FLOW RATE MEASUREMENT DEVI CE AND FLOW RATE MEASUREMENT METHOD FOR FLOW RATE
CONTROLLER FOR GAS SUPPLY DEVI CE Technical Field [0001] The present
invention relates to an inprovenent in a flow rate neasurenent device and a
flow rate neasurenent nethod for a flowrate controller of a gas supply
device to be used in a sem conductor manufacturing apparatus and a drug
producti on apparatus, etc., and, to a flow rate neasurenent device and to a
flow rate neasurenent nmethod for a flowrate controller for a gas supply
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measur ement’ accuracy, and qui cker ow raté neasurenent of the gas supply
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manuf act uri ng apparatus, etc., is generally contigured to sw and supply
a large variety of gases to an object to use the gas, such as a process
chanber, so that a necessary process gas, whose flowrate is controlled by
a flow r deehoicat Field er provided for each kind of supply gas, is supplied to
the object to use the gas. The flow rate neasurenent of each flow rate
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measurement device and to a flow rate measurement method for a flow rate
controller for a gas supply device, which enables downsizing, structural
simplification, higher measurement accuracy, and quicker flow rate

measurement of the gas supply device.

Background Art

[0002] A gas supply device of a semiconductor manufacturing apparatus, efc.,
is generally configured to switch and supply a large variety of gases to an object
to use the gas, such as a process chamber, so that a necessary process gas,
whose flow rate is controfled by a flow rate controller provided for each kind of
supply gas, is supplied to the object to use the gas. The flow rate
measurement of each flow rate controller described above is performed at
appropriate time intervais generally by a build-up method (or rate of pressure
rise (ROR) method), and flow rate measurement is performed by comparing a
sef flow rate of the fiow rate controller with an actual control flow rate measured
by the bulld-up method, etc.

[0003] Fig. 5 and Fig. 6 show examples of conventional flow rate measurement
methods of a flow rate controller for a gas supply device. Specifically, in the

measurement method shown in Fig. 5, first, a flow rate measurement unit Ug



measur enent nethod shown in Fig. 5, first, a flowrate neasurenent unit U0
including a build-up tank BT with a known i nner volune, an inlet on-off
valve V1, an outlet on-off valve V2, a pressure detector Pd, and a gas
tenperature detector Td, is joined to a gas supply line L in a branched
form Next, for exanple, to neasure a flowrate controller MFGL of a gas
supply device G-, first, on-off valves V02, Von, and Vo are cl osed and
on-of f valves Vol, V1, and V2 are opened so as to flow the gas into the
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is closed after the on-off valves V1 and V2 are opened. [0004] Then, from
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[00CE] On the other hand, in the measurement method shown in Fig. 6, a flow
rate measurement unit Us without the build-up tank is joined to a gas supply line
L. in a branched form. Then, for example, to measure the flow rate controlier
MFC, of the gas supply device GF, first, on-off valves Vo, Voo, Vg, and Vg, are
closed and on-off valves Vy, V4, and V, are opened to supply the gas at a set

flow rate from the flow rate controller MFC, to the flow rate measurement unit



[ 0007] Then, fromthe respective neasured val ues descri bed above, a gas
absolute flowrate Qo at a tenperature of OCat 1 atmfromthe flow rate
controller MFCL is obtained based on the rel ationship between the inflow
mass dG and an el apsed (inflow) tinme dt of the gas. That is, the inflow
mass dG can be expressed by dG = rot20.dt (provided that dt is an el apsed
(inflow) tinme and co is a specific weight). Rased on the pressures P and
tenperatures T neasured by the first neasurenment and the second neasurenent
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absol ut e ddtestor & ecaghesf Pt Her gdaencansdietimal aful atexhdsyel@pses), a second
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absolute flow rate Qo at a temperature of 0°C at 1 atm from the flow rate
controller MFC1 is obtained based on the relationship between the inflow mass
dG and an elapsed (inflow) time dt of the gas. That is, the inflow mass dG can
be expressed by dG = ro-Qo-dt (provided that dt is an elapsed (inflow) time and
o i a specific weight).  Based on the pressures P and temperatures T
measured by the first measurement and the second measurement described
above, an ideal gas has a relationship of PV = nRT, and by substituting the
mass G for the mole number n, the relationship of PV = GRT is established.

[0008] Therefore, on the assumption that the gas pressure P,, gas temperature

T4, gas mass G¢ are measured by the first measurement, and the gas pressure



tenperature T, and (4) when a tenperature change of the outside air is

| arge, the gas tenperature during pressure detection changes and
fluctuation of the tenperature detected value T increases, etc., so that
even if the gas is close to an ideal gas, high flow rate neasurenent
accuracy cannot be obtained. [0012] On the other hand, in the nmethod shown
in Fig. 6, the valve V1 is provided on the flowin side of the flowrate
measurenent unit U, and via this valve, the unit Ul is joined to the end
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cost increase, an operation delay I's caused by driving performance of

the val veabdle- c&ﬁ;@nbemfﬁﬂn@ldld@tim@thleﬁQﬁ@SaMﬁéS&fW;at%th o0hk3gad n the
met hod shown in Fig. 6, in order to nmeasure a sumvolunme V of the flow

passage icanebe calcuised/bydRot=hPFTuPdTeuR W/(ro-tle Bamed drhéthdraloolutel
connection pi pe passage Ls and the fl ow passage inner volunme Vt of the flow
rate neas@iumBor itusidetesmined whethardhw fiovs radp eweatrobperfeinures: ofihedjovand
during this tine, the inside of the flow rate nmeasurenment unit Ul is
vacuuned.rateneentralier MR iS660oR@Iy procedures to performflow rate
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a compression factor in Formula (1) described above since application of the
ideal gas equation becomes difficult depending on the kind of gas, and (2) to
determine the timing to start the second measurement after the first
measurement based on a pressure rise value when the control flow rate is in
the range of 1000 to 2000 SCCM or based on an elapsed time when the control
flow rate is in the range of 2 to 1000 SCCM.
[0010] In the method shown in Fig. 6, it is also a matter of course that a rate of
pressure rise AP/At is obtained from the respective measured values described
above, a flow rate Q Is calculated based on Q = (AP/A)x(V/RT), and it can be
determined whether the flow rate control value of the flow rate controller MFC,4
is proper based on the calculated value,
[0011] The method using the buiid-up tank BT shown in Fig. 5 has problems
ncluding that (1) the flow rate measurement device increases in size due {o the
use of the build-up tank BT and it is not possible to downsize the dimensions of
the gas supply device, (2) the measured value of the gas temperature inside the
tank BT significantly fluctuates according to the position of attachment of the
temperature detector Td, (3) the gas temperature T during rise of the gas

