1 SPECI FI CATI ON Fl ow Rate Ratio Controlling Apparatus
FI ELD OF THE ART This invention relates to a flowrate
ratio 5 controlling apparatus that divides a
precursory gas used for a sem conductor manufacturing
process at a desired ratio. BACKGROUND ART

Nowadays in a field of a sem conductor nmanufacturing
process, a process chanber to house a wafer is al so
upsi zed 10 because the wafer is upsized. In case of
filmformng the sem conductor wafer, it is preferable

t hat @omreteNtgeRy gas for filmformng is even.
However, if the precursory gas is introduced to the

upsi zZéidwpRace Sstohambpéroiyiown dpwarpdséti on al one, there
m ght be a case that a concentration 15 distribution
becorfeELOneY gHE ART Recently, a plurality of gas

inlets are,pf ovﬂnﬁigﬁu{o%r g&&f %ﬁeésfl%t}a% apg, from

each of theé precursory gas whose

Mes s édr&womtn% Epbdaths et aebled sopidiabsérgass used for
concentration in the process chanber becones 20 even.

At t M setin@duasoamaappacatisgt profiess det e depireadiu rs b
gas at a desired ratio, a flowrate ratio controlling
appaﬂgFﬁ§‘W§EU§EB. Conventionally, as this kind

of the fl owow%%a JSagi ofci%%r%gslai ng%j%?.g@g&sma {&ﬁﬁgﬁng

for dividing precursory e use o

pressgiRekf, %ﬁﬁboéééﬁech§m&H¥7Qba$ous@0&EWﬁﬂér $& NCIRsot BpSized
nmet hod does not directly control the ratio of the nmass

floow weatnese ameavtimt isatpoizaeid.t He aass of| s dosmirg the

unC|%g;ﬁconductor wafer, it is preferable that a precursory gas
for film forming is even. However, if the precursory gas 1is
introduced to the upsized process chamber f£rom one position
alone, there might be a case that a concentration

15 distribution becomes uneven.

Recently, a plurality of gas inlets are provided for
the process chamber and from each of the gas inlets fed 1is
the precursory gas whose mass flow rate ratio is controlled
so that a gas concentration in the process chamber becomes

20 even. At this time, as an apparatus to divide the precursory
gas at a desired ratioc, a flow rate ratio controlling
apparatus is used.

Conventionally, as this kind of the flow rate ratio
controlling apparatus, a method for dividing the precursory

25 gas by the use of the pressure in each pipe is general.
However, since this method does not directly control the

ratio of the mass flow rate, an actual ratio of the mass

flow rate is unclear.



2 Then as shown in the patent docunent 1
devised is a flowrate ratio controlling apparatus

that conducts ratio control by neasuring the mass fl ow
rate. Fig. 5 shows an exanple of, especially, a

bi furcated type of the flow rat%XS ratio controlling
apparatus. In Fig. 5 the code Mis a main flow
channel into which the gas flows. A pressure sensor 4X
is arranged in the main flow channel RXM and its
termnal is bifurcated. Flow neters 21X, 22X, and
control valNgs a3ldhowd2Xnafie: atangedesasrtalll Jetikeaacd a
bi furcated 10 branch channel RX1l, RX2 respectively.
Then fowatate cehta glonsectliion &pdyeths ribakt erxiucltpywratio
rate data output fromeach flow neters 21X, 22X and

pr es<SIPETHaRY BERPUE P BiR (TRES pre¥sTRie sy O Shows an

contr e cont rol. Ves . : e each, of ¢

the 1TSIPHACE antpra B eds pibtpated QAR Pr OnelBeh Fare
cent reltsot b tkal iPhpbheatimss thl ovy r at ecied dobe gasis a
flowi ng in each bifurcated branch channel RX1, RX2

(cal Irednagldi ohanstle inde ivd)ichotiz wetafldisowH aressiyeas

to be the given set ratio. Concr'etelg, t he val ve 4 it
cont rSPSEBCY R TXRGRAUET SPFBUDalkOE SHPPBF Kt ARY 1°°
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channal the val ue 'So called as t

act uajdiye FEAKUT etk RIRS sHFB)geal sdiQ 1y eSS wheh datfrcated
beconmes a previously determ ned certain target

froes Sueech TMiennehdl  aREd ndispeoriwsher eiThen hie vadvaatdnfErol
nmeasured pressure is controlled near. or over

t
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32X soO ara eva so called as the
act Ug)detshRASWREEK [ l@WtFal L )rnef cddigol | @ veat 81:dataxt vased

the total flow rate becones the previously detelLm ned

set @& each of the flow data and the pressure data, and then

15 controls the ratio of the mass flow rate of the gas flowing
in each bifurcated branch channel RX1, RX2 (called as flow
rate ratio) to a total flow rate so as to be the given set
ratio. Concretely, the valve control section 5X conducts
feedback-control on the control valve 31X of one bifurcated

20  branched flow channel RX1 so that the value (also called as
the actually measured pressure) of the pressure data becomes
a previously determined certain target pressure. Then under
a condition wherein the actually measured pressure is
controlled near or over the target pressure, the valve

