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regul ating by the thermal flow sensor to read gas flow through the system is much longer than the desired time
necessary to control the flow. In other words, by the time the thermal flow sensor reads an event it is
too late to react to the event by controlling the gas flow or shutting down the system. One method of
accelerating or predicting gas flow faster than provided by the conventional thermal flow sensor is to
30 derive a weighted first derivative of the signal generated by the thermal flow sensor and add the
weighted derivative to the signal, producing an indicated flow. The indicated flow is then compared
to a set point for the manufacturing tool. If there is an error (e.g., if the indicated flow does not match
the set point) a gas flow valve will typically be throttled so that the indicated flow matches the set
point, yielding zero error, or if the error is greater than a predetermined level, the tool is shut down.
35 FIGURE 1 is a diagrammatic representation illustrating a prior art system 100 for regulating

gas flow. In system 100, the actual gas flow 105 is monitored by thermal flow sensor 110. Thermal
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[imted bedawise wafers upon which work is currently being performed. This mismatch often is not due to
levels of noise in actual flow 105, but may be caused by the enhanced noise present in derivative
30 signal 117. To compensate for noise in indicated flow 125, P&I controller 135 includes filtering
capabilities. However, the filtering capabilities of conventional mass flow meters are limited because
they can not adequately filter noise that spans over a broad frequency range.
Furthermore, these prior art systems are limited because they generally do not handle pressure
spikes well. If there is a brief pressure spike in actual flow 105, the spike, which would be

35 represented in indicated flow 125, can cause an alarm condition (e.g., can cause the tool to shut down)
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before the timer reaches a clock limit, the embodiment of the present invention can output the

indicated flow, which remains outside of the buffer, as the filtered indicated flow.
Another aspect of the present invention can be characterized as including the steps of (i)

30 filtering the indicated flow to derive an intermediate filtered indicated flow, (ii) deriving a weighted
first derivative of the intermediate filtered indicated flow, and (iii) outputting a filtered indicated flow
comprising the sum of the intermediate filtered indicated flow and the weighted first derivative of the
intermediate filtered indicated flow.

Embodiments of the present invention provide an important technical advantage with respect to

35 previous filtering techniques by eliminating noise across a range of frequencies while outputting

persistent changes in an indicated flow.
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FIGURE 5 is a diagrammatic representation of a mass flow meter implementing one
25 embodiment of a output filter according to the present invention; and
FIGURE 6 provides a flow versus time graph for one embodiment of a filtering process

occurring at the same embodiment of a output filter for a mass flow meter.

DETAILED DESCRIPTION OF THE INVENTION

30 Reference will now be made in detail to exemplary embodiments of the invention, examples of
which are illustrated in the accompanying drawings. Wherever possible, the same reference numbers
will be used throughout the drawings to refer to the same or like parts.

One embodiment of the present invention can include a mass flow controller capable of
comparing an indicated flow to a baseline (e.g., a set point) and determining if the indicated flow is

35 within an allowable deviation of the baseline. If the indicated flow is within the allowable deviation

from the baseline, the mass flow controller can output the indicated flow as a filtered indicated flow.
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205, signal 215 is manipulated (e.g. via a Derivative Controller and Summer) to achieve a faster
response time. Accordingly, D-controller 220 in one embodiment of mass flow controller 200,
generates a first derivative mass flow signal and multiplies it by a gain to produce derivative signal

30 217. Summer 219 can add derivative signal 217, which can include enhanced noise introduced by D-
controller 220, to signal 215 to produce indicated flow 225. It should be noted that, in one
embodiment of the present invention, indicated flow 225 can be essentially the same as the indicated
flow 125 produced by prior art mass flow controllers.

D-controller 220 can, as would be understood by one of ordinary skill in the art, enhance the
35 response time of mass flow controller 220. However, this may be done at the expense of enhancing

noise in the output of thermal flow sensor 210. Thus, derivative signal 217 and, hence, indicated flow



flow controller includes digital and/or anal og conmponents and neasures the
actual flow 205 via a thermal flow sensor 210. Thernmal flow sensor 210

out puts awo oelogssBr i cal signal 215 representing 25 actual PICowsaDB20As woul d
be understood by one of ordinary skill ign the art, since the tinme constant
used by thermal flow sensor 210 maybe | onger than the tine scale desired
for control2kf ag eabtinehide fidise\that @BEnot singaiflshaldp ih sctuabfidw20ls diteechn (relude thevi a a
Derivative Controller 0 2360 f : se ti

accor di oy T Bl Y oIR8 MROIRVE pRALASHEL and SRARRSE cloblly .,
200, generimg @dicaedflows2s gparchusarr fogldo gragrate falsg plaryisgheagby srrdinguinedepspivelnti t by a
gain to pr q@wﬁseofﬁl%aﬁc\é@{ i€ cﬁiqﬁmleréiﬁ odvEver, RUIPBIe ozéx%nﬁgmm@géé fAGLYRL I Ve

signal 217 can i nclude enhanced noi'se I ntroduced D- controller
220, toO si gHRavepqiss of gpikss 8%8@‘CFtFFd@%”a7tzé’dh°F?bé5W°§‘EBlg alﬂﬂteré%lﬂﬂlfaéed@@w%? B3 t hat ,
in one enlettidt®s Mwepfalst hﬁm@l&xﬁb‘s&mdovunmvleshbhld)ﬂc noted tHacfat t&dp&rﬂo@&yoﬁtﬂﬁ can be

essenti al | A dicate 25 pr ri t mass
f1 ow controff heczr?tlsonﬂg?con{lﬁerﬁ% mﬁca}fggovgzal?leans (e’ W%' Fo © qlflﬁe g%@‘he% “f)rno
ordi nary slobipht hapbegthmanggruiated by putpnt Eltar B20. 35 response t| me of mass flow

control ler 2204, Jdaw&rbemg ﬂﬁleﬁed’ﬂ?b{ whR ke B, Rliicdi NSRS Ba®e BmpaiRanci Ny
noi se in the output of thermal tlow, sensor 210. Thus, derivative signal