pressure inside the tank significantly fluctuates and does not become a constant



Sunmary of The Invention Problens to be Solved by the Invention [0015] A
mai n obj ect of the present invention is to provide a flow rate neasurenent
device for a flowrate controller for a gas supply device that is small in
size, can be easily attached to the gas supply device, and realizes highly
accurate flow rate neasurenent by easy operation. This main object of the
present invention also includes providing a flow rate neasurenent nethod
using the flow rate neasurenent device by solving the above-descri bed
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drive nmechani smincluding an el ectromagnetic valve and drive fluid piping,

etc., so dnhideasgaTihigh fiesrafeonebBi@nditRagRry ot BE obtdigéd Mechani sm
causes operation delay due to its driving performance and requires timng

adj ust merj0012t On Feusthdrhkapd eseitie imetboti shiowolineBigt e theobhleen Vhas
cal culation of a total inner volume V of the fluid supply line L and the
br anched provided tinothepiipe-ip siskeagiethesfiam datenmieareremettuiret My, afid vieetHis ow rat e
measurenent unit Ul, takes too many operations. Means for Solving the
Pr obl em [MadvEs thamnitiyeift joinechta Biedehg postian af thel beanahed gansesHEN e i cat i on
is basically constituted so that a flow rate neasurenent device includes a
br anched P@%ég%é@sa Weyehalihiyals Ynisdiotdisgs ondioporale sreagiyemest at
det achabl ljé?t%'nnegthi n_a branched foEYmto an_upst.ream gl(%)lrti on of an ho -of f
val ve Vo %ré GEdNEPTERENGULT BT'S dRY Y PPSRS SRTIQUYRLORIERIS: yamelé thatang an
outlet si I e i pe b Js _jal a gas
low out "L I Rbe e Root, Mol EMRER B HrRBS NERGLEF. R bBREEA on. o1
valve V puioMidifdgdtid RankUehat drive fluid piping, etc., become necessary, the
component cost and assembly cost increase, an operation delay is caused by
the driving performance of the valve V,, and timing adjustment becomes
necessary, etc.
[0013] In the method shown in Fig. 6, in order to measure a sum volume V of
the flow passage inner volume Ve of the fluid supply line L and the branched
connection pipe passage Ls and the flow passage inner volume Vit of the flow
rate measurement unit U4, the valve V4 is opened and closed twice, and during
this time, the inside of the flow rate measurement unit U, is vacuumed. Thus it

takes too many procedures to perform flow rate measurement.

Prior Art Documents (Patent Documents)

[0014] Patent Document 1. Japanese Published Unexamined Patent
Appilication No. 2006-337346; and

Patent Document 2: Infernational Publication No. WO 2007/102319.

Summary of The Invention
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side of the branched pi pe passage Lb, a pressure detector Pd and a
tenperature detector Td, which detects a gas pressure and a gas tenperature
of a gas flowwng in the on-off valve V, and an arithnmetic operation control
device CP into which detection signals fromthe pressure detector Pd and
the tenperature detector Td are input, and which arithnetically cal cul ates
a flowrate of a gas flowng in the branched pi pe passage Lb, and the fl ow
rate nmeasurenent device is detachably joined in a branched arrangenent to

an upstr 1O f - ve Vo provided on the outlet end
port!oon éﬁr@b%@ﬁ%g}s@%%&\%E:%fﬁg%(r%%ﬂrhe gaspsuppl y device GF. [0017] An
i nventio opdi t i f pE applicaty i i |y
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kinds of rgasfifetRn? dedkelRR PAbW Rite Iddnfofid Ithallag SRIPMeliHeot@h igach of
the flowrate controllers, respectively, a flow rate measurenent device U

i ncl udi ngnsalbiraBizeetapi be aigagtiched @nthengas fsupply BeVice! eniddeshligss t he
outl et side of the branched pi pe passage Lb, a gas pressure detector Pd and
a gas t ernpghiptcceraie float rate febdasureémenbbyeabe dppirgtnpaddegmdib objol cdn
arithmetic operation control device CP that is joined in a branched

ar r angendhe presentdaersigspalgo linglades providiog gafowupts ynehsureeenivietedth t he
on-of f valve V of the flow rate neasurenment device Uis connected to a gas
f I ow out Usinge thantowi rate, mansusemeat davire dw. spiving thes abeverdesoibe®f each

flowrate controller of the flowrat ontrol device, and an on-off val ve
Vo on t hereaierstindiay [ MeASUSEMER ogﬁilowa& gontrojler using a ceP¥RRAIPNAND t he

-of f f the fl devi | () d, d then,
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and a gas pressu per at atime tl at whic gas pressure

reaches gng8hses efheliflet’3idedvaREOV] rBBAPEY &M RIAVe OfneBh RSt W@tﬂiﬁguéﬁ 12 and
a gas pressure P2 is perforned at a tine t2 at which the gas pre3sure

reaches l&@iorfa@sstity @all? andndtivier U tPisinge8RECEd ViR BBSGMbE oo foe this

descri bed above, a gas flowrate Qis arithnetically cal cul ated based on Q
= (22. 4Viikcraaes 4t ePiiete méqiamisrd edhuskatopération deldyotiad to ritsedriviog ume of
t he branched pi pe passage Lb and the gas supply line L, Ris a gas

const ant ,pefforinante -anid) reques 8iming adjusdmieinbretac c dhdé niipet pre€eat mventdn t he
present application is basically constituted so that, in a ?ajs supply

devi ce t isgivesubpl preblem thaircaleulgtior okadaial dingjasdemed/ #f das fiuisesaly i on in
a switchabl e manner through each of the flow rate controllers,

respect i i8Ry aad thehranghedguectiae pireipgssagal-s st inges vBRERR Yé @f pi pe
passage ls(g an op-off val ve Vvﬁtr@\/i dgd ﬁ)n the outlet side of the branched
pi pe pasdBgdonyatemeasugracat il Hetakes ioqonany #PErYNS: enper at ure det ect or
Td in the branched pi pe passage Lb, and an arithnetic operation control
device CP, is joined in a branched structure to a gas supply line L of the
gas suppl Vj -of f valve V of the flow rate neasurenent

devi ce UM%Q%O@E;%&I@F&&%&EF%QE& | ow-out side, and first, outlet side on-off
val ves V C WAt t e r; r ol
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device U is opened, and then, only the outlet side on-off valve of a flow

