq% fs'liagfg]allﬁ):gl%wosﬂb& an eQ?_ﬁé}Q tt}tkeﬂ’res dJ_r@ of fag llndlcated dﬂow rate
(i.getihsstm). cz‘ssldatybdwel ttla mdm&n‘defbtwume mthe Mveraaafc@n wshhpeasured

l E X I 1L e
RO BURLE SO VAL e 00T BLL LGS e 19
pressae padue Bstgased with thenodibeed fiovanagzibesed o the acourdie gas tatley be
slightly less round, or slightly smaller or |arger
than the precision orifice. Thus, the orifice that may

be enployed in the plasma tool may be different from
tool to TABLE 1Texawplewhpresawrestvisdlon ratehor agiven prificehe

orifice dianmeter and. geonetry. . the calibration factor
may havd 'pgjcated R Rifed FeifenBirspurg i Mqagured Upstream
{sccm) (torr) Pressure (torr)
40 151.0 151.2
40 151.0 ’ 153.0
40 151.0 152.0

[Para 39] At a next step 204, the set of measured upstream pressure values may be aggregated
and averaged. Once the set of measured upstream pressure values have been collected for a

given indicated flow rate, an average may be calculated. Based on the values from Table 1



[Para 36) Figure 2 shows, in an enbodi nent of the
invention, a calibrated orifice nmethod for determ ning

w0 b@spetogent age of error between indicated fl oORCT/HSM07/084724
and the predicted flow rate. The calibrated orifice
met hod i nclude the process of determning a
calibration factor, applying the calibration factor to

| abBw %etat'@agce%' iR GHRA u,mrem ple@drelid DY 1raik € Alsb/Hakkd on Table 1, the
cal'cul ating percentage or error between the indicated

avpraggpiithp st rﬁ:@‘dﬁ'hé‘eﬁlﬂ‘@d’?’éfséﬂléq 9% rate. [Para 37J At a

first step 202, a set of ypstream pressure, val y y
[P 40 oAl 5181206 2GR b5RION TEtor 3109 B CAATARSC T ERIIbFpR ctor

maybeabalc@ma@w aaatnanlﬁgme fgb oﬂhe MRASHbEfe 4D M&RIRed upstream
pressure val ues ma e collected while the orifijce is

Pressurg Velpese He pyesage %Wa setiobgeldenpagssyraypluerafensrallyJht eplipration

fa&BQ¥about 1 é?&n?(&é’lﬁmnfe slxglnﬁy n‘i’d’r@&%@'s? I¥ &li¢&ampik, tdcalibration
|n|catedfowrae(|. en). As canh be seen,

fagtpras P A% Sage Galibratignfacter gection l{eh%")f | ow rate from which
measur ed upstream pressure val ues have been col |l ect ed.

[Pavied 1§ dioeash grsdlosymis of agtyersorifissracalibrationfactermay bg celculated.
NM@&h‘dﬁn @ﬁ&ﬂ&ln@ttﬁe%amrﬁttbntfmor' tﬂéé},é%@ﬂa@gla; L@é%;fl@}teg ilP@REMAHAkhe

he accurate gas table - exanpl e pressur es

cabérancm fasterraydemay 225 @m@ﬁsoa 1§ thatdhe qahiaﬁtspné"g]toway &e adaetor of
thég&&e%% antdiBicS §ld i3l a ABBSHHR M PESW &%@&%uﬁtsmmkdm a

may be” aggregated and averaged. Once t he set
gasrpay be el dninged byesmplqyings ince sanlege SN2histeadinée ncaetmeloe earedive
g S T i AL g P B e AR U R T B o
oriige befere therorifipeis dnstalled mmlpfsrpacearm}pmégrs ure is 152. 1

torr. Also, based on Table 1, the average of the set
[Para 40| Aarmeyirsten 208, ahe calitratéoni factorSor argiven on?w a siyey indicatgd flow
ra{é% be B%eggﬁ& m@afs&:r@d bt B sul‘@&f &fcumh@%rﬁ@&&b‘l’lzs@ﬁr@d

cal i bration factor nmay e cal cul at ed

Cojrertdemhq siupitpnivhereina fdr gxanfple, hleMﬁﬁeaea@@nm ISbheg pafonpéd to
deﬁﬁ&g Et}%‘i #‘Pa%g PS‘Z‘WC‘E z@g Engasé?ﬁd ‘dgﬁr&%gie's“s%rﬁ\f &l %Qﬁat@é flow rate
(cgalP brcard lscm“efcaadtam mikiplylb atcalibrigion Cetor (e(as,dh%gt) fdstermine the
coirjg tI rrgs%ﬁurggfnfe‘ig% ;ﬁec‘ %l)ednégg.uré%ﬁre%@@gtrﬁg tof gjﬁ 2ft%ré $ mu]tlphed
byshe¢alibrati drefacor) of 0[9Pa¢ ariddat alémrecedqal"esglasvaldemﬁ/l 4% @rrof a

given orifice, a calibration factor may be cal cul at ed.
[Phist 48] tAtatnextrstep 21 & Whecaciungge sdrdabbeb pibplayddamddterpiinsrthe pridicted
APl 2 St p RN ELBHEONE o B 681 Aol i  low e o739

cal'ibration Pactor ma any gas. &e reason &f
scerhon thelatdurate gas rabfqaabm, themyedisted lofvaate ehroulsifbe 3R @ccgeosteﬁdmﬁthe

