SPECI FI CATION Fl ow Controller, Flow Measuring Device Testing Method, Flow
Controller Testing System and Sem conductor Manufacturing Apparatus FlIELD
OF THE ART 5 [00011 This invention relates to nmethods of testing flow
controllers that in sem conductor- manufacturing and simlar processes
control the flow of fluids including gases and |iquids. BACKGROUND ART

[ 0002] In sem conductor-wafer and |i ke manufacturing, conventionally flow
controllers that control the flowrate of gas supplied to the chanber are
enpl oyed. Since problens in the accuracy 10 with which the flow
controllers control flow rate givegpréfrirQmphRduct defects in the

sem conductor wafers, flowrate tests are carried out at regular or

irregular i i r Lo Meli wWh er, ar t the.. flo ontroller
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is conducted as follows. 10004] I.n a case where, for exanple, a flow rate
test is conducted on a ther%ﬁf'loﬁﬂg‘goqﬁgwefawwf}aﬁqq‘%r (hereinafter terned
a "thernal 01") conmprising a sensor section | a and a control valve
101 b, as @ﬁ[gﬁrﬁﬁﬂ)ﬁ.fﬁ“ 11, a pressure differential nass flow neter

(hereinafter terned a "pressure differential MFM 102") as a testing

st andaPd %008k ovi d&i BYentione relpgsnuie tailods of desting flow econtrpdlemrghat NEEEmis@ugRrder
test, and on the upstream side thereof a regulator is provided, each in
series. | manhiaguriigsnd simbas propesess sentrel thié fidverfdinids akludifdpai@2nd lguideal i zed by
actuating a function of the mass flow neter itself, without 20 operating a
val ve 103BACKGROMAMNBARE di fferential mass flow controller 103 therein.

[ 0005] Then the flowin a flow channel in between the control valve 101b

and the premsure Ifiséhies@ididrabaidvaidi 1Re rhBuBeRi0 cbRentiofaleldy camsianthaf | ow
rate by the control valve 101b of the thermal M-C 101 under test, and
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10 with which the flow controllers control flow rate give rise to product defects in the semiconductor
wafers, flow rate tests are carried out at regular or irregular intervals in order to verify whether or not the
flow controller is able to control the flow rate as designed.
10003} Specifically, the test is conducted as follows.
{0004] In a case where, for example, a flow rate test is conducted on a thermal mass flow
15 controller (hereinafter termed a "thermal MFC 101") comprising a sensor section 101a and a control
valve 101b, as shown in Fig, 11, a pressure differential mass flow meter (hereinafter termed a "pressure
differential MEM 102") as a testing standard is provided on the downstream side of the thermal MFC
101 under test, and on the upstrearn side thereof a regulator is provided, each in series. In this case, the
pressure differential MEM 102 is realized by actuating a function of the mass flow meter itself, without
20 operating a valve 103V in a pressure differential mass flow controller 103 therein.
[0005] Then the flow in a flow channel in between the control valve 101b and the pressure

differential MFM 102 is controlled to be a constant flow rate by the control valve 101b of the thermal

MFC 101 under test, and after the pressure differential MFM 102 reaches a target pressure at which its



1 operation is stabilized, the test is conducted by conparing an out put
value froma sensor section in the thermal MC 101 under test with an

out put value fromthe testing-standard pressure differential MFM 102.
[0006] It should be noted that the conventional technology just described
is inplenmented to suit 5 conditions at test sites; its disclosure as
patent or other literature is not to be found. DI SCLOSURE OF THE | NVENTI ON

PROBLEMS TO BE SOLVED BY THE | NVENTI ON [ 0007] However; with the
conventional configuration, because the thermal MFC 101 controls the flow

channel (apdeash ivQIHDE it LhRLLAES hpM:n% aﬁ%&p&t%&lﬁ;g ol a&embY ection in the

differential MM 102 at a 10 const ant owrate, the pressure rise in the

pressure dj f Iy &Y I tant sl ope s_i.ndi i ig
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consequenag% a long wait tine takes place till the test starts, |let alone
i enc

the i ncon e of the test period itself being protracted. [0008] The
occurrence of a wajt ti like this arises both in ROR (rate-of-rise)
regi mes odpdlg 15 Tished b et B3 ereqrispiional eahyplegy-i desprisd SegpliEeneds sk

di agnostic regi nes (gas, | aw check of integrated flow equation ("G LIFE")
regi mes) aRAIPNYH tstEcssisclpsustgs peprvar 9esn Dieralir ianat @b fard.f | ow resi sti ve
circuit element and on the vapor-state equation. [0009] A nain object of

t he pr esedISCROSHRECF THEIDNYBNEOENt gi ving attention to these sorts of
issues, is in shortening as nmuch as possible the tine required for the
test, i nc/AROBIGEMSA'GhBE SOLVED BYTHE INVEXIIIOMOvi ding a flowcontrol |l er
testing net hod whereby the test can be conducted with high accuracy. MEANS

TO SOLVE Tode7]PROBiGMSyd;, 3ath@le ddardtional cdnfiduBiio B8k Hetlierh@ JMFO g nththddthe
involving the present invention is a nethod for
flow channel (a dead volume) from the thermal MFC 101 to the pressure differential MFM 102 at a
10 constant flow rate, the pressure rise in the pressure differential MFM 102 is at a constant slope, as
indicated in Fig, 2, wherein time is required for it to reach the target pressure.  As a consequence, a
long wait time takes place till the test starts, let alone the inconvenience of the test period itself being
profracted.
[6008] The occurrence of a wait time like this arises both in ROR (rate-of-rise) regimes using
15 pressure, temperature, volume and time, as well as in diagnostic regimes {gas law check of integrated
flow equation ("G-LIFE") regimes) based on the mass flow summation from a laminar-flow resistive
circuit element and on the vapor-state equation.
10009] A main object of the present invention, brought about giving attention to these sorts of
1ssues, is in shortening as much as possible the time required for the test, including the wait time, and in
20 providing a flow-controller testing method whereby the test can be conducted with high accuracy.
MEANS TO SOLVE THE PROBLEMS

[6010] Namely, a flow controller testing method involving the present invention is a method for

testing a flow controller comprising a valve, a flow measuring section for measuring the flow rate of a



testing a flow controller conprising a valve, a flow neasuring section for
nmeasuring the flowrate of a 2 fluid passing the valve, and a val ve
control nmechanismfor controlling the valve so as to nmake the actua
flowrate neasurenent determned in the flow nmeasuring section be an
assigned target flowrate, and is characterized in: providing in series,
in a flow channel through which flows fluid whose flowis to be
controlled, a testing-subject flow controller and a testing-standard fl ow
controller; in that order fromthe 5 upstream side; putting the
testi ng- supy 5 @yl | . t L i he
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valve is practi -open state; an

controlle r ] f. rate by the. testing-sta d fl .
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according to_ _.the testing-subject flow.controller falls within a .

oy edet er i HEE VARG OO o DY e e g Bt the o sepbe
testing-staqgﬁéﬁ flow controller. 136{0011] In accordance with this

ar r angemerft" @ estingsuess Hovh gently and 2 tegtingestensiard g1 captrolleys i dhat grer fomythg)yy
rate uncontrolled state with the val ve substantially full open, it is
possi bPe tWstican sdc;pHENg e sgnesutirct feveconiplisninctiannukontobes sitedeiwhish thawalve r om
the testing-subject flow controller to the testing-standard flow

cont r ol | ens pazctioflly an thqillopenistatepand svith the flua! flomstoairlibd/toampledetermpred dewrate yfthe he
testing-standard flow controller at a target pressure at which an

oper at i on tsfing-deadiré Sow nentwli@ro@ing WHetwr @awt thohdnar floverast radsikirérzed acceing to
result, 15 it becones possible to shorten a tine required for the test
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accuracy. [0012] In order nmake it possible to conduct a nore accurate

j udgment , abdordin® tPhe feRln@Rlafiald Riw doBollet €St i ng- standard flow control | er

controls the flowrate of the fluid at nmultiple values, and it is judged
whet hep orApt the, A6k ” Hﬁgg t el o)V :
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control |l er eac ue respecti v

flow channe] (the dead volume) from the testing-subject flow controller fo the testing-standard flow

controller at once and it is possible to instantly make a pressure of the testing-standard flow controller at

a target pressure at which an operation of the testing-standard flow controller is stabilized.  As a result,
15 it becomes possible to shorten a time required for the test including a wait time as much as possible and

to conduct a test with high accuracy.

[0012] In order make it possible to conduct a more accurate judgment, it is preferable that the

testing-standard flow controller controls the flow rate of the fluid at multiple values, and it is judged

whether or not the actual flow-rate measurement determined by the testing-subject flow controller falls
20 within the predetermined range of the actual flow-rate measurement determined by the testing-standard

flow controller at each value respectively.

[0013] If a pressure controller to control a pressure of the flow channel at a constant value is

aranged on the upstream side of the testing-subject flow controller or between the testing-standard flow



[0013] If a pressure controller to control a pressure of the flow channel

at a constant value is arranged on the upstream side of the
testing-subject flow controller or between the testing-standard flow 3
controller and the testing-subject flow controller, it is possible to
stabilize the operation of the testing- subject flow controller so that the
test can be conducted snoothly. [0014] A preferable enbodi nent of this
invention as represented is that a protocol to neasure a flow rate used
for the testing-standard flow controller is different fromthat of the
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controller is superior in stability to the thermal type flow controller and

the pressy e@h&&&{nﬁ&ﬁ-&Jm&&ﬁ%&%é&%ﬂ&fdﬁ%@ﬁ&'ﬁﬂﬁUnCti on sufficiently if the
downstream sSide 1s set at the negative pressure (in a vacuun). Meanwhil e,
the ther pe f| ntroller is,superior in_cost and operati n&!
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for exanpl if the testing-subject f] cont.roller is t her mal, .t ype and
the oot iepmre bf BBl F8 bt BHRBLATH so TRl e
beconmes possibhle to structure a gas systemat |ow cost and with high

per f or RranE&MIN)ErC o S FFSTE ‘%‘I%%WPHMPWW%@HF IoWPRiIgHin st fo the theprey P s ur e
differential type flow controller and nmaking use of mnerits of both of

t hem [ 00 E&)troller apdhdic prepsyes differanial g e merluehis fuprsen adipicsilioié hefdowpdresn gdg
measuring section of the testing- standard flow controller; it is possible
to |imt asscahte neghtivcipespre@smaaoiangdenbyilathe tagiahypt firev scatreiker o puperdd itt he
upstream side and the flow neasuring section in the chanber side (in the
vacuum si dest asieptihtiihal@oidtivh tetdpresure diffdittiabgipaiivwecoardion ane b yesulOfor baenplet her
hand, in case that the valve is arranged on the downstream side, the range
of the presguriphange foRcRiRIeMsdehathal AL ahd HoaGaRESandirl floGUédntbiRr BKE a
correction with high accuracy. [0016] If the testing-standard flow
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fl ow channel and a preSsure sensé? that nmeasures a pressure differential of

the non-| &JQ%&{C@%S/ %Iinﬁiﬁing the thermal type flow controller and the pressure differential type flow

controller and making use of merits of both of them,

[0015] If the valve is arranged on the upstream side of the flow measwring section of the testing-

standard flow controller, it is possible to limit a range of the pressure change by arranging the valve on
15 the upstream side and the flow measuring section in the chamber side (in the vacuum side) so that a test

can be conducted more accurately. On the other hand, in case that the valve is arranged on the

downstream side, the range of the pressure change becomes wide so that it becomes difficult to make a

correction with high accuracy.