217 an¥® h&EARRETArIAT)ENT WEPOME - TSP 697 ‘6?8‘5?839‘“’56?/“@86@?“1@2@?1 orgiessf can each
i ncl ude n0|rﬁaeufammgd@e;snen@to datammhme shaWlow[R06 shoaldtbeladjusfel g, 208tddore. can

i ncl ude t hem %pe C%v%u g ned](:ﬁaslt &abg' tﬁ)c)éecl):?- Ccp ra]}'yrsﬁ:()lll n tli'le ar? a%e cans];ciera?o (due to

pressure splcﬁes and hanges I'na indic¢ 725 can cause
a tool to gédmnsgingpeuaf &fbvs@Sateahqmleraltcm@byd hyahmangulmcfe@lgmgyrosdaum whgbwns of

production g ﬂ?&&n mQ:HnQIWs ihfidtefted. 2BMe aJﬂQWOﬁ sﬁo'mcbagmkeq a&Brdfn'g ltJ tﬁé i ng
indicated flow 225 t renove noi se or rom i ndi cat ed w 225,

t her ebY® pr SERIRATHY: OélnmcrtfdefFOéVdZZ? idhecsstnoget. #’r&gwnge@r 49 gpens @’eﬁ‘fé?sa‘ff‘%@"“f‘@\‘ﬂér fal se
al ar s and 28htsttEloNw r. indrdaseSalamallfidwh es. nafdgidnalii ate ffieded hxhleatmﬂopase&n@t this

]?Iplplt Ie?at2|38n V\%gat? dttc? £ ggt ;Jmt tfor e?nc:jamllfglc(%iumng1 EoP]lqof legﬂélﬁle hac.%nrgi%lo ev1 %{{)Pre 1aqf froxlfIl]E Ip:,l': er
230. In addhetspftmmt f9r bmffwgmtftlmqmm@dwwnmtsmngfdp\lm the tOQIS(l)f,, for erdinplattieed f | ow 225

can be conppkRMintRited AW 2@9mﬂ%@sruﬂrof2%Z<)1ﬁetd(3p§at§x§I’an%koéﬁlan(lglgga] is HGheAS
desired point for a manuf acturlcgg’tut ool or piece o manuf act uri ng

equi prght ) k¥ veles 2 nilpever becapse aipupfyfer ?310690 ropeye SpER AN rnsientapikrsfieR (e. g.
throttled Giidicated@86@aZ% thy markiFackEhl 1dol ks likaR s Silidtn By tb thes eype of @ild bl Y ski | |
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embodiment of an output filter according to the present invention can be found in Unlted States Patent
Application No. 09/350,744, “System and Method of Operation of a Digital Mass Flow Controller,”
30 which is hereby fully incorporated by reference. Furthermore, embodiments of the present invention
can be implemented in micro-processor based mass flow controllers and analog based mass flow
controllers. The use of a digital signal processor (“DSP”) platform, in particular, can make
implementation more streamlined.
FIGURE 3 is a graphical representation of one embodiment for processing and filtering an
35 indicated flow of a output filter according to the present invention. Flow vs. time graph 300

represents the filtering of indicated flow 225 of one embodiment of an output filter 230 according to
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set point by more than plus or minus one percent (i.e., the allowable deviation delineated by lines 320
and 325, respectively). When a sample taken by the output filter 230 indicates that indicated flow 225
30 is within the plus or minus one percent band (in the example of FIGURE 3), output filter 230 can
output the sample as the filtered indicated flow 235. In other words, output filter 230 can pass
indicated flow 225 as filtered indicated flow 235. In a DSP mass flow controller, this can include
passing the most recent sample of the indicated flow to the output port of the DSP. Alternatively, if
the sample of the indicated flow 225 falls outside of the allowable deviation, output filter 230 can
35 output a value from within the allowable deviation as filtered indicated flow 225. For example, when

output filter 230 determines, at point 343, that indicated flow 225 has crossed outside of the plus or
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30 limit, persistent changes in indicated flow can be included in the filtered indicated flow. In one
embodiment of the present invention, for example, the clock limit can be on the order of 100
milliseconds Thus, the user can define a run time which filters out noise and transient spikes which
occur at higher frequencies, but does not filter out important changes in indicated flow 225, which
typically occur at lower frequencies.
35 As further examples, FIGURE 3 illustrates that output filter 230 samples the indicated flow 225

just before it passes outside of the plus or minus one percent band. Therefore, the output filter outputs
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In another embodiment of the present invention, rather than abruptly switching from outputting
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filtered indicated flow, output filter 230 can gradually bring the filtered indicated flow to match the
35 indicated flow 225.
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mat eri al canged that gtable3 04 et nodto S¢ale<§v\ﬂtSF@ndSh¢elr be %@G&E@eoftm@@qsmomsefdule thdi cat ed