. not a factor of the gas. However,
m%gastégdl}l) eﬂa%ggtg%%@ﬁatl on by a gas may be elim nated by

[PREAPA4P YA LG n@Sdp 55 tth cegtggegof errd} thay JeShiEAGe® T With the predicted

reactive or c I'I'O
flow rate and the indicated ﬂow rate of the MFC, the difference between the two flow rates

may be calculated. The percentage of error may be calculated by dividing the differences
between the indicated flow rate of the MFC and the predicted flow rate by the indicated flow
rate of the MFC.

[Para 45] Similar to the precision orifice method, the calibrated orifice method is also a

simple, quick, and non-expensive method that does not require the plasma tool to be down for
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gas (e.g., Q) . In an enbodinent, the calibration
factor may be pre-determ ned for each orifice before
W@ bh@soedoiid ce is installed in the reacti on chanmP@r/US2007/084724
[Para 42) At a next step 208, the calibration factor
for a given orifice at a given indicated flow rate may
be applied to a neasured upstream pressure to

a l@@%\%eﬂb@ oft e m&&m%% QOR%%&E&% G Adi G the BRibrated orifice

dation wherein, for exanple, an MFC verification is
meshod-{akes i1t9 ancost the geraatiyofihs @rifigeehys REqyiding 2 BererealistorC
pemﬁmg@@}%%@ﬂr m&rnmmceﬁﬁw& tRGindited rm@wcratz %ﬂmé Mw

seen) is coll'ected and nultiply by a
Furdabn, thpa;lubmqedfq@mmet(\ed gay, begfunieey simplified wmméahhﬁ@wn factor
do%? Bcft RGeG bl bAG M &t ¢ faé}ntnrﬁ'@thgﬁ@mt@ﬁrorﬁ bR Wﬁ%@l‘?ﬁed Inan
tream pressure o .2 torr i1s tiplied by the
emjmkimnathe@ahbmm dactopag bepretcalcelated and baunt%gra,teﬁrm@d @dasma tool
bngfg&%@LEmX%hH?slﬁépe&% tda lféformer[ Para 43] At a next step

e accura gas table 1s enployed to determ ne

uﬂho rﬁsdeaﬁsggp 4§&yi¥drﬂ%¥neemeomnms K vsmoh hﬁetﬁaag mmmg

wrate o assocl at e low rate of
an3@tuglefto rate of bgasdheing delivered &y atmebveryrmgm haviag pir M Cdeted

ercQé% C%Lrﬁbégﬂg kg gé}?on?igct %ﬁﬁ%tﬁﬂ?%ﬁﬁgaﬂ }‘prctsgﬁ »\nﬂﬁjﬁ Mrﬁﬁe ina

at e o eem | na

chiked ﬂwr@eﬁtlag eBatlf the preoisiomayfidsenetwd eod the eailbrawdtqwhpm@ethods
t he

Rt s S R G

coaadnaatk at edasuiiipethp presserstanthe onficednstaad of mgasirengabd wedsat adide

P bt BiGedd 6 BORRIN BPENERR LIS, sl Sfle/ it
methetis ¢safualer ﬁlllanmn bah@se oéi tliehmﬂVE&ethb&Saeqmn&ﬂ]e ;ﬂhsmla ftceol totb@ cooled

o B Py g et refiSes g s itics meBofin i Rée
acowrhth @efcénh‘@b oflomss widt lefsequndv\a fadues. pihaddiaort, delactud ghe(e.g., inert
f t
AR ORe YRR Ao (3 edTaR (1R oG i Y SO3p L Bt hstead of
baking thegelcakf® of errdd oaly ©A Heit gme Mot the ofifideisetiods friag Be

. thus a re reali.stic _perce of error
infagporssbd Bty el Gelidice pfoRRuSFHbrOhrgh £ AR, e
orffidt Mmethbdd prévi M-_rfﬁbre Effictieand efﬂt&nmgbth&fséﬁbreﬁlﬁ duting ilumgil flow rate
e . further si ed since the calibration
W‘:‘E’Hi%‘mﬂ%ﬁ‘y fiding oy E“ESbogg’g"“Fré@BI cul ated each tine the
flowrt ft rpt eI\/FC|s verified. In an enbodi nent,
d St ctor may be pre-cal cul ated and be
(P'ia /Sspa d | gr{u%{\t h ga@{agﬁe ract%l g ?tfgr%ﬁrgﬁd b calg%lgtsrgﬁhe rati J)of
thamrage bftheskt bf romsxerad)mﬁtremnﬂsrsssm‘fe vilhes 1o the andragernf thewétlodgeden

prgs%re \\lzglxelsdaastsleen goy Equation 1. In an embodiment, the calibration factor is calculated

for each orifice at a given flow rate.