rate contyaekhgs (P RQINGEaRUINRS $ifeodRNgsbriich fthawid hetaabiynjeinéanfhow rate
measurenent device U at a set flowrate, and the on-off valve V is closed
after théergashgu easuie aandpsthearggsortienpsr at wreolh acivee Ve t@mblieedaom ahe of gas
pressure rise AP/At is neasured, and a flowrate Qis arithnmetically

cal cul at editlbhssd pomtion of ARj# supMy RN I pand iadecuttdiatide/eind pdréon atfdhei nner
vol ume of the branched pi pe passage Lb and the gas supply line L, Ris a
gas constanchest pine passagrildminionedds argpa flow-eulgsidet erfiber Howr@te [ 0019]
An invention according to Caim4 is constituted so that, in the invention
accor di ngneasuresient seyicedugingr Mcluges apoap-pHt @Iy ¥s ravifat ondhecutigt

i ncl udes a branched pi pe passage Lb having an inlet side end portion to be
joined to a gas supply line L and an outlet side end portion to be joined
to a gas flowout side, respectively, a¢he on-off valve V provided on the
outlet side of the branched pi pe passage Lb, the pressure detector Pd and
the tenperature detector Td, which detects a gas pressure and a gas
tenperature of a gas flowing in the on-off valve V, an arithmetic operation
control device CP into which detection signals fromthe pressure detector



Effects of the Invention [0020] In the present invention, the above

descri bed volune V can be easily obtained based on V = At xQXRxT/ AP
(provided that Qis a flowrate, Pis a fluid pressure, T is a tenperature,
Ris a gas constant, AP/At is a rate of pressure rise) by neasuring a rate
of pressure rise at the gas flowrate Q by using a nitrogen gas, etc. That
Is, even if the on-off valve V1 is not provided, the total inner volune V
of the branched pi pe passage Lb and the gas supply line L necessary for
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the fl ow ratg neasurenent device U be gownm zed and structural

sinplifiedp Wb whid dekedieh LlgPwPIMIMe presdRBCaetbrdPd efiécale During
operation of the gas supply device G-, the gas pressure in the gas supply

line L onehipersiaes ndtsctos Tdeaeampat, vays widchmanitimetehlpycdlbeatyse asflove
detector Pd, and it can be immedi ately confirned in advance whet her the
pressur e rateatod aldaswlowingwir dbe breashed pape .pgseag2] LAt anthehei fliewofateé he fl ow
rate measurenent operation, not only can an alarmbe imediately issued in

r esponse measuresenlrdavicn issdgtachebhioineghdn a rsapehask arnengementite amnor nal |
but also the pressure state in the gas supply line L on the secondary side
can al \Afawsﬁy’@am)ﬁp[t@néﬁ,th@@nrmﬂak\’ﬁg’qa‘?r@y&dé)m&%@wﬁt apyl RO b i zed
as a gas pressure.nmonitor of the supﬁg'___y line L. Furthernmore, when the

fl ow rat a(,SO?rHH‘%Y ling ioéf?'&e E?%s“%?'g%fe?’ﬁ@ ow rate control device, a

cet ectt o3k Blehlh BT ShRF 251 i RReBl afaltpubh L ek, 20

flow rat eco(h%ﬂﬁ[t@éi lsgrthap,riheg gQgss%bR} Egﬂcgfthépguﬁlf@é’i &'Plurality of kinds of
gases to a gas use portion in a switchable manner through each of the flow rate
controllers, respectively, a flow rate measurement device U including a
branched pipe passage Lb, an on-off valve V provided on the outlet side of the
branched pipe passage L.b, a gas pressure detector Pd and a gas temperature
detector Td in the branched pipe passage Lb, and an arithmetic operation
control device CP that is joined in a branched arrangement to a gas supply line
L of the gas supply device, wherein the on-off valve V of the flow rate
measurement device U is connected to a gas flow-out side, and first, the outlet
side on-off valves V4 to Vo, of each flow rate controller of the flow rate control
device, and an on-off valve V, on the outlet end portion of the gas supply line L,
are closed and the on-off valve V of the flow rate measurement device U is
opened, and then, only the outlet side on-off valve of a flow rate controller to be
measured is opened to flow the gas into the flow rate measurement device U at
a set flow rate, and the on-off valve V is closed after the gas pressure and the
gas temperature become stable. A first measurement of a gas temperature T,

and a gas pressure P4 is performed at a time t; at which the gas pressure



[0023] Fig. 1 is a schematic configuration diagramof a flowrate

nmeasur enent device of a flowrate controller for a gas supply device
according to the present invention. Fig. 2 illustrated a schematic
view of a gas supply device including a flow rate neasurenent devi ce.

Fig. 3 illustrates a schematic view of a nmethod for measuring a pipe
passage i nner vol une. Fig. 4 is a graphic diagramshow ng change
situations of a gas pressure and a gas tenperature in the neasurenent

met hod shomn ustra
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set pressure P, and from the respective measured values described above, a
gas flow rate Q is arithmetically calculated based on Q = (22.4V/R-At) x
(P2/T2-P4/T4), (provided that V is the tofal inner volume of the branched pipe
passage Lb and the gas supply line L, R is a gas constant, At is {»-t1}.

[0018] An invention according to Claim 3 of the present application is basically
constituted so that, in a gas supply device that supplies a plurality of kinds of
gases to a gas use portion in a switchable manner through each of the flow rate
controllers, respectively, a flow rate measurement device U including a
branched pipe passage Lb, an on-off valve V provided on the outlet side of the
branched pipe passage Lb, a gas pressure detector Pd and a gas temperature
detector Td in the branched pipe passage Lb, and an arithmetic operation
control device CP, is joined in a branched structure to a gas supply line L of the
gas supply device, and the on-off valve V of the flow rate measurement device
U is connected to a gas flow-out side, and first, outlet side on-off valves Vg to
Von of each flow rate controller of the flow rate control device and an on-off
valve Vg on the outlet end portion of the gas supply line L are closed and the
on-off valve V of the flow rate measurement device U is opened, and then, only
the outlet side on-off valve of a flow rate controller to be measured is opened to
flow the gas into the flow rate measurement device U at a set flow rate, and the
on-off valve V is closed after the gas pressure and the gas temperature become
stable, a rate of gas pressure rise AP/At is measured, and a flow rate Q is
arithmetically calculated based on Q = AP/At x V/IR'T (provided that V is the
total inner volume of the branched pipe passage Lb and the gas supply line L, R
is a gas constant, At is a measurement time, and T is a gas temperature).

