1/44 PCT/JP2007/ 061183 SPECI FI CATIONS MASS FLOW CONTROLLER FI ELD OF THE
ART [0001] 5 The present invention relates to a mass flow controller that
controls a flowrate of a fluid, such as gas and |iquid. BACKGROUND ART
[0002] 10 For exanple, in a semni conductorl fhuf acturing apparatus to which
various kinds of gas used for manuf@dtlP20{y//a6EHA conduct or are suppli ed,
a mass flow controller is provided for each gas supply channel to adjust

t he fl ow rat e ofthe gas:—Conventtonatty—a pressure-t5-regut-at-or—ts
connected in series to each mass fl for preventing an extrene
change in pressure in the channel 8%%§%9Eﬁ£?h®%%ass flow controller is
attached, thegehy #Fag bbhpddMgd | ow rate control. [0003] 20 A basic flow
rate control method for the mass flow controller is the PID control. For
exanpl e, thereta® pgetuekiwyn a feed back control based on a variation of
the PID control disclosed in the patent docunent 1. Specifically,
according to tjmamt hod di sclosed in the patent docunment 1, 25 the feed
back control value is calculated by performing a PID calculation on the
devi ati on &nd nul ti pfhe mgetshet tatatian geletsslto iy maskufitew on whose val ue

increases as the flowrate setting val ue decreases.
controller that controls a flow rate of a fluid, such as gas

and licguid.
BACKGROUND ART
[0002]

10 For example, in a semiconductor manufacturing
apparatus to which various kinds of gas used for
manufacturing a semiconductor are supplied, a mass flow
controller is provided for each gas supply channel to adjust
the flow rate of the gas. Conventionally, a pressure

15 regulator is connected in series to each mass flow
controller for preventing an extreme change in pressure in
the channel to which the mass flow controller is attached,
thereby facilitating flow rate control.

[0003]

20 A basic flow rate control method for the mass flow
controller is the PID‘control. For example, there has been
known a feed back control based on a variation of the PID
control disclosed in the patent document 1. Specifically,
according to the method disclosed in the patent document 1,

25 the feed back control value is calculated by performing a
PID calculation on the deviation and multiplying the
calculation result by a function whose value increases asg

the flow rate setting value decreases.



2/ 44 PCT/JP2007/061183 [0004] Recently, a system configuration has becone
popular in which a regulator is provided only for a fluid supply source,
such as a cylinder, rather than for each syggly channel, 5 al though the
mass flow controller is provided for eacl? 8‘| channel divaricated from
the fluid supply source. [0005] HoMeV&rE24@H gk le, this system
configuration has the follow ng di sadvantage. That is, if one of the
supply 10 channel's i s suddénly closed, or theftow rate of one of—theTmass
flom1controlle{@bdiﬁ | argely changed, the resulting pressure change affects
t he ot her supply channel or mass flow controllers (this is referred to as
a crosstalk). As a m&sitily,t BesFOMMEMInen3hrsPbA HadTBbboe DasSH £n ihhe 15
assunption that the pressure regul ator confrols the pressure change to
sone extent cawmoth achicgutascequatdliaedr shey £ontd A1ui080Fp1MERIrce,
specifically, in the case where the control 20 nethod disclosed in the

pat ent docunemguch ias asedlindexn heatpeestiae B tHaehpsupply chateelt he
pressure on the upstream side of the nass flow controller (a flowrate
sensor secti orflidivagiesheayainl fHovecratrolkaelis previfed ot @achxcessivel y
responds to the change of the pressure and 25 changes beyond a prescribed
| evel . [0007] Ya B?B%?%ﬂﬂ%ﬂ%rﬂpéﬁﬁga¥€mﬁH%ﬁbglﬁé ?%PR#%&%@P€§§ure

change is caus t only by the crosstal k but also by other
d39

However, for example, this system configuration has
the following disadvantage. That is, if one of the supply
10 channels is suddenly closed, or the flow rate of one of the
mass flow controllers is largely changed, the resulting
pressure change affects the other supply channel or mass
flow controllers (this is referred to as a crosstalk). As a
result, the conventional control method based on the
15 assumption that the pressure regulator controls the pressure
change to some extent cannot achieve adequate flow rate
control.
[0006]
More specifically, in the case where the control
20 method disclosed in the patent document 1 is used, if the
pressure on the primary side (the pressure on the upstream
side of the mass flow controller (a flow rate sensor
section) changes beyond a certain level, the flow rate
excessively responds to the change of the pressure and
25 changes beyond a prescribed level.
[0007]
Such a problem of flow rate change due to the pressure

change is caused not only by the crosstalk but also by other



3/ 44 PCT/JP2007/061183 factors. In addition, such a problem occurs not
only when the pressure on the prinmary side changes but al so when the
pressure on the secondary side changes. [0008] 5 However, under the
current circunstance in which higher s ebd44nd precision are needed in the
control of the raw material gas ohpﬁﬁﬁﬁ?iﬁﬁﬁﬂébﬂﬁin semi conduct or
processes, the speed of follow ng the change of the flowrate setting

val ue (the speed of respunse) cannot—be sacrificedto10——suppress—the

excessive res escyf] . e. ent urent 1 Japanese_Pat ent
Cai d apen No. PIBOF 80080 Sy SCPbeUE T B T RUERITGIS PROBPERE ‘L5 BE
SOLVED BY THE 4 MVENELGQN-o [ S909]e %)ﬁ*i;ﬁg}:‘?1 sfdeffféﬂan%@seﬁﬁt Ogléch%hgﬁeﬁﬁ?f ow

invention is to provide a nass ow controller that can prevent a

rate change difedstiré phesisellhange Saaseshdhged .Crosstalk or the |ike

w t hout sacrificing the speed of following the change of the flowrate
setting val ue.[@®8YEANS TO SOLVE THE PROBLEMS [0010] Specifically, a nass
flow controller according to the present invention conprises: a flowrate
sensor secPi on t hat Hawexeur esnderf |de carsent aifdwisdabkbewimgehiduiough a fl ow
25 channel and outputs a flow rate nmeasurenent signal indicating the
nmeasur enent vaHEeTaSPES Guft PTEGAEIBN ¥8 eededatni Sheliagndged 6h the

upstream si de or the downstream si de _%f the flow rate sensor section; a
cont r ol sectidﬁwﬁﬁgterla gas or the like used in semiconductor processes,

the speed of following the change of the flow rate setting

value (the speed of response) cannot be sacrificed to

10 suppress the excessive response described above.

Patent Document 1 Japanese Patent Laid-Open No. 2004-280689
DISCLOSURE OF THE INVENTION

PROBLEMS TO BE SOLVED BY THE INVENTION

[0009]

15 Thus, a main object of the present invention is to
provide a mass flow controller that can prevent a flow rate
change due to a pressure change caused by a crosstalk or the
like without sacrificing the speed of following the change
of the flow rate setting value.

20 MEANS TO SOLVE THE PROBLEMS

[0010]

Specifically, a mass flow controller according to the
present invention comprises: a flow rate sensor section that
measures a flow rate of a fluid flowing through a flow

25 channel and outputs a flow rate measurement signal
indicating the measurement value; a flow rate control valve
that is disposed on the upstream side or the downstream side

of the flow rate sensor section: a control section that



4/ 44 PCT/ JP2007/ 061183 cal cul ates an opening control signal to be supplied
to the flowrate control valve based on a predeterm ned cal cul ati on
formula including at |least a flow rate neasurenent value indicated by the
flow rate measurenment signal and a flow 5*r4fe setting value, whichis a
target value, as paraneters and oufput{EPL¥E/66EHihg control signal; and a
pressure sensor section that detects pressure of the fluid on the
upstream si de or “the downstream si-de of —the ftow Tate-sensor—sectionm—and
outputs a pres cLj.0 i | indjcaji 1Q ¢t ressure . valye, and
s characterizé (ﬁﬁgﬁ%%tg#hgp%%ht SPh@gégt%%ﬂ%ﬁsgg g?f?%?%%¥x§§ ct Stion
formul as for arrhangiBdcoRerdOdai Wl BAska &%%&%ﬁ%&%ﬂﬁ%&’%ﬁ%&%ﬂ?
point intime when the flowrate setting value changes by a predeterm ned
amount or nor efomnd d ahcausindla peskeda Mbwhrdie hBasdberkai@mivanag period,
and that at least in the stable period, the calculation formula further

i ncl udes t he pirgsiswtedvayuthe dSlow pataneéasurdn@dtlkidhel tardna &low
predeterm ned cal culation fornula"” refers 20 to a calculation fornmula for
f eedback- cént roilie Bgtitheg wpkus .nghatht he zommrasit valve, uss mgramektenst t he
flow rate neasurenment value and the target value as paraneters. For

exanpl e, a fordif £UtREFEdHMY ReNLegsEORtHR b poraadnafnd cal REESEUESNn (a Pl D

| cul ati on, f bly). b d. 25 [0012] Furt e, f | e,
Che acti on t MG PAELO S G COAF 6ePRHRRiGEs Oy LA Hf BHE GPnERBA anount
or more” may g 3ahNSLAD ANGHUS bARS: FOR 'AacCYE! Bhe CHANISRL LOSGLL OW

section and outputs a pressure detection signal indicating

10 the pressure value, and is characterized in that the control
section uses different calculation formulas for a changing
period, which is a predetermined period from a point in time
when the flow rate setting value changes by a predetermined
amount or more, and for a stable period, which is the

15 remaining period, and that at least in the stable period,
the calculation formula further includes the pressure value
as a parameter.

[0011]
The term "a predetermined calculation formula” refers

20 to a calculation formula for feedback-controlling the
opening of the control valve using at least the flow rate
measurement value and the target value as parameters. For
example, a formula including at least a proportional
calculation (a PID calculation, preferably) may be used.

25 [0012]

Furthermore, for example, the action “the flow rate
setting value changes by a predetermined amount or more” may

be an instantaneous (one control cycle) change of the flow



5/44 PCT/JP2007/ 061183 rate setting value by a predeterm ned anount or
nore. [0013] A concrete exanple of "the different calculation fornmulas
are used" is represented by that differeq; factors 5 such as different
gains (a reference character P, to be destt #bed | at er) in a proportional
calcul ation are used for the changPtgd/pB20@d0ahtsd he stable period. Wth
this arrangenent, for exanple, the control nay be perfornmed so as to
ensure a qui ck-tesponse forthe vatve of thenmass—ftowi6—controtter—n—t he
changi ng peri o] rfor sp.as to nake the valve
of the nass flo%/v@éqgsc?ﬁ\t{%?gﬁl géil?éesb?éeggﬁ?igg% %n%gldé'fngf]ﬂ bci)%gmoﬁfg’l'se in the
stabl e period.[¢f&44] 15 In addition, the "the pressure value included in
the calculation fornmula as a paraneter” includes a case in which a value
related to an actuald ycorRastbedxaiess Wre "takugi B8 n 12228 84PWH of change
(tinme differential value) of the pressure detected during a predeterm ned
| ength of tinmefamuhl2@ the tsed’ iint egpabsemte® Hys thael ddetkiantt fActors
calculation fornula, in addition to a case in which the pressure val ue
itsel f det &ct Ay ashdipfereniy @asonsbde seteranved shamstieed, iteo bhe
cal culation fornmula, [0015] 25 In accordance with this arrangenent, since
control is sWEECHeteHeldben) tife asPapPerbeMmald cadquipnticthars ngepef®®od, in
t he changi ng riod in.which the flowrate setting value _changes, for
exanpl e, the é&g}‘ﬁf’ Pén%e‘?ef:%’ro%e&n%i e StAYifeperiod. With this
arrangement, for example, the control may be performed so as

to ensure a guick response for the valve of the mass flow
10 controller in the changing period and the control may be
performed so as to make the valve of the mass flow
controller less sensitive to a disturbing noise in the
stable period.
[0014]
15 In addition, the "“the pressure value included in the
calculation formula as a parameter” includes a case in which
a value related to an actually measured pressure value such
as an amount of change (time differential value) of the
pressure detected during a predetermined length of time and
20 the time integral value is included in the calculation
formula, in addition to a case in which the pressure value
itself detected by the pressure sensor section is included
in the calculation formula.
[0015]
25 In accordance with this arrangement, since control is
switched between the stable period and the changing period,
in the changing period in which the flow rate setting value

changes, for example, the control is performed with a higher



6/ 44 PCT/JP2007/ 061183 speed of response so that the actual flow rate can
quickly follow the changed flow rate setting value. On the other hand, in
the stable period in which the flowrate sftting val ue does not change
significantly, for exanple, the 5 control®iétperformed with a hi gher
stability so that the flow rate caRCBEPDIQUVENEEF rom being significantly
affected by and excessively responding to any pressure change that occurs
on the primary side or the T't'ke (a pressure change —occursom theupstTeam
side of the MBS Se f a e cti so t hat
the actual flow réad% ceb\@c'cac%%%lgéés% |(1t I ?eége[%%l Xtﬁoﬁegél% |énaq} %9@‘%& e
period, the presietsy Fhaedhasedd Hidhi atl 08 o & Alyah8aSt dnn¢hddb gkt he flow
rate 15 nmeasurenent value and the flow rate setting value further includes
the pressure Vednds, dbt aheegtdlyld RRrpbASSHIGh SNV £3661FLHE &Staipgr aneter.
Therefore, in the stable period in which the flow rate change due to the
pressure changelpur doesl net chzegenssdgaipicditely, tthe agamgle f lthw rate can be
20 further stabilized against the pressure change. [0017] Mre
speci fi cal Py, §antim®lpassperiomedpwathde highex sdbéhityess thedwtbent rol | er
that can effectively suppress a flow.rate change due to a pressure change
wi t hout 25 sacrity éyfaﬁﬁ 'tg%é ReH FEGVEP tRe sHER P19 9a séapkbc Bt Whaetfeetpd r at e

setting val ue that can. be adopted.in systemthat can generaie a
di st ur bance, s c%néis%}am% %lsvﬁﬁgl E.egf)%‘i%ﬁ‘g Sy Préedfire Hande ehSt

occurs on the primary side or the like (a pressure change

occurs on the upstream side of the mass flow controller (the
10 flow rate sensor section)) so that the actual flow rate can
be stabilized.
[00161}
At least in the stable period, the predetermined
calculation formula at least including the flow rate
15 measurement value and the flow rate setting value further
includes the pressure value obtained by the pressure sensor
section as a parameter. Therefore, in the stable period in
which the flow rate change due to the pressure change
particularly becomes a problem, the actual flow rate can be
20 further stabilized against the pressure change.
[0017]
More specifically, it is possible to provide an
excellent mass flow controller that can effectively suppress
a flow rate change due to a pressure change without
25 sacrificing the speed of response to a change of the flow
rate setting value and that can be adopted in a system that
can generate a disturbance, such as a crosstalk.

