FLUID:SMVTCHABLE FLOW RATE CONTROL SYSTEM BACKGROUND OF THE | NVENTI ON 5
1. - Field of the Invention The present invention relates to a flowrate
control apparatus adaptable for a variety of fluids |ike gases for use in
t he manuf acture of such products as sem conductors, chemicals and precision
machine 10 parts. Mre specifically, the present invention relates to a
fluid-swtchable flow rate control systemthat permts high-precision
control of the flowrates of a variety of fluids using one orifice over
specific ranges of flowrate and in which the orifice nounted 15 therein-is
repl aceabl e such that the type of fluid and the flow rate range can be
greatly changed. 2. Description of the Prior Art Mass flow controllers
have been widely used | FLAOD+SHWITCHABREY FEQW! BATEf QONTROL ISYSTEACt uri ng
facilities as for sem conductors and chem cal products. Shown in FIG 7 is
an exanpl e of the high-purity noisture generator for use in sem conductor
manufacturing facilities. Three kinds of gases - H2
’ . BACKGROUND OF THE INVENTION
5 1. Field of the Invention
The present invention relates to a flow rate

control apparatus adaptable for a variety of fluids

like gases for use in the manufacture of snch_products

as semiconductors, chemicals and precision machine
10 parts. More specifically, the present invention

relates to a fluid-switchable flow rate control system

that permits high-precision control of the flow rates

of a variety of fluids using one orifice over specific

ranges of flow rate and in which the orifice mounted
15 therein is replaceable such that the type of fluid and

the flow rate range can be greatly changed.

N~ 2. Description of the Prior Art
Mass flow controllers have been widely used in
3 20 fluid supply systems for such manufacturing facilities
as for semiconductors and chemical products.
Shown in FIG. 7 is an example of the high-purity
moisture generator for use in semiconductor
manufacturing facilities. Three kinds of gases - H,

25 gas, 0, gas and N, gas - are introduced into a reactor



25 gas, (err]:- gas-and N err] gas - are introduced into a reactor RR

t hrough valves V[err] to Verr] with the flow rates regul ated by nmass fl ow
controllers MFC 1 to MFC 3. That is, first, valve V[err] is opened with
valves V[err] and V[err] kept closed, and the reactor RRis purged with

N err] gas. 5 Then, valve V[err] is closed and valves V[err] and V[err] are
opened to feed Herr] gas and err] gas t&the reactor RR at specific flow
rates. In the reactor RR, Herr] gas and Jerr] gas are allowed to react
into Herr]Ow th platinumserving as catal yst w thout combustion. The

hi gh-purity wat g (J)% Walies ¥ @3A0yhenSURR! 3dy! 2altiaduct i on

facilities (not sh control’l er's each have undergone the

linearity correctddqn Akl Y URASENELER! cOnBPEELELE BPE aNdof ange, and
can not be used f&?ﬂbasesqg¢her 15 tha% ?hat for mh?gh thg %g§;§f|ow

control lers are mitist€d. £ iAot pfedBve t Ve Iy it i 1wes Wank kg MFC
3 are installed for Herr] gas, (Qerr] gas and N err] gas
kept closed, and the reactor RR is purged with N, gas.
5 Then, valve V; is closed and valves V, and V, are opened
to feed H, gas and 0, gas to the reactor RR at specific
flow rates. 1In the reactor RR, H, gas and O, gas are
allowed to react into H,0 with platinum sefving as
catalyst without combustion. The high-purity water
10 vapour thus produced is supplied to production
facilities (not shown).
Mass flow controllers each have undergone the
linearity correction and adjustment for a specific gas
- and flow range, and can not be used for gases other
15 than that for which tﬁe mass flow controllers are
adjusted. Therefore, the mass flow controllers MFC 1
to MFC 3 are installed for H, gas, O,~gas and N, gas
respectively, that is, one particular mass flow
controller for one particular gas as shown in FIG. 7.
g 20 Another problem is that even with the same gas, the
mass flow controller itself will have to be replaced
when the flow range, that is, the full scale flow rate
is to be changed.
For a gas supply system as shown in FIG. 7,

25 replacement is stocked for mass flow controllers MFC 1



respectively, that:is, one particular mass flow controller for one
particular gas as showmn in FIG 7. 20 Another problemis that even with
the sanme gas, the mass flow controller itself will have to be replaced when
the flow range, that is, the full scale flowrate is to be changed. For a
gas supply systemas shown in FIG 7, 25 replacenent is stocked for nmass
flow controllers MFC 1 to MFC 3. Those dass flow controllers thensel ves
are expensive and so are their replacenent parts. That boosts equi pnent
costs and running costs. Linearity correction and adjustnment takes much 5
tinme. If insteago0ircep!.acinhsskehta®®ds F lidvd e iHd10ld¥Y  tHdisdIVanraty
correction and adjustnent is effected for a new gas each tine types of gas
and flow ranges expensliaegagd iske ape0diriiin rep ladenestt tpakiss § ergtoaarily
suspended. For this reason, it is 10 necessary to have spare nmass fl ow
controllers in doosts equipment costs and running costs.

Linearity correction and adjustment takes much
5 time. If instead of replacing the mass flow
controller, the linearity correction and adjustment is
effected for a new gas each time types of gas and flow

ranges are changed, the production plant has to be

~ temporarily suspended. For this reason, it is
10 necessary to have spare mass flow controllers in stock
all the time.
SUMMARY OF THE INVENTION
« The fluid-switchable flow rate control system
15 according to the present invention addresses those
problems with the mass flow controller. To
illustrate, the present invention in.claim 1 provides
U _

a flow rate control system which controls the flow
rate of fluid with the pressure P, on the upstream side
- 20 of the orifice held about twice or more higher than
the downstream pressure P,, the fluid-switchable flow
rate control system comprising an orifice member
replaceable with another to provide a suitable orifice
diameter according to the kind of fluid and the flow

25 rate range, a control valve provided on the upstream

4 -



all the tinme. sSUMVARY OF THE | NVENTI ON The fluid-switchable flow rate
control system 15 according to the present invention addresses those
problems with the mass flow controller. To illustrate, the present

i nvention in claiml provides a flow rate control system which controls the
flowrate of fluid with the pressure P[errggon t he upstream side 20 of the

orifice held about twi ce or nore higher th&dh the downstream pressure

Plerr], the fluid-switchable flow rate control systemconprising an orifice
menber repl aceable with another to provide a suitable orifice dianeter

according to thaHembnof o Ipfabante tdetddior Fravided digevedncelérol val ve
provi ded on the upstream thereof, a pressure detector provi ded between
the control val verbl valwe famk thentveri f jarel menibbewy rand @ afbow atabe
circuit where fromthe pressure P[err] detected by the pressure detector,
the flow rate Qealsulation circuit where from the pressure P, detected
by the pressure detector, the flow rate Qc is
5 calculated with the equation Qc = KP, (K: constant), a
flow rate-setting circuit for outputting flow rate
setting signal Qe, a flow rate conversion circuit for
converting the calculated flow rate signal Qc into
calculated switch~over flow rate signal_Qf to change
10 the full scale flow rate and a calculation control
circuit to output the difference between that
calculated switch-over flow rate signal Qf and the
flow rate setting signal Qe as control signal Qy to
- the drive for the control valve, thereby opening or
15 closing the control valve to bring the control signal
Qy to zero, thus controlling the flow rate on the
downstream side of the orifice member.
The present invention in claim 2 provides a flow
rate control system as defined in claim 1 wherein the
g 20 flow rate conversion circuit 18 is so configured that
the calculated flow rate Qc is multiplied by
conversion rate k into the calculated switch-over flow
rate signal Qf (Qf = kQc).
The present invention in claim 3 provides a flow

25 rate control system as defined in claim 1 wherein the
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5 calculated with the equation ¢ = KP[err] (K constant), a flow
.rate-setting circuit for outputting flow rate setting signal Qe, a flow
rate conversion circuit for converting the calculated flow rate signal
into calculated switch-over flowrate signal  to change 10 the ful
scale flow rate and a cal culation control circuit to output the difference
between that calculated switch-over flow rate signal  and the flow rate
setting signal Qe as control signal Q to the drive for the control valve,
t hereby opening or 15 <closing the control valve to bring the control
signal Qy to zerBlowhosteononwetsbontheréubw tat €oopeghadeweaer eam si de of
the orifice nmenber. The present invention in claim2 provides a flow rate
control system aamplkifieationcraten af vdrreurpuheadplifliew ot €heonversion
circuit 18 is so configured that the calculated flowrate Qc is multiplied
by conversion r REe&SWHe odebectarcul ated switch-over flow rate signal &
(X = kQ). The present invention in claim3 provides a flow 25 rate
control system as defFThRdPresentipvenkhioniint@baim 4 provides a flow

5 rate control éystem as defined in claim 1 or claim 2
wherein the flow rate conversion circuit is formed
from a DIP switch or dual in-line switch.