[0019] An invention according to Claim 4 is constituted so that, in the invention



based on anot her conventional build-up nmethod. Best Mdde for Carrying Qut
the Invention [0024] Fig. 1 is an illustrated schematic view show ng a
configuration of a flow rate neasurenent device of a flowrate controller
for a gas supply device according to the present invention, and Fig. 2 is
an illustrated schematic view show ng an enbodi nent of a measurenent nethod
for a flowrate controller in the case where flow rate neasurenent of a
pressure type flow rate controller FCS provided in the gas supply device OF
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the gas sfmﬁpemfﬁésweamemy% ksh apethg degweeture detentorrivd aredprhard
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side of t ran pl pe passage Lb, a pressure detecto

t enper at uj&ickeechal alfowbpsostet delice IS pressure and a gas tenperature on
t he upstream side of the on-off valve V, an arithnetic operation control

devi ce CH=ffandto oMHecimveatieeti on signals fromthe pressure detector Pd and
the tenperature detector Td are input and which arithnetically operates to
cal cul at 0820 theowresdrd interdtiogathé laboveglestribbd Jlamehnédcan pe gasfigage Lb,
an el ectromagnetic valve EV that supplies a drive fluid to the on-off val ve
V, a dri vebtaingddasedraeVEcstiQalx Sisbh(dregidad dhah@ i$ ladflaw ratet Ras a fluid

el ectromagnetic valve EV, an I/Q board 10 for the_arithnetic operation
control degssech, isaddermpptatere, Sdus @cgaregpastapt AP/At is a rate of pressure

rise) by measuring a rate of pressure rise at the gas flow rate Q by using a
nitrogen gas, etc. That is, even if the on-off valve V4 is not provided, the total
inner volume V of the branched pipe passage Lb and the gas supply line L
necessary for flow rate measurement can be easily calculated, so that the flow
rate measurement operation of the flow rate controlier becomes easier.

[0021] In the present invention, the on-off valve V that is provided in the
branched pipe passage Lb of the flow rate measurement device U is provided
only on the outlet side end of the branched pipe passage Lb, so that not only
can the flow rate measurement device U be downsized and structurally

simplified, but also the gas flow passage resistance can be reduced. During



[ 0027] Respective detected outputs of the pressure detector Pd and the
tenperature detector Td of the flow rate neasurenent device U, and a
control signal of the on-off valve V, etc., are output and input into the
arithnmetic operation control device CP, and as described |l ater, display and
arithnmetic calculation, etc., of a gas flow rate val ue are perforned.

[0028] First, the inventor of the present invention made the flowrate
measurenent unit U shown in Fig. 3, and by using this device, raised the

Cemper at o eoafiin SEERE o8k slhal debico Phireiis PRFshRahe SBs P GEEs " O
[ters). Jhateicsoohd i NEAeTBACAIRYL RIBMALIFbY e AosSlE @IgEHYY T ate

regul ator ‘'was attac I nste w rate’cont'r er and’'t he
flow rat exheasHas B immRidiatdly lesitomed m Bhdancd WARHEAMIRChRALASeqd of the
flow rate neasurenent device'U, and then, the on-off valves V02, VOO, and
Vo, were gl@eeflowngtelieadomeaidntval ve V is opened to flow an N2 gas at a
flowrate of 500 SCCM for a predetermned tinme. After it was confirnmed that
the flow [0822] Airtbestime, ofathe: fldwnade abedsuremenhep?atins ragcomy trabhe, the
on-of f valve V was cl osed and buil d-up was perforned for 10 seconds, and
duri ng t halarmibee jimoiediajely issuerhd teapoesattora neasuperessus@rt eigoal whesi de t he
unit U were observed. As the reference flow rate regulator, the pressure
type fl ovihegtreseyitstatel is abiptak bt algorthe @resswge stte In hevianaupplytioked by
Fuj i kin Incorporated was used, and the inner volume V of the unit U was
set to 1. b@@égﬁisﬁépgd%fﬂ(r%#ﬁ]??” pﬁga;gsage mosufored.sq e thaurressirg getsetprscom

d the byi,l d- ti t to 10 ds. . Furth , th t si de ai
temperat ubd tahdior ierbers a8 RERSSHS 760N 1B05] (e 925 15 updis R dnges i n

it Ui FoenemdR WD Reriat S ottt Ba et irerh® % Tl B A
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i ndi cat es e 'gas pressure detect val ue, the curve I ndicates e gas

t enper at Uélﬁrrﬁeér@guﬁiﬁgi avléw?éiﬁiﬁ‘@%lﬁégaﬁhfﬁlobv”r@t@ bRfol n%.g@%ﬁh@ﬂ?% Fate

tenperature (indoor”tenperature), e curve A5 indifcates the control

si gnal f ogorthRleput put side on-off valve V. As the pressure detector Pd, a
(Baratron) capacitance manoneter TYPE 627D (1000 Torr F.S.) nade by MKS
Instrunents was used. As the tenperature detector Td, a thernocouple (wire
type) with a dianmeter of 2.5 nmwas used, and as a neasuring instrunent, a
dat a | oggBrieNRe&@i{ptivadd thy DKEYEYSE CORPORATI ON was used. [ 0030]
Specifically, as evident in Fig. 4, when the outlet side on-off valve Vis
cl osed anl@®083] IFdg.upis 8 schamadig canfigheationi diagram of lacflayr sater weaauremerdi de t he
tank increases from30.6 Torr to 94.1 Torr at the point U The gas

t enper at udViee §f adlavh eate aaRtrelleebr @ g avPRlY deyvicg aegardinodalthe riesentl at i ng
a gas inf] ow nmass by perform ng neasurenent when the outlet side on-off

val ve V of"VER#OH| ow rate measurenent unit U is closed (when starting

Che time 12 af 49 EAAIEIFER STaRBIOU R SARHAPCRYCE NGNGB 81 | he
gas that filowed hiadiEhith Belid up TS
Fig. 3 illustrates a schematic view of a method for measuring a pipe
passage inner volume,
Fig. 4 is a graphic diagram showing change situations of a gas pressure
and a gas temperature in the measurement methoed shown in Fig. 3.
Fig. 5 illustrates a schematic view of a flow rate measurement method
based on a conventional build-up method.

Fig. 6 illustrates a schematic view of a flow rate measurement method

10



determ ned by Numerical fornmula 1 below [0031] [Numerical fornmula 11 V (P
PRT2 71, is converted into a gas volune VGin a standard state (0C, 1
atm, the following result: [0032] [Nunerical fornmula 2] v,. 22.4vV (P2 PI
'RT2 T1

based on another conventional build-up method.

Best Mode for Carrying Out the Invention

[0024] Fig. 1 is an illustrated schematic view showing a configuration of a flow
rate measurement device of a flow rate controller for a gas supply device
according to the present invention, and Fig. 2 is an illustrated schematic view
showing an embodiment of a measurement method for a flow rate controller in
the case where flow rate measurement of a pressure type flow rate controller
FCS provided in the gas supply device GF is performed.