[0018]



7/ 44 PCT/JP2007/ 061183 The changi ng period may al ways be constant or may
be <changed in duration in order to inprove the control stability as
required. As an exanple, it is represented that the changing period is
termnated at a time when the 5 deviation’ 6f4the flow rate nmeasurenment
value fromthe flow rate setting vRFU&/ R EHEEES30 fall within a certain
range. [0019] The cal culation formula including the pressure value (tine
differential value)y according to the presentinventionm 10 may use a

formula in which th r.e.Li i ff i V, e i d

subtracted from rrule%’rl%l e ggillgo’rg@%%ﬁ 31(;%89@%{;73{,%6&% g:soﬁllst%a%fq ?ﬁeﬂga& Be

cal cul ation bagethqun tiReq@eyiald am oeaff theidfd QW 2he aBAsyenent val ue
fromthe flowrate setting value, nore specifically, a fornula expressed
by the 15 fol | ovduigifegr anl feq@)red. ¢ M @xhpiecV 7t Pas vep?88tnted GRI8t +
YAp ... (a) V = (Pe + 17?eSt + Dbe/St)YAp ... (b) 1In case, e =S - OQUT
Wher e a ref er etfee dizagany epedM aderict ésraifeiesh kacl 2Qmeowtigmoltheal ue, based
on which the opening control signal is set. Reference characters P, I, D
and Y denofe fé%ﬁ%ﬁﬁ@onaﬁﬁrthﬁiﬁﬂﬂylVaéét@¢¢ﬁunﬂman§sp@éﬁévﬁﬂqm ther €levence
character S denotes the flow rate setting value, and a reference

charact er OUT dHfofEStiRe Yaolf decEereas bR el Walthel a oetadperandge-

character Ap qgﬂﬂbjs the tine differential value of the pressure val ue
obtai ned by the pressure sensor section or a value expressed by a formul a

including the tine 'ﬁic—;f fc%ﬂgﬂigl@:{oﬁ/ aéo‘i’rnnula including the pressure wvalue

(time differential value) according to the present invention

10 may use a formula in which the pressure time differential
value is added to, subtracted from, multiplied by or divided
by the result of the PID calculation based on the deviation
¢ of the flow rate measurement value from the flow rate
setting value, more specifically, a formula expressed by the

15 following formula (a) or formula (b).

V =Preg + I?7e°0t + D*Oe/dt + Y'Ap ... (&)

il

v (P*e + I7?¢+8t + D-de/dt) 'Y*Ap .. (b)

In case, ¢ = 5§ ~ OUT
Where a reference character V denotes a feed back

20 control value, based on which the opening control signal is
set. Reference characters P, I, D and Y denote factors
appropriately determined respectively. A reference character
S denotes the flow rate setting value, and a reference
character OUT denotes the flow rate measurement value. A

25 reference character Ap denotes the time differential value
of the pressure value obtained by the pressure sensor
section or a value expressed by a formula including the time

differential value.



8/ 44 PCT/JP2007/061183 [0020] In addition to this, as the cal cul ation
represented is a fornmula wherein the pressure tine differential
value is added to as a paranmeter in case of 5 calculating the deviation
itself. This fornula is expressed b t hé £ 41 owi ng formula (c). V = P6' +
126" 6t + D& /St ... (c) In this forlMullT&IPHOEORLE}S OUT, Ap) where a
reference character h is a function including 10 at least S, OUT, and Ap

fornmul a

as paraneters.

function

[T0021] As—a concrete exanpte-of-the—above-mentioned

h comdaj V]ed is a forrmula wherein the pressure tine differential

value is added to, 'subtracted from multiplied 15 by or divided by at

el ther one of the 10N ddheoffbas UHBENs! BhUCeaNd (g chl pULhaLe, Set !
val ue, nore

(f) Bdibelsghtel’ iF S Forfidli Whé@éb)n -the (t_ﬂ‘)ass@@e 6ime S - (QJTXAP)

(d), (e),
) (e)

6!

specifically, a fornula expressed e fol

SXA - QUT ... (f) € (S - XAp) - AUT ... (g) where X

denotes a factd)lrffaappnmpalavﬂqe det adde@etb ad Q0D2AraRbtén Jtrhe:aeenbfary
conventionally, there is a case in which the flowrate indicative va
out put frof t Releedetingohe clavigition foselkt elhas feniladiic atasressed ue

di fferent

190

15

20

25

fromthe actual flow rate measured on the downstream si de

by the following formula (c).

V =Prg' + I?"+0t + D6’ /0t .. (C)

In this formula, &’ = h(S, OUT, Ap)

where a reference character h is a function including
at least S, OUT, and Ap as parameters.
[{0021]

As a concrete example of the above-mentioned function
h conceived is a formula wherein the pressure time
differential value is added to, subtracted from, multiplied
by or divided by at least either one of the flow rate
measurement value and the flow rate setting value, more
specifically, a formula expressed by the following formulas
(d), (e), (£) and (g).

g’ S - (OUT + X*Ap) .. (d)

o]
]

"= S - (OUT'X'Ap) .. (e)

g = S'X+Ap - OUT .. (£f)

) (S - X*Ap) - OUT .. {g)

o
il

where X denotes a factor appropriately determined.
[0022]

On the contrary, conventionally, there is a case in
which the flow rate indicative value output from the mass
flow controlier for external use indicates a value different

from the actual flow rate measured on the downstream side

| east
ng

ow ng formul as

ue



9/ 44 PCT/JP2007/061183 (or the upstream side) because of a nutual
interference with the control of the flowrate control valve that is
excessively sensitive to a pressure change on the primary side. 5 [0023]
In order to stabilize the flowrate indigh44$e value and bring the flow
rate indicative value close to the BETGHP2007/0G11%k e val ue by inproving the
opening control algorithm for the flowrate control valve described above,
it is 10 preferapre-that—a ftowrate-output—sectionthat—performs—a

pr edet er m ned |_at | the flow rate asurenent . val and out.puts
the result as ﬁﬁéqgfbmbggfgg?ﬁ%ﬁ%ﬁtgﬁgagg d%?fénm%ngi ﬁ%ég%{ﬁnFﬁéw¥&gw

rate output segid Qnit$of0hE  EHY l%q_otworaﬁéec&%%fo%r eahvEal gyl atd on fornul as on

the flow rate 15 neasurenent value for the angi ng period and the stable
period. Wth tdicesaikangessmdtitRe tbndi §A84 M-/ JInUBgEadn R0 prifasiabi | i zed
according to the actual flowrate. [0024] 20 As a concrete exanple it is
represented thatde.in the stable period, the flow rate neasurenent value is
snoothed with respect to time and the result is output, and in the
changi ng péri dd023le flow rate neasurenent value is output without being
processed. 25 [0025] In addition, the flow rate indicative value may be

cal cul ated from t he ¥ &&deat &0 needlirddmenthe af Lew usitieg iaflicahisy vieleet i me

differential val of the essure val ue
and”%rlng @her¥low rate gndicative value close toe the actual

flow rate value by improving the opening control algorithm
for the flow rate control valve described above, it is

10 preferable that a flow rate output section that performs a
predetermined calculation on the flow rate measurement value
and outputs the result as the flow rate indicative value is
provided, and the flow rate output section is configured to
use different calculation formulas on the flow rate

15 measurement value for the changing period and the stable
period.

With this arrangement, the indicative value can also
be stabilized according to the actual flow rate.
[0024]

20 As a concrete example it is represented that, in the
stable period, the flow rate measurement value is smoothed
with respect to time and the result is output, and in the
changing period, the flow rate measurement value is output
without being processed.

25 [0025]

In addition, the flow rate indicative value may be
calculated from the flow rate measurement value using at

least the time differential value of the pressure value



10/ 44 PCT/JP2007/ 061183 detected by the pressure sensor section as a
paraneter. EFFECT OF THE | NVENTI ON [ 0026] As descri bed above, according
to the present invention, 5 since the nass flow controller switches the
control between the stable period and théVéHdngi ng period, the mass flow
controll er can suppress a flow ratePchahgem/Phbit3 sacrificing the speed
of response to a change of the flow rate setting value even if a pressure
change occursand canm10-be apptiedto a systenrthat—may generate =a

di sturbance s a, Gcr t r{.h re ven_if_the pressure change
occurs in theucg(?cfb edpgﬁig%éi%e%%uc% %eg%%%eﬁtgoghgﬁg% e et%gra pressure

change parti cutiFdctr BPCOBSTIvvEN@oNem the actual flow rate can be further
stabilized agai nst the 15 pressure change, because the value control is

performed basghagn the opening control signal determ ned by the
calculation forrmula including at | east the flow rate neasurenent val ue and
the flow rate settidyg descurébad aipble asaddeedpngssalrithes alresenbt anvad iy ,t he
pressure sensor section. 20 BRI EF DESCRI PTI ON OF THE DRAW NGS [ 0027]

[ Fi gure 1] 5Fi giimgel the mase hEmat icontdratem sidwiheg the edrdinel bétweemss
flow controller according to an enbodi ment of the present invention. 25
[Figure 2] Fi gufe SPapie peirinst ands ke shpnti-ngk #epledefthe messf £40¥ati on of
a flowrate control iéstem by the use t he mass flow controller

according to tiPEERLOTT nEMt SUBPESGHr @ BIOWiTRHSe CBePge V¥ G onal bl ock

di agram of a sacrificing the speed of response to a change of the flow

rate setting value even if a pressure change occurs and can
10 be applied to a system that may generate a disturbance such
as a crosstalk. PFurthermore, even if the pressure change
occurs in the stable period in which a flow rate change due
to a pressure change particularly becomes a problem, the
actual flow rate can be further stabilized against the
15 pressure change, because the value control is performed
based on the opening control signal determined by the
calculation formula including at least the flow rate
measurement value and the flow rate setting value as well as
the pressure value obtained by the pressure sensor section.
20 BRIEF DESCRIPTION OF THE DRAWINGS
[0027]
[Figure 1] Figure 1 is a schematic diagram showing the whole
of a mass flow controller according to an embodiment of the
present invention.
25 [Figure 2] Figure 2 is a diagram showing an example of a
configuration of a flow rate control system by the use of
the mass flow controller according to the embodiment.

[Figure 3] Figure 3 is a functional block diagram of a



11/ 44 PCT/ JP2007/ 061183 control section according to the enbodi nent.
[Figure 4] Figure 4 is a control flow chart according to the enbodinent.
[Figure 5] Figure 5 is a functional block diagramof a 5 control section
according to a second enbodi nent of the lpféddent invention. [Figure 6]
Figure 6 is a schematic di agram shdWC'hg R Mb®1133 of an ef f ect checking
and testing systemfor a mass flow controller according to the enbodi nent.