: The present invention in claim 5 provides a
fluid-switchable flow rate control system which

10 -éontrols the flow rate of fluid with the pressure P, on
the upstream side of the orifice held about twice or
more higher than the downstream pressure P,, the fluid-

: switchable fibw rate control system comprising an
orifice member replaceable with another to provide a

15 suitable orifice diameter according to the kind of
fluid and the flow rate range, a control valve
provided on the upstream thereof, a pressure detector

— provided between the control valve and the orifice
member, and a flow rate calculation circuit where from
20 the pressure P, detected by the pressure detector, the
flow rate Qc is.calcﬁlated by the equation Qc = KP; (K:
constant), a flow rate-setting_circuit for outputting
flow rate setting signal Qe, a flow rate conversion

circuit for converting the flow rate setting signal Qe

25 into flow rate specifying signal Qs to change the full



flowrate conversion circuit is to regulate the anplification rate of an
output anplifier of the pressure detector. The present invention in claim4
provides a flow5 rate control systemas defined in claiml1l or claim2
wherein the flow rate conversion circuit is formed froma DIP switch or

dual in-line switch. The present invention in claim5 provides a
fluid-switchable flow rate control systemwpch 10 controls the flowrate
of fluid with the pressure P[err] on the upstreamside of the orifice held
about twi ce or nore higher than the downstream pressure Plerr], the fluid-

oD O L2t E BT e £OTRILELROLER kBT B e
pr ovi ded on t he RibERTEarhe 1Lt E6FEentE bebiFehcbac BEP, FAvRaER e%éﬁﬁ'&%et ne
control valve and tﬁﬁi 6'f'§8 the calculated flow rate Qc as control
signal Qy to the drive for the control valve, thereby
5 opening or closing the control valve to bring the
- control signal Qy to zero, thus controlling the flow
rate on the downstream side of the orifice member.
L, | The present invention in claim 6 provides a flow
rate control system as defined in claim 5 wherein the
10 flow rate conversion circuit is so configured that the
flow rate setting signal Qe is multiplied by the flow

rate conversion rate k into the flow specifying rate

signal Qs (Qs = kQc).



menber, and a fflowrate calculation circuit where from20 the pressure
Plerr] detected by the pressure detector, the flowrate Q is calculated by
the equation @ = KP[err] (K constant), a flowrate-setting circuit for
outputting flowrate setting signal Qe, a flowrate conversion circuit for
converting the flowrate setting signal Qe 25 into flowrate specifying
signal @ to change the full scale fl W rate and a cal cul ati on control
circuit to output the difference between the flow rate specifying signal s
and the calculated flowrate Qc as control signal Qy to the drive for the
control valve, thereby 5 opening or closing the control valve to bring the
control signal Q to zero, thus controlling the flow rate on the downstream
side of the orifice nmenber. The present invention in claim®6 provides a
flow rate control systemas defined in claim5 wherein the 10 flowrate
conversion circuit is so configured that the flow rate setting signal Q is
multiplied by the flow

N
s DESCRIPTION OF THE PREFERRED EMBODIMENTS
- It has been known that the flow velocity of a gas
passing through a nozzle reaches sonic velocity if the
ratio P,/P, of the gas pressure downstream of the

& nozzle to that upstream thereof (where P;: pressure on -
the upstream side; P,: pressure on the downstream side)

falls below the critical pressure of the gas (in the



Fate conversion rate k into the flow specifying rate signal @& (& = kQ).
DESCRI PTI ON OF THE PREFERRED EMBCDI MENTS It has been known that the flow
velocity of a gas passing through a nozzle reaches sonic velocity if the
ratio Plerr]/P[err] of the gas pressure downstream of the nozzle to that
upstream thereof (where Plerr]: pressure on the upstream side; Plerr]:
pressure on the downstreamside) falls below the critical .pressure of the
gas (in the ~ 9 case of air, nitrogen etc., about 0.5). In such state, a
change in pressure on the downstream side o§ the nozzle will no | onger be
propagated to the upstreamside, and thus it will be possible to obtain 5 a
stabl e mass fl ovcasd eof caiespobhtageh coetde, sabdat00.5). In such

state, a change in pressure on the downstream side of
the nozzle will no longer be propagated to the
upstream side, and thus it will be possible to obtain
5 a stable mass flow rate corresponding to the state on
the upstream side of the nozzle. |
Thus, the inventors of the present invention

N disclosed in Japanese patent application laid open
unexamined under 08-338546 that if an orifice is used

10 in place of a nozzle, in the event of a fixed tiny
orifice diameter, the flow rate of the gas passing
through the orifice will be proportional with only the
pressure P, on the upstream side of the orifice, with a
very high precision linearity established.

15 In other words, in the event that the gas is air,
nitrogen or the like, the flow rate Qc of the gas
passing through the orifice is obtained from the
equation: Qc = KP, (K: constant) with the upstream
pressure P, set at twice or more higher than the

20 downstream pressure P,. The constant K depends on the
orifice diameter only. That offers an advantage that
when a new orifice is installed, the procedural change
that has to be made is to change the constant K only.

It is also noted that the use of an orifice in

25 the present invention facilitates switchover of the
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the upstream sjde of the nozzle. Thus, the inventors of the present

I nvention disclosed in Japanese patent application |aid open unexam ned
under 08-338546 that if an orifice is used 10 in place of a nozzle, in the
event of a fixed tiny orifice dianmeter, the flowrate of the gas passing
through- the orifice will be proportional with only the pressure P[err] on
the upstream side of the orifice, wwth a very high precision linearity
established. 15 In other words, in the event that the gas is air,
nitrogen or the like, the flowrate Q of tjge gas passing through the
orifice is obtained fromthe equation: Q@ = KP[err] (K constant) with the

upstream pressurgafi-addd1Setlew tatSEe OPh&dDEEowi BACé £888ihges2@nal Qe
downstream pressure P2. The constant K depends on the orifice dianmeter

only. That offersgs afivslyaim agevd hiedgahesalde peanhdr i f| c€orsekampakl, ed, the
procedural change that has to be made is to change the constant Konly. It
is al so noted t hmtedseraiaamde aframi®ite 3 nk@b/chiabgr cisedxprassed oin
facilitates sw tchover of the
a voltage range from 0 to 5 volts, the full-scale
5 value 5 volts corresponds to 3 kgf/cm’abs. Here let it
be supposed that the flow rate conversion rate k in
the flow rate conversion circuit is set at 1. That
N, is, in the present invention in claim 1, if 5 volts is
input as the flow rate setting signal Qe, the switch-
10 over calculated flow rate signal Qf (Qf = kQc) will be
5 volts and the control valve will be so regulated to
bring the pressure P, on the upstream side to 3
kgf/cm’abs.
In the present invention in claim 5, too, if 5
15 volts is input as the flow rate setting signal Qe, the
flow rate specifying signal Qs will also be 5 volts

L because Qs = kQe and the control val;e will be so
regulated that the pressure P, on the upstream side is
3 kgf/cm’abs.

