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Met hod for Flow Rate Control of Clustering Fluid and
Device for Flow Rate Control of Clustering Fluid
Enpl oyed in the Method | Field of the Invention 5 The
present invention is utilized mainly in the fields of
the production of pharmaceuticals, nuclear fuels,
chem cal s, sem conductors and the |ike, and is
concerned with the method for the fluid flow rate
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hi gh precision using a flow rate control device. The

present invention is also concerned wwth a flow rate

control device enployed in the nethod for the flow
Fieldtof thhe inventtionf the clustering fluid. Background of

the Invention The clustering fluid such as the HF gas
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fields of the production of chem cals, sem conductors
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rate control devices are used in the facilities to
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properties such as high density, hig ecific h
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the tenperature and pressure, high dependence of an

preselutt iheemian snalsatconeerres withyseflow uate eentrolevigeempjoyed in
the nol ecul ar dissociation, and the like. 1

the method for the flow rate control of the clustering fluid.

Background of the Invention

The clustering fluid such as the HF gas and the like has been widely
utilized in the fields of the production of chemicals, semiconductors and the like.
Accordingly, a wide variety of flow rate control devices are used in the facilities to
supply the clustering fluid such as the HF gas and the like. Among others, a
mass flow controller, a pressure difference type flow rate control device and the
like are the ones comparatively widely utilized.

The clustering fluid such as the HF gas and the like is known as a
substance having peculiar properties such as high density, high specific heat
ratio, high dependence of the molecular association on the temperature and
pressure, high dependence of an endothermic amount on the temperature at the

time of the molecular dissociation, and the like.
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Therefore, Boyle's and Charles' |aw does not apply to
the clustering fluid wunlike ideal gases |like the
oxygen gas or the nitrogen gas, and in regard with the
flow control there exist many probl ens which are not
encountered when controlling the flow rate control of
t he oxygen gas or the nitrogen gas. This is 5 because
the nol ecul ar weight of the clustering fluid such as

t he ' | ¢ ' I [ i
t no T DPIsaEE U1 2 And: ORI TAW JodkAG SR 36 ARE!tBAing fluid
endence of.t mol ecul ar a lhat] :
unliRaradeSdie Pp eyt o35 o e Hl e bt i ragardywith the
fluid such as the HF gas aBFI t he é.i Ee has the sam:t d wh
flow; geatrol Hhrenaxist MaRy fRycRlesks (which| g d1qtngneeyyigred when
changes when the nol ecul ar weight M 1o changes. .
c@uealiing thenBowsatr canirenofibatovgengaser tianiioden gafe This Is

clustering fluid such as the HF gas and the like is
becaate thetmoleicgrwaipht gfftheslusterng floidesunh asthehdir gas and the
is supplied, the larger endothermc effects result. In

likd 8reutynéhartitls dépsendimigehhtaenpressiifecuctuations and others due to

remar kabl e, "a probl em such as |iquefaction wll occur
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nventi onal supply systens for the clustering fluid
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of the cluyusteri fluid .such.as t ;
Ui ReBer Al ool oo Ur Rt Sptier MheE ERISARer weiont M
of the diluting gas and controlling the 20 diluting

charge® that a high precision flow rate control of the
clustering fluid such as the HF gas and the |ike can.

be &stassedhe @ssociatientheatofithe relecles,ef the eusteringid such
supply source of the clustering fluid such as_the HF )
agdRe ¥R gt aniitke like is lgeeat, thecbigpesther pregsearadiffesanoe iggvhen it
the HF gas and the like is supplied under a relatively

i1l GIHORERS THE Claf@ér igndatiirmic effecthirebulthe Inl thet @vieny that the

o} the fluid is made difficult by
endothermic effects are remarkable, a problem such as liquefaction will occur
because of the low steam pressure.

Hence, with the conventional supply systems for the clustering fluid such
as the HF gas and the like, it has been tried to improve precision of the flow rate
control precision of the clustering fluid such as the HF gas and the like by mixing
the clustering fluid in a large amount of the diluting gas and controlling the
diluting gas so that a high precision flow rate control of the clustering fluid such
as the HF gas and the like can be achieved. Or, a heating device is installed at
the supply source of the clustering fluid such as the HF gas and the like so that

the clustering fluid such as the HF gas and the like is supplied under a relatively

high pressure and in a state in which the clustering of the fluid is made difficult by
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21 heating the fluid at a high tenperature.
Description of Prior Art However, if a |arge anmount of
the diluting gas is used, or the clustering fluid
heated to a high tenperature is supplied under high
pressure, its cost 5 effectiveness and
controllability may be hindered. Furthernore, in the
event that the process side, for instance the
g@ﬂp facilities, to which the
héﬁﬂﬂ q@?ﬁmﬁi?fur %ﬁﬁ%%gppgd S Iomrpressurrzed to
D10 2 1 %,Torr form ng a near-vacuum the high
ate control can be never achieved

th the conventi onal fl contr.ol | er
var Nowgver i3 ige POt e AENNG RS S Uﬁﬁgc?f e fuatering fluid

On the other hand, in the field of sem conductor

heatadf tctarhigh tempewduie iy esippiiedhangeksighe Prgssure) dw cost
rate control device is widely used for the flowrate

eftaptivenéso fantdheorgeliabilily nsayp blei binderesh| doirthermese, in the event
conventional nmass flowrate controller in which the

thiat e pRicess Sidw Jociaktanceahe rsemieshductoiemaatfaciuringfacilities, to
transfer of 15 heat quantity. Wth the said pressure

wm%ﬁetﬁé EWsiéﬂﬂ fORt fOkuppied s low-pressariged totfoit* +he0® Torr

passi ng through an orifice is under the
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can e obt al ne e formul a KP1 (where
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of the nozzle). In the sem conductor 20 nanufact ur| ng
caugad inthepraclical HES1 i ke where t he pressure on the
downstream side of the nozzle (i.e. process

to @ e oﬂ'@rgmdh dn §In@,ﬂeldeg§ sergucgmqiypgqrupanufacturmg |n recent

| ow pressurized to al nost a vacuum use of the
y@arss the prasgnes fypevilovaratecaorttrabidevigevis sddely yspdoios the flow rate

fromthe view point of maintaining the afore-nentioned
c6htrdll 6Rkhe gases as supplied, replacing the conventional mass flow rate
controller in which the flow rate is basically controlled by detecting the transfer of
heat quantity. With the said pressure type flow rate control device, in the event
that the fluid passing through an orifice is under the so-called critical condition,
the flow rate of the fluid Q can be obtained from the formula, Q=KP1 (where K
represents a constant determined by a nozzle, and P1 represents the gas
pressure on the upstream side of the nozzie). In the semiconductor
manufacturing facilities and the like where the pressure on the downstream side
of the nozzle (i.e., the process side to which the gas is supplied) is generally
low-pressurized to almost a vacuum, use of the pressure type flow rate control

device is favored from the view point of maintaining the afore-mentioned critical

condition.
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condition. 3 4 However, wth the pressure type flow
rate control device in which the gas flowrate is
conmputed on the basis that the gas to be controll ed
passes through an orifice under the so-called
critical condition holding the ratio P2/ P1 between
the pressure Pi on the upstream side of the orifice
and the pressure P2 on the 5 downstream side of the
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enclotherm c action at the tinge of the SS
anperifies underthe sp-called catigal gangitianohol Qf"&ﬁ‘@ E& é%/Pénbe“Neen
on the downstream side of the orifice (or the process
theipdessurefP1 as the upstream sile afdhe rifice AndcibedpressureoP2 on the
the clustering fluid such as the HF gas and the |ike
dovinsitdam Sitdd sf thedorifidecatha ghluerless shamabbotd Sathe degree of the
control of the clustering fluid such as the HF gas

mé%utaﬁ‘%sbb&ﬁtl@ﬁ6Pﬂ%clhéﬁelr-¢ﬁéklﬁg flaRcsdhbdethe HBgas and the like
causing various difficulties. For exanple, if the
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devi ce under the sane conditions, the tual fl ot\gﬁ ﬁ(e is not
d'l

crigieal conditing ofi thetalvstegng fluid syghpsatne

the like which is passed to the 20 &@essure ty e
satisfied ctivet high precisien fowdcate eantrok of d@@ch as the

determined by nultiplying the flow rate val ue
HFnghsahrd theeliké hsecdrmes ebasicallyl irndossiblepathwied cagsingevarious
sald pressure type flow rate control device by the
difficulties.