Flow 235 Wige, aa@nlhnﬁtt(e 8 She 30l RleBfbint 39SIRY bt 1308) oL 2T (HRG-dsEds POi Nt
that falls outS| %’he second predefined range an alarm signal can be
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present invent m}uRHauhs&ﬁtestd’tm AR f8Pére ¥mBotlirh B f1tE oﬁﬂp@trﬁltmtcmxtg'tagle t he
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present | nvf(la'te t£38 r!lt sz%'gpell38 \(valll lde?'etgmme if the 1nd1cated flow is within plus or minus one percent of a set

point. If at step 430, the indicated flow signal is within the allowable deviation, the output filter will
begin filtering the indicated flow 225 at step 435. Otherwise, the indicated flow will be passed as the

30 filtered indicated flow until the indicated flow comes within the allowable deviation (step 415). By
allowing for a delay of t seconds and determining if the indicated flow is within the allowable
deviation of the baseline before filtering, the indicated flow 225 can achieve an approximately steady
state before filtering begins.

If t seconds have passed (step 410) and indicated flow 225 has come within the allowable
35 deviation (step 435), output filter 230, at step 440, can determine whether or not the indicated flow

has exceeded the allowable deviation from a baseline. If not, the output filter continues to pass the



exanpl e, both the allowabl e deviation from baseline and the buffer can be
user definable and can 5 conprise percent deviations fromthe baseline,
absol ut e wewzasdeans or ot her statistical deviations knowrCirrusoties2art .

Addi tionally, in one enbodi nent of the present invention, only an all owable
devi ation, but not a buffer, can be defined. Thus, for exanple, an

enbodi nent idficatel Bovo kit kiltefeti iddREtedfiow (5832415, 5 GMthe btlﬂétﬂiﬁ’ﬂdl mamalaaedtr&mqgmfi gured

to start t he t I g@he aYWwableadevu%nH ou ut f;[ltﬁr%o Icarxllgda%gggo l)ue(\)/¥ € 1nc1 a %g\tg\sﬁl %e i 8];_]

the plus o MoRU< e i cus erw s Phe
However , tlﬁ@e@@mﬁtmﬁdébwc(acp 45@) md@vnt@émsssvosﬂma‘tﬁvér(yte gn*mldimeotfcff gepssdpe. g. ,

Of et | uSlp QS A8 Pl 36 ol S Wiaclhd S (RSRAR 1 ARIRdq Ot Start

the cl ock and are not represen ed ered indi cated
Fur t herhor dndigeted Soys Jip @thprembpdiasnds S 81 PEFrAt inteREenaputRyhalisT &30gavraatanpielignd t he

buffer can “b@mal&wmrei deaﬁtlon ahBe il teted endRABEAdWE it isABtejniifel tHANBe RN Rw

al | owabl e devi h H C%BP ge pl us one percent and m nus two percent, etc.
15 In the FOFEGHCRITEREMBI®E™ out put filter 230 conpared the indicated flow
to a baseline Lfeeftstne@lo thyindicatdtflopdipyrixceeddd v nigwable devidtine outpwriiieli2agnt s of t he

present |1 N\@RNEisO0n dettiie’ ftﬁcﬁﬂd@a‘ieﬁ'ﬂ% %fs& ix)fequ; Bu'ﬁ'@r i tlﬂc.eexgﬁﬁl@ 'ofﬂ@UR,E 4,

Addi tionally, a user can define the % e tinmer cl ock
linmit. 0t SHeuer 88 hBpddd Wﬂlef’FteﬁlP‘%FdﬁthS °|°§mﬂ‘6@tt°dtﬂt9w§é¢§F‘§ ﬂ&ﬁ’ﬂseimeé’éconds can
be ondt Pfe @oetethanQhred Pk dentPifeheSRIQRE Bowdeh fot tXteed thd BN, @k@cmtelr 230 chn Qg - : t he
time di erence et QL nt. i nt 396 be on.the order o 20
m | i second®sP @iﬂﬂ@%‘tﬁml hget‘ g ag?q{éwfgg%ngﬁﬁ 3‘?"33“ LS BRYIHERE Wt t he
out put fil tadewabledeviation (p-¢t.plus breninproes@rientiofithe set pant). tifrastep 455) avplefiten230d Wi t h
a mass floy.contt QLAv@Jsely Aot i ﬁacé%édqlow etz&eaguﬁerw&erfa Rglﬁtgltehﬂi%tc ALes T the

predeternmined tine d é ? seconds in If the
time Hel ayimseEtehtt?): d%@@é lter -’r?é%@?‘b‘iﬂem“fl?‘f @F“@@Fﬁeaﬁlﬁws ‘il‘?féhhé‘&t('éd af | ow 225

as fil tere@rdda&meraaaﬂufdepwo%iﬁe lﬁacagad fid% r&rffo 4kbin theeﬁt’&e(svupaso)mmerol passes
to step 430 an determn flow 225

th t
has come V\n”idhcaﬁg é??"lv gef"l“g&%t%’jlﬂ‘élptg%?/‘lf%ﬁ go ¥ tg? tirger FeAdiet {9 °°ll‘ I i OHt«?“tZﬁtﬁr Pe of
FI GURE 4, outmptutn to fted 446y ORBHjse dlte wipefild3@n pass the indiedt@ifivivnehitif hat feenainertli cat ed

flowis wi b gtlcsilﬁ? Ftltfrlasouﬁgr f5p al'"dt t‘ﬂg'l%n REE 8 E'J cl fcgﬁ‘m%ﬁ{ag a og&inla&xs ol Eers?s%n?éh%e 430,
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continues to p osummary, %%@g%félg? neEsRt Bw?rilé %9b e of outputting the indicated flow

as the filtered indicated flow when the indicated flow is within a predefined range about the set point
(e.g., when the indicated flow is within an allowable deviation of a baseline). However, if the

