SPECI FI CATI ON  FLOW RATE RATI O VARI ABLE TYPE FLUI D
SUPPLY APPARATUS Field of the Invention [0001] The
present invention is used for sem conductor
manufacturing facilities, and the Iike, and relates
to a flowrate ratio variable type fluid supply
apparatus that nakes it possible to divert a gas of a
set flowrate supplied froma flow rate control
systemso that it is sppdiFedaAt©NR chanber with a
desired flow rate ratio. Background of the Invention
[0002] In recent years, there has been a trend seen in
t hEL O%V IRACTE RATIONARIKBLENTYRH RLUHD SUIRPEY APPARATISSd
for sem conductor manufacturing. For this reason,
when sem conduct or manufacturing apparatuses are used,

Flelotoihtﬁé In@&ﬂﬁﬁ‘? necessary to supply a treatnment gas to
a chanber through a plurality of supply lines, and to
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thaf mﬁk@éﬁh%%%bleﬁam%ﬁmw appbiiow rate wpeqhsfi fram @ flow rate

rate control systems FCSi, FCS2 are provided with gas
cordigh system se hatiitlis supplied & patiambsryyith adesirad flow rrage ratio.
regul ation of the flowrate ratioy = QL/ Q@ of the
supply lines GL1, G2. In Figure 7, S designates a
source of gas supply, G designates a treatnent gas, C

Baa@bgmbem@mgﬁ{mer D designates a gas discharger, H
designates a wafer, and | designates a wafer holding
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reason, when semiconductor manufacturing apparatuses are used, it has
become necessary to supply a treatment gas to a chamber through a plurality of
supply lines, and to precisely control a flow rate ratio of the gas passing through
these supply lines.

[0003] Figure 7 illustrates one example of a gas supply system with which gas
is supplied to a chamber through a plurality of supply lines for a conventional
semiconductor manufacturing apparatus, wherein flow rate control systems
FCS1, FCS2 are provided with gas supply lines GL1, GLz, respectively, thus
allowing regulation of the flow rate ratio v = Q1/Qz2 of the supply lines GL1, GLa.
In Figure 7, S designates a source of gas supply, G designates a treatment gas,
C designates a chamber, D designates a gas discharger, H designates a wafer,

and | designates a wafer holding base. However, with the apparatus as shown




upsi zes the sem conductor manufacturing apparatus and

rai ses costs for equipnent and mai nt enance, thus

making it difficult to downsize equipnent and to

reduce costs. [0004] Figure 8 shows gas supply

equi pnent previously devel oped by the inventor of the

present invention in order to inprove the

aforenEntioned shortcom ngs of the equipnent shomn in

gure 7, wherein gas Gis controlled é .
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gas Gis supplied to a chanber CIMAth a desired flow
upsizase that semjcongucioz  mansifrgtueng pagpanatyse and._raiseg2costs for

whi ch are provided with pressure type diverted flow
equipnent and maihtearancEMhusiakiogrit diffiduttdoldovensilzes equipthent and

flow rate control apparatus FRC. [0005] In

to ealte ek@r . the gas supply apparatus shown in Figure 8
is provided with a gas discharger D, which is
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hava asiowdata Ghaet by ¢he flown sateneontral systam i G pisethatigas G is
OL2), passing through the orifices OLi, OL2,
supplieddotd shambent withea giesirad flonarage ratio b»y'Qn/é@u through supply
the gas pressure P3', P3" on the downstream side by
linessiGla, t Ge2, dhicky taee ;ﬁdwiderdalva‘tl'ccmésm]rbetwel:‘diverl‘édz.ﬂow rate
(Japanese Unexam ned Patent Application Publication

contfolle?d 4 SRUSEotRlE] by-a WRieeted v Fatelsonties appaaiys FRC.

apparatus shown in Figure 8, there renmins a problem
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with a gas discharger D, which is equipped with orifices OL1, OL2 having specific

diameters ¢ 1, ¢ 2, respectively, installed inside the chamber C. The gas
supply apparatus of Figure 8 is made so that gas of a total quantity Q=Q1+Qzis
supplied into the chamber C with desired diverted flow rates Qi and Qg
expressed by Qi=KiP3' and Q2=K2P3” (where Ki and Kz are constants
determihed by the cross sectional areas, and the like, of orifices OL1 , OL2),
passing through the orifices OL1, OL2, respectively, of the gas discharger D by
regulating the gas pressure P3’, P3” on the downstream side by using the
diverted flow rate controllers FVi, FV2. (Japanese Unexamined Patent
Application Publication No. 2004-5308)

[0006] However, with the gas supply apparatus shown in Figure 8, there

remains a problem in that the shape, and the like, of the gas discharger D are




subsequently restricted because the gas supply
apparatus includes that gas discharger D, equi pped
with orifices OLi, OL2 having specified dianeters 01,

1 2, installed inside the chanber C. Because two fl ow
rate control systemunits FCS1l, FCS2 are not needed
by the apparatus shown in Figure 8, conpared with the

af orenenti oned gas supply apparatus shown in Figure 7,
n can be reduced in

i nt., a the |iKke, ]
suB 8B Tenth) restikieBiRelass! Biet B iy Gbpaciippiigoludes that gas
di ar atHs of. Fiqure 7. However, it is disadvantageous
isoRTge O; ﬁ%“'pﬁﬁg ‘@ﬁbaﬂf}cqaﬁp%ml@sh&wngcsgmiﬁe@ diamgeterese 1, ¢
, %\\g@di verted flow rate controller units FV1, FV2, and

led igsiger thechanahercGnt Beicaupe avatflow FRE. comttics siyeieim units
doesn't allowinstallation costs to be substantially
FGSud 63 atamat nedded iyt thel dpparatus sshown idomigaie? 8eobared with
the diverted gas supply apparatus. In addition,
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system that has been devel oped previous
Ery ) [on to.overcone the
2 PP S et 81 PIFRE T, R el S HaEad rihat the
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u y systemof Figure 9 is constituted so that by
FVE,S F% %’?%—ﬁ‘ﬁs}? th'\ﬁ%'it%ﬁjé'@w gpRiiplcapraratug TREC.vi Thivfactidoesn't
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allqw dpstaiatiort gests tecve substaptialyareducet, andiét doesi't &llew drastic
rate Q = QL+ of the gas flow Gis supplied into the
downsizingr of e hdiveredi gasl slipyy t apparagys. atig éaaitien¥ another
QL/ @ in such a nmanner that the open/close valve o

disatearstage iy thatrieb&tdmes tda coRiplichte@%o’ &ritrdl ©f tHE I¥w rate ratio
opened and the degree of opening of a pressure type
Qiiioverted flowrate controller SV is regulated, so as
to conduct pressure adjustnent of both

[0007] Furthermore, Figure 9 illustrates another system that has been
developed previously by the inventors of the present invention to overcome the
aforementioned shortcomings of the gas supply system shown in Figure 8
(Japanese Unexamined Patent Application Publication No. 2004-5308). The
gas supply system of Figure 9 is constituted so that by using simply structured
open/close valves V1, V2, a pressure type diverted flow rate controller SV, and a
flow rate ratio control apparatus CT, the total flow rate Q = Q1+Q2 of the gas flow
G is supplied into the chamber C with a desired diverted flow rate ratio y =
Q1/Qzin such a manner that the open/close valve of the supply line with a larger
flow rate is fully opened and the degree of opening of a pressure type diverted

flow rate controller SV is regulated, so as to conduct pressure adjustment of both



3 diverted supply lines Gi, G2 by regulating gas
flowrate froma supply line on the larger flow rate
side to a supply line on the smaller flow rate side.
(Japanese Unexam ned Patent Application Publication
No. 2005-11258) [0008] However, the same di sadvant ages
with the aforenentioned gas supply apparatus shown in
Fi gure 8 (Japanese Unexam ned Patent Application

divpfeld | 0p4- mai n upsol ved. even with
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(4tiheRg ndxeriingd ke hARRIsRon FObisatinn Alo! 240541 555)
0@802’ As shown in Figure 10, flow rate control
[ t VRipHisesame disadvantageshaitke the afgrementionad gas supply
Publ i cation No. 2003-323217 and ot hers) have been
appRipYOpEwWS ia IRiguteoB f(lapantiseerUnexantineds PRt Application
appar atus, wherein branch supply passages G.i, GLS
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is regul ated using an automati c press con
I i tities Q from
PrETES) S8 16 coind oty Moty Shebateogfap it been
A Ei ' fl t trol
possIp 19 ey phodss e TP 4 L ofe pischoterda wiioun bitakion.
j ect, of . the flow diverting supply apparatus is to
[Oogpjmul ?‘Qné:‘geg'i"y 'ncg Y| 18asﬁ¢W0\?§tﬁgtC@E‘%Ql , sYtemas {Japanese
t hrough sonic velocity nozzles SN1, SN2 (or orifices)
UnexaminedRatent Aoplieation PubligationeNg. 20@R:3p82%Z @nd dtheis) have

regul ated using an automatic pressure controller ACP.
begn deyelopedaas i ankint af efla] qh'verting yase sdpfﬂw@pipafhth@, wherein

regulate the flowrate ratioy =QL/ @ of the branch
brapcipsupplysagsages GL1, GLz2are equipped with sonic velocity nozzles SN,
SNz, respectively, and the pressure P1on the upstream side pipe passage from
the sonic velocity nozzles SN1, SN2z is regulated using an automatic pressure
controller ACP, thus allowing gas supply quantities Q1, Q2 from the branch supply
passages GL1, GL2to be regulated. In Figure 10, ACQ designates a flow rate
control part, and V1, Vz2designate control valves.
[0010] An object of the flow diverting supply apparatus is to simultaneously
control gas flow rates Q1, Qz passing through sonic velocity nozzles SN1, SN2 (or
orifices) in a manner such that the primary side pressure P1is regulated using an
automatic pressure controller ACP. It is not an immediate object of the

invention to regulate the flow rate ratio y =Q1/Q2 of the branch pipe passages

GL1, GL2 at any given ratio.