10016} If the testing-standard flow controller comprises a non-linear resistive element arranged in
20 the flow channel and a pressure sensor that measures a pressure differential of the non-linear resistive

element, and the testing-standard flow controller is of a pressure differential type that measures the flow

rate based on the pressure measured by the pressure sensor, and the non-linear resistive element is, for

examnple, a laminar flow element having a property that the smaller a pressure differential between both



el enment, and the testing-standard flow controller is of a pressure
differential type that neasures the flow rate based on the pressure
nmeasured by the pressure sensor, and the non-linear resistive elenment is,
for exanple, a lamnar flow el enent having a property that the snmaller a
pressure differential between both 4 ends of the non-linear resistive
elenment is, the smaller a pressure differential derivative value of the
flow rate flowing in the non-linear resistive elenent is, it is possible
to conduct a test with high accuracy in a small flowrate area. It is
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ends locating in the upstream side and the downstream si de of the
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both of the absofute pressures. In casé tHhat t streamside Is"at a
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flowrate area by the wuse of a linear resistive elenent such as an orifice
whose ef f died RRESSEE syghraginea vashumethe Bressing gewortpayrbetararecdin the HestrppsmsifG fengr
resistive elenent and a relationship between the flow rate flow ng inside
and t he prigsantein cdfeftiiat the npstredm féd weterfixed plsserdechas intdracyvon tHeipresare sensor
resistive elenent is linear. [0018] However, a property of the linear

resi sti ve nelyboardngsiic the dsvamcaorsideialbae. used as a reference in 15 case of a
test inthe large flow rate area changes due to a change of a kind of the

fluid or gmmange Med@shile!ih 0Be BEBENGHRdr réftivaHdnianeeink HBrépef R HIhOSinkRogas .
As a result, if the test is conducted, for exanple, in a broad range of
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rate area, it is required to conduct a correction on the |linear resistive

el ement  eyeryf» lihdiBrele 0l L85 Ls ain%riﬁ(%mget e‘ﬁgctive A&® H'tet\jofﬁgleiiéabiégrelod‘lﬁ}l tha BfTE

pr ocedur es.

the non-linear resistive element and a relationship between the flow rate flowing inside and the pressure
differential between both ends of the non-linear resistive element is linear.
[6018] However, a property of the linear resistive element such as an orifice used as a reference in
15  case of a test in the large flow rate area changes due to a change of a kind of the fluid or a change over
time because of an influence from a corrosive gas.  As a result, if the test is conducted, for example, in
a broad range of the flow rate just by combining the small flow rate area and the large flow rate area, it is
required to conduct a correction on the linear resistive element every time when the test is conducted,
resulting in troublesome procedures.
20 [6019] Then in order to make it possible to conduct a test in a wide ranged without the
troublesome procedures in a short period of time, the correction of the linear resistive element (or the
flow rate property is figured out) may be conducted at the same time when the test is conducted in the

small flow rate area.



20 [0019] Then in order to make it possible to conduct a test in a wde
~ranged without the troublesone procedures in a short period of tinme, the
correction of the linear resistive elenent (or the flow rate property is
figured out) may be conducted at the sane tinme when the test is conducted
inthe small flowrate area. 5 [00201 More specifically, a linear
resistive elenent is arranged on fire downstream side of the
testing-standard flow controller; a flowrate property of the linear
resistive elenment is calculated froma corresponding relationship between
each presspg) di T 68 RhdcAtealBNS litdAPre@GhM RlenfhiQWalkAb&1 SERS WHHIRSm sdebene ned
by the testing-standard flow controller by also neasuring the pressure
di fferential; e . j - St ' e of
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conducting a Judgnent at the a each n an area
di cified. fl f. the testing-stand f troller,
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fromthe flow rate property of the linear resistive elenent. (00221 A
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a systemfor testing a flow controller conprising a valve, a flow
measuring ¥é&&tion to neasure a flowrate of a fluid passing the valve and
a valve control nmechanismto control the valve so as to make an actua

f1 ow r at e [0(dhsur énerarcagstoeding npecifiad foveatt biihe teding staridag fleecoitotierataraly in
assigned target flow rate, wherein 15 conprising a flow channel where the
fluid as hieilage fow oy seetit it mdged wisthtr®hbehe dclavdw-atetnessurngnsdeymiaéd byfthew
controller arranged in the flow channel, a testing-standard flow controller
arranged itRtigpaiubes oW doheollef faRviEtha A pRActehided Sarde WNs tol@dibdNoderaRf calcii@ted
testing-subject flow controller, and in a flowrate wuncontrolled state

that 1he vighMg R hierob&8idr B tisPl-gehe libAW control ler is substantially
fully open and in a

[0022] A preferable embodiment of a flow controller testing system as represented is a system for

testing a flow controller comprising a valve, a flow measuring section to measure a flow rate of a fluid
passing the valve and a valve control mechanism to control the valve so as to make an actual flow-rate
measurement determined in the flow measuring section at an assigned target flow rate, wherein
15 comprising a flow channel where the fluid as being an object to be confrolled flows, a testing-subject
flow controller arranged in the flow channel, a testing-standard flow controller arranged in series in the
flow channel on the downstream side of the testing-subject flow controller, and in a flow rate
uncontrolled state that the valve of the testing-subject flow controller is substantially fully open and in a
state that a flow rate of the fluid is controlled at a predetermined flow rate by the testing-standard flow
20 contfroller, an information processing unit that receives a flow rate measurement signal output from the
festing-subject flow controller and a flow rate measurement signal output from the testing-standard flow
controller and determinably outputs whether or not the actual measurement flow rate indicated by the

flow rate measurement signal of the testing-subject flow controller falls within a predetermined range of



state that a flowrate of the fluid is controlled at a predeterm ned fl ow
rate by the testing-standard flow 20 controller, an information processing
unit that receives a flow rate neasurenent signal output fromthe
testing-subject flow controller and a fl ow rate neasurenent signal output
fromthe testing-standard flow controller and determ nably outputs whet her
or not the actual neasurenent flow rate indicated by the flowrate

measur enent signal of the testing-subject flow controller falls within a
predeterm ned range of 6 the actual mnmeasurenent flow rate indicated by the
f1ow rat e REARM R SRR tatedhdid-RE by BRlHRGae hRRdRRN sfch@ W 60 RtiRlstaBlard

[ 0023] A preferable enbodi nent of a Sem conductor manufacturing apparatus
in accordapge Mg this invention as represented is a sen conductor
manuf act uri ng apparatus that can test a flow controller 5 conprising a

valve, a f measur i section tg neasure a flow.rate of a.fl ui i ng
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an actual flowrate neasurenent .determned in the flqgw neasuring se fion
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manuf acturi ng.a sem conductor, a flow channel that supplies, the process
chambeP WiCPRPESIE|aialefadiow Mepsig section Wanenes s Bew s gdipgmassipg the valve and a
testing-subject flow controller arranged in the flow channel, a 10

t esti ng- stvalieiepntiolimeshanisarie panirpldize valve soagéomikis as aqtiabBovi-rterirasurinagiit defesnined  on
t he downstream side of the testing-subject flowcontroller in series, and
in a fl owirte owneantingredtod alsh atsentdiapet e ratg lwheremfcomprising@gpracesy <hasblej fec t
flow controller is substantially fully open and in a state that a flow rate
of the fl waluthduingn seplidordicat, a Bovprieded anmneplids| tampioakechaynbtmeith a fluid for
testing-standard flow controller, an information processing unit that
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flow controller and a flow rate 15 neasurenent signal output fromthe
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range of the*ac measurenent flow rate indic

subject flow controller is substanttally fully open and in a state that a flow rate of the fluid is controlled at
a predetermined flow rate by the testing-standard flow controller;, an information processing unit that
receives a flow rate measurement signal output from the testing-subject flow controller and a flow rate
15  measurement signal output from the testing-standard flow controller and determinably outputs whether
or not the actual measurement flow rate indicated by the flow rate measurement signal of the testing-
subject flow controller falls within a predetermined range of the actual measurement flow rate indicated
by the flow rate measurement signal of the testing-standard flow controlier.
[0024] A preferable embodiment of a flow rate measuring device testing method as represented is
20 amethod for testing a flow rate measuring device under test comprising a flow measuring section to
measure a flow rate of a fluid by the use of a testing-standard flow controller comprising a valve, a flow
measuring section to measure the flow rate of the fluid passing the valve and a valve control mechanism

fo control the valve so as to make an actual flow-rate measurement determined in the flow measuring



by the flow rate neasurenment signal of the testing-standard fl ow
controller. [0024] A preferable enbodinent of a flow rate neasuring device
testing nethod as represented is 20 a nethod for testing a flowrate
measuri ng device under test conprising a flow neasuring section to neasure
a flowrate of a fluid by the use of a testing-standard flow controller
conprising a valve, a flow neasuring section to neasure the flow rate of
the fluid passing the valve and a valve control nmechanism to control the
val ve so as to nake an actual flowrate neasurenent determined in the flow
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measur enent determ ned by the testing-standard flow controller. EFF
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testing-sub%gft flow controller is set in a flow 10 rate uncontrolled
state w t ivithing Rredetpenisesbrgngsof thelaptyal il rate regsurdment detopaised By e tegingsiagdnd he
pressure of the dead volunme fromthe testing-subject flow controller to
the testidigwstrgmeier d f1 ow controller at once and it is possible to
instantly make a pressure of the testing-standard flow controller at a
target pr@&FDCT QF THID INVENFIODper ati on of the testing-standard flow
controller is stabilized. As a result, it becomes possible to shorten the

time requigoes] for i Reoliesd with MElimehng, iRk theltésiR-subRct MuGtoRolRAS St Bl Hlovand
to conduct the test 15 with high accuracy. BRI EF DESCRI PTI ON OF THE

DRAW INES  rate uncontrolled state with its valve substantial ty full open, it is possible to raise the pressure of the dead

volume from the testing-subject flow controller to the testing-standard flow controller at once and it 1s
possible to instantly make a pressure of the testing-standard flow controller at a target pressure at which
an operation of the testing-standard flow controller is stabilized. As a result, it becomes possible to
shorten the time required for the test, including wait time, as much as possible, and to conduct the test
15  with high accuracy.
BRIEF DESCRIPTION OF THE DRAWINGS
[0026] Fig. 1 is a pattern diagram showing a semiconductor manufacturing apparatus comprising
a testing system in accordance with one embodiment of this invention.
Fig. 2 is a configuration diagram of the testing system in this embodiment.
20 Fig. 3 is a flow rate property diagram showing a relationship between a flow rate and a
pressure differential of a non-linear resistive element in this embodiment.
Fig. 4 is a configuration diagram of an information processing unit of the testing system in

this embodiment.