30 indicated flow crosses outside of that predefined range, the last value of the indicated flow that was
within the predefined range can be output as the filtered indicated flow. Furthermore, if the indicated
flow deviates from the set point by a large enough amount (e.g., is outside of the buffer), for a long
enough time (e.g., greater than the clock limit), the indicated flow can be output as the filtered
indicated flow. Hence, high frequency noise or short duration spikes in the indicated flow can be

35 represented by the last good value of the indicated flow, while persistent deviations from the set point

in the indicated flow will also be represented in the filtered indicated flow. As noise and transient
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multiplied by the gain to derive a filtered indicated flow 620. In one embodiment of the present
invention, output filter 540 can be implemented using a DSP platform.
35 FIGURE 6 provides a flow versus time graph for one embodiment of a filtering process of

embodiment of a output filter for a mass flow meter of the present invention. ‘Again, in one
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i i i 520, .D-control |l er 5 5 can_ out put the ht e anount

derivative o I we

o it 11T sbkes o R R oo MR i e ah e Pt Bk S B5% e n oo
t hen be added. The fliegpdaldic@bd HROcah be @sipakyd tb g ket avint] andiifcizt féered indiat&GXBW Agai n,
D-control | ef,indSom Wﬁé %%ﬁ@ﬁyﬁ %@éﬂ%éﬂ%&ﬁ%‘éﬁhﬂ&h%g?enm&Q}‘iutt% ablie first

derivative of signa In order tO I Nncrease esponse tinme of the
syst enyd caﬁSSO@ﬁ?ﬂaﬁ@éfaﬁwf@é"oﬂ%@ﬁﬁ“ieﬂle@t@ﬂ%mdl% flowgonfping lesp poiggardiegfed i n

greater deti@hdienDfésOMe spiked, R mich le&sanceliima@sa&hlsetalla@ﬂ tﬁérabyfrédh&@gfmatnnﬁcmn@ cated
fl ow 530 thrg&gf run n\g aver.%%gl FI R, A Sof or o fil ttertjtt scrtleme as
woul d be ud daleds a'B{fa PEFQBSIYSFALS xpens  Additjopgly. ¢ %enfbﬁg‘mﬁ? § oS PESF ve an
i nt er nedi atievefitioh tlen@dedidrdhieae&b@de time of mass flow controllers and mass flow meters.
Although the present invention has been described in detail herein with reference to the
30 illustrative embodiments, it should be understood that the description is by way of example only and
is not to be construed in a limiting sense. It is to be further understood, therefore, that numerous
changes in the details of the embodiments of this invention and additional embodiments of this
invention will be apparent to, and may be made by, persons of ordinary skill in the art having
reference to this description and practice of the invention disclosed herein. It is contemplated that all
35 such changes and additional embodiments are within the intent and true scope of this invention as

claimed below.



30 flow, (ii) derive a derivative of the internediate filtered indicated
flow, (iii) multiply the derivative by a gain, which can be the sane as or
di ff er entwDlvasnsgebe gai n applied by D-controller 525, and @ECTjusazieB201 he
intermediate filtered indicated fl ow toi4 he derivative of the internediate
filtered indicated flow multiplied by the gain to derive a filtered
indicated flow 620. In one embodi ment CDAIMShe present invention, output
filter 540 can he, ed usi E vi des a
f1 oW Versus ti rrg oS nH]hgf(;ePfterméan nr}r@%g: ITEwntm ag'!ga%; 1f1c$’\l; {E\'légglﬁerem saﬁ mcpcae:d?l

enbodi nent a(f'ﬁncaormiwm gdsiflpw ghe hagirod goppaisioef | ow net er  of the pr esent

i nvention. Again, in one WD 02/088639 PCT/US02/13207 13 enbodi nent of the
present inventi Sﬁe““f"r‘ﬂgs}fsﬁ}dé‘lf’éﬁ@ Hoynis éthip a7 3oxaplodrriation of abaseliopine.  The out put

filter _can rece icated fl present ne 530.