GLi, G2 at any given ratio. 4 [0011] Patent Docunent
1: Japanese Unexam ned Patent Application Publication
No. 2004-5308 Patent Docunent 2: Japanese Unexam ned
Pat ent Application Publication No. 2005-11258 Patent
Docunment 3: Japanese Unexam ned Patent Application
Publ i cati on No. 2003-323217 Di sclosure of the
Invention Object of the Invention [0012] The primary

j ect tyin a o
[O(gggmsipzég%ntt h@ rﬁéﬁgost J g&/eg%tgs Pﬁn?fg gﬁtﬂ”é {\ppéication
- Ul atus that nakes it possible to
Pué’l'%%{'ﬁgsg(zo‘gsg@é prescribed flowrate Q and to supply
the verteg@% with a diverted flowrate ratio as
desi r'edtepy HEveah éxt Japangsesi Hpeyaminagct Batent Application
open/ cl ose valve and orifice. In this way, the present
Pu Eﬁﬁéhﬁ’ﬂlf‘éﬂ 2H)5:425%%e af orementi oned shortcom ngs

encountered with the conventi onal apparatus for

supplRategt aDdcumentd3gagapanesec hanbriminedi chateR€! A Ellcatlon
that substantial reduction in size and cost canno

PublidaitieneMo VR003-8282 onvent i onal di verted gas supply
appar at us because the conventional apparatus requires

an automatic pressure controller, an open/close
control valve, and a control part thereof, and

D'SEWSUF?BWeelpvéﬁtldr? found that the accuracy of the

conventl on apparatus in controlling a diverted flow

IS Surrmary of the Invention [0013] Through
Ob{eﬁgb&h c|5'¥§ N devel oping varied flow rate control

v [OO?Bfaﬁ'ﬁéupsl'ferrsnary object of the present invention is to provide a downsized
and low cost flow rate ratio variable type fluid supply apparatus that makes it
possible to divert a gas of a prescribed flow rate Q and to supply the diverted gas
with a diverted flow rate ratio as desired by using an extremely simply structured
open/close valve and orifice. In this way, the present invention solves the
aforementioned shortcomings encountered with the conventional apparatus for
supplying a diverted gas to a chamber, which include that substantial reduction
in size and cost cannot be achieved with the conventional diverted gas supply
apparatus because the conventional apparatus requires an automatic pressure
controller, an open/close control valve, and a control part thereof, and
furthermore, it is found that the accuracy of the conventional apparatus in

controlling a diverted flow ratio is low.

Summary of the Invention

[0013] Through the process of developing varied flow rate control apparatuses



5 for which an orifice is enployed, the inventors of
the present invention have postul ated that, under the
conditions of critical expansion, an extrenmely sinply
structured flowrate ratio variable type fluid supply
apparatus can be produced by neans of adjusting, wth
hi gh accuracy, the value of a so-called correction
coefficient of an orifice to a set value. [0014] The
resent invention is, therefore, a cyeation based on

forlto Wﬁ'C%aPBrCHH@ﬁt 530?1'@8?(15'&9&%6? IRYENtons, ehths gregentavention have
gﬁﬁseat i nvention. The present _invention, as clained

po ithat under the ganditieas 1of ceitieak exransiprs @an Axtrerely simply
flowrate ratio variable type fluid supply apparatus

strustuied flowdats fatiotvasiablestype flaid $upply appa@tus capbeedoduced by
froma flowrate control system6 so that the gas

mefanswef tadjustingurveth thjghofacctitary, dher araliie df pa R -0&lRRR 86/ ection
11 tot n with prescribed flowrates QG to Qn,

coeffisieet bf ¥R loyificd fvia,sedaaluef a flowrate Qis supplied
through the flow diverting pipe passages 11 toll n

[0G 10 al'rfé‘%‘i%%érsnt 3RdeRidH | ig?ﬁhéaefo@viJ‘gchB%r?pBiag%qet on the

openi ng areas are 1 nsta on'one or a plur

sy ot ek TR0 RS 75, RBBL . g prsen

. and the aforenenti.oned remaining flow diverting pipe

invgffian A oBReE L s TRaaBag I SoRR Nk S RALA oy rate
of br%gézh pi pe passages 2a to 2n are connected in

ratio-yarjahle typeuid supplyeapparatusdsiusgddppstivent aagas ofpefliowgate Q
areas S2o0 are installed on the aforenentioned

suppligaciomi  foyaate gestralasyisterdrf so disatetbei gal flows\ts a, plurality of
open/close valves Vb to Vn are installed on all, or

flowodweding ipipe gfassagest1oteth withaprischbee A SREES GP to Qn,
that gas of the flowrate Qis diverted so as to flow

respectivély.er Thikg JHPEf AFRVAERS djr? fsgf)bli%omtrtﬁhgﬁ thé QW\A{; 8iverting

ratio of Q1/ @3 Q n equival en eratio o

Pingg?%srgh Z%ﬁ?ipgbwa Bhafbel,! 45 otifRBs'8'€ - having appropriate
opening areas S - - are installed on one or a plurality of flow diverting pipe
passages among the aforementioned flow diverting pipe passages 11 to1n, and
the aforementioned remaining flow diverting pipe passages serve as a pipe
passage to which a plurality of branch pipe passages 2a to 2nare connected in
parallel, and orifices 4 + - having appropriate opening areas Sz20 - - are installed
on the aforementioned branch pipe passages 2a to 2n, respectively. Also,
open/close valves Vb to Vn are installed on all, or some of, the aforementioned
branch pipe passages so that gas of the flow rate Q is diverted so as to flow to
diverting pipe passages 11 to1nwith a flow rate ratio of Q1/Q2/Qs - -Qnequivalent

to the ratio of the opening area S - - of orifices 3 on the aforementioned flow

diverting pipe passages. By this structure, the total opening area S20 of



di verting pipe passages. By this structure, the total

openi ng area S20 Of 6 flow passable orifices on the

flow diverting pi pe passages, provided with branch

pi pe passages by neans of the total opening area S20 -

-of flow passable orifices of the remaining flow

di verting pi pe passages, are regul ated by the

open/ cl ose operation of the open/close valves Vb to

Vn. [0015] The present invention, as clained in Caim
floy-passablenarfinast en the flewskivarting eipespassagest peovideshwithtbsanch

ratio variable type fluid supply apparatus is used to
pipgi pagsaggadyoheand bbthertatad ogesiagtaras Sxbe- offow-passable orifices

supplied fromthe flowrate control system®6 flows to
of theergrhainalg flywafivérting ppe patsagedidre regaiegt by the topeh/close

n with prescribed flowrates QL to Qo, respectively,
opéatiohasf th@opeh/ddsandidés VR tbvpuppl ied through flow

di verting pi pe passages 11 thel n into the chanber,

el I 1 O Bl baNaVvi e Apeni;

[0%’15‘]' WHREE beset| fn'v%ﬁﬁ?r?’ as cﬁgbda% ERifPo |§gfl?1’oga\?\r/1°’entally

to Sn-i are installéed on renenti oned

' i . pe e to flow diverting pipe .
cofisBfeb i e RARTART kA biahlerWPB L blufiy ReRratps s used
ivertin | pe passage, 1 IS used a e e
to B8 ass BT Y e Sanat et das Seuppip Hop fie T satgeontro
2a to 2n are connected in parallel, and orifices 4a )
systemuf flaws g ischlunglityrafaliovscdiverding: pipgr passagesal1 & 1n with
on the aforenentioned branch pi pe passages 2a to 2n,
prasesiped ffiovneiapes QAlts &o, ogapectiVelyctovthht/ gas vhflow rate @ris supplied
installed on all, or sone of, the aforenentioned

througin dlowp idperives piee passadewat 1 3a61Ointd tisavchaitbe® hAd wherein
diverted and flows to the flow diverting pipe

orifiéess aeso 13,1 HavihgMdpdnthd | sreas atl oS, CQardXlinSilled- on the

M-i/Qothat is equivalent”  to the ratio of opening
RT3 pit ool 6 URBAFR DS Eoace 1o,
an$ F}g%gﬁgﬁ\%ﬁﬁﬂggg {%abﬂ&ﬁé\&%\%ﬂrﬁgg B%pee ggsisfaig%e1 0% thst]eed as the
pipe passage to which the plurality of branch pipe passages 2a to 2n are
connected in parallel, and orifices 4a to 4n having opening areas Sz2a to Sznare
installed on the aforementioned branch pipe passages 2a to 2n, respectively.
Also, open/close valves Vb to Vn are installed on all, or some of, the
aforementioned branch pipe passages so that gas of flow rate Q is diverted and
flows to the flow diverting pipe passages 11 to1n with a flow ratio of
Q1/Q2/Q3 - - Qn-1/Qothat is equivalent to the ratio of opening areas of orifices 31
to 3n-1 on the aforementioned flow diverting pipe passages 11 to1nand the total
opening area S2o of the flow-passable orifice on the flow diverting pipe passage

1n by regulating the total opening area Szo of flow-passable orifices on the flow

diverting pipe passages 1n using the open/close operation of the open/close

L.