25 control section 5X conducts feedback-control on the other
control valve 32% so that a ratio of the value (also called

as the actually measured flow rate) of the flow rate data to

the total flow rate becomes the previously determined set



rati o. Patent docunent 1: Japan patent | aid-open
nunber 2005- 38239 DI SCLOSURE OF THE | NVENTI ON PROBLEMS
TO BE SOLVED BY THE | NVENTI ON 5However, this type of
the flowrate ratio controlling apparatus requires two
types of devices such as a flow rate controller and a
pressure controller. I n®consi deration of these
problens, a main object of this invention is to
provide a flowrate ratio controlling 10 apparatus
that does not require nultiple types of devices so as
to enahlig reduction of a nunber of types of conponent
and a manufacturing cost. MEANS TO SOLVE THE PROBLEMS
| n orEent cdeaheet tthesegagenobdiens Lig-ppes eturdkai Md-38239
i nvention takes the foll owi ng neasures. Mor e
speci ¥iSEEPFYRE PReTHY JWVEREF®ONr ati o control | i ng

appar his t) 0 j a differenti al

oy oot Ep, ot B SRR, b e HREEESN D ) o ace

control vahyg.4H CORLL Qlypd &f aWerl Al @htd ddtdbdeontrolling
flowwng in an 20 |nternz31,ip fl ow channel, a first

pr essagparsens aegquirdd tivd tgeisstAneeicandughsagondlow rate
pressure sensor are arranged serially in this order in

t he i¢néradler’ pod & masAEEC Q@ tFALe€an nmeasure the

flowrate qQf the .fluid based .on the . detecte e res
N . f
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secongd, iR eS8 oR S Yo pPRALR §ONILKOLafd QGRSS| ABhtrolling
mechanismthat is arranged in the internal flow
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flowrate controller to control it, and is
char &t épi AP lisy TeFEdt iPReCH o PSR PA| types of component and

a manufacturing cost.
MEANS TO SOLVE THE PROBLEMS
In order to solve these problems the preset claimed
15 invention takes the following measures.

More specifically, the flow rate ratio controlling
apparatus of this invention comprises a differential
pressure flow rate controller wherein a flow rate control
valve to control a flow rate of a fluid flowing in an

20 internal flow channel, a first pressure sensor, a fluid
resistance, and a second pressure sensor are arranged
serially in this order in the internal flow channel and that
can measure the flow rate of the fluid based on the detected
pressures detected by the first pressure sensor and the

25 second pressure sensor, and a control processing mechanism
that is arranged in the internal flow channel to give
commands to the differential pressure flow rate controller

to control it, and is characterized by that the differential



4 pressure flowrate controller is arranged

respectively in each of the nultiple branched fl ow
channel s branched froma termnal of a main flow
channel, for the flowrate controller arranged in one
branched fl ow channel, the second 5 pressure sensor is
arranged to | ocate at an upstre%m side of the flow

rate control valve, the first pressure sensor and the
fluid resistance, and the flow rate controller is
operated so that a detected pressure detected by the
secong RERSS U By SENIOLoRERI1BYES: A aPFENdRUSEYpectively in
determ ned target 10 pressure, for the differenti al

pr essador bt calier atibtigapt bodricked af o gleghniei st brearghhérfrom a
branched fl ow channel, the flow rate control valve is

ar r arfgFedinal |odcateaiay fapy ypstrebmisr derof PR Fer st
pressure_sensor, the fluid resistance, and, the .se
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iy thedihferentbal i PLessilea thowdhat ARt fdd:Rhn side of
arranged i n the other branched flow channel 1s

cal cutrat etdobyatBecatition ovalpreo ceiss ifigs heoleanisen dsased and
on a total neasured flow rate output fromall of the
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previ ousl etel.mned flow rate ratio, an X
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accordance with this arrangenent, since the identical
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is used for one branched flow channel and the 25 other
br ancH&gne¢dWIc Fhariheanarasdedi F ot eheingl pFee ey rate
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channel while'the differential pressure flowrate
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is operated so as to be the ta%%et flowrate for the
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the mass, f1ow rate ratloeof, the fduid caicuiated by the
control processing mechanism based on a total measured flow
rate output from all of the differential pressure flow rate
controllers and a previously determined flow rate ratio, and

20 the differential pressure flow rate controller is operated
so as to achieve the target flow rate.

In accordance with this arrangement, since the
identical type of the differential pressure flow rate
controller is used for one branched flow channel and the

25 other branched flow channel and the differential pressure
flow rate controller arranged in one branched flow channel
is operated so as to be the previously determined target

pressure for one branched flow channel while the



5 flowng in each branched fl ow channel.

Furthernore, since only the identical type of the
differential pressure flowrate controller is used, it
is possible to reduce a type of the conponent
constituting the flow rate ratig control l'ing

appar atus, thereby reducing the 10 manufacturing cost.
In addition, since only the differential pressure flow
rate controller is used, it is possible to control the
flowrate ratio of the fluid flowng in each branched
fl ow £hraapgl 3B SraGoYE at &LY r@fe FoROASLIRAM aBASIgEAd in the
conpared with a 15 case that the thermal mass fl ow

nmet erotiherusexthcee Nt lowouiginre lpiesgeretehaoges ofo bhethe
fluid flowng into the flowrate ratio_contraolli ng .
appar@rgeti Slay gatedernbrgnether fuseehefhifyovpehannel, 1t is
differentjial .pressur | ow r at 0 l].er | deq. s
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Wigt h 2Q.hhghi:AeaUk a%nENED iBQUAtErARLI Nl et side of the
differential pressure flowrate controller and an