20 Next, thére will.be described an example where
the pressure range is switched over to 0 to 2
kgf/cm’abs and this pressure range is expressed in a
flow rate setting signal Qe of 0 to 5 volts. That is,
the full scale value qf 5 volts gives 2 kgf/cm’abs. 1In

25 this case, the flow rate conversion rate k will be set



- ama A G ¢ mAREEATR R ARSI R e vy L e

10 full-scale flow-rate. The flow rate setting signal Qe is given in a
vol tage value, and if, for exanple, a pressure range fromO to 3

kgf /cnferr]abs. is expressed in a voltage range fromO to 5 volts, the
full-scale 5 value 5 volts corresponds to 3 kgf/cnRabs. Here let it . be
supposed that the flow rate conversion rate k in the flow rate conversion
circuit is set at 1. That is, in the present invention inclaiml, if 5
volts is input as the flowrate setting signal Q, the switch- 10 over
calculated flowrate signal @ (O = kQ) will be 5 volts and the contro
valve will be so regulated to bring the pressure Plerr] on the upstream

side to 3 kgf/crg‘?r#:;abs.ﬂ’n %55? & !élvgwéeofa%ﬁeg%?%wﬂh » s§@fa1l f S 15

volts is input as tHe flowTaie setting Sign ‘ate”speci fying

Eggggl rgu\lM;alt Ld%ﬁ;btpﬁ]?aﬁé Sid {8 th&QnddftibA cAnELaimval,ve will
pressure err] on the upstreamside is
the switchfover calculated flow rate signal Qf will be
5 x 2/3 volts because Qf = kQc. Similarly, in the
5 invention in claim 5, the flow rate specifying signal
Qs will be 5 x 2/3 volts because Qs = kQe, and the
control valve will be so operated that the upstream
w pressure P, is 3 x 2/3 = 2 kgf/cm’abs. In other words,
a full-scale flow rate switchover will be so effected
10 that Qe = 5 volts expresses the flow rate of P, = 2
kgf/cmlabs.
Another advantage of the present invention is
that one orifice can control the flow rates of a
plurality of kinds of gases. With the orifice of the
15 same orifice diameter, the flow rate Qc is given by
the equation Qc = KP,, where the constant K is fixed.
Y That is, it is known that whilthhe orifice
diameter and the constant K are proportional to each
other, the constant K differs depending upon the type
20 of gas. Herein, the constants for H, gas, O, gas and N,
gas will be ihdicated in KH, KO and KN respectively.
The constant K is usually expressed in a flow factor
FF in which nitrogen gas serves as the standard. If
the flow factors FFs for H, gas, 0, gas and N, gas are

25 represented by FFH, FFO and FFN, then FFH = KH/KN and
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3 kgf/cmerr]abs. 20 Next, there will be described an exanple where
the pressure range is switched over to O to 2 kgf/cnferr]abs and this
pressure range is expressed in a flowrate setting signal Q of 0 to 5
volts. That is, the full scale value of 5 volts gives 2 kgf/cnferr]abs. In
25 this case, the flowrate conversion rate k will be set at 2/3. If,
for exanple, a flowrate setting signal Q of 5 volts is input in the
invention in claim1, the switch-over calculated flowrate signal Q& wll

be 5 x 2/3 volts because X = kQ. Simlarly, inthe 5 i nvention in claim
5, the flowrate specifying signal & wll %e 5 x 2/ 3 volts because (s =

kQe, and the co d t=t st ream pr
@@cn{err o35 W In% FR = I&@ﬂ? B cale flow

Plerr] is 3 x 2 S. er words ull -scale flow

R T LT 1 5 B hls el e e
the fluid-switchable flow rate control system FCS
embodying fhe present invention. One unit of the

5 fluid-switchable flow rate control system FCS can
control the flow of three kinds of gases - H, gas, O,
gas and N, gas. The flow rﬁte conversion rate k given
by the flow rate conversion circuit 18 in the fluid-
switchable flow control system FCS is determined for

10 each fluid on the basis of a definite relation

‘iﬁvolving the flow factor FF. This relation will be
described in detail later. Here, the conversion rates
for H, gas, O, gas and N, gas will be represented by kH,.
X0 and kN (= 1).

15 First, valve V; is opened while valve V, and valve
V, are kept closed to purge the reactor RR with N, gas.

N Because the flow rate conVersioﬁ rat; k for nitrogen
or kN is 1, the switch-over calculated flow rate
signal Qf will be almost equal to Qe because Qf = kQc

20 (in the case of the invention in claim 5, the flow
rate specifying signal Qs will be equal to Qe because
Qs = kQe). The control valve will be opened or closed
until that flow rate is reached.

In the next step, valve V, is opened while valve

25 V, and valve V; are closed so that H, gas is fed to the



Anot her - advant age of the present invention is that one orifice can control
the flowrates of a plurality of kinds of gases. Wth the orifice of the 15
sanme orifice dianeter, the flowrate ¢ is given by the equation ¢ =
KP[err], where the constant Kis fixed. That is, it is known that while the
orifice diameter and the constant K are proportional to each other, the
constant K differs dependi ng upon the type 20 of gas. Herein, the
constants for Herr] gas, Jerr] gas and N err] gas will be indicated in
KH, KO and KN respectively. The constant Kj3s usually expressed in a flow
factor FF in which nitrogen gas serves as the standard. If the flow factors

FFs for Herr] gasctdremE. 9&invy dieerflow st adver£ideseate tk bforFH,
FFO and FFN, then FFH = KH KN and 12 FFO = KO KN. Needl ess to say, FFN =

FP/KN = 1. FIGH, FHSM&sOHH,othéh9wapphLoaéboaaema¢Hteﬁ.dﬂomhaate
uid-switchable flow rate control system FCS
signal Qf will be approximately equal to kH x Qe
because Qf'= kQc (in the case of the invention in
5 claim 5, the flow rate specifying signal Qs will be
equal to kH x Qe because Qs = kQc) - kH times as high
as the flow rate setting signal Qe for N, gas. Thus,
the control valve is so adjusted that the ﬁpstream
pressure P, is kH times that for N, gas. The same
10 process is followed when valve V, is opened to feed O,
gas and the switch-over calculated flow rate signal Qf
is set at a value close to kO x Qe (in the case of the
invention in claim 5, the flow rate specifying signal
Qs is set at kO x Qe) to regulate the control valve.
15  The application of the fluid-switchable flow
control system FCS according to the present invention
N as shown in FIG. 1 is not practised En practical
semiconductor manufacturing plants yet. But, the
method of supplying one kind of gas through valve V,,
20 falve V, and valve V; and one unit of FCS at greatly
different flow rates is applied in practice.
Examples
FIG. 2 is a block diagram of a first embodiment
of the fluid-switchable flow control system according

25 to the present invention while FIG. 3 is a block
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enbodying the present invention. One unit of the 5 f1ui d-switchable flow
rate control system FCS can control the flow of three kinds of gases -
Herr] gas, (Jerr] gas and N2 gas. The flow rate conversion rate k given by

the flowrate conversion circuit 18 in the fl uid-

system FCS is determned for 10 each fluid on the basis of a definite
relation involving the flow factor FF. This relation will be described

detail later. Here, the conversion rates for Herr] gas, (Jerr] gas and

N err] gas wll

valve V[err] is opened while valve V[err]

be represented by kH, kO agg kKN (= 1). 15 First,
d valve V2 are kept closed

h . ' '
0 Tor nitrogen ide O N RECo i SuEaS, df (e HAS sritehat

wi Il be al npbst
i nvention in cl

IR ddhiRP & = kQ 20 (in the case of the
a.#ﬁé,‘?he ngﬁﬁﬁgﬁé specifying signal @& will be equal

switchable flow contro

in

to
rate

o]

to

Qe because 5 = kQe) .phher G Iditi tetawle £lowerQpenednerok! 9g8tenntcs t hat

flowrate is reached. In the next step, valve V[err] is opened while valve

5

W,
10
15

9
20
25

comprises a control valve 2, a control valve drive 4,
a pressure detector 6, an orifice member 8, an
orifice-adapted valve 10, a joint for taking out gas
12, a flow rate.calculation circuit 14, a flow rate
setting circuit 16 and a calculation control circuit
20.

The flow rate calculation circuit 14 includes a
temperature detector 23, amplifiers 22, 24, A/D
converters 26, 28, a temperature compensation circuit
30 and a calculation circuit 32. The calculation
control circuit 20 is formed from a comparison circuit
34 and an amplifier circuit 36.

The flow rate conversion circuit 18 is provided
on the output side of the amplifier 52 of the pressure
detector 6 in the flow rate calculation circuit 14 in
the first embodiment (FIG. 2) and on the output side
of the flow rate setting circuit 16 in the second
embodiment (FIG. 3).