[0026] Fig. | is a pattern diagram show ng a sem conductor manufacturing
apparatus conprising a testing systemin accordance with one enbodi nent of
this invention. Fig. 2 is a configuration diagramof the testing systemin
this enbodinent. 20 Fig. 3 is a flowrate property diagram show ng a

rel ati onship between a flowrate and a pressure differential of a
non-linear resistive elenent in this enbodinent. Fig. 4 is a configuration
di agram of an information processing unit of the testing systemin this
enbodinment. 8 Fig. 5is a flow chart to explain an operation in accordance

with a testing of #hec .infe i Si ynt.t . i L, S,r ' Fi g.
g lﬁrg._ 5 4 ATRWBLIAY e?%l%ﬁ% 6@&%1{;{9”%1 %?&g%ngéﬁ Z{l‘?%&ﬁ{%‘a‘%“e- 9

6 is aviewto explain a pressure state at testing

systemin accordq%%ﬂoﬁg&gﬁa@ggﬁﬁg%%m%hﬁ g. 7 is a configuration

di agram of a testing systémin ance w a second enbodinent of this

invention. Fig. 8 i.s a flow rate property di agram show n relationship

botween a {1 ow r at HE4HE e P e TP AT AT Pl i Be S YERTa

el enent in this enbodinent. gj .. 9 1s a configuration diagram of an

i nf or mati on proce§§?ﬁ@WﬁﬂqhtFgﬁmﬁm¥%ting systemin 10 this enbodi ment.
Fig. 10 is a pattern diagram showing a testing systemin accordance with

anot heP enbodi nerfig-of i hicenliguyidm: diggrm of ¢, teging jsysten db AfPatcatwina gecand am
of a conventional testing system Fig. 12 is a viewto explain a pressure
state at a time oferdpdimgntioftyisitventoonventi onal testing 15 system

Fig. 8 is a flow rate property diagram showing a relationship between a flow rate and a
pressure differential of a linear resistive element in this embodiment.
Fig. 9 is a configuration diagram of an information processing unit of the testing system in
10 this embodiment.
Fig. 10 is a pattern diagram showing a testing system in accordance with another
embodiment of this invention.
Fig. 11 is a configuration diagram of a conventional testing system,
Fig. 12 is a view to explain a pressure state at a time of operating the conventional testing
i5 syster.
BEST MODES OF EMBODYING THE INVENTION
0027} A system for testing a flow controller A in accordance with various embodiments of this
invention will be explained with reference to drawings.
First Embodiment
20  ]0028] The system for testing a flow controller A of this embodiment is, as shown in Fig, 1, a part
of a semiconductor manufacturing apparatus P and used for testing a flow controller to control various
gases supplied fo a process chamber C for the semiconductor.  Specifically, this testing system A

comprises gas supply lines 1, 1b, . . .(hereinafier collectively referred to as “a gas supply line 1) where



BEST MODES OF EMBODYI NG THE | NVENTI ON [ 0027] A systemfor testing a flow
controller A in accordance with various enbodi nents of this invention wll
be explained with reference to drawi ngs. First Enbodi nent 20 [0028] The
systemfor testing a flow controller A of this enbodinment is, as shown in
Fig. 1, a part of a sem conductor manufacturing apparatus P and used for
testing a flow controller to control various gases supplied to a process
chanber C for the sem conductor. Specifically, this testing systemA

conprises gas supply lines 1, I'b, ...(hereinafter collectively referred to
as "a gas wHARNhd bi&s for maMIRALing Tn¥enbiQus slichRd 8 pRtes@fS of & ctdBRYLAFIW 4 NY
sem conduct or such as a process gas or an etching gas flows, a ine for a

chanber 2,;ap4 p LR 5, %%I"lgn&sﬁ)r 232, 3 3¢ ﬁm@re&%{r l@é,ei{%afvfe@ E‘eﬁ%%lj LBEtd Ier%lfé{'.tﬁgl‘”?r red

to as "a line for test arrandged 1 n para on”a downstream si of a

conver 0| "SR PIIRTCS 8GR ROV, LDERDE 005 Byl Llc

lings, 1
controlle g an o e 0 es Aart er

collectively referred 5 as. "a testing-subjegt flow.controlle . ach

of whi ch e boalilers e SRt o BTt Mo SRR Rt e

controller as being a reference 5a, 5b, 5¢ (hereinafter col]|ectively

referréd taéa%@ﬂ%ﬁh%@g&f[owg@gtf%!ﬁ&a}wh ?ﬂwiww pifhe gasyu clweifmww ts

arranged on the line for test 3 respectively, a pressure controller 6a, 6b
( her eiflesrooutFolleisbaipg ¢ ekrsace 3§ &, Se theretnaligs collgetyely seferred toan'e festingestandag

arranged on the gas supply line I on the upstream side of the

t est i ng- sUdlojvaentrdlenii) eromoirdtidhas arngeslng teerfing fifr dasinfarespectively, agessirepnioriet 637

that 10 operates the testing-subject flow controller 4 and the

t est i ng- stéandahakifdftercoli@titayakiertd B at ‘G makee @nt@leett ieihpidiadhamy eppiniinand

det erm nes whether or not an actual neasurenent flow rate by the

t esti ng- swhjieaipstfea@Wide @nthe ektr@luldect 8bk SomtolldiaNand R igeletesnproRshinganye tef t he

actual neasurenent flow rate by the testing-standard flow controller 5.
[ 0029} o EagBerg@Cihb @RtNY-dubjel Q10U SHEHREY- and the testing-standard flow controller 5 to make a
predetermined movement and determines whether or not an actual measurement flow rate by the
testing-subject flow confroller 4 falls within a predetermined range of the actual measurement flow rate
by the testing-standard flow controller 5.
[6029] Each section will be described.

15 The gas supply line 1 is so arranged to supply a single gas or a mixed gas to the process
chamber C with each upstream side connected to a gas cylinder, not shown in drawings, that
accommaodates the various kinds of the gas and with each downstream side connected to the converging
section 1x.

{0030 The line for chamber 2 is a line for supplying the various kinds of the gas flowing from the

20 gassupply line 1 to the process chamber C. Avalve 2V is arranged to stop the gas flowing into the line

for chamber 2 at a time of testing. The valve 2V is open/close-controfled by the information

processing unit 7.
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15 The gas supply line 1 is so arranged to supply a single gas or a m xed
gas to the process chanber C with each upstream side connected to a gas
cylinder, not shown in drawi ngs, that accommobdates the various kinds of
the gas and with each downstream side connected to the converging section
| x. [0030] The line for chanmber 2 is a line for supplying the various kinds
of the gas flowing fromthe 20 gas supply line 1 to the process chanber C.
A valve 2V is arranged to stop the gas flowing into the Iine for chanber 2
at atime of testing. The valve 2V is open/close-controlled by the

i nformat i q)no:npr OC g giiRg (MRk tin his 4PbARAGDY] it Bk S bl NEBRrell Bn PRkl on the
enbodi nent) lines for test 3 are arranged in parallel on the downstream
side of t r &l i : t i+Ng-= r trall.er 5,
naving a oy T oy Bl o Faralee tetdi'fe, O (RS BRIG IR LIRS RS Ou
control raf I ctl i [r ed f h | t.. 3.
Speci 1 cart et o FAE phESRTT HElaed Fandl ARAE o, BuEPe S elleahBF s ¢
(control) .the ow rate.o 0 -.200 seemis arr ed on the |ine for test
52"t he 1 it RE P BT aRlrcty SeebtSiii s S AR SR e Sttt ne
flowrate of 200 - 2,000 seemis arranged on the |ine for test 3p, and the
testi né‘- st(%ﬂ”?ﬂé? gle BOBAIE BhE o AP ReoBdS BRBECCaR i B F st Badhe ﬁeﬁnn;-s%wgrdf 5t
rate of 2,000 -' 20,000 seemis arranged on the |line for test 3c. And the
val ves 3vaontmples Shyket ep acarederysel) G fow et gf 300 v 2A90 sspra is agngpthen the line for test
testing-standard flow controller 5. Furthernore, a valve 3Vx is arranged on
the |ine fbrand thetesting-sgndand Govdentrolsr Sttgh canhiecasuae (coniwl) icdldw ra¢ oft (90 28,000
flowwng into the line for test 3 at a time when the test is not conducted.
These val ves: 3 ¥aanged/én thnthet fivatest 3d. v nd Ve valves DLV BUs ere anmigeddd tduiirednhe
information processing unit 7. [0032] In this enbodinent, the

t esti ng- suldp elthe fdtiawstaatd oW @ftrdlied S ButiRendi la vhlyOEV B SSankbOW thel@ntfsrdst er .
The testing-subject flow controller 4 is driven by a comand signal from

out si de. B &a&%o stop the various kinds of the gas flowing into the line for test 3 at a time when the test is not

conducted. These valves 3Va ~ 3Vc and the valve 3Vx are open/close-controlled by the information
processing unit 7.

10032} In this embodiment, the testing-subject flow controller 4 is a thermal type mass flow

confroller.  The testing-subject flow controller 4 is driven by a command signal from outside. In case

15  that a set flow rate is given by the command signal, the testing-subject flow controller 4 controls the

valve so that the flow rate can be the set flow rate by performing a local feedback control, and the

testing-subject flow controller 4 also controls the valve in a fully open condition or a fully closed

condition by performing an open loop control depending on a content of the command signal.  As an

internal configuration, the testing-subject flow controller 4 comprises, as shown in Fig. 2, an internal

20 flow channel 40, a flow rate sensor section 41 that measures a flow rate of a fluid flowing in the internal

flow channel 40, a flow control valve 42 arranged on, for example, the downstream side of the flow rate

sensor section 41, and a flow control processing unit 43.  Each section will be explained in more detail.