10 [Figure 7]—ﬁ-gm?—7ﬂ—ra—grap#shomrﬁg—a—ﬁesw-%-ef—e%+eet—eheek1—ﬁg~and

testing (in the surenent val ue corrected based
on a pressure Valu et gecéjs%rbl acr?og(&%?gb egg)ogl’[“?f‘ Bure 8] Figure 8 is a

g7 aph Show 1 54l & Of, RLLLG 513 88&@%&%&@%&%{'Q&o@d&ngh@o ca5e

wherein a flowrate rreasu enent value correcte ased on a ssur e val ue

is used in aGhdagmagrperiod). [Figure 9] Figure 9 is a graph showi ng a
result of effect checking and testing according to a third enbodi nent of

the 20 presenriiguventi ofigddd guhne &Ofuﬂﬁt@ib’rﬁllﬁlbgkad;gjmﬂl showi ng a
result of effect checking and testing according to the third enbodi nent of
t he present | mearodnseBESH MOOESdORg EMBEDWeNGnIHEMbOOARMENTONF 2he[ 0028] I n
the follow ng, enbodinents of the present invention wll be described with
reference to tHesgrawiagenticm.rst enbodi ment >

[Figure 6] Figure 6 is a schematic diagram showing the whole
of an effect checking and testing system for a mass flow
controllier according to the embodiment.

10 [Figure 7] Figure 7 is a graph showing a result of effect
checking and testing {in the case wherein a flow rate
nmeasurement value corrected based on a pressure value is
used in a stable period).

[Figure 8] Figure 8 is a graph showing a result of effect

15 checking and testing (in the case wherein a flow rate
measurement value corrected based on a pressure value is
used in a changing period).

[Figure 9] Figure 9 is a graph showing a result of effect
checking and testing according to a third embodiment of the

20 present invention.

[Figure 10] Figure 10 is a graph showing a result of effect
checking and testing according to the third embodiment of
the present invention.

BEST MODES OF EMBODYING THE INVENTION

25 [0028]

In the following, embodiments of the present invention
will be described with reference to the drawings.

<First embodiment>



12/ 44 PCT/JP2007/ 061183 As shown in the schematic diagramof Figure 1, a
mass flow controller 100 according to an enbodi nent of the present

i nvention conprises an internal channel 1, a flow rate sensor section 2
that neasures the flow rate of a fluid 51¥/#owi ng through the internal
channel 1, a flowrate control valReTaIREHPG8eH &N, for exanple, a
downstream side of the flow rate sensor section 2, a pressure sensor
section 4 di ed—om—for—exanpte—an—ups at-st 6 he 5
sensor section 2 and, a control section 5. _The mass flow. 10 controller 100
o sed: Tor exanpl S iheRrRL S5 A s En IR RinpiPuS ohs 4 Bo5e
chanber in a ] r . N _Eh aur 1 Now, each
conmponent wil | qugggg%?ggﬁf:gﬁg%?ﬁ?§?ﬁ§$oﬂg§hhﬁgﬁgéﬁﬁig%é%pgﬁginIet port
PL on the upstgRamnsi d8vaRti G coRipiri 8bs P tirR2,0R 1! BRadQuNSt I gam gf,de. For
exanple, the inlet port P1 is connected to a fluid supply source B, such
as a cylinder  ratiea sansext esdlorpizpehadndedfig-cputthet £pektrdlz ofSacenaact ed
to a chanber (not shown in drawi ngs) for 20 manufacturing sem conductor via
an externab piHhdlowinghtsrowibddiengntersesl sthammeliln 1Fi gutw’ ragepi pe
connected to one fluid supply source B is branched, and each of the
branched pi p&Pnitsopr vaivRd wHisiPesre assEdn erampher ol | @awrkigeam side

Furthernore, a pressure regulator PR is provided only at the 25 outl|et of
the fluid supfly tB6uFte" Bl SEPECrheSHE It 17 p&i RECSFOrR RANSHLpEFSLIRM no

| at f th fl troll 100, i i ded f h
Dl po. A ref or nEaoPRRED ot or v eteNbles oh ot hrBssire Pl Flov® °

rate sensor section 2 and a control section 5. The mass flow

UVV

10 controller 100 is used, for example, in a gas supply system
that supplies gas to a chamber in a semiconductor process as
shown in Figure 2.

[0029]
Now, each component will be described. The internal

15 channel 1 has an inlet port Pl on the upstream side and an
outlet port P2 on the downstream side. For example, the
inlet port Pl is comnected to a fluid supply source B, such
as a cylinder, via an external pipe, and the outlet port P2
is connected to a chamber (not shown in drawings) for

20 manufacturing semiconductor via an external pipe. In this
embodiment, as shown in Figure 2, a pipe connected to one
fluid supply source B is branched, and each of the branched
pipes is provided with one mass flow controller 100.
Furthermore, a pressure regulator PR is provided only at the

25 outlet of the fluid supply source B (before the branch point
tec each pipe), and no pressure regulator for the mass flow
controller 100 is provided for each pipe. A reference

character FV denotes an air pressure valve.



13/ 44 PCT/JP2007/ 061183 [0030] Although details are not shown, the flow
rate sensor section 2 has a pair of heat-sensitive sensors (thernal
sensors) disposed in the internal channel 1, for exanple. 5 The thermal
sensors neasures the instantaneous flow tatd4of the fluid F as an electric
signal, perforns anplification or FO@/JRKHWH6ITHRS el ectric signal by an
internal electric circuit and outputs a flow rate measurenment signal

having a val ;
details are nol;(ﬁtbwn the flow rate control valve 3 can change the
openi ng by meansof, for exanple, an actuator constituted by a

prezoelectri c, el erent diodieaktkie Jhe kol e gantagl, valyedhdlrl ves

the actuator in 15 response to an openi ng control Si

electric signalciseRpbi ﬁgs%tﬁlﬁalolEYheaﬁds@r@ilbﬁ% Eeﬁsgpﬂﬂﬁsrmal
accordance wth the value of the opening control signal, thereby

control l'i ng t heeddoaw)r ai epeded her fthei GnFerjl032annd® Al tfﬁlu@kaﬁgl@l l's are
not shown, the pressure sensor section 4 is disposed on the upstream side
of the fl oW rdile tdemmol sartdronnRaandes stlponistitbntededys & Jpwe satie eof
transducer, for exanple. The pressure sensor section 4 sanples and
detects the pr@@slfrl@léff't@a% g1 GlE@CETAE Prenl.cDerfeans | ap2F icat ey 01

such as every 351 ml|]iseconds, and outputs the value of the detected
pressure, %ﬁ’r Kgr an gHie @leshTie) ghanal (Y @Re 1nbARR} &&StTdR 5. [0033]

circuit and outputs a flow rate measurement signal having a
value depending on the measured f£low rate.

10 [0031]

Although details are not shown, the flow rate control
valve 3 can change the opening by means of, for example, an
actuator constituted by a piezoelectric element oxr the like.
The flow rate control valve 3 drives the actuator in

15 regponse to an opening control signal, which is an electric
signal supplied externally, and adjusts the opening in
accordance with the value of the opening control signal,
thereby controlling the flow rate of the fluid F.

[0032]

20 Although details are not shown, the pressure sensor
section 4 is disposed on the upstream side of the flow rate
sensor section 2 and is constituted by a pressure transducer,
for example. The pressure sensor section 4 samples and
detects the pressure of the fluid ¥ at predetermined time

25 intervals, such as every several milliseconds, and outputs
the value of the detected pressure, as a pressure detection
signal, to the control section 5.

[0033]



14/ 44 PCT/ JP2007/ 061183 The control section 5 is conposed of a digital or
anal og electric circuit conprising a CPU, a nenory, an A/D converter, a
D) A converter and the |ike, not shown. The control section 5 may be a
dedi cated one or partially or 5 wholly céfipdded of a general - purpose
conputer, such as a personal corrp&f@’d“[JEPl@&%i%htﬁBe the CPU may be
omtted, and the functions of the remaining parts nay be inplemented only

by an analog

hysically integral nit osed ural ity of devices
!On%/er conngct ed gy Wi T 6% c&n EB%’[%%EJI [lﬁogﬁlf‘p%‘fﬂlé)ép?efiﬁ?h ffogramis
stored in the Iygmy a dv ereo re
operated in coopergzltl %ﬁgﬁ% E?lerg(':a#t Bﬁm?l}')ﬂd cor cg @m&ﬁ&héﬁp&{gr am 15

Thus, as showdidrigw, €a3p/4 %n%?’ﬁ:é?laﬁ@céﬂé)Q1§epeﬁ$9r§f§)wnat tgast the
funct| ons of a flowrate signal receiving section 5a, a pressure detection

signal receividguntseat kastbbn 5 amagabeukadé@i-HRe 08B &6, partieperi Bg contr ol
signal output section 5d and a flow rate output section 5e. 20 [0035] The
flow rate $§igndlolilgcebmpogedeant isogebarakbepinmeset bemphitew ratod asasur enent
signal sent fromthe flow rate sensor section 2, a flowrate setting
signal input fREGPCRASL fierpughpul erthmrmare .| itke, CBihdnast beeomibeed.alands of

the signals 25 in a predetermned region in the nenory, for exanple.
[0036] The prédd€ufangeiens iYn Wieghahateted BT SsBEYi bh B lameaipdednite

pressure dete%}lon Slgfog éf%gurgwngug¥%ermore the control section 5 may
not be a physically integral unit but may be composed of a
10 plurality of devices interconnected by wires or wirelessly.
[0034]

A predetermined program is stored in the memory, and
the CPU and a peripheral device thereof are operated in
cooperation with each other in accordance with the program.

15 Thus, as shown in Figure 3, the control section 5 performs
at least the functions of a flow rate signal receiving
section 5a, a pressure detection signal receiving section 5b,
a calculation section 5c, an opening control signal output
section 5d and a flow rate output section 5e.

20 [0035]

The flow rate signal receiving section 5a receives the
flow rate measurement signal sent from the flow rate sensor
section 2, a flow rate setting signal input from another
computer or the like, and stores the values of the signals

25 in a predetermined region in the memory, for example.
[0036]
The pressure detection signal receiving section 5b

receives the pressure detection signal sent from the



15/ 44 PCT/ JP2007/ 061183 pressure sensor section 4 and stores the val ue of
the signal in a predetermned region in the nenory, for exanple. [0037]
The cal cul ation section 5c has a deviation calculating 5 section 5cl that
obtains the flow rate neasurenent val ue lPddidcated by the flow rate
measur ement signal and cal cul ates RFOE/HROE/DON&F the flow rate
nmeasurenent value fromthe flowrate setting value indicated by the flow

rate setting i
cal cul ates a feed back control val ue ate‘confrol

k t t to the fl
val ue 3 by perforti g AL TRasteHY Poﬁo%" gﬁger%scgggquw%or?\%oﬁ hg+ona

deviation. [O ] l.cul.at i L0t | c t ction 5¢ 15
(or the contrgﬁgvaa@l%agg%%ﬁﬁrﬁgég’%t?lgnflgeci%%v?/i I %Jé{i é'exppzjf%r'led. Her e,
the feed back gwyzjol value V is calculated based on the follow ng formula
(). V=Pe +1?2sSt + DSe/St + YAp ... (1), 1In case, e = S - QUT 20 Were
s denotes the devi atTin candul aeidefRicAnes sehviad @leviBiidbn ddBida¥idgnote
factors for adjustnment (adjustnment factors) including O appropriately
determ ned3 r esgddionyeLy. thdterobtiagna ths ef low wiitehmeasurefearte vedue
characters D and Y mght not include 0. A reference 25 character S denotes
the flow rat e Jeticaggavhy e Fd@varatefmeanenenir stoezl @QUT descudatehe
flow rate neasurenent val ue respecti velg. A reference character AP denotes

a time differd PEVIOEIQR G WRefpPEsEate RpasHEepenb A ey THpm; khe

flow rate setting value indicated by the flow rate setting
signal and a control value calculating section 5c¢c2 that
10 calculates a feed back control value to be sent to the flow
rate control value 3 by performing at least a proportional
calculation on the deviation.
{0038]
A concrete calculation in the calculating section 5c¢
15 {or the control value calculating section 5¢2) will be
explained. Here, the feed back control value V is calculated
based on the following formula (1).
V = Prg + I?e*0t + D-8e/O6t + Y Ap .. (1),
‘In case, ¢ = S -~ OUT
20 Where ¢ denotes the deviaticon and the reference

characters P, I, D and Y denote factors for adjustment
(adjustment factors) including 0 appropriately determined
respectively. There is a case in which the reference
characters D and Y might not include 0. A reference

25 character S denotes the flow rate setting value, and a
reference character OUT denotes the flow rate measurement

value respectively. A reference character AP denotes a time

differential value of the pressure value p obtained by the



16/ 44 PCT/JP2007/ 061183 pressure sensor section 4. [0039] The opening
control signal output section 5d generates an opening control signal
havi ng a val ue corresponding to 5 the feed back control value and outputs
the opening control signal to the flow A&td4control valve 3. [0040] The
flow rate output section 5e cal cul afesd/AP20@MOGAIS i ndicative val ue by
performng a predeterm ned calculation 10 on the flom/rate neasurenent
val ue and out puts—=a fHowrateindir-cattve—st Ullal \allal 0g—Of ch g; tad )
representing tr%%ssd%@ rgte |nd|cat|ve value to a display screen or the
like for the %urpose SFHERT i Al [0041] 15 Meanwhil e, according to
this enbodlnent(xﬁ? control value calculating section 5c2 classifies a
changi ng perlo 8 or exanpl e, about several seconds, and nore concretely
about 0-10 seconds arub WesiRhebei@Rlly abadt Qut’»péc 32c00d8) 5a dmie%latbé a
certain period froma point in time whenthe flow 20 rate setting val ue
changes by a paredgietrinignedn aurolunRii gnbor haeXad R &alabovbrfedidr@ehgendage and
nore preferably 0.3-5 percentage with respect to a full scale) or nore in
a unit of 3ti nthearfeted btabl @rmpenlodaluhi @ind isrtputemahai syprper edntrand

cal cul ates the feed back control value fromthe 25 deviation by the use of
t he above- desciidéd fter e afYon Hake apntkel helagj Gst nent factors are vari ed
for the chang|{g£40%er|od and the stable period. [0042]

The flow rate output section 5e calculates a flow rate
indicative value by performing a predetermined calculation

10 on the flow rate measurement value and outputs a flow rate
indicative signal (analog or digital) representing the flow
rate indicative value to a display screen or the like for
the purpcse of external use.