previ ously stat égda‘gf"aﬁatf oS YR £ o%go‘%af% de‘@%\‘r?n(?gsﬁ‘tdg%/sﬁ ’%n%&’%‘@%lsaﬁgi se
produced byndaedAbw ad d fétered @Bicattdflosy; dhar t 0 corrpensate for the enhancenent
of noise and any transient spikes that may appear in indicated flow 530,

t he out put filt efsaidindigpied fiqw igpot wikin paidiliewtbisreriptiny 060! bassling entvtimga fi | t er ed
i ndi cat ed fhQWwiigRsaid@owBId dRatloh bt Bla®ekeiindl &l B@red flaRMeHLH. one enbodi ment
of the output filter 540 can first apply standard filtering techni ques,
such as running average, |IIR FIR or other techniques that woul d be

under stood by those of ordinary skill in the art, to indicated flow 530 to
producéd an i nt e2nElfinethed for filtaing an ndichitddlowdodotdgw teGBim IMnehepermpuising the | t er can
then deternjepe,ra derivative (e.g., a first derivative) of the internediate
filtered indicated 10 flow 530 and mul ti ply the derivative by a gain ("K"),
the results of whkeGhid@b® ismePrigsaaidalbwWayle W8ight &daid BRélinvat i ve |ine 640.
Qutput filter 540 can then add the internediate filtered indicated fl ow 630
and the wei ght ed destirtigtaitiner lpiving helodkrlingt; nedi ate filtered indicated flow
640 to produce the filtered indicated flow signal 620. If inplenented
using a DSP (or ot hefeterhining ifspid maiszieskfow hegmepred foiwithinsaid dpwakladevistions
filtered indiceati@@dmbd L0hd2Rd sigktihg: out put port of the DSP (or other

m cr o- processor). 15 As can be noted fromthe exanple in FI GURE 6, out put
filter 540 renoves tfﬂemdﬁad'ilsa&da]nﬁl hasrétam&d tGWEthlﬁ ﬂixd(ﬂlﬁwiﬁ%ﬁe@n&t(ﬁ(ﬂefﬁﬂe@m 530.
Because n0|se ca

d
t he indi cat e&r 1?:? gS\S/ salg g(glml o%t%u?téxig 52}1 1ndxcated ﬂ%w as éaldsfl'ftb Eim&c%tad tjlcxv gr;eeugl ng

present |nven 1 on

filtered indicated f&ﬂé@cvlséﬂfem@m r1g§alh@.ﬁ® ngﬁ% io@vaﬁ@&'e%gtlgnadnﬁlesalﬁlu

conditions in manufacturin u0| n ownti me and waf e

bat ch | oss.reachps saibgles limit apduipuisingsaisindisied ﬂQW F%@tﬁlt?fé‘ﬂlﬂ@:%ﬁﬁj ﬂPWéﬁ?fé*yﬁJonse
time opo 2QinehRadiESsidtloewiniet er. Enbodi nents of the present invention
provide output filters that can renove noise and transient spikes froman
indicated flow, while continuing to show persistent pressure changes in the
indicated flow. The filtered indicated flow can be conpared to a set

point, and if t BeTherheathod u filterah emindichtedd|flow acadesinigae €lainf %, Hmth¢remprsingpoi nt by a
| arge enough extent, an alarm can be igener ated, shutting down 25 associ at ed

manuf act uri ng t GHPYiinepaid mdicated fiow a6 p9iq iessd indicated Aavetar 4 debrpertdt a@ins | ess

noi nd f e L . : .
oi se and fewer continuing to output said indicated flow as said filtered indicated flow without filtering until

25 said filtered indicated flow reaches an approximately steady state.

4. The method for filtering an indicated flow according to Claim 1, further comprising:
determining if said indicated flow has exceeded a buffer;

if said indicated flow has exceeded said buffer, engaging a timer having a clock limit;



transi ent pressure spikes, it is nmuch less |likely to cause fal se al arns,

t hereby reduci ng manufacturing tool downtinme and savi ng consi derabl e
expense. wodewssseal | y, the enbodi nents of the present i nPemtUSON13t07 not
reduce the response tine of mass flow controllers and mass fl ow neters.

Al t hough the present invention has been described in detail herein with
reference to theet&ﬁhldldgllus{ﬁiﬁr@tchtwﬂ@ﬂm&itMH'ftcsbem'gtwitﬁih@m shifaeprisndesistiaad t hat
t he descrlptl IS ng ey of exanple only and is not to be construed in a
limting séWs “gﬁai ‘°%6*10"be further understood, therefore, that nunerous

changes in the %gxmnhéatgﬁfﬂomﬁs @m@&j{omﬁl@algﬁuﬁepfnrﬁ)r ‘co@%(ﬁ%lexf}@dc Héjsaﬁ% CEI onal
enbodi nents of this 1nvention wll be apparent to, and
persons of ligftdi nary skill in the art having reference to th| s descri ptl on

and practice of the invention disclosed. herein S con errplatedthat al |
35 such® changes and HYEEY ﬁ‘f’“’@?‘fjofiﬁ’ fg‘teéﬁldé“d%nﬁtf‘?'nhﬂ”% indieatsqfloNdY ¢ rue
scope of t hiithinismi elivtiviable dastions bl med beI ow. WD 02/088639 PCT/ US02/ 13207 14
CLAIM5 1. A nethod for filtering an indicated flowin a mass fl ow device
wherein said indi catwetminseud vauefwithintshid llagfabla deviatipn ggaxd ficated flolvendret hod
conpri si NQ reschh Lo fdititles@said in@hted bW A oA i8fh fidQMbwaBle W idtioNbiA B vAHnlQYRDP! €