out | et si deuttieneofe ardnat anliyeght i Menpiesisuryee &S the
anot her enbodi nent of the flowrate ratio controlling
appar@iierenaElc B P BAe r bIowt KetergSe tFPbleT af 2% r &t i ¢
of a fluid fl.owing in_each bhrapche c |, W,
Fedudt g A R Erdse ey BE & BEh Smenidtd BN et e

hi gh ACGUERLY BY14KSRGroM Mgt BEpskdthi8l etdraby PfRESURE the
flowrate controller of the identical type is used
rnepr esentedtursng catf.l ow rate ratio controlling

apparatus conprising a differential pressure flowrate
control | er TaheditAcn. f5inge Etlep the edififpecreidoprespure flow

fl |_val cont r ol f
{1l d ot g AR WEebnal fFoNSRERRer, arEr] plp Frov

wng In an i1n cnhannel , t

pressuie sensPbs tnd ledlida reehanGee ca8ftbransBE@ M ow
pressure sensor are arranged serially in this order in

t he iadirenahlmdreoncohanney @nd tbattacanbasiasgrepdrted with a
flowrate of the fluid based on the detected pressures

dét ectodd BRAt feef FResTmapriBREUFdOE difi6r Shd'PRe™S8LSRAVI" @
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coman@sot &ortthe18idd epehtials is big. Furthermore, since only
the differential pressure flow rate controller is used, it
is also possible to control the mass flow rate ratio with
20 high accuracy even though an inlet side of the differential
pressure flow rate controller and an outlet side thereof are
at a negative pressure,
As another embodiment of the flow rate ratio
controlling apparatus that can control the mass flow rate
25 ratioc of a fluid flowing in each branched flow channel with
reducing a number of types of components together with high

accuracy by using only the differential pressure flow rate

controller of the identical type is used represented is a



pressure flow rate controller to control it and that

is arranged in the internal flow channel, wherein the
differential pressure flowrate controller is arranged
15 respectively in each of the nultiple branched fl ow
channel s branched froma termnal of a main flow
channel, for the flow rate conttoller arranged i n one
branched fl ow channel, the differential pressure flow
rate controller is operated so that a detected

pressure detected by the first step 20 pressure sensor
achi RiEp Aailt e¥i oUsloncAetiehyl A8t rhard&lonBl £Sisler 8, for
the differential pressure flowrate controller

arr angedetenttibe ptdencdranehesd lcontoildenelher@ibar getrst
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f1 ow channel 25 cal.cul at ed b the contro
pr ocefg@f"n S%a i - 8ay]|e°8’l 4 6t lﬁlter{:élggu%leéq Fpamet: @

rate ﬂ%&@%ré‘ssggé as!e'ns@fr tathQicf felebt drle , PEES SUEBcEADOW

rate controllers and a previously determined flow rate
rati greandrd Rendof feerveatialgepr esgun ey firowntate-de? in the

controller is operated so as to achieve the target
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this inventio |ng bove nmentio
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DRAW NGS

préssure flow rate controller to control it and that is
arranged in the internal flow channel, wherein the
differential pressure flow rate controller is arranged

15 respectively in each of the multiple branched flow channels
branched from a terminal of a main flow channel, for the
flow rate controller arranged in one branched flow channel,
the differential pressure flow rate controller is operated
so that a detected pressure detected by the first step

20 pressure sensor achieves a previously determined target
pressure, for the differential pressure flow rate controller
arranged in the other branched flow channel, a target flow
rate to be flown in the differential pressure flow rate
controller arranged in the other branched flow channel is

25 calculated by the control processing mechanism based on a
total measured flow rate output from all of the differential
pressure flow rate controllers and a previously determined

flow rate ratio, and the differential pressure flow rate



Fig. 1 is a pattern general view showng a flowrate
ratio controlling apparatus in accordance with a first
enbodi ment of this invention. Fig. 2 is a pattern view
showi ng an internal structure 15 of a flow rate
controller of the first enbodingnt. Fig. 3 is a
pattern general view showing a flowrate ratio
controlling apparatus in accordance with a second
enbodi nent of this invention. Fig. 4 is a pattern view
showi ng an internal structure 20 of a flowrate

cont rQllieb: o 1Eeo§é¥a%@@ shbedicBedhieve the thi@et F1b® rate.
a pattern general view showi ng a conventional flow

rat e ERRECO eOMHEOINVENgIGparatus. EXPLANATI ON OF CODES

100flow rate ratio controlling apparatus 25 L1, 1,2 .
i nternal flIBwARtRaRARPe Wi th\ehis inyenfiiopabayiggnthgabove-

R R e L T A R O

MECL, £ MRC2EL OW Rl &€ Qﬂér@ldl@r flowing in each branched f£low
channel with high accuracy together with reducing a
manufacturing cost by reducing a number of a type of the
components because only the same type of the component is
used,

10 BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a pattern general view showing a flow rate
ratio controlling apparatus in accordance with a first
embodiment of this invention.

Fig. 2 is a pattern view showing an internal structure

15 of a flow rate controller of the first embodiment.

Fig. 3 is a pattern general view showing a flow rate
ratio controlling apparatus in accordance with a second
embodiment of this invention.