1 n by regulating the total opening area S2o0 of
fl ow passable orifices on the flow diverting pipe
passages 1 n using the open/cl ose operation of the
open/close 7 valves Vb to Vn. [0016] The present
invention, as clained in daim3 according to Caim1l
or Caim2, is nmade so that an orifice 3 is
constituted with an orifice 3a that has a constant
\prea Sii and an orifice 3b that has an opening
vafgeggyg that is adj ustable and is connected in

wth, orifice 3a. [001l7 resent

(o5 1, présedt divantih. 23 e In G drRfgeRding tp Claim 1 or
con t|tuted SO that with the flowrate rati o vari abl e
CIgighe. fs el ey anilica 6 consiiuted Wik aprorficewsa thas has a

Q suPpI ied fromthe flowrate control system 6 so that
cogstaent ppenisgtasea ifo1 Bod an drifive 3 thatthasgmpopenipgsseg&id that is

and the No. 2 flow diverting passage 2 with
adjustahie iandds tbhomectet és pialleQuithraeipe@a.vel y, so that

gas of flowrate Qis supplied through both flow

[0GYiA er Theg phesEnt PRAEAGSS, bs 2ldifed iMeCRATaCT is fundamentally
wherein the No. 1 orifice 3 has an openi ng area S1 and

cohstitlfeet 86 test With tRE flow FHt@'Fé 'ﬁ?ﬁﬁl%peﬁl 'hoérlr&eo ly apparatus

di verting pi pe passage 1, al'so or ement’l

f [
dinihis o pﬁﬁ*s“a“’;@?@ %ﬂ?%%dﬁ?orxﬁﬁ"?%ﬂ%%s% Sy i B that gas
assages 2at are connected in aral l el , . .
ﬂo@?'stp'a@gsNﬁa t'go 'Y?dﬁ?%@ IR AFTRRIS. ! eg 3‘"%%‘% %r}%\/\épyemng
|nstalled on the aforementi oned branch pi pe passages
Passage2 with prespribed flawyates (&, S resnestivelyysg that ges of flow rate
Vn are installed on all, or sonme of, the
Q isf supphiedttheough bethnfiow divesting pipmpassages ha? infasthefchamber,
flowrate Qis diverted to flowto flow diverting pipe
wheesinaihesNbd, 12 ovifitds 3 hiksosn ropenincatarea G+ 4ad ds|Uhstall@nton the

to the ratio of the opening area of the No. 1 orifice
afoteplentibredl Neent floRedidéiting fdigev Pa¥saded N4, PaRE also the
aforementioned No. 2 flow diverting pipe passage 2 is made to be a pipe
passage to which a plurality of branch pipe passages 2a to 2n are connected in
parallel, and orifices 4a to 4n having opening areas S1a to Szn are installed on
the aforementioned branch pipe passages 2a to 2n, respectively, and open/close
valves Vb to Vn are installed on all, or some of, the aforementioned branch pipe
passages so that gas of flow rate Q is diverted to flow to flow diverting pipe
passages 1, 2 with a flow rate ratio Q1/Qo equivalent to the ratio of the opening
area of the No. 1 orifice 3 of the aforementioned No. 1 flow diverting pipe
passage 1 and the total opening area S2o0 of the flow-passable orifices of the

aforementioned No. 2 flow diverting pipe passage 2 by means of regulating the

total opening area S2o of flow-passable orifices of the No. 2 flow diverting pipe



passage 1 and the total opening area S2o0 of the
fl ow passable orifices of the aforenentioned No. 2
flow diverting pi pe passage 2 by neans of regul ating
the total opening area S2o0 of flow passable orifices
of the No. 2 flow diverting pipe 8 passage 2 by the
open/ cl ose operation of the open/close valves Vb to
Vn [0018] The present invention, as clainmed in Caim
accqrdi ng to Claim4, is nade so that the No. 1
paaf»@sq £ 6V3he opavRiosm oBgPn ! dne apenicloss vaives Vodo st
an orifice 3a having a constant opening area S
IOQﬂﬁi ahepresest itentieni ag caimeshinClajmab excsiding HatClasn 4, is
made to be adjustable and that is connected in
magker ab [theat thei No. 1 loeifioe i3, ihaeingpas epehitig afea 8nis donstituted with
orifice 3 is forned. [0019] The present invention, as
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i assa ar e _made t be ide and
looﬁﬁi P ek iRietoh s STaiBiedk By GIPTICH fsEoNing 36 Claim 4, s
ancf}laﬁ B t;\@iassage wi t hout installing an open/close
dhe Q. elow diverting pinge paseagen? Is farerad by a plurality of
clalrred in Cdaim7 according to Caim4, is mnade so
branghtpipa ®aspages 24 tm20; ard thengpenipg aves Sagef the erifice 4z df the
by four branch pipe passages 2a to 2d, wherein the

braswbrpipg passag&@a afd tthe atﬁmnefn&rﬂuoﬁ@dﬁpéd‘nﬁg abé@@ ldf phéNo. 1
passage 2a and the opening area S1 of the No.

orifice Biof ehe3Nof 1tfftfy Blerting HipapaisRgPY N_SHALE té‘b@ |8@f‘ﬁ?cal and

to be identical, and al'so the opéning areas

theSBeharith b@% Padddgetsa 48 donnéeied td pge B@% y 'WE@%‘:Bassage

pi pe passages 20 to 2d are nade
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[0020] The present invention, as claimed in Claim 7 according to Claim 4, is
made so that the No. 2 flow diverting pipe passage 2 is formed by four branch
pipe passages 2a to 2d, wherein the opening area S2a of the orifice 4a of the
branch pipe passage 2a and the opening area S1 of the No. 1 orifice 3 of the No.
1 branch pipe passage are made to be identical, and also the opening areas S2b
to S4d of the orifices 4b to 4d of the remaining branch pipe passages 2b to 2d
are made to be 5%, 10% and 20%, respectively, of the opening area S1 of the No.
1 orifice 3 of the aforementioned No. 1 branch pipe passage, and the remaining
branch pipe passages 2b to 2d are provided with open/close valves Vb to Vd,
respectively.

[0021] The present invention, as claimed in Claim 8 according to Claim 4, is



1 orifice 3 of the aforenentioned No. 1 branch pipe
passage, and the remaining branch pipe passages 2b to
2d are provided with open/cl ose valves Vb to Vd,
respectively. [0021] The present invention, as clained
in Cdaim8 according to CQaim4, is 9 made so that
t he open/close valves Vd to Vn are the only ones with
whi ch branch pi pe passages 2d to 2n can be either
fully opened or fully closed. [0022] The present
made, sat thah theopenitiosel vialves! YMdnooVacarer thengntyoofiesiwittt which
is made so that the opening areas of orifices 3, and
brancht pipe pasaagéme2d éo 2atcanappeitier fallg opehed sr Adlyatdddy
the correction coefficient depending on the orifice
[0C223p T tenPrepienss SnuedtioANEs tdlglftedom E%W%&Sﬁ?ﬁ%%’@lalm 4, is
fromthe orifices. [0023] The present inventio

maleasBethat thél Rl RESE I Gk : % ? %‘n? 4a tbsgn "B ba%set at

that the correction coefficien

h
aPRRPFRES D8R8 TRt ®) %ﬁea%%geé%e‘*ﬁs?‘%‘ﬁé@g@%n@p@m he orifice
£ io I d

sndiE gRAFRE e BPARipRS ondhe oskiest tiadiin fipoisseen o

[ f I
tocﬁsipW@Sﬁ%@kﬁ&gﬁ&{nf&‘éc%é‘éﬁn?a?aﬁ% 40z centiinado Gain9, s

orifices 4a to 4n. [0025] The present invention, as
magdesaibat the corsectionxcaefiicientiisg.6 or QI?adependmg:balhov@thyshape

Claim4, is made so that either the orifice 3 and the

of adigmeter 4¢ of theharifides 3, hndrdd iocsn Ragheehiprodssed.
orifices 4a to 4n, are nmade to be 2-step cutting type

[002#)] f Teespreashfiavanthri, f£ Salmad il Cvam @I-]a-ccgd?n? BEIGAT4, is

is made to flow froman orifice havi ng a snal

ma@é%‘@thﬁf ?‘gt%ﬁetﬂat\%éﬁ 'accﬁaﬁ‘%gg'gYé& g atn?]j' éa??ﬁ/? rs%aﬁgi)f g metal

Effect o e | nvention

diabhfiyrh ¥ Gsddhs the o' FYrfick%Psnd tHd HOSH PhideSBR5AHUS

[0025] The present invention, as claimed in Claim 12 according to Claim 1,
Claim 2 or Claim 4, is made so that either the orifice 3 and the orifice 4, or the No.
1 orifice 3 and the No. 2 orifices 4a to 4n, are made to be 2-step cutting type
orifices having 2 different orifices OL1, OL2, and gas is made to flow from an
orifice having a smaller diameter to an orifice having a larger diameter.

Effect of the Invention

[0026] Due to the fact that a flow rate ratio variable type fluid supply apparatus
of the present invention comprises orifices having prescribed diameters ¢ and
extremely simple-structured open/close valves Vb to Vn, with which pipe
passages can be fully opened or fully closed, it is possible to simplify the
structure of the fluid supply apparatus; thus, substantial reduction in size and

cost can be achieved.
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of the present invention conprises orifices having
prescribed dianeters 4) and extrenely

si npl e-structured open/close valves Vb to Vn, with

whi ch pi pe passages can be fully opened or fully
closed, it is possible to sinplify the structure of
the fluid supply apparatus; thus, substantia
reduction in size and cost can be achieved. 10 [0027]

0¢€7 corda e wth the present invention, the flow
[00241e Pa%C&f@aftcgnWB@ th%nas«m ipyerdiop) thexflowyrats raticeps can be
ease by neans of sw tching open/close valves Vb to
Ch%%%ﬁﬁ amlwahtm 9of stapsl at Rase byuneans of swijching iopep/atase valves
al so be changed to a plurality of steps at ease by
Vbnieavis apprapitiatelynand the tow idiverting retics ef vezmn alst be changed to a
addi tion, substantial changes of the flowrate ratio y

pluralitybef steps| at esse dyethellis ofheitiigty the difficks AB8mselves. In
t hensel ves. [0028] Furthernore, in accordance with the

adanmeenbstamwtdr@hge%*& tﬁ@rﬂbﬁﬁrtdté"ﬁan& opthh T)'eetfﬁsn %p‘?@gd by

strictly controll and the correction coef

Chgﬁ@ﬁ%ﬁe?ﬁﬂc&%eﬁﬁg géw%orl fice having a dianeter O of

nor e for an orifice having a

| ess ependi n the shape .
cfyfgj\pr ocesegnﬁge ml—%ﬁccgéga?%“f'tlho&)efa'fet?epgf’?v@ 2P BB? Eorrectlon
| ui a tus, jn accordance wth the
cosffB@oh et hecefh ?f&%co&?ﬂ L 80dhe 0 rtion cosTiciat 1§ tade to be
dlvertlngratlo to less than 1% S. P. Brief
0.7095 @n; grificerhaying ﬁedt@mawrngs of 0P e1m oFimperel and £.6: farl arc&rifice

diagramof a flowrate ratio variable type fluid

havinga giameterrdat ofD.8 mmardess nispendiny o thepslessendf processing.
invention. [Fig. 2] is a cross sectional view of a

Hehes! the flowt iatg rati@ eafiablel ype fldiffisip abéaﬁﬁu:@siﬁ accordance
sectional view of a 2-step cutting type orifice.
with the present invention, can reduce the error of the flow diverting ratio Q1, Q2

to less than 1% S.P.