11



15 that a set flowrate is given by the conmmand signal, the testing-subject
flow controller 4 controls the valve so that the flow rate can be the set
flowrate by performng a | ocal feedback control, and the testing-subject
flow controller 4 also controls the valve in a filly open condition or a
frilly closed condition by perform ng an open | oop control depending on a
content of the command signal. As an internal configuration, the
testing-subject flow controller 4 conprises, as showmn in Fig. 2, an
internal 20 flow channel 40, a flow rate sensor section 41 that neasures a

flow rate (933 f| uhéikdn@VRG chdindi B8, ARSGH Rdetaill ik QW sERANA @lavAls, Bmbi@¥an
control valve 42 arranged on, for exanple, the downstream side of the flow

rate sen i . - QgL RI

Gecti on wi s el B butd pofiiebe Wb pEO BB TpRRT, bl nisR e
channel 4 h i det.ai l _1.s.nok .sh in draw n conpri.ses an

i nl et porgm%ﬁ aﬁygﬁ?%%?mﬁ§%€9t%Q?HK%QdQﬂf%ﬂﬂFEC%%ﬁﬁ%é%éabﬂgggﬁ%%%as supply
line 1, a | ] ow parrow tube that hifurcates between the inlet port. and
the®out 1 o0t ¢ o PR e e ol EERouh  dousi SRR ow
rate sensqr section 41, although its detail is not shown in draw ngs

conpri Ses, o ARl 2 @ainakihemal fensars arranged: in e hallove anewriebear Aaigar IPW Hihel ol | ow
narrow tube, An instant flowrate of the fluid is detected by the thernal
sensor as fiid ifieieeted by the theyapl scasaidastan eleetrie signal, and thgrelectip sigshislarbiiged byyihe he
internal electric circuit and then output as a flow rate measurenent signal
havi ng a widresd elocisedrcuihartditben mipnieastadthwf thto mepaitamen{ QO3S bvilh e vilhoesalomttho
valve 42, although its detail is not shown in drawings, is so arranged to
10 change dettgedf@iwate.open degree by neans of, for exanple, an actuator
conprising piezoelectric elenments. The actuator is driven by an open
degree comissl si ghedlow ol Vise b Q&GO it Qdtaills AGBSINE dibiVirgs, 43s0ainendel &

val ve open degree is adjusted to a degree based on a val ue of the valve

open @e9r eRndd BNalve opPURELe Thgedl OMVeE %é)féléaxp%%%@§ &jnﬂﬂsih@f)iézolélém%oé?@ﬁén&e S a

digital or analog electric circuit havin , an internal nenory, an

A D conver},0f. A ﬁn%’%y%ﬁ)&yeﬁ 'E:IEg%e’ cofftrct %miﬁ‘én? #'08% &&%%M%s%g&ﬁn 43 and the

valve open degree is adjusted to a degree based on a value of the valve open degree signal.

[0036} The flow control processing unit 43 comprises a digital or analog electric circuit having a

CPU, an internal memory, an A/D convertor and a D/A convertor, a communication interface to
15  communicate with the flow control valve 42 and an input interface. Then the flow control processing

unit 43 receives the command signal from outside such as an information processing unit 7 and

interprets a content of the command signal, in case that the command signal shows the set flow rate, and

then conducts a local feedback control so as to be the sct flow rate.  Specifically, the flow control

processing unit 43 produces an open degree control signal that controls the valve open degree of the
20 flow control valve 42 from a deviation and outputs the valve open degree signal to the flow control

valve 42.

(6037} The testing-standard flow controller 5 is a pressure differential type mass flow controller,

and comprises, as shown in Fig. 2, an internal flow channel 50 inside of which a gas flows, a flow

12



15 conmuni cate with the flow control valve 42 and an input interface. Then
the flow control processing unit 43 receives the command signal from

out side such as an information processing unit 7 and interprets a content
of the command signal, in case that the command signal shows the set flow
rate, and then conducts a |ocal feedback control so as to be the set flow
rate. Specifically, the flow control processing unit 43 produces an open
degree control signal that controls the val ve open degree of the 20 fl ow
control valve 42 froma deviation and outputs the val ve open degree signal
to the fl QunkPRINOE! adabMPindBe k@B Adw hgnrkesy, ianesisilaadaed sbaveaamingal | er
5is a pressure differential type nmass flow controller; and conprises, as

shown in FEj, : oo i ' ‘ S i ) ~
o 15 Bl nalhibetasladlon shanieluil, basl de. ol SR g blare

resi sti ve <5l RN 2. L AeELAN I, e RUASTUES, L LSNG. B BLOSSHE S,

sensors 5 Ich nmedsures each en e resisti

respectively, a. tenperature sensor, 55 that detects a tenperature at the
nret i deredpen oy REni SO e fBp AR S B channel 50 and a 11 ow
rate control processjng upnit 56. 5 [0038] The internal flow channel 50
opens bt IOBEE r eartPemEas I onein St Onser IS WHEAREE] aisiniiet B dn i S

outlet port., An air pressure valve, a pressure regulator and a gas cylinder
(not show§nd # thelpelel priis) Asal PESHIFERVEda Prssptigacguifios enhd ges HdsUGH! hovbilt si de
pi pe. [0039] The flow control valve 51, although its detail is not shown in
dr awi ngs, diasvings) asraoamegieditotti inletipan theouigh s autfdepipepen degree by neans of, for
exanpl e, an actuator conprising piezoelectric elenents, 10 and drives the
act uat or 039 ti nFhodiencanoopadn Stedhegh eoddas na isigral in idswdrigy, énsofarranped e
flowrate control processing neans 56 and controls the flow rate of the gas
by adj ust chgigd itevalvk opéncREEE B mab ¥R 1o &.xa[ﬁigld ffactu¥dt dppBEepideatee daxed, on a

val ue of the val ve open degree signal. 040] The resistive elenment 52
conpr i §€s a@NdrivA RS adhBtoiiaGihcviiRn 838peh ieNEnddi QPR RivEh B¥h IRIRW rate control
processing means 56 and controls the flow rate of the gas by adjusting the flow control valve 51 at the
valve open degree based on a value of the valve open degree signal.
[06040] The resistive element 52 comprises an inlet to which the gas flowing from the flow rate
control valve 51 is introduced and an outlet from which the gas is discharged.  The resistive element 52
15  generates a pressure differential between the inlet and the outlet.  In this embodiment, as the resistive
element 52 used is, for example, as shown in Fig. 3, a non-linear resistive element such as a laminar
flow element having a property that the smaller the pressure differential is, the smaller a pressure
differential derivative value of the flow rate flowing in the resistive element 52 is.
[0041] There are the inlet side sensor 53 and the outlet side sensor 54 as the pressure sensors.
20 Theinlet side sensor 53 detects a pressure of the gas flowing in a primary side of the resistive element

52, namely at the inlet side of the internal flow channel 50.  The outlet side sensor 54 detects a pressure

of the gas flowing in a secondary side of the resistive element 52, namely at the outlet side of the internal

13



control valve 51 is introduced and an outlet fromwhich the gas is

di scharged. The resistive elenent 52 15 generates a pressure differenti al
between the inlet and the outlet. In this enbodinent, as the resistive

el ement 52 used is, for exanple, as shown in Fig. 3, a non-linear resistive
el ement such as a lamnar flow elenment having a property that the snaller
the pressure differential is, the snaller a pressure differential
derivative value of the flowrate flowing in the resistive elenent 52 is.
[0041] There are the inlet side sensor 53 and the outl et side sensor 54 as
the pressuylg SERSGHS - In t8lendRBinieR ﬁrabﬁﬂ@p}&%g@e @és&lege%g& Bl

the gas flowing in a primary sid resi I ement namnel y at
the inlet g s9f,the internal flow channel 50. The outl et srde sensor 54
detects a pressure of the gas flowing in a secondary side of the resistive

| enent 5 |y at. the outlet side of, t hannel.. 50.
I this oS menie By dBe il ppr ety fu %}E@%ﬁ%&% e 28 g VTR o

the press ors 53, 54. The flo te control processi.ng unit
56 conpri g’é‘é’% ﬁp é gptegpl Iﬁ‘?’i%ﬂr% %G?YPVF%‘“' éli1 *}Conﬁ%ﬁ% fef s 8 g%= a
internal menmory, an A/D converter and a D/ A converter, not shomn in

dr awi ngs, cammynigARtEaes P sAMIRIE wile he dow greaentohyaived Lt andrandnml wigthcst e
control valve 51, and an input interface. By operating the CPU or its

peri pher alBydwor@esht@Re ¢r irpedpliprabdevons basat ach frograrh etoien irethe alenabmomgry, thdhe
flowrate control processing unit 56 produces at |east functions as a flow
rat e cal culbwtritngorsiecpro@ssirgnodt 56 proauees et finitionsds d hat raeakiculbiapasction (MasS
flowrate of the gas based on the pressure value detected by each sensor

53 and 54 shavrde dia@irigoriha all@ it binkgs SHEfale@ teRAY baSdIANhd flesttiravdlRaRlctbd gy
cal cul ates a 10 deviation between the mass flow rate of the gas obtained in

the flow eahesceat 631laad i500a 38GdbS RalaMing REtbh AWt sﬁcﬁ&rﬁ‘ms&ﬁmﬁgs') W cacukARtd ol
val ue cal cul ating section (not shown in drawings) that calcul ates a

feedbagk q&qmbh Qétw&fl lihtGnds O xfaé%?tﬁ@gé ob@AL AR ﬂBQ?até éafb &?gtsgcu&? rtﬁ%! flowAl ve

51 by providing at [east a proporti operatron In a |t|on

oper at i on iny, BR.2Y ohiHPHiH Lt @RAEAbh Afbe ket Sl R P LA a1, PRgaN o)

control value that feedback-controls the flow rate control valve 51 by providing at least a proportion

operation (in addition, the operation may be an infegration operation and a differentiation operation) on

the deviation obtained in the deviation calculating section, and a valve control signal output section (not
15  shown in drawings) that produces an open degree control signal having a value based on the feedback

control value obtained in the control value calculating section and outputs the open degree control signal

to the flow rate control valve 51.

[0043] The pressure control unit 6 comprises, for example, a regulator.  The pressure control unit

6 feedback-controls a pressure at a downstream side of the pressure control unit 6 so that the pressure
20 becomes a target pressure. A value of the target pressure can be set by a command signal from the

information processing unit 7.