[0025] In Fig. 1 and Fig. 2, GF denotes a gas supply device, FCS, to FCS,
denote flow rate controllers, Gy to Gy, denote kinds of supply gases, L4 to L, and
1. denote gas supply lines, Ls denotes a branched connection pipe passage, Lb
denotes a diverging pipe passage, Vo to Vo, denote on-off valves, Vp denotes
an on-off valve, V denotes an on-off valve, CH denotes a process chamber, VP
denotes a vacuum pump, Td denotes a temperature detector, Pd denotes a
pressure detector, B denotes a branch point, F denotes a connecting flange, EV
denotes an electromagnetic valve, DGS denotes a drive fluid source, Tu
denotes a drive fluid supply pipe, 10 denotes an I/O board, ES denotes a DC
power source, 1 denotes a pressure regulator, 2 denotes a pressure gauge, 3
and 4 denote on-off valves, U denotes a flow rate measurement device, and CP
denotes an arithmetic operation control device. A predetermined kind of gas is
switched and supplied from the gas supply device GF to the process chamber
CH through the gas supply line L. and the on-off valve V.

[0026] The flow rate measurement device U is detachably joined in a branched
structure to an upstream portion of the on-off valve Vy provided on the outlet
end portion of the gas supply line .. The flow rate measurement device U

includes a straight branched pipe passage Lb with an appropriate inner

1l



IS obtained, and the gas flowrate Qinto the flow rate neasurenent unit U
can be calculated as: [0033] [Nunerical formula 3] Q AVG 22.4V P2 PI

T2 T1 He

re, At is the build-up tinme, and At = t2-ti. [0034] As descr

| ater, a rate of pressure rise AP/At is obtained fromthe respective

neasur ed

val ues described above. By using this rate of pressure rise

At RAt
i bed

, the

total inner volunme V is arithnetically cal cul ated based on V = At xQxRxT/ AP
(provided that Qis a flowrate, T is a tenperature, Ris a gas constant,

and AP/ At

et i ephBIRIC ebu3Ehvon Ie BRUAEACE fERtn SHERY e e 110w

to Fig.
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e
detector Td that detect a gas pressure and a gas temperature on the upstream

side of the on-off valve V, an arithmetic operation control device CP into which
detection signals from the pressure detector Pd and the temperature detector
Td are input and which arithmetically operates to calculate a gas flow rate of a
gas flowing in the branched pipe passage Lb, an electromagnetic vaive EV that
supplies a drive fluid to the on-off valve V, a drive fluid source DGS that
supplies a drive fluid to the electromagnetic valve EV, an /O board 10 for the
arithmetic operation control device CP, and a power source device ES.

[0027] Respective detected outputs of the pressure detector Pd and the
temperature detector Td of the flow rate measurement device U, and a control
signal of the on-off valve V, etc., are output and input into the arithmetic
operation control device CP, and as described later, display and arithmetic
calculation, etc., of a gas flow rate value are performed.

[0028] First, the inventor of the present invention made the flow rate
measurement unit U’ shown in Fig. 3, and by using this device, raised the gas
pressure by means of a build-up method, and investigated changes in gas
temperature and gas pressure inside the unit U’ (inner volume: 1.0996 liters).
That is, in the embodiment shown in Fig. 1, a reference flow rate regulator was
attached instead of the flow rate controller FCS, and the flow rate measurement
unit U’ shown in Fig. 3 was connected instead of the flow rate measurement
device U, and then, the on-off valves Vo, Von, and Vy, were closed and the
on-off valve V is opened {o flow an N; gas at a flow rate of 500 SCCM for a

predetermined time. After it was confirmed that the flow rate, pressure, and
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controller FCSIi to the flow rate nmeasurenent device U, and the gas is
exhausted by the vacuum punp VP. [0036] Next, when the gas tenperature To
and the gas pressure Po inside the branched pi pe passage Lb of the flow
rate neasurenent device U becone stable, at the tinme tl1, gas build-up is
started by closing the outlet side on-off valve V and the gas tenperature
Tl and the gas pressure Pl inside the branched pi pe passage Lb are detected
and input into the arithnmetic operation control device CP. Wen buil d-up of

rcachos tREPEbGS PRATE% ¢ BrBARE Epke r%%eg‘f Sabey) ¥5; %ZOS&%@E re P2
and the LeReialkeodfohis] A 108cBEAENSH ALRF, RASSANE, Hhadids frhagt ed and

t he detec are inp I nto ¢ operat I on devi ce
CP. After n I rat t the
e t2 S PR B ook I @tﬁ??’”v*ﬁwe"%‘?b%%ﬁ%?d {6 Sfaust
the gas irafdréfcd Rewbiade ¢EQHaldrPihePprstdrR: {160 34le EonttdIRrayifiea fd, in

the arithmetic operation control device the flowrate Qis

ari t hrmet iratd rangzaabf:mlmmdnbpsumturgdtﬂyeFa}nanendﬁsoratb@dNateUeed ednd aheles P1,
T1, P2, and T2 based on the Nunerical fornula 3 described above, and the
set fl owinpgrevaemef Vidiehil vt Dawasr sgfuioat 0896 ASkrsafhdowhe chhe ast fémv f | ow
rate Q are conpared, and based on predetern ned standards, the Juddgrrent of
f1 ow rat dateofiNa)ovapeet tor FARGCOM, rne thedwildaure timeywestsst teds) segends

measur enent are perforrred [ 00381 By perform ng the above- CI escri bed
measur ener SRR | Bﬁ Oﬁ%‘i'd%a&fﬁeﬁmeﬂféfq(B@PQ@@B’R@@@WF%\W% t@SC-t o FCSEI,

the fl t I f th d G- d, [0039
e 88, PO 2o G5 BB Srrmr b e )

u5| ng th‘?h&%ﬁf a?glmé srungmen?Unl rﬁ}i in tthe Bufld n'%t S{ho%fdé:s%lfjlbséﬁ agbhoa\lfte the rate

Fig. 4, the curve A, indicates the flow rate output of the flow rate controller, the
curve A; indicates the gas pressure detected value, the curve A; indicates the
gas temperature detected value, the curve A4 indicates the outside air
temperature (indoor temperature), and the curve As indicates the control signal
for the output side on-off valve V. As the pressure detector Pd, a (Baratron)
capacitance manometer TYPE 627D (1000 Torr F.S.) made by MKS
Instruments was used. As the temperature detector Td, a thermocouple {wire
type) with a diameter of 2.6 mm was used, and as a measuring instrument, a
data logger NR-500 made by KEYENCE CORPORATION was used.