Brief Description of the Drawings
[0029] [Fig. 1] is a block diagram of a flow rate ratio variable type fluid supply
apparatus in accordance with the present invention.

[Fig. 2] is a cross sectional view of a 1-step cutting type orifice.

[Fig. 3] is across sectional view of a 2-step cutting type orifice.

[Fig.4] is a block diagram of a test device for testing flow rate
characteristics of an orifice.

[Figs. 5a and 5b] show flow rate characteristics of orifices of diameter
¢= 0.1mm and ¢ = 0.55mm, respectively, and computation values of the

corresponding correction coefficient of these orifices.
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[Fig.4] is a block diagramof a test device for
testing flowrate characteristics of an orifice.
[Figs. 5a and 5b] show flow rate characteristics of
orifices of diameter O= 0.1 nmmand O= 0.55nmm
respectively, and conputation val ues of the
correspondi ng correction coefficient of these
orifices. 11 [Fig.6] shows the relationship between
press#;e fi on the upstream side froman orifice and
the flrdaS] shewsetieurslatonshin between eressurei Rt ondhe agastream
.Wwhen pressure P2 on the downstream side from an
sidgy frofrcanarifice amdidhe dloverate meesuring Eirmpr (7dg iesroanin the case
expl anatory drawi ng of a conventional gas supply

whepperieasue Poon dhe dowipstreahesiderfrimyem erifidelOF istrita@é to be 20
lines. [Fig. 8] is another explanatory draw ng of

Toanot her conventional gas supply apparatus for a
chanber that enmploys a plurality of lines. [Fig. 9] is

yet g hey igxgha ] f t
convent on:JaII gasgg%%m{gloq%g%vgpg? SOf%/%r C?“%@ﬁ”@r’ g%satsupply
' [.ne Lg. 10] is an
PR for® Shafhity it Bsloie? b e Res o 2
conv iogal flow diverti s supply apparatus that
enpl %ﬁ ~a§ﬁ!§qPE° foeefpévaqﬂa’garaémn&&fg?e r geaveptienal gas
ar\d Nunmeral s [0030] A Flow rate ratio variable type
SupRly iapParaips Jor phambes thatemploys aplurality oflinest e QL
Flow rate of the No. 1 flow diverting pipe passage
[Fig. 9] is yet another explanatory drawing of yet another conventional
gas supply apparatus for a chamber that employs a plurality of lines.
[Fig. 10] is an explanatory drawing showing one example of a
conventional flow diverting gas supply apparatus that employs a sonic velocity

nozzle.

Reference Characters and Numerals

[0030] A Flow rate ratio variable type fluid supply apparatus
G Gas
Q Total flow rate
Q1 Flow rate of the No. 1 flow diverting pipe passage
Qo Flow rate of the No. 2 flow diverting pipe passage
Q2 to Qs Flow rates of branch pipe passages
v  Flow rate ratio (Q1/Qo)
OF Orifice member

OL, OL1, OL2 Orifices

12



Q@ Flowrate of the No. 2 flow diverting pipe passage
@ to b Flow rates of branch pi pe passages y Fl ow
rate ratio (Q/ Q) OF Oifice nenber O, QOLi, O.2
Oifices 12 1 No. 1 flow diverting pipe passage 2 No.
2 flow diverting pipe passage 2a to 2d Branch pipe
passages 3 No. 1 orifice 4a No. 2 orifice 4b No. 3
orifice 4c No. 4 orifice 4d No. 5 orifice S Cross
sectignal area of the total orifice openings Si
Qpeni Ega'g?ei\ﬁe‘ﬁ’ dierting pine passagea to Std Qpening area
of No, 1 to No. 5 orifices S2o0 Total opening area of
f1 ow pad¥a? Bowdiverting pigie passage. 2 flow diverting
pi pe gassage 2 0 Oifice diameter Vb to Vd Open/ d ose
val vega t® 2¢asBramphlpjpes passayes Fl ow rate control system
7 Process chanber

3 No. 1 orifice

4a No. 2 orifice

4b No. 3 orifice

4c No. 4 orifice

4d No. 5 orifice

S Cross sectional area of the total orifice openings

S1  Opening area of No. 1 orifice

S2ato S2d  Opening area of No. 1 to No. 5 orifices

S20 Total opening area of flow-passable orifices of the No. 2 flow
diverting pipe passage 2

¢ Orifice diameter

Vb toVd Open/Close valves

5 Gas supply source

6 Flow rate control system

7 Process chamber

8a, 8b N2supply sources

9 Mol block

10a, 10b Pressure regulators

11 Vacuum gauge

12 Open/close control valve

13 Vacuum pump

13



8a, 8b N2 supply sources 9 Ml block 10a, 10b
Pressure regulators 11 Vacuum gauge 12 Open/cl ose
control valve 13 Vacuum punp 13 Best Mde for
Carrying Qut the Invention [0031] Preferred

enbodi nents in accordance with the present invention
are explained hereinafter with reference to draw ngs.
Figure 1 is a block diagramof a flowrate ratio

vari able type fluid supply apparatus in accordance
with the present invention. In Figure 1, A designates

t flowrate.ratio variable type fluid supply
Be&gw&%&pa@/"@l, ugghe @GFBO'@, Qo designate fiow
ages 1 designates the No. 1 flow diverting pipe
[0({5%1 sdjd@,ferﬂedjﬁm gsts eappordanee ovith dhe greserd ipvgretion are
passage, 2a, 2b, 2c, 2d designate branch pipe
explaineseeeirmfted withgefarence tadrawings. oFighie ¢ is 4®lock diagram of
designates the No. 2 orifice, 4b designates the No. 3

a fhow frate ratie véeiablgngipesfltidesdpbly bpparaiustin 46cord i
designates the No. 5 orifi cl(!}el!;sp )éi ’pﬁf and Sea toors?réce with the

redbesit GnasrRiof! OH$ | PNAldey th@idw FE8 ra¥B
p o Fqek! PNA de%ﬁ@rgagc’aé’ hé& ggnlﬁt\}gﬁ%téerg\t'fg \éaXSF?ble type

Vd designate open/close val d
LB SHEE, Eoinaieson bl 8 (G act8hOhou rres, 1
de QBT e 87T Jiow ueRiE pbeGassaens dedaabh the No. 2 flow
vGSC A< FeserdRnta. 40Ny Sesianate b ppe passages, 3
rovided. The flowrate control system 6 regul ates

dega@@ﬁéhat Ne. i rifice) 4adesignatesotheniop2 arifise, 4baesignates the
No. 3 orifice, 4c designates the No. 4 orifice, 4d designates the No. 5 orifice, S1,
and Sza to Szd designate cross sectional areas of orifices, Vb, Ve, Vd designate
open/close valves, 5 designates a gas supply source, 6 designates a flow rate
control system and 7 designates a process chamber.

[0032] The aforementioned fluid supply source 5 is a supply source of various
kinds of gas to be used for semiconductor manufacturing. In accordance with
the present embodiment, a N2 gas supply source is provided. The flow rate
control system 6 regulates the gas flow rate Q supplied to the process chamber
7 at a given flow rate. In accordance with the present embodiment, the
apparatus A is made so that N2 gas of a flow rate Q = 1SLM is supplied with the
aid of a pressure type flow rate control system FCS.

[0033] In accordance with the present embodiment, a chamber having an

internal pressure that is regulated to be 10 Torr is employed as the

aforementioned process chamber 7, and N2 gas of a desired flow rate Q1 is
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7 at a given flowrate. In accordance with the present

enbodi nent, the apparatus A is made so that N2 gas of

aflowrate Q=1 SLMis supplied with the aid of a

pressure type flow rate control system FCS. [0033] In

accordance with the present enbodi nent, a chanber

having an internal pressure that is regulated to be

10 Torr is enployed as the aforenentioned process

ch r 7, and N2 gas of a desired flowrate QL is 14
S“EB@%F&EGU%F%@H-%'?@NNU@WQ piRe Pagsage fdo phe oentes pagdahereof,

1 to the center part thereof, and N2 gas of a flow
andaegap of @ Howplate Q2 isrsupgiied tardugh thef Now2dfiowerdiverting pipe

pi pe passage 2 to the peripheral part thereof,
passagee2 tto ted peripl0@a#pabiserGos tappedtivelyr om t he

af orenenti oned gas supply source 5is reqgulated to

[008%]e Gab! @NsuppWed)ffrorﬁomeeéﬁdelr%ntiQnéd1%§M@5W%ohﬂ?e 5 is
e gas I's

flowrate control system6, and then t

re%ué‘ﬂ%'di fAhak & HOF r%ﬁé’%?sﬁ)rcél?@@g, t@] e=t Réﬁwgﬁﬂtn CiheCflow rate

ow di verting plpe passage

i MeLbd [ sage 2. .The flow rate ratio =
coffCE P B B SRISRET o5 inr Surniiots fag, Prapeds chagiber 7
i assa 1, 2.is regulated according to the
th’g%‘@@&'?%m ﬁzﬁ’"‘f Hiygrting wegﬂaﬁaag%ﬂi@d/the f%)-/lgﬂowﬁlvmang pipe
of open/close valves Vb to Vd that are nade to be
pamgf i aheiflovsiate catie 7 5rQujplewf 9gs dlave passing teroughithe flow
.opening or full closing). |In accordance with the
divgringepipecpasasigesnt,, 2 as regulatecthaccdrdingr o, tHe2pgaietermifed flow
1 SLMis supplied as a quantified amount fromthe flow

diveding ratiot /ot QaiQd leymiéans[dd@peh/dsdvalies Mbasand that are made
W

enbodi nent, as below stated, the aforenentioned flo

to b@hpf)foﬁria@ely switché&%or épé?ﬁvg%/ciﬁﬁi ., Il ?Bgr(;%ﬂﬁtchr full closing).