(G044} The information processing unit 7 comprises a digital or analog electric circuit having a

CPU, an internal memory, an A/D convertor and a D/A convertor (not shown in drawings), a

14



t he devi ation obtained in the deviation calculating section, and a val ve
control signal output section (not 15 shown in drawi ngs) that produces an
open degree control signal having a val ue based on the feedback control

val ue obtained in the control value cal culating section and outputs the
open degree control signal to the flowrate control valve 51. [0043] The
pressure control unit 6 conprises, for exanple, a regulator. The pressure
control unit 6 feedback-controls a pressure at a downstream side of the
pressure control unit 6 so that the pressure 20 becones a target pressure.
A val ue of L henta : > ak : LOf .

ot or mat | o e R RS Sy Ruial A SRLoerip 3 BOEERCSANI cor O bR,
conpri ses . Ll .ar I elect.rjc.ci i i U j al
reor v artea b Rda noR SoheP bR A o e B iR RS0
conmmuni catjon interface.to communi cate w.th each section e. :

Lot i ng. opB: F GHPEBHT BPRBTR g oyt 1eBEirhg SPuhanAhof PEUPRBHb | or
5, an input interface and. a display device such as a liquid cr%st !

di spl ay. THSSFHE SR e HUlFE GBS G SAOMPUIPT gy AtrePerorf! Caipaiero rh 2dguany ary

all of the information processing unit 7 may utilize a nultipurpose
conput &r SO SiECUE %ﬁmasev@omd‘gwngl fingtigni withowt, using & KA dde dnfprigtien

al one may serve the follow ng function wi thout using a CPU. The information
processi ngragersing Wnif g ismot nasessaibsphybitally pitsesitaslastithythit it wilrea tedntolioht (ohgto ba
utilizes a control unit (omt to be shown in drawings) for a sem conductor
manuf act urshown iagpeings)ds aReaicodducor mak éctaingt appdratity o dlewiritg canfroltproceding agh
flow controller 4, 5 as a part of the function thereof. In addition, the

i nf or mat i @Nedoh A6@IEtRer ABiat a ParlEthe RO SRredTl| 1 RldRioh, Nid IMIRELS picvidssigd | Y
connected each other by wire or without wres. 10 [0045) Then a

pr edet er mypietimpy QPR heltsé PERehch® nffly) BhRLBAaNBHRLY waB e WilRulhilds.and its
peri pheral devices are operated based on the program so that the

i nforpmgti i{ﬂhfﬂr Oce?ﬁénnggﬁéﬁétémz'le@ﬁ% e8 stofdf PR maPReRR9 W] 2 ('J_I"?I% s at

| east as state contr sectio a, a Si gnal recel ving section ,anand a
peripheral devices are operated based on the program so that the information processing unit 7 produces
functions, as shown in Fig. 4, at least as a state control section 7a, a signal receiving section 7b, and a
judging section 7¢.  Each section will be described.

[00646] The state control section 7a outputs a command signal for test by making use of a test start
15  command as a trigger by operating the input interface and operates the testing-subject flow controller 4,

the testing-standard flow confroller 5 and the pressure controller 6 based on the command signal

respectively.  Concrete test operation will be described later.

10047) The signal receiving section 7b receives a flow rate measurement signal for test from a

flow rate sensor section 41 of the testing-subject flow controller 4 and receives a flow rate measurement
20 signal for reference from a flow rate calculating section of the testing-standard flow controller 5.

[0048] The judging section 7¢ compares the flow rate measurement signal for test with the flow

rate measurement signal for reference, each of which is received in the signal receiving section 7b,

Jjudges whether or not the actual measurement flow rate indicated by the flow rate measurement signal

15



judgi ng section 7c. Each section will be described. 100461 The state
control section 7a outputs a command signal for test by nmaking use of a
test start 15 conmand as a trigger by operating the input interface and
operates the testing-subject flow controller 4, the testing-standard fl ow
controller 5 and the pressure controller 6 based on the command si gnal
respectively. Concrete test operation will be described later. [00471 The
signal receiving section 7b receives a flow rate neasurenent signal for
test froma flowrate sensor section 41 of the testing-subject flow

cont rol | erg,A-anf \Lagﬁx‘g%y@r‘é&teﬁniﬁ&ﬂ%‘ﬁ%re% fe ‘E‘E.fé}ﬁr‘é{éagug@; Lot 069 {a?é lgcﬁl@a'tdad};? g'le el ahence

froma flowrate c ating section o st1 ng-standar W

controller 00481 The j.udgi ng secti.on 7c.conpares t flowrate

reasur enerb S TaRa Wl Of s IR ERES RO BRIP naE dubiTein G RlRd et
reference, each of. which is recejved in the signal receiving section 7b,

§ dges i dERE o AVIGHY e oS P R O U THTE o4 byt he
flow rate neasurenent signal 15 for test falls within a predeterm ned
range of tIA& ket udlexireBethdarehicsting bythe sseof thegystent batesips thedlop| capiroligihaving
measurenment signal for reference and outputs the judged result. An output
form of t e abodgaenzemens hiwill hegrblainsdvitaefsiensede Figys. such as on a di splay or
printed in accordance with the enbodi ment. [0049] Next, a procedure of
testing by0@khe usdirsfa tedhés seytet Bnopeating tbsinpwigntérfree ¢fltovinbomdtion ploesssitgawitilg 5
t he above arrangenent A will be explained with reference to Fig. 5. [0050]
First, a ti®sithe sststatrchethaiyis psmiiet fight fige tonptitsedtioh @4 dabeinfobmitios processing
information processing unit 7. Then the test start command is transmtted
to the stahg7control section 7a of the information processing wunit 7.

[ 0051] The state control section 7a outputs a conmmand signal by nmaking use

of the tequgFartqhégmgqaﬁﬁﬂgx@§1ﬁa&h&&gﬁ&m%QQd@%ﬁﬁ?gﬁﬂ%n&ﬂkM%fﬂ@t&Hm&Pe

i
testing-subject flow controller 4 fully open so elnaflowrate

uncond ol it vlgdbiaRa ales (AR FPGH AL bbjec! M bR RS astd OW
be in a flow rate uncontrolled state (step S1). More specifically, the testing-subject flow controller 4
works as a mass flow meter alone in this flow rate uncontrotled state.
[0052] Meanwhile, the state control section 7a outputs a command signal also to the pressure
controller 6 and conducts a local feedback control on the pressure controller 6 so as to make a pressure
15 in a flow channel 3 on a downstream side of the pressure controller 6 at a certain target pressure
contained in the command signal (step S2).
[0053] Then, the state control section 7a outputs a command signal containing a flow rate set
value to the testing-standard flow controller 5 and conducts a local feedback control on the testing-
standard flow controller 5 so that the testing-standard flow controller 5 is in the flow rate controlled state
20 (a state that the flow rate control processing means 56 conducts a PID control based on the deviation

between the flow rate set value indicated by the command signal and the actual measurement flow rate

value) (step S4).
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works as a nmass flow neter alone in this flow rate uncontrolled state.

[ 0052] Meanwhil e, the state control section 7a outputs a command si gnal
also to the pressure controller 6 and conducts a | ocal feedback control on
the pressure controller 6 so as to make a pressure 15 in a flow channel 3
on a downstream side of the pressure controller 6 at a certain target
pressure contained in the command signal (step S2). [0053] Then, the state
control section 7a outputs a command signal containing a flow rate set
value to the testing-standard flow controller 5 and conducts a | ocal

feedback ogpsfol Qi e si%fa? %e}:(ffgfl}g %Etﬁfﬂd?@ E'ééeit/é:s%}’f‘lloﬁ%é FRhsiRhen s%ﬁerl Ehakt dohe

testing-standard flow co I's In the ow rate contr ed state 20
(a state t ol [ 0 I 0 [ 56.¢ QQF? I
control ba@%go‘%nﬁ? ﬁégéye%e?lg) i‘gln&t gttﬁgg&t%r% é]quovgf?n%gﬁeé Lge dova u%sal ﬁo [ 5%? ed
by the comyand signal , and the actual .measur nt flow rate  value) (step
- "Te S OBRR Rt FE ke Mok uBe A0V Agt SATHR b 7 bl R RS o
nmeasur enent _Si | for. test from the flowrate sensor section 41 of the
testing- s&BP‘E)@%%?@S\FPe PR STl TR BB B4 o oW B! S

signal for reference fromthe flow rate cal culating section of the

t esti ng- sthefipstigtemeapemensiony (fpraplemsncea nhen fs jydging swborssdedgervirthecamphe s
the received flow rate measurenent signal for test with 5 the flowrate
measur enereudigmsirerient low frde edseaied Phdr fidweraeudeisurgment signa Morest jfalld gabin a
whet her or not the actual neasurenment flow rate indicated by the flow rate
measur enmemptedstieigria rdher ofttesttublahdasirathdnhilow @t igplicade bethatiowe ehta ramgeendnt tigral
actual neasurenent flow rate indicated by the flow rate neasurenent signa

for ref er gnedereandn®otiyiste jtdped jodgaeh $gsul t (step S5). [0055) In this
enbodinent, the flowrate controller for reference 5 controls the flowrate

of the 1Qodski d af h¥ehibbdihBntVidd HEH rAOEhrkNIRr K 4GB e SO Bod, WHOSShe
whet her or not the actual neasurenent flow rate of the testing-subject

flow ¢gnt rﬂtg#dla?ﬁlulﬁplfs b M R Re REEEPTS IS ndiRP 88n P the LG fehdtment flow

neasur enen
rate of the testing-subject flow controller 4 falls within a predetermined range of the actual measurement

flow rate of the testing-standard flow controller 5 at the above-mentioned each value respectively (step
83, 55, 87).  For example, in case of testing a flow rate of 100 scem or 50 scem on the testing-subject
flow controller 4a, the judgment is conducted by operating the testing-standard flow controller 5a that
15 canmeasure (control) a flow rate of 20 ~ 200 scem in a performance rate of 50% or 25%.  In addition,
in case of testing a flow rate of 1000 sccm on the testing-subject flow controller 4a, the judgment is
conducted by operating the testing-standard flow controller 5b that can measure (control} a flow rate of
200 ~ 2000 scem In a performance rate of 50%. As mentioned, since multiple flow controllers for
reference 5 whose flow control range differs each other can be arbitrarily selected for a single testing-
20 subject flow controller 4 in conducting a test on a flow rate and each actual measurement flow rate can
be compared at multiple values, a judged result of the test on the flow rate can be obtained accurately in

a broader range of the flow rate.