Fig. 4 is a pattern view showing an internal structure

20 of a flow rate controller of the second embodiment,

Fig. 5 is a pattern general view showing a
conventional flow rate ratio controlling apparatus.
EXPLANATION OF CODES
100 ... flow rate ratio controlling apparatus

25 L1, L2 ... internal flow channel
V1, V2 ... flow rate control valve
P11, P12 ... first pressure sensor

R1, R2 ... £fluid resistance



c...

control processing nmechani sm M_nmai n fl ow channel

5 BL1, BL2 ... branched flow channel P01, P02 . _ first
step pressure sensor BEST MODES OF EMBODYI NG THE
I NVENTI ON A first enbodi ment of this invention

W ||

be explained with reference to draw ngs. 10Fig. 1

is a pattern generalvieM/shomAn% a flowrate ratio
controlling apparatus 100 in accordance with this
enbodi nrent The flow rate ratio controlling apparatus
100 divides, for exanple, a precursory gas for

manufagt uping sseé'gfégp e%ts9£§ at..a-predetermned ratio

and suppl ies the

cursory gas to a sem conduct or

pr ocegg1¢hardzer, fapE soRstbhtiasea part of a

sem conduct or manufacturing system not shown in

dr awithgs. coftteol | mwepas g aetloardémt rol | i ng appar at us
100 conprises nmass flow controllers MFC1L, M-C2 as

bei n

g defdBaf 191 G0AT4te controllers and a control 20

processi n chani cont @y the mass flow
cosgt %ﬂ'eggﬁww,glggd eacnh of the mass fl ow
cont riyl, epsz MFHirdVFSeep pracsanrgednssr each of the

branched fl ow channels BL1, BL2 branched froma
t er mi BFAT YPDES PRI FMEOPEWNEG HAEN ENVEITIONS shown in Fig.

2!
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15

20

25

t he nmas | ow controller 1 25 (ME ,
ar rangement CHAL. CRE"PRBREI 2t € EBnt T 6T VGl o L B0 explained

with reference to drawings.

Fig. 1 is a pattern general view showing a flow rate
ratio controlling apparatus 100 in accordance with this
embodiment. The flow rate ratio controlling apparatus 100
divides, for example, a precursory gas for manufacturing
semiconductors at a predetermined ratio and supplies the
precursory gas to a semiconductor process chamber, and
constitutes a part of a semiconductor manufacturing system,
not shown in drawings. The flow rate ratio controlling
apparatus 100 comprises mass flow controllers MFCIL, MFC2Z as
being identical flow rate controllers and a control
processing mechanism C to control the mass flow controllers
MFC1, MFC2, and each of the mass flow controllers MFCl, MFC2
is arranged in each of the branched flow channels BL1, BL2
branched from a terminal of a main flow channel ML.

As shown in Fig. 2, the mass flow controller MFC1
(MFC2) has an arrangement that the flow rate control valve
V1 (V2) to control a flow rate of a fluid flowing in an
internal flow channel L1 (L2), a first pressure sensor P11l

(P12), a fluid resistance R1 (R2), and a second pressure



V1l (V2) to control a flowrate of a fluid flowing in
an internal flow channel L1 (L2), a first pressure
sensor P11 (P12), a fluid resistance Rl (R2), and a
second pressure 9 sensor P21 (P22) are arranged
serially in this order. Waile an ordinal usage, a
differential pressure generated®in the vicinity of the
fluid resistance RlL (R2) is detected by the first
pressure sensor P11 (P12) and the second pressure 5
sensor P21 (P22) and a nass flowrate of the fluid

passi fgglsg@eg%lL g}ﬁ?zl )Lgé%ﬁééﬁ%ﬁge&e&%gil} Sncahculabed. amghie

used Tor con w rate control valve V1

(V2) .arAsrehunukigdi @. adssetrbet 1S présawec gataralberin the
MFC1 is arranged in one branched flow channel al in an
opposiitcgndty difr tlot ifdnid oremisornienRiy (Rage @fechad vhéhe

second pressure sensor P21 | ocates in an ugs(%ream

si de,FiEHE RIRSSHRG SFFEEH Hont Fof @PGNEI@_ SPEOA PARGET I n
t.%e o%e%%%rbgﬁnﬁpgg) %Ldawa %@gngiovglx%thnoft Qﬁesﬁﬂﬁd passing
ditection as the ordinary usage so that the flow rate

cont r@le ¥ahMe r¥2id0eabes) i(R2anidpsitenmelbshdeised for

The control processing nechani sm C conprises at | east

a CPUonarakhiowy thad lwar fatss canixay velve it $Vak

har dwar e and produces various functiQns in cog]?er %é?i on,
Hy'toa
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operaﬁlon l'ow rate ratio controlling apparatus

10 WiildechbeoreXpl ah ndinkey Cagyesy enee ofe expbanatesnyre
two mass flow controllers MSCL and MSC2 are descri bed
separsnsby B tlheafds sh amswstrew cdder gindethvmegs £low

controller MFC2 is arranged in the other branched flow

channel BL2 in the same direction as the ordinary usage soO

that the flow rate control valve V2 locates in an upstream
15 side.

The control processing mechanism ¢ comprises at least
a CPU, a memory and various driver circuits as hardware and
produces various functions in cooperation with the CPU and
its peripheral devices according to a program stored in the

20 memory.