regul ated from1/1 to 1/1. steps O

e yasgordeiebpihdn, ot kg o -
1S£Dﬁs%ﬁBfi&Jj 33% d@én\{ﬁ%d\é%&?nt\{%m the flow rate control system 6.
[0035] With the present embodiment, as below stated, the aforementioned flow
rate ratio y= Q1/Qois made so that it can be regulated from 1/1 to 1/1.35 in
steps of 5%, thus totaling 8 steps (that is,1/1, 1/1.05, 1/1.1, 1/1.15, 1/1.20,
1/1.25, 1/1.30, 1/1.35).by means of switching the open/close valves Vc to Vd.
[0036] Referring to Figure 1, the gas flow rate passing through orifices 3, and
4a to 4d is in proportion to the cross sectional area of orifices 3, and 4a to 4d
when so-called “expansion conditions” are maintained between pressure P1on
the upstream side and pressure P21 and P22 on the downstream side from
orifices 3, and 4a to 4d. Specifically, under critical expansion conditions, the
flow rate ratio of gas passing through the orifices is determined by the ratio of

cross sectional areas of the orifices.
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[0036] Referring to Figure 1, the gas flow rate
passing through orifices 3, and 4a to 4d is in
proportion to the cross sectional area of orifices 3,
and 4a to 4d when so-called "expansion conditions”
are mai ntai ned between pressure Pi on the upstream
side and pressure P21 and P22 on the downstream si de
fron1 orifices 3, and 4a to 4d. Specifically, under

t| cond| i ons wrate ratio of
p'gg‘év.'ﬁéanﬁ% Pt O Fig PR st Se! ks Shytenal reas
f o ection as of _the orifices.
of Paﬁ S TG AR o i, B 5 Teshestumiyaibetiin rate of
ectional areas of orifices 3, and 4a to 4d are
th%l 0. §2§°WS§'Ue”EQQCP'PSMSSﬁQ§pb¢$ iQuielthe fiowerateanf that Noo? flow
theNo 1 flow diverting pipe passage 1 is QL, the

divering pipecpagsagee oQo,2arid the supple flownateirptotais @aso that the
is Q, and the supply flowrate in total is Q so that

flowtdiverting atio ve =t QUQoloahitse ¥xpreehéddDy ﬁé‘f(’&l%mﬁﬁg? égﬁﬁﬁ’&h (1):
by the follow ng equation (1): vy 61

( S2b+$2c @RI S1/($3 +[(QQ§%2CA32§})at.ed)(ﬂbove the flow
diverting ratioy is nmade to be I'to 1/1.35 (in

[ocﬁaaﬁ]t%ssfa%d BBBLY, o flaxng\?%ftbg)brSHB ”?%grfr{qey{‘osggfetsgg 11 to

| ow ng equat i ons =

100/ 20/ .10/,5 .

1“[1%%3@1 usftes %ﬁﬁ%& R ol PEingy neged s theh dhe; taigwing

sectio orifices Sl and S2a to S2d, and
eqﬁ?t'qqﬁ&?ﬁ@a\ﬂsgﬁﬁﬁ PAREY sectional areas Si, and S2a

to S2d is expl ai ned. Now, when the int er nal pressure

of thHeveraill 7 1 *médle to be 10 Torr, then pressure

P21, P22 of the downst ream si de fromthe orificeis

appr oxdatgebdSyc/3ed er tOMROMDE maxi rum @en t aki ng

pressure | oss of
[0039] Next, computation of the total sum of the cross sectional areas of
orifices S1, and S2a to Szd, and of the individual cross sectional areas S1, and
S2a to Szd is explained. Now, when the internal pressure of the chamber 7 is
made to be 10 Torr, then pressure P21, P22 of the downstream side from the
orifice is approximately 20Torr at the maximum when taking pressure loss of
valves Vb to Vd, and the like, into consideration. In order that critical expansion
conditions hold, it is required that the total cross sectional area S of all orifices is
determined so that pressure P1on the upstream side from the orifice becomes
40 Torr (i.e., P1/P2= more than 2) when valves Vb to Vd are fully opened.
[0040] In accordance with the present invention, the total sum S of the cross
sectional areas of orifices S1, and Szb to Sod is computed using the equations for

the orifice CV value, as shown in the below-mentioned equations (4) and (5):

Cv= a xS/M17 -+ - « (4),
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valves Vb to Vd, and the like, into consideration. In
order that critical expansion conditions hold, it is
required that the total cross sectional area S of al
orifices is determned so that pressure Pt on the
upstream side fromthe orifice becones 40 Torr (i.e.,
Pt/ P2 = nore than 2) when valves Vb to Vd are fully
opened. [0040] In accordance with the present

i nvenki on otal sum S_of the cross sectional
ar eas&?ﬂf‘ 99?‘55&%%‘ %)’x GH(Z35+ £ S2u *i s @nputed using
the equations for the orifice CV value, as shown in
In @elagers 4 and (edeedesigneies aagorseationspoeffiient i.&, 0.8), S
S/ 17 (4), 16 Cv = /(2019 x Pi) x ( (273 + 1))
designatesrthedotal coss setlionaldaréad)of all odises (ratéy, Qg designates the
correction coefficient (i.e, 0.8), S designates t%e
flowaats (i.er,0a¥h se0.06] Raldesigraates pRIssuRS b ke Eptreti sideWom an
designates the flowrate (i.e., n3/h = 0.06), Pi

ifiees (D8t MPaPBBS SHI @ ugsdi st i
orifies (D a ®0083}, r@gog%%lgjﬁﬁ% g%gisgéefﬁba&rar\{gy of the

orifice (i.e., MPa abs =0 nat es”t
i i Vi f ¢t Bea oHS: «f | uj . 0.97)
GaGRAR, a6 07, 1 EsipRARST I tetpborpfurd s o). i
1.1 present e i ment . all
acdf88h e Nifh e, Prosty Bspiaiives 21 hempbhatiors ate perferesd for
of , t ag | SLM pr e Pi on the upstream side
therlotdhoppEts G of tie s i THEM. Preswire fion ieyuestiassa sice from
N2, and the gas tenperature is 21C.  [0041] In
theprifiseda Ao, the type offaasdiasdtis dheand thegas tempenataneds 21°C.
(SL, the total sum S of the cross sectional opening
(0047 badn etcandance avititSthe afoderSentiomedSeduatisresard 65)2 tHil total
m2, and with the aforenenti oned equations (1) to (3),
surhh® ofc thes Sreesc seotival iy 688 of Wbrifftels! 5¢eand S840 Sad
‘ Sea to Std becone S1= Sea = 0.855 mm2, S2b = 0.171
bedbifles Se£ 22098, Gh& withtheShdremEnfiéhdi Bquations (1) to (3), the

respectively.

cross sectional opening areas of orifices S1, and S2a to S2d become S1= Sza =
0.855 mm? Szb = 0.171 mm?, Sac = 0.086 mm? and Szd = 0.043mm?
respectively.
[0042] Now, as shown in Figure 1, for example, when open/close valves Vb to

Vd are made or operated to be fully opened, then the flow ratio y becomes
y =Q1/Qo= S1/(S2a+S2b+S2c+S2d) = 1/1.35. When the open/close valves
Vb to Vd are made, or operatéd, to be fully closed, then the flow ratio
becomes y = Q1/Qo= Si/S2a = 1/1. Furthermore, when the open/close valve
Vb is made to be opened, and valves Vc and Vd are made to be closed, then the
flow ratio vy becomes y= Q1/Qo= S1/(S1a+S2b) = 1/1.2, and the flow ratio v

=Q1/Qo is regulated between 1/1 and 1/1.35 in 8 steps for every 5% by means of

switching the state of the open/close valves Vb to Vd. In accordance with the
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[0042] Now, as shown in Figure 1, for exanple, when

open/cl ose valves Vb to Vd are nmade or operated to be

fully opened, then the flowratio y becomes y = Ql/ Qo

= S1/(S2a+S2b+S2c+S2d) = 1/1.35. Wen the open/close

valves Vb to Vd are nmade, or operated, to be fully

cl osed, then the flowratioy becones y = Ql/Q =

S1/S2a = 1/ 1. Furthernore, when the open/cl ose valve

\{godgs rTFdE to be_opened, and valves Vc and Vd are nmade
empPairest s8ewn innkiguied. the appasatus A inetadesoythat gas flow is

Q/Q= Si/ (S a+82b2h: 1/1.2, and the flowratio y
suppyedys the et ehroegmben flowidivarting plpe3passagsshamely, the

for every 5% by nmeans of switching the state of the
NooJefiow diveetingapipespagsage Vand tife NocrfldangiveringvibPasiige 2.

enbodi nent shown in Figure 1, the apparatus i s nmade
Hosvevenait gges withowt 58ying YRt thask bpnidie fI%WfQ@ﬁinZ; ;}\igé ?)%%Qages

two flow diverting pipe passages, nanely, the .

