FLUI D FEEDI NG APPARATUS ~ BACKGROUND OF THE

| NMENTT GN Field of the Invention ; The present invention
relates to an inprovenent of an apparatus for 5 f eedi ng various ki nds

of- fluids such as gas for use in the nmanufacture of -semi sonductors,
chem cal s, precision machine parts, and the |like. Mre partj cul arly,

this invention relates to a fgpj ' ich permts High
preci sion control of the fl owi:r ‘é‘?e-gggPF&icﬁR?WPg]nes of starti n&“-;\'_o

f eed fluid nd of ] | ' r ne _kind to anot her t""10
eed a fluid and of s - | . w10 -
Description of the Prior Art%&k&h%ﬁé%ﬂﬁi&,l&@ﬁggﬁpyg appar at uses
requiring control with high precision of the flow rate are used in ..

seni conductigld efthe doventiong facilities and chemnical production
pl ants. Mbst of those apparatuses are equi pped with so-called mass flow 1

5 controllers. The present inventiom relgtestoven improvenient of droappaathdfor | ui d
(gas) for use in a high purity noi sture generator In sem conduct or

manufacg ur ipgyhaGahblis kihds! of Auids' SGEPEE Yas For use in tHe'@lan e gfd derr]
Q for i%ﬁ‘dro ng il _ spemafll c

are fed to a reac ma gas Teed appar at Us .
flow rates andg ar adigalized w-th.a platinum catal yst d | owed to
react with Semy:o"@&@?fso? 'CPF?: RreciHon ¢ Bﬁﬁ@c ﬁ'ﬂiﬁf‘%ﬁgﬁﬂﬁ%@e nmoi sture
gas (water vapor). The noi sture gas thus generated in the reactor 51
i s then supartiadanly, this iovention rejates to a fluidfeedingrapparatus which permitshigh 8,
the reference nuneral 54 designates a circuit for measuring ~ noisture
ggnerati on preGSBATONBBPEFtHY oWYate 3F N Atithetiifles of 'stitfifigtoTeed 'Pfuibat ©
and of switching fluids from one kind to another.
10
Description of the Prior Art
Fluid feeding apparatuses requiring control with high precision of the flow
- rate are used in semiconductor manufacturing facilities and chemical production
- plants. Most of those apparatuses are equipped with so-called mass flow
16 controllers.
Fig. 8 shows an apparatus for feeding fluid (gas) for use in é high purity

moisture generator in semiconductor manufacturing facilities. It is designed so

oV

that H; an& O, are fed to a reactor 51 from a gas féeding apparatus 50 at specific
flow rates and are radicalized with a plaﬁr;um catalyst and allowed to react with
20  each other in a non-combustion state to generate moisture gas (water vapor).
The moisture gas thus generated in the reactor 51 is then supplied to an oxidizing
furnace 52. |
In Fig. 8, the reference numeral 54 designates a circuit for measuring

moisture generation responsiveness of the reactor 51, and includes a suction rate



regul afing valve 55, a quadrupol e nass spectronet er (erass spectrorreter)
56, ™ * a turbo nol ecul ar punp 57, and a vacuum punp 58. - - The
Q nmass spectroneter 56 is for neasuring ion concentrations of H[err]O _
Hrerr], Jerr], and Nerr]. A quadrupole mass analyzer MSQ 150A (ULVAC

Corporatlon 5 Japan) is used for the purpose. The aforesaid gas feeding
appar at us 5Sfegulating walve 55, a quadrupolermassspectiometer (Qtmass spectrorieter)/B62,
and. MFC3, changeover val ves V[err], V[err], and V[err], gas storage

cont ai ners ma[‘%% lggsghaea{,g@mnq hﬁ)sapt shown)_ The
changeover va ves V|err err and V[err] in this exanple are of the

oot cont i o QSR RS, o5 *%§°rar“5za95@9%t&%°é$§8§§$%3§r€§3

kgf/cnferr] %err] at a gauge pressure of 2 err and Njerr] at a
gauge HapPwsand N2oA quadrupele mass aaaxzmmg (ULVAC Corpenalio; des of
the three mass fl ow . controllers MF(Jerr], I\/FC[err] and MF([ err].

To generft eJaparstisiused fort the purposes The, aforesamegasaﬁeadlmge apphﬁatﬁis 50 is foremed 15
and ot her condltlons of the three mass flow controllers MFC[err], MCerr],

and MECl err gl t,Fﬁeg f t he
systemcl[s purge trﬁaﬁt err ?ﬁﬁ ]MBC?mﬁtﬁghﬂvl?g??]&gglaﬁgv% ?gn'd V3

bei ng opene V3 is closed.and Vlerr ed to

Gert] P andva q?&ssgaﬁe&p &nga ﬁoqt%@pﬁﬁaareswegﬁsﬂl@t%ﬁiﬁeﬁnds
after the r supply V[err] is opened to supply Herr Thus,

noi st ur e gashqwra) ngeavexrvalveso/y, Ma, and Vg dn Shisrexample are of .
Part of the noi sture gas or the like fromthe reactor 51 is sucked into t he
nmeasur ement nmtalcdiaph{agmwpea specific time by operating the

suction-regul ating val ve 55, where the concentrations of Herr],
gerr],qferr] O r

cLerrl qgler 110 pdl the Fetdacile'daR shbrgeofitainers (not Sown)! f 3t 8 GHiR" ©
2 :

pressure of 2 kgf/cm , O, at a gauge pressure of 2 kgffcm?, and N; at a gauge
pressure of 6 kgffcm? are supplied to the primary sides of the three mass flow
controllers MFC;, MFC;, and MFCs.
To generate moisture in the reactor 51, in the meantime, the flow rates
15 and other conditions of the three mass fiow controllers MFC;, MFCz, and MFC; in
the gas feeding apparatus 50 are set, and then the system is purged with N, V,
& and V2 being cloeed and V3 being opened. Then V3 is closed and V: is opened to
supply O, and at the same time that O, is supplied, or about 3 seconds after the
Oz supply, V; is opened to supply H.. Thus, moisture gas (water vapor) starts to
20 be generated in the reactor 51.
Part of the moisture gas or the like from the reactor 51 ie ‘sucked into ﬂ're
measurement circuit 54 for a specific time by operating the suction-regulating
valve 55, where the concentrations of Ha, 0,, H20, and N; in the generated

moisture are measured by the Q-mass spectrometer 56.



Figs. 9.to 11 illustrate the concentrations of Herr]. Oerr], Nert] “and

H etr] O measured by the Q nmass spectroneter 56 in the noistures
produced in a noisture- _ - generating testing arrangenent. The testing
“arrangenment was provided with a gas feeding apparatus 50 equi pped

with the mass flow controllers as showmn in 5 Fig. 8. And the neasurenents
wer e taken under g le @it bt ) ) %]ﬁ,e d
gauge pressure ofhE!F'e?rQ?,ﬂghérri?@%?n@ﬁﬂ%nns( hgsziz'ng?'y&ygéé r(')‘Fa- €
mass : flow controllers in ”ﬁ%%ﬁ% f eedj ng -a ratus 50 re 2
gt/ o er r ], by Hhe Rriase spectrometes 56 In the mgishurks producectio X maisiure,

(1) Pressure on the secondary side of the mass flow controllers: 1

. kg/cnferr] apenerating testifgcanrangerent: cThe tegting drrangsmentwas provided withi arr ] :
1000 sccm H err] starts to be fed 3 second after Jerr] -supply.

(2) Pr essuregﬁfeéﬁpﬁgsg%ﬁasrgws&bam with B4 fndlss W eortrolers as: shidwh P/ ce

abs cm+ (Jerr]: 1000 sccm 15 Nl err]: 1000 sccm

Herr] starts tqQ b d 3 second after rr upp| . (.3) P re
on 4 hi 38corkiar 8- ik Bl meASiRHert; Wilre 28T hndePhe ilowing capaitipps (15 1,
Herr]: 50 sccm + err]: 1000 sccm N[ err]: 1000 sccm 20

H err] startand BheThe gauge pressureof b, Op.cand Ng @ptihe primary sides of the massi s
to be understood that "sccn is a unit indicating the flow rate/ nminute

i - vol une ( cfigw icbhiroliérsHhahe lgas Feeding apidasatul S0ewere 2 kgffom? Rakafzcrd?, drd 6.