17



flowrate of the testing-standard flow controller 5 at the above-nentioned
each val ue respectively (step S3, S5, S7). For exanple, in case of testing
a flowrate of 100 seemor 50 seemon the testing-subject flow controller
4a, the judgnment is conducted by operating the testing-standard fl ow
controller 5a that 15 can neasure (control) a flowrate of 20 - 200 seemin
a performance rate of 50% or 25% In addition, in case of testing a flow
rate of 1000 seemon the testing-subject flow controller 4a, the judgnent
is conducted by operating the testing-standard flow controller 5b that can

neasure (qowssl 0l ) 1@ abdoRithdead/ Bl e 5300 for 2066 HE9MW BorolRer A WaVRNER dele Of
50% As nentioned, since nultiple flow controllers for reference 5 whose

fl ow cont ra%nr%magesm& fifeats® ;se&ﬁahc%a Rt %%mﬁiﬁ-.s o h@@%ﬂ@én&@d E&Fhﬁ‘@ﬂ@v@ i

single testing 20 subject flow control in“conducting a test on a flow
rate and u | ow 1 can , red_at Lhl e

val ues, a%?%gggghgggdg?q%?ﬁ@ﬁgﬁ§éée(gﬁnﬁﬁgmﬁﬁ%ﬁﬁgﬁ?%ﬁggﬁb éw%évgﬁ%ggﬁb
accurately, i br o r-range.of the flowrate. 17 100 LN .accaordance

o h the SptdferlRRlE s HERRLT pai b ar e Ao s0RHY o Va0 domth:
arrangenent ,, sigce t he teaé is conducted with th testing-subjech_flow
cont r oP | ereshngsubiogt oy cpnuglipr A4 the tegrgrsiandas] floeroatrelier> #Reret HehMmUp it d 8% r at e
controlled at the predeternmned flow rate by the testing- standard f| ow
cont r ol | erfo make the fesingslandarg| flowt eonirelics 2 quiekdy Pradyea pessefe a WaCk ppopeptiapldne
(dead volune) fromthe 5 testing-subject flow controller 4 to the

t esti ng- stetngstadddid Gow contratlel § ér stabileed. ods ey read,  hosumes posibly. toGhorigna@ tiniw
make the testing-standard flow controller 5 quickly at a target pressure at
whi ch an opeiraitforahe todt ifcliding b eal timg asharhda passibl and 1© @aiduct|al tast wih high accuracy.
stabilized. As a result, it becones possible to shorten a tine required

for the tesidditog it thgpréssiBbdtwien R t@BngBubjbct ASw PO HSIIR Uenand g saiddtiiona
test with high accuracy. |In addition, since the pressure between the

testing- sulinefd: sfit QNLEIRALE OLbRinRB ey S rdfRd dnBoIRE 8NAR MesshvlcaWsthize the
controller 5 is controlled at a constant val ue by the pressure controller

ok oA A SBLER ChryoREtal koo 15 s gogstl ot 11 ov
[0057] In addition, the testing-standard flow controller 5 controls the flow rate of the fluid at
multiple values and it is judged whether or not the actual measurement flow rate of the testing-subject
flow controller 4 falls within the predetermined range of the actual measurerent flow rate of the testing-

15  standard flow controller 5 at the above-mentioned each value respectively. As a result, since it is
possible to know a linearity of the flow rate and the zero point, the judgment can be conducted more
accurately.

[0058] Furthermore, since the testing-subject flow controller 4 is the thermal type and the testing-
standard How controller 5 is the pressure differential type, it is possible to structure the gas system with

20 high performance and at low cost,

[0059] In addition, since the testing-standard flow controller 5 has a structure that the flow rate

control valve 51 is arranged on the upstream side of the pressure sensors 53, 54 and the pressure sensors
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100571 In addition, the testing-standard flow controller 5 controls the
flowrate of the fluid at nmultiple values and it is judged whether or not
the actual neasurenent flow rate of the testing-subject flow controller 4
falls within the predeterm ned range of the actual neasurenent flow rate of
the testing 15 standard flow controller 5 at the above-nenti oned each val ue
respectively. As a result, since it is possible to know a linearity of the
flowrate and the zero point, the judgnent can be conducted nore
accurately. 100581 Furthernore, since the testing-subject flow controller 4

i's the thenalad ¥idued Bcth dh8bdr &8t (AGUMSIRN A Rl OWie R AAQE b8 prialrScHal}R,
pressure differential type, it is possible to structure the gas systemwth

20 hi gh p%ﬁggﬁl@@tg%d@&mkﬁye@@%& ot 8289/ N addition, since the

testing-sta ow contro as a structure that the flow rate

cont ol vahih 51 EauRkEa0gRd B0DE WILESATLS! R PSR AP S

53, 54 an pr éssureé Sénsors arra h rsi de
(vacuum s

id it ible to limt f ) .
racuum =) hos e BB e b PR oL 04 e
Furth ' the || f t 3 ar d in I tipl dth
TN TN CAE MR R,

test can be conducted differs each other (having a 5 different flow rate
control r &#gelhalagiseymantpdlhiplorcceragh 1ine for test 3, it is possible to
conduct the test in a range that a user wants with high accuracy. [0061]
Second Enti#éilmrent Stdend Embodgreevnd enbodi nent of this invention will be
expl ai ned. The sane conponents as those in the first enbodi ment are
denot ed by the saiextr®icesrinadodiogasf dss ihtensa will bk bidainel0 Erdyacie tanionerf0062]
In this second embodi ment, as shown in Fig. 7, only a single
testing- st andeaibst fol OW first embodiment are denoted by the same reference codes as those in this
10 embodiment.
[0062] In this second embodiment, as shown in Fig. 7, only a single testing-standard flow
controller 5 is used and a linear resistive element (an orifice) 8 is arranged on the downstream side of the
testing-standard flow controller 5. As shown in Fig. 8, a relationship between a flow rate flowing
inside the linear resistive element § and a pressure differential between both ends of the linear resistive
15  element 8 is linear and an effective flow rate volume of the linear resistive element 8 is bigger than that
of the non-linear resistive element 52. A reference code BL in Fig. 7 is a bypass line to introduce a
fluid into the linear resistive elernent 8 without using the testing-standard flow controller at a time of
conducting a test by the use of the linear resistive element 8.
[G063] In addition, an information processing unit 7 comprises functions as, as shown in Fig. 9, a
20  state controlling section 7a, a signal receiving section 7b, a judging section 7¢ and a flow rate property
calculating section 7d.

[0064] Next, a performance of the information processing unit 7 in case of conducting a test in this

second embodiment will be explained.
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controller 5 is used and a linear resistive elenent (an orifice) 8 is
arranged on the downstream side of the testing-standard flow controller 5.
As shown in Fig. 8, a relationship between a flowrate flowng inside the
linear resistive elenent 8 and a pressure differential between both ends of
the linear resistive 15 elenment 8 is linear and an effective flow rate
volunme of the linear resistive elenent 8 is bigger than that of the
non-linear resistive elenent 52. A reference code BL in Fig. 7 is a bypass
line to introduce a fluid into the linear resistive elenment 8 w thout

usi ng the pest i NgFaiandasdintd pwy fsa%fmahésﬁr{g.s%dgd Hé\ﬂ'@orﬁ%ilerQQH&H%ebiﬂ&llﬁ if est
by the use of the linear resistive element” 8. [0 I'n addition,

| nformat i on,ff A ?a%éa?é&v&h@feﬁa afl WE&%@%orfﬂHﬁ'&i%ﬁ%%uﬂ?&emQ&u&%p@gwhghcjﬁﬂ&g%I 9 a

20 state controlli1ng section a a signal recelrving sectio
t 7 f t ] at i tl 7d
por  or manas ofih b (U 6% SpBoaRSlk, e BRHGHGR OSSR WL SPrubhadin WY &
t est t hi 1 b 5] Fir
Speci f1ed n'ﬁﬁa%ws Sf%ﬁf%ﬂ@r%ﬁ*ﬂ%%h?%“&%@ﬁ&% Bttt T Gehsteigivaioe & °

specifically flowrate area wherein a flow rate can he
cont r of ed® evﬁ%mﬁ %néﬂ\z?gﬁ whthen ee Rt oypegmesaaet flov Ainpdicsielhy haflay rig ¢ o
the first enbodinent, the information processing unit 7 conpares a flow
rate neadifparaIen Sgughlr ofaly wghing nmf‘:@nlﬁln@hm%@fethm@alj meepiremes| gavarated or
reference at each different value of 5 the flow rate, and judges whet her or
not the aatdisated beths lverstemicaiuranent sgnel fomrdeeateed by the flow rate
measurenent signal for test falls within a predeterm ned area of the actua
measur enerf@ood]l ow Aathe sanattheatiRitingyt thisbok¢-mentioasdecatieaiidbe tirsjidediggasibn Tor
reference. [0066] At the same time as judging at the above-nentioned each
val ue by bh&eiiﬂﬂ@iaﬁ@nf | §iSNundC7, tRS fldvi @atd ﬁrﬁ)?ér@%alc@lﬁur@s@&@ﬁsm%oumaﬁw% ,a the
cu

flow rate property ca ating section 7d al so neasures a 10 pressure

di ff egent brkyRENRSRI BOLRARESnAS off hElikek NEATIvd &Shedl 8, VRcBA& By Bte property

calculates a flow rate property
of the linear resistive element 8 based on a relationship between each pressure differential and the actual

Q

measurement flow rate by the testing-standard flow controller 5, and stores it in a memory.  Although

the flow rate property is obtained in the small flow rate area, it is possible to derive a relationship

between the flow rate flowing in the linear resistive element 8 in a large flow rate area and the pressure
15 differential.

[0067] In this embodiment, since a pressure at a secondary side of the linear resistive element 8 is

zero (namely in a vacuum), only a pressure at a primary side of the linear resistive element 8 is measured

in order to obtain a pressure differential between both ends of the linear resistive element 8, and an outlet

side sensor 54 of the testing-standard flow controller 5 is used as a sensor to measure the pressure at the
2C  primary side. It is a matter of course that a dedicated pressure sensor may be arranged at both ends of

the linear resistive element 8.