For example, if the ratio QHF/QN (the flow factor F.F.) is obtained in
advance from the actual measurement of the flow rates where the flow rate QN
(SCCM) is the flow rate of the N2 gas and the flow rate QHF is the flow rate of the
clustering fluid, and N2 and the clustering fluid are passed to the same pressure
type flow rate control device under the same conditions, the actual flow rate QHF
of the clustering fluid such as the HF gas and the like which is passed to the
pressure type flow rate control device graduated for the N2 gas can be
determined by multiplying the flow rate value indicated when the clustering fluid
is passed to the said pressure type flow rate control device by the

afore-mentioned flow factor value F.F. In the event that the flow factor F.F. of

the clustering fluid such as the HF gas and the like is always held at a certain
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afore-nentioned flow factor value F.F. In the event
that the flow factor F.F. of the clustering fluid
such as the HF gas and the like is always held at a
certain 4 value, the flowrate control of the
clustering fluid such as the HF gas and the |ike can
be effected with a conparatively high precision using
the pressure type flow rate control device. On the

AP v
s e m@cﬁoiﬁnﬁ‘”@?n@%iqn?ﬁfe%%éaw Y ——

i {2/(K+1 } " ~>( K/ {(K+1) R)
raqgomﬁ@lr W& .r epresents density of the gas in the
normal state, K a specific 1o heat ratio of gas,
gasOodhstather hand, tkedlqw tatedacton&iF. obitke afnrermentloned various
depending on the type of gas (TOKU KAl No.
g@¥H¥0 ¢33 238 Gomplited f o thé atbeoretiealF forafiulahandFngmealiy it can be
the room tenperature can be obtained by the

c(ﬁﬁﬁﬁ@ﬂl’%"lﬁe{f@ﬁgw igefef@liiacal formula as follows: F.F. =
0.440100 15 On the contrary, when the flow factor F.F.

é nmeasured by using the flowrate t est
dev eln ilgurelto be expl ai ned bel ow, is found

i e gt g oo Tommer i ot v
e oS! B ity 3F USHITE F foRPgte. ok WEpecii

héﬁt@%ﬁugr&r gf@rsggéggggg g étgn‘?%%tdl Ig gergjro{:)logt%nfa?gér? srta\r“?l r|1$jtedepending
on the type of gas (TOKU-KAI No. 2000-322130).

The flow factor F.F. of the HF gas at the room temperature can be obtained
by the afore-mentioned theoretical formula as follows:
F.F. =0.440100

On the contrary, when the flow factor F.F. is actually measured by using the

flow rate test device in Figure 1 to be explained below, it is found that the value is

as follows:

Temperature actually measured 45°C

Flow factor F.F. actually measured 1.1665

The temperature is that of the heated body part of the pressure type flow
rate control device.

As apparent from the afore-mentioned flow factor value, due to the peculiar
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5 6 properties of the HF gas which permit the HF gas
to forma state of nol ecules as bound together
dependi ng on the conditions of pressure and
tenperature, the flow factor value of the H F gas, as
actual ly neasured, is vastly different fromthat
determ ned by the theoretical formula. It is, thus,
found that the concept that 5 applies to ordinary

plg)g%ﬁﬁecs;cﬂ‘l‘tge ?.gz @%s'é %ﬁ%h Vﬁ@mﬁit”‘ﬁ‘ueﬁ‘ﬂﬁ Qolfbi§ avdthie ditholRBules as

rate control of the H F gas
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that the explanation can also apply to the cases where
detreminesh by e theasgticaltfermia: r di Isq é’%;ﬁl% doyndthakthe parcept that
flow controller, or the flow rate control device
appliesgtoa ofdinary: gases euchoas W gasi 2 gasoged . the rikehwdk not be
cases too, the concept applicable to the ordinary
appitedicsivchediow Fxte @antrabof the Higasmthentthelpressureye flow rate
apply to the flowrate control of the cluster fluid

cSHFN devidens iflbsegas and the like. 15 Object of the
Invention It is an object of the present invention to

sol ¥ SLG 3 & %QBIa‘ﬁ%ﬁoﬁsw?g r&i\?éwtvﬁﬂf I‘ijle%]é”d? tbhﬁef l.Q¥E "ihére the

cont r ol vice"I's used forZcontro t he ow rate

of the.,clusteri flui uc g the
pitsgb tfie ToE/ ratf Contis), A64iC 15 SrRioVRg o By Reshouia be
rate control device can, not achi eve a hi reci si on
notgdrihgihe-explarstan A plsorpRly (R he FARES Whets B fiedlvee fiow
the HF gas and the like to be supplied to a |ow ,
raie costrol dexice suabas agmass Howrrontrilag X the flowate control device
nol ecul ar wei ght and the nunber of nole caused by the
using ex fibew rads ssonitrat valveaiscernpleyedke|n theése casemytoo,ithe concept

the tenperature caused by the endotherm c action at
appircable™® e ordinary gases such as the O2 gas, N2 gas and the like cannot

apply to the flow rate control of the cluster fluid such as the HF gas and the like.

Object of the Invention

It is an object of the present invention to solve such problems as
encountered when the flow rate control device is used for controlling the flow
rate of the clustering fluid such as the HF gas and the like, that is, the problem
that the conventional flow rate control device can not achieve a high precision
flow rate control of the clustering fluid such as the HF gas and the like to be
supplied to a low pressurized chamber due to the changes in the molecular
weight and the number of mole caused by the molecular association and the like,
the changes in the temperature caused by the endothermic action at the time of

dissociation of molecules, and the changes in the degree of the molecular
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di ssoci ati on of nol ecules, and the changes in the
degree of the nolecular 6 | | association caused by
the fluctuations of the pressure and tenperature. It
is also an object of the present invention to provide
a method for the flowrate control of the clustering
fluid such as the HF gas and the like in which the
tenperature of a nmain part of the flowrate contro

[
%%\(:Léécr%nt ﬁad@gg%ﬁ th&‘fluﬁfua% ﬁg tozrtlﬁggarg?&'ir% ?@@gﬁ@ggféfureh It is
o _keep the fl| ui.d not h| h
alfa i obidgt &8 Inperh Rt IVRgUa 0 BV A HaRIoa By Ypg fow rate
clustering fluid has not onIy te erature denc
cantfol Afsthe plustarinde wdpsuiehe Ayt heo M gas 10 g&@i‘@?dﬂ. Hhich the
of the clustering fluid such as the HF gas
temparaiuge of agvainqastiof theflowprate @oairglsdeemaw@ mawitajne% ag40cC ~
theoretically 1o nononol ecular state (or a state of a
851gIrhoreuptaferably higher ¢hamibécubete alusteringhfiuid is added with a
clustering fluid being permtted to pass through the
deté\@a”saﬁaeke"étheOﬂunda‘\dtQﬁghertthahed)rbarmikIp_r@sure (bysmiaking use of
to control the flowrate of the clustering fluid such

trSfact g%,t"tﬁe%t@ﬂﬁi? R hé§ %oWohly fédibahtméafe;fer@l@nay ®but also

to su the clus erlng luid to alowpressurlze

AR A gty o
Hkggﬂt’fc laﬁa &ﬁ '?‘Edﬁ 8& 39 Sé%?) gﬁ$ %Xlﬁj ina theoretically

i nvent ors of resent i nvent rst C ei ve
momemaiecular ﬁb?t‘? Her applate; of & ?@ﬂah WBW& of @ﬁ’ég%{t '?18%0“[53) with
device and heating a mmjor part of the pressure
they dusteriog fluid deingnpemnitted i gassdhiaugh thediaw &tert‘étf‘éfol device,
control device can supply the clustering fluid with

tHereby ntakingitepossitie 30 6SATM the fliow catefdbe wlustering fluid such as
thlcgr ﬁ;e;;s and the like with a high precision and to supply the clustering fluid to
a low pressurized chamber. It is also an object of the present invention to
provide a device for the flow rate control of the clustering fluid to be used in the

above mentioned method.

Disclosure of the Invention

The inventors of the present invention first conceived an idea of using the
pressure type flow rate control device and heating a major part of the pressure
type flow rate control device so that the flow rate control device can supply the
clustering fiuid with the flow rate of 3~300SCCM to a low pressurized process
chamber used in the semiconductor manufacturing facilities while subjecting the
fluid to a high precision flow rate control. And, then, based on the

afore-mentioned idea, tests were conducted to determine the relationship
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chanber used in the sem conductor manufacturing
facilities while subjecting the fluid to a high
precision flowrate control. And, then, based on the
afore-nentioned idea, tests were conducted to
determ ne the relationship 7 between the heating
tenperature and flow rate control characteristics
(flowrate control precision) with respect to a
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desired instruments or apparatuses by using a flow,

r at #heqiesent iaantion has kgenereatrd agsegpaﬁm%ﬁf%e-menﬂoned test

nol ecul es of the clustering fluid passing through the
resalts. f Thev prasentciouention deClaim 1l eliites deisamethdsy for supplying a

heating the afore-nentioned flow rate control device

clastelringt flid €roph sgary supsply Issuecelfd degited imstruments or apparatuses
nononol ecul ar state is supplied by the flowrate

by 88ingCh fleRV 6 cohtrbPdevitBiif Wiich te hSSodihiton bAkRlecules of the

control. The present 1nventionin CCaim2 relates to a

cl[I‘s’{emg A ng&iﬁéﬂ@ggﬁ hé LR felvd F}%{afdoH‘u%l §EA8 s @i88ociated by

suppl'y sou d rastrunents or appara

by.. Usj.n flow rate control device in [ e . '
nGRnEE IR ee rmi O THE caIE i Yo et ghiystering fluid

assing through the afqQre-meptjoned f] ow rate cont, o) .
keRhinc Manorapiecdar stale 1 suaplied bidne v P conbRl deicg while

clustering fluid to a level lower than a partia
syhjesledrte the flowaate gentedlust ering fluid kept in a

nononol ecul ar state is supplied by the flow rate

confrhel pasent énvdritioe Fulllaiot &d relatashéo fd ovethadefor supplying a
control. The present invention in Claim3 relates to a

clﬂEtéﬁmg fifid Glomh 2Eghd Busplfisduice #Ddesirdd Mistrumenis beiapparatuses
the fllow rate control device is a flow rate control

o S 2 ol ke AR Ot AUMIGP BkoSBiF Pidecos of e
clustering fluid passing through the afore-mentioned flow rate control device is
dissociated by diluting the afore-mentioned clustering fluid to a level lower than a
partial pressure so that the clustering fluid kept in a monomolecular state is
supplied by the flow rate control device while subjected to the flow rate control.