[0030] Specifically, as evident in Fig. 4, when the outlet side on-off valve V is
closed and build-up is started at the point t;, the gas pressure inside the tank
increases from 30.6 Torr to 941 Torr at the point . The gas temperature
inside the tank rises gradually. By arithmetically calculating a gas inflow mass
by performing measurement when the outlet side on-off valve V of the flow rate
measurement unit U’ is closed {(when starting build-up) (the time iy, first
measurement) and the second measurement at the time t; after completion of

the build-up, when the mole number of the gas that flowed in during build-up is
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pressure rise is calculated fromthe neasured val ues neasured by the first
neasurenment and t he second nmeasurenent descri bed above, the flowrate Qis
cal cul ated based on Q = (AP/At)x(V/ RT). Based on the cal cul ated val ue, it
is judged whether the flow rate control value of the flowrate controller
FCS is appropriate based on the cal cul ated value. [0040] In the present
invention, it is assuned that the inner volunme Vin the arithnetic
expression of the flowrate Q that is, the sumof the inner volune of the
gas supply_ line L on. the u ream side of the gas supply on-off valve Vo
for the ﬁ%@é@g‘e@r@hﬁameéﬁgéftﬁﬁ“t’ﬁﬁ?ﬁf‘?& vol ume of the branched connection

i pe Ls a I,.peqspassage Lb is known. However, when the inner
PNt Cieut N g ity

vol une is*cha era etc. . of \the gas supply device G-, the
changed inner volune is required t8(dé mBasured. In this case, for exanple,
a gas close to an ideal gas, such 7@ nftrogen gas, is used as the gas Go
in Fig. 2, and first, the on-off valves VSl to Von and Vo are cl osed and

the on-of {5 ysph¥REd B g8k VoA VRANE&tamudrt ReatthB-G2% aliif, ané h&idwiagched
pi pe passage Lb. Wien the pressuré and tenperature of the gas reach set

val ues anghghpcone stable, the on-off valve Vis closed and the pressure
detected value Pl and the tenperature detected value Tl at the tine tl1 are
measur ed. [0882] [Nametibal formmalat 2] after an appropriate tinme el apses, the
pressure detected value P2 and the,tepperature detected value T2 are
measured. [0041] Then, from k’(he—FésrpEc—’tirvéj measur ed val ues descri bed above,
a rate of pressure rise AP/At is 8btafmed;/and by using this rate of
pressure rise, the total inner volume Vis arithmetically cal cul ated based
on V = Atis@RifiedPaietioy gdedonhate Q indo dhd flow nate ;eaBuramaentf binit &’ paessur e,
| is a tenperature, Ris a gas constant, and AP/At is a rate of pressure
rise). [oObaAgalcuatechesabove- described enbodi ment, a pressure type flow rate

control device is used as the flowrate controller, however, the flowrate
cont r ol | el00ga}, [Numerical formula 3]

At RAt \T, T,
Here, At is the build-up time, and At = to-t4.
[0034] As described later, a rate of pressure rise AP/At is obtained from the
respective measured values described above. By using this rate of pressure
rise, the total inner volume V is arithmetically calculated based on V =

AtxQxRxT/AP {provided that Q is a flow rate, T is a temperature, R is a gas

constant, and AP/At is a rate of pressure rise).

[First Embodiment]

00351 Referring to Fig. 1 and Fig. 2, in order to perform flow rate measurement
of the flow rate contiollers FCS of the gas supply device GF, first, the flow rate
controtler measurement device U is connecied fo the gas supply line L in a
branched manner. Nexi, in order to measure the flow rate controlier FCS4, the
on-off valves Voo, Vo2, Von, and Vg are closed and the on-off valves Vg and V

are opened to supply a gas flow at a set flow rate Qs from the flow rate
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be a thermal type flowrate controller. Also, the connecting flange may be
connected by using a pipe joint, etc., or by using a bl ock-shaped joint
menber, etc. As the on-off valve V, etc., AOVs (air operated valves) are
used, however, when el ectronagnetic valves are used, it is also possible to
omt the drive fluid source DGS, the drive fluid supply pipe Tu, and the

el ectromagnetic valve EV that controls the drive fluid. Industrial
Applicability [0043] The present invention is applicable to nmeasurenent

manut act PP IEDEP S oD B ok d8l BB br e Vol 3% T8 gas

supply deyiieRs ﬁrﬁm’ ollers for gas supply systens, to be
used for %%.rl Oltj%dig Fli)éoggeébrﬁﬁ)@gc |pFi on of Reference Synbols [0044] G Gas

supply deyjo8e] Next, when the gas temperature To and the gas pressure Po inside the
branched pipe passage Lb of the flow rate measurement device U become
stable, at the time ty, gas build-up is started by closing the outlet side on-off
valve V and the gas temperature T, and the gas pressure P, inside the
branched pipe passage Lb are detected and input into the arithmetic operation
control device CP. When build-up of the gas into the branched pipe passage
Lb proceeds and the gas pressure reaches the set value P, (or the set time t; is
reached), the pressure P, and the temperature T, inside the branched pipe
passage Lb are detected and the detected values are input into the arithmetic
operation control device CP. After the second detection of the pressure and
the temperature at the time t; is finished, the outlet side on-off valve V is
opened 1o exhaust the gas inside the branched pipe passage Lb.
[0037] On the other hand, in the arithmetic operation control device CP, the
flow rate Q is arithmetically calculated by using the above-described detected
values P4, T4, P2, and T2 based on the Numerical formula 3 described above,
and the set flow rate Qs of the flow rate regulator FCS4 and the calculated flow
rate Q are compared, and based on predetermined standards, the judgment of
flow rate control performance of the flow rate regulator FCS; and measurement
are performed.
10038] By performing the above-described measurement operation for each of
the flow rate regulators FCS; to FCS,, the flow rate controllers of the gas supply
device GF are measured.
(00391 In the present embodiment, the flow rate Q is arithmetically calculated
by using the Numerical formula 3, and it is a matter of course that the rate of

pressure rise is calculated from the measured values measured by the first



FCSi

to FCSn:
Gas supply line Ls:

Connecting flange B: Branch point

measurement and the second measurement described above, the flow rate Q is
calculated based on Q = (AP/At)x(V/RT). Based on the calculated value, it is
judged whether the flow rate control vaiue of the flow rate coniroller FCS is
approptriate based on the calculated value.