As is evident from Figs. 9 to 11, the concentration of Herr] rises.
and peaks at 2a i’ﬁ“ t the start of the gas feeding as the
pressure declﬁgé@@shgg ghl écondary side of the mass flow

3 (1) Pressure on the secondary side of the mass flow controllers: 1 kg/cm? abs

10 Hz: 50 sccm + Oz: 1000 sccm
N2: 1000 sccm
H; starts to be fed 3 second after O supply.
(2) Pressure on the secondary side of the mass flow controllers: 0.5 kg/cm? abs
Ha: 50 sccm + O3: 1000 sccm
15 N;: 1000 sccm
H; starts to be fed 3 second after O, supply. '
(3).‘Pressure on the secondary side of the mass flow controllers: 0.2 kg/cm? abs
Ha: 50 sccm + Oy: 1000 sccm |
Nz: 1000 scem
20 H starts to be fed 3 lsecond after O, supply.
It is to be understood that “sccm” is a unit indicating the flow rate/minute
in volume (cm®) of Hz, Oz, Ny, etc. in the standard state. As is evident from Figs.
S to 11, the concentration of H; rises and peaks at a peak Py2 at the start of the

gas feeding as the pressure decreases on the secondary side of the mass flow

3



coptrollers MFC s (pressure reduction) in the noisture generation testing
arrangenent provided with the gas feeding apparatus 50 equi pped with mass
flow controllers. Along with-that, there appears a peak Plerr] in the
concentration of Herr]O 5 Herr] and Herr] O peak at
Plerr] and P[err] in the initial stage of the gas feeding. That

means it is | reci sel f { ct H errl concentration_control
(flow rate contrdiier MF?%?PPE?H 'F%'éﬁ @éﬂoﬁh@rg@éﬁfﬁgpn besting he demand
for high precision control of the row rate of Herr].

It shoul d aPs@nGeMest srovided with the-gas:feedingapparatus 50 equippeat with mass[ er rl

rises 10 to several percent, there will arise a possibility of hydrogen

expl odi ng i Rowheontrollers. Atomtswithahat)thereza éryra“ﬁéék ih&he iGh Y
pr obl em On the ot herqhand 12 toﬁ%g laI sg cgﬁggvnl?ﬁﬁ&‘i

concentrati gpgy,f Herr], Jerr], N[err] and H err] O neasured by
the Q mass spe(gtroneter 56 I n the noi st ures produced in a

noi sture generat i ge testing arrangenent was 15
provi decb i th & GaenEBe pbak 3 Bnasnd o i ekl Aage of dhérges feadng.
controllers as shown in Fig. 8. And the measurenents were taken

under the fdhabmeaps it is impossible ta precisely) effect H2goncentratiopdontyol ¢Aowrate
(gauge pressures) of Herr], Jerr], and Nerr] on the primary sides

of the nasscéh@mb@ﬂﬂtﬂﬂiah?ﬂénﬂ@ﬂﬂrdﬂek@énﬁéﬁme& me?déﬁfaharﬁo?ht h Pézfik n

6 kgf/cnferr], respectively. 20 (1) Pressure on t secon e of

t he mass fle&hﬁBpéf@‘le?aﬁ&%qfﬁﬁg/cn[ err] abs Herr]: 100 sccm+

Q‘err] 50 sccm (H err 2: 1) N err]: 1000 sccm

Herr] and Jerr to be fed si Itaneously and were cut off at the
sane tine. h 5'2 SQS%F‘EtQS’n afithe concentration of H.aises
controllers: 0.5 kg/cnferr] abs

4 10 to several percent, there will arise a possibility of hydrogen explodmg in the
downstream oxidizing furnace 52, raising a safety problem.
On the other hand, Figs. 12 to 13 also show the concentrations of H,, O,
N2, and H20 measured by the Q-mass spectrometer 56 in the moistures produced
in a moisture-generating testing arrangement. The testing arrangement was |
15 provided with a gas feeding apparatus 50 equipped with the mass flow controliers
as shown in Fig. 8. And the measurements were taken under the following
conditions (1) and (2). The.supply pressures (gauge pressures) of Hz, O, and N3
on the primary sides of the mass flow controllers were 2 kgf/cm?, 2 kgf/cm?, and
6 kgf/cm?, respectively. |
20 (1) Pressure on the secondary side of the mass flow controllers 0.5 kg/cm? abs
Ha: 100 sccm + O3 50 scem (H2:02=2:1)
N2: 1000 sccm
Hz and O started to be fed simultaneously and were cut off at the same time.

(2) Pressure on the secondary side of the mass flow controllers: 0.5 kg/cm? abs

4



Herr]:. 100 sccm+ Jerr]: 50 sccm(Herr]: derr] = 2 1) | "-I\-I['.ér.'r'..].:

1000 sccm Herr] started to be fed 3 seconds after Jerr] supply
and the feeding of Herr] was cut off three mnutes earliér than
dérr] cut-off. 5 As is clear fromFig. 12, the concentration peak
Plerr] of Herr] in the initial stage of gas feeding rises to sone
10 percent if [ =dr ed iyl taneously in the gas
f eedi ng appara us goscequT?engm# oilior? @tn mass flow controller and

there arises 56{’ uest i on. Furthernore, the
concentration Jerr] suddenly falls in the region where 10 a
peak P[err] of H[err] I S observed because Jerr] is consuned inits

reacti on w t hHastarked o be fed 3 seconds after Qysupplycandrtive fedding 0b Hyanas editcoffn

i nt ended quantity of noisture. Al so, as is shown in Fig. 13,
t he concent r ayge mkdtedElrlief thdh Oeuteses to nore than sone 50
percent at the beginning of gas feeding in the gas feeding appar at us

danger " 8" P! O g ont R 2 h¢ Ch B PRl e
at the afo‘res ea sulting in a substanti al
fall in the 9 séé RY %ﬁe@hs@me hﬂ]aerqaaké’siliz anéﬂzfarelfed simultaneously inthec e
a required anount of noisture. As set forth above, the gas

f eedi ng appagas fieeding apparatus! 50iequipet] withthe pridr artniass#iow tbtroller and
controllers has a problemthat the flowrate of Herr] and err] is

| npossi ble t eci sion, because Herr] and Jerr] flow |
T érIEr”]érfs% a"!if%t%%ﬂ%

il excessi ve call ed an overshooting in the initi aI

f th
Et age of the gas i:eﬁﬂe ore, the concentratior ”Eoz of O, suddenly falls in the region where

10  a peak Py of Hais observed because O; is consumed in its reaction with H;. As a
result, it will be impossible to generate an intended quantity of moisture.

Also, as is shown in Fig. 13, the concentration peak Py of Ha increases to
more than some 50 percent at the beginning of gas feed_ing in the gas feeding
apparatus 50 using the prior art mass flow controller, further increasing the

16 danger.

In addition, a large quantity of O; is consumed at the aforesaid peak Py of
Ha, resﬁlﬁng in a substantial fall in the concentration 0,. That makes it difficult to
produce a required amount of moisture. _

As set forth abbve, the gas feeding apparatus 50 equipped with the prior

20  art mass flow controllers has a problem that the flow rate of H, and O, is
impossible to control with high precision, because H, and O; ﬂ;Jw in excessively in
what is called an overshooting in the initial stage of the gas feeding or

suspension.