. ~ GoMlen pressuremaasurement A P, 3
Calibration factor = . P Equation 1

[Para 49] In other words, a pressure sensor, positioned upstream from the orifice may collect

a plurality of upstream pressure measurements as the gas is flowing through the orifice. In an
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an actual flow rate of a gas being delivered by a gas
delivery system having an MFC into a processing

W@ b@abet44ray be performed by measuring upstreaP@T/US2007/084724
pressure within an orifice in a choked flow condition.
Both the precision orifice nmethod and the cali brated
orifice nethods are quicker nethods for validating the

enffoliittht, fHe AWaduddnfenPhayt %u%le%%ﬁc@i@‘iﬂ“& mkm condition. In an
Concent rate on nmeasuri ng he pressure at the orifice

expmpleaBrifl oy ofgsa sheing gettah@ lw@é@tﬂoev i f tesceme While figorifice is
mBrc%k%é ﬁb@gomﬂﬂbﬁfee uﬁdn%ﬁn nIeEb%re'm%ﬁ‘tgwg Offs t8'16ﬂ9 16?9%& ekl 153

l'ement either orifice methods is further shorten
togb@aetﬂ!@ctn@ Theeet ab riepsueed URBICHB ASASUERTLEN'S &S 2VRr@sqs) ta Bipduce an
EAR uBediEm ERALAE APV Aipr 1O | PI oment | ng el ther

Furt t he orl I ce nethods provide a nore
[P@Facw'] altoedeféﬁ{lﬁ@ me@ﬂﬁ)rﬁfon SlcidP e Hefale Jl;ﬁﬁ&ﬂ%gs@ﬁ}%f 152.43 torr is
factors. In addition, the actual gas I nert gas,
diyidegcyi thesqldes upsiream presya A@fqr@mtlpreeé § ﬁggdqﬂé@i‘tﬁéml pgessure is
caRTRleBYG A 4 Prelii6n SRl cEIGR WIBaNABWA BinERhnaho BREAAD Th s
percentage of error only on inert gases. Mre over,
expinpleghé galdan upattean diessvesfoptbie pritiesrapte indisated Apw rathiel 40'scom is
I r R
15@ u r?yottrz]zﬁmgshcti'ﬁﬁ%f QYC‘Pz}Qe qhsgrg%rf;i‘ FIIE’sggc drf;e % Qf ﬁlti %rglgsl} upstream
prmgmre, the alibrefiandfactordnayfbieiceicelped. n‘Btﬂhi)@(Smpbr thv edlibeation fagtor s
tual flowrate without significantly adding to the
‘cost of ownership. (Para 47J Calibration Factor: [Para

[Pge ' efiﬂ/ gﬂﬁ)ﬂ& <ﬁ ?Jn ‘?m%ﬁJ Ar&&&& lmQ?bé %fé&% bhastd on the

y ca cu eratio o aver age of
cafi breteé &ctoo fis shews mr&smattqyﬁhe@am deternng the eadibiated ptedicted dlow rate
ofa¥§ e of the set of golden pressure values, as seen

by quatl on 1. In an enbodi nent, the calibration

factor is calculated for each orifice at a given flow

rate. Calibration factor = = = - Equation 1 [Para 49|

In other words, a pr SEeps sitioned upstr&aghon 2

fromthe orifice rraysr(?:f(%)?{ ag?:t’ﬁ'g““gl lL,I_ngI tky of upst real_rﬁﬁia .

pressure neasurenents as the gas is flow ng through

the orifice. In an U)enbodi nent, the neasurenent may
[Pam:im Injan brebddimeent thef upstecampréssuramedsolementiforovgas (Mingyi e

smgne a'?a La_poin gn?%%)éam%vgr%%e\%ﬁgfset%iaéata ;?mrﬁfe ! glg%sa%nearfrelg%nfh \ip, or
slape ofithe ok edy existwem@adat upstean resere aiist fi@arate, the predicted flow

rafbgpeeripdoepiE Lty Mgty SR B Bt s 8P afigh that low

ralfBSauil TEhe Uipstiesm pressuaegultiplizd Py thdulope afithalirr(Myand a constant ().
upstream neasurenent of 152.43 torr.

» P,
Calbratod Prodictsd Flow Rate - MFC Flow me&w(u APm )-2 ] . Equation 3

MFC Flow MFC Flow

[Para 53] Once the calibrated predicted flow rate has been determined, the percentage of error
between the predicted flow rate and the actual flow rate, as shown in Equation 3 above. As
previously mentioned, the percentage of error may be calculated by dividing the difference
between the predicated flow rate and the indicated flow rate of the MFC by the indicated flow
rate of the MFC. In other words, once the calibrated predicated flow rate has been determined,

the calibrated predicted flow rate may be divided by the indicated flow rate (i.e., MFC Flow).
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[Para 50] To determine the calibration factor, the
average upstream pressure of 152.43 torr is divided by
w0 b@sgeloden upstream pressure. As af or ement i onkC/US1007/084724

gol den upstream pressure is calculated using a
precision orifice (one with a known di aneter and no
blem sh). In this exanple, the gol den upstream