[0041]

15 Meanwhile, according to this embodiment, the control
value calculating section 5¢2 classifies a changing period
(for example, about several seconds, and more concretely
about 0~10 seconds and more preferably about 0.3~5 seconds),
which is a certain period from a point in time when the flow

20 rate setting value changes by a predetermined amount (for
example, about 0~10 percentage and more preferably 0.3~5
percentage with respect to a full scale) or more in a unit
of time and a stable period, which is a remaining period,
and calculates the feed back control value from the

25 deviation by the use of the above-described formula (1) in
which the adjustment factors are varied for the changing
period and the stable period.

[0042]



17/ 44 PCT/JP2007/061183 First, the calculation fornula in the changing
period wll be explained. In the changing period, the control value

cal cul ating section 5c2 expresses the gain (the factor) Pto be nmultiplied
by the deviation e in the proportional 51¢4Kdul ation termof the fornula
(1) by a function having the flowFPaleJB2007/6g1183 ue as the paraneter so
that the function is different between the changing period and the stable

peri od. [0043t—10 A function{ft—usedfor—the-changtng—per+od—<referred— to
also as a first functi in. the follaqw ng_for the puyrpos of .
differentiation) i scél%r}ncfcpgnc?%%lfla&éoﬁlr ﬁgr%}u%? eJar{)gtlh% \9§?lﬁ%l%% REFEOF ow
rate setting vale .0 ﬁp&?it (oT:Tels S hi,s e j he
function is ex%&lgsggdeggl%S t he ?%?ﬁl)%vi ng n?%?ﬁu???% 1;tiﬁgr ggggfnﬁgalu%l (S
= (100 + K1)/ (ddictigribhgPlection k2l BxphéSsdHORY dain [EiLTRRESFhAIASEr S
denotes the flowrate setting value (in percentage with respect to a full

scale), and a yeehRenpe: ARG dk¥idenet as iantRO geigbtcasALafactor.
[ 0044] Furthernore, Y=0 and an influence fromthe pressure is disregarded

i n the chahgi mplgediaddenhbeseverf, the Fafhubencd) byom fhecipres bavéngayhde
consi dered by giving a value other 25 than zero to the reference character
Y. [0045] On Eoier apyting vadeei of ¥ize inpuanetseraptd ethpdr itbe (referred

to al so asasecondfunctépninthefollovvingfor ) )
function is different between the changing period and the

stable period.
[0043]

10 A function fl used for the changing period (referred
to also as a first function in the following for the purpose
of differentiation) is a function that returns a greater
value as the flow rate setting value to be substituted
decreases. In this embodiment, the function is expressed by

15 the following formula (2}, for example.

£f1(S) = (100 + K1)}/(K1l + S) (=P) .. (2)

In this formula, a reference character S denotes the
flow rate setting value (in percentage with respect to a
full scale), and a reference character K1 denotes an

20 adjustment factor.

[0044]

Furthermore, Y=0 and an influence from the pressure is
disregarded in the changing period, however, an influence
from the pressure may be considered by giving a value other

25 than zero to the reference character Y.
f0045]

On the contrary, a function £2 in the stable period

(referred to also as a second function in the following for



18/ 44 PCT/JP2007/ 061183 the purpose of differentiation) is a function that
returns a snaller value as the flowrate setting value to be substituted
decreases. In this enbodinent, the function is expressed by the follow ng
formula (3), for exanple. 5 f2(S) = Sk2 ¥d4¢=pP) ... (3) In this formula, a
reference character S denotes the FCOWHR2E/68118Hhg val ue (i n percentage
Wth respect to a fuII scal e) a reference character K2 denot es an

adj ust nment f 5

t t. 6 dd 1 |
Cndtcated by tdhelﬁ)r r@eﬁre %eﬁ% o ﬁ%?@i%r? R tf’rr tb?%sfér??c %iﬁ%ﬁ% G Ve ue
section 4 changes jhy. @aﬁﬁsda@ erg red afgye@t eé{m(gl@ar gomebgéthhfor

exanple) or nore in a unit time, Fhe”eon per further

consi dering t huHyta%sHER aé@éeee(e,rmrﬁ GRG ehsbamérb@ tﬂh%efﬁhé{fér?&td al
val ue of the pressure value) by giving a value other than zero to the

reference charaghefss¥di bythiee ffoimslang lfordOd Q@47] £buréheqrere, in this
enbodi ment, the flow rate output section 5e determnes the flow rate

i ndi cativeSval ues fdr2()he shiahgi+ngd perH)od. 430 t he stabl e period by
performng different calculations on the flow rate neasurenent val ue 25
and out puts the flowd dhdsi fdinutd ve refgeenes chargdtew Badenotiasditbeati ve
signals to the outside. Specifically, in the stable period, the flowrate

out put secti orf ¥ SBEHUFSTIMY VELEG LR PETRATCAGRYE1tA TRSREREt tPsa

det er m ned byiﬁﬂHP%@%T@), a reference character K2 denotes an adjustment

factor, and a reference character d denotes an offset
10 constant.
[0046]

In addition, in the stable period, if the pressure
value indicated by the pressure detection signal from the
pressure sensor section 4 changes by a predetermined amount

15 (10 kPa or more, for example) or more in a unit of time, the
control is performed with further considering the pressure
value (more concretely, the time differential value of the
pressure value) by giving a value other than zero to the
reference character ¥ in the formula (1).

20 [0047]

Furthermore, in this embodiment, the flow rate output
section 5e determines the flow rate indicative values for
the changing period and the stable period by performing
different calculations on the flow rate measurement value

25 and outputs the flow rate indicative values as the flow rate
indicative signals to the outside., Specifically, in the
stable period, the flow rate output section 5e outputs the

flow rate indicative value that is determined by smoothing



19/ 44 PCT/JP2007/ 061183 the flow rate nmeasurenent value with respect to
time. In the changing period, the flow rate output section 5e outputs the
flow rate neasurenent value as the flowrate indicative value wthout
processing. 5 [0048] Furthermore, in thi$9édfodi ment, if the pressure val ue
i ndi cated by the pressure detectiorPSTGRAOFHOBI1q8% pressure sensor
section 4 changes by a predeterm ned anount (10 kPa or nore, for exanple)

or nore in avnrt*oﬁ-ne—at—keastﬁ—n—ﬁe—ﬁ?eﬁsfabke*peﬁ—od—rhe%—omwte
measur enent val.ue cor ected w ressyre _val ue re spe aIIy
the time di f?ter erﬁjiogl meaosfumﬁ‘sn%r‘égglﬁ? & FE5PECho g#’éd%’ t hat
is specific t a ri t cative
val ue snoot he%%méﬁ%ﬁﬁpeggg%ﬁ&t ot?% '%O&a% élrt mgﬁggi ttﬁgﬁbgg% pﬁﬂtié

[0049] An act uglow Ir@\ﬁ/erlaé@smfaﬂde@@t 'v&@ué{aééletﬂes faalCubad eﬂlcﬁ)éatﬁbé use of
the followng fornula (4). (QUT "ew - MFCQUT_QOLD) zZz + MFCOUT_OLD

(4) 20 VWhetleeOJithdet prdad‘s'stng’LAp [0050] In this formula, a reference
character MFCOUT denotes the latest flow rate indicative value cal cul ated
vvith a cubrent00&@itrol cycle, a reference character MFCOUT_OLD 25 denotes

a previous flow rate indicative value calculated in the previous control
cycle, and a ref er eddEteRaNate erity thdenembsdirerdy) ddt fbat prergwie vRaue

addi ti on, OUTew denotes the flow rate neasurenent value after corrected
based on the indicated by the pressure detection signal from the pressure

sensor section 4 changes by a predetermined amount (10 kPa
or more, for example) or more in a unit of time at least in
10 the stable period, the flow rate measurement value is
corrected with the pressure value, more specifically the
time differential value of the pressure value, a moving
average that is specific to the stable period is taken, and
the flow rate indicative value smoothed with respect to time
15 is determined and then output.
[0049]
An actual flow rate indicative value is calculated by
the use of the following formula {4).
MFCOUT = (OUT ., - MFCOUT OLD)‘Z + MFCOUT OLD .. (4)
20 Where OUT_,., = OUT + Y1'Ap
[0050]
In this formula, a reference character MFCOUT denotes
the latest flow rate indicative value calculated with a
current control cycle, a reference character MFCOUT _OLD
25 denotes a previous flow rate indicative value calculated in
the previocus control cycle, and a reference character 7
denotes an adjustment factor. In addition, OUT___ denotes

the flow rate measurement value after corrected based on the



20/ 44 PCT/ JP2007/ 061183 pressure (hereinafter called also as the corrected
flowrate neasurenent value), a reference character OUT denotes the

| at est flow rate nmeasurenent val ue actually sanpl ed, a reference character
4p denotes the tine differential value 528f 4he pressure val ue detected by
the pressure sensor section, and teTrEF20EHGe1Hthr acter Y1 denotes the
adj ustnent factor. Yl nmay be the sane value as that of the reference

character Y 0r“nay—be—drfferenr“froﬁrfhe—va+ue—ﬁ+——¥L—&e—f665&f—+ﬁ—ﬁfde%*to
th the fl t t '

order not o SEBTNTERCFToR A e a Pt t o Fas RPETET et 5t e,

2=1. 10 addi HflheurdiefigSfafile CORSLABLEDGL N gray Gor Sfftids ehger than

0 is 15 substltute to Y1 case not to consi

substi tut ed t(&éﬂest[Q@@@]rﬁ%ﬁ“med%ﬂr@ﬂ@ﬁ@tﬁéﬁhéﬂhdkﬂﬁlﬂﬁséhﬁﬂﬂéﬁ antroller
100 configured as described above will be explained wWith 20 reference to

the flowchart QffdricadtechardAeisag aéhaﬁéélmlé)&mtehalﬁp@f&iﬂlm Qhibee
control section 5. [0053] The flow rate signal receiving section ba

recei ves the dff dver pressmas wadmentieseghad Imordieapreysus pensbrom t he 1 ow

25 rate sensor section 2 and the flow rate setting signal output from

dedi cat ed i nplteGtEans 8nd ai e erenpat eharactegoidt demotrmpiieng i nterval s

(step Si). [005Jhstment factor. Y1 may be the same value as that of the
reference character Y or may be different from the value of
Y,

10 [0051]

In order to smooth the flow rate indicative value
with respect to time, 0<Z<]l. In order not to smooth the flow
rate indicative wvalue with respect to time, %=1. In addition,
in case of considering the pressure, a value other than 0 is

15 substituted to Y1. In case not to consider the pressure, 0
is substituted to YL.
[0052]
Next, an operation of the mass flow controllexr 100
configured as described above will be explained with
20 reference to the flowchart of Figure 4, focused primarily on
the operation of the control section 5.
[0053]
The flow rate signal receiving section 5a receives the
flow rate measurement signal constantly output from the flow
25 rate sensor section 2 and the flow rate setting signal
output from dedicated input means or another computer at

constant sampling intervals (step S1).

[0054]



21/ 44 PCT/ JP2007/061.1.83 If the flow rate setting val ue changes by a
predeterm ned anount or nore conpared with the flowrate setting value at
a previous sanpling tinme (step Si'). a certain period (about several
seconds) fromthe point in 5 tine of the2¢Hddge is determned as a changing
period, and the process proceeds tBCA/ERAPBA61TFE remai ning period is
determ ned as the stable period, and the process proceeds to a step S6.