The present invention in Claim 3 relates to a method as claimed in Claim 1
or Claim 2 wherein the flow rate control device is a flow rate control valve, a heat
type flow rate control device or a pressure type flow rate control device.

The present invention in Claim 4 relates to a method as claimed in Claim 1

wherein the temperature for heating of a main body of the flow rate control

device is not lower than 40°C.
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The present invention in Caim4 relates to a nethod
as clained in daiml1l wherein the tenperature for
heating of a nmain body of the flow rate control
device is not | ower than 40C. 8 The present invention
in Cdaim5 relates to a nethod for the flowrate
control of a clustering fluid enploying a pressure
type flowrate control device in which the flow rate

S-icb0® Biedeat RREHHEA BrCRRs YBiathe (hef shBnplIRY e M rate
coralel eHstephg W sehEing SoiroBna e foi i Ganipl device in

the orifice and the gas pressure P2 on the_downstream
whichethsr floweradei @i efethes gaeirasgingathroughian eREice tingompded as
critical pressure ratio of the gas wherein the
QelKilstt (wheng K ista donstant) avitin theeghst passingsthroughutite orifice in a state
afore-nmentioned orifice while the afore-nentioned

whERS tHe eatioyPZ/Ph | sativeeh ehe gakpressiaei REon shéepstdamaside of the
the 10 tenperature not |ower than 40C. The present

ofiffeeeahd Bk Has Brédstird P rAihRSddvendtratih BRfb 6Fthe! crifieBds held at a
Claimb erein a chanber which is connected to the

i ; J f . .
vEERTOUP RS el BRsRURS RGN hERRS WRIElTHR clustering fuid
. vacuum.device. The present .jnvention i im. .

st obSBLeo 6 reATRoa TEaogh oithea Fntecharfiohd Brfice, ayiyle  the
t he graduation of the pressure type . flow rate. contro

atpge RRTQNeC ARFSHR e YIS IO JALS HeoNt! gdeviceif fpgted to the
flowrate factor F.F. of the clustering fluid against
tampemturgaotilewapthes#Q'@t el y chosen according to the
tenperature of the main body of the pressure type

f | oWheggresentihvehtiarein Claim® tetates tha hethedras elairoéd imélaim 5
clustering fluid is obtained by nultiplying the

wWHBASIH z26hamBer Which Kaddiheeted &DtHehgownstsead sitle of ¢ieé peessure
fluid by the afore-nentioned flow factor F.F. The
eefﬁﬁmc?tb WORfTo| G8vitd aRtidbEdifes HetiasteringduittidWdadium device.
llaimed 1n Caim©6
The present invention in Claim 7relates to a method as claimed in Claim 5
wherein the graduation of the pressure type flow rate control device is
determined based on the N2 gas, and the flow rate factor F.F. of the clustering
fluid against the N2 gas is appropriately chosen according to the temperature of
the main body of the pressure type flow rate control device so that the flow rate
of the clustering fluid is obtained by multiplying the measured flow rate value of
the passing clustering fluid by the afore-mentioned flow factor F.F.
The present invention in Claim 8 relates to a method as claimed in Claim 6
wherein the pressure type flow rate control device is heated to the temperature

of 40°C ~ 85°C, and the vacuum device which is connected to the downstream

side of the pressure type flow rate control device and receives the clustering
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wherein the pressure type flow rate control device is
heated to the tenperature of 40C -y 85C, and the
vacuum devi ce which is connected to the downstream
side of the pressure type flow rate control device and
receives the clustering 9 fluid is a vacuum chanber
whose pressure is 10-' Torr - 102 Torr. The present
invention in Claim9 relates to a nethod as clainmed in

ﬂﬁfi% ? \%cumf . r“b%:Pﬁ:hB@Q%‘?e%gur §1 b ’D"’T‘oﬁaL qocofdol of

usterin be " su rom € pressure

typ f|OMIr te control .device to the vaguum c ] .
ef@@d%&&ﬁ)ﬂ *ﬂﬁ%nm@eﬂ%% raﬁtﬁaﬁno A MEBRS §aEEd . 1aim 5
net hod as i n
pesie the repg, gf fre g fgt%ye%@'e?f qlw%r'nazfugﬁp bhugpled from
or ozone. The present invention in Caim1ll relates
theo pressureodyee oneﬁ mete iqentichi devicentr dhe tvAaeuum chamber is
tenperature of a main body of the pressure type flow
3r30@SE€aM.rol 1o device is 45C while the flow factor
is F.F. is 1.1665 when hydrogen fluoride is in use

f or Theeprebohtinvé o IrESRIvh 10 kstales a0 d mefAcd a3 thimed in Claim
relates to a flowrate control device for a

1 % 48 O Wehdrbid tﬁe‘?ﬁlﬁs‘i@mﬁ@éﬁ@ih' i§ ﬁy@h’b%eﬁ' fildiride! gid, Watdidr ozone.

froma fluid supply source to desired instrunents or
appa.at 0 0
A SR AR R ey o
te cotrol devj ce isS dlsscat b eat
ofi e Bmueabire o & BaREER S b Tt Eressiicy tmp%of&w &%te control
so that the flowrate control device is permtt
dewRe iofotthevhitedefiovefagton i d o lisid 186 When bwemg@@p’luqrwe is in
a nononol ecul ar state. The present invention in Caim
usg fordhetfldd.t o a flow rate control device for a 20
clustering fluid which supplies the clustering fluid
f r offhe present iauention mollaim 12orelates ito adlowsdte woatrosdevice for a
apparatuses in which the association of nol ecul es of
cluBtering fluid which supplies the clustering fluid from a fluid supply source to
desired instruments or apparatuses in which the association of molecules of the
clustering fluid passing through the said flow rate control device is dissociated by
heating a main body of the afore-mentioned flow rate control device so that the
flow rate control device is permitted to control the flow rate of the clustering fluid
kept in a monomolecular state.

The present invention in Claim 13 relates to a flow rate control device for a
clustering fluid which supplies the clustering fluid from a fluid supply source to
desired instruments or apparatuses in which the association of molecules of the
clustering fluid passing through the said flow rate control device is dissociated by
diluting the afore-mentioned clustering fluid to a level lower than a partial

pressure so that the flow rate control device is permitted to control the flow rate
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clustering fluid passing through the said flowrate
control device is dissociated by diluting the
afore-nmentioned clustering fluid to a | evel |ower than
a partial pressure so that the flow rate contro
device is permtted to control the flowrate 10 of the
clustering fluid kept in a nononol ecul ar state. The
present invention in Claim1l4 relates to a flowrate

t ' .cl.ai [ i 2 or Claim 13
oﬁﬁ%@uﬁéﬁwﬂﬁ%?@@ﬁ%t 'iaﬁhgﬁvgwglbgqé%n%%l' val ve, a heat
type flow rate control devi or.a pressure type flow .
r Enegesait Gusin i CIg i5 s B BTEW Faf Riyip! Bvice as
control _device. The present invention in_C aim15
clagmed & Gl 17 o5 Flaigh d SoUheTed] SBKPnetA fow| TaleEantel valve, a
Caim 12 wherein a main body of the flowrate control =
heat/type flaw rateacantrol device ercanpeesaune dyproflowowmte contal device is
40C. The present invention in Caiml1l6 relates to a

chhosasior ¢he flpw riteogontedl €levige. cont rol device in which
the flowrate Q of the gas passing through an orifice

I's Teempretest inveftidiPin CIAIAT ¢5 felatePtcs aTRWARAtE odntfdl deice as
gas passing through the orifice in a state where the

clafthé® if %I%?rggﬁ% }%ﬁt?eﬂ'eH‘% | Ceﬂgﬁgs&ﬂ thed’ %loﬁvnrétgecontroFl)Zdevice is

upstreams € Ori the gas pressure

S| e ifice is held at a
h%%ﬁeﬁ?&%ﬂ?%éﬁ@un?ﬁiﬁq?ﬁérﬁl Z|1(§:),£13I' pressure ratio of
t he_gas_ 15 erein the uid, o cqontrolled is the
ol w308 pregehl TiventandnaClali 1hgeliios 48 ¢ PressiubCppidiow rate
in the pressure type flowrate control device so that .
comeol ayiGeny w@whcée flaw palent efcthe: gaspassiag dRraygb gy orifice is
of the pressure type flow rate control device to the
corapptadaas Q=KiBt (Wbexer Kiinancanstantjiwithpthes gas passingt theeugh the
in Cdaim1l7 relates to a pressure type flowrate 20
orifict irnla siae wehers theatatio dP2/P1(hetwach6theshgagipressire P1 on the

clustering fluid flow factor F.F. based on the N2 gas
u%?trﬁig ISP bR oriffdaosetiRCgas Brature PRhvh frRNaewAstréam side of
the orifice is held at a value not higher than the critical pressure ratio of the gas
wherein the fluid to be controlled is the clustering fluid, and a heating device is
installed in the pressure type fiow rate control device so that the heating device
is permitted to heat a main body of the pressure type flow rate control device to
the temperature not lower than 40°C.