TR 8@&&&45@ ofre.rrortmerpéalcfulafea b9'iaktn|§Qhé Aigaage drliewai dubtrated
seemis 150 torr. tal%%ét he ratio of avera

byanst AeaipTepieaiengy. évl'(bﬁhel@zcemtss rgfothg 1icaisd {IPw 3 of the MFC
mi) eSS Rd aéc@x%m%@l thideAH1RE a FrRFL REurfBH oW FatERIbE @h@k@m a prbcess
t'hi s exa he calibration factor is 0.984. [Para

regpg. Wt h the calibrated factor the upstream pressure
may be adjusted based on the calibrated factor as
[Parfodh Q‘Eﬁéﬂfatl on 2 below to determ ne the cal | br at ed
Ppredl cted flowrate of an orifice. Oific

(I![ amemlaodlmqnt "Ecﬂ?&tfpro‘he @Cfrﬁérgés 18bJg mpy, b%ﬁq? cu ated by an
exgsm@amdlrsmed mbth6d. URSIrE ©HBWR!iR 85 ethifbdiRaRS larsmrﬁwmmf/ afana

(Pg) may be a single data point, or

lllagyr@p (2 gepsgoréé@ergfng@é@té)f pRSHIgtezas tgplﬁ%l@s%fl qnI theeg(,penmental based
métgdat i onship, or slope of the line, may exist between
an upstream pressure and a flow rate, the predicted

[PHM] r/@ttaQ‘lrﬁt'steS 392, 8419 Al cafdd Qo b BsEohvit@hyneR€ such as an AFV (absolute
mat henmat i cal 2 cuI at ed based on an assu tion
Uifqtl}’ p

flgw vapificgion) ped rning ap IYFC i ap indigates Flaw aie. e‘"ﬁﬁ F%amﬂq @a gas
wl}Mh is Iﬂgwﬁg‘?ﬁﬁ) fé WhQntb baf! snfﬁé@of a ?ﬂ%@ﬁ@ sx‘i@ﬁl%‘ @enﬁo»\(l hg ata rate of 1
nmPgas{ ) - Equation Para 53)
Sceml i br at ed pr edi cted fl ow rat e has been det erm ned,
t he_percentage of error between the pred| cted flow
[Pagt 1 M nerastendPhan upstrsan pressure valie iyfoliprtad by eaploying g pepssure
sefddP 4ich 263 mRRENEY T ¥h &ﬁrﬂgb QRESstrdaEprBatrs B5HaR BRlicRled flow rate
error may be cal cul ated by dividing the difference
of Jseeme 819 BRAT-pr edi cated fl ow rate and the indicated
flowrate of the MFC hy the indicated flow rate of the
[PREc8] | A agiertater\ 06 dlae m‘b??éﬂ’é* fomerateand he dpssgarp preeiteatlbg s
rebdr @ b &la8lchas been determ ned, the calibrated
predicted flow rate nay be divided by the indicated

[PhE08Y] r Atahekt steB 308, MEQTJSJ dM\¥dicated f16WeatBb & SR IAGRtredm ﬁ’éfs@tre
is then cal cul at ed tak%ﬁg t he absol ute vaI ue of th

vajugs {sgersied by changngyh ednecat Blee by SRS, heMF R 1 Wénsed to

alBG AR QO 95cchY rBS'rmeaElnﬁg RH}%Q%EQHJSLM\& @ﬁ?e?en@fndfcﬁ\@d flow
MFC may be adjusteéed accordingly thus enabli

raigd A Pt gap iRdle At generated with mreﬁx&ﬂdma p@swmgg@ See Table 2

below for an example of an accurate gas table for an O, gas for a 0.007 inch orifice.