[ 0055] 10 | mthe step~S2;,—the deviation —catcut-at+ng—section—5ct

cal cul ates the di ffefgnc%ee I%?Ltc)wegnté heetvalnue of the flow rate neasurenent
signal (the flow rate neasurahent val ue) o &Cel'VedBYPFThe?t Fow rate signal
recei ving sectiomAariifioal BiddioWsr Abee SEUhIALA FitE: DI AN Sathe value
of the flow 15 rate setting signal, or In other words, the deviation c.
[0056] Next, tdertcowt kaluyadties gﬁlewbaglél&n$ﬁﬁig Amacst&glgulyat gs the feed
back control value to be supplied to the flowTrate control valve 3 by
perform ng theddtaicabeniad i @bt esvehel demiaidson chagetho®mpdihe fiar mul a
(1). Inthis step, a value obtained by substituting the flowrate setting
val ue inté tHhelnfe ot thenchdrge (isodeiibam{29d dss ausbdngdng hergjaidn and
(adjustnent factor) to be multiplied by the deviation e in the
proportional cdlecHrecEes RFRFaats &al eubter ot i sThe purtisdnedpeyiod is
substituting z&ro into_the reference character _ Y in the fornula gl) (step

S3). In other mipgd af dhq Sdabile ReTiednsietBe PRO¢HIS PECEFSCF 085 7]
a step S6.
[0055]
10 In the step 52, the deviation calculating section 5c¢l

cailculates the difference between the value of the flow rate
measurement signal (the flow rate measurement value)
recelved by the flow rate signal receiving section 5a and
the flow rate setting value, which is the value of the f£low

15 rate setting signal, or in other words, the deviation .
[0056]

Next, the control value calculating section 5c2
calculates the feed back control value to be supplied to the
flow rate control valve 3 by performing the PID calculation

20  on the deviation based on the formula (1). In this step, a
value obtained by substituting the flow rate setting value
into the first function (formula (2)) is used as the gain
(adjustment factor) to be multiplied by the deviation ¢ in
the proportional calculation and the calculation is

25 performed by substituting zero into the reference character
Y in the formula (1) (step S3). In other word, the pressure
is not considered in this step.

[0057]



22/ 4.4 PCT/JP2007/ 061183 On the other hand, if judged as the stable period
(step Si'), as in the step S2, the deviation calculating section 5cl

calcul ates the difference between the flow rate neasurenent val ue and the
flowrate setting value, or in 5 other we#d€4 the deviation a (step S6).
[0058] Then, if the pressure val ue PQd 022y /By118% pressure detection
signal fromthe pressure sensor section 4 changes by a predeterm ned
anount or noreTmthe—stabtepertod—<(step—16—-SAH—the—controt—vatue

cal cul ating section bc2,cal cul ates _the f.eed back .control.val ue based on
the cal cul ation foré%i%he(f§H%%§gFFhed%éBB§ e%§?%68§8fFaLﬁetQﬁE§° ep, a

val ue obtai ne bstituti h oM, I : i t he
second functi&%n%%b?gu?é %%f?pggkhgg%baéétﬂ%ﬁﬁzgﬁa%gg?%g%%g?ﬁéﬁgn?actor) to
be multiplied duediba 68Yi @il a2eksn thl @i PFORAILT 8RRkl 2ubanrand the
calculation is performed by substituting a predeterm ned val ue other than
zero into the nmeefserenset Chalacia@l Yhel P16 hertevgedtihfieralfesSour €ni S
considered in this step. 20 [0059] On the other hand, if it is not the case
(step S7),5 theheantoods yathe deatiatliahi ng ssept 56N, 5¢2 cal cul ates the feed
back control val ue also based on the fornula (1) (step S10). In this step,
a val ue obtai lé¥58yY} substituting the 25 flow rate setting value into the

second function (forpmula (3 is used as the gain (adjustnent factor) to
be nultiplied by tﬁé‘e(‘}ev?‘gt%%% Pﬁ%ﬂt’ﬁﬁe"ﬁ%ﬁ&fﬂl&%ﬁd BYI B RESFTUEA t he

cal cul ation ':%eg%gggégfékéﬁﬁfs%gﬁ%l%Hé|£¥kssure sensor section 4 changes

by a predetermined amount or more in the stable period (step

10 S7), the control value calculating section 5c2 calculates
the feed back control value based on the calculation formula
(1) described above (step S8). In this step, a value
obtained by substituting the flow rate setting value into
the second function (formula (3)) is used as the gain

15 (adjustment factor) to be multiplied by the deviation ¢ in
the proportional calculation and the calculation is
performed by substituting a predetermined value other than
zero into the reference character Y. In other word, the
presgure is considered in this step.

20 [0059]

On the other hand, if it is not the case (step S7),
the control value calculating section 5¢2 calculates the
feed back control value also based on the formula (1} (step
S10). In this step, a value obtained by substituting the

25 flow rate setting value into the second function (formula
(3)) is used as the gain {adjustment factor) to be

multiplied by the deviation ¢ in the proportional

calculation and the calculation is performed by substituting
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the pressure change. [0060] Once the feed back control value is thus
calcul ated, 5 the opening control signal output section 5d generates the
openi ng control signal based on the feed?Bdd¥ control value, outputs the
opening control signal to the flowkaf&Rynt#o61184I ve 3, and adjusts the
flowrate by changing the opening of the flowrate control valve 3 (step
812). 10 [0061] On-ttheother ilollld, f—we—foctus—attentton—on—an Optt at+on
of the flowr out put . section 5e, in the changing. peri.od he flow rate
i ndi cative va%egml sln%Bt gﬁ%er foaorfnﬁgr Fg?ﬁ?(ﬁﬁeﬁ nggﬁgcﬁgﬁ?liﬂw &Br essed by
the formula ( ow rate neasurenent value, or in other word,
Z=1, Y1=0 soﬁ%ﬁﬁgu?%eEgﬁ%éé}ate measur enent value directly indicates the
flow rate indigaldome val ue (step S4). [0062] In addition, in the stable
period, essentially the 20 flowrate indicative value is determ ned by
snmoot hi ng the fl owOnadee theasedd Mtk \wahntieoWM YAl ue SRe¢hut OcdldEB.ated,i n

ot her word, by perform ng the cal cul ati on expressed by the fornula (4) on
the flow rate tieacpesieatcodingg shgoahdotimrt sehdatiof<ZX-deneYdtBsahde t hen
the flow rate indicative signal 25 having the flow rate indicative value is
out put to the ORsEERdEOR TR sSpnpl Pased]on ithehéestabiek montagl valease

that the pressure val ue . ,
outputs the opening control signal to the flow rate control

valve 3, and adjusts the flow rate by changing the opening
of the flow rate control valve 3 (step S12).
10 [0061]

On the other hand, if we focus attention on an
operation of the flow rate output section 5e, in the
changing period, the flow rate indicative value is obtained
by performing the calculation expressed by the formula (4)

15 on the flow rate measurement value, or in other word, Z=1,
¥1=0 so that the flow rate measurement value directly
indicates the flow rate indicative value (step S54).

{00621

In addition, in the stable period, essentially the

20 flow rate indicative value is determined by smoothing the
flow rate measurement value with respect to time, or in
other word, by performing the calculation expressed by the
formula (4} on the flow rate measurement value on condition
that 0<Z=1, Y1=0 and then the flow rate indicative signal

25 having the flow rate indicative value is output to the
outside (step S11).

[0063]

In the stable period, in case that the pressure value



24 | 44 PCT/ JP2007/ 061183 indicated by the pressure detection signal from
the pressure sensor section 4 changes by a predeterm ned anount (10 kPa
or nore, for exanple) or nore, the flowrate indicative value is
determined by correcting the flow rate nédddrlerent 5 value with the
pressure time differential value andCHGF¥He7/06h1ER hi ng the corrected flow
rate measurenent value with respect to time, or in other vvord, t he

cal cul ation expr essed 'Uy the~formut= (l—r) i S pcl | or-med UII the—-f+ow-rate
measur enent e |on that O S9) 0064
Thone the 11 vt ieaBlabs Feiiine Aluedyiahe 1ohdl rat e bR Tt

val ue thus det@ér@dle@eb%l&?ti“gharn%eghﬁyl Bl %& eeitli §8a Srunt Q485kpa 15 o

consequence, since the nass flow contro SW tches control bétwee
the stable peré®doad Ebe @;tertg_e')gorp%f@d tHd1& 1361 vate f1 W AL GeCaNn
extrenely quickly follow the changed flow rate setting value in the
changi ng peri othlien ishidehetihindd ow cateeseind ntheva@lve cihengessuabtlesyen if
a 20 pressure change occurs on the prinmary side or the like (a pressure
change occérs whueh#ighsthe presisteeot inhed s ehnitdnl cahie gindefutdfer an
excessi ve response thereto can be pressed so that the actual flow rate
can be stabil .m%ngtﬁeeﬁ%me@tgér ifg@lwilfﬁ%iﬂtﬂﬁstlﬁemwbvvﬁlﬂaleewéebti ng

val ue does 25 not chan n| ficantl In addition,_since at |least with

regard to the StSR5CE * tHe lBaPEﬁ?’ét‘i’%‘ﬁiff SPRUFALFHIATHOD SFREESERE t he

val ue of the r ‘ﬂ] t he res ure,.sensor section 4 as
par anet er HJ %ﬁbe%ggﬁéf @ E% perf on the @fow ré%e measuremen

value on condition that 0<Z=1, Y170 (step S9).

10 [0064]

Then, the flow rate indicative signal having the flow
rate indicative value thus determined is output to the
outside (step S13).

[0065]

15 In consequence, since the mass flow controller 100
switches control between the stable period and the changing
period, the actual flow rate can extremely guickly follow
the changed flow rate setting value in the changing period
in which the flow rate setting value changes, and even if a

20 pressure change occurs on the primary side or the like (a
pressure change occurs on the upstream side of the mass flow
controller 100), an excessive response thereto can be
suppressed so that the actual flow rate can be stabilized in
the stable period in which the flow rate setting value does

25 not change significantly. In addition, since at least with
regard to the stable period, the calculation formula further
includes the value of the pressure detected by the pressure

sensor section 4 as a parameter, as can be seen from the
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be stabilized by followi ng such a pressure change. [0066] Furthernore,
since the flow rate nmeasurenent value 5 snoothed with respect to tine is
used as the value (the flow rate indicafPvédval ue) of the flow rate
indicative signal to be output to RGE/RAKIWEDISI he flow rate indicative
value 1is corrected by the use of the pressure value in the stable period,

t he fl ow rat e~indicative vatue tanbestabitized—and—16—brought—ctose-to
the actual flowat | u i t-ho excessively responding to.the pressure
change on the ()fl)&rjicﬁr%(rz;gggi d%%‘{lﬁbg;])’ &c%%?%nggagnﬁﬁjf%% PR the

above- rent | onegt ;i@ MBOU Iy b EugeVd 3hl AhurGabhihal i ng section Sl
cal cul ates the deviation of the flow rate neasurenent value fromthe flow
rate setting valoss] however, it is not limted to this, and the deviation
between the flow rate nmeasurenent value or the corrected 20 flow rate
nmeasur enent val ue armhirttherfbowy, raitreesehki Agowatate: neastibeneor regiued fl ow
rate setting value may be cal cul ated. Now, the second enbodi nent, wherein
t he devi at Pon swlodhkedt Whith sestpieott 54 ctinal ioulusteds as hehelexdlatei ¢hhef £idve

val ue obtained by correcting the flow rate nmeasurenent value 25 by the use
of the pressur@tPafieieabiie A@lledwot atke sthaw Fgtevanrdicatiiviel shenaksea i bed
with reference to Figgre 5. In Fi gﬁre 5, the sanme parts_as those in the

first enbodi MEhPULPBE dENOtHEY WY StHe Lane' s dierenee nipdicatd vgsvalue

is corrected by the use of the pressure value in the stable
period, the flow rate indicative value can be stabilized and

10  brought close to the actual flow rate value without
excessively responding to the pressure change on the primary
side.

[0067]
{Second embodiment)

15 In the above-mentioned first embodiment, the deviation
calculating section 5c¢l calculates the deviation of the flow
rate measurement value from the flow rate setting value,
however, it is not limited to this, and the deviation
between the flow rate measurement value or the corrected

20 flow rate measurement value and the flow rate setting value
or the corrected flow rate setting value may be calculated.

Now, the second embodiment, wherein the deviation
calculating section 51cl calculates the deviation of the
value obtained by correcting the flow rate measurement value

25 by the use of the pressure value from the flow rate setting
value, will be described with reference to Figure 5.