In generating moisture in the gas feeding apparatus 50 with the mass Tlow
controllers, It is natural that the anmount of noisture gener ated devi ates .

greatly - fromthe set l-evel, because of the overshooting of Herr] and
Jerr], and it is difficult to control the generation of noisture
Wi th high precision. - 5 In the neantine, in the manufacture of - -

sem conduct ors or ' bdasd : : ﬁﬂﬁﬁfi

di fferent kinds Ogh%ﬁgg@g y&é@ﬁ?ﬁeﬁsﬁ%@ﬁg’ ti"stg%em I'C pi g%:ggwor
switch the feeding frgmone kjnd.tp another. Also, it is .necessary to
suppl y to speontmilers, ks gatrehtiat the Amaunt of smolstiire generatigdeviates greatly
reaction between Herr] and Qerr]. It is always required that the supply

or swi t choveifron @he gét pvek begadsd-bEthe aversbodtingref Hp Badi@g and it is difficultto
hi gh precision. That is because hi gh precision control of the flow of

gases and moieyhipPtieSgenétalin b Mbistre with high! pRaERIgNIg o securi ng t he

production yie | "as the quality of finished products or

The. pr aseit |1 nvendhe eanimeindbe apuasius ot ssmi IR S e e

wi th the apparatus for feedi@gg gases or the |ike which is equipped with the
prior ftenaggessanytofead maany:differenk kinds of gases atospegific flowiratesdayi ng
appar atus provi ded with a mass flow controller fails to control the

flow of fl ui ¢petifib places arrswitchi the feading@fromasreokind tofangtheér.i Alsopitiisd t he
overshooting of fluid occurring in the initial stage of the fluid -

o provi de = NEFEFRTY S2.5vpfly 8 SPRE piftesiigh PR Mott! WRRAICRH hiolRFp LS

o ot S b o, 88 oo el Aol & SuRERGTS®

° 10 of gases and H2O should be effected quickly with high precision. That is because
high precision control of the flow of gases and moisture is indispensable to

improv'ing or securing the production yield as well as the quality of finished

products or semiconductors.

15 SUMMARY OF THE INVENTION
The present invention is to address the foregoing problems encountered
witﬁ the apparatus for feeding gases or the like which is equipped with the prior
art masé flow controlier. That is, the prior art fluid feeding apparatus provided
with a mass flow controller fails to control the flow of fluid with high precision on
20 account of what is called the overshooting of fluid occurring in the initial stage of
the fluid supply. |
It is an object of the present invention, therefore, to provide a fluid feeding
apparatus that permits control of the flow rate of gases with very high precision

over the whole process, from the start of fluid feeding to its suspension, without

6



causi ng. transi ent phenonena such as the overshooting of feeding gases. The
foregoing object is achieved by adopting a pressure flow controller in _
pl ace of the mass flow controller in the fluid feeding apparatus ‘and
al so by enploying a sol enoi d-dri-ven high speed actuating type- .

changeover valve as the fluid 5 swi tchover control valve. Wen used.in

semi conduct giudrbASiEH pliéndmend sheiFas the overdhelotifiyjfitkedingbdsel S ortiend

apparatus. ma possible to realize ideal initial film ormati on

of sem conductor,s of .hi.gh_integratio controlli t he netatjon Qf

i stur o i Cregping Sbidk S achlevel By 'Hbptino % Rigsfure ok, ceniar i blags of the
over shooti ng phenonenon of fluids just after the 10 start and suspension
of supply omass fowscontroliesin the fluid feeding apparatus and alsohy employingi@i ng t he
noi sture generation testing arrangenent shown in Fig. 8. : As a

result, it ysensldsivenisighispebd HRefiating type chanhebvar valee B the fluiths) in

the fluid feeding apparatus 50 with the prior art nmass flow controller is

;c?ﬁnfe'ct‘!%g ?\f«iscnoe/sﬁiéb@%ké-m%@zMﬁéﬁ'&@‘éﬁ%@ﬂ@@%ﬁ%&ﬁﬁ fagfitiesiss
M- MFC . T |

i cat od ¢ RKE@MPIB fesaapoArabis:makes i issie e Felie ideapiottil fim o

M-Cl err] was responsi bl e fof increasing the dwelling of fluid (gas),

that is, thformation ofisemiconductors offhigh intiegratiosr by contralling the generation of Fi g.
14 is a bl ock diagram show ng the basic configuration of the prior art 20.

mass flow c ®ith High précisidd, the gas flowing in fromthe primary side
i S dﬁi\e’i‘ggg}finto %(.l)rtions 1 ow ng through a | am nar flow bypass 59

The Tiurd s det TpAMRUEuSE of tle bUErHBRAG PRERBTRn of S i At the.

change in proportion thereto, The determ ned tenperature change is
conver t&Y i stast and suspensiongeisupply of flyidsdyerious experiments were carried ou
! using the moisture generation testing arrangement shown in Fig. 8.
As a result, it was discovered that most of the overshooting ﬂ;.lid (gas) in
the fluid feeding apparatus 50 with the prior art mass flow controller is the fiuid
(gas) dwelling in pipe sections L; to L connecting fhe respective changeover
15  valves V; to V3 and mass flow controllers MFC; to MFCs. The experiments also
indicated that the construction of the mass flow controllers MFC; to MFC; was
respénsible for increasing the dwelling of fluid (gas), that is, the cause of the
aforesaid overshooting.
Fig. 14 is a block diagram showing the basic configuration of the priof art
20 mass flow controller. In Fig. 14, the gas flowing in from the primary side is
divided .into portions flowing through a Iaminar flow bypass 59 and a sensor
bypass 60. In the sensor bypass 60, the mass flow of the fluid is determined by a
sensor 61 in the form of temperature change in proportion thereto. The

determined temperature change is converted into electric signals in a bridge

7



- 8~ CIrCUIt 62 and output e ifier circuit 63 and
ot hegrs ‘to a di spl ay 64 and ! rlson control circuit 65
as |inear voltage signals. mrli“gm e, the set signals from
outside are input froma setter 66 conparison control "’
circuit 65, where the difference between the aforesaid. 5 detected .

signals and the, signal s, i.s ca culate The di.fference

sent into. a 9&5?‘#@%3&'\9‘20@"%*0 g er, C'tﬁ@ﬁ‘@éﬂf'rqﬁ'etﬁat%d@@%%n ng
t he signal difference to zero Now, if- the changeover
val ve V[ er r] andaisc:tp ammﬂansenmna'ol/cmﬂtaﬁssas linear valtiawesig;nals osed while
the mass flow controller is in operation, the gas flowng 10 through the

sensor 61 cones t MeanwiieftHd sét sigmals fildhe otitsidé ahe MRitdromMfa sdtter®6 into the

flow controller works transiently to increase the flow of gas and the flow

control r

secondary | | *@Fﬁ%ﬁ%ﬁ@g@&@uﬁdﬁi tﬁ%ﬁ'ﬁ?{;@? @8&@%&*@?@8 And
next time_the chan eove va e Verr opened,  the dwel ling

ushes {0 OREARLSEH e é‘gflﬁ'%l?g@'@lﬂét ) The Hangueifiarence idhen
Vlerr], causing a gas overshooti ng phenomenon. Fi ndi ng such
structural csantaintmai\ml\?e:drii'etﬁfhwhidnsactﬂamﬂ aflowrcontrol valviest8 to bringrthent or s
concei ved an idea of constructing in the follow ng manner a fluid

feedi ng appagghtdpPdiffefénde 192 E??US' ng the aforesaid transient phenonena such
as the Overshooting of fluid. That is, this apparatus has adopted a -

cOni ol val ve by B‘Pﬁ@tﬁﬂﬁe"&%ﬁ%&@% W@#@ﬁ%ﬁa‘“ HE SRy icRs < ow

rate detection, signals. resent i nvention was designed on
the basis of Suddenly glosedwhiledhe mass ﬂow cmam et is inrepesatiernthe gas-flowing
relates to a fluid feedi ng apparatus conprising a pressure fl ow

control [0 t throaghlthé sehstr 61 comestte acdtahdstild. Then the control system of the mass
flow controller works transiently to increase the flow of gas and the flow control
valve 68 iS opened. As a result, the gas pressure in the secondary line L; rises,
causing the gas to dwell therein. And next time the changeover valve V, is
opened, the dwelling gas rushes into the gas consuming side through the

15  changeover valve V,, causing a gas overshooting phenomenon.