devi ation of 2 aseline, 5if said indicated flowis within said allowable
devi ati on O baseline, outputting said indicated flow as a filtered
devi at 150 of sl argabey RS O SRR o oM 3 DR pile B 55 Sy ©
devi at i on cfockknit obtawendg spid lrdsats@ﬂ@v afS|541fd élr@eftsi indindied eved fl ow. 10 2. The
met hod for filtering an indicated flow according to Claim1 further
conprising the steps of. if the said flowis not within said allowable

d t f d.b tart t h [ | ock | t:
ot e ning. i f Salth et G Pl PO Towetrisg élg%fm%ngégpmisgsl ovebl ¢
deviation 15 be&]? tt?ng\%lﬁ{i %xcétéﬁo&r a@?ﬁ?yﬁégﬁﬁldgat% R wfo Ag‘éafygle;x%o% a%gl d indicated

fl ow has returne 0 n sal evi ati on e sard tinmer

reachesgs sai d cl oginlibdth Butp@gandqu&wteeao@ag Qldlm%ma@gedfdo@vxn@@ala Haflabd | tered
indicated flow, and otherw se, outp uttln‘gg said value within sard all owabl e

devi at i on Ultirsackes prppproxigptely stspdystateavithent 8k | init and out putting said
indicated flow as said filtered indicated flow after said 20 tinmer reaches
said clock imt. 3. The nethod for filtering an indicated fl ow according

to Gaim2 furhete SOMBELHIONL s AHLRNTHLAG R Cafl £RRRS Shsitngs ool d

filtered indicate erio
outputting said indicated flow as said filtered indicated flow for a delay period; and

20 continuing to output said indicated flow as said filtered indicated flow until said filtered

indicated flow reaches an approximately steady state without filtering.

7. The method for filtering an indicated flow according to Claim 1, wherein said allowable

deviation is at least plus or minus one percentage of a set point.
25
8. A method for filtering an indicated flow in a mass flow controller comprising:
(A) outputting said indicated flow as said filtered indicated flow for a delay period;

(B) when it is determined that said indicated flow reaches an approximately steady state,

outputting said indicated flow as said filtered indicated flow;



continuing to output said indicated flow as said filtered indicated fl ow
without filtering until 25 said filtered indicated flow reaches an

appr oxi mewelog/ostceady state. 4. The method for filtering amCirndorazed fl ow
according to Claim1l, further conprisingg determning if said indicated
fl ow has exceeded a buffer; if said indicated fl ow has exceeded said

buf f er, engagi ng:)aethinﬂiﬂlﬁg ihaid ifdicated b0 8d¢ rdmatfied wit M (26 RHRORGathRe FokdQ02/ 13207
15 determining if said indicated flow has returned to bei ng within said
buffer pri &pse @“o said timer reaching said clock Iimt; if said indicated
flow has return L sai d
clock limt: aﬁr%éitsglfl md?%e‘gg?wa? ﬁ%l %%f@tﬂ gagwllg@bgg%‘ga#h Q?tgrg?ngg%@gﬁgtat ed
flow if saistidindigitedsflioncs pqidfiftered indigatedflow;gnd d al I ovvabl e deviation; and

returning said | ue wi t hi id all owa devi as said indicated fl ow
and resetting @l‘fda‘?f’}%?teﬁowaaﬁf W‘Fﬁ’fﬂl“&g‘f’gﬂ“ ag{;rﬁ’S‘f‘f‘t\RP't hin said
al | owabl e devi ati Oneg%%lgutaﬁlg[ahvanle m?lalltgmfs$ Jllfoggble é%:wtatlon as La (]d f?%regl d{c];:dtI (? at ed

fl ow has not return I'n sal prior eachi ng
said clocKowimt, outputting said indi cated flow as sald filtered

indicated flow. 5. The nethod for filtering an indicated flow according to
Claim4, further contfetspigingifsgid Hﬂ‘ﬁit‘fdrﬂjwsl’éﬁ Fesetrdirdatfed f1 ow as said

filtered indicated fgggl\fvgaéé)ladlasateﬁ%g%afwﬁafggagfb&gffl‘:’ continuing to out put

said indicated flow Tow until said indicated
fl ow rﬁﬁches an appr oxi gy gjfg%( ta‘?ﬁrﬁ)’ha@ﬁx%ﬁao&’l ut filtering. 6. The nethod

for filtering an indicated according to aim 1, further conprising:
out putting said indicat ed)fd@mindg iS@h chalchtbd ®Faifls feRelie6 Bl i hi@BufkPprig del ay
period; and 20 continui.ng to outpu id.indicated flow as said filtered

i ndicated flow until® °§%\?g‘“‘?r|“1af}lé‘fges8‘ddi°aﬂl“b‘hf@d fl ow reaches an approxi mately
steady state without filterin i ndi cat ed
flow according to daim£f ? (gmdlcartled-sﬁgfv ™ OP gmﬁ?{”e% %m[ll gin ﬁ%rpnf’”f)east

pl us or mnus osed tpeqrm@mrmged dbckdingigputp@ingaid ip&caB:d flaw petafiddtefed mdicated er i ng
an indigated flqw.insa mass flow controller conprising: (A) outputting
said indicated flow as said filtered indicated flow for a delay period; (B)
when it is determ ned thafirsad tldicAd foathedetinedto hEACHE@SH AN LRARHA IBEE! Y
steady state, outputtlarjf%@f id indicated flow as said filtered indicated

flow, WD 02/ 088E3Y "BeH? oy

i) outputting said indicated flow as said filtered indicated flow if said

indicated flow is within said allowable deviation; and

20 ii) continuing to output said value from within said allowable
deviation as said filtered indicated flow if said indicated flow is not within said

allowable deviation but is within said buffer.