Table 2: Example of an Accurate Gas Table for an O; (gas) for a 0.007” orifice

Pressure(torr) | Flow (sccm)
6.63 1
11.46
15.87
20.09
2420
28.21

R O] B W N




recipe. [Para 54| Gas Table: [Para 55| In an
enbodi nent, the data for the accurate gas table may be
w@200810b48€£d by an experinmental based net hod. PPQUDS2087/084724
shows, in an enbodinment, a sinple flow chart
illustrating the steps for generating a set of
accurate gas tables based on the experinental based
net hod. f Parfa 5620#& firgt stlep 302, gas is rel eased
into a test fenvig |uejr——sgch—as an AFV (absolute flow
verificatior)nodu ( turningi an MFC to an indicated
flowrate. Iln aﬁgg&andle Phe g gas which is flow ng
fromthe MFC | n#a8&an orifit®e of|] a specific size may be
flow ng at gTagg7pl I Seery [PFara 57) At a next step
304, an UPStH-ea-pr-essi-e val-uel i S coll ected by
enpl oyi ng a DreéSure siensor, such as a manoneter. In
an exanpl e, [t he %8Pt r am pdessure for an indicated
flow rate of Feep1 15 6. r. [Para 58J At a next
step 306, the—pgigated—+gw+ate and the upstream
pressure vallue |s rechdedﬁLQ_a table. |Para 59| At a
next step 308, ®Wl24rray of4lindicated flow rates to a
set of upstreanupmessure VRl Ues| i s generated by
changi ng t he—inghizggte rate. I n an exanple, the
MFC i s changed 0 al Lo a g?nMIrate of 2 seem By
nmeasuri ng the upstream pressure at different indicated
flow rates, an accurate gas table is generated with
[Paesy €0b SH @rvgxtritsp gl B stedy 39%&05 aw;sepesé@forglﬁﬁeen%ab aipesathespy
cr@aﬂn§¥rﬁd£@$r§te %&s tﬁ‘lﬂe i Gﬁfe%?%ag @%est ap Lu?exfaﬁ'bleafﬂl ARurt@gasiiie may
inch orifice an Acclrate
be@a@tequﬁ%l'@tﬁ&%esmr@ve(@a@) anfl ghe lése 0. 007" or i fice[Para
60] At a next step 310, steps 302 - 308 are repeated
|Pagsy 61 Atpaediter g% Steppil - 31 Wéwa%¢ Padifigegneifige siggsafer
ex@fple tADficE Gike E{h$ fa8EUUw RS, Ob’yﬂ@lﬁas td dBo@1d. AWM. SAccingly,
accurate %as tab be created for inert gases,
the gzerof dheas lgwesvanamemm yppr the tqobreauireIENt. As can heappreciated
froth &1? f&eé'o%vg,, Bk SR Bf Addrate ¢ gﬁ t;’&e ag Ue%?ﬁ&%o {Rluad Mdﬁt%ﬁrb'ﬁﬁce
oritice srzes. For exaﬁp orifice size
sizgpastbeieolgcQiEMPH changes o about 0. 05 i nches.
Accordingly, the size of the orifice may vary
[Paesf2h diba gxnepmantplthased gasthod @thwsffeh@rﬂpcw e g@awkmf an array of
pr?sQLGEIﬁS% %@Q ve' ng@rzftmoi &El? 'anJ Pﬁh 51% {ze 2RGH rtl?ets@t of

as t ex ande |nc de a |t|ona
dcmtp (,@éables ﬂow rate may be (.dl(.uldtcd when an unknown amount of gas is flowing

P

through an orifice. In an example, the flow rate may be determined by comparing an upstream
pressure value of 116.58 torr measured for O, flowing through a 0.007 inches orifice against an
accurate gas table. In this example, the flow rate is 30 sccm. In an embodiment, the flow rate
may be extrapolated by employing linear interpolation between the two closest flow rates. In
an example, if the upstream pressure value is 50.35 torr, the flow rate is determined to be

closer to 10 sccm than 15 sccm.

[Para 63] As can be appreciated from the foregoing, the experimental based method assumes
a golden test environment. However, the test environment for producing the set of accurate
gas tables may not always be golden since components of the test environment may deviate
slightly from the golden conditions. In an example, an indicated flow rate from an MFC is set
to 1 sccm. However, the MFC may be slightly offset and the indicated flow rate may actually
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sizes as the tool requirenment changes. |Para 62] The
experinental based nethod allows for an accurate gas
WO 29806494 an array of pressure/flow rate to bePCT/US2007/084724
generated for each gas type and each orifice size.
Wth the set of accurate gas tables, flow rate may be
cal cul at ed when an unknown anount of gas is flow ng
bel 1109 Yathh. AR afdier EXepld, the BRAEXHRTY Rsunteld 8o bd TY.0021RhEFBYowever,
be determ ned by conparing an upstream pressure val ue
thmctq@!mzesétltedmﬁcwasw@ay p&P-0Q® ghesni ng t hr ough a 0. 007
~inches orifice against an accurate gas table. In this
[Pasecffp)la an eriodimenlyacamputjtional gnaggidigsed method ‘%Rf%ﬁ"rdrféfrﬁe"e“‘““&
a $el6F ablupié a@tta%legﬁ"ya SeRdeR st ARRbiteRt BYenIdimRd Mndutdﬂex?dl Fluid

I nterpol ation between the two closest flowrates. In
Dypamiss §RRIP)anodek, a gplden {53 eRampmpi asscssated Witk egfabliskedgurgdgry
cohifiéns, trn@cﬁb AaEI3d £ dm%uﬁl:?glﬁ'x[lmea %daqhab ﬁm?l:r@z?t@ﬁ gzsleenltgst

seem t seem [Para 63] can appreci at ed
enf/mmepm_s/ cfe&meg diervalue fo éacéﬁyépqnﬁ@niraan eesem@a thepingigated flow rate