Finding such structural characteristics in the mass flow controller, the
inventors conceived an idea of constructing in the following manner a fluid
feeding apparatus free from. causing the aforesaid transient phenomena such as
the overshooting of fluid. That is, this apparatus has adopted a flow rate control-

20  mechanism which involves actuating the flow rate control valve by pressure
detection signals instead of by mass flow rate detection sngnals

The present invention was designed on the basis of the aforesaid idea.
That is, the present invention as defined in claim 1 relates to a fluid feeding

apparatus comprising pressure flow controllers h@ffégulate the flow rate of fluid,

TRIS SHEET HAS EEEH

8  REPLACED




feeding control unit to control the he pressure flow
controllers and the fluid changeover val essure flow
controller including-an orifice, a control valve provrded on the 5

contror Tyl chaPgeRven s f BRSH 3 Coe.fHeuRid Rassads, on dhe secondamside

-9- . afluid changeover valve to op d ﬁal‘s%% Iur d passage on
the- secondary side of the pressureﬂiﬁ‘ ﬁﬁ , and a fluid- -
ve

inputs in a drive for the control valve a difference between a flow .
rate signal OFthepressaresflow gostrofiers;, andayfiuid feednngrmnh@ unit toocantodl thegnal
Q, the flowrate signal Q calculated wwth the flow rate x = KP[err]

(K ="const anpperatiohtsf thapressure flow eortroliersbnd r&edﬁﬁ@ehaggébv&%wsew e

10 detector, wherein the flowrate on the downstream s of the orifice

g;SZ:IeI zf t he oﬁ?gﬁeld{%guwﬂbmr ou’éﬂ %ﬁ%ﬁ%&ﬁhﬁébieﬁa&gf@g g oo

control val ve wherei n said ressure flow controller

i ncl udes <4 pP® A‘%ﬁq ghe Lpstreamcgide of the OHBG%&%?@PE% detector prpvid

outlets of fluid changeover valves (D1 to Dn) installed on the secondary

15 sides of bebrveerrthgomnh'oleramand the erifice, @aneka galeulation comttol ainitewhichCl t o
Cn) are comuni cated with each other and connected to a fluid

consuner  (E) oufifls a controf sigh@l ?&ﬁratrigismefd.gggérﬁ; RifebAth Aidw!rife BighaPQY

si des -of said respective ufit pressure

e s ¢he. SNSL Tyt snestylng g 1. xnk W ot iarR e IR Wi the

pressure Plerr] on the upstream side of the aforesaid orifice 5 held
some two or fewdate Res= K81 KKy carstant) on the basis of arpressuretPicdetected by the
downst r eam si de. In a preferred enbodi nent an el ectric high

speed actuat pregsiiteudetector, so abdo ¢ontrol theaflow rate oA eHe downstiednt bﬂ@%ﬂh@r
val ve. Preferably, the electric high 25 speed actuating type fluid

changeover vgh#& is a sol enoid-driven type high speed

The present invention as defined in claim 2 also provides a fluid feeding
apparatus which permits the opening and closing of the control valve 1 with the
pressure P; on the upstream side of the aforesaid orifice 5 held some twice.or

16  more as high as the pressure P; on the downstream side. |

Claim 3 relates to a fiuid feeding apparatus as claimed in claim 1 or 2 |
wherein a plurality of pressure controllers are disposed side by side, the outlets of
fluid changeover valves provided on the secondary sides of the respective
pressure controllers are communicated with each otner and connected to a fluid

20 consumer, and different kinds of fluids are fed to the primary sides of resoective
pressure controllers. )

Claim 4 relates to fluid feeding apparatus as claimed in claim 1, 2, or 3

wherein an electric high speed actuaﬁng fiuid changeover valve is used as fluid

changeover valve. THIS SHEET HAS BEEN
. REPLACED




~actuating fluid changeover val ve.

-10- 7. BRI EF DESCRI PTI ON OF THE DRA ect Has Boen Replaced
Enbodi ments of the invention w Il now be described in detail HH“‘“““I lL
reference to the acconpanying draw ngs in which:

bl ock di agram of a gas feeding apparatus A showi'ng an enbodi nent of

eriboti ment. of ”ﬂfﬁl’e‘éﬂ 5 elates fp 2 uid fesslflo appefarls asdiAmp AR dhdi”

i nventi on. Fig. 3 is a vertical, sectional view of aflwd :
changeover \m;mlemumn Speachactuating type Buishehangeover valve is a solenoid-driven; g.
4 is a diagram showi ng changes with tine in concentrations of Herr],
Jerr], type'ﬂl?h speediactubting fhid chamgedver walvesure on the secondary si de
of the pressure flow controllers according to the present  invention
set at 1 kg/cnferr] abs using the 15 testing arrangenent shown in Fig. 8.
Fig. 5 1is a diagram show ng changes with tinme in concentrations of

o O e M) SRl bt SRS

kg/cnferr] abs. Fig. 6 is a diagram show ng changes with tine

in concentrati onsFigf 1§ arbldck diagrarh, of a2gas fdeding appardtug Arshp@ing an t he

pressure on the secondary side of the pressure flow controllers set

at 0.2 kg/ crdfibbdinidiit-of the present inventforng- 7 i s a diagram show ng changes
with time in concentrations of Herr], Jerr], Nerr], and Herr]O-

Wth the pressureggnaids tﬁS&O&QSHishgﬁuﬁﬁ ah UniBOci RN B ';S’n%ssure flow

controller C used in the present invention.

10 Fig. 3 is a vertical, sectional view of a fluid changeover valve D used in the
present invention, |
Fig. 4 is a diagram showing changes with time in concentrations of Hp, O,
N2, and H20 with the pressure on the secondary side of the pressure flow
controllers according to the present invention set at 1 kg/cm? abs using the
15 testing arrangement shown in Fig. 8.
Fig. 5 is a diagram showing changes with time in concentrations of Hy, 05,
N2, and H;O with the pressure on the secondary side of the pressure fiow
controllers set at 0.5 kg/cm? abs.
Fig. 6 is a diagram showing changes with time_in'concentrations of Hy, Og,
20 N, and H20 with the pressure on the secondary side of the pressure flow
controllers set at 0.2 kg/cm? abs. )
Fig. 7 is a diagram showing changes with time in concentrations of H,, Oz,
N2, and H;O with the pressure on the secondary side of the pressure flow

controllers set at 1 kg/cm? abs and with the feeding of H and O2 at the ratio of 2
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controllers set at 1 ko/cnferr] abs and with the feeding of Herr]. and
Qerr] at the ration of 2 to 1 started and suspended

simul taneously in the testing arrangenent shown in Fig. 8.