The present invention in Claim 17 relates to a pressure type flow rate
control device as claimed in Claim 16 wherein the clustering fluid flow factor F.F.
based on the N2 gas is appropriately chosen according to the temperature of the
main body of the pressure type flow rate control device, and the graduation of

the pressure type flow rate control device is determined using the said chosen

flow factor F.F. value.
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mai n body of the pressure type flow rate control

devi ce, and the graduation of the pressure type flow
rate control device is determ ned using the said
chosen flow factor F.F. value. 11 The present
invention in Caiml8 relates to a flow rate control
device as clainmed in aim113 to Caim 17 inclusive
wherein the clustering fluid is hydrogen fluoride

gas . wat er . .The_. ' t4 ' j :

7ot T Bl iPaB0G i (Tt TP3Raseq I S rof® i idbtice s
s clainmed in dajmlzZ wherein the.t rat ure of

o o Bpm 15 1 Elane s iR AL8eHhE Bia K drogen
device is 45*C while the flow factor F.F. is 1.1665

flupride gas. Waler &§EAOReuori de gas is in use for the

fluid. Brief Description of the Drawings Figure 1 is a
wholThebprasent!iimegrdionoin Claimt 46t refates do a pressidrey iipeofiew rate
io characteristics of the pressure type flow rate

conblrdevicte s claimietin IGlgian d7twharbin thel tertperatuge bf thedmain body
such as the HF gas and the like. Figure 2 illustrates

of (e bleRduFetyDeCi Asfecddritid] @eviRb is 5 Orwhle tife fiswdactor F.F. is
flow rate control device, (a) showi ng the case where

1“@& Whtn ﬁ?@ﬁg&@@eﬁlﬂu&iﬁé % iE%?GE%g% thelRiiglevi ce, (b)

case wher e test specinen I's used, and (c)
t.h 1%. ase 'S, r] est speci men F20A i s used.
= : flowrate errors caused by

changes of the heatin tenperatu 45* *C and 85 .
>+ OFlgwie el s BBl Eic's ABorady of Baéi thshdovigel 1.l various
and F115A-HT types. Figure 4 is a diagramto sh?lwthe
chappterigtiss of thggy‘gsgureetyppofigmgatq@omtgtdew with regard to the
speci mens, F1 1 5A, F65A and F20A where the heating
clusteting twidissich gsatharf gas andithedikes i s a expl anatory

drawi ng of the method for the flow rate control of

Figure 2 illustrates the flow rate characteristics of the pressure type flow
rate control device, (a) showing the case where the test specimen F115A is used
for the device, (b) the case where the test specimen FB5A is used, and (c) the
case where the test specimen F20A is used.

Figure 3 illustrates the flow rate errors caused by changes of the heating
temperature (45°C +2°C and 85°C £2C) in the cases where the test specimens
are F115A and F115A-HT types.

Figure 4 is a diagram to show the flow rate as measured employing the test
specimens, F115A, F65A and F20A where the heating condition is a parameter.

Figure 5 is a explanatory drawing of the method for the flow rate control of
the clustering fluid in which the clustering fluid such as the HF gas and the like is

permitted to be lower than a partial pressure by dilution.

List of Reference Letters and Numerals
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' the clustering fluid in which the clustering fluid
such as the HF gas and the like is permtted to be
| oner than a partial pressure by dilution. List of
Ref erence Letters and Nunerals 12 1 designates a N2
gas supply line 2 a supply line for the clustering
fluid such as the HF gas and the like 3 a pressure
type flow rate control device (a test specinen) 4 a

vacuum punp 6 a heating devi ce

1 g%é#g%?g%sé:@%gﬁplghget enperature sensor
i e Sl

pe flow rate control devi ce (non-heating type) 10 an
3 amoarressw typerflpw rate sontrobdeviee (@ tesd SpaeMen) the HI F
gas and the like Mbde of Carrying Qut the Invention
4 1% bihied-upadbantberarryi ng out the present invention is
expl ai ned hereunder. Figure 1 illustrates a whole
5 5cengdduumhipampf a test device to find various
characteristics of the pressure type flow rate control
6 deVhERingBbHBe fOrme a basis of the present invention,
with regard to the clustering fluid such as the H F
g Specifically, the followi ng tests
P aaf%%%gréegg?r%? ement ed using 20 the said test device.
rate control characteristics shown when

Tt Rifpdrahirel Ersaf O,

S a build-up flow rate measurement device
10 7 adiluting gas supply line
8 adilution apparatus
9 a pressure type flow rate contro! device (non-heating type)
10 an apparatus using the clustering fluid such as the HF gas and the like

Mode of Carrying Out the Invention

15 The mode of carrying out the present invention is explained hereunder.
Figure 1 illustrates a whole construction of a test device to find various
characteristics of the pressure type flow rate control device, which forms a basis
of the present invention, with regard to the clustering fluid such as the HF gas
and the like. Specifically, the following tests W~@ were implemented using
20 the said test device.
@O The flow rate control characteristics shown when the HF gas is passed
at the flow rate of 4 -100SCCM are confirmed using 2 sets of the pressure type
flow rate control device (for the N2 gas).

@ There are confirmed the state of the flow rate control in which the build-up

13
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at the flowrate of 4 -1 OOSCCM are confirmed using 2
sets of the pressure type flowrate control device
(for the N2 gas). (9) There are confirned the state of
the flowrate control in which the build-up 13 chanber
Is heated and the state of the flow rate control in
whi ch the build-up chanber is not heated. (c) The
flowrate control error shown when the HF gas is

: f t riat i

cHEIBELI heatd RETRpe Y SR fctuirdR. bOREIR EnER b Yuia-up
Ean es.is }onfi rmed. (c) Alinearity of the flowrate
CRAMPEBIS RAfJVFPtGHen the flow rate of the HF gas is
controlled (at the tinme of the inter iate setti

(@ TPerfioNy rate ORIrol egor sHown WieH tﬁﬁﬁ%ﬂﬁ%ﬁ grssad Hthe same
conducted by the build-up flow rate neasurenent
flaevratseto the fiownitate eentrolideviess (fordiherNa gag)dhaving different flow rate
preci sion shown when the tenperature for heating the

rangessigroenfigmedf | ow rate control device (for the N2
gas) is changed (45C2) is confirmed. (c) The flow

r at €)shQweantiesr thecfld\e abiengontedistodinwhehthe dlowe rate ofahe HF
high tenperature (85C) is confirnmed using the

gB& &S EHﬁl‘Folféﬁo(%{ %é’mﬁeaéﬁhé GefRbdReY Eéﬁirr]lg Trehdl rehitegﬂ and at the

tenperature. ow rate precision shown when e

heat i t e re | han i, g elaRei_akun

titE yin; 3 hiesorBof & teindBie By She CBRRLGP ! TBw rate
control dféi ce {.or hi'g':?'l tenperature. On the basis of
MeASUreDeNt deyiee} iIsEOfigPEd nent i oned tests (D--(c), an
optimum 20 range of the heating condition is .

det &ntioutrate santrphgrecision shawn ¥han thedempesature fr heating the

flow rate neasurenent precision and tenperature . )
peessiire itypss flowenate pnetrordewice (for the N2 gas) is changed (45Cx2) is

confirmed.

® The flow rate shown when the heating temperature is raised to a high
temperature (85°C) is confirmed using the pressure type flow rate control device
for high temperature.

@ Flow rate precision shown when the heating temperature is changed to
a high temperature (85°C +2°C) is confirmed using the pressure type flow rate
control device for high temperature.

On the basis of the resulits of the afore-mentioned tests ~{), an optimum
range of the heating condition is determined examining the relationship between
the flow rate measurement precision and temperature conditions where the flow
rate of the HF gas is controlled using the pressure type flow rate control device.