[0040] In the present invention, it is assumed that the inner volume V in the
arithmetic expression of the flow rate Q, that is, the sum of the inner volume of
the gas supply line L on the upstream side of the gas supply on-off vaive V, for
the process chamber CH and the inner volume of the branched connection pipe
Ls and the branched pipe passage Lb is known. However, when the inner
volume is changed by alteration, etc., of the gas supply device GF, the changed
inner volume is required to be measured. In this case, for example, a gas
close to an ideal gas, such as a nitrogen gas, is used as the gas Gy in Fig. 2,
and first, the on-off valves V1 to Vg, and Vy are closed and the on-off valves Vi
and V are opened to flow the gas into the branched pipe passage Lb. When
the pressure and temperature of the gas reach set values and become stable,
the on-off valve V is closed and the pressure detected value Py and the
temperature detected value T; at the time t; are measured. Next, at the time 1
after an appropriate time elapses, the pressure detected value P, and the
temperature detected value T, are measured.

[0041] Then, from the respective measured values described above, a rate of
pressure rise AP/At is obtained, and by using this rate of pressure rise, the total
innier volume V is arithmetically calculated based on V = AIxGxRxT/AP
(provided that Q is a fiow rate, ¥ is a fluid pressure, T is a temperature, R is a
gas constant, and AP/AlL is a rate of pressure rise).

[0042] In the above-described embodiment, a pressure type flow rate contro!
device is used as the flow rate controller, however, the flow rate controller may

be a thermal type flow rate controller. Also, the connecting flange may be

16

Flow rate controller Go to Go: Supply gas kind L, L1 to I,:
Branched connection pipe Lb: Diverging pi pe passage F:



VOO to Von: On-off valve VO: On-off valve It Flow rate neasurenent device
V. On-off valve CH Process chanber VP:. Vacuum devi ce (vacuum punp) Td:
Tenper at ure detector

connected by using a pipe joint, etc., or by using a block-shaped joint member,
etc. As the on-off valve V, etc., AOVs (air operated valves) are used, however,
when electromagnetic vaives are used, it is also possible to omit the drive fluid
source DGS, the drive fluid supply pipe Tu, and the electromagnetic valve EV
that controls the drive fluid.

Industrial Applicability

[0043] The present invention is applicable to measurement tests not only of a
gas supply device (gas box) for a semiconductor manufacturing apparatus but
also of various flow rate controllers for gas supply devices, and flow rate
controllers for gas supply systems, o be used for various purposes.

Description of Reference Symbols

[0044] GF: Gas supply device

FCS¢ to FCS,: Flow rate controller

Go to Gy Supply gas kind

L, L to Ly Gas supply line

Ls: Branched connection pipe

Lb: Diverging pipe passage

F: Connecting flange

B: Branch point

Voo to Vg, On-off valve

Vp: On-off valve

U Flow rate measurement device

V: On-off valve

CH: Process chamber

VP: Vacuum device (vacuum pump)

Td: Temperature detector

Pd: Pressure detector

17



Pd: Pressure detector 1: Pressure regulator 2: Pressure gauge 3,4: On-off
valve CP: Arithnmetic operation control device EV: Electromagnetic val ve
DGS: Drive fluid source

1. Pressure regulator

2: Pressure gauge

3, 4: On-off valve

CP: Arithmetic operation control device
EV: Electromagnetic valve

DGS: Drive fluid source

Tu: Drive fluid supply pipe

10: VO port

£S: DC power source

18



Tu: Drive fluid supply pipe 10: 1/0O port ES: DC power source CLAIMS 1. A
flow rate neasurenent device for a flowrate controller for a gas supply
device, conprising: a branched pi pe passage Lb having an inlet side end
portion detachably joined in a branched formto an upstream portion of an
on-of f valve Vo provided on the outlet end portion of a gas supply line L
and an outlet side end portion of the branched pi pe passage is joined Lb to
a gas flowout side; an on-off valve V provided on the outlet side of the
branched pi pe passage Lb; a pressurgtgﬁggctor Pd and a tenperature detector
Td di sposed to detect a gas pressur a gas tenperature of a gas flow ng

. Lhe onroff Wahg e Adaaefid MIRIGE (GRE" AL e FUiRNefifo] 8GEP 1 70 O

whi ch detection srg ressure detector erature

etect or sg;lpw &ewfagﬁog?gﬁé.ﬁb%chemw?ﬁ%g@ L'.t?ﬁgg\lnﬂgta{n%!éi%‘i’déénd

arithneti 'y ca ow rate of e gas g 1 n the branched

pi pe passagfiohBetathabl jBinelan fd MantRéS foARELAS B Bfredl@ViciBon of HRlGRCHRbI Y
joined in a branched arrangenment to an upstream portion of the on-off valve

Vo provi dedveol, phevided loatthermditipdehd pordn bhe @assugppdplive L aved bnaddutkebe gas
supply device OF

side end portion of the branched pipe passage is joined Lb to a gas flow-out
side; an on-off valve V provided on the outlet side of the branched pipe passage
Lb; a pressure detector Pd and a temperature detector Td disposed to detect a
gas pressure and a gas temperature of a gas flowing in the on-off vaive V; and
an arithmetic operation control device CP into which detection signals from the
pressure detector Pd and the temperature detector Td are input, and the
arithmetic operation control device arithmetically calculates a flow rate of the
gas flowing in the branched pipe passage Lb, wherein the flow rate
measurement device is detachably joined in a branched arrangement to an
upstream portion of the on-off valve Vg provided on the outlet end portion of the
gas supply line L of the gas supply device GF.

2. A flow rate measurement method for a flow rate controller for a gas
supply device wherein, in a gas supply device that supplies a plurality of kinds
of gases to a gas use portion in a switchable manner through each of the flow
rate controllers, respectively, a flow rate measurement device U including a
branched pipe passage Lb, an on-off valve V provided on the outlet side of the
branched pipe passage Lb, a gas pressure detector Pd and a gas lemperature
detector Td in the branched pipe passage Lb, and an arithmetic operation
confrol device CP that is joined in a branched arrangement {o a gas supply line
L of the gas supply device, wherein the on-off valve V of the flow rate
measurement device U is connected to a gas flow-out side, and first, outlet side

on-off valves Vy t0 Vg, of each flow rate controller of the flow rate control
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2. Aflowrate nmeasurenent nethod for a flowrate controller for a gas
supply device wherein, in a gas supply device that supplies a plurality of
ki nds of gases to a gas use portion in a sw tchable manner through each of
the flowrate controllers, respectively, a flow rate nmeasurenent device U

i ncluding a branched pi pe passage Lb, an on-off valve V provided on the
outl et side of the branched pi pe passage Lb, a gas pressure detector Pd and
a gas tenperature detector Td in the branched pi pe passage Lb, and an