Fig. 8 is an overall systemdiagramof a noisture generation testing
arrangenent equi pped with a gas feeding apparatus in which the prior art

Chowi ng_chaned SARI B3 En8hded BEHeonsl n the testing sirdnggmelit Snbwith ™"

Nlerr], and HerrJ]Owith the pressure on the secondary side of the mass
fl ow control Flﬂ§ set at 1 kg/cnferr] abs in the testing arrangenent
shown in Fig. 8. Fig. 10 is a diagram show ng changes with

time in concentrafFiQesisein dlerall bystehediagramidf a midistord geﬁéi‘ét:Uh%S‘ﬂn%W t h

the pressure on the secondary side of the mass flow controllers .

wh T ?E{hﬁéhbsﬁ{éfmgwseefw'ﬂr 3,99 eflinfrqprerdn iR GHER T8 tch #F&F#%Fo

with the sure on the secondaea/ side of the nass flow controllers
set at O. a rgantrollegs,are moynt Fig. 12 is a di agram showi ng changes
wth tinme in concentratlons of Herr], Jerr], Nerr], and Herr]O

with the pressureFig @ ba diagram shpwingl charigeswithdime il concanttationiseofH,, O,,
set at 1 kg/cnferr] abs and with the feeding of Herr] and JQerr] at the

ratio of 2 t,land Hz0 with Qﬁé Prestife BHYAE %@eénéérvlﬁidé‘aﬁﬂiéhiésé 'i'loWﬁoﬁt?éﬂérEg

arrangenent sfiown in Fig. 8. 13'1s dla rams

winthe | 225%%&#5@@%??&[%%%%%@%%%§H@ BBebr) supply o

suspended three seconds earlier than Jerr] suspension in the sane test as
in Fig. 12Fig. 10 is a diagram Shpymgmhaugeé with dimey ingencantradians pfitiee Oz,
basi c configuration of the prior art mass flow controller.

10 Nz, and H,0 with the pressure on the secondary side of the mass flow controllers

set at 0.5 kg/cm? abs.
Fig. 11 is a diagram showing changes with time in concentrations of H,, O3,
N2, and H,0 with the pressure on the secondary side of the mass flow controllers
set at 0.2 kg/cm? abs.
15 Fig. 12 is a diagram showing changes with time in concentrations of Ha, O3,
N2, and H20 with the pressure on the secondary side of the mass flow controllers
set at 1 kg/cm? abs and with the feeding of H. and O, at the ratio of 2 to 1
started and suspended simultaneously in the testing arrangement shown in Fig. 8.
Fig. 13 is a diagram showing changes with time in concentrations of Hz, O2,
20 N, and H.0, with the feeding of H; started three seconds after O supply and
suspended three seconds earlier thén 02 suspension in the sar.r'ie test as in Fig.
12. |
Fig. 14 is a block diagram showing the basic configuration of the prior art

mass flow controller.
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The followi ng reference letters and nunerals used herein refer to the

foll'owing parts in the acconpanyrng dr awi ngs. : A qurd

f eedi ng appar at us 5 B fluid feeding control unit. Co

C pressure romrcontroIIer D fluid changeover valve '

E fluid consuner 1  control valve 10 2 o
control valve drive 3 pressure detector . 4

t enperature detector 5 orifice 6 cal cul ation
control unit AL D converter

9  inversion aniShe rfelpwmg reference Iettﬂus andarume@lsoesed herein refer to the

el ectric actuator (solenoid) 20 12 shield case - 13

f I ow channel following parts in thielaccompanying drawings. 15 bl ock - 16
nmet al di aphragm 12 . :

A fluid feeding apparatus

5 B fluid feeding control unit
Cc pressure flow controller
- D fluid changeover. vaive
: _ E fluid consumer
1 control valve
10 2 control valve drive
3. pressure detector
4 temperature detector
5 orifice
6 calculation control unit
’ 15 7 amplifier
8 A/D converter
9 inversion amplifier
; 10  valve block
11 electric actuator (solenoid)
20 12 shield case

13 - flow channel
14 seat
15 block

16  metal diaphragm

12



t he present

18  bonnet nut 19 stem .

di aphragm presser 5 21 spring © .22 nut
mai n case 24 pl unger 25 exciting coi
27  peripheral wall 28 upper wall -
t hrough hol e 30 ferrite bead 15 R -
DESCRI PTI ON OF PREFE %@EWBCDINENT Now there will be
descri bed an enbodi ne a fluid feeding apparatus A ' according to

i nvention, with reference to the drawings. Fig. 1 is a

bl ock di agram shdfl ng bonaet it d f eedi ng apparatus A according to the

i nvention. The fluid feeding apparatus A-conprises a fluid

feeding control w9t Btem pressure flow controllers C, and fluid

changeover val ves D. The present enbodi nent conprises three

pressure flow co ol 'cﬁéﬁr@gﬁi‘ esser t(hree fluid changeover valves D so
e fl

that the supply of gas to t

ui d consumer

21 spring

22 nut

23  main case

24  plunger

25  exciting coil
26 lead

27  peripheral wall
28  upper wall

29  through hole
30 ferrite bead

DESCRIPTION OF PREFERRED EMBODIMENT
Now‘ there will be described an embodiment of a fiuid feeding apparatus A
according to the present invention, with reference to the drawings. Fig.1lisa
block diagram showing the fluid feeding apparatus A according to the present
invention. The fluid feeding apparatus A comprises a fluid feeding control unit B,
pressure flow controllers C, and fluid changeover valves D. '
The present embodiment comprises three pressure flow controllers C and

three fluid changeover valves D so that the supply of gas to the fluid consumer

13
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W t hout saying that the nunber of pressu'rr %rs may be one
or four or nore. - Herr], Jerr] an d, at a
specific pressure (approximtely): from gas | ners (not
shown) through pressure regulators (not shown) to the 5 prr mary sides of

th fl troll cC T flo LI
mput - each SEURDRITEea Bt amens ey KNl 108 WHHOHESHING BhFLER ng

-14- can be freely sw tched anong H[err] ﬁ r and N err] It g'oé"s

control unit B. Then the gas fromthe secondary si de of each pressure:
control | er Cnumber of pressureflowdcaniraliess\may benene o foeuror mQIESpecr fic set.
flowrate @ and supplied to the fluid consuner E. Fig. 2

shows an_enbodi mepy, Of, driteNpapes fed, @t fd spemuegédrer(aﬁf:mﬁxamy) from gas

pr esent i nvention. 'The pressure flow controller Cincludes a controf valve

det actor 4 - St pialfers thosriowed agh plesBh Rdliatins i‘"éteﬁﬁo‘?r{ﬁﬁ e

7a, 7b; A/ D converters 8a, 8b; and _other f eat ur es.
control Bl verimary siges &f the peessure ew eantroliers Ge TReach @r@ﬁsnra&mnx@oﬂer

and its drive is a piezoelectric elenent-type drive. The pressure detector
3is a Cds inputredchtspecific fiowratespepifying signat Qssfrom thecfluidrfeediagur e

detector 4 is a t her nocoupl e type tenperature sensor. Needless to

ey e of “argongoni g hen the gl AOTYE, SRSnan SOARF B SRS CntEltr

may be of any type

e st o b oo OB T S S AR RSB
orifice 5. The calculation control unit 6 is forned of what is called
the control tie fividicomsamer Eand i s equi pped with a tenperature

10 Fig. 2 shows an embodiment of the pressure flow controller C used in the
present invention. The pressure ﬂbw controller C includes a control valve 1; a
control valve drive 2; a pressure detector 3; a temperature detector 4; an orifice
5 a Calcu_lation control unit 6; amplifiers 7a, 7b; A/D converters 8a, 8b; and other
features.

15 The control valve 1 is a so-called direct touch-type metal diaphragm valve,
and its drive is a piezoelectric element-type drive. The pressure detector 3 is a
semiconductor strain type pressure sensor. The temperature detector 4 is a
thermor:ouple type temperature sensor. Needless to say, the aforesaid drive,
pressure sensor, temperature sensor, etc., may be of any type.