Referring to Figure 1, 1 designates a N2 gas supply line, 2 a HF gas supply

line, 3 a pressure type flow rate control device (a test specimen), 4 a build-up
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rate of the HF gas is controlled using the pressure
type flow rate control device. Referring to Figure 1,
1 designates a N2 gas supply line, 2 a HF gas supply
line, 3 a pressure type flowrate control device (a
test specinen), 4 a build-up 14 chanber, 5 a vacuum
punp, 6 a heating device, P a pressure sensor, T a
tenperature sensor and V1-V6 val ves The pressure type

g'l"@w?éﬁ%er g@%g Bjuﬁl t'”e%%oﬁe?ﬂgg hea el qj%og?mgrseﬁsor Ta
hﬁg@dﬁfa Sy afaqhg%%&ov@\'ﬁéﬂtl 55%%%@@615' g, ret8 eontro

line 1 and the HF gas supply line 2 respectivel
deviee hé @nsr a8, buldeup £bampfr et 7EA deBRaraluy wssgd@ thepheating

abs.) is used for the pressure sensor P, and a

device {haalee) 6.her roneter (Pt1 00 is used for the

tenperature sensor T. 10 K K. FUJI KI N- made

FCSTAENZL a8 ©f 12BIKR4-. sbs., ahCSthe\\BIF6gds are supplied to the
(65SCCWF. S. ), FCS-4Ws- F20A (20SCCMF. S.) and

afde&riditiontd R Hadstpply( IS PaRtth& HF gas B sbly I|ne 2 respectively.

tenperature) are used for the pressure type flow rate

CO”%Wheﬂﬂll’:Lé%b q&(;:'stﬁﬁcé ﬁ?]érﬁ?ne%P {ratetras '19'3?«‘#’3‘ £b°'§ Is used for

Specl men as an 1 nside VO

oL s PR o P e o v

Eate measyrenent device Sis fornmed of the
teigpg%@lHrgst%Qr fow rate control device 3, the build- up
chanber 4, the pressure au P and val ves Vi-V5 and

AR

t he K-Kk & UIKINade @S (A1 2SeeMR-81). JeP@WVE-FE5A

and the build-up chanber 4 20 are
65‘5@6%&)9%%8&2@#\ t{ReSOEMF.&d) mdeF%-(H&RKI 24-F115A-HT

REKEN-KE | Kl -nade CB100) at a prescribed
(MSRCCRIAS efod diigh temperdturd) erehesdd Ry thenpitesisores typanflow rate
control device 3 which is the afore-mentioned test specimen. The build-up
chamber 4 has an inside volume of 1000cc. And, an EDWARDS INC.-made
vacuum pump is used for the vacuum pump 5.

A so-called build-up flow rate measurement device S is formed of the
pressure type flow rate control device 3, the build-up chamber 4, the pressure
gauge P and valves V1~V5 and the like.

The pressure type flow rate control device 3 and the build-up chamber 4
are temperature-adjusted by the heat adjuster 6 (K.K. REKEN-KEIKI-made
CB100) at a prescribed temperature determined by the heating conditions, and
the temperature is measured at some parts (totaling 8 points) using the sheath

type K thermocouple as mentioned later.

The heating conditions in the tests as will be mentioned below are follows
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the tenperature is neasured at sone parts (totaling 8

poi nts) using the sheath
nmenti oned | ater.

as

Wi ||

the buil d-up chanber 4: Buil d-up Test Specinen
3Tenper at ur eChanber 4Tenperature

s T T T

cHarrber Tenp. FCS(F1 15A- HT) 850CDownst r eam 400C

type K thernocouple as
The heating conditions in the tests
be nentioned below are follows 15 with respect

to the pressure type flowrate control device 3 and

€¢Ranber FCS(Fl 15A- HT) 830C, 870CDownstream 400C
si de chanber Each test specinen 3 has 5 msasuremsnt
p RS \u reastrenent pGI Ats—5-ont Y f-ot I‘LUI-\ —Twhitch
arle the points of 75% 60% 45% 30% gg% u4390% only
for F20A)Teef Sphbemeasipect i velerpedtige E’ﬂ HES, 4 ThEersrarature
value (% neans the setting against|the input $ignal
0-[I00% and the 1 nput voltage signal elr
prleFOBE | tydeF55awR244) cont r4i°Cdevi §%£E93£bf ;n 40°C
Furt hernore en the neasyrenent js|/con U(‘anrr T The
sanme flow rate o o Downstream |Rm 40°C
FCS(F115A) 43°C.47°C side chamber | Temp.
D t o
FCS(F115A-HT) 85C | can opober | 40°C
D t o
FCS(F115A-HT) 83°C. 87°C | e shomber | 40

Each test specimen 3 has 5 measurement points (6 measurement points
only for F20A), which are the points of 75%, 60%, 45%, 30%, 1_ 5%, {90% only for
F20A) of the respective rated set values. The set value (%) means the setting
against the input signal 0-100% and the input voltage signal 0-5V to the pressure
type flow rate control device 3.

Furthermore, when the measurement is conducted at the same flow rate
point, 3 points of 48.8SCCM, 20.0SCCM and 9.758CCM (based on N2) are
measured respectively.

The places for measuring the afore-mentioned temperature are as listed in
Table 1. Point A desighates a temperature monitor display of the leak port part of
the main body of the pressure type flow rate control device, B a thermistor fitting
part of the main body of the pressure type flow rate control device, Point C a

lower part of the base plate of the computing control part, Point D the room

temperature in the test room, Point E a temperature monitor display of the
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10 point, 3 points of 48.8SCCM 20. OSCCM and 9. 75SCCM
(based on N2) are neasured respectively. The pl aces
for neasuring the afore-nentioned tenperature are as
listed in Table 1. Point A designates a tenperature
noni tor display of the |eak port part of the main
body of the pressure type flow rate control device, B
a thermstor fitting 15 part of the nain body of the

oBIEER Hiehbat ShAEhes WhAG TR EDRR B B fomperare
SR € iE BB TR AR PO 5k 4 WPperaure

buil d-up chanber, Point F is_a tenperature displayed
displayed ancthsciemparaturg gdikstes 6 gnountad o e RrRESWg;tree flgw rate
chanber, and Point Gis a tenperature displayed on
conigoltdavice. at ur e adj ustor 6 nounted on the pressure

type flowrate control device. 5 The afore-nentioned

t estThe(afpre-frintioned tests diptBdwere thrddaiéd awthegfolloding order.

Di The pressure type flow rate control device 3 which

| s (DeThE presHRfé T flow FaledBiRR @eviee 3 Whithi isahe tedtspecimen

Figure 1 (i.e., connected to the build-up flowrate
: : ' Ei h I A ABE tv 18-
RIEARE o SARIBT) SuELF (18] Bt ABaHa(5 0. fow rte

ot her rreaﬁéléeggg) instrunents is effected for nore
mMeas "aMRBLYeY e the test is started. (c)

At pheric gas is evacyated to a vacuum state up t .
t hgt@pfh@ IRG-HE Qperatipn ij Mpgsg%tgppm rate gonProI device
control device 3 by the vacuum punmp 5. (c) A CzC| e
3pand)ethar mgaswement jastrursepisnigueifesied der mogadhan 1 hour before
substitution. 15 (c) Val ves placed forwardly and
thatdstvés steytedf t he pressure type flow rate control
device 3 are closed while the systemis kept in the
vac @nmaghespherithgas is evacuated to a vacuum state up to the upstream
side of the pressure type flow rate control device 3 by the vacuum pump 5.
@ A cycle purge using the N2 gas is conducted for a gas substitution.
® Valves placed forwardly and backwardly of the pressure type flow rate
control device 3 are closed while the system is kept in the vacuum state. The
system is left for 10 minutes as it is, in order to confirm that there is no rise in the
pressure command output (no leak is confirmed).
® Next, the gas (the HF gas or the N2 gas) to be measured is allowed to
pass to the pressure type flow rate control device 3, to measure the flow rate by
the build-up method. The measurement is conducted 3 times to determine the
average of the measurements, which will be the measurement result. It should

be noted that the pressure inside the build-up chamber 4 is evacuated to a

vacuum degree of 10°  Torr before the start of the measurement.
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systemis left for 10 mnutes as it is, in order to
confirmthat there is norise in the pressure conmand
output (no leak is confirnmed). (c) Next, the gas (the
HF gas or the N2 gas) to be neasured is allowed to 20
pass to the pressure type flow rate control device 3,
to neasure the flowrate by the build-up nethod. The
nmeasurenent is conducted 3 tinmes to determne the

averag :
mea i sangel fedfeP 1 EEE Rohopthigiihelireqert B flow rate control
dgnes;ure i nside the build-up chanber 4 is evacuated to
e cuum degree of 102 Torr before the start of the
measurenent. 17 | ( A special heater is used for
heaf® RyMple tigle-shenld be given taf thatemperatuge adiusinest.qand the
(r) Anple tinme should be given for the tenperature
measusrment shauld start afiersoendfiring stheti|the stemperatyrer has been
confirmng that the tenperature has been 5
stabilizedi zed. The results of the tenperature neasurenent
are as shown in Table 1 - Table 3. It should be noted

t hatrhel iestits of 23hé aempefatufes addtliremeat breas sHova én Table 1 ~
that the tenperature of the test specinen 3 is 45C and

TAbig Pui @hH%dCBé“ﬂbﬁdaitﬁat Hihd'Tabied, My h§at{irﬂge cBﬁ&Fti'bﬁg O@ are

conditions ar e the tenperature o e test
' IS A4 t At e i |.d- :
R 853, Eifochale ol Rt BN S 48T At oY hBmber s
o kAo RESGRBRaGASE Al B 50 TSt o e
noni t or 46. 045. 445. 745. 2 _ .
specimen 3 is 45°C and the temperature of the build-up chamber is 40°C.