In Figure 5, the same parts as those in the first

embodiment are denoted by the same reference numerals as



26 / 44 PCT/JP2007/ 061183 those in the enbodi ment, and descri ptions
thereof will be omtted. In the following, only differences fromthe first
enbodi ment will be described. [0068] 5 The deviation cal culating section
51cl first corrects the flow rate neasuf€rmddt val ue based on the pressure
value (time differential value) mPCTAR2DBY6HI&RI n. Specifically, as
shown by the following fornula (5), a value XAp is added to or subtracted
fromthe flo

(5) Inthis f | a,._a feren .8 charac e de ote the f OM/réié
measur enent vgﬁﬁ%%%éprgé ASeg an ?ﬂé é?ﬁ%ﬁiﬁﬁ%gn e?ﬁ%@ 8§‘ Flowrate

measur ement Vahiifead rt%f CCEBRE SR Qéipfi%wse%rbﬁetﬁé flow
rate nmeasurenment value, a reference char ter enot es 't he erenti al
of the val ue addmddmnmphesSSulE vielrehednby . the pressure sensor section, and
a reference character X denotes the gain adjusting factor and is a

const ant val uefgdasstthis 20 fornula. [0070] This correction may be perforned
regardl ess of whether in the stable period or in the changing period or
whet her or 3 not the Theedsuietien ulchdagésgbyeat jmredater fiined amentsor 25
nore. As a result, regardless of whether in the stable period or in the
changi ng peri ode @HQW F%te(ﬂﬂﬁsuFﬁ@eéﬁtVﬁ%ﬁe[hﬁﬁaddonev%ﬁlDﬁe%§uyﬁe§@hw%

change occurs gnd t Iom/rate sensor section 2 outputs a flow rate
measur ement val erentlal value) multiplied by a gain. Specifically,

as shown by the following formula (5), a value X*Ap is added
to or subtracted from the flow rate measurement value.
10 [0069]

OUT_new = OUT + X*Ap .. {5)

In this formula, a reference character OUT new denotes
the flow rate measurement value corrected based on the
pressure (the corrected flow rate measurement value), a

15 reference character OUT denotes the sampled flow rate
measurement value, a reference character Ap denotes the
differential of the value of the pressure detected by the
pressure sensor section, and a reference character X denotes
the gain adjusting factor and is a constant value in this

20 formula.

[0070]

This correction may be performed regardless ofrwhether
in the stable period or in the changing period or whether or
not the pressure value changes by a predetermined amount or

25 more. As a result, regardless of whether in the stable
period or in the changing period, that is, over the entire
period, even if a pressure change occurs and the flow rate

sensor section 2 outputs a flow rate measurement value



27/ 44 PCT/ JP2007/ 061183 affected by the pressure change, the flow rate
measurenent val ue can be corrected, and the nmass flow controller can
performthe val ve control appropriate to the actual flow rate of the fluid
flowi ng between the flow rate sensor 5 sééfi#dn 2 and the flow rate control
valve 3. This correction may be pef€drhEDGHOFIIGE t he st abl e period or
only when the pressure value changes by a predeterm ned anmount or nore in

the stable p

deviation ol clAaq sEhoT, G oL AL g1 S e At S ppeen Lhe

corrected flow rate neasurenen

devi ation s' XL € th o] - new 15
=S - (AUT + XAC‘@p)ue.b%?ﬁ(% | 007 éﬁ%dNe%l& gﬂl%\gﬁndtg%o%gégrégn%a l}&?at ?I%J—rsectl on

51c2 cal cul atgs-sidien trEUvAREK LoREBY! ayﬁq}ékﬁsl\ét@tbetﬁél%&ﬁnﬁd EQowt he flow
rate control valve 3 based on the following formula 20 (7) and transmts
the feed back monrt dl thal fBiid fllbeingepe tigeerC anier Glo®i giwd semsput section.
V=Ps +17a - 8 +D&/bt ... (7) The forrmula (7) corresponds to the
formula (19, aaftionniZ|andtihe HéoWwi rate erdrudicientlva 3 acbisPeorrddicoRs
proportional calculation is calculated based on the formula (2) in the
changi ng peri &Y Qﬁdp?iﬁ%mff%ﬁﬁ onlp iy Ebe ceifaitled rebagd e rniye wheRntita (3)

in the stablepperlod \[7
essure alue changes by a predetermined amount or more in

the stable period and/or in the changing period.
[0071]

10 Then the deviation calculating section 5lcl calculates
the deviation &' between the corrected flow rate measurement
value and the flow rate setting value. The deviation £’ can
be expressed by the following formula.

¢’ = 8 - OUT _new

15 = 8§ - (OUT + X*Ap) .. (6)
[0072]

Next, a control value calculating section 51lc2
calculates the feed back control value V to be supplied to
the flow rate control valve 3 based on the following formula

20 (7) and transmits the feed back control value to the opening
control signal output section.

V = Peg' + I?e' 8t + D&’ /0t .. (7)

The formula (7) corresponds to the formula (1), and
similar to the first embodiment, a factor P in the

25 proportional calculation is calculated based on the formula
(2) in the changing period, and the factor P is calculated
based on the formula (3) in the stable period.

[0073]



28 /| 44 PCT/ JP2007/ 061183 As descri bed above, according to this

enbodi nent, calculation fornulas are set for the stable period and the
changi ng period, wherein the calculation formula includes at |east the
flow rate neasurenent value and the fl ow3até 5 setting val ue as paraneters
and further includes the pressure RATUEZAAIMBOLIFS erential value) as a
paraneter whether or not the pressure value changes by a predeterm ned

val ue or nor ey not—onty i thestabtepertod—but—atso—over—the—enti+re
period, and the openjng control value is 10.cal cul ated by the use of the

di fferent cal cul ati oarS C?I’S%F'é% VS hECSPRBH piiaor?Jc &Saﬁ%b? " CHangi ng

period. [0074].A3. 4836k PEGmSIACEED egc%gf(yhesgggﬁgé' e { lLgyr ed. that
conpares the f(f ow rate neasurenent value correcte ased on theé pressure
value (in partdiaiahg b8Lidd MyneshefihetgdtdlcMaltyent PRl iWehabbesd | ow
rate setting value to determne the deviation c' therebetween and perforns
a PID cal cul atdazt @het hbowlerstat meAsareméndt v 1pesahdl end ELow eueat
occurrence of an unstable valve operation to a 20 maxi num conpared to the
enbodi nent Sdeswatitied vatlé exs iparambitehs aarffdachothel pnebsigse thkange i s
directly reflected in the valve operation by including the factor of
pressure chaRjEssireneap ([ddreulafferentigd7splugl as a pargsetew ng, a
specific effect according to this second enbodinent will be described with
regard to a cAYELHER) OLnRte TRe PRESSUFR IENUSy SRERIBD PG AFHESBHM LS he

pressure val “Qra'l%eu%gdm&_ne 't Ql%tstogglyeige{ﬁeoqst%%geapcase

erlod(gdg also over
the entire period, and the opening control value is

10 calculated by the use of the different calculation formulas
for the stable period and the changing period.
[0074]

As described, since the control system is configured

that compares the flow rate measurement value corrected

15 based on the pressure value (in particular, the time
differential value thereof) with the flow rate setting value
to determine the deviation &’ therebetween and performs a

PID calculation on the deviation ¢', it is possible to

prevent occurrence of an unstable valve operation to a

20 maximum, compared to the embodiment described earlier in
which a factor of pressure change is directly reflected in
the valve operation by including the factor of pressure
change in the PID calculation.
F0075]

25 In the following, a specific effect according to this
second embodiment will be described with regard to a case
(i) where the measurement value corrected based on the

pressure value is used in the stable period and a case (ii)
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pressure value is used in the changing period. [0076] (i) The case where

t he neasurenent value corrected 5 based on the pressure value is used in
the stable period Figure 7 shows a specifiddeffect, and Figure 6
schematically shows an effect checkPad/HitDAE861Hp system In Figure 6, a
reference character PC denotes pressure changing neans that changes the

pressure (primary pressure)t6—apptied—tothe-mass—ft+ow-controtter—166;—and
a reference racter R denotes . a flow neter .t is.di spgsed _on the
domnstrean1ofg?%§%h%§§ ?%%F%%ﬁ?ngFgFe16%F3%Hx%€%?ﬁ?gso?H%m*é%Fﬁﬁ?r?low
rate. [0077] o JoO% st NEeRWPASE %Baﬁgﬂpéf S0n,q Figure 7(a) shows an
exenplary result of flowrate control "in"the stable period by a

conventional negs7efjl ow controller that controls the flowrate using only
the first function and using the flow rate neasurenent value for the feed
back control without(i)2@hpr oaessiigre [tHR7RbadEcalicthgal Qet Bertaveant i onal
mass flow controller, if the pressure on the primary side changes
(decreasesp, thmsed bowthatpramsiger vakne alusedchangks, statii< pervatiue of the
25 actual flow rate measured with another flow neter R greatly fluctuates.
To the contrary, in Hlig¥readeskpws e spesdfitovffednt @sldl ELg90® Gccording to

this enbodi ment that uses different calculation fornulas for the changing
peri od and schematically shows an effect checking and testing system.

In Figure 6, a reference character PC denotes pressure
changing means that changes the pressure (primary pressure)

10 applied to the mass flow controller 100, and a reference
character R denotes a flow meter that is disposed on the
downstream of the mass flow controller 100 and measures the
actual flow rate.

[0077]

15 For the purpose of comparison, Figure 7(a) shows an
exemplary result of flow rate control in the stable period
by a conventional mass flow controller that controls the
flow rate using only the first function and using the flow
rate measurement value for the feed back contrel without

20 processing.

[0078]

According to the conventional mass flow controller, if
the pressure on the primary side changes (decreases), the
flow rate measurement value changes, and the value of the

25 actual flow rate measured with another flow meter R greatly
fluctuates. To the contrary, in the case of the mass flow
controller 100 according to this embodiment that uses

different calculation formulas for the changing period and
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addition to the first function) and corrects the flow rate neasurenent

val ue based on the pressure value, the actual flowrate is kept

substantially constant (see Figure 7 308 440079] (ii) The case where the
fl ow rate neasurenent val ue corred?éa{ﬁﬁgﬁﬂﬂﬁﬁlﬂﬁb pressure value is used

in the changing period A speC|f|c effect is shown in Figure 8. 10 Figure

8(b) shows anexenptary resutt ftow Tate—controf the—mass—ftow
controller 10 0 9 nb dlnent t he, case
where the preggﬁf%ﬁ%%% %gu%gqfﬁ%gcégﬁgl 62??5 gure(ﬁ%ﬂf'shgms an

exenpl ary resuie (Iflrfslto%ﬁé%fon)l%nﬁoegﬂ?écpg Eﬁée fﬁ%&vfg'{é QA RR&nt | ow

controller described above for the purpose of conparison. In Figure 8, as

in Figure 7, thalwbpessdaoaxife prddsGategaliie, WHeacensh thigwordicraie axis
indicates the flow rate value. 20 [0080) In the case of the conventional

mass fl ow contkeptl eupstanthaiige cohsthet vedewe Kifgutree7ppepsur e det ect ed by
the pressure sensor section 4 significantly affects the actual flow rate,
and the acBual [§078W rate overshoots (see Figure 25 8(a)). [00811 To the

contrary, in the case of the mass flow controller 100 according to this
{ife The case where the flow rate measurement value

enbodi nent, even if %
corrected based on the pressure value is used in the
changing period

A specific effect is shown in Figure 8.

10 ¥Figure 8(b) shows an exemplary result of flow rate
control by the mass flow controller 100 according to the
above-mentioned embodiment in the case where the pressure
changes in the changing period.

Figure 8(a) shows an exemplary result of flow rate

i5 control by the conventional mass flow controller described
above for the purpose of comparison.

In Figure 8, as in Figure 7, the abscissa axis
indicates the time, and the ordinate axis indicates the flow
rate value,

20 [0080]

In the case of the conventional mass flow controller,
a change of the value of the pressure detected by the
pressure sensor section 4 significantly affects the actual
flow rate, and the actual flow rate overshoots (see Figure

25  8(a)).
f0081]

To the contrary, in the case of the mass flow

controller 100 according to this embodiment, even if the
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sensor 4 changes, the actual flow rate does not change significantly,

unli ke the case of the conventional nass _flow controller. Thus, the effect
of the pressure change i s substantially 8iféduced conpared to the
conventional mass flow controller. POR&IP2Q)7/061%h be confirned that the
mass flow controller 100 according to this enbodi nent can stabilize the
actual flowTare even if a pressure change OLLUIb regardtess—of—whether

in the stable @& galfonché”pﬁ%esnﬁ%a %‘tegtgﬁ (ex%resso gl&ur es. 7 and 8).

[0082] <Third e ment > ustrng o B8 a*const ant
value for theHpiJay a ) h eg@;&dl n

adj usting factor g& is JSCfelté ?%ihvéalr 3': lﬁg‘ﬁ‘gﬁg‘?ng on n?s%?ﬂﬁ?ﬁ%lnﬁ f%?lgn%:%?’rd
embodi nent. ThenTikrcthenassdlsmxckndi aghashefoddie makBi £dowrdadid@atri s
omtted to draw because it is the sane as that (the sanme as Figure 5) of
the second enfiidisverhe ef0883Jof2@hEpprefserd Ighangbeiadjutsdiangitacyor X is
varied in accordance with the following forrmulas (7), (8). In the stable
period, X 2 Qireduged compgrmd HonthRecehwerfiimpademasd, f2Gv Xont@bdler RsS .
(8) In those fornulas, the reference characters Q, @@, ds, @2s denote
adj usting fact™ed 18ndit HERT decCOREdrmen abhat dhesnasn of kaw IsRtEPSIET at e

setting val ue.