20 The orifice 5 is an orifice made by electric discharge machining a plate-
shaped metal gasket. Also, an ultra-thin pipe or an orifice fornred in a metal film
by etching may be used as orifice 5. The calculation control unit 6 is formed of
what is called the control circuit board, and is equipped with a temperature

a flow rate calculation circuit 6b, a comparison circuit 6c
correction circuit 6aYan amplifier circuit 6d, etc. It is noted that in case the

"THIS SHEET HAS BEEN
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correction circuit 6a, a flowrate calculation circuit 6b, “a conpari son
circuit ‘6c, an 25 anplifier circuit 6d, etc. It is noted that in case the
calculation control unit 6 i-s used in an atnosphere at a constant

tenperature as in a clean room the tenperature correction circuit 6a
may be omtted w thout affecting the performance of the cal cul ation
control unit 6. . Fig. 3,is a vertical, sectional view show ng a
f1'ui d changealaiation centrol unit6 is used in amatrpesphere ata constant tempenatire 3k ¢
of the changeover valve D includes a val ve body 10, .an electric"
actuator 11 inanelean sbom| the températurecariection dnepiteé6a may be omitted evithout
actuator 11 is a sol enoi d. The val ve bl ock 10 controls the

flow of flui A [ [ ; + ghe val ve used in
-~ this exanpl e&%ﬁggaﬁﬁmﬁn@f’ y%glﬂgge kﬁ'ﬁ%‘é’f‘ “Pﬁg'iﬂ'@ft "he 10 val ve bl ock
10 is forned out Qf body ,15.provi ded with a.flow chapnel 13 and a
seat 14 therein MO8 IAvErkaLeSRaa e shoing A i ShaBasovari VA Dused
provi ded to be able to sit on the seat 14, a bonnet 17, a bonnet nut
18, a st &m 18 thepresentdnvention. t The Mm#in pad ofdhechangeover wive Duincludesdown, a
di aphragm presser 20 to press t he di aphragm 16, and a spring 21 to
al ways t hr usjaive'Body 20) 3 efedtrivacttiatéroll, ldnd & shiefd tase Y2) \In)this example, the

The electric actuator 11 is a solenoid. The electric actuator 11 conprises

& casedggm{:% |ﬂa{l?§/5%3[#%ﬁ}et 17 by a nut 22, a plunger 24

provi ded in e stem 19 of the valve block 10, an

exciting coi'l 25 _and an iron rod 25a for_noving the plunger 24, and a
Iead 26. 20 The vajue dlock &WM@%P% {Jﬂmﬂm 3mmw osipadher a
hi gh magnetic perneability material such as pernall oy.

The case 12 valvenr The sralvecusesli inehisf exampleds of thespoffially tlosed type.| Thatisg the

10 valve block 10 is formed out of a body 15 provided with a flow channel 13 and a
seat 14 therein, a diaphragm 16 made of metal (nickel-based alloy) so provided to
be able to sit on the seat 14, a bonnet 17, a bonnet nut 18, a stem 19 extending
through the bonnet and movable up and down, a diaphragm presser 20 to press
the diaphragm 16, and a spring 21 to always thrust the stem 19 downward (to

16 close the vaive).

The electric actuator 11 is a solenoid. The electric actuator 11 comprises a
case 23 fastened to the bonnet 17 by a nut 22, a plunger 24 provided in
continuity with the stem 19 of the valve block 10, an exciting coil 25 and an iron
rod 25a for moving the plunger 24, and a lead 26.

20 The case 23 is made of aluminum, but may be made of a high magnetic
permeability material such as permalloy. |

The case 12 is provided outside of the main case 23 with a small space
provided therebetween and prevents the leakage of the magnetic field. In the

present example, the shield case 12, cylindrical and opening at the lower end,

15



provi ded therebetween and prevents trrmsb&admgeéafke,y;}g(} magnetic field. In

t he, * present exanple, the shield I cal and opening at
t he | ower end, uﬂl m 15
- 16- conprises a perlphera

t he out si de of the
el ectric actuator 11,. an upper mall 28 covering the upper side of

ext endi ng. 1 hEOBIATRERGPERErRLA] ?%@anﬂ@mu%l@!sei%%“e‘&m@%&uﬁq fhan

case 12 is nmade of a one-mmthick sheet of Eﬂ;nalloy or mal | eabl e
i ron. The shiupper sallc28 covesingotheaippartsiderafjthe electricactuator 11 and-a rthmgbead

30 at a portion where the | ead 26 passes through the upper wall 28.
The ferrite by 20with the leadz6 éﬂ@ﬁamgaméréﬂ#é@h,aérwacrttmrltaédnaﬁ @%&I?
(under) the upper wall SO as to fill up the gap between-the | ea

Feedi ng QSpéﬁl\%ﬁﬁﬂﬂﬁF%% s e, . SRl Bl of dlneadien

2, the gas pressure Ple on , the outlet, side o cantrol valve 1
that is, ®n ffe8.upae s@sH %asyel%to cogtain the E@osrebcsf @%h@%mfwte bead 30 at a

pressure detector 3 and sent to the anplifier 7a and the A/D converter 8a

to be dipprtion svherg ithe isagh26 passessthidugh theedppercwall @8. | Tipe: ferribe beadfis ow
calculation circuit 6b " Likew se, the gas tenperature Tl on

EJIZteegltOi r ia?m err ed to téﬂe arr'gclI IH?eI l&%@%&jgﬁgﬁmﬁ\d&) H'ﬂae g\éﬁ;ﬁag?%%o ?% :
correati on oty B bf Bengeel s eBH2g A M ByrmuBi iR 28 cui ¢ ba s
omtted, flowrate calculation can be done with anal og sighals so as to
sinplify t hdNext the opemtionefi the fhad feeding anwaramsww%t be.explainedh! uni t
6 calculates the flowrate Q = KP, on the basis of thesigestream
- fluid pregsure P[ Reférringtocfigs.ct andll the gas préssipe P 'onele @Lﬁtlét[/oftﬂl‘@ control
valve 1, that is, on the upstream side of the orifice 5, is detected by the pressure
detector 3 and sent to the amplifier 7a and the A/D converter 8a to be digitized.
The signals thus digitized are then input in the flow calculation circuit 6b.
Likewise, the gas temperature T1 on the upstream side of the orifice 5 is
15 detected by the temperature detector 4 and referred to the amplifier 7b and A/D
converter 8b to be digitized. The digitized signals are then input in the
_temﬁerature correction circuit 6a. In case the temperature correction circuit 6a is
omitted, flow rate calculation can be done with analog signals so as to simplify
the control circuit.
20 The calculation control unit 6 caiculates the flow rate Q’ = KP; on the basis
of the upstream fluid pressure P, and effects the temperature .i:orrecﬁon bf the
flow rate Q' according to correction signals from the temperature correction circuit

6a. The calculated flow rate signal Qc is then input in the comparison circuit 6¢.

THIS SHEET HAS BEEN
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correction circuit culated flowrate signal Q¢ is then
i nput in the conpari son -17-

In"the neantine, the fl y| ng signal @ has been input in the
conparison circuit 6¢, where the cal culated flow rate signal Q@ and the

Signal Oy = Q@ - Z@*ﬁéfﬁ‘%'ﬁé SR i 74 SRR, ét"ﬁat’kééﬁrﬁ@éf B'the

flowrate Q accordi ngrhtsgh&pﬂgs%m@ia@ugnal s fromthe tenperature

the control valve 1. If thec | cul ated flow rate srdgnal .
| arger than CABPAFSON ﬂmtﬁewmpeﬂtfcacuatedsﬂgwarategstgnahecm @ezﬂwrageto
close the control valve 1. If the signal Q is smal l er than the

signal Qs, t pedfying signabQearetcompared @nd thel diffedentidhsignebQy = IQc — Qs is
control valve 1 is opened or closed automatically to bring the signal Q

equal to utpit s & t%yqe drive 2 of \¥R%chtrol V3 4 it is desirable
in the present |nvent|on t at e ratio of the Iurd pressure Plerr]
on the downstrea ifice th

pressure Plerr] gﬁhﬂeﬁé@%@aﬁ&‘g rh% S'E'Hé'?Q%? Iagé)% lih%f'ﬁ" '?tse SRERY G ot
| ar ger than about That. means that the fluid pressure qu‘{] on

t he upstreanSlQ@bQﬁiﬂ'lﬁtdﬂYﬁ 2mevessta close the comtzok vaive de 16 thersignah Qctisgh as
the fluid pressure Plerr] on the downstreamside. 15 In this regard,

it may be cosfriglier tithrethe dighalt(s; thedriver2 axsvesordpein theoraivé ¢. That way, the
upstream side of the orifice 5 and the fluid pressure Plerr] on