Next, a switch valve SV is switched so that the fluid can be introduced into the linear resistive element 8

through the bypass line BL.
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of the linear resistive elenent 8 based on a rel ationship between each
pressure differential and the actual neasurenent flow rate by the
testing-standard flow controller 5 and stores it in a nenory. Although
the flow rate property is obtained in the small flowrate area, it is
possible to derive a relationship between the flowrate flowng in the
linear resistive elenent 8 in a large flow rate area and the pressure 15
differential. [0067] In this enbodi ment, since a pressure at a secondary
side of the linear resistive elenent 8 is zero (namely in a vacuum, only
a pressurengh, il BRHYoi ﬂ%noa&eatégswhih BRI s SobV teedg%lz@ﬁgﬁng. b red
in order to obtain a pressure differential “between both ends F the [1 near
resistive . 8 - I i sensor. 54 of .t he testingsstandard
Fow cont e ifond iyt #hdedon AR ST brtell o A PRI
ter of rse t a.dedj.ca psor may

primary side,. It is, a nm urse th cat.ed pressure se

be arr ange‘ﬁleg‘Fr (Hgf’ﬁﬂ]%ﬁc&?} I@FasurF'ﬁgﬁ%PWég? %}' it‘§?’?g\"ﬁéf’38qt bﬂ‘@ﬁ&m@. e ﬁe@'gs,mg‘ms% t ch
val ve SV is sw t.ched Sﬁh%£=twéﬂe fluid can_be introduced into the |inear

[ esi st ve PEBREIREIET Oh BlaAR e ysalyaied fiam e lov sirmBrry &l i bieai esiive
conducted in an area exceedi ng the specified flow rate of the

t esti ng- stekAtaid Pl to %ﬁ@%&“@iﬂi@@{%tﬁﬁm‘ﬁmt igvesnghcted gt rgultiple diferent Sow raig e
area. More concretely, the judging section 7c judges whether or not the
actual neasluesenent flow rate by the testing-subject flow controller 4 falls
within a predetermned area of a calculated flowrate calculated fromthe
fl ow rat e [@68per t Thobyakelide neat nacesirlly ragaird. elnethe MrgeBflovSirne wes, thotetting-
small flow rate area, the judgnent is conducted at nmultiple different flow

rate val yasdard RRGEhtdRES BPBSH d fioderale SInAREOIRE SIS SAN ieWak € U RME Bpenlsh thah e
| arge flow rate area, the testing- standard flow controller 5 may be in a

flow rat e femuprtid B ih@fdusH dit@hWitdr tHGvY NG Phudubtl hY QRS RS Rrd R conddler

fluid can be introduced into the linear resistive elenent 8 through the
testi pg-skandard flow controller

[0069] A sufficient test accuracy is not secured in the small flow rate area in case that the lincar
resistive element 8 is used, however, 1t is possible to conduct a test on a flow rate with high accuracy in
the small flow rate area if a non-lincar resistive element 52 having the above-mentioned property is
used.

15 [0070] Meanwhile, in case of the non-linear resistive element 52 having this property, there might
be a problem that an etror becomes big in the large flow rate arca.  However, since the linear resistive
element 8 is used in the large flow rate area, it is possible to secure a sufficient accuracy for the test also
in the large flow rate area, resulting in enabling an accurate test in a quite wide range of the flow rate.
[0071] In addition, since a flow rate property of the linear resistive element 8 used as a reference in

20 caseof a fest in the large flow rate area changes due to a change of a kind of the fluid or a change over
time because of an influence from a corrosive gas, under ordinary circumstances the flow rate property
is required fo be measured every time when the correction is conducted. However, in this second

embodiment, since the flow rate property of the linear resistive element 8 is calculated and figured out at
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d invention is not limted to the above-nenti oned enbodi nent.

[ 00731

For exanplsée bftbe tegting-bubipestic] @atrollel, buwavenit mey bearahged hettvedr the eeidg-sdjchiow
thermal type. In 5 addition, the testing-standard flow controller i

limted tooithterpnihisistiag dnidatifeadoadolityype. [ 00741 In the above-nenti
ment, the pressure controller is arranged on the upstream side of

enbodi

the testin@subj et addidow @ARBIE Aol sontrbIRMEINEE test ImayB dandd HRRERE i@k

the testing-subject flow controller and the testing-standard fl ow
contr ohl ekypplving line. For example, as shown in Fig. 10, the multiple (three in Fig. 5) identical flow

1

2

S not
oned

een

controllers under test 4 are arranged in series in the gas supplying line 1 and it is possible to judge

whether or not the actual measurement flow rate of each of the flow controllers under test falls within a

predetermined range of the actual measurement flow rate indicated by the testing-standard flow

controller 5 at once.  With this arrangement, it is possible to increase a number of the flow controllers

5 that can be tested per hour so that it becomes useful for the test, for example, at a time of shipping the

flow controllers from a factory. At this time, the multiple flow controllers under test 4 arranged in the

gas supplying line may not be identical.

10076} In this embodiment, the lines for test are ammanged in multiple and a testing-standard flow

controller whose range of a flow rate wherein the test can be conducted differs each other, namely,

0 having a different flow rate control range, is arranged in each line for test, however, a single line for test

may be arranged.

0077} Furthermore, the object to be tested may be a flow rate measuring device comprising a

flow measuring section to measure a flow rate of a fluid.  In this case also, if the test is conducted
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[00751 In addition, nmultiple flow controllers under test may be arranged in
series in the gas 10 supplying line. For exanple, as shown in Fig. 10, the
multiple (three in Fig. 5) identical flow controllers under test 4 are
arranged in series in the gas supplying line 1 and it is possible to judge
whet her or not the actual neasurenent flow rate of each of the flow
controllers under test falls within a predeterm ned range of the actual
measurenent flow rate indicated by the testing-standard flow controller 5
at once. Wth this arrangenent, it is possible to increase a nunber of the

fl1 ow cont rigl LgleSnelnd b of A1 a@ﬁ'eutrrﬁ:ﬁﬁo‘:ﬁ% t@glﬁ% Wb &?tﬁ% &%]Eof lg\t;ﬁ@%%ﬁﬁ&ﬁo% ul

for the test, for exanple, at a tine ppl ng trollTers from

a factory. i j : LRle flow controllers.under. test 4

2t anged g Becbiposible kA G RN E RO Bl B R S 88 et
enbodi ment . _t.he l.ines for test..are arranged in nultiple and a
testing-st%ﬁ%@ﬁ%wqq%%Ww%ﬁﬁé?@h@ghmﬁmﬁﬁb range of a flow rate wherein the
test can Q@%ﬁfndugée differs each other; nanely, 20 having a different
flow rate r ol N, § CONCIF!F HFPEANGTHOISAESeRiOR s noplimitedde the Hayewsptiongd
single line for test may be arranged. [00771 Furthernore, the object to be
t est ed >mayFbedigentppdimaysicaagqualy morifgd withaurdepaingronsd siit of thdinitioreasur i ng
section to nmeasure a flowrate of a fluid. In this case also, if the test
is conducted with 22 the sane nmethod as that of the above-nentioned
testing nethod by the use of the testing-standard flow controller, it
beconmes pdQSSHLE ARPIIGSTIONS I8 INDMSTREquUi red for the test including a wait
time as nuch as possible and to conduct a test with high accuracy. [00781

I'n additi ge079p CoMCicetreands alh heBRht®f sitR @k 1$86d-duBfctifSwtBhtrdllblTh teth 4 vt he
above-nentioned 5 enbodi nent and may be variously nodified w thout

depar ti ng rfi QffoRroRi §titd with teRRlvE SRR full OB Bhd R MRkt SNRUSTRY
100791 In accordance with this invention, since the testing-subject flow
contr ohl eljeddSoRfl fibk 1R t&ltiﬁ’é’-\éubject flow controller to the testing-standard flow controller at once and it

is possible to instantly make a pressure of the testing-standard flow controller at a target pressure at

which an operation of the testing-standard flow controller is stabilized.  As a result, it becomes possible

to shorten a time required for the test including a wait time as much as possible and to conduct a test

with high accuracy.
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rate uncontrolled state with the valve substantially full open, it is
possible to raise the pressure of the 10 dead volune fromthe
testing-subject flow controller to the testing-standard flow controller at
once and it is possible to instantly make a pressure of the
testing-standard flow controller at a target pressure at which an
operation of the testing-standard flow controller is stabilized. As a
result, it becones possible to shorten a tine required for the test
including a wait tinme as nuch as possible and to conduct a test wth high
accuracy. N M5 1. A nmethod for testing a flow controller conprising a
val ve, a flow neasuring section for neasuring the flowrate of a fluid

val ve

passi ng the valyve, an val.ve control chani.sm for controlling. the
Do a5 Vo make the adt HafbdPBpbt i SncRERRRESES v SRl PG

measuring section he an 5 assigned target flowrate, the.flow controler
foating HebROUE oY Shnefs BRChRtha e Tt nedbe fRird B et gh
which flows fluid whose flow is to be controlled,. a testing-subject flow
control | er"aXRE % t¢ Baks theactiehileyarae MeasuFRhsEmng in theilew measBiingeseoton Bt he
upstream side; put the testing-subject flow controller in a

f 1 ow uBcorssaed retdiowmee, the Danicemroflerdcstng methidsomprisiel cal [y in the 10

full -open state; and with the fluid flow controlled to a predetenuned fl ow
rate by the tesgtdvidgpgst srickame ffolvahanneldimbughlvwhioh; flojve dgiid mgrosstiietvhieto bo controlfedt he
actual flowrate neasurenent according to the testing-subject flow

cont r ol | e téstihd-sbjatttibivrrosrdiecae b egstighetdad ige cofrolativdlat sti@omtheupstream
measurenents according to the testing- standard flow controller. 15 2. The
fl ow cont @kl er testing method set forth in claiml, conprising:

put the testing-subject flow controller in a flow-uncontrolled state in which the valve is practically in the
10 full-open state; and
with the fluid flow controlled to a predetermined flow rate by the testing-standard flow
controller, judging whether or not the actual flow-rate measurement according to the testing-subject flow
controller falls within a predetermined range of actual flow-rate measurements according to the testing-
standard flow controller.
15
2. The flow-controller testing method set forth in claim 1, comprising:
by means of'the testing-standard flow controller, controlling the flow rate of the fluid at multiple
points; and
judging at each of the points respectively whether or not the actual flow-rate measurement
20 determined by the testing-subject flow controller falls within the predetermined range of actual flow-rate

measurements according to the testing-standard flow controller,
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by neans of the testing-standard flow controller; controlling the flow rate
of the fluid at nmultiple points; and judging at each of the points
respectively whether or not the actual flowrate neasurenent 20 determ ned
by the testing-subject flow controller falls within the predeterm ned range
of actual flowrate neasurenents according to the testing-standard fl ow
controller. 24 3. The flowcontroller testing nethod set forth in claiml
or 2, further conprising providing either on the further upstream side of
the testing-subject flow controller, or between the flow controllers, a
pressure contraller f .ng the nr i, 0 o be
Ql Thé ﬂo@%ﬂtfoﬂ%:ljlf ¢ Hénddr &8 ?d[x'tﬁga dhirh 8{ tbhm.nﬁné}z‘{&g@hsgﬁgcl’

constant. 5 4. The flowcontroller testing ne set

t hrough 3, 1 X rlsing. .. utilizi for the testingssta | ¢
controllegmg ggﬁﬁ?égggneagdang 6%%?2@%Fﬁﬁﬁﬁw)?ég‘N%?%%Q%H%F&%%QF%Q%W
testing-subject flow controller. 5. The flow. controller testing nmethod set
forth in SPUOfim 2 PRAPERE oo ePeRHige B PRI DAt Shob TR RRET g for t he
testing-subject flow controller, and utilizing a differential-pressure type
for the testing-standard flow controller. 6. The flowcontroller testing
met hod set forth in claimb5, further conprising utilizing the .