Next, an operation of the flow rate ratio controlling
apparatus 100 will be explained. For convenience of
explanation, two mass flow controllers MSCl and MSC2 are
described separately as the first mass flow controller MFCI

25 and the gecond mass flow controller MFC2, however, the mass
flow controllers MSCl and MSC2 are of the completely
identical mass flow controller.

for the first mass flow controller MFCl wherein the



25 and the second mass flow controller MFC2, however,
the mass flow controllers MSCL and MSC2 are of the
conpletely identical mass flow controller. For the
first mass flow controller MFCL wherein the 10 second
pressure sensor P21 is arranged in the upstream side,
the control processing nechani ¢ C conducts

f eedback-control on the flow rate control valve V1 of
the first mass flow controller MFCL by the use of the
devi ati on between the 5 pressure detected by the

20N DI ERULELAENAL,PED1200 B LARGPLPERS Whbroam side,

st or nmenory. d|t|on e control
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flowwng in the internal flow channel L1 of the first
mass dd ¢he citiowr ohteecoVRGIL yadeel 3nof higepfésstymass £low
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rat e ddndwbhgrionessiend neerandlsnf € owlohbars the regfsst Reow rate

second mass flow control | er MFC2 ba 0 ressure
di f f SrEHERT généPatBdernat e o Eﬁ’admuez glst %n%g Fé Mass

det eched By, dNe, Lk W1 PLESSULR SN t%%s&% angedR8ce

second‘pressure sensor e control

RO C efsieRgr st Ghaths M1Gig atukbabnse &1t asgeteduss B8 second
flowrate to be flown in the second mass fl ow
cont rilelserrd/BERshaed ond tihe Fasst Preasyse eepfor Rél-

fluid fl ow.n n each branched flo
and a taré“S?ngW?aw f“QF?ofJ@IW 8%\,%?03? 3%1“% Riptein the
channgl, Bl.l.. BLZ-St QLede Qe FRIBEY - 1ﬁTQﬁecﬁﬁgﬂfgﬁm side,

processi ng nechani sm con ucts
the control processing mechanism C calculates the mass flow

15 rate flowing in the internal flow channel L2 of the second
mass flow controller MFC2 based on the pressure difference
generated in the fluid resistance R2 detected by the first
pressure sensor P12 and the second pressure sensor P22. Then
the control processing mechanism C calculates a target mass

20 flow rate to be flown in the second mass flow controller
MFC2 based on the mass flow rate of the fluid flowing in
each branched flow channel BL1, BL2 and a target flow rate
ratio of each branch flow channel BLLl, BL2 stored in the
memory. The control processing mechanism C conducts

25 feedback-control on the flow rate control valve V2 of the
second mass flow controller MFC2 by the use of the deviation
between the mass flow rate flowing in the internal flow

channel L2 of the second mass flow controller MFC2 and the



25 feedback-control on the flow rate control valve V2
of the second mass flow controller MFC2 by the use of
the deviation between the nass flowrate flowing in
the internal flow channel L2 of the second nass fl ow
controller MFC2 and the 11 taéﬁgt mass flow rate.

I n accordance with this arrang it is possible
both to constitute the flowrate ratio controlling
apparatus 100 using only the identical mass flow
controller MFC1, MFC2, 5 thereby reducing a

manufact uring cest. hy.ceducing a nunber of a type of
t he conponents and also to control the flowrate ratio
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to control the flowrate ratio just with a very sinple

changetbf to wnsoubtienghaetivndraite gathe tIeatrohengf apprg-atus
mass flow contraqllers nmount ed

oppos}rot e UEI P gnt?% %n6+%ﬂIYE§F§S di cF?%WOlQer %Cl' nEC2,
addi ti( %eri dféb%%cg.gg ﬁ@?%%?in&fcotsgebf%ﬁuéi@ar ﬁ‘&n@oer

i s conduct nmeans of only the differenti al

Presssl & tyfe ofeyYrs ddﬁ@ugéht& BhE&S8lsbet € hamgeobfthiehelow
fluid flomng 15 into the mass flow control |l er M-CL,
MFC2 tiasebiglhid wiitk lpiadspptwacy- cont r ol the flow rat e

ratio with_accur acy on a const aﬁg basi rE{)%l;\e flow rate
a case of GEFHEEACRerHaltStyHEMnss (TICSR/ T4
meas uf £ etq%ném {EFEJEQH N%’;%&’ sﬂnp‘i@cm&npf’dﬁﬂéemgu&flntghm,sthod
i nvent1on e
10 such that one of the mass flow controllers MFCl, MFC2 is
mounted in an opposite direction to an ordinary direction.
In addition, since the measurement of the mass flow
rate is conducted by means of only the differential pressure
type, even though a pressure change of the fluid flowing
15 into the mass flow controller MFCl, MFC2 is big, it is
possible to control the flow rate ratio with accuracy on a
constant basis compared with a case of using a thermal type
mass flow rate measurement method.
Next, a second embodiment of this invention will be
20 explained with reference to Fig. 3. The same components
corresponding to the first embodiment are denoted by the
same reference numerals as those in the first embodiment.
As shown in Fig. 4, each of the mass flow controllers
MFC1l, MFC2 as being the flow rate controller in this
25 embodiment is so arranged that a first step pressure sensor
P01, P02, a flow rate control valve V1, V2 to control the