Yafred3s ggécgne Mn Enﬁdﬁer SOMIpIOMEBRE ce siFRWRY BE defin@ad 607 inches.
nvi ronnent for ucing the set of acturate gas
Smcabhee@FDrmyderh tta sahw!ety%emreorgmna@w test prvérowrnend sriehtubjegipd to error
dutel{kieagc%ﬁrtamg Xlﬂ{c%‘%&,fcmgay deviate slightly fromthe

en con |t| ons n an exanple, an indicated flow
& f
Iy G A8y iy b AR R b o
geammlalsytbé aqcuom*c'gas tblnbased o thetchmputasicantnadel babed. ori fi ce
~size is assuned to be of 0.007 inches; however, the
[Pats @64 Atgifires sigp 40% an welicated Boweaje iadeflnad ing GRD modw 7l an
exklfIBSRs inbiBALPAiard ﬁ%s&@@%cﬂi‘?m’ a conput ati onal

ased net hod 1| rovi ded for generating a set of

[P@Facd’l’rl A& ngﬁ%teB abA %%résghr@vagﬁllg@a‘fbuta?eat hPJhVén’(bQB‘iﬁPeﬂtt the §Béssure
enpl oyi ng a Conputational Fluid Dynam cs (CFD)

valye dor ag andiqated flowgte may hesplculaied by applung wﬁele@tcalbqquweoﬁuch
as 'N%Wéfj Stok é%ﬂ'gﬂgbf‘ ﬂE:SNav-EP gto%@gﬁﬁ%ﬁlis dfa éﬁen&%ﬁi’ Whafion that is

simu cre

wedlaknowo imbe art piyd iglufualty apgliedte deeanweNtfvaw eseconddawmpometion for

galséga li npl e, the indicated flow rate may be defined
s€em In anot her exanple, the orifice size may be

lPQﬁlf 68']‘% xtQte ané 'tmm&'t %o%%tetamth%dmgﬁires'sﬁe %lue is

ST at ed environment, the test environment is not
resodsdopedadle o error due to i naccuracies in the

mr%onents [Para 65] Figure 4 shows, in
[Paraf9di Atwrmext siep 4P3ngn amay Qfupdicated flow ratessp p &¢t |°ﬁ@a'qurpéed§f@ﬁ§e

d
L APOEER R B8 BOLIEIR 0 gAY

flaye '@f? osid@ CF&’H“M‘?HiS@b‘t"GQﬁ PRSWTate is defined in a CFD
node In
[Para 70‘| ‘Ata next step 410, steps 402 — 408 are repeated for different gas types, thereby

creating an accurate gas table for different gas types. In an example, an accurate gas table may

be created for O3, N, He,, and the like.
[Para 71]) Ata next step 412, steps 302 — 310 are repeated for different orifice sizes.

[Para 72] The computational model based method allows for an accurate gas table of an array
of pressure/flow rate to be generated for each gas type and each orifice size. With the

computational model based method, the set of accurate gas tables provide a reliable set of
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exanple, the indicated flowrate may be set to 1 seem
[Para 67] At a next step 404, a pressure value is

w@200810b48€£d. | n an enbodi nent, the pressure vaPUEUSINT/084724
an indicated flow rate may be cal cul ated by applying a
mat hemat i cal equation, such as Navier-Stokes equati on.
The Navi er-Stokes equation is a nmathematical equation

vatdeélthml :ﬁavaelabpl tel o etdrAlink g raiciedaToRl fa iU pleti¥ioR Bifidedibthod
o describe Newton's second | aw of notion for gases

aﬂémf cplibyan qydactgr pypthg caliBrategrifige peted.st ep 406, t he
indicated flow rate and tge cal cul at ed pressure %ﬁgue

[Paea 3L Asrca be gapregiated fom the forgeging oyith gy setpf gecupategas
prédicéd iy raﬁnndyﬂﬁ'd@t%ﬁnﬂﬂedf ih @prodadtion eni\@roﬁm&ﬁfendﬁfmg a comparison
cal cul ated pressure val ues naé?be gener at ed

begyish glervgedtcrré flopdnte andife fdispied Hows ratq of ag kG a\ﬁﬁi\{ee pergentage of
erbob €l G &Crdlnd mwc&ﬁ,saﬁ séf betwtan (HEBreaRated add&h&lh@eeﬂ@ﬁnd@m&s the

seem [Para 70| At a next step 4 10, ]Hg
MEE enay &p Epg-iged: Bierelly fen"@rf@afecg&@rqc?sﬁ'@s errerlup é’c%?s 3?‘&&%‘? ng
~an accurate gas table for different gas types. |In an
[Pasaib| Whileghis Hventionhas besw deseried indagmsiob sqve ref@rrvctﬂmbedtments
th&'g are 'éﬁta'an(ﬁ\E‘ %eﬁrhﬁanohé‘ &nd Jqﬁﬁﬁl@ntz u&nlch/f‘ill @mﬂﬁ? e s&ip@ Bf thik2,

eps are repeated for different orifice

msqnzes Al[*pas*avavgqs expiaplesATpRHAsdIsERIN. idviatendsddhad thes prargples

bedlidsRURefaRd nd Mnftirig Wik :BspBA%o théldburigh. an array of
pressure/flow rate to be generated for each gas type