‘100 according to this embodiment can stabilize the actual
flow rate even if a pressure change occurs, regardless of
whether in the stable period or in the changing period (see
10 Figures 7 and 8).
[0082]
<Third embodiment>
The adjusting factor X is set to be a constant value
for the formula (5) in the second embodiment, however, the
15 adjusting factor X is set to vary depending on a situation
in the third embodiment. The functional block diagram of the
third embodiment is omitted to draw because it is the same
as that (the same as Figure 5) of the second embodiment.
[0083]
20 Specifically, the adjusting factor X is varied in
accordance with the following formulas (7), (8).
In the stable period,
=0Ql+ Q25 .. (7}
In the changing period,
25 X =Qls+ Q0255 .. (8)
In those formulas, the reference characters Ql, Q2,
Qls, Q2s denote adjusting factors, and the reference

character S denotes the flow rate setting value.
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appropriately, X increases at least as the flowrate setting value is
smaller both in the changing period and in the stable period. This 5 is
because the smaller the flow rate setting2vddue is, the nore susceptible
to the pressure change so that a stPGﬁbERZWfb@@EEﬁion is required. [0085]
In addition, X in the stable perlod i's set to be 10 blgger than X in the
changi ng peri-ot: STvea bed
if the sane vabﬂﬁsa Xin the stable period is used as X in the changing
period, then alue of Xis set to be small so as to weaken a

correction,  ther eby ey g1t 400 i WIPAGR.Pln L e LicslndpABLREATTS)

waveform [0086] Figure |son Wween a

correction by {hedzaegubas; iy a@)che(giowsra&%r e el %mehesf Eﬂ&\ué’ﬁ e
setting value varied stepwise is shown in 20 Figure 9(a) and a case in

whi ch the corrgah af tBe Nfandigigl @ERRHAOdnd higy frheWstabBe Sairtiloag vialike 1S
shown in Figure 9(b). At this time, although the pressure change occurs on
the primar$ siide beckesée hehs eprald eenbbdi Aot ratle thetihgwaluat esnesisar ement
value is focused attention on, overshoot is 25 significantly small in case
of Fi gure 9(byonghisERCEPbiRLY et thehpresswrefchEngar €0 (AT ias shwbngerf | uenced

by the pressure. [0087]. Figure 9 describes also the flow rate indicative
val ue, correction is required.

[0085]
In addition, X in the stable period is set to be

10 bigger than X in the changing period. This is because a
rising responsive waveform is disturbed if the same value of
X in the stable period is used as X in the changing period,
then the value of X is set to be small so as to weaken a
correction, thereby preventing disturbance of the rising

i5 responsive waveform,
[0086]

Figure 9 shows a comparison between a case in which
the correction by the formulas (5), (7), (8) is performed on
the flow rate setting value varied stepwise is shown in

20 Figure 9(a) and a case in which the correction is not
performed on the flow rate setting value is shown in Figure
9(b}. At this time, although the pressure change occurs on
the primary side like the second embodiment, if the flow
rate measurement value is focused attention on, overshoot is

25  significantly small in case of Figure 9(b), which shows that
the case of Figure 9(b) is not influenced by the pressure.
[0087]

Figure 9 describes also the flow rate indicative value,



33/ 44 PCT/JP2007/ 061183 since a nmethod for calculating the flow rate
indicative value is the sane as that of the first enbodi nent except for a
point that the flowrate indicative value is corrected by the pressure
time differential value irrespective of Bhé4% stable period or the changing
period, and the changing anount of PCH&IRRE¥EUBEL83AN expl anation will be
omtted. [0088] [Forth enbodinent] In the second and third enbodi nents,
the flowrate EaSUrene vatte-i-s—correcte e e - ,
in the forth enbodinent, the.flow.rate settin alue |s .corrected by the
R o ondd G RO 88 P sdBropak A FISARELE  on and

pressure with TatCulrat'?
di vi si on (specifq.cal:ly j o] | td. a ti
addition, 15 g‘%’&{nlé% %Eet?%ﬁ%:#oﬁdg %g]%gc{zfgﬁ%rfé%%itsegﬁé&%én%caeg%t%gtk%&f t he
second embodi neoibthens8neas il Ha8e Sl naidif shnGhigal éﬂﬁ%t@&a{g; amis
omtted. [0089] The correction expressed by a fornula will be as 2

foll ows. Snew theSptreXsuréd ptime di¥Fekanthel ferime art83pedtivsd ffernace
character Snew denotes a flowrate setting value (corrected flow rate
setting vabue)stailer pevio@ciredhey chhpgpne gsuried,t hed 26he efremeriag char act er
S denotes a flow rate setting value, the reference character Ap denotes
the time diffamotapfvEleiPresicurhe phessikanaidbgewdbl dea evnihfetihe pressure
sensor secti O{Q)’os%?d the reference character X denotes the

CA UV VT

[Forth embodiment ]

In the second and third embodiments, the flow rate

10 measurement value is corrected by the pressure, however, in
the forth embodiment the flow rate setting value is
corrected by the pressure with calculations of addition,
subtraction, multiplication and division (specifically
calculations of addition and subtraction). In addition,

15 since the functional block diagram is the same as that of
the second embodiment (the same as Figure 5), the functional
block diagram is omitted.

[0089]

The correction expressed by a formula will be as

20 follows.

Snew = S + X'"*Ap .. (9)

In the formula (9), the reference character Snew
denotes a flow rate setting value (corrected flow rate
setting value) after corrected by the pressure, the

25 reference character S denotes a flow rate setting value, the
reference character Ap denotes the time differential value
of the pressure value detected by the pressure sensor

section, and the reference character X’ denotes the



34/ 44 PCT/JP2007/ 061183 adjusting factor. [0090] Next, the deviation is
obt ai ned between the corrected flowrate setting value and the flow rate
nmeasurenent value. 5 The deviation e'' is expressed by the follow ng
formula (10). €' = Snew - OUT S + X Ap 3404t S - QUT + X zp ... (10) 10
[0091] Figure 10 shows a graph of anCAGIRENAIAOGELSUred value in the forth
enbodi nent. The condition is the sane as that of the third enbodi nent. The
over shoot of Thrﬁrmﬁﬂre—weasm*emt—vai*ue—can—be—gmpfessed—shﬁﬁ—mhto
Figure 9(b). the contrary, since the correction by the
pressure is natln Jl%(e%g %%%t%n the flow rate nmeasurenent value in this
enbodi nent al t the flowrate indicative value is cal cul ated based on
the flow rate measurenent value, a 20 change in the flowrate indicative
value is a little didderent Geemadimt iaf obheitdu r%t%@@ﬁ%ﬂ@@orx%%tb& cl ear
fromFigure 10. In order to stabilize indication, the flow rate indicative
val ue may be ifidiwcated basethpwalhe anartestady e e rid s urRaRME eURNGe Val Ue.
25 [0093] <O hers> Concrete exanples of the present invention are

i ndi cated Bn the firdie def7oatbhoendodipeatprduimdy ef, thé &1 1dving

formula (10).

e’ = Snew - OUT

S + X'"*Ap - OUT

S - OUT + X"*Ap .. (10)

10 [0091]

Figure 10 shows a graph of an actually measured value
in the forth embodiment. The condition is the same as that
of the third embodiment. The overshoot of the flow rate
measurement value can be suppressed similar to Figure 9(b).

i5 [0092]

On the contrary, since the correction by the pressure
is not performed on the flow rate measurement value in this
embodiment although the flow rate indicative value is
calculated based on the flow rate measurement value, a

20 change in the flow rate indicative value is a little
different from that of the third embodiment, as is clear
from Figure 10. In order to stabilize indication, the flow
rate indicative value may be indicated based on the
corrected flow rate measurement value.

25 [0093]

{Others>
Concrete examples of the present invention are

indicated in the first ~ forth embodiment, however, it is to



35/ 44 PCT/JP2007/ 061183 be noted that the present invention is not limted
to the enbodinents described above. [0094] In each of the above-descri bed
enbodi ments, for 5 exanple, the correction is performed by addi ng or
subtracting the time differential value P /t#e pressure value nuitiplied
by the adjusting factor to or frombk&d/JIR0G/0G1184I1 ue, however, the
correction may be perfornmed by nultiplying or dividing the original value
by the tinme IO drfferentia—vatue ofthepressurevatuve nuttiptied—by—tte
adjusting fact,or. FEqr .0 the stable period, the ..caontrol. val ue
cal cul ati ng sé@%f%ﬁggcgﬁ%gPéﬁ?&%%?epﬁel%%%ﬁfl yack 885t$%“”§% 78 F3%ed on
the cal cul ati afyfgaidhas (3dscrIREEH et he feed back control value may be
cal cul at ed based 15 on the foll ow ng Fornula (b). V= (PE + |?Ebt + DSE/ St)
ApY ... (11) [d3@3] In addition, the position to which the pressure change
contributes, nore specifically, the position corrected by 20 the pressure
val ue (the pressure Imeleacdof athe)abcsrendesclhipéd eshidodiimbnee, pst ti ons such
as the feed back control value, the flowrate setting value and the fl ow
rate neasér emxampial uthescatimatrion sacpewnformed bpowédimmtdroned
enbodi ments, the position may be either one position or nore 25 in the
i nput / out put tTRAERPESRINIRS iign PldRerertiglowadteeot sEms GIressEEton 2 to
n.addition, it is effective to gerforn1the

the flowrate cqontrol _valve 3. |
correction oﬁ""ﬂt‘ﬂ& ’F‘H)WPJa’teé;init@St POEIRENGE TRFLPRetQr ¥ SR BPue (the

original value, however, the correction may be performed by

multiplying or dividing the original value by the time
10 differential value of the pressure value multiplied by the
adjusting factor. For example, in the stable period, the
control value calculating section 5¢2 calculates the feed
back control value based on the calculation formula (3).
However, the feed back control value may be calculated based
15 on the following formula (b).
V = (Pe + I?¢'0t + D*8e/dt) Ap'Y .. (11)
[0095]
In addition, the position to which the pressure change
contributes, more specifically, the position corrected by
20 the pressure value (the pressure related value) is not
limited to three positions such as the feed back control
value, the flow rate setting value and the flow rate
measurement value as shown in each of the above-mentioned
embodiments, the position may be either one position or more
25 in the input/output transmission system from the flow rate
sensor section 2 to the flow rate control valve 3.
In addition, it is effective to perform the correction

on the flow rate indicative value by the pressure value (the



36/ 44 PCT/JP2007/ 061183 pressure related value). [0096] Furthernore, the
above-nentioned correction may not be always performed, and the correction
may be perforned in the 5 stable period, in the changing period or in a
certain period while a condition is furtRBf 4% nited among the stable period
and the changing period, or if the PelV-BR2¢hdAgk33 the cal culation fornula
for correction (the calculation fornula for control in a large sense) nmay
be vari ed by Thangi ng the 10 adjusting factor or ttetrke—Wth-this
arrangenment, it | 0SS! t rnforma favorable and delicate contro
that matches %F% 5%%0?%??E§?€&€$E3'product or a characteristic of a whole
system to whi cjpddsg product is applied. [0097] 15 Furthernore, the
changi ng period nmay not be constant, and the changing period may be

term nated using trimg&herii®ass thdieibdiRaRedttdbid .cor@eceXSAhEs rotebe
changing period nmay be term nated when the deviation of the flowrate
measur enent vadlyewkr pprfoendd owndatteesed i ivval maydeergasktam2d io €d |
within a certain range. [0098] The function used for each period may be a
fi xed one Sor stapdei aprécdneln [1B@9Ghangtngarenixdnplrein sa i@ iof pehiod
function used for the changing period (the first function) may be a

function that "Ridfi 8sCoRrEHET -5 SLEbes el it tesh eMARs uhs) S iaklaceeF Hthce

wWth time. Ir]édy %hgagﬁané{néiB%fﬁ%h?egr(gftt(% %ggigdagﬁgnges, the

calculation formula for correction (the calculation formula
for control in a large sense) may be varied by changing the

10 adjusting factor or the like. With this arrangement, it is
possible to perform a favorable and delicate control that
matches a characteristic of a product or a characteristic of
a whole system to which the product is applied.

[0097]

15 Furthermore, the changing period may not be constant,
and the changing period may be terminated using trigger
means other than a timer. For example, the changing period
may be terminated when the deviation of the flow rate
measurement value from the flow rate setting value decreases

20 to fall within a certain range.