flow rate of the fluid flowing in the internal flow channel

Ll, L2, a first pressure sensor P11, P12, a fluid resistance



20 explained with reference to Fig. 3. The sane
conponents corresponding to the first enbodi nent are
denoted by the sanme reference nunerals as those in the
first enbodi nent. As shown in Fig. 4, each of
the mass flow controllers MECL, MFC2 as being the fl ow
rate controller in this 25 enbddinent is so arranged
that a first step pressure sensor P01, P02, a flow
rate control valve V1, V2 to control the flow rate of
the fluid flowwng in the internal flow channel LI, L2,

a firgt pfesIUEes&RMA0prddkblire Rlshsoa #11Ui @22 esdes baroged
12 R1, R2 and a second pressure sensor P21, P22 are
ar r angedatky iial tyid priar sirotderintaredle flaveehvainet | low L2-

channel Li, L2. _ ~As_shown_jin Fi g 3, .the fl OW
rate rati oPeciadl 1t fg9appar&eusiorodabe 1 Ose¥yngH+ing

enbodi a n_artan t
oo UegEPhe 105 08" 20 8N IETRA et iRla €368 0f LiEndBRR:
fisr Sty eBad @FSHEES 28R SOlowPldnt RO 2etoaaices mTA he

upstream side in the branched fl ow channel BL1, BL2
br anchrednfedmot heat ghei Antstobtemeraasurd [sensehdi®hel PO

respectively, and conprises the control prqcessing 10
MBChAICHTE o BB HRBECThe it PBWPEBIAED) T RS © -

MFC2. . BL2 b’%%égh?cﬁs%rgxge{haet ltigﬂ%:ﬂ]falt Qf {ﬂeOWaK@tﬁoﬁvaéﬂanel

cont chg1lI’| ng appara 0wl e expl ai ned. For

convesj enss-afivexpl anat Lhribwd tRSsoht My eootdwliher s
MBC1 and MSC2 are described separately as the first

s s rfdcoantontCr ob| @mtivPCltESmansl Gllow seioied Laes STEL oWFC2-
controller MFC2, however, the mass flow contr.o

MSCL and MSEStar® 8PSt OB otfpltBfet§PY §Qﬁ?iléaat1mlml%§£t§fonin9

f|OVV%§%E££§qé:%?D will be %§Hﬁaﬁn§dfi f§£ JH%§§nIéﬂ§@ of

contr er , the control processing mechani sm C

conduss . eeaCkes GRlsE0F 1 AN chherdliews MSC1 and MSC2 are
described separately as the first mass flow controller MFCl

15 and the second mass flow controller MFC2, however, the mass
flow controllers MSCl and MSC2 are of the completely
identical mass flow controller.

For the first mass flow controller MFCl, the control

processing mechanism C conducts feedback-control on the flow

20 rate control valve V1 of the first mass flow controller MFCI
by the use of the deviation between the pressure detected by
the first step pressure sensor POl and a target pressure
stored in the memory. In addition, the control processing
mechanism C calculates the mass flow rate flowing in the

25 internal flow channel L1 of the first mass flow controller
MFC1 based on the pressure difference generated in the f£luid

resistance Rl detected by the first pressure sensor P11 and

the second pressure sensor P21.



20 rate control valve V1 of the first mass fl ow
controller MFC1L by the use of the deviation between

the pressure detected by the first step pressure

sensor POl and a target pressure stored in the nenory.

In addition, the control proce§§|ng mechani sm C
calculates the mass flowrate flowng in the 25

internal flow channel L1 of the first mass flow
controller MFC1L based on the pressure difference
generated in the fluid resistance Rl detected by the
first pressuore8e8s66ndPhisandolvhergeedher pregsure control
sensor P21. 13 For the second nass fl ow )
cont rslocess WECRechdTe sgof t g8 icu prisse §8¢ g sve Ehanimefe dlowing

| cul at th fl t ; n th t
{Low Ehafifiel™ E216F i SELbid Wod¥ FReeeot e
WC2 hasedian 1he; RiRssuee Wbl {R1anee @aneralad nbihtea

resi stance detected by the first pressure
sensoin Phe @nddt hesseeand Ry assadtedsenstare P22st Thregsure
the control processing nechanism C cal culates a tar et
mass gdnonr riit’e ang Hee ook |pﬁe¥$1@‘esé@@$ﬁf rads fhemy the
control |l er MFC2 based on_the wrate o
1 ui S PRt O SRR Fr ot S gn et fass £lov