[Pﬁﬂld75‘f %Eb ﬂ{e'hftlb QS‘d sibnffary L blaviEEn LI EGHVERARE afiRE6lId not be
based he set 'of accurate gas tables provide a

us%nowawree @eﬁcom otheidaimes hereinndiyrthse t@mbﬁtraéus Wtten in a highly
abgt%h%{em&h'}gd R ‘?(Wld%ﬁ ﬁgreﬂcnlf%oﬁ@hﬁnée'}na fes Hfoﬁﬁi'n%{ lﬁ%mployed to
orifice method and the calibration factor in '
copsifue oy lanetl@roivmlb evmphodnch[l PerpEessedn the claians. Eféhe term “set” is
' te
el i St It o3HR Dtombleh o ot 2
megniod teeaverreengie ormea thae pegohémiygr. a ltsbenbhal $0§wm0t9é1thne@nre are
mﬁrﬁeamfgﬁwe %ﬁ%f{l}é&%?@@ ttlgrﬁ%tﬂ({;\?%ﬂrdgg &4k got{ tlgl?eé}la{eﬁttlﬁvegfion.
It tsrhleeref@muamdgbﬁhatbhq fabewing mpetpﬁeé dianwbednta‘n@tetd lagincluding all such
alteﬁg&ﬁ eﬁgutgtkoqw aE@E@'T:V.aIeBE%s M in{}mlythp@ue sgﬁ?g; of the present
renoving recipe processing err
infdntiom.r at e. (Para 74] Wiile this invention has been
described in terns of several preferred enbodi nents,
there are alterations, pernutations, and equival ents,
which fall within the scope of this invention.
Al t hough vari ous exanples are provided herein, it is
i nt ended t hat these exanpl es



be illustrative and not Iimting with respect to the
invention. [Para 75J Also, the title and summary are
w@e@siocwdd herei n for conveni ence and shoul d noPCHES208B0B4724
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 constrgeams!lint the overall
i nvention, which is expressed in the clainms. If the
Whatisclaimed is: s enpl oyed herein, such termis intended
to have its commonly under st ood mat hemat i cal neani ng
to cover zero, one, or nore than one nenber. It should
1. o gisthpe fon deteniningn ackiak a2s Apw ri@in reactiel shamberof palpemay
prodBRi §Eh NG %hgngret hods and apparatuses of the
present invention is therefore intended that the
f ol [dglinering @ébbﬁééﬁcﬂ%‘{ delivesy petemroairlied by a mass flovegonweliey
(wf*d) 1SHERRE SBH R QN TRingRBEkth FohQBR reRfih SFMbaal ents as
withinthe true spirit and scope of the present
| nv @rwsu@nmmad 75 toypreate ¢ ehokedtflaveepniigon within saidomifeng; f or
det egguﬂh#]gsé?GT\gﬁttréﬁﬂJ r&i3re LAIOW of i Pgds iad sEtec%Iek&Fb sensors;
er pproceSS| ng syst ge conprisin
andel ivering gas by a gas flow delivery system
con :
or e EcilrafoffBES: a3 o LKMo Btof (b et acal flow
rateesa i calibratidindadbesbei ngne@@@f arzavngg@;@f sdidgetof upstreme pressuze values
f ' ng a
togg?\%gﬂ%e ﬁ’t ag%’é!} gfgﬁ'%ﬁde sﬁ‘% L:@Lspre%%‘fugﬁ, §did gé&% grélﬁﬁébaﬁd Sg .
rep)ﬁsepuir@wwe &S @ssss;latadmlthappllnylmgi ﬂpvcatq tanhmdlgmed‘ﬁmt Qe
HSEl at i actors to determne said
beﬁ'@t S Tpte ggmg%?tg%)é%f@qggl i bration factor being a
2. rﬁtemmﬂmﬂ oficlaiaviewbeayen edch sailbmhnsefactmf oﬂlqamtseteﬁ mlibraies thcers is
vera

asi)ocg u wi e Vr%ﬁpecgve speg?laon% e é’ eﬁ serg IQ %rg‘odgs Sal% FJ(’;!? gah%rauon factor
beingpiependent Ly aplees sne o d\aaietee sndayesoethyadfesld vdspdati@nspecific orifice.

di c d.fl.o ated fl.ow rate bein
> i e ar | ko s i) oelion SRS api oA S REp
preslsnae mlhesmdaammmeaaohemlpréssuaé vabue. fact or of said set of
ctors ) ect.i ve
+ Phalrefrda ofla o e BRAPFO Gl s i Bog SR Soia
coﬁﬁd:ttcbp‘réﬁsdure Ralfictad lacdatawgas delaesraiﬂaaturwm table depra@hn ¥ able of
msteg and {) X ald respectjive s Mrl
prﬁf‘rs'i’rﬁ ?gezs and flow rat v ues bas don rea gas properties and an acc rate FCand a

precision orifice.

5. The method of claim 4 wherein said table of said pressure values being a table of said
golden pressure values.

6. The method of claim 4 further including calculating a percentage of error for said MFC by
dividing said indicated flow rate into a difference between said actual flow rate and said
indicated flow rate.