The control valve 2 includes a so-called direct-
touch type metal diaphragm valve, which will be
described later. And its control valve drive 4 is a

piezoelectric type drive unit. The alternatives to

" -
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25 *V[err] and-valve V[err] are closed so that Herr] gas is fed to the

13 reactor RR Since the flowrate conversion rate k for Herr] gas is kH,
the switch-over calculated flowrate signal & wll be approxi mately equal
to kH x Qe because Y = kQ (in the case of the invention in 5 claimb5, the
flow rate specifying signal @ wll be equal to kH x Qe because @ = kQc) -
kH tinmes as high as the flowrate setting signal Q for N err] gas. Thus,
the control valve is so adjusted that the upstream pressure Plerr] is kH
times that for Nferr] gas. The same 10 pregess is followed when valve V2
I's opened to feed (JQerr] gas and the switch-over calculated flow rate

signal Qf is Selpal @aM¥lelEor AR oitRol Qulvd 2 tnERsds Ofhd he invention
inclaim5b, the flowrate specifying signal  is set at kOx Q) to

regul ate the copiaigplettdtrdctlive type e w@dRinidAtd®sdlenditd type

fluid-swtchable flow control system FCS according to the present invention
drive unit, motor-type drive unit, pneumatic type and
thermal exﬁansion drive unit.

5 The pressure detector 6 is of a semiconductor |
restrictive type. The alternatives to the pressure
detector 6 include the metal foil restrictive pressure
sensor, capacitance type sensor and magnetic
resistance type pressure sensor.

10 The temperature detector 23 is a thermocouple
type temperature sensor. In place of that, it is
possible to use a variety of known temperature sensors
such as the resistance bulb type temperature sensor.

The orifice 8 member used is a metal sheet gasket

15 with a bore formed by cutting. Alternatives to this
are an ultra-thin pipe and a metal film with a bore

N formed by etching or electric dischagge machining.

There will now be described the operation of the
fluid-switchable flow rate control system FCS
20 eﬁbodying the present invention with reference to FIG.
2 and FIG. 3.
Referring to FIG. 2, the upstream pressure P, of
gas on the outlet side of the control valve 2, i.e. on
the upstream side of the orifice 8 is detected by the

25 éressure detector 6 and output to the amplifier 22,



as shown in FIG 1'is not practised in practical sem conductor

manuf acturing plants yet. But, the nmethod of supplying one kind of gas
t hrough valve V[err], 20 valve V2 and valve V3 and one unit of FCS at
greatly different flowrates is applied in practice. Exanples FIG 2 i
bl ock diagram of a first enbodi nent of the fluid-swtchable flow contro
system according 25 to the present invention while FIG 3 is a block
di-agram of a second enbodi ment of the fluid-switchable flow control system
The fluid-switchable flow rate control systgm FCS conprises a contro
2, a contro
an orifice-adaptag valow® rite @dmidts foi dBkivo: 0L 48 iten aché ON/pat e
calculation circuit 14, a flowrate setting circuit 16 and a cal cul ation
circuit converter 26. Then, the digitized signals obtained

control

10

15

20

25

val ve drive 4, 5 a pressure detector 6, an orifice nenb

are output to the calculation circuit 32.

Likewise, the gas température T, on the upstream
side of the orifice is detected by the temperature
detector 23 and the digitized signals are output to

the temperature compensation circuit 30 through the

.amplifier 24 and the A/D converter 28.

If the flow rate conversion rate k of the flow
rate conversion circuit 18 is, say, 1, that is, the
full scale flow rate is not switched, then the flow
rate Q is calculated by the equation Q = KP, on the
basis of the upstream pressure P;,. At the same time,
the flow rate Q is temperature-compensated by
compensation signals from the temperature compensation
circuit 30, and the calculated flow rate Qc is output
to the comparison circuit 34. )

In case the flow rate conversion rate k in the
flow rate conversion circuit 18 is set at the constant
K, then the switch-over calculated flow rate signal Qf
output from the flow rate calculation circuit 14 to
the calculation control circuit 20 will be k times as
high as the calculated flow rate Qc, and the output
signals of Qf = kQc will be input in the calculation

control circuit 20.

S a
14

val ve
er 8,



. et it A SRR e ey L,

20. 10 - The fl'ow rate calculation circuit 14 includes a tenpefature
detector 23, anplifiers 22, 24, A/D converters 26, 28, a tenperature
conpensati-on circuit 30 and a calculation circuit 32. The cal cul ation
control circuit 20 is forned froma conparison circuit 15 34 and an
amplifier circuit 36. The flow rate conversion circuit 18 is provided on
the output side of the anplifier 22 of the pressure detector 6 in the flow
rate calculation circuit 14 in the first enbodiment (FIG 2) and on the
output side 20 of the flowrate setting cifcuit 16 in the second
enbodi ment (FIG 3). The control valve 2 includes a so-called direct- touch
type metal di aphragmrtalise noafeidcithat] [thee abrstrdmedc |ddrested\nal £1swcontr ol
valve drive 4 is a 25 piezoelectric type drive unit. The alternatives to
15 rate conversion rate and is used for changing the full

scale flow rate. The flow rate conversion circuit 18

can change the flow rate conversion rate k
5 continuously or in stages. For a change in stages, a

DIP switch, for example, can be used.

In the second embodiment as shown in FIG. 3,
meanwhile, the flow rate conversion circuit 18 is
provided on the output side of the flow rate setting

10 circuit 16. The flow rate setting signal Qe output
from the flow rate setting circuit 16 is converted
into flow rate specifying signal Qs (Qs = kQe) through
the flow rate conversion circuit 18. And the flow
rate specifying signal Qs is input into the

15 calculation control circuit 20.

It is noted that in the second embodiment, the

o detected flow rate value, which is iﬁput into the

calculation control circuit 20 from the flow rate
calculation circuit 14, is the calculated flow rate

20 Qc.

Now, the operation of the flow rate conversion
circuit 18 will be described with reference with FIG.
4.

Let it be assumed that the flow rate setting

25 signal Qe is a voltage value variable between 0 and 5

4 . -
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this drive for.the-control valve 2 include the magnetostrictive type drive
unit or solenoid type drive unit, notor-type drive unit, pneunmatic type and
thermal expansion drive unit. 5 The pressure detector 6 is of a

sem conductor restrictive type. The alternatives to the pressure detector 6
i nclude the netal foil restrictive pressure sensor, capacitance type sensor
and nmagnetic resistance type pressure sensor. 10 The tenperature
detector 23 is a thernocouple type tenmperature sensor. In place of that, it
I's possible to use a variety of known tenpgyature sensors such as the

resi stance bulb type tenperature sensor. e orifice 8 nenber used is a

metal sheel 0asgheddyHbtD § BB1EST P5TeAphEserted by A :?gé(fzﬁéydeéfagh&%thi s

are an ultra-thin prpe and a neta th a bore~for I ng or
electric dlsphagggtgas | RhBYpetbBehe . W | | now be described the operation of
the fluid-switchable ffow rate control system FCS 20 enbodyi ng the present

invention with referepge EQ,FbﬁiparééﬁtE|@or3example, represents 4
volts. If the switch-over calculated flow rate signal
5 Qf (or the flow rate specifying signal Qs) is 5 volts,
the upstream pressure P; will be brought to 3
kgf/cm’abs. so that the flow rate is 500 SCCM.
With the flow rate conversion rate k = 1, for
example corresponding to the b to 100 percent range of
10 the flow rafe setting signal Qe, the switch-over
calculated flow rate signal Qf (or the flow rate
specifying signal Qs) varies over a 0 to 100 percent
range with Qf = kQc (or Qs = kQe) and indicates 0 to
500 SCCM in terms of the flow rate. According to this
15 indication, the upstream pressure P, will be regqulated
between 0 and 3 kgf/cnﬁabs, which is represented by the
N2 line A marked with black circular dots. Next, with
the flow rate conversion rate k = 1/2, when the rate
setting signal Qe is input in the range of 0 to 100
20 percent, the switch-over calculated flow rate signal
Qf (or the flow rate specifying signal Qs) varies
between 0 and 50 percent. That is, the flow rate is
regulated between 0 and 250 SCCM as indicated by the
line B marked with white circular dots. In this case,

25 the varying range of the upstream pressure P, is



Referring to FLG 2, the upstreampressure Plerr] of gas on the outlet side
of the control valve 2, i.e. on the upstreamside of the orifice 8 is
detected by the 25 pressure detector 6 and output to the anplifier 22,

16 the flow rate conversion circuit 18 and then the A/D converter 26. Then,
the digitized signals obtained are output to the calculation circuit 32.