cah |baeshpysyeli %ﬁd%r@eopéﬁga&‘ﬁ%ﬁi&efﬁ%ﬁg% %rrﬁvérf#]vmﬁm can be

di verting pi pe passage oes

' ; . . flow diverting pipe passages
SRR & b3l o My Bie USPES! 1y of i pe
passages anong them can be equipped with a plurality

of branch pipe passages. Enbodinent 1 [0043] It is
Enies ssa€¥, inreality, that actually nmeasured val ues
MPBY! ded regarding the flow rate characteristics

and correction coefficient for an orifice OF having a
[004d It ter prRGessary. iineRlityr dhat dttoallyf ovensuneth vaheseates paivided
correction coefficients, and the |like, were conducted

regandingdhe fipesrate claratteristicOandadreietvn cobfliciing ¥6eartoffick OF
Figure 3, by using the flow rate characteristics

hatiegtd sallesrioss seefional bred| THeRefbre SRRESHIEALME: of Borrection
accordance with the present enbodinent, an orifice {f_
coénfgcr;%gfrs['%@d Eg?/ Eﬂﬁ%,f\ﬁélr@ EhdickdF Bn GivbtyPSs 8F officed bE' 4§ shown
in Figure 2 and Figure 3, by using the flow rate characteristics testing device
shown in Figure 4.  Specifically, in accordance with the present embodiment, an
orifice OL is formed by performing 1-step cutting of an orifice member OF having
an internal diameter of 0.3 mm or more, as shown in Figure 2, and an orifice OL
is formed by performing 2-step cutting of OL1, OLz in the orifice member OF
having an internal diameter of 0.3 mm or less as shown in Figure 3. Whether to
choose 1-step cutting or 2-step cutting is determined appropriately depending on
the thickness of the orifice member, accuracy of the processing machine, and
the like.
[0044] The orifice member OF is formed as a so-called gasket type. The orifice

member OF is changeably and hermetically inserted and fixed into an orifice

holder (not illustrated) that is inserted into a pipe passage. In accordance with
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an internal dianmeter of 0.3 mmor nore, as shown in
Figure 2, and an orifice OL is formed by performng
2-step cutting of O.,, O.,2 in the orifice nmenber OF
having an internal dianmeter of 0.3 nmor |ess as shown
in Figure 3. Wiether to choose 1-step cutting or
2-step cutting is determ ned appropriately dependi ng
on the thickness of the orifice nmenber, accuracy of

S| chi.ne, an the |ike. [0044] The

th%?’?‘??%”g%ﬁ?%@?‘e@ qrifice spemRersas shewp i [:mrgasaarétemployed as
ﬁ%ge. Tge orifice nenber OF is changeably and
OriiiGP PReMPErs Having diaraetessaf ©.3x¢am, 0t tiraandr.9inwe, and an orifice
hol der (not il]lustrated) that is inserted into a pipe
MeROeR @S shawacivoFigane &3 s templaged s pnesrfide member having a
_enbodi ment, orifice nmenbers as shown in Figure 2 are
digmptesyé®.2mmori fi ce menbers having di aneters of 0.3

mm 0.4 mmand 0.9 mm and an orifice nenber as shown

[0046]Fi Flove raté scrematteyiStcsAandn c@FrbHi&r?C%%nth Y 1 K2 orifice

di aneter of 0.2 mm [0045] Flow rate eristics
meéMBe COFNR&id SuSIREELE Y RAGLY Wbl erinGE
were actual ly ﬁegﬁr&rgggb%%twhm KE gg'ﬁé g%l/@g\ﬂsgs&log@ mCI!:lgure 4.
IW'. ' 4. d apticular,. as shown in Figure
¥ 8a,légbgédg’§lbglr?a{ne ﬁ@%uépﬁ?'ﬁupgégpa RpbwiSourees, 9
0 a,,10h designate pressure regul ators, OF
de%@i‘?é’éﬁﬁ E@m]‘gﬂ%rﬁﬁf@b Besgbate pressuts fpditlators, Qhclasignates
%gﬁige 100Torr, Baratron), 12 designates an open/ close
an PoNemaeiell derianates avvaguamegauge (HQTom punp. |1 n
this case, the nmeasurenent accuracy of the nol bl ock
Bafagyon), 012 digsignates @nmopent etoset cantealr ealye 0antihe3 designates a

pressure regulators 10a, 10b is 0.2% F.S. (1 to 409
vacyum @ussp.S. IR. thisiéade) tHOBiasur&Rént abErasy of tHd nfl bidtk is =+
was

upstream side fromthe orifice nenber
0.2% rdg, the measurement accuracy of the pressure regulators 10a, 10b is =
0.2% F.S. (1to 40%) and £0.5% S.P. (40 to 100%).
[0046] Pressure P1on the upstream side from the orifice member OF was
regulated using a pressure regulator 10a, and the gas flow rate passing through
the orifice was measured with a mol block 9. Pressure on the downstream side
from the orifice member OF was regulated using a downstream side pressure
adjustor 10b, thus the dependence of the downstream side pressure P2 was
ascertained.
[0047] Figure 5(a) and Figure 5(b) show flow rate characteristics of orifice
members OF in accordance with the present embodiment. Figure 5(c) shows
the correction coefficient o« computed from the data of Figure 5(a) and Figure
5(b).

[0048] Using the test results of the aforementioned embodiment 1, orifice

19



regul ated using a pressure regulator 10a, and the gas
flow rate passing through the orifice was neasured
with a nmol block 9. Pressure on the downstream side
fromthe orifice nenber OF was regul ated using a
downstream si de pressure adjustor 10b, thus the
dependence of the downstream side pressure P2 was
ascertai ned. [0047] Figure 5(a) and Fi gure 5(b) show

e 0 B8 IR RoePleicils &1 i s Ak Ghiegire piecpassage 1
anf ek i, BRESEGes Andbreeusa Shaw) in [FiarE) 1 Lntengeiobied by

t est resultlg of the aforenentioned enbodl ment 1,
making prassuiePypa tee spstream side freot therorifineksiB4Temt s of

the No. 1 flow diverting pipe passage 1 and branch
[O%Qﬂ)e [Mgédjes 2a, 2b, 2c, 2d, shown in Figure 1, are

setected makifgpressure—Pi—on—the upstream side
Pressum 108 oiEP'fr?fé'ég 6z'¥l¢wat.e rﬁ@@re{mdéa@iaeacﬁrs Pr @sifiagrdiameter
theRpstesantCeids esdfficymt FI aw rat e ratgj,g ngﬁnfe%’l ﬁovgha{n%)t ers

ce dilaneter the upstrean si de coe ICI ent and
f’°'9°hféée§| flor flow (fm) from ofdvertingPingnassadend pi pe

(Topassage ([Torr) and |branch pi gﬂdbmﬁ @as in Figure 1

0.7 100 110.9 0.6 5 2d 0.2 64 0.7 2¢c 0.31(0.7 20
passages |n Figure 1

2b 0.4
0.7 100 1 0.9
0.6 5 2d 0.2
64 0.7 10 2c 0.3
0.7 20 2b 0.4
0.7 100 2a 0.9

[0050] Figqre 6 shows the relationship between pressure P2 on the upstream
side from an orifice and flow rate measuring accuracy in the case wherein
pressure P2on the downstream side from the orifice member OF is made to be
20 Torr.  When pressure P2 on the downstream side from an orifice reaches 20
Torr, it is understood, as apparent from Figure 6, that pressure P1 on the
upstream side from the orifice must be maintained more than 64 Torr in order
that the measurement value error (rdg. error) be kept within 1% so as to make
the measurement accuracy the same as that when pressure P2 on the
downstream side from the orifice is made to be in a state of vacuum.

[0051] Table 2 shows the measurement results obtained from the

aforementioned embodiment. It is necessary that the total cross sectional
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0.7 100 2a 0.9 [0050] Figure 6 shows the relationship
bet ween pressure P2 on the upstream side from an
orifice and flow rate measuring accuracy in the case
wherein pressure P2 on the downstream side fromthe
orifice nmenber OF is made to be 20 Torr. Wen
pressure P2 on the domnstrean1side froman orifice
reaches 20 Torr, i s understood, as apparent from

o6 1 0B 5P e BB A, SO S o e

t t.he neasur nt value . error (rdg. error)
°r§[§gk'§p‘?‘{ Sl?ofr hh? Qa%%PEénﬁ?w TRtk & is SLM stber @asetemperature is
13§curacy the sane as that when pressure P2 on the
21owndhe Santfisient of thargandi.or the gas ispentfidegravity)ds 0097 (N2), and
state of vacuum [O0051] Table 2 shows the nmeasurenent
careestipp sogfficigntdsl 1f r ¥vinemthe arfear ratio rdfition edfieedRdnEES o be the
It is necessary that the total cross sectional 20
saope (i eng SalSea/Sab/Sbc/5Ld RO e/sztarsemFmgeﬁé i hl‘ﬁe orifices 3,
upstream side fromthe orifice is 64 Torr, the

argiudalty 4d, dve faiverate 'rétlélS#Mhé B%s@%&ﬁﬁﬁ%ﬁﬁéﬁ SréaS co%]ectlon

C, the coefficient of the gas (i.e as specil

co@ffﬁ:Yéﬁtyb 8 Sarfd %77)( N &35’3%88 r Bﬁﬁ ocﬁa:%% ff'ér%l'rq erectlon

enthe area Tatio o e ori

/ SZc 10Q/ 20/ 10/ 5)
cokiciert T s 7). g S35t5E dismeterTmar the apfica as medsured
Low,rate r. , the cross sectional orifice area
ar%@grsihé)m 'Hrf‘b&%gffi cient 0.6 and 0.7), the conputed
fi e di aneter (mmR) (correction coefficient 0.6
[0% ?9'63]he sel ected di amater (m) of the orifice as

e Lo} (i aYaYEo k| [ Tr\h| 21
Reference l, @%ﬁtﬂ glrr%f/d?atb eI %8;2 é?@IQgS O 04 OMER F | ch Quifird | ce| Selected
charactersSetadict ed | section section section diameter | diameter orifice
and area | area area (mm) (mm) diameter
numerals (mm?) (mm?) (mm?) (Correction | (Correction | (mm)
for orifice (Correction | (Correction | (Correction | coefficient: | coefficient:
coefficient: | coefficient: | coefficient: | 0.6) 0.7)
1) 0.6) 0.7)
3 100 0.433 0.722 0.619 0.959 0.888 0.9
4b 20 0.087 0.144 0.124 0.429 0.397 0.4
4c 10 0.043 0.072 0.062 0.303 0.281 0.3
4d 5 0.022 0.036 0.031 0.214 0.198 0.2
4a 100 0.433 0.722 0.619 0.959 0.888 0.9

[0053] In the case wherein the orifice diameter has been manufactured in
actuality to be 0.5mm, it is desirable that the correction coefficient of 0.6 is
chosen for an orifice diameter of 0.25 mm or less, and that the correction
coefficient of 0.7 is chosen for an orifice diameter of 0.30 mm or more.