BL2 anded ALY ofh O AL &dBbi il £aGh branshed fhow

channe BL2 stored Iin the nmenory. The contro

pr oc assieAgotretianh s Coworliscbs freedhack -tontnglinopach
the flow rate control valve V2 of the second mass flow
ciont rstabehed/GRwhyhateluBel ofLE nddév Faxdeon They igéh ratic

the mass 15 flowrate flow n th nternl
chanel 222" grpheed dosta s s Pl BB 7 o Toar “tHES LT
the tfﬁégggn{g%ESngéa%éf%%emechanlsm C EBné&é%E'qg@@@hdﬁ-b@ntrol

t hi s arrangenen I s"possible to control the nass

f1 ow dgratcBe r @idwo rate eaghrbr anchedvs loaawt20 shandehasBl f]low
BL2 with high accuracy together with reducing a
manufetuel by ¢BSE By thediws v Bhhudieértym dotyerd Ghe mass

t he components.. I n add case of this.seco

o o TR PETS Froulad S5! kb hyplngh Mol il aoBE M pne
Changéé&n&hﬁa%‘ %@8@%&&1&6»@@%& Q%%@I h&IS £10w
MFC1, MFCZ2 an I's 25 possible to arrange the

i dent#«zal. nass fIOM/controIIer MFC1, MFC2 in all of
the fl ow channel s. In addition, since the
measur emenfinofcadrsanas sviftho i Fa PETPRILIsHdGuct B d-sppossible to

rreansco%f rgnl t){'let pngsgl tqo%r %Q%é %‘latgr e uera%h branched f£low

20 channel BL1, BL2 with high accuracy together with reducing a
manufacturing cost by reducing a number of a type of the
components. In addition, in case of this second embodiment,
it is also possible to omit a process of changing the
direction of the mass flow controllers MFCl, MFC2 and it is

25 possible to arrange the identical mass flow controller MFCI,
MEC2 in all of the flow channels.

In addition, since the measurement of the mass flow

rate is conducted by means of only the differential pressure



14 type, even though a pressure change of the fluid
flowng into the mass flow controller MFCL, MFC2 is
big, it is possible to control the flowrate ratio

wi th accuracy on a constant basis. 5The present
clainmed invention is not limted to the

above- nenti oned enbodi nent. For exanple, a
nunber of the branched fl ow channel is two, however, a
further nore nunber of flow channels may be provided.
In this case, at |east one of the nmass flow 10

cont rigipkeer sveas theigig at heeddugw stainge cohtthel Frridaftewiged
in each branched fl ow channel gg%%control the pressure

as a Fépefigh@gess flow confrpligp velifentfoey 1t 18
enbodi nen ne _control. pr ssi.ng C ' '

provi Hed™ %)er Qcé)l Fo%iféotlh gh(%)lfg%%rgét% gPch(; %?IFE F%éecﬁlg ,acy on @
howevgihet ke ve@nEr ol processi ng nechani sm nmay be
arranged for each flow rate controllers and each
cantrol pr obessiasgnhecizaned moveytsontisohot Hémf tedy teatlee
ratio cooperatively each other. Furthernore, the

pr es efOVEBF HEANPHVERCPERdan be 20 applied not only

to the SemFgl_QnéjXUCt 9{3 nargxld}cngcll uo%i Plge Q)rrgﬁgl%éd *%ligwaég%%néi? is
ot her gas and a qul&f andincase 1t 1s applied to
the gag,anshdfae, |k Gtirdnet hdreameiRet bonardcedfRat €&n be

be produced as that of the above-nentioned enbodi nent.

251 n achetiitiedn, It hévipr esent atl amsdorgvwdnthomasgy £ hew

10 controllers as being the flow rate controller arranged in
each branched flow channel may control the pressure as a
reference.

In the above-mentioned embodiment, one control

processing mechanism is provided for all of the flow rate

15 controllers, however, the control processing mechanism may
be arranged for each flow rate controllers and each control
processing mechanism may control the flow rate ratio
cooperatively each other.

Furthermore, the present claimed invention can be

20 applied not only to the semiconductor manufacturing process
but also to other gas and a ligquid, and in case it is
applied to the gas and the liquid, the same action and
effect can be produced as that of the above-mentioned
embodiment.

25 In addition, the present claimed invention may be
variously modified without departing from a spirit of the
invention.

POSSIBLE APPLICATIONS IN INDUSTRY



variously nodified w thout departing froma spirit of
the i nvention. POSSI BLE APPLI CATI ONS | N | NDUSTRY 15

In accordance with this invention, it is possible for
the flowrate ratio controlling apparatus both to
reduce a nunber of a type of conponents so as to

reduce a manufacturing cost and to control the mass
flowratio of the 5 fluid flowing in each branched

fl ow channel with high accuracy. 16 CLAIMS 1. A flow
rate ratio controlling apparatus conprising a
differenti ah R8s fWhiow fakeicantioh] et whes@isibae for
flow rate control valve to control a flowrate of a
flui dti® flonnageiratde Fenigodding lsppactagnipth gof redyce a
pressure sensor, a fluid resistance, and ?Hsecond

pr es TS s 8r THr% Odr PRRARG™ER9°%aPP 'S AeFRTS “or der i n

the i i @fgza | ARAnt NAL tRAMATRASIE li€o of th
flomfggﬁgg%?n%hgmé uigﬂggggg gn thg det ect ed press%f%s ©
det ectiedabyrdwhagfid Sacaressiuhed SERSOthamadl with high

accuracy.