Li kewi se, the gas tenperature T[err] on the upstream5 side of the orifice
is detected by the tenperature detector 23 and the digitized signals are
output to the tenperature conpensation cirggit 30 through the anplifier 24
and the A/D converter 28. If the flowrate conversion rate k of the flow 10

rate conversi on yatwedn 01&nd,.1 . Skgfl/cri’abk.i SThalktewhy, thealfallll @ e is
not switched, then the flowrate Qis calculated by the equation Q =
KP[err] on the Fows reitd s waivoksd pfsas 500 M |to 250 heCCrue ti ne,
In the comparison circuit 34, the comparison is
made betweén the switch-over calculated flow rate
5 signal Qf and the flow rate setting signal Qe (or the
flow rate specifying signal Qs and the calculated flow
rate Qc). And the difference Qy = Qf - Qe (or Qc -
Qs) is output to the drive 4 for the control valve 2
through the amplifier circuit 36.
10 | In case the switch-over calculated flow rate
signal Qf is larger than the flow rate setting signal
Qe (or the calculated flow rate Qc is larger than the
flow rate specifying signal Qs), the control valve
drive 4 will be actuated in the direction to close the
15 control valve 2. If the reverse is the case, the
control valve drive 4 will work to open the control
1\ valve 2. That way, the opening degrée of the control
valve 2 is automatically regulated to achieve Qf = Qc
(or Qc = Qs).
20 | In the present invention, the following condition
must always be met: P,/P, is smaller than approximately
0.5, that is, P, > 2P, where P, is the pressure on the
upstream side of the orifice member 8 and P, is the
downstream pressure on the downstream side of the

25 orifice member 8.

L) -
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the flow rate Q is tenperature-conpensated by 15 conpensation signals from
the tenperature conpensation circuit 30, and the calculated flowrate Qc is
output to the conparison circuit 34. In case the flow rate conversion rate
k in the flowrate conversion circuit 18 is set at the constant 20 K, then
the switch-over calculated flowrate signal Qf output fromthe flow rate

calculation circuit 14 to the calculation control circuit 20 will be k
times as high as the calculated flowrate Qc, and the output signals of &
= kQ will be input in the calculation 25 ,gontrol circuit 20. 17 1t is

noted that the constant k denotes a flow rate conversion rate and i s used

for changing the ful Img@@gbfé,oviﬁ WDy ﬂ_é]es$|£,\ﬁ:é édcgﬁlg %QQ géﬁlcwt 18
can change the flow rate conversion rate k 5 |nuous I N St ages.
For a change i n preagfre @, and the downstream pressure P, are both
constantly monitored and input in an inversion
amplifier (not shown). When the upstream pressure P,
5 and the downstream pressure P, are reversed in amount,
resulting in back flow state or P,/P, is larger than
0.5 making it iﬁpossible to regulate the flow rate
with precision, the control valve 2 will be
automatically shut up.
10 FIG. 5 is a block diagram of the fluid-switchable
flow control system of a third embodiment of the
- present invention. In FIG. 5, the parts identical
with those in FIG. 2 are designated by like reference
characters. And the following description is limited
15 to the different parts. Unlike the configuration in
FIG. 2, this embodiment uses three control valves 2a,

2b and 2c for N, gas, He gas and CF, gas respectively.

By

And drives 4a, 4b and 4c are provided for those
control valves,

20 The flow rate conversion rates to be specified by
the flow rate conversion circuit 18 are switchable in
three stages for N, gas, He gas and CF, gas and are
related to the flow factors FF of the respective gases
as mentioned earlier. First, the flow factors of the

25 different gases are given in Table 1. As already
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DIP switch, for exanple, can be used. In the second enbodi nent as shown in
FIG 3, neanwhile, the flow rate conversion circuit 18 is provided on the
output side of the flowrate setting 10 circuit 16. The flow rate setting
signal Qe output fromthe flowrate setting circuit 16 is converted into
flowrate specifying signal @ (& = kQe) through the flow rate conversion
circuit 18. And the flowrate specifying signal @ is input into the 15
calculation control circuit 20. It is noted that in the second enbodi nent,

the detected flow rate value, which is inp 1 into the cal culation contro
circuit 20 fromthe flowrate calculation Circuit 14, is the cal cul ated

flowrate 20 Cp.FM@ﬁ- QRS i f i circuit 18
wi Il be descri bed W lhﬁep’lgf erensgé_e fv?n'rbtvﬁ ﬁ%?o% O%Ie% a;}rgogxge%g@%gg t hat the
flow rate setting %Mk Fardy Cindd A0S FRdweryesi 3B enbegugens0 and 5
larger than that of N, gas under the conditions that
the orifice as employed and the upstream side pressure

5 are identical.

15 (N, converted flow rate)

Table 1
<i5 Gas type .Flow factor (FF)
N, 1
Ar 0.888
10 He 2.804
CF, 0.556
3 C.Fs 0.344
~ FF = flow rate of gas/flow rate_in terms of N, gas
o

That different gases can be controlled in flow
d rate using one orifice will be explained in detail

with reference to Table 2.

20 . Table 2
Orifice sizes of the fluid-switchable flow rate

control system FCS, control pressure and flow rates of

4 -
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18 volts where'0 volts is represented by 0O percent and 5 volts by 100
percent. That is, 80 percent, for exanple, represents 4 volts. If the
swi.tch-over calculated flow rate signal 5 Q& (or the flow rate specifying
signal @) is 5 volts, the upstream pressure P[err] will be brought to 3
kgf/cnferr]abs. so that the flowrate is 500 SCCM Wth the flow rate
conversion rate k = 1, for exanple corresponding to the O to 100 percent
range of 10 the flowrate setting signal Qe, the swtch-over cal cul ated
flow rate signal & (or the flow rate speghfying signal Qs) varies over a 0
to 100 percent range with = kQ (or @ = kQe) and indicates 0 to 500
SCCMin terns Qg ghs flow rate. According to this 15 indication, the
upstream pressure P[err] will be regul ated between 0 and 3 kgf/cnierr]abs,
which is repredenttetlbydnyed i0S Aorar eyt Adinfalbaclk Gocau! ar dots. Next,
with the flow rate conversion rate k = 1/2, when the rate

Orifice . 50 80 170 320 600 810
diameter,
5 pm
0.5 10.0 34.9 124.8 442.3 }1555.2 2834.5
\/ 1.8 38.8 125.9 449.4 1592.6 5599.0 10204.3
Control range: 200 torr (0.263 kgf/cnﬁahs.) to 1.8
10 kgf/cm’abs.; SCCM)
Orifice 50 180 470 810
diameter,
pm
200 torr 9.8 73.6 501.9 2834.5
15 1.8 76.2 503.9 3435.6 | 10204.3
\v; There will now be described an ekxample where the

= orifice diameter is 90 microns with reference to Table
2. It is shown that when the control pressure, that
20 is, the upstream pressure P, is 1.8 kgf/cm’abs., the
flow rate of N, gas is 125.9 SCCM. In other words, the
full scale flow rate for N, gas is 125.9 SCCM, which
corresponds to 100 percent of the flow rate setting
signal Qe, and 5 volts in terms of the voltage value.