[0098]

The function used for each period may be a fixed one
or a variable one.
[0099]

25 For example, a value of the function used for the
changing period (the first function) may be a function that
varies gradually (stepwise or continuously) in accordance

with time. In this case, if the values of the first and



37 | 44 PCT/JP2007/061. 183 second functions at the tinme of swtching from
the changing period to the stable period, that is, the control factors
(gain) thereof at the time of switching fromthe changing period to the
stabl e period are nmade substantially equ§7/4§ the flow rate control can be
prevented from being unstable due ¥OT{HEEWANGEISY the control factor at
the time of switching fromthe changing period to the stable period.
[ 0100] In additiorm, &0 ot—va ye-provi-ded-on—th O—tpstre
side of the fl r.at sor_section 2. The fl.Qw, .rate sensor section 2 is
not |inited t&gﬁﬁg%tﬁgﬁﬁg(mgéﬁgbﬁhedg%??i:éé“Q%:9%ngn§r%%9§§%0§?ﬂ%%n9IOM/
rate measur i NG SHLTS, nSUbAS Bedlbheralid als SeASontMi0hotds | N
addition, the ‘configurations of other conmponents are not Iimted to
specific ones dgseni kRer¥bt Mot agRr 418 of NRyaHRAdMERER @RS ThaRgdngbove,
and various nodifications can be nade thereto w thout departing fromthe
spirit of the pepriegent tiweitdilr p20ibP0SStBiaddPBLLSAd KNS 1NetMRUSTRY
[0102] As described above, according to the present invention, since the
mass fl ow éontiy Fdpwswite hemtitiod cent belpisstantded frde itialgd enpeabbel and

t he changi ng period, the mass flow 25 controller can suppress a flowrate
change wi t houtdues&€r £he cFhrpaehefs predcentras fegsert at atlethdrige of the fl ow
rate setting vaggg even_if a pressure change occurs and can be used in a

system that calVJEhardt &9 dite GhRaALRY Reicipdado the stable period.
[0100]

C Y10 ovTr-acea—10 C U U

In addition, the control valve may be provided on the

10 upstream side of the flow rate sensor section 2. The flow
rate sensor section 2 is not limited to the thermal sensor
described above and may be other flow rate measuring systems,
such as a differential sensor.

[0101]

15 In addition, the configurations of other components
are not limited to specific ones described with regard to
the embodiments described above, and various modifications
can be made thereto without departing from the spirit of the
present invention.

20 POSSIBLE APPLICATIONS IN INDUSTRY
[0102]

As described above, according to the present invention,
since the mass flow controller switches the control between
the stable period and the changing period, the mass flow

25 controller can suppress a flow rate change without
sacrificing the speed of response to a change of the flow
rate setting value even if a pressure change occurs and can

be used in a system that can generate a disturbance, such as



38/ 44 PCT/JP2007/ 061183 a crosstal k. Furthernore, even if a pressure
change occurs in the stable period in which a flow rate change due to a
pressure change particularly becones a problem the actual flow rate can
be further stabilized agai nst the pressup®/%4change, because the val ve
control is perfornmed based on the BPFNPRPEBOHETAS signal determ ned by the
calculation fornmula including at | east the flow rate neasurenent val ue and
the flow rate setti 1Tg vatue—as—wett-—as—the présstufre val-te—obtarned by t he
pressure sensor sectl 1Q. 39,/ 44 PCT/JP2Q07/061183 AIMS [Caim1l] A
mass flow contT ol 161 ,tgg}éﬁp%usﬁ%ﬁﬁmarﬁ ow Fath ?eﬂg%?s%reec%’klgﬂg?h { Héasur es
a flowrate Suofep Ghibdefboniag thiaugh 2 Ham.ehannel, g autguls a flow
rate neasurenent signal indicating the nmeasurenent value;"a fTlowrate
control val ve ghafsure dhéﬂ@é%mc%mary?slsé&%@ss!adﬁreﬁlé}nﬂOeM&S%%ééﬂ si de of
the flow rate sensor section; 10 a control section that cal cul ates an
openi ng contr dlowsirgnal caw he Himbeiredtawi Iired lbowihat etigOHre@kural ve based
on a predeterm ned calculation fornula including at least a flowrate
measur enenb vathemgendbeatesk bihes viadve| contaile ismpagsfioanahtbasiegnah dimel a
flowrate setting value, which is a 15 target value, as paraneters and

out puts said (qggﬁiﬁg gontrel sigingdafletemgined by the calculation formula

including at least the flow rate measurement value and the

flow rate setting value as well as the pressure value
obtained by the pressure sensor section.

10



a pressure sensor section that detects pressure of said fluid on the
upstream side or the downstreamside of said flow rate sensor section and
outputs a pressure 20 detection signal indicating the pressure val ue,
wherein said control section uses differ@ht 44cal cul ation fornulas for a
changi ng period, which is a predetBCHVHNRUOPEOEDHEFrom a point in tinme when
said flowrate setting value changes by a predeterm ned anount or nore, 25
and a st abl e periodywhith—istherenatning—pertod,—and—at—t+east—+n—satd
stabl e period,c i, calculation fornmula further includes said pressure
value as a parangter. [Caim?21 40/44 PCT/JP2007/061183 The nmass fl ow
control | er aCCﬂﬁgﬁmngO claim1l1, wherein said calculation fornula is
expressed by the following formula (a): V= Pe + |?s8t + D8s/8t + \YAp ..
(a), 5 In case, s = JasOdloWeseLoIRNEr eBgpreffiact er V denotes a feed
back control value, based on which the opening control signal is set.

Ref erence charact er sa Bldw rBtandensdieneic®ibactesas mapireRr hat Bhw @glker m ned
respectively. A reference character 10 S denotes the flow rate setting

val ue, andb5a r&f é&r divaed £hewiny éhroufhdendies dhHamnkel oand abietpEas ar eheant
value. A reference character Ap denotes a tinme differential value of the
pressure val uerdé Bepegreyenthsismnads hndicativur thecmespurerendt vallue;

expressed by a fornula_including the tine 15 differential value of the
pressure val ue. [C]%ﬂ qﬂ rate control valve that is disposed on an

upstream side or a downstream side of the flow rate sensor
section;
10 a control section that calculates an opening control
signal to be supplied to the flow rate control valve based
on a predetermined calculation formula including at least a
flow rate measurement value indicated by said flow rate
measurement signal and a flow rate setting value, which is a
15 target value, as parameters and outputs said opening control
signal; and
& pressure sensor section that detects pressure of
said fluid on the upstream side or the downstream side of
said flow rate sensor section and outputs a pressure
20 detection signal indicating the pressure value,
wherein said control section uses different
calculation formulas for a changing period, which is a
predetermined period from a point in time when said flow
rate setting value changes by a predetermined amount or more,
25 and a stable period, which is the remaining period, and
at least in said stable period, said calculation
formula further includes said pressure value as a parameter.

[Claim 2]



The mass flow controller according to claim1, wherein said calculation
formula is expressed by the followwng fornmula (b): 20 V= (P e + |?e8t +
D8s/8t)YAp ... (b), 1In case, e =S - QUT Were a reference character V
denotes a feed back control value, basedUdrt4nhi ch the opening control
signal is set. Reference charact erBCE/JP20@/A6H183 denote factors 25
appropriately determ ned respectively. A reference character S denotes the
flow rate set g vatue; 5 erence—charac OTF—le es—the

rate measurenment valpe. A_reference character .denotes a tjne ,
differential value of afl%# ﬂ“&‘f/ﬁ%%g%glfggof Lk ;}é’sé’iﬁémvgi JBFEBet ed
by said pressug -é%gg cLh ol e y fQr. a

i ncl udi ng the t%ma i Pflé?e{)]t ?% véauégo%yﬁﬂ%(%{%?xgggvfa uleofw aim4] 5

The mass flow estd1dl I(gn;according to claim 1, wherein said calculation
formula is expressed by the followwing fornmula (c): V= PIE + |I?E bt +

DSE /St ... (c), Invcasee E 1%-BES, /60 YQpherg)a reference
character V denotes a feed back control value, based on which the opening
control signal is set. Refrerczizee charactenus P, |, and D denote factors

appropriately determ ned respectively. A reference character S denotes the
flow rate setting vdhage gngedereie apeaarserhdrdenaiesOaTLdeddeask t he fl ow

rate neasurenent value. A reference character Ap denotes a time
differential VHRfES4s value, based on which the opening control signal is

set. Reference characters P, I, D and ¥ denote factors
appropriately determined respectively. A reference character
10 S denotes the flow rate setting value, and a reference
character OUT denotes the flow rate measurement value. A
reference character Ap denotes a time differential value of
the pressure value detected by the pressure sensor section
or a value expressed by a formula including the time
15 differential value of the pressure value.
{Claim 3]

The mass flow controller according to claim 1, wherein
said calculation formula is expressed by the following
formula (b):

20 V = (P'e + I?¢0t + D-de/dt) Y *Ap .. (b},
In case, ¢ = S - QUT

Where a reference character V denotes a feed back
control value, based on which the opening control signal is
set. Reference characters P, I, D and Y denote factors

25 appropriately determined respectively. A reference character
S denotes the flow rate setting value, and a reference

character OUT denotes the flow rate measurement value. A

reference character Ap denotes a time differential value of



the pressure value detected by said pressure sensor section or a value
expressed by a fornula including the tine differential value of the
pressure value. A reference 20 character h is a function using at |east S,
OUT, and Ap as parameters. [Claim5] Thélddss flow controller according to
claim4, wherein said Cs expressedCBWR2OF 06108 ng formula (d) or (e).
25 E =S - (QUT + XAp) ... (d) E =S - (QUTXAp) ... (e) Were X denotes
a factor appr i i ; i

The mass flow control |l er accordi t laim4, wherein said e'is, expressed
by the fol | owi GG FEFRIPEC(TIEr Gapoted PE S prestine Siaqy sepaToRl ™"
QUT ... (9) 5 wefg X dengtessad actar e rd | e i.ned. [Caim7]
The mass row1contrglPer g%cof%?ng§ig C a|ﬁg€fj$%§9 gg £%%ﬁ%$%§ing: a flow

rate output segifr@rehRtaklpeafd B andOppesgieterydinged cal culation on said
flow rate neasurenent value and outputs a flow rate indicative val ue,

whi ch perforniCidiikd @nent cal cul ations on the flow rate neasurenent val ue
in the changing period and the stable period. [Caim81 15 The mass fl ow
control | er 5accor di nd'tteo melsai ML.Gy avhdneillersacdofdiow rat eleaim put weckiion
snoot hes said flow rate

said calculation formula is expressed by the following

formula (c):

V = Prg" + I?'+8t + D0’ /8t .. (c),
In case, ¢' = h(S, OUT, Ap)

10 Where a reference character V denotes a feed back
control value, based on which the opening control signal is
set. Reference characters P, I, and D denote factors
appropriately determined respectively. A reference character
5 denotes the flow rate setting value, and a reference

15 character OUT denotes the flow rate measurement value. A
reference character Ap denotes a time differential value of
the pressure value detected by said pressure sensor section
or a value expressed by a formula including the time
differential value of the pressure value. A reference

20 character h is a function using at least S, OUT, and Ap as
parameters.

[Claim 5]
The mass flow controller according to claim 4, wherein

said e'is expressed by the following formula (d) or (e).

25 e’ = 8§ - (OUT + X*Ap) .. (d)

g’ S - {(OUT"'X*Ap) .. (&)
Where X denotes a factor appropriately determined.

[Claim 6]



measurenent value with respect to tinme and outputs the flow rate

nmeasur enent val ue snmoothed with respect to tine in the stable period, and
outputs said flow rate neasurenent val ue\%%o wi t hout processing in the
changing period. [Caim9] The nmass flo d roller according to claim?7,
wherein said flow rate output sectPod/ER2CUI/A6EE8%aid flow rate

I ndi cative value based on said flow rate neasurenent value 25 using at

| east the tine differential value of the pressure vatue detected by—said

pressure sensor secty a r aget.eryq LCLal L..44 in
BT 3P2007) 061183, Thaaess 300 AFEfr1gk 3@%%%%%%41%0_0% At 1, S S n
sai d changi ng pefrd Qd; kSe gl Mays ¢S ﬁggg & I py11]. _mass ow
controller accé(;‘%éii %gl%oe% alm f g&h{éfr?%%o sg%g 8%%?&?%%% gg?l s set to

termnate at a tine gthen(the.aglevi ajgron ef)the flow rate neasurenent val ue
fromthe flow rate setting value decreases to fall within a certain range.

e = (S - X*Ap) - OUT .. (g)

5 where X denotes a factor appropriately determined.
fClaim 7]

The mass flow controller according to claim 1, further
comprising:

a flow rate output section that performs a

10 predetermined calculation on said flow rate measurement
value and outputs a flow rate indicative value, which
performs different calculations on the flow rate measurement
value in the changing period and the stable period.

[Claim 8]

15 The mass flow controller according to claim 7, wherein
said flow rate output section smoothes said flow rate
measurement value with respect to time and outputs the flow
rate measurement value smoothed with respect to time in the
stable period, and outputs said f£low rate measurement wvalue

20 without processing in the changing period.

[Claim 9]

The mass flow controller according to c¢laim 7, wherein
said flow rate output section calculates said flow rate
indicative value based on said flow rate measurement value

25 using at least the time differential value of the pressure
value detected by said pressure sensor section as a
parameter.

[Claim 10]
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The mass flow controller according to claim 1, wherein
said changing period is always set to be constant.
[Claim 11]

The mass flow controller according to claim 1, wherein
said changing period is set to terminate at a time when the
deviation of the flow rate measurement value from the flow

rate setting value decreases to fall within a certain range.