7. The method of claim 5 wherein said percentage of error is applied to adjust said MFC.

8. The method of claim 1 wherein said set of pressure sensors is a set of manometers.

9. The method of claim 7 wherein said set of pressure sensors is positioned upstream from said

orifice.
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3. The nethod of claim1 wherein said calibration
factor is applied to said set of upstream pressure
W@ 2008064084 deternmine a corrected pressure val UBCT/US20071@84724
nmet hod of claim 3 wherein said actual flowrate is
determ ned by conparing said corrected pressure val ue
to an accurate gas table, said accurate gas table

10" RRFeRR8 e VAGdaRng APdcRialdas PORIRLIMG ¥Rl bIEShaABEr of b plshAL €
val ues based on real gas properties and an accurate

PTW@IWMS@“;?P@EF%‘PQM orifice. 5. The nmethod of claim4
'aéw@?éfgagw 9§+ owdeﬁaerpsﬁ{emwmlew B RSssTRMW @nfoller

tabl'e of sald pressure val ues. 6. The nethod of
(MAQitgranzorifige, isiid prltlmeméuunfgre@alﬁeml spidireRgtian ghalesnt age of

err gfesguﬂEm ?ajlcg%ayt:&‘trpéfe £Ln6lcel Ny &%1906 Withif %@gnﬁdeow

rate 1nto erence etvveen sald actual flow rate
and msagudng visiream wrdsshreosaidgas viaa setmif prepprererporsfto eqligptm st of
' ' ercentage of error is applied to adjust
up\é\gel%&%&:&@ggu he nmethod of claim1 wherein said set of
pr esaloulaging exid acteal flow satgbasecodn swrsetrof upstrsam pressWreevalves ¢fseid
of %k Mol wherein said set of pressure sensors is
positl oheéi upstreamfromsaid orifice.10. A nethod for
val icoraparing sahacaat fiaw rateate ah indigatediflew irate, said adisated flow rate being

Cha%%&/r%a?ig@%%g@ sg@gﬁ .si ng system conprising:

del iverin ow delivery system
11c dihe methbé of dba]maommnfslakdwriﬁcnﬁ a ptekigion @w@) to an

f i fi b t . .
12 e e BRmD Bt el e PR RS Uil grig rgoin

chanhbﬂ(ed flow condition within said orifice; neasuring

t f d
U R B S Sl e P B S PA  rom
saldarifivd. at i ng sai d actual flow rate based on said set of

t
ot R SR  3S FRh o R Sreehage el ospopegm
15 dhe methad dfdlmh 10athedinf shid\wetrofi isstrbamh prgssarefvialnes kaa b Encas

1. The nethod of claim10

n
re{mg}slgpﬁw & a‘a\’qlﬂf“@éatfs a precision orifice. 12. The
16mahE dthed oftdlam o Wheisteshidiabtusidlotl raxe isfex @ ctdiidy applying eAd set of

up%t!re%% psfggllrle \%luets I?(? g‘n ascglradte rgz?satgbtlei:, garlld accurate gas table representing a table
of pressure values and flow rate values based on real gas properties and an accurate MFC and a
precision orifice.

17. The method of claim 16 further including calculating a percentage of error for said MFC
by dividing an indicated flow rate into a difference between said actual flow rate and said
indicated flow rate.

18. The method of claim 17 wherein said percentage of error is applied to adjust said MFC.
19. The method of claim 10 further including applying a calibration factor of a set of
calibration factors to determine said actual flow rate, said calibration factor being a ratio of an
average of said set of upstream pressure values to an average of a set of golden upstream
pressure values, said golden pressure values representing pressure values associated with an

indicated flow rate, said indicated flow rate being a flow rate as indicated by said MFC.
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chanber. 13. The nmethod of claim 10 wherein said set

of pressure sensors is positioned upstreamfrom said
w@rioBioew44 14. The net hod of claim 13 wherein sSECHUSEN7/084724

of pressure sensors is a set of manoneters. 15. The

met hod of claim 10 wherein said set of upstream

pressure values has a linear relationship with said

202ahb Alethbd @rwwﬂtue furk®r indl h@ngraaudmdngi %&l:e%lagé erohek edunMFc

said actual flow rate is extracted ing sa
bygtividipg saidhigdicaed gy wiedptpa diféﬂf@é%b%eeaﬁmse@e% Hew rﬁagnd said
indigddnows@led accurate gas table representing a table of
pressure values and flow rate val ues based on real gas
properties and an accurate MFC and a precision
orifice. 17. The nmethod of claim 16 further including
cal culating a percentage of error for said M-C by
dividing an indicated flowrate into a difference
bet ween said actual flow rate and said indicated fl ow
rate. 18. The nethod of claim 17 wherein said
percentage of error is applied to adjust said MFC. 19.
The nethod of claim 10 further including applying a
calibration factor of a set of calibration factors to
determ ne said actual flow rate, said calibration
factor being a ratio of an average of said set of
upstream pressure val ues to an average of a set of
gol den upstream pressure val ues, said gol den pressure
val ues representing pressure val ues associated wth an
indicated flowrate, said indicated flow rate being a
flowrate as indicated by said MFC. 20. The net hod of
claim19 further including calculating a percentage of
error for said MFC by dividing said indicated fl ow
rate into a difference between said actual flowrate
and said indicated flow rate.