25 Since the flow rate conversion rate k for N, gas is 1,

4 -
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setting-signal Qe is input in the range of 0 to 100 20 percent, the
switch-over calculated flowrate signal X (or the flow rate specifying
signal ) varies between 0 and 50 percent. That is, the flowrate is
-regul at ed between 0 and 250 SCCM as i ndicated by the line B marked with
white circular dots. In this case, 25 the varying range of the upstream
pressure Plerr] is 19 between 0 and 1.5 kgf/cnferr]abs. That way, the
full scale flowrate is switched from500 SCCMto 250 SCCM In the
conparison circuit 34, the conparison is ge between the switch-over
calculated flowrate 5 signal  and the flow rate setting signal Qe (or

the flow rate spad fpaicig ﬁwapmwi hei gl C Wt &gl E4D¥a18E84 By And
the difference Q = Q& - Q (or @ - ) is output to the drive 4 Tor the

control valve 2 tHHy @efifatiltth @l ey ©d reas 19 BecdOor a fulld-§858et he
swi tch-over calculated flowrate :
100 percent.
Now, uﬁder the same orifice and pressure
5 conditions He gas will be considered. In the event of
He gas of 300 SCCM, 300 SCCM divided by FF for He -
2.804 - gives 107.0 SCCM, which is the flow rate in
4 terms of N, gas.
Since the full scale ranges for N, gas are set at
10 38.8, 125.9, 449.4, 1592.6, 5599.0 and 10204.3 SCCM in
the present example, an orifice diameter of 90 microns
for 125.9 SCCM is chosen. That is, the flow rate
conversion rate k for He gas must be set at
107.0/125.9 =0.850.
15 Of course, the flow rate conversion rate in the
present invention can be decided.in other ways.
U When the flow rate of N, gas is }egulated within a
¥ range between 0 and 125.9 SCCM in FIG. 5, the flow
rate conversion rate k in the flow rate conversion
20 éircuit 18 is switched to k = 1, with the control
valve 2a regulated via the control valve drive 4a. 1In
this case, the control valve 2b and the control valve
2c are normally kept closed. |
The other details of the operation of the fluid-

25 switchable flow control system FCS as shown in FIG. 5

n -



signal & is larger than the flow rate setting signal Qe (or the cal cul at ed
flowrate Qc is larger than the flow rate specifying signal ), the
control valve drive 4 will be actuated in the direction to close the 15
control valve 2. |If the reverse is the case, the control valve drive 4
will work to open the control valve 2. That way, the opening degree of the
control valve 2 is automatically regulated to achieve @ = Q (or @ = (8).
20 In the present invention, the followi ng condition nust always be
met: Plerr]/Plerr] is smaller than approxiqgtely 0.5, that is, Plerr] >
2P[err] where P[err] is the pressure on thé upstreamside of the orifice

menber 8 and Plefid dife Udind YOSIUSAD B 98! €3 Olln&N; fOVASE g SI de of

the 25 orifice Tenber erefore, may be SO arranged that
upstrean1pre&mﬂ&éggfggédegggiﬁp downstream pressure P[err] are both

FIG. 6 is a sectional view of the core part of an
installation example of the orifice 8. In FIG. 2, the

5 numeral 2 indicates a control valve that controls the
flow rate of fluid, with the diaphragm pfess 2d freely

Y holding the diabhragm 2e in relation to the valve seat

~ 2f to regulate the opening - between the diaphragm 2e

and the valve seat 2f - to a desired degree. 1In the
10 flange 8c is formed an upstream fluid passage 3 and in
the flange 8d is formed a downstream fluid passage 5.
The orifice 8 member is removably installed with an
orifice holder 8b in two flanges 8c, 8d. The orifice
member 8 has an orifice bore 8a. If the two flanges
15 8c, 8d are disassembled, the orifice member can be
dismounted and replaced with another without

\,f difficulty. By the way, this easy o;ifice
replaceability is one of the features of the present
invention.

20 The diaphragm press 2d is freely moved up and down
by the control valve drive 4 of the piezoelectric
type. If the piezoelectric element is activated to
move up the diaphragm press 2d, the diaphragm 2e will
move to return to the original position by elastic

25 force, with the result that the diaphragm 2e departs

L]
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constantly noniktored and input in an inversion anplifier (not shown). Wen
the upstream pressure Plerr] 5 and the downstream pressure Plerr] are
reversed in anount, resulting in back flow state or Plerr]/P[err] is larger
than 0.5 making it inpossible to regulate-the flowrate with precision, the
control valve 2 will be automatically shut up. 10 FIG 5 is a block
di agram of the fluid-swtchable flow control systemof a third enbodi nent
of the present invention. In FIG 5, the parts identical with those in FIG
2 are designated by |like reference charact §S. And the follow ng
description is limted 15 to the differen? parts. Unlike the

configuration i ?‘%%h%’ vgi% eélr%c&dizrp% '\tlge].{é;/eviﬁggrolnyal ves 2a, 2b

and 2c for N2 gas, gas a gas respeéecti drives 4a, 4b and

4c are provided i ¢i3esSe 140Rl Posk3IMRS t2Ereely adfiest e
conversion rates tc'} be s’pé]'cifrj'legJ by the flow ratgcaoni\}gsrsi on cﬁ%\susi‘tlrew are

LTSS L' P AAS ppberecerionar, b Ugs asalH S st
by fine-tuning the opening.
5 In addition to the arrangement‘as shown in FIG. 6,
other various structures are possible that facilitate
c - the replacement of the orifice member.
~ The present invention is not limited to those
examples just described, but embraces vari;tions and
10 changes in design without departing from the spirit
and scope of the present invention.

As set forth above, with the pressure P, on the
upstream side of the orifice maintained at a level two
or more times higher than the pressure on the

15 downstream side of the orifice, it is possible to
regulate the flow rate Qc through adjustment of the
\,f upstream pressure P, only. The flow.;ate Qc is
calculated by the equation Qc = KP;, and is
automatically brought to a desired level.

20 At the same time, the full scale flow rate can be
switched to a desired value by merely inputting the
flow rate setting signal in the flow rate conversion
circuit. And the flow rate can be displayed and read
with ease.

25 Another feature is that it is possible to handle a



as nentioned earlier. First, the flow factors of the 25 different gases
are given in Table 1. As already 21 described, those flow factors are
anounts which indicate how many tines the flowrate of the gas is |arger
than that of N2 gas under the conditions that the orifice as enpl oyed and
t he upstream side pressure 5 are identical. Table 1 Gas type

Flow factor (FF) Nerr] 1 Ar
0.888 10 He : 26 2.804 CF4
0.556 CJerr]F[err] 0.344 FF = flow rate of gas/fl ow

rate in terms opldkalityges iBuLQNZbyOInEBeﬂ.ydr‘ébQWcri&TQGbn"éhairi(fiitfeerent '
gases can be controlled in flow
member by another with a different orifice diameter.
Furthermore, the flow rate of each fluid can be freely
controlled by merely switching the flow rate
5 conversion rate in the flow rate conversion circuit.
That is, a large number of different kinds of
fluids can be dealt with a smaller number of parts,
which contributes to cost reduction and improvement of
gas-feeding Eechnology. Thus, a fluid-switchable flow

10 control system that is very uséful in industry has

“been provided.



rate using one.orifice will be explained in detail with reference to Table
2. 20 Table 2 Oifice sizes of the
fluid-switchable flow rate control system FCS, control pressure and fl ow
rates of 22 N2 gas Control range: 0.5 to 1.8 kgf/cnferr]abs.; SCCM
Oifice 50 90 170 320 600 810 di anmeter, 5
[err]mO0.5 10.0, 34.9 124.8 442. 3 1555.2 - 2834.5 1.8
38.8 125.9 449.4 1592.6 5599.0 10204. 3 Control range: 200 torr
(0.263 kgf/cnferr]abs.) to 1.8 10 kgf/cn&ggr]abs.; SCCM Oifice 50
180 470 810 di ameter, 200 torr . 8 73.6 501.9 2834. 5

BRIEF DESCRIPTION OF THE DRAWINGS
FIG. 1 shows one of the application examples of
the fluid-switchable flow rate control system FCS
“ ' emhodying,the present invention where a plurality of
) fluids are fed through one fluid-switchable flow rate
control system FCS. |
FIG. 2 is a block diagram of the fluid-switchable
flow rate control system of a first embodiment .
FIG. 3 is a block diagram of the fluid-switchable
t° flow rate control system of a second embodiment.