[Result of Temperature Measurement]

[Table 1] Test Specimen F115A

[C]
Heating Conditions @ ®

Gas Type N2 HF Nz HF
A. Downstream side leak port temp monitor 46.0 454 45.7 45.2
B. Thermistor part 412 46.6 46.9 46.4
C. Bottom part of substrate 43.1 42.8 43.1 425
D. Room temperature 245 253 245 248
E. Chamber temp. monitor 237 244 44 4 430
F. Chamber temp. adjustor display 24 25 40 40
G. FCS temp. adjustor display 45 45 45 45

[Table 2] Test Specimen F65A
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B. Therm stor part47.246.646.946.4 C. Bottom part of
substrat e43. 142. 843.142.5 D. Room

t enper at ure24. 525. 324.524. 8 E. Chanber tenp.

noni t or 23. 724. 444. 443. 0 F. Chanber tenp. adjustor

di spl ay24254040 G FCS tenp. adjustor display45454545

15 [Tabl e 2] Test Specinen F65A 18 Heati ng

Conditions(J)2 Gas TypeN2HFN2HF A. Downstream si de

| eak port tenp nonitor45.945.845.845.7 B. Thernistor __ [°C]

par t 44946 -RBAdchd6. 8 C. Bottor@art of )
ubstTatedd2 5427422428 D—IRoom
Sabyee 193] 193M8 £ | cpabar tepp N2 HF
Qb dnQleatninDidrod e mbthid{ 8 F5.9Chanber43&np.| ad4ust or 45.7
Spl a Z5Z54U4U G FCHt ad] usi dijspl 545454
%r ﬁh@'}/ Qr\or\l A Dh AN J|_Io 2&‘ p %/ﬁ 56'8

" T U7 Vv 1 LI\ @ " T IIH

&rﬁﬂt‘é‘?%ﬂgm(oﬂsﬂt’s@@ TypeM2AEN2 HE 427 Downst #24m sli de428
[Qai@oﬁpfgmﬁ@m,—gom tor45.846. 045. 461 5 B. Thetm St or 23.2

Chambgr fesfia Taonitps obs 228 ° | PO 238" 42.7 438
F. Chamber temp. adjustor display 23 23 40 40
G. FCS temp. adjustor display 45 45 45 45

[Table 3] Test Specimen F20A

[*C]
Heating Conditions ® ®

Gas Type N2 HF N2z HF
A. Downstream side leak port temp monitor| 458 46.0 458 455
B. Thermistor part 47.2 472 46.8 470
C. Bottom part of substrate 429 43.1 438 43.4
D. Room temperature 23.3 245 256 26.1
E. Chamber temp. monitor 233 23.7 440 43.9
F. Chamber temp. adjustor display 22 24 40 40
(. FCS temp. adjustor display 45 45 45 45

As apparent from the results in Table 1 to Table 3 inclusive, there is seen a
difference of about 0.2~2.2°C between the value displayed on the FCS
temperature adjustor 6 in the item G and the temperature of the thermistor part
in the item B. Therefore, this should be noted in the event that the strict
temperature management is required fore electronic components and the like.

Table 4-1 shows the results of the measurement of the flow rate, which
demonstrate that even under the same heating conditions, there are differences
between the N2 gas and the HF gas in the respective flow rate settings (75%,
60%, 45%, 30% and 15%). The measured flow rates are the results of the

measurements conducted 3 times. It is learned, then, that there is no
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D. Room t enperature23. 324. 525. 626. 1 E. Chanber tenp.
nmoni t or 23. 323. 744. 043. 9 F. Chanber tenp. adjustor

di spl ay22244040 G FCS tenp. adjustor display45454545
As apparent fromthe results in Table 1 to Table 3
inclusive, there is seen a 5 difference of about
0.2-2.2 ,C between the value displayed on the FCS
tenperature adjustor 6 in the item G and the

t L. r tonnl i
IGGIREEbLIR by e b ethotBpndRb mepilrkiferd i ing pressure
strjct te rature m ment is.requited for
tyBPloi sateccatm tuices BATERBors Kb Aes ShaWs B faw rates as
the results of the nmeasurenent of the flow rate, jch
megsumebies cprguct thatest, siateshinthe aforeAnentinad ham@h (Page 12)
conditions, there are differences between the N2 gas
usingd the pregsuge typenflaw cateccontrel device shawndnd-igere: 1.ngs
(75% 60% 45% 30% and 15% . The neasured flow rates
are the results of the neasurenents conducted 3
times. It is learned, then, that there is no 19
fluctuation of the flow rate val ue between the
measurenents with the pressure type flowrate contro
device. Furthernore, Table 4-2 shows the flow rates as
nmeasured to conduct the test stated in the
afore-nmentioned Item(r) (Page 14) wusing the pressure
type flow rate control device shown in Figure 1. 20
[ Tabl e4-1] Measurenent Result of Flow Rate (Test
Speci nen F115A) [ SCCM Heating ConditionsT Gas
TypeN2HFN2HF 75% Ave. 85. 8101. 984. 3100. 6

20



75% 1 st tinme85.7101.884.3100.5 75% 2nd

time85. 8101. 884.4100.6 75% 3rd ti ne85.8101. 984. 4100. 7
60% Ave. 68. 378.967.378.3 60% 1 st tinme68.378.967.378.1
60% 2nd tinme68. 478.967.378.3 60% 3rd
time68.479.067.378.4 45% Ave. 51. 559. 150. 758.5 45% 1 st
time51. 559. 150. 758.5 45% 2nd ti nme51. 459. 150. 758. 5 45%
3rd tineb51. 459. 150. 758.5 30% Ave. 34.139. 633.639.1 30%

Soo ERE B ) RSl Rt 4300w RABS ‘e sieclperiF hsn)
: 15% 1 st tinmel6.719.616.419.4 15% 2nd
| tinmel6. 619.516.419.3 15% 3rd tinel6. 719.616.419, 3 21[SCCM]

[HEalk eodiiads |Measur ementDResul t of S$ame Fl ow Rge (Test
$8n ql%rrager—u S5A) [I\BLUV] at ||qlg CongitTronsU s HF
"75% Ave. 85.8 101.9 84.3 100.6
75% 1st time 85.7 101.8 84.3 100.5
75% 2nd time 85.8 101.8 844 100.6
75% 3rd time 85.8 101.9 844 100.7
60% Ave. 68.3 78.9 67.3 78.3
60% 1st time 68.3 78.9 67.3 78.1
60% 2nd time 684 78.9 67.3 78.3
60% 3rd time 68.4 79.0 67.3 78.4
45% Ave. 51.5 59.1 50.7 28.5
45% 1st time 51.5 59.1 50.7 58.5
45% 2nd time 514 591 50.7 08.5
459% 3rd time 514 59.1 50.7 585
30% Ave. 34.1 396 33.6 39.1
' 30% 1st time 34.1 396 33.6 30.1
' 30% 2nd time 34.1 39.6 33.7 39.1
30% 3rd time 34.1 39.5 33.6 391
15% Ave. 16.7 19.6 16.4 19.3
15% 1st time 16.7 19.6 16.4 19.4
15% 2nd time 16.6 19.5 16.4 19.3
15% 3rd time 16.7 19.6 16.4 19.3
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42. 4% Ave. 47.955.3 42.4% 1st tinmed47.855.3 42. 4% 2nd
timed7.955.3 42.4% 3rd tined47.955.3 17.4% Ave. 19. 222. 6
17.4% 1st tinel9.222.6 17.4% 2nd ti nmel9.222.6 17. 4%
3rd tinel9.222.6 Table 5-1 shows the flow rate
measurenent results where F65A is used for 5 the test
speci nen (the pressure type flow rate control device)
3, and Table 5-2 shows the neasurenent results of the

"B YS! Mehbilnidn et SUhY FIJAHAL0 1 shove

the e neasurenent resu I's used

for the test specinen (the press e flo e
control device) 3, and Table 6- Qre%g&gc'm?@&”ﬁ)
msasuremsnt resul ts of the sane flow rate w th F20ASCCoM]

22 [ Tahl o a1 Noaciir angpandt

o by PSR ASRONE Gondi £ o1l o) 2 G TynoRBIET L HE
;g)/o Ave. 48,355,446 350 }:ZE’S{" 1gt, timedB]355. 446, 56. 2
ti %Zéuééﬂé’%ﬁgeééé 0 60% Ave. 489743, 837)143. 1 B 1st
Ui me38 43434084 dfe- 1 478 55.3
42.4% 2nd time 419 55.3
42.4% 3rd time 419 55.3
17.4% Ave. 19.2 22.6
17.4% 1st time 19.2 22.6
17.4% 2nd time 19.2 22.6
17.4% 3rd time 19.2 22.6

Table 5-1 shows the flow rate measurement results where F65A is used for
the test specimen (the pressure type flow rate control device) 3, and Table 5-2
shows the measurement results of the same flow rates with F65A.