9. The method for filtering an indicated flow according to Claim 8, wherein said baseline

25 comprises a set point.

10. The method for filtering an indicated flow according to Claim 8, wherein said value from
within said allowable deviation comprises a previous sampled value of said indicated flow that was

within said allowable deviation.

30



16 (C) determning if said indicated flow has remained within an allowabl e
deviation froma baseline; (D) if said indicated flow has remained within
sai d al | owekessdewi ati on, continuing to output said indi earasot/inw as said
filtered indicated flow, and 5 (E) if sgd indicated fl ow has not remai ned
within said all owabl e deviation: (1)outputting a value fromw thin said

al | owabl e devi afj.Orheasths@ioflfifdrihg AiRficated dbe adceding fd @in 8(WhireBQhi@EIBGWALIDY | f
said indicated. fl og{é:h{asl exceeded a bg gS) if said indicated flow has
exceeded sard*BRFFEr* Y A EHYNSTRY ‘having a clock linit; b)
determining if said indicated flow has returned to within said buffer prior
to said tinmer reaching said clock limt; and c) if said indicated flow has
not returned toihei Ao fof¥ilRriSPinGndiidled 86w Rlainfks Ao® md@edhdrs#Br reaching said
clock limt, outputting said indicated flow as said filtered indicated 15
flow, and d) if fik@ingsdidigddicaddedwld @avd@sntérgibdidte1Rbrddandaiedgowy t hi N sai d
buffer prior to said timer reaching said clock Iimt: i) outputting said

i ndi cated fl ow dsiveigi cvefshted Brstaldrivarivh of stikidtefniediateififtersindicatdadiidivcatied fl ow i s
wi thin said all owabl e deviation; and 20 ii) continuing to output said val ue
fromwi thin sai ehmmipHwigirtermediay fidareddnicasd 8o enpdrspifl weiglter! frptdedvatiedf saidow i f

sai d i ndi caft@thedidtORiter intateIb i tolieS@iadilterdd h@VEAd Rwdevi ation but is wthin
said buffer. 9. The nmethod for filtering an indicated fl ow according to
Claim 8, wherein said baseline 25 conprises a set point. 10. The net hod
for filtering an indicated flow according to Caim38, wherein said val ue
from W thin saild Hemsthablorfilthsiog atindirated Sap ricerding tp Grim2ovsremasagl ed val ue of
sai d i ndi C%t%eéiit@ﬂt&é&@ﬁdiéﬁ@§ﬂostTd@z'iv@dMg%rﬁln% Le deviation. 30 WO

02/ 088639 PCT/ US02/ 13207 17 11. The method for filtering an indicated flow
according to Claim8 wherein said allowable deviation is at |east plus or
m nus one percent of a set point. 12. A nethod for filtering an indicated
flow in a nass fi4.0kke methed foc Bimping B imtjcated flow according to Claim 12, wherein said

intermediate filtered indicated flow is derived using IIR.

o S

15

15. The method for filtering an indicated flow according to Claim 12, wherein said

intermediate filtered indicated flow is derived using FIR.

16. A mass flow controller operable to:
20 determine if an indicated flow is within an allowable deviation of a baseline;

if said indicated flow is within said allowable deviation, output said indicated flow as

a filtered indicated flow; and

if said indicated flow is not within said allowable deviation, output a value that is

within said allowable deviation as said filtered indicated flow.
25

17. The system for filtering an indicated flow of Claim 16, wherein said mass flow controller

is further operable to:
if said indicated flow is not within said first predefined range:

engage a timer having a clock limit; and



5 filtering said indicated flowto derive an internediate filtered
indicated flow, deriving a weighted first derivative of said internediate
filtered wodRostead fl ow, and sunm ng said internedi ate fipCrased1i2ndi cat ed
flow and said weighted first derivative;of said internediate filtered
indicated flowto derive a filtered indicated flow 10 13. The nethod for
filtering an indi catettrhinewsacuoiaidTgwthes rethdbdio bdng WiR Qidll&@ib[R deviation

i nt er nedi at e ftl I t({str eqm&m Eeldckfd ow i's derived using running average. 14.
The met hod P& #4117 | ng Enf R8T cAled 1 ow accor di ng to Claim12, wherein
said internediate fil tered indicated flowis derived using IR 15 15. The
nmethod for filtering an indicated flow according to Caim12, wherein said
intermediate fihg. er}@dysteﬁdbpﬁteﬂqg dh l¥ate SSHESIOIAE 19 Sin8GinFliReombter adi®ss 1 ow
control% erabletztjh fermnelf an indicated flowis within an

al | owab d‘EchélP’i‘sc?FF f eéexﬁ%{’% 'Ne; if said indicated flowis wthin said

al | owabl e devi at|,gn., Rl B0 A A lERLE L AW 85, ooy Pldohengd | ndi cat ed

flow and if sal i cat e [ow 1S no In sai POwabl'e devi at i on,

output a val ue Emlauelt@out Ll lndla?eu@o@u sQl‘ﬁ@imex@d 8ViAtioRRnAS.E Blded | | ter ed
i ndicated flow. 25 17. e system for [terin ‘ﬁganlnlcatedflowof Claim