FIG. 4 shows the relation between flow rates and



15 "1.8 - 76.2 503.9 3435.6 10204.3 There will now be .

descri bed an exanple where the orifice dianeter is 90 mcrons with :
reference to Table 2. It is shown that when the control pressure, that 20
is, the upstreampressure Plerr] is 1.8 kgf/cnferr]abs., the flow rate of
Nlerr] gas is 125.9 SCCM In other words, the full scale flowrate for

N err] gas is 125.9 SCCM which corresponds,to 100 percent. of the flow rate
setting signal Qe, and 5 volts in terns of%he voltage val ue. 25 Si nce
the flow rate conversion rate k for Nerr] gas is 1, 23 the flow rate
speci fying signal, @& as cal culated by the equatian = kQe is 125.9 SCCM
or a full-scal e FAQ¥ F@tCSCEHNAT sd'r%t?rlst P Eorehe icf‘ilcje SERLPerdere 5

conditions He gas will be considered. In the event of He gas of 300 SCCM
300 SCCM di vi de%‘#esﬁ"ftoF%quPg@f%“’g?%s 107.0 SCCM which is the flow

rate in FIG. 5 is a block diagram of the fluid-switchable
flow rate control system of a third embodiment.
5 FIG. 6 is a sectional view of the core part of an
= installation example of the orifice nmember.
FIG. 7 is a layout of the prior art system of
i:? suppiying gases to a high-purity moisture denerator
for the manufacture of semiconductors.
10
LIST OF REFERENCE NUMERALS
2, 2a, 2b, 2c control valve
24 diaphragm press
E - 2e diaphragm
15 2f valve seat
3 upstream fluid passage
. 4, 4a, 4b, 4c drive, drive unit -
~:d/ 5 downstream fluid passage
6 pressure detector
é 20 8 orifice member
8a orifice bore
8b orifice holder
8c, 8d flange
10 orifice-adapted valve

25 12 joint for taking out gas

4 -



terns of N2 gas. Since the full scale ranges for N err] gas are set at 10
38.8, 125.9, 449.4, 1592.6, 5599.0 and 10204.3 SCCM in the present exanple,
an orifice diameter of 90 mcrons for 125.9 SCCMis chosen. That is, the
flow rate conversion rate k for He gas nust be set at 107.0/125.9 =0. 850.
15 O course, the flowrate conversion rate in the present invention
can be decided in other ways. Wen the flowrate of N err] gas is regul ated
within a range between 0 and 125.9 SCCMin 41 G 5, the flow rate conversion
rate k in the flowrate conversion 20 cirCuit 18 is switched to k = 1, with
the control valve 2a regulated via the control valve drive 4a. In this

case, the controi4 val ve 2b and Eligwcgg‘ttreolca %%&%rﬁ%ﬁ.x’%@l ly kept
| -

closed. The other details of the operation 0 Swi tchabl e fl ow
control system H as shown in EhG, Pate setting circuit '

18 flow rate conversion circuit
20 - calculation control circuit
5 22, 24 amplifier
i 23 - temperature detector
- 26, 28 A/D converter
_\“) 30 temperature compensation circuit
32 calculation circuit
10 34 comparison circuit
36 amplifier circuit
FCS fluid-switchable flow control system
Qc calculated flow rate signal
Qf calculated switch-over flow rate signal
15 Qe flow rate setting signal
Qs flow rate specifying signal

o/ ' k flow rate conversion rate



24 are the saqé as-those in FIG 3 and will not be desc

ri bed again. FIG 6

Is a sectional - view of the core part of an installation
orifice 8 In FIG 2, the 5 nuneral 2 indicates a cont
controls the flowrate of fluid, wth the di aphragm pre
t he di aphragm 2e in relation to the valve seat 2f to re
bet ween the di aphragm 2e and the val ve seal-—2&x- to a d
the 10 flange 8c is formed an upstream fluid passage 3
8d is formed a downstream fluid passage 5.:- The orifice
renovabl y i nst alWialt wi$¢ hchairnedfise holder 8b in two fl

exanpl e of the

NS EAR A o

gtl ate i hé ofgening” -
esired degree. In
and in the flange
8 menber is '
anges 8c, 8d. The

orifice nenber 8 has an orifice bore 8a. If the two flanges 15 8c, 8d are

di sassenbl ed, the orifice nenber can be di snounted and
another without difficulty. By the this easy orifi

replaced with
ce replaceability is

wa ’
one of the featutes ok fh@i%%‘séhﬁhahienﬂgw. rape contrppe syisiemy adyhal ess

2d is freely noved up and down

controls the flow rate of fluid with the pressure P, on

5 the upstream side of the orifice member held about

twice or more higher than the downstream pressure P,,

said fluid-switchable flow rate control system

- comprising:

an orifice member replaceable with another to

10 provide a suitable orifice diameter according to the

kind of fluid and the flow rate range,

a control valve provided on the upstream side of

the orifice member,

a pressure detector 6 provided between the

15 control valve and the orifice member, and

a flow rate calculation circuit 14 where from the

pressure P, detected by the pressure detector, the flow

— . rate Qc is calculated by the ‘equation Qc = KP, (K:

constant),

N 20 a flow rate-setting circuit for outputting flow

rate setting signal Qe,

a flow rate conversion circuit 18

for .converting

the calculated flow rate signal Qc into switch-over

calculated flow rate signal Qf to change the full

25 scale flow rate, and

s -



by the control; valve drive 4 of the piezoelectric typé_—T?*FHE‘_““—————

pi ezoel ectric elenent is activated to nove up the diaphU
di aphragm 2e will nove to return to the original positi ml”
force, with the result that the dlaphragn12e departs - dn1ﬂhesva e

seat -2f to open the valve. In addition, if{~ip possible to freely adj ust the
pressure P[err] on the upstream side of t he upstream fl uid passage 3 by
fine-tuning the opening. 5 In addition to the arrangenent as shown in

FIG 6, other various structures are possible that facilitate the
repl acenent of the ord fdadeulsihieon cdretyokseitcuitend i owtpstnthelimited to
those exanples just described, but enbraces variations and 10 changes in
desi gn wit hout dbRfatenrd hatwdan diat tcalehbatpd switdkh-pvesefilow
invention. As set forth above, with the pressure Plerr] on the
- rate signal Qf and the flow rate settlng signal Qe as
control signal Qy to the drive for the control valve,
5 thereby opening or closing the control valve to bring
the control signal Qy to zero, thus controlling the
flow rate on the downstream side of the orifice

- member.

1o 2. The fluid-switchable flow rate control systenm as
defined in claim 1 wherein the flow rate conversion
circuit 18 is so configured that the calculated flow
rafe Qc is multiplied by conversion rate k into the
switch-over calculated flow rate signal Qf (Qf = kQc).

15
3. The fluid-switchable flow rate control system as
defined in claim 1 wherein the flow xate conversion

N circuit is to regulate the amplification rate of an

output amplifier of the pressure detector.

4. The fluid-switchable flow rate control system as
defined in claim 1 or claim 2 wherein the flow rate
conversion circuit 18 is formed from of a dual in-line
package (DIP) switch.

25



upstream side of the orifice maintained at a |level two 6F_ﬁarg_ﬂjﬁ§?7T‘7ﬂﬂ*
than the pressure on the 15 downstream side of the orifituﬂuum,

to regulate the flowrate Q¢ through adjustnent of the up mgm#mle
Plerr] only. The flowrate Q is calculated by t he equatlon = KM and=ls
automatically brought to a desired |evel At the sanme tine, the
full scale flowrate can be switched to a/deS|red val ue by nerely inputting

the flowrate setting signal in the flowrate conversion circuit. And the
flow rate can be displayed and read with ease. 25 Another feature is

that it is posskhl e nofhandl-ewdtchabled!fliod idatedfcditsals s tam ablyich
repl aci ng one orifice nmenber by another with a different orifice dianeter.
Furthernore, theohteolsatheoffleacirafteuiof ddmikk Wirtdelthe @rtessdrsl Py aerel y
swirtching the flowrate
the upstream side of the orifice member held about
twice or more higher than the downstream pressure P,,
5 said fluid-switchable flow rate control system
comprising:
an orifice member replaceable with another to
provide a suitable orifice diameter according to the
kind of fluid and the flow rate range,
10 a control valve provided on the upstream side of
the orifice member,
a pressure detector 6 provided between the
control valve and the orifice member,
a flow rate calculation circuit 14 where from the
15 pressure P, detected by the pressure detector, the flow
rate Qc is calculated by the equation Qc = KP, (K:
constant), ' -
— a flow rate-setting circuit 16 for outputting
flow rate setting signal Qe, |
N 20 a flow rate conversion circuit 18 for converting
the flow rate setting signal Qe into flow rate
specifying signal Qs to change the full scale flow
rate, and |

a calculation control circuit 20 to output the

25 difference between the flow rate specifying signal Qs

+ -



5 conversion rate in the flow rate conversion circuit. Tha
nurvber of different kinds of fluids can be dealt with a snal “","“lmg'ﬂ"m””m
parts, which contributes to cost reduction and i nprovenent of *gas-teedi n *
technol ogy. Thus, a fluid-swtchabl'e flow 10 control Systemthat is very
useful in industry has been provided. 27 BRI EF DESCRI PTI ON OF THE