a LE;EELW?%@E L& Rbnitiero ke Fulifh ) e Be st RRAPET, (e
1 owe out SFaRoogh e SRS AVET S BR by 99 (RS UBIEE B Plow

rate contsdlRr oAb thBs, dhipthd BLECAE bhloff (5IVE &F Ay fateTbrdidlie @) b€ VO on
the outlet end portion of the gas supply Iine L are closed and the on-off

val ve V ohehb@retl ioWpeate toHagUhe iR inteteCiowrate raeas@ememdciiteny senly the
outl et side on-off valve of a flowrate controller to be nmeasured is opened
to flow tdheepfiswiratey dndethel awoffatadven®as wicseehbftelethecgad bassars ahdfthew r at e,
and the on-off valve Vis closed after the gas pressure and the gas
t enper at Was twopEaiwedireemea stabigt a iesisveaswemeartt o aygss ttemperaitiig é1Ti  and
a gas pressure Pl is perforned at a tinme ti at which the gas pressure
reaches 22Rb@ gaedyaseirelP deperamedsalrartisng fofatavijal thengrs Hresserg2 and a
gas pressure P2 is then perforned at a tine t2 _at whjch the 8a1su&rge§sure
al2

reaches Je8eheppsed presspse Pingeqanshinergures it of iagasienanpragr

descri bed above

£ ' i thnetical | | at ed_based
%055, avisenp s fedine I RmsY: abe TRE el aes LAY Besircol ume

Const ant . CARHERP Y FrBSRE ¥aq bla i 8 (EtRaRYE PidhskFurss dRaly o,

rae contahlec G 16w 9aR QUBBITBLAR ASEIR bddholRP=SupRIVIRIY c°

t hat supplies’a y of Kin 0O a gas use portion in

swi t chabl ¢ (Pmmmm;ﬂtngeeﬁam@.t o ist i foAvihhet folGRY gP{H@bﬁandh%ggﬁéi vely,

a flowrate neasure vice U iIncluding a branched pi pe passa Lb, an

on- of f vq&a@ayen_wﬂadi%%bmﬁ)twhéﬂ Reisdegad comitaht, anehsds pLPe passage Lb,
an

a gas pressure detector a gas tenperature detector Td in the
branched i pe pafioageatémeasurepierdrmethoet for @ dlmatratenconinslicol fodevigae CP is
joined in a branched structure to a gas supply line L of the gas supply
devi ce, asupphhdeviceofliereal, ire avgas supplyfdeovce Hisd suppies andutalitleof kiedd) i s
connected to a gas flowout side, and first, outlet side on-off valves Vol
to Von ofofegasgesfliocavgaatusecpertionlin ér switchaide maswear dhepugbneadt otithe tewand an
on-of f valve Vo on the outlet end portion of the gas suppldll ine L are

cl osed an@te wenballems: rospedivélyora flaw ratguneaseremen deviemtU dedidiBglai s

d, d then, .only th tlet si ~pff val f afl t
ggﬁtn re0| | Zglrapgﬂgtg p,té)egg %9@%, @&Cﬁj{ﬁgiﬁff gai\?g \Pprov\a/c?edvce)n the Sutieside ot the

branched pipe passage Lb, a gas pressure detector Pd and a gas temperature
detector Td in the branched pipe passage Lb, and an arithmetic operation
control device CP is joined in a branched structure to a gas supply line L of the
gas supply device, and the on-off valve V of the flow rafe measurement device
U is connected o a gas flow-out side, and first, outlet side on-off valves Vg to
Von of each flow rate controlier of the flow rate control device and an on-off
valve Vg on the outlet end portion of the gas supply line L are closed and the
on-off valve V of the flow rate measurement device U is opened, and then, only

the outlet side on-off vaive of a flow rate controller to be measured is opened to
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flow the gas into the flow rate nmeasurenment device U at a set flowrate,
the on-off valve Vis closed after the gas pressure and the gas tenperature
becone stable, a rate of gas pressure rise AP/At is neasured, and a fl ow
rate Qis arithnmetically cal culated based on Q = AP/At x VVR T (provided
that Vis the total inner volune of the branched pi pe passage Lb and the
gas supply line L, Ris a gas constant, At is a neasurenent tinme, and T is
a gas tenperature). 4.The flow rate neasurenent nethod for a flow rate

the. 11 ow oyt S a3 AT el Rle e AHERHRAE %eg%ﬁqﬁa%ﬂéﬁ"egf@ B ey "
havi ng 3ty Bl k8 0% ERALAOEF AL 18 BReSOIOSHA bR BagRimBURRLI. héagnk and an

outl et si ortionto a gas respectivel y;

t he on- ofdtapial \éeré{{epéfogéaéi?ﬁeéﬁhré%eoﬁpllﬂt lsshﬂe%sgfed hehdeafiGhedPiPas Passage
Lb, the pressure detec Pd and the tenperature detector Td which detects

a gas preafthimetioaity salkgakitéepecatdan € ef AR/gas \i/Row V\ggMdM tieaton-iofthe val ve
V; an arithnmetic operation control device CP into ich detection signals

from t he tptasmereotieheof tre Painehdd tpiee pasgzgeathend det gas supply [meel.iRput and
which arithnetically calculates a gas flow rate of the gas flowing in the
br anched ipiapgaspedsdail, Nbis aimasissmmentdinet ard Vads wgaB\Venmpmrakugpl i es a drive
fluid to the on-off valve V, a drive fluid source DGS that supplies a drive
fluid to4he ell88t mragﬁ@eme@w@wtevetmﬁi for@ B@\é{rr@tq@c’ﬂﬁpil%%raa PeBnetic

operation contr devi ce : owe rce devi ce ES,
P supply é)evuce according %ug (Q,'ljam 3, wherein the flow rate

measurement device U includes: a branched pipe passage Lb having an inlet
side end portion to be joined to a gas supply line L and an outlet side end
portion to be joined to a gas flow-out side, respectively; the on-off valve V
provided on the outlet side of the branched pipe passage Lb, the pressure
detector Pd and the temperature detector Td which detects a gas pressure and
a gas temperature of a gas flowing in the on-off valve V; an arithmetic operation
control device CP into which detection signals from the pressure detector Pd
and the temperature detector Td are input and which arithmetically calculates a
gas flow rate of the gas flowing in the branched pipe passage Lb; an
electromagnetic valve EV that supplies a drive fluid to the on-off valve V, a drive
fluid source DGS that supplies a drive fluid to the electromagnetic valve EV; an
I/O board 10 for the arithmetic operation control device CP; and a power source

device ES.,
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