Similarly, Table 6-1 shows the flow rate measurement results where F20A
is used for the test specimen (the pressure type flow rate control device)3, and

Table 6-2 shows the measurement results of the same flow rate with F20A.
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60% 2nd tinme38. 643.837.143.1 60% 3rd
time38.743.837. 143. 0 45% Ave. 28. 932. 727. 832. 2 45% 1st
time28.932.727.832.2 45% 2nd tinme28.932.827.832.2 45%
3rd tine28.932.727.832.2 30% Ave. 19. 021. 818. 321. 4 30%
1st tinel9.021.718.321.4 30% 2nd tinel9. 021. 718. 221.4
30% 3rd tinmel9. 021.818.321.4 15% Ave. 9. 110. 68. 810. 4
15% 1st tinme9.110. 68. 810. 4 15% 2nd ti nme9. 110. 68. 810. 4

150/

7Aoo P OEbAORAR strdh

ecl men

tinmel8.822.0 30.8% 2nd _tinel8.822.0 30. 8%3rd

@@655&%3'-"?%@%?%%”@2? hg”

Condltl ons Gas TypeNZHF 30. 8% Ave. 18. 822. 0 30. 8% 1st

[SCCM]

1

HeRACBEnd| 5 23 [ Tabl @ 6-1] Flow Rate Measur @rent
|eat FUSTTTET P2 HE Na HE
75% Ave. 48.3 554 46.3 56.1
75% 1st time 48.3 55.4 46.3 56.2
75% 2nd time 48.3 55.4 46.4 56.0
75% 3rd time 48.3 55.3 46.3 56.0
60% Ave. 38.7 438 37.1 431
6026 1st time 38.7 438 37.1 43.1
60% 2nd time 38.6 438 371 43.1
80% 3rd time 38.7 438 37.1 43.0
45% Ave. 28.9 327 278 322
45% 1st time 28.9 327 278 322
45% 2nd time 28.9 328 27.8 32.2
45% 3rd time 28.9 32.7 278 32.2
3026 Ave. 19.0 218 18.3 214
30% 1st time 19.0 21.7 183 214
30% 2nd time 19.0 21.7 18.2 214
30% 3rd time 19.0 218 18.3 214
15% Ave. 91 10.6 88 104
15% 1st time 9.1 10.6 8.8 104
15% 2nd time 9.1 10.6 8.8 10.4
15% 3rd time 9.1 106 8.8 104

[Table 5-2] Measurement of Same Flow Rate (Test Specimen F65A)
[SCCM]
Heating Gonditions @

Gas Type N2 HF
30.8% Ave. 18.8 220
30.8%6 1st time 18.8 220
30.8% 2nd time 18.8 220
30.8% 3rd time 18.8 22.0
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[ SCCM Heati ng

Ave. 17.720. 617.
2nd tinel7.720.
75% Ave. 14. 716.
75% 2nd ti nel4.
tineld. 716. 614.

timell. 713. 111.

Condi tionsJd) Gas TypeN2HFN2HF 90%

721.
617.
614.
716.
817.

813.

5 90% 1st tinmel7.720.
721.5 90% 3rd tinel7.
817.3 75% 1st tinel4.

614.817.3 75% 3rd

3 60% Ave. 11. 713. 111.

6 60% 2nd tinell. 713.

617.721.5 90%
620.617.721.5
716.614.817. 3

813. 6 60% 1st
111. 813. 6 60%

0, 0,
Tl B 05, Bpvrtatideddaiett QS Sl 20, oy "
time8.69.78.710.1 30% Ave. 5. 66.45.76.6 30% 1st [SCCM]
LITE oo 6.6 30% 2ngs tTmeS. 66,4576, 6 30% 2Fd
{ 0 2.73.12.8313 150% 1st
{i nGas T3pd2. 83.3 N2 HF N2 HF
909% Ave. 17.7 20.6 17.7 21.5
90% 1st time 11.7 20.6 117 215
90% 2nd time 17.7 20.6 11.7 215
90% 3rd time 17.6 20.6 11.7 21.5
75% Ave. 14.7 16.6 14.8 17.3
75% 1st time 14.7 16.6 14.8 17.3
75% 2nd time 14.7 16.6 14.8 17.3
75% 3rd time 14.7 16.6 14.8 17.3
6096 Ave. 1.7 131 11.8 136
6026 1st time 11.7 13.1 11.8 13.6
60% 2nd time 1.7 13.1 11.8 136
60% 3rd time 1.7 13.1 11.8 13.6
45% Ave. 8.6 9.7 8.7 101
45% 1st time 8.6 9.7 8.7 10.1
45% 2nd time 8.6 8.7 8.7 10.1
45% 3rd time 8.6 9.7 8.7 10.1
30% Ave. 5.6 6.4 57 6.6
30% 1st time 5.6 6.4 5.7 6.6
3096 2nd time 56 6.4 57 6.6
30% 3rd time 5.6 6.4 57 6.6
15% Ave. 2.7 3.1 28 3.3
15% 1st time 2.7 31 2.8 3.3
159 2nd time 2.7 3.1 2.8 33
19% 3rd time 2.7 31 28 3.3
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15% 2nd tinme2.73.12.83.3 15% 3rd tinme2.73.12.83.3 24
[tabl e 6-2] Flow Rate Measurenent (Test Speci nen F20A)
[ SCCM Heating Conditions2(c) Gas TypeN2HF 48. 8%

Ave. 9.410.9 48.8% 1st tine9.410.9 48. 8% 2nd
tinme9.410.9 48.8% 3rd tine9.410.9 Table 7 shows the
flow factor F.F. for each test specinen (the pressure
type flow rate control device) 3 corrput ed on the basis

g R M R A

aver age val ue of F F. is corrput ed as the aver age Of[_SGCM}
th FF values in th fl ow ranges of 14-60% .lnde

E A= {mav vy

t he h@aﬁtlng Ganitionmns (9), it is learr@d that the
di{ ferenc@aé i-(y/?agre than 1/100 g{zder at respect yge Tlow

ra Tahl e Q Tahl e chow a
€ |u.||u u shroewtthe

nmeasur 43R0 Aveors or i screp&]ﬂl es betyween 1Q18.8e

tﬁﬂ sggcg%fepgt ﬁm@t themsane sga& fI 0\’/4v rI e. Evem_gf

speci rréﬁsg% 20d time | eaf ned t had.4 there ot¢curs th-8rror
of | O. oy : maxji num betgwen t he s$peci nen es
i n-t hquétse géd %'E]g HF 6aS- L lga\ﬁl > 7] Re SUI t U|1d|—igp.

I\/leas rement (Heating Conditions Q 15 Flow Rate
Rangable T5stieaes\kadlow factor F.F. for each test specimen (the pressure

type flow rate control device) 3 computed on the basis of the actually measured
flow rate values where the formula F.F.= HF gas flow rate/N2 gas flow rate.

The average value of F.F. is computed as the average of the F.F. values in
the flow ranges of 14~60%. Under the heating conditions @, it is learned that
the difference is more than 1/100 order at respective flow rate ranges (%).

Table 8 ~Table 10 show the measurement errors or discrepancies between
the test specimens 3 at the same set flow rate. Even if the same flow rate value
is measured with the test specimens 3, it is learned that there occurs the error of

0.8SCCM at the maximum between the specimen types in the case of the HF

gas.
[Table 7] Result of F.F. Measurement (Heating Conditions @)
Flow Rate Range F115A F65A F20A
75% 1.1928 1.2101 1.1714
60% 1.1626 1.1602 1.1543
45% 1.1545 1.1592 1.1545
3% 1.1634 11713 1.1646
15% 1.1791 1.1866 1.1738
F.F. Average 1.1649 1.1693 1.1618
F.F. 3 sets Ave. 1.1653
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75%.19281. 21011. 1714 60%.. 16261. 16021. 1543

4594. 15451. 15921. 1545 39d.16341. 17131. 1646
159%4.17911. 18661. 1738 F. F. Averagel. 16491. 16931. 1618
F.F. 3 sets Ave.1.1653 25 [Table 8] Conparison Result
of Sane Setting Flow Rate (Heating Conditions (9))

[ SCCM Fl ow Rate RangeFl 15AFG5AEr r or

Setting42. 49%/5. 0% F65A- FI 15A) N247.946.3-1.5

HF55. 356. 10. 8 5 [Tabl e 9] Conpari son Result of Sane
Setting Flow Rate (Heating Conditions OO ) [SCCM

et LTAR 1 G BaF IR ORI Sh aramiSeting Fiow Bate

HF22. 622.0-0.6 [ Tabl e 10] Conpari son Result of Sane.
Setting Flow Rate (Heating Conditions (dHpating&anditions @)

[SCCM]
Flow Rate Range F115A F65A Error
Setting 42.4% 75.0% (F65A-F115A)
Nz 479 46.3 ~1.5
HF 55.3 56.1 0.8

[Table 91 Comparison Result of Same Setting Flow Rate

(Heating Conditions @)

[SCCM]
Flow Rate Range F115A FB5A Error
Setting 17.4% 38.0% (F65A~F115A)
Nz 19.2 18.8 ~0.4
HF 22.6 220 -0.6

[Table 10] Comparison Result of Same Setting Flow Rate

(Heating Conditions @)

[SCCM]
Flow Rate Range F65A F20A Error
Setting 15.0% 48.8% (F20A-F65A)
N2 8.8 9.4 0.6
HF 10.4 109 0.8

Figure 2 (a) is the graphic data of the flow rate measurement tests under

the heating conditions @ with the test specimen F115A.  Similarly, Figure 2 (b)

and Figure 2 (c) are the graphic data with the test specimen FG5A and the test

specimen F20A, respectively.