16, wher ei ridicated flpwg sames P’HW’%‘?\@‘Ftd’qugfned‘ia%gef“ﬁﬁh? ferdgerabl e to: if said
indicated flowis not within said first predefined range: engage a tiner
having a clock Iimt; and WO 02/ 088639 PCT/ US02/ 13207 18 determne if said

i ndi Caﬁ(? d flow h@ %;suim 11&319 %at\é\@[ ﬁ(ﬂ\l & C?q?}hq6 %JhErQWQQ{g %aQ?l¥+/ @(gntrgper prior

to said tiner reaching sai e 'system fering an
i ndi cat ed ﬂ%%ﬁ&le@f’l’e@bblt?n 17, vvherel n said corrput er readable 5 instructions
are further executable a out put said | ndi c%t ed flow as said filtered

i ndi cated fl ow Fﬁ?‘nlé{‘edféF‘ JRdisap thaéﬁ‘dee ‘&i‘rﬂ“ f‘fue to output said indicated

flow as said fi l G4 1en ic t(r:]ddtllo ta?egxcgel é)dvgblill r sta 1me halfvlntheiclo& llmlpdl cated flow

comes within said al?lrs I‘ned rangée’ 'w 10 19. The

system for filtglifg.dai micst@&ﬁ*o%ak gwnfa& to@eag mtﬂlﬁsalmﬁf@ﬁn@ré@a&&@xﬂéss f1ow

controller is further operable to: determne’if said cate ow has
exceedél a rergiingsaid clock limit;

if said indicated flow has returned to being within said buffer prior to said timer reaching said

predetermined time limit:

return said indicated flow as said filtered indicated flow if said indicated flow is

within said allowable deviation; and

20 return said value that is within said allowable deviation as said indicated flow if said

indicated flow is not within said allowable deviation; and

otherwise, output said indicated flow as said filtered indicated flow.

20. The system for filtering an indicated flow of Claim 19, wherein said mass flow controller

25 1s further operable to:
output said indicated flow as said filtered indicated flow for a delay period; and

continue to output said indicated flow as said filtered indicated flow until said filtered

indicated flow comes within said allowable deviation without filtering.



if said indicated flow has exceeded a buffer, start a tinmer having a cl ock
limt; determne if said indicated flow has returned to being within said
buf f er prworo2igseésai d tiner 15 reaching said clock |imt; PCir/isat/é320ndi cat ed
flow has returned to being within said puffer prior to said tiner reaching
said predetermned tine [imt: return said indicated flow as said filtered
i ndi cated fl ow bf ThakteTsh fi@didn fldRied ffow obiClaith Po, S8éréln adid AxahbecAeMicat i on;
and 20 return said value that is within said allowabl e deviation as said

i ndi cated Wef‘?pe? F& indicated flowis not within said al | owabl e
deviation; and Qi ayignlﬁsméa%w% saftHifhcd AGLARNRY W PReriRlaly 1] Lol ed

|nd|catedflow stem tering an In owof Cl aim 19,

wherein said naéoaniﬁdu%%mﬁma@d ih@kated ABw bSsafa it B AIORATRRGrillsAa afidgout said
indicated flow as said filtered indicated flow for a delay period; and

continue t GdsaEdiey cameyvitirdalewr I BW aE said filtered indicated flow
until said filtered indicated flow cones within said allowabl e deviation
wi thout filtering. WO 02/088639 PCT/ US02/ 13207 19 21. The systemfor
filtering an ingjc f I i ontroller
is further oper gjbllggytgtgm f%g\t{vgu% aggﬁk%dﬁgrégﬁqg%&fg Fgév&afgwgge?eg 1“‘J‘Imtgéo?ed
i ndicated flow for anEeidydiReninedio @R an GRMhidbd N@rel ddRiEPMw; Sai d i ndi cat ed
flow as said filtered indicated flow until said filtered 5 indicated flow
comes Wi thin said aldetividdaghtte irsaddrioative &3aid Altaytshddnei dowiand t eri ng an
i ndicated flow conprising a mass flow neter operable to: filter an
i ndi cat®ed fl ow t o dederivernamlidated Bewfieth spidsuiof sagtiatekmediele §rendidagdfloder i ve a
wei ght ed fIaﬁééald%fgmé@?}sv&neinvewsgd fnkebrh QLR kR GRk&hH oW, and 10 derive an
indicated flow fromsaid sumof said internediate filtered indicated flow
and said weighted first derivative of said internediate filtered indicated
flow 23. The systemfor filtering an indicated flow of Caim 22, wherein
said int er rredi ap® The kysemeor filterirgiag aidieted loonofiCinirl 87, wtarein bisd ingmiediatifiltered
aver age. I ng an indicated flow of Caim 22,
wher ei n sal g?"r?rlégl a%‘gﬁnng?‘%nélrnéa\te?l !ﬁdl cated flow is derived using Il R
25. Thes systemfor filtering an indicated flow of Caim22, wherein said
internediate filtered 20 indicated flow is derived using FIR

24. The system for filtering an indicated flow of Claim 22, wherein said intermediate filtered

indicated flow is derived using IIR.

25. The system for filtering an indicated flow of Claim 22, wherein said intermediate filtered

20 indicated flow is derived using FIR.