ot ted 11 meeCoRe! voive 1RBPEned of Biepd thSaBAP big the st Q%oeqw% to

pressure P2 are reversed in anount - a situation in which back flow
may arise - e PIOBRIRBP[err] > 0.5 occurs - a situation in which, while
there is no 20 back flow, the flow cannot be controlled with high

preci si otD- the coleedlesstalsay, it is desirable in the presentiinveatiop thatithe ratio of the

fluid pressure P, on the downstream side of the orifice 5 to the upstream fluid
pressure P; on the upsh'eam side, that is, Po/P;, is always not larger than about
0.5. 'ﬁwat means that the fluid pressure P, on the upstream'side of the orifice 5 is
about twice or more as high as the fluid pressure P, on the downstream side.
.15 In this regard, it may be configured so that the fluid pressure P; on the
upstream side of the orifice 5 and the fluid pressure P, on the downstream are
as shown by dotted lines in Fig 2
input in the inversion ampilifier 9, wherein, if the pressure P, and the pressure P
are reversed in 'amount - a situation in vyhich back flow may arise - or Py/P; >
0.5 occurs — a situation in which, while there is no back flow, the flow cannot be
20 controlled with high precision — the control valve 1 will automatically shut.
In case the solenoid 11 is not excited, the plunger 24, t.ne stem 19, and the
diaphragm presser 20 are brought down by the elastic force of the spring 21 so
that the diaphragm 16 is forced to rest on the seat 14 through the diaphragm

presser 20, as shown in Fig. 3. That way, the fluid changeover valve D is closed.

"THIS SHEET HAS BEEN
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I n.case the solenoid 11 is not excited, the plunger 24, the stem 19, ‘and

t he * : di aphragm presser 20 are brought down by the elastic force of
the spring 21 so . that the diaphragm 16 is forced to rest on the

seat 14 through the di aphragm presser 20, as shown in Fig. 3. That
way, the fluid changeover valve D is closed. I f the

solenoid is energi zed, then the plunger 24, the stem 19, and the
di aphr agm pr esser Iﬁﬁ&gﬂb‘e@olddiﬁﬁetgllﬁﬂb then ¢he plunger 24 the istem 19, agdabeand
t he di aphragm 16 will return to its original formby its own elastic

force and le Hrb@m presser zoa?b uplagahsstathecslastic fordeeof the sprifth DY epidetheval ve
Dwll open. The el ectric high-speed actuating type fluid

changeover v t SS
than- 10 mﬁaﬁagﬁm vl retyen £ £ SRbira Yergh by s b AR o fea@ the
pneumatic flu eover v That is, the electric hi gh- speed
changeover v&?glel‘{;of\g§ eSHiL, %? Eﬁ"maﬁge?‘@ftva ve Dwillopen. |{ js also
noted that when the solenoid 11 is energized (in the initial 10

energi zi g and holTerelectrichigh-spegd actuatingdype fluid clhanbdovek valvetinfthem t he

exciting coil 25. But since the shield case 12 is provided outside
of the solen invettion will openSt@8seT A 16! ut
off by the s |ee(]j=‘%case : th Egﬁﬂﬁae p?ergsééucfaeéz %I\ﬁvgggﬁta?oﬁgg' C
agcording to e i nvention, if ch | ve D
e act Uat ed .1h5trn%fdfqr3%? PEOF aF Rfaatic, B changgover vaiye." SRS, theidectic
pressure P[err] on the primary side of the orifice 5 wll rise and the
flui d 1 ow r high-speed efigngeoyenwalve warke seme m;tlmasvasfastmg 2. Then the
difference Q fromthe set flowrate @& (& =0) wll grow To bring
that down, that i$tistalso noted ﬂﬂwmsméweﬁdldlld lﬁre?"éﬁgiﬁéd?ﬁmlhhﬁl
secondary side, the control valve 1 wll be cl osed

or csont [verteraina 2o RIoROERroEinky HistRabnéys ﬁ&xﬁﬁgﬁ‘fi%f’ﬁ% He E?ﬂ‘—"ﬂpg

art, that coil 25. But since the shield case 12 is provided outside of the solenoid 11, the

leaked magnetic field is contained and shut off by the shield case 12.
In the pressure flow controller C according to the present invention, if the

fluid changeover valve D is actuated in the direction in which the valve D is

15 closed, the fluid pressure P; on the primary side of the orifice 5 will rise and the
fluid flow rate Q' = KP; will increase, as shown in Fig. 2. Then the difference Qy
from the set flow rate Qs (Qs = 0) will grow. To bring that down, that is, to
decrease the fluid pressure P; on the séc_ondary side, the control valve 1 will be
closed.

go The actuating _mechanism of the pressure flow controller C according to the
presént invention is summarized in the comparison with that oi’ the prior art, that -
is, the mass flow controller as in the following table. Because of its mechaﬁism,
the pressure flow controller C according to the present invention does not allow |

the fluid to dwell on the secondary side L of the controller C.

18



is, the mass flow controller as in the following table. Because of its

mechani’'sm the pressure flow controller C according to the present
i nventi on does not allow the fluid to dwell on the secondary side L
of ‘the controller C. - 18 -
Table 1 ' © Cl osing of high-speed
swi tch-over val ve Mass fl ow controller Control valve
opénsferr] Secondary side
pressure increases [err] Fluid
dwel I s Pressure fl ow contTablecr Control valve closes[err]

Secondary side pressure decreases[err]

No fluid dwell s rg. '
o io Sf Herr], Qerr]j_I %[e?r]S[aéﬁabwm.wlsww&ié%@ﬁr@&v%en

concentrations

noi sture was ge W—s—a—s—;-n—l;l-g.—g—i-n—é—x—t-e
same noi sture gemassflovycentzeliely arrange trol ValveORENSTFi g. 8 except tlhat

the pressure flgw controllers Cerr] to|C[err] were installed in place qf
the prior art Ss f1 ow control | §rSecbR@anyr sid¢ Ervfajrer ihcreases —
Li kew se, Fig. % shows changes with tinmg in concentrations of Herr],
Jerr], Nerr], and H err] O nmeasyrmgd dwéllze noi sture generating
tests under thejsanme conditions as - 10 [in Fig. 10 using the fluid feedi|ng
apparatus A of the-presgnt—TvenRtTom +ror—6—strows—changey:
vmpltoh time in corgéﬁtspgﬁBWsc%\bqqfr 02, N£-°’!§FR! Vﬁ% C"?Ség'* measur ed inutre )
noi sture generaffing tests under the sang conditions as in Fig.

: Secondary side pressure decreases -»

No fluid dwells

Fig. 4 shows changes with time in concentrations of Hz, O, N2, and H,0
~ measured when moisture was generated under the same conditions as in Fig. 9in -
5 the same moisture generating testing arrangement as shown in Fig. 8 except that

the pressure flow controllers C; to C; were installed in place of the prior art mass
flow controllers MFC, to MFC;.

Likewise, Fig. 5 shows changes with time in concentrations_ of Ha, Oz, N2,
and H,0 measured in the moisture generating tests under the same conditions as

10 in Fig. 10 using the fiuid feeding apparatus A of the present invention.

Fig. 6 shows changes with time in concentrations of H;, O,, N3, and H20
measured in the moisture generating tests under the same conditions as in Fig.
11 using the fluid feeding apparatus A of the present invention.

Fig. 7 shows changés with time in concentrations of Ha, O3, N2, and H,0

15 measured in the moisture generating tests under the same conditions as in Fig.

19



11..using the fluid feeding apparatus A of the present invention.

Fig. 7 shows changes with tine in concentrations of Herr], Jerr], Nerr],
and Herr]O 15 neasured in the noisture generating tests under the sane
conditions as in Fig. _ . 19
12 - 100 sccm Herr] + 50 sccmerr], that is Herr]: Jerr] = 2: 1-
using the fluid feeding apparatus A of the present invention.