[0054] In accordance with the aforementioned embodiment, there are
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characters ratio section section section dianeter
dianeter orifice and area area area (mm (nm

di aneter nunerals (m2) (mMmR) (M) (Correction
(Correction (mm for orifice (Correction (Correction
(Correction coefficient: coefficient: coefficient:
coefficient: coefficient: 0.6) 0.7) 1) 0.6) 0.7) 3
100 0.433 0.722 0.619 0.959 0.888 0.9 4b 20 0.087

429 () 2 A4 4c 10 0.Q43.0.072 0.062
e3840 B3 et niod pdssaas % agmeti dhe plo 1 flaw dorgrting pipe
100, 0.,433,Q, 722. 0. 619 0.959 0.888 0.9 [0053]
PatagR’ adddngitlyce ol aharting pasenaRd: cFlonyendh goes without
manu{h%gtured in actuality to be 0.5mMm it is
SayKy ihabreorentant two tewrdivertiog Ripefiassages ceh ki Bmiptoyed. In
chosen for an orifice dianeter of 0.25 mmor |ess, and
the pase whereiorar plutalignof ftave tivieclirgnpipefpadsages arhesmployed one or
an orifice diameter of 0.30 mmor nore. [0054] In

merecof then flewwdivbrtinge pipeopasaigesoandng hef BROmadd 86 De ones
are 21 enployed two flow diverting pipe passages,

equippadywitl fiee diticel3 fwissh Kak ey dil ey ogbﬁrﬁg 85 5% a'thd¥maining
the No. 2 flow diverting passage 2. wever, 11 goes

i ' vertl [ .
o Sheting SR pdkachEl 471 Rah%8 4o 8okt 2 o] Wi braHER pipe

i flow diverting pi pe passages are
pagﬁ%ﬁ%y%%?fo gé'e or nore of the flow diverting pipe

sgges anong them are nade to be ones equipped with
[0gER” dRyThetmos, yrcoeriancewiih fbn abpremaenioneerbodiment, it is
mai ning flow diverting pipe passages are nade
ﬁ@ﬁé@%é@@ﬁgdhwf{qw Fatgrietio@spd/1.35, the flow diverting ratio

popbise
may be selected in 8 steps for every 0.5. However, it goes without saying that
the range and switching size of the flow diverting ratio can be set arbitrarily.
[0056] In addition, with the present embodiment, it is basically made so that an
orifice is employed. However, to replace an orifice, a so-called critical nozzle or
a gap between a valve body and a valve seat of a metal touch type diaphragm
valve can be also employed.

[0057] In accordance the aforementioned embodiment shown in Figure 1,
there is formed the No. 1 orifice 3, having a given opening area S1, within the one
orifice piece. However, it is possible that the No. 1 orifice 3, having a given
opening area S1,(S1=S11+812), is formed by means of an orifice 3a having a
given opening area S11and an orifice having an adjustable opening area S12( e.g.
a metal touch type diaphragm valve, and the like) that are connected in parallel.

Consequently, this structure is useful because, by making the opening area S12

of one orifice out of two component orifices adjustable, the size of the opening
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passages 2a to 2d. [0055] Furthernore, in accordance
with the aforenentioned enbodinent, it is possible
that when setting the flowrate ratio as 1/1.35, the
flow diverting ratio may be selected in 8 steps for
every 0.5. However, it goes w thout saying that the
range and switching size of the flow diverting ratio
can be set arbitrarily. [0056] In addition, with the
Present enbodi ment, it is basically nmade so that an
arga; 31 Qfdhe Nafhodfeai3 iswegivated overeeptriain rangerarid then i@ fixed
so-called critical nozzle or a gap between a val ve
followingadjustmenitve seat of a nmetal touch type di aphragm
val ve can be al so enpl oyed. [0057] In accordance the
F e sibilityeof i hnadustdalepgodi nent shown in Figure 1, there is
formed the No. 1 orifice 3, having a given opening
005 Phe mriekBhN | 8Re THo | ' . verg it | .
O0eE e RSPt IRALeR ool LBfed ROF orllP Ry 8, igh' rehé ratio

B8 e o SUPSTATE y SR R TGET 1 Mo
BSOS P 1 ed e ot

vaars c€nn§¥t§d in parallel. Consequently, this
UpPlecVReTUid sypply aPpialiss for Bppitng ggsendo aasioungas supply
area S12 of one orifice out of two conponent orifices
eqyimettabl e, the size of the opening 22 area Si of the
No. 1 orifice 3 is regulated over a certain range, and
then is fixed follow ng adjustnent. Feasibility of
I ndustrial Use [0058] The present invention can be
utilized not only as a flowrate ratio variable type
fluid supply apparatus, wi th which gases are supplied
to a chanber wused with sem conductor nmanufacturing
facilities, but also as a flowrate ratio
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vari able type fluid supply apparatus for supplying
gases to various gas supply equipnent. 23 SCOPE OF
CLAIMS What is clainmed is: [1] Aflowrate ratio
vari able type fluid supply apparatus characterized by
that it is constituted so that with a flowrate ratio
vari able type fluid supply apparatus with which a gas
of aflowrate Q supplied froma flow rate control
system 6 is diverted plurality of flow
di verting pipe passagﬁépﬁaﬁmﬁ prescribed flow
rates Q-@, thus a gas of a flowrate Q being
supplied through flow diverting pi pe passages 11-1n
Lnfo a.chanber, orifices 3 havi ng appropriate
Whﬁte'ﬁicj:ﬂ d8s S are installed on one or a plurality
of flow diverting pipe passages anong the
[1laf or énilayi i@tR datio yariableclyperfiuisisupphpappagtss thaditterized by
and the aforenentioned remaining flow diverting pipe
thatalt Jacranstituledente that With aa [flope rates rtige vhfabiei §heafiuid supply
plurality of branch pipe passages 2a-2n are connected
appargtas alithelhiond qus &f & &ffow rateh@VaiishIRAPF AR & 3oy rate control
openi ng areas S2 are installed on the aforenenti onec?

systean 6hispdiperté@ shadfswed 3o 4 pliis RZWJ(@S ?l\éﬁpgg ?d|;§§ passages

open/ cl ose val ves Vb-Vn are’iI nst
11fn Whe te %Q r ANCR .pPi passages_so tha ,
oL WAt BledRER ol el AR Onf s BRE3FTuadiers TRl being
' ' [ assages.11-1 n wth a flowrate ratio
S“@?’%}*&Bﬁ@j@ f'%%b%"’ if &ﬂ'%PaﬁéaQ%qﬂ’aw dtgra shagphari agfices
3.a.rﬁea.s of orifices 3 on the aforenentioned flow
di VYR ABPIaRsiate,aranipe are@siSt he aretinstalied an opeareeplurality of
S20, of flow passable orifices on the flow diverting
flow; ‘g@eﬁﬁ'ﬁs BUpEs Ppseadase anvingh thes radoreimeritipmedafiowgdivelting pipe
nmeans of the total opening area S20 of
passages 11~1n, and the aforementioned remaining flow diverting pipe
passages are made to be a pipe passage to which a plurality of branch pipe
passages 2a~2n are connected in parallel, and orifices 4 + - having appropriate
opening areas Sz -+ - are installed on the aforementioned branch pipe passages
2a~2n respectively, and also open/close valves Vb~Vn are installed on all or
some of the aforementioned branch pipe passages so that a gas of a flow rate Q
is diverted and flowed to flow diverting pipe passages 11~1n with a flow rate ratio
of Q1/Q2/Q3s - - Qn equivalent to the ratio of an openingareaS - - of orifices 3
on the aforementioned flow diverting pipe passages and the total opening area
S20 of flow-passable orifices on the flow diverting pipe passages provided with
branch pipe passages by means of the total opening area S20 + - of

flow-passable orifices of the remaining flow diverting pipe passages being

regulated with the open/close operation of said open/close valves Vb~Vn.
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fl ow passable orifices of the remaining flow diverting
pi pe passages being regulated with the open/cl ose
operation of said open/close valves Vb-Vn. 24 [2] A
flowrate ratio variable type fluid supply apparatus
characterized by that it is constituted so that with

a flowrate ratio variable type fluid supply
apparatus with which a gas of a flowrate Q supplied

rom low rate control . system6 is diverted and
[25| one f[°8? Latg, r&%&‘ral"&?bg? tyne g Sunnly [RpPeTalus hwsactesized by
th1 -1 n wth prescribed flowrates Q-Qo, thus a gas
8t 1ls CoNptitdted &p dhahyviths apfiow gate atieighariabivtype fluid supply
divertin% pi pe passages 1l1-1n into a chanber, orifices
apparapsIwiiawitigh epgas 10§ aafleasraii (Bsuppliac frons hafldve ¢a@ control
the aforementioned flow diverting pipe passage 1li -
systesw Glis, divierted ang dopesisog dlurify ofBwt di%erting pipe passages
af orenenti oned remaining flow diverting pipe asgage