DRAWNGS FIG 1 shows one of the applicavfﬁh exanpl es of the

fluid-switchable flow rate control system FCS enbodyi ng.the present

invention where a plurality of fluids are fed through one fluid-sw tchable
flow rate cont ran£;t§teemaﬂl@&lane@ flow zate RK as ageahrol shgnal Qy
fluid-switchable flow rate control systemof a first enbodinment. FIG 3 is

a bl ock di agramt® the dnivey-£ tmireantrely ¥alee cokheseb¥yepening ar

second enbodi nent..
Closing the control valve to bring the control signal

Qy to- zero, thus controlling the flow rate on the

5 downstream side of the orifice.

6. The fluid-switchable flow rate control system as
- defined in claim 5 wherein the flow rate conversion
circuit 18 is so configured that the lew rate setting
10 signal Qe is multiplied by conversion rate k into the

flow rate specifying signal Qs (Qs = kQc).



FIG 4 shows the relation between flow rates and flow rate setting
signals up .to the full scale under different control pressures. FIG 5 is a
bl ock di agram of the fluid-switchable flow rate control systemof a third
embodi nent. 5 “ FIG -6 is a sectional F¥fewtof the core part of an
installation exanple of the orifice nenber. FIG 7 is a |ayout of the prtor,
art system of supplying gases to a high-purity noisture génerator for the
manuf act ure "of sem conductors. 10 LI ST OF REFERENCE NUMERALS- 2, .2a, 2b, 2c

control valve 2d di aphragm press 2e di aphragm 15
2f val ve sea&13 . - upstream fl uid passage 4, 4a, 4b,
4c drive, drive.unit : .
Hy — FCS RR [—
V2
. . 02——{}2'——
_ V3
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5 -downstream fl ui d passage 6 pressUré detector 20

8- orifice nenber 8a orifice bore 8b
orifice holder 8c, 8d flange 10 orifice-adapted val ve
25 12 joint for taking out g&IG. 229 14 flowrate
calculation circuit 16 flow rate setting cirrcuit 18 :
flowrate conversion circuit 20 cal culation control circuit 5
22, 24 anplifier 23 tenperature detector 26, 28
Al D converter 30 tenperature conpensation cirguit 32
calculation circuit
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10 34 - * conparison circuit 36 anplifier cir culi t FCS

fluid-swtchable flow control system _ calculated flow rate
signal Q& - cal cul ated switch-over flowrate signal 15 Qe
flow rate setting signal Qs f1 WG aBe specifying signal k
fllow rate conversion rate What is clainmed is: 1. A fluid-swtchable.

flowrate control systemwhich controls the flowrate of fluid with the
pressure P[err] on 5 the upstream side of the orifice menbgr held about
twice or nore higher than the downstream pressure Pl[err], sfaid
fluid-swtchable flow rate control system conprising: an orjfice menber
repl aceable -with another to 10 provide a suitable orifice_di aneter

according to the kind of fluid and the flow rate range, T <~¢¢
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a control valve provided on the upstreamside of the orifice nenber, a
6 provided between the 15 control
menber, and a flow rate calculation circuit 14 where fromthe pressure
Plerr] detected by the pressure detector,

pressure detector

the equation Q¢ = KP[err] (K constant),

rate, and

- a calculation control
that cal culated switch-over flow rate signal

tFEG.f Mow rate Q¢ is cal cul ated by

20

circuit for outputting flowrate setting signal
circuit 18 for converting the calculated flow rate signal Q into
swi tch-over calculated flow rate signal

& to change the full
circuit to output the difference between
Q& and the flowrate setting

signal Qe as control signal Q tOE{‘Peect%r io eP;'é)srs
on FCS - Linearity
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5 thereby-opening or closing the control valve to bring the control si‘gnal
Qy to zero, thus controlling the flow rate on the downstream side of the
orifice nmenber. 10 2. The f1l ui d-svvitcha%lrﬁféowrate control system as
defined in claim1 wherein the flowrate c eérSion circuit 18 is so
configured that the calculated flowrate Q is multiplied by conversion
rate k into the swtch-over calculated flowrate signal ¢f. (¥ = kQ). 15

3. The fluid-switchable flow rate control systemas defined in claiml
wherein the flow rate conversion circuit is to regulate fhe anplification
rate of an output anmplifier of the pressure detector. 20j4. The
fluid-swtchable flow rate control systemas defined inEtlaim1 or claim?2
wherein the flow rate conversion circuit 18 is formed frpm-ofNa dual
in-1ine package (DI P—syitch. 25
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1l-c 5. Afluid-switchable flow rate control systemwhich controls the
flowrate of fluid with the pressure P[err] on the upstream side of the
orifice nmenber held about twi ce or nore higher than the downstream pressure
Plerr], 5 said fluid-swtchable flow rat &I6onBrol system conprising: an
orifice nenber replaceable with another to provide a suitable orifice

- diameter according to the kind of fluid and the flow rate range, 10 a
control valve provided on the upstream side of the orifice nenber, a
pressure detector 6 provided between the control valve and the orifice
menber, a flowrate calculation circuit 14 where fromthe 15 pressure

Plerr] detected by the pfegs t ZC301/ ) cal cul at ed by
the equation Q¢ = KP[err] /can ty, aAfl r S ' circuit 16 for
out putting :
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flowrate setting signal Qe, 20 - a flowrate conversion circuit 18
for converting the flowrate setting signal Qe into flow rate specifying
signal & to change the full scale flowrate, and a cal cul ati on control
circuit 20 to output the 25 difference betf&nThe flow rate specifying
signal - (s 1-d and the calculated flowrate Q as control signal Qy to
the drive for the control valve, thereby opening or closing the control
valve to bring the control signal Q/ to zero, thus controlling the flow
rate on the 5 downstream side of the orifice. 6. The fluid-sw tchable.
flow rate control systemas defined in claim5 wherein the flowrate
conversion circuit 18 is so configured that the flowrate setting 10 signal
Qe is multiplied by conversion rate k into vl]e flow rate specifying signal

> (& = kQ). |
Hy — MFC1 , . 'RR  [—
- V2 -
: 0; MFC2 ' {)Z}
g v3
Nz MFC3
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AB%EE&CT OF THE DISCLOSURE

A fluid-switchable flow rate control system that
permits free changing of the full scale flow rate and
which can control a plurality of kinds of fluids with
high precision.

The fluid-switchable flow rate control system
controls the flow rate of fluid with the pressure P, on
the upstream side of the orifice member held about
twice or more higher than the downstream pressure P,,
the fluid-switchable flow rate control system
comprising an orifice member 8 replaceable with
another to provide a suitable orifice diameter
according to the kind of fluid and the flow‘rate
range, a control valve 2 provided on the upstream side
thereof, a pressure detector 6 provided between the
control valve 2 and the orifice membér 8, and a flow
rate calculation circuit 14 where,'from the pressure'P1
detected by'the pressure detector, the flow rate Qc is
calculated by the equation Qc = KP, (K: constant), a
flow rate-setting circuit 16 for outputting flow rate
setting signal Qe, a flow rate conversion circuit 18
for multiplying the calculated flow rate signal Qc by
the flow rate conversion rate k into switch-over

calculated flow rate signal Qf (Qf = kQc) to change

&



the full scale flow rate, and a calculation control
circuit 20 to output the difference between the
switch-over calculation flow rate signal Qf and the
flow rate setting signal Qe as control signal Qy to
the drive 4 of the control valve 2, thereby opening or
closing the control valve to bring the control signal
Qy to zero, thus controlling the flow rate on the

downstream side of the orifice member.