10 the second pressure sensor, and a control

processi ng mechanismthat is arranged in the internal
fl ow channel to give commands to the differential
pressure flow rate controller to control it, wherein
the differential pressure flowygate controller is 15
arranged respectively in each of the nultiple branched
fl ow channel s branched froma termnal of a main flow
channel , for the differential pressure flow
rate controller arranged in one branched fl ow channel,
t he s@@dH8 pressure sensor is arranged to |locate at an
upstream side of the flow 20 rate control valve, the

first!prasdorerdiénsstiandrtrel Findi dPREELSt &EBT SN
the diff ' , tral [ .
(e i {107 SnbaleBf 3R ou £ale GONUIOLLer 45 yporeio «

Secongh i eSElBnEANS 9h1 a6 L WEst:dIPEENIAUShYe of a fluid
determi ned target pressure, 25for the differenti al

priesstiroerihy o mat entcomipl of ler chrnmgiged Firdtheresfegre sensor,
branched fl ow channel, the flow rate control valve is
ar r arfyddut® Je5dat@gr and fp SEPEHPEPIRVGST SERPT FFSt

br ess%[rr%flég(p Ss%l;:iailh itml %lkll;{js %gﬁelteic" ti%né‘fﬁ? Q&Qegg f!LZw channel

secon sSsure sensor, and arge 'ow rate to be

fl ownardn thie Bhf helenpti Bhe PBGSHIR bk O 21 €ia based on the
controller arranged in the other branched fl ow channel

i s calgubaeddrbysitee dottctld pyodessing mwebsures gensor and

based on a total nmeasured flow 5 rate output from all
o t HeedPEFRIe REF I Fr 88T PIOW FAPE-TOREPTTII%Erd and

a p”?h’éc%gﬁl g%?ri@ %%??rg%%‘p’gﬁa{ﬁe (8L Q12128908 NMannel ro

di fferentia ressure e controller i's operated

SO asyihe B&i8Me tdentangeterbhour atesside ALk Qwieat e
rati o controlling apparatus conpri sing
controller to control it, wherein

the differential pressure flow rate controller is
15 arranged respectively in each of the multiple branched flow
channels branched from a terminal of a main flow channel,
for the differential pressure flow rate controller
arranged in one branched flow channel, the second pressure
sensor is arranged to locate at an upstream side of the flow
20 rate control valve, the first pressure sensor and the fluid
resistance, and the differential pressure flow rate
controller is operated so that a detected pressure detected
by the second pressure sensor achieves a previously
determined target pressure,
25 for the differential pressure flow rate controller
arranged in the other branched flow channel, the flow rate
control valve is arranged to locate at an upstream side of

the first pressure sensor, the fluid resistance and the



a differential pressure flowrate controller wherein a
first step pressure sensor, a flowrate control valve
to control a flowrate of a fluid flowing in an

internal flow channel, a first pressure sensor, a

fluid resistance, and a 15 secongd pressure sensor are
arranged serially in this order in the internal flow
channel and that can nmeasure the flow rate of the

fluid based on the detected pressures detected by the
first pressure sensor and the second pressure sensor,
and aseemdr prepruge essisny. mechanFaraetthiioq gase rigngedttaym

the 20 intern fl ow_channel t i ve conmands. to the
i 1 et Rritieal heERTY PFORT 4t 6L 0brEE6! T8N Pb. FoRtF B1o°d

it angd, that i ' j r;na n
e e e o U LR e M Cegurs T Tare

cont r ebiigfoli Srafelsange thebRSNEET bYEIY dnnaearalofieddheed flow
mul ti ple branched fl ow 25 channel s branched from a
t €F mi patte ofitputhdiramfaldwot hdrnelii ff¢ranting nylesferedilpy| rate

P ow CHERRGIST B0 ATer oFs 01 CHFOTonre FIcGuEri gatts. and
controld %%1§k§%é§&§59t&%s§9ré hatwardet eohed 1148 P epsbitea

det ect ed Irst step pressure sensor achieves a
previ evsdsy tded@rini;aethd angait PN eSStHR,. for the
differential pressure flowrate controller arranged in
the other branched flow channel, a target flow 5 rate

flowm in th ifferential. pr re flowr
tloO be2. on flow rtatee r%tio ecoentgro?lirpg %%ggraetus gompr?_gj?ng

a differential pressure flow rate controller wherein a
first step pressure sensor, a flow rate control valve to
control a flow rate of a f£luid flowing in an internal flow
channel, a first pressure sensor, a fluid resistance, and a

15 second pressure sensor are arranged serially in this order
in the internal flow channel and that can measure the flow
rate of the fluid based on the detected pressures detected
by the first pressure sensor and the second pressure sensor,
and a control processing mechanism that is arranged in the

20 internal flow channel to give commands to the differential
pressure flow rate controller to control it and that is
arranged in the internal flow channel, wherein

the differential pressure flow rate controller is
arranged respectively in each of the multiple branched flow

25 channels branched from a terminal of a main flow channel,

for the differential pressure flow rate controller
arranged in one branched flow channel, the differential

pressure f£low rate controller is operated so that a detected



controller arranged in the other branched fl ow channel
is calculated by the control processing nechani sm
based on a total neasured flow rate output fromall of
the differential pressure flowrate controllers and a
previously deteniiined 10 flowrate ratio, and the
differential pressure flowrate controller is operated
so as to achieve the target flow rate.

pressure detected by the first step pressure sensor achieves
a previously determined target pressure,
for the differential pressure flow rate controller
arranged in the other branched flow channel, a target flow
5 rate to be flown in the differential pressure flow rate

controller arranged in the other branched flow channel is
calculated by the control processing mechanism based on a
total measured flow rate output from all of the differential
pressure flow rate controllers and a previously determined

10 flow rate ratio, and the differential pressure flow rate

controller is operated so as to achieve the target flow rate.