112Mni withvgstestribdee flawPidles @ﬁ%&gﬁ\&oa\r’]@%ﬁgg%} ﬂb\w ALty being

of branch pi pe passage 2a-2n are con
supdliéd ltef n Fcbifdh oG = ' openi ar.eas -
EBTeL SRtoudh o A8 B ee bR e bREa Bt orfices
PP . 2a- ctivel nd al so en/ cl ose
3OSPENERTE R afoht TS aif eI o8BS afbrementioned fow
: tioned branch pjpe passages so that a gas of
d'@’ﬁ'ﬁ@&ﬁ&&t é’aésﬁgedﬁbeﬂﬁgwaﬁamﬂaﬁve@peo passageli Ter,t iang the
; i pe assggres 11-1 n with a flowrate ratio of
a %eﬁ@'&@ge emaining floy diverting pipe passageatn s maderterbeng pipe
areas of orifices 3i-3n-i on the aforenentioned flow

Pagsaes to mhigh gepluaality gd sbratieh pipe patbage Gaalnogenidithected in
area S20 of a flow passable orifice on the flow

padilletranchgrificgee4aadrs hgeing cpeningeress Shaldsm hes FHstalléed on the

opening area S20 of flow passable orifices on sali

afdrementioved brasctPpipe ﬁ&%‘é@a@%alfzg r*gg'gg%efggyﬁl‘ég o¥ehfciose

the open/cl ose operation~of sai ves

valgﬁg m~\g€]€£\€ érﬁébtgﬂélc{: ?hfacflf % is?g}’eépt\ Iﬂ% StdréRientiohed branch pipe
passages so that a gas of a flow rate Q is diverted and flowed to flow diverting
pipe passages 11~1n with a flow rate ratio of Q1/Q2/Qsz - - Qn-1/Qo equivalent to
the ratio of opening areas of orifices 31~3n-1 on the aforementioned flow
diverting pipe passages 11~1n and the total opening area S20 of a flow-passable
orifice on the flow diverting pipe passage 1n by means of the total opening area
S20 of flow-passable orifices on said flow diverting pipe passages 1n being
regulated with the open/close operation of said open/close valves Vb~Vn.

[3] A flow rate ratio variable type fluid supply apparatus according to Claim
1 or Claim 2 wherein it is so made that an orifice 3 is constituted with an orifice

3a which opening area S11 is held constant and an orifice 3b which opening area

S12 is made to be adjustable being connected in parallel.
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1 or daim2 wherein it is so nmade that an orifice 3
is constituted with an orifice 3a which opening area
Sii is held constant and an orifice 3b which opening
area Sl2 is made to be adjustable being connected in
parallel. 25 [4 Aflowrate ratio variable type fluid
supply apparatus characterized by that it is
constituted so that with a flowrate ratio variable

ype up ratus with which a gas of a
;I owé‘fﬂé Ej‘s%dﬁﬁgu\@d'o &Rre flugwsurnly apparatus cheyadterized by
i.s. diverted and flowed to the No. 1 flow diverting
thB Belspsusitiated s@dhat méthne. flow fratev reiv erriabte pypee fluid supply
passage 2 with prescribed flowrates Q, @, thus a
a%a@ﬁ with mdich at gasobe fiowsatelQ edppligdfrom Boidw fréfé’\bontrol
di verting pipe passages 1, 2 into a charrber t he .

system 6 iscdivartédanddloded fethie Boan SRwbHiveRtind §ipd) ;Ba“é%a B 1 and
the aforenmentioned No. 1 flow diverting p| passa

thé Nea2ofiew ivertveg ARk fh { 'Egﬁ,
pi pe passage 2 |gafr$g%e to bzgwgﬂ scrﬁ)éyssgégéttgg cg\h thus a

I [ f
0 Slanduiit @ bﬁ’ﬁ@?ﬁﬁw‘%ﬁ(ﬁg@@?ﬁ% 155 el pinggpassages 1,
| 1 ed he
2 |H o.{\”é:ﬂg egﬁﬁaﬂdﬁ‘ 1 %I‘ﬁl :gg' ﬁatggggc&ergrgg tgﬁea Stis installed on the
.tIV Yo en/ | ose valves Vb-Vn are
af@%ﬁf)eéﬁ%’s omNayT T ofI0Wo iVeHingn epiRe omaseage ored andaraiio  the
passages so that a gas of a flowrate Qis
af@’ﬁ@@rﬁ'@aean@w Roflew divertingupiey passage Diipenadesages a pipe
1, 2 with aflowrate ratio Q/Qo equivalent to the
pagsage tewhistea pipriibnof drarchopipehsad¥aged 2~2n 8 SoMiected in

the aforenentioned No. | flow diverting pipe passage

padalleh caricherificesada-ofre haliggosshivg @réds Sﬁ‘&éirpgfepmgdeon the
orifices of the aforenentioned No. Iverting

afarenentioR6@dsraAchY pi&a%sgé%e%§t thlre%%%@g s %p?é?close

of flow passable orifices diverti

valggg%t%-f\gﬁ%g??n%? openélfa?glssgfn%doy\”tﬁe at R3S Bignch pipe
passages so that a gas of a flow rate Q is diverted and flowed to flow diverting
pipe passages 1, 2 with a flow rate ratio Q1/Qo equivalent to the ratio of the
opening area of the No. 1 orifice 3 of the aforementioned No. 1 flow diverting
pipe passage 1 and the total opening area Sz0 of the flow-passable orifices of
the aforementioned No. 2 flow diverting pipe passage 2 by means of the total
opening area S20 of flow-passable orifices of the No. 2 flow diverting pipe
passage 2 being regulated with the open/close operation of said open/close
valves Vb~Vn.

[5] A flow rate ratio variable type fluid supply apparatus according to Claim

3 wherein it is made so that the No. 1 orifice 3 having an opening area Siis

constituted with an orifice 3a which opening area S11 is held constant and an
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val ves Vb-Vvn. [5] Aflowrate ratio variable type
fluid supply apparatus according to Caim 3 wherein
it is made so that the No. 1 orifice 3 having an
opening area S1 is constituted with an orifice 3a
whi ch opening area Sit is held constant and an 26
orifice 3b which opening area S12 is nade to be

adj ust abl e bei ng connected in parallel, thus the No.

Toard,fi i rned. [6 flow rate rati.o .
orfic®i 41 Wy oBEu g 48 T rs At cub SShiarhigife sonnected i
d ai 4 ein it is constituted so that the No. 2
pq‘r?@%n@\t\%%ﬂfb 1p?rﬂft559pgg§5’§eft°£m?§- formed with a
IuralLity of branch_pi pe passages 2a-2n, and the
[6gpeni fowrate ratiovariable dyrst flaidcipply appamatusaceartingi toeClaim
passage 2a and the aforenenti oned opening area Sl of
4 wherel. it is sonstituteds softhahthendo. 12 floamdiierterg pipe pagsage 2 is
passage 1 are nmade to be identical, and said branch

fophee witis aguerality of branuhepipedpassages 2aMen, Andl BRCHpGHIAG area
passage 2 w thout an open/cl ose valve being install ed.

Sha7df the bfifics aacof e Bratith pipeCpaddiRye’ bHi ghd HRPYorementioned
apparatus according to Caim 4 whérein it is

opeRiR Afed S{joistﬂftﬂl‘@H Bhﬁcﬁ:@ 'ff%hé 'l\f:b‘r’.]‘ﬂdf:ldw rdWe%ﬁgS E@Pe .passage 1

passage 2 IS ornmed w bran pl pe pass
- . ' ..Sea of the orifice .4a of
arg idde, 10 B8 0BT R §8ig F3nRh ripit AP 2a 16 BoBedtag to the
1 orifice 3 of.th . 1 branch pi pe passage are
NG anhigtpe Bestada:? WIRRUt an SpeniosshEava pend Batlied
S2b--S4d of the orifices 4b-4d of the remmining branch
[7hi pe Aliowdatesrationiariable tynesfiléd suipply Zparatis asadrdiogotofClaim
the opening area S1 of the No. 1 orifice 3 of the
4 awbetain it isoeenstituted Isdthatdhe tlqe2 flaws divertires pipet passage 2 is
and the renmining branch pipe passages 2b-2d are
foroned/ initbc# brdricht hipe pesagéo2a~28] thesopefing/@rea Sza of the orifice

respectively.

4a of a branch pipe passage 2a and the opening area S1 of the No. 1 orifice 3
of the No. 1 branch pipe passage are made to be identical, and also the opening
areas S2b~Sad of the orifices 4b~4d of the remaining branch pipe passages
2b~2d are made to be 5%, 10% and 20% of the opening area S1 of the No. 1
orifice 3 of the aforementioned No. 1 branch pipe passage respectively, and the
remaining branch pipe passages 2b~2d are provided with the open/close valves
Vb~Vd respectively.

[8] A flow rate ratio variable type fluid supply apparatus according to Claim

4 wherein it is made so that the open/close valves Vd~Vn are made to ones
having the only feature with which branch pipe passages 2d~2n can be either

fully opened or fully closed.

[9] A flow rate ratio variable type fluid supply apparatus according to Claim
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[8] Aflowrate ratio variable type fluid supply

apparatus according to Caim 4 wherein it is nade so

that the open/cl ose val ves Vd-Vn are nade to ones

having the only feature with which branch pipe

passages 2d-2n can be either fully opened or fully

closed. [9] Aflowrate ratio variable type fluid

supply apparatus according to Claim 27 4 wherein it
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valve seat of a metal diaphragm is made use of for the No. 1 orifice 3 and the No.

2 orifices 4a~4n.

[12] A flow rate ratio variable type fluid supply apparatus according to Claim
1, Claim 2 or Claim 4 wherein it is made so that either an orifice 3 and an orifice
4 or the No. 1 orifice 3 and the No. 2 orifice 4 are made to be the 2-step cutting
type orifices having 2 different orifices OL1, OL2, and a gas is made to flow from

an orifice having a smaller diameter to an orifice having a larger diameter.
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