t esti ng- st andaftd f| &b Boreengplles festingiecthod|seidomain glgimgi IsthioserB. fuberempisiygg r eam
than the fl ow nmeasuring 15 section. 7. The flowcontroller testing method
set fort hufilvinglferithn tesfing-sigrdhnd flow soproll giafigw-reiq mieppiinggprotoel diffeent frgmdhabeidzer d
flow controller with a non-linear resistive elenment having the property

t hat the swmtiiglseljedt Bow bemtrplicessure differential between either end, the
smaller is the derivative of 20 the pressure differential in a flow
guantity flow ng over the non-linear resistive element, and with a pressure
sensor for neasuring pressure differential occurring in the non-I|inear

resistive el emgnt, yhd fov-Bfiroller testing method set forth in claim 4, further comprising utilizing a
10 thermal type for the testing-subject flow controller, and utilizing a differential-pressure type for the

testing-standard flow controller.

6. The flow-controller testing method set forth in claim 5, firther comprising utilizing the
testing-standard flow controller; the valve being disposed further upstream than the flow measuring

15 section.

7. The flow-controller testing method set forth in claim 2, further comprising:
equipping the testing-standard flow controller with a non-linear resistive element having the
property that the smaller is the pressure differential between either end, the smaller is the derivative of
20  the pressure differential in a flow quantity flowing over the non-linear resistive element, and with a
pressure sensor for measuring pressure differential occurring in the non-linear resistive element, with the
testing-standard flow controller being a pressure differential type that measures the flow rate based on

the pressure differential measured by the pressure sensor;
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testing-standard flow controller being a pressure differential type that
nmeasures the flowrate based on the pressure differential neasured by the
pressure sensor, 25 providing a linear resistive elenent, in which the

rel ati onship between a flow quantity flowng inside the linear resistive
el ement and the pressure differential between either ends thereof is

| inear, on the downstreamside of the testing-standard flow controller; in
the judgnent at each said point, also nmeasuring the pressure differenti al
between either end of 5 the linear resistive elenent, thereby to cal cul ate

el at) onhi b B e Pl I b P R RN o
{1 owerat e grpasuiesals, Ae eAnkiol BGLDEat st : ) andecd, LLowcamrol ! er,

and in an area where the regu owra sting-standard 1l ow

controller,is exceeded judgi ther or not the actual flowrate
neasurene$F“%3?§?ﬁ?ﬁ@%@%?h?ﬁgkggg¥?ﬁﬁwgﬁﬂP@%% flow 10 controller falls
within a predeternined ran of calculated flow rates calculated fro he
flowrate pr ob‘étg‘?&‘g%’ﬁe“f A S A as oy BREWE diigrentiy W@W@T of
testing a flow controller conprising a valve, a flow nmeasuring section for
neasur Png teBeq peigfivegicacnf therely to cdourissiiangratetpeoreiy ofdhe Lingat resisiigileaeptdivon ol
mechani sm for controlling the 15 valve so as to make the actual flowrate
measur enesprepandensé mdaionsips Hestvden wache afs the i pregsie cliffeomntidie amth theassialg Aedratar get
flow rate, the flow controller testing systemconprising: a flow channel
wher e f | uincbassoosets fittowined by e bstinganabdaal loedobtr@asand a t esti ng- subj ect fl ow
controller arranged in the flow channel; a testing-standard flow controller

arranged in seti @satdwhdietht r@latdhafiietateQsT thestid @ WaRideRM &infldller R xakdddhe

testing-subject flow controller, and an infornation processing unit for

recei vi ng jiigihk GVelhat 6 ARaRY BQRE HowShtd NalasPthdt tetb BBt he testing-subject flow
10 controller falls within a predetermined range of calculated flow rates calculated from the flow rate

property of the linear resistive element.

8. A system for testing a flow controller comprising a valve, a flow measuring section for
measuring the flow rate of a fluid passing the valve, and a valve control mechanism for controlling the
15  valve so as to make the actual flow-rate measurement determined in the flow measuring section be an
assigned target flow rate, the flow controller testing system comprising:
a flow channel where fluid whose flow is to be controlled flows;
a testing-subject flow controller arranged in the flow channel;
a testing-standard flow controller arranged in series in the flow channel on the downstream side
20 of'the testing-subject flow controller; and
an information processing unit for receiving a flow rate measurement signal output from the
testing-subject flow controller and a flow rate measurement signal output from the testing-standard flow

controlter, in a flow-uncontrolled state in which the valve of the testing-subject flow controller is
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testing-subject flow controller and a flow rate neasurenent signal output
fromthe testing-standard flow controller; in a flowuncontrolled state in
whi ch the val ve of the testing-subject flow controller is 26 practically
inthe fill-open state, and with the fluid flow controlled to a
predetermned flow rate by the testing-standard flow controller, and for
determ nably outputting whether or not actual neasurenent flowrate

i ndicated by the flow rate neasurenent signal of the testing-subject flow
controller falls within a predeterm ned range of actual flowrate

measur eme rﬁm%uéang InGd Bifl-oBdh s&akbearfd W & fid MBESHHEMRAS o Ble@ii@hnine® Q) rdkd W the

testing-standard fl ow controll . A sem conduct or " manuf acturing

appar at us t&eﬁﬁ | on ? Sl 9w ohik R Q:Qf]itbl; 8&% ?%ﬁ%htﬁ#@&h%ner Vb G dd:QW¥ment

measuri ng se neasur uid paSS|ng e val ve,
for controlll he val e the

and a val v, GonLr t

nctual 11 de SRR TREORR S B Rat ey o ) LS Mlage 3@}%@% " be
an aSS|gned tar flow fat t he sem conduct.or cturin ar.at
conpri si nd %8%@@§@¥%HQWE@VRWU?m§%ﬂ$%%ﬁﬂ§Hﬁ&ﬂ“ﬁ%ﬁ ¢ HQY fegncagurg %k@ nnel
for su pIylng sem conductor manufacturing fluids to the process chanber, a
testlng sdﬁﬁé seideaEbiy enirdier.  provided in the flow channel; 15 a

t esti ng-standard fIOM/controIIer, provided in series in the fl ow channel on
t he downstream side of the testing-subject flow controller, and an
information processing unit for receiving a flow rate nmeasurenent signa

out put fromthé. testiemiposdibjoratnificomng emtaratk f@rtesamgda do¥ [conrotlatoermprising a
measur enent signal output fromthe testing-standard flow controller, in a

f I ow uncontivglalfd iatadlirdgisectivh i hehsigny/dt View ofte bhefliie pisksing s walvgahd & hawe
controller is 20 practically in the fill-open state, and with the fluid

fl ow cont edroBdedhthian RE aﬂl%lﬁﬁgt;m@%efsb Vo hakehd¥nlaBow-tRShdafiBenscheReanded | ow

controller, and for determ nably outputting whether or not actual
maaSUi@meM the flow measuring section be an assigned target flow rate, the semiconductor manufacturing

apparatus comprising:;
a process chamber for semiconductor manufacture;
a flow channel for supplying semiconductor manufacturing fluids to the process chamber;
a testing-subject flow controller, provided in the flow channel;
15 a testing-standard flow controller, provided in series in the flow channe! on the downstream side
of the testing-subject flow controller; and
an information processing unit for receiving a flow rate measurement signal output from the
testing-subject flow controller and a flow rate measurement signal output from the testing-standard flow
coniroller, in a flow-uncontrolled state in which the valve of the testing-subject flow controller is
20 practically in the full-open state, and with the fluid flow controlled to a predetermined flow rate by the
testing-standard flow controller, and for determinably outputting whether or not actual measurement

flow rate indicated by the flow rate measurement signal of the testing-subject flow controller falls within
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flowrate indicated by the flow rate neasurenent signal of the
testing-subject flow controller falls within 27 a predeterm ned range of
actual flowrate neasurenents indicated by the flow rate nmeasurenent signa
of the testing-standard flow controller. 10. A flowrate testing device
testing nethod of utilizing a testing-standard flow controller 5
conprising a valve, a flow neasuring section for neasuring the flow rate of
a fluid passing the valve, and a valve control mechanismfor controlling
the valve so as to make the actual flowrate neasurenent detennined in the

f1 ow neasu hrattegidd rtipe BEacRiAl Wia&ﬂ%s&@aﬁtﬁ@ﬁndﬁd&@é%{lﬁ% Bow bl h@BdrerBent signal
testing-subject flow rate neasuring device furnished with a fl ow neasuring

section f Qi HIRABIN NG Witk SrfdhiRw rates, the flow rate testing device
testing nethod conprising: 10 providing in series, in a flow channel

t hrough which flows fluid whose flowis to be controlled, testing-subject
flow rate neasuring device and a testing-standard flow controller, in that

order fromthe ,upstreamside: and with the fluid flow. controlled to.a.
ot edeter mined Pow rola iy et B8 Mot ar oo REREMER 45" Bl ng
whet her. or not .the actual flowrate nmeasurenen %ccordi_g t@Pthe

t est i ng- sUBFEEENSA GIVS A0V BRISHIHY Septiop rnacasiiiphihh Haw saie it B PARE Pahe of
actual flowrate nmeasurenents according to the testing- standard fl ow
cont r ol | erdnd swgalve control mechanism for controlling the valve so as to make the actual flow-rate measurement

determined in the flow measuring section be an assigned target flow rate, to test a testing-subject flow
rate measuring device furnished with a flow measuring section for measuring fluid flow rates, the flow-
rate testing device testing method comprising:

10 providing in series, in a flow channel through which flows fluid whose flow is to be controlled,
testing-subject flow rate measuring device and a testing-standard flow controller, in that order from the
upstream side; and

with the fluid flow controlled to a predetermined flow rate by the testing-standard flow
controller, judging whether or not the actual flow-rate measurement according to the testing-subject flow

15  controller falls within a predetermined range of actual flow-rate measurements according to the testing-

standard flow controller,
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