As” conpar i.son§2 tei0flesaenFHg & 50 saem Q;, thabis Hb: Bac= 20, 1 Fiusing the Rdid. feeding!
Figs. 7 and 13 indicate, it has been found that even if the set pressure on

the 5  secappdrstusA 6 thespreseht ientiohhe fluid feeding apparatus A of the
pr esent I nvention, peak values of Herr] and Herr]Ow Il not appear

at all. 1 i i tus of resent inventio
Shown in Fig. 1 S companisort berwsl Bes P BA Y, Fibed b ArRF 1l FigSrb Al £F, o
instal |l ed therei It .I.s ynder st ood at the punber of units is
changed depe%gﬁg Bﬂétlﬁe'"a%r't Bes PP%'EIgOQHJ Q'ﬁ;iqygn ifi the sefRressurecomthe
suppl i ed. It-is also noted that in the fluid feeding _
appar at usSof sesenganysside is iowened imthe fluid feeding@pparatiisdi of tine pregent peed

actuating valve is used as electrjc fluid changeover val ve D. The

type of the fihverition)peak vakies\sf NLamt HaO'WIl notEppedr ke alihe sol enoi d- _
type hi gh-speed actuating changeover valve but may be of the piezoelectric

I dri : ' ' : ' . J(ELf f
the i nvention)  THefuldfesdn dheit asT b briGirbThvention shown i Fig. &°hds °'
regul ator, whjch is the core of t@g‘g fluid feeding apparatus, is a
piessure fl oM EGhURIES Pgﬂ?e prassure: daw coptrolier C dastalied thereinzolt is understaodd t o

decrease the pressure on the secondary side when the flow
that the number of units is changed depending on the number of kinds of fluids

10  (gases) to be supplied.
It is also noted that in the fluid feeding apparatus of the present invention,
a solenoid-driven high-speed actuating valve is used as electric fluid changeover
valve D. .The type of the fluid changeover valve D is not limited to the solenoid-
type high-speed actuating changeover vaive but may be of the piezoelectric

15  element drive type such as piezoelectric ceramic.

(Effects of the invention)
In the present invention, the flow rate regulator, which is the core of the
fluid feeding apparatus, is a pressure flow controller. This pressure flow controller
20 is actuated to decrease the pressure on the secondary side when the flow
changeover valve is closed. Thus the structural characteﬁstics; of the pressure
flow controller are utilized effectively in this fluid feeding appaétus.
That makes it possible to control the flow of fluid or the moisture

generation with high precision without giving rise to transient phenomena such as

20



changeover valve IS closed Thus the structural characteristii¢s ofthe
pressure - flow controller are utilized effectively in this fIUId .
f eedi ng appar at us. That nakes it possible to control the flow
of- fluid or the noisture generation with high preC|slon wi t hout
giving rise to transi ent phenonena such as

- 20 overghoothg of fluid even at the start of f|UId f eedi ng or
i a transi conershoatingseffiuid evenzat thei startef fluid feedingiprin 81 transient state such
Furthernore, the fluid changeover val ve adopted is a sol enoid-driven
hi gh-speed aa4 switchiaver of feeding ifluidss pParthermmore) tive fipidr cliangeever valveadopted
changeover from one kind of f uid to another. That and no fluid -

e conduct aF & e aRiVen 1igfsped actiitiigYalle, Whch eSS Bp R dictafibns
o e ol g ol SORSUE S ot g ot bl S T ARG
5 help to form ideal initial film in the manufacture of semiconductors and contribute
greatly to improvement of hig_h-integration semiconductors.

Thus, the present invention would bring about highly practical effects.

21



21 - 22 - What “i-s
claimed:is: . 1. Afluid feeding apparr—&t%—wcn—eh—torrpﬂses .
apressureflowcontroller (C to regulate the flaqw.r en ed a
fluid changeover valve (D) to open and close the f ihi S e ‘3 on the
secondary side of the pressure flow controller (O, fluid .
feeding control unit (B), to control the actuation o fl ow _
control | er (&Whahis dlaimedisi d changeover valve (D), sai d
pressure flow controller (C) including: an orifice (5), a control valve 10
(1) provided on the upstreamside of .the orifice (5), a pressure detector
(3) provi ded between the control valve (1) and the orifice (5), and

a cal cul ation gcqi{i&'?%dtﬂ&abpé@tu%’“{ fich & aﬂﬁeo d:n a drive (Z)cho;nza;d

control valve (1) a er ence W rate si gnal

flow rate specif nal as..contro nal said flow rate
signal Q cal%ﬂl’%ﬁ@%ﬁﬁ"ﬁﬁoﬂ 2 mrrggy{a@ﬂ:eﬂprvé;ai? ﬂ%{q!S constant) on
the basis of a pressure P[err] detected by the pressure detector (?t)z', _
wher ei n t Be fd fiuidrchangeaverwalve (D) to open and«lase thedluidipassage @) on the

controlled ' by regulating the pressure Plerr] on the upstream side of
the orifice V\P}@é 1yuide bhthe ,-essum@gh@“g @)pahdy of said control
valve (1), an eréin sad pressure flow controll er (© includes a

plurality of tigiSrebdihg' ontrdl ulit™(E) 16 Lortrdf tY actudBion B¢ 'thé pressure flow
: controller (C) and the fluid changeover valve (D),
said pressure flow controller (C) including: an orifice (5), a control vaive
10 (1) provided on the upstream side of the orifice (5), a bressure detector (3)
provided between the control valve (1) and the orifice (5), and a calculation
control unit (6) which inputs in a drive (2) for said control valve (1) a difference
 between a flow rate signal Qc and a flow rate specifying signal Qs as control
signal Qy, said flow rate signal Qc calculated with the flow rate Qc = KP; (K =
16 constant) en the basis of a pressure P detected by the pressure detector (3),
wherein the flow rateon the downstream side of the orifice (5) is controlled
by regulating the pressure P; on the upstream side of the orifice (5) through the

opening and closing of said control valve. (1).

20 2. The fluid feeding apparatus according to claim 1, wherein the control
valve (1) is controlled to open and close with the pressure Py on the ubstream

side of the orifice (5) held some twice or more as high as the downstream

pressure P,.

fp . 2
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20 of fluid changeover valves (D1 to Dn) LﬂsLaLLed_gn—%he—seeondary
si.des*of said respective units of said pressure flom/controllers

(€1 to Cn) are communi cated with each Bi ed to a
fluid consumer (E), and different kinds of qu “ fed to the
sure _

primary sides of said respective units (Cl to

flow controller (Q.

- -23- 2. The fluid feeding apparatus according to claimil,
wherein the control valve (1) is controlled to open and close with the

pressure Plerr] gn fRefiidfeeding sppiratus acebrding t@rcla‘lmCFo(' &iauh@ dwherain hwo

or nore tines as high as the downstream pressure [err] 5
fluid changbel ARHHETGE P%%ﬁﬂﬁéﬁ&ﬁk@“%@t%&gmﬁ%%éd Fid8: o

changeover valy he flu par ording to
claim 3, whby&ide the autiets of @Uid Chaﬁgeﬂve!p‘@g &fgpﬁ's insta Pﬂicﬁﬁ
changeover valve is a sol enoi d-driven high-speed 10 actuating type fluid
changeov®r setondary sides of said respective units of said pressure flow controliers (C) ared

I

communicated with each oti\eg and connected to a fluid consumer (E), and
- different kinds of fluids are fed to the primary sides of said respective units (C1 to -

Cn) of said pressure flow controller (C).

10
4. The fluid feeding apparatus according to claim 1, claim 2, or claim 3,
wherein said fluid changeover valve (D) is an electric high-speed actuating type

fluid changeover valve.

16 5. The fluid feeding apparatus according to claim 4, wherein the electric
high-speed actuating type fluid changeover valve is a solenoid-driven high-speed

actuaﬁng type fluid changeover valve.
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