As apparent from Figure 2, in the case of the pressure type flow rate
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FI ow Rat e RangeF65AF20AEr r or

Settingl5. 0%48. 8% F20A- F65A) N28. 89. 40. 6 HF10. 410. 90. 8
10 Figure 2 (a) is the graphic data of the flowrate
measurenent tests under the heating conditions (c)2
with the test specinen F115A. Simlarly, Figure 2 (b)
and Figure 2 (c) are the graphic data with the test
speci men F65A and the test specinmen F20A,

obAEEGpER g oo YRIRH e b Mol g argter e

the closer the set flow r 100% the
mpasyred f Tioyerate, gatu FRmParesv fthtée 3@%@ of ?&T@aﬂ@& wi t h

the case of the N2 gas. Wth Tabl e 11 and Table 12

was Withflableed! endiTableyA2i & was eonfirmesheh the basis of the low rate

nmeasurenent by the buil d-up nethod whether there is
neemsurément by dhe thaildeipomettiochwhetherdhete s ay flow nadegbange or
to find if the afore-nmentioned critical condition is

nat W\gachepidsgark ddnde o tfinaeif dhe tdferg-mantionee critical condition is
nmeasurenent of the HF gas. This is because the

aWad fdaffiz68 @k tﬂé‘ﬁr‘n@ dtithé hSwHEteQ Afedstrahent 6itheMHMgas. Thisis
those of normal gases, and there is a possibility

b'éEQBsé it %bb&iﬂ{%qjleéirrﬁﬁﬁ Li{f.echéa\lllf:%l%: gi‘ge%té“manefhosybdfenormal

concr ete h'cal cu ion o w rate
{ I. t J-hat
BRLE5H P 5 R R vt
20T t. f th | t Ta nd .
TabINOrE> COMGERE et LEAFYBHon | ot {he H“Ff"é‘&%nﬁ%"?‘%'qrhe't was
calculated flowrate ratio over_all the pressur
asangesl. thatcther diregpure franges '8, r0IPET09doT h seleciied tha pressure

the HF gas having a great gas
interval of 20Torr.

As apparent from the results in Table 11 and Table 12, there was observed
littte difference in the calculated flow rate ratio over all the pressure ranges.
Accordingly, it is understood that even with the HF gas having a great gas
specific heat, the flow rate measurements are conducted under the situation
where the critical condition is satisfied over the entire ranges of the said flow rate

measurement tests.
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15 specific

conduct ed under the situation

heat ,

where the ¢

the flow rate neasurenents are

ritical

condition is satisfied over the entire ranges of the

said flowr

Sanpl e Data No.

ate

measur enent tests.
of Measur enent Pressure Range:

27 [ Tab

le 11]

AP[ Torr] Conput ed Ti me Range[ see] Conputed Fl ow Rate
Rati 0o 10-3014.51. 005 30-5014.51. 004 1st

9014. 50. 998 30- 9044. 01. 000
oggmgﬁgé%%ﬁ 51.002 2nd tine50- 7015. 01. 001

10" S5 4P

,_
I U UUJ.’-|-

UU DU UU’-I-’-|- UJ.

ooty one rvaor ARHAG [FoTeen Lol esite: Oy aeuigy Ry Rate Rati
30-9044. 01./000 (FAD34\, HF jgas, Heitd ng conditi ond 0BG,
Neasur enen o ess Qe kange: AP For . Conput e F-ronde
[ sélét Gorputied FI M- Fite Ratio 999
70-90 14.5 0.998
30-90 440 1.000
10-30 14.5 1.002
30-50 14.5 1.002
2nd time 50-70 15.0 1.001
70-90 14.5 0.999
30-90 44.0 1.000
10-30 14.5 1.003
30-50 14.5 1.002
3rd time 50-70 15.0 1.001
70-90 14.5 0.997
30-90 440 1.000

(F115A, HF gas, Heating conditions @), Setting signal 75%)

[Table 12] Sample Data
No. of Measurement | Pressure Range: AP[Torr] | Computed Time Range[sec] i Computed Flow Rate Ratio
10-30 26.5 1.004
30-50 26.0 1.001
1st time 50-70 26.5 1.001
70-90 26.5 0.997
30-90 79.0 1.000
10-30 26.5 1.006
30-50 28.5 1.002
2nd time 50-70 26.5 0.999
70-90 26.5 0.997
30-90 79.5 1.000
10-30 26.5 1.005
30-50 26.5 1.002
3rd time 50-70 26.5 1.001
70-90 26.5 0.997
30-90 79.5 1.000
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10- 3026. 51. 004 30-5026. 01. 001 1st tinme50-7026.51. 001
70-9026. 50. 997 30-9079. 01. 000 10-3026.51. 006
30-5026.51. 002 2nd ti nme50-7026.50.999 70-9026. 50. 997
30-9079. 51. 000 10-3026. 51. 005 30-5026.51. 002 3rd

ti me50-7026.51. 001 70-9026. 50.997 30-9079.51. 000 28
(F65A, HF gas, heating conditions 02 , Setting signal
75% Table 13-1 - Table 13-4 inclusive show the

(5 I B APt oS MR fal o) FLLAA and

st speci nen ressure type

5 %gb% NEARL: rféh)ég eﬁ%—ﬁekbcﬁﬁl\?gds@g tHSaPe}g.gﬁ of the flow rate
mﬁf?grzlgewleﬁt?t wfind QoA aRd R 3%%@%%%%%%3&@6 ressure

is fixed at 40C. AQin Table 13-1 --
typediQwatate qonérol device kd.cand mh%empemurewf&mﬁ testspecimen

at the tinme of the set tenperature and the flow rate
3awas HE6'Q 12C oaind BEC tXE. t émihe Hlowrratq mE@saremestn. Table 13-1

to Table 13-4, the temperature of the build-up chamber 4 is fixed at 40°C.

AQ in Table 13-1 ~ Table 13-5 indicates the flow rate error between the
flow rate at the time of the set temperature and the flow rate at the time of the
base temperature (45°C and 85C).

Table 13-5 shows the fiow factor F.F. where F115A-HT is used for the test
specimen 3. Here, the F.F. (measured value) is HF gas flow rate/N2 gas flow
rate, and the average value of the F.F. shows the average in the set flow rate
ranges of 15~60%.

[Table 13-1] Flow Rate Measurement

[sccMm]
Gas Type Nz AQ
Heating Temp.| 43°C 45°C 47°C | (43°C)-(45°C) | (47°C)—(45°C)
15% 94.0 934 94.0 0.6 0.7
60% 74.9 74.5 75.0 0.3 0.5
45% 56.3 56.1 56.2 0.2 0.1
30% 37.3 37.2 373 0.1 0.1
15% 18.2 18.2 18.2 0.0 0.0
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10 Table 13-5 shows the flow factor F.F. where
F115A-HT is used for the test specinen 3. Here, the
F.F. (nmeasured value) is HF gas flow rate/ N2 gas fl ow
rate, and the average value of the F.F. shows the
average in the set flowrate ranges of 15-60% [Table
13-1] Flow Rate Measurenent [SCCM 15 Gas TypeN2A Q
Heat i ng Tenp. 43C4A5C47C(43C) - (45C) (47C) - (450

G0 ol b o
LS50, Rl LS e 1 o

Rat e I\/leasurenent [SCCI\/] Gas TypeHFA Q Heating [SCCM]

T ’)f"/lEf" L AN L L) AL
l\.«"i‘d\z} \"i'd\/\"l‘l\/}'\"l‘d\/}

75 /éi% Tx881 0110 32. 4- 0HF 60987, 586.1686. 6100 49
A5eBind B4mpA5. A8PC10.[2 36%3. 5437784 3. |543°B0(35°C) | (47°C)~(45°C)
1

PL35 T AT Q%40 T 1110 | 1103 24 0.7
60% 875 86.6 86.6 10 0.0
45% 651 647 65.0 04 02
30% 435 433 435 02 02
15% 215 21.4 215 0.1 0.1

(Test specimen F115A, Temperature of chamber: 40°C (fixed))

[Table 13-3] Flow Rate Measurement

[SCCM]
Gas Type [P AQ
Heating Temp.| 83°C 85°C 87°C | (83°C)-(85°C) |(87°C)~(85°C)
75% 91.2 90.9 90.9 0.2 ~0.1
60% 724 72.2 72.1 0.2 -0.1
45% 53.6 534 53.3 0.2 -0.1
30% 348 347 346 0.2 ~0.1
15% 16.1 16.0 159 0.1 -0.1
(Test specimen FII5A-HT, Temperature of chamber: 40°C (fixed))
[Table 13-4] Flow Rate Measurement
[SCCM]
Gas Type HF AQ
Heating Temp.| 83°C 85°C 87°C | (83°C)~(85°C) |(87°C)~(85°C)
15% 106.0 106.1 106.1 -0.1 0.0
60% 84.7 84.8 84.7 -0.1 -0.1
45% 63.0 63.0 62.9 0.1 -0.1
30% 411 410 40.8 0.1 -01
15% 18.0 18.9 18.8 0.1 -0.1
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(Test speci nen F115A, Tenperature of chanber: 40C
(fixed)) 5 [Table 13-3] Flow Rate Measurenent [ SCCM
Gas TypeN2A Q Heati ng

Tenp. 83C85C87C(83C) - (85C) (87C) - (850

75991. 290. 990. 90. 2-0.1 60%2.472.272.10.2-0.1

45953. 653. 453. 30. 2-0. 1 30%34.834.734.60.2-0.1

159d6. 116. 015. 90. 1-0. 1 (Test speC| men FlI I 5A-HT

(PRSI e LR Ao i b b Lo i) 1 o
T SoRRble oo 1 Be @%Sﬁé%ﬁ@é%ﬁ%ﬁf) gffar high tgmpegature)

459%63. 063. 062.90.1-0.1 30%41 141. 040.80.1-0.1

TR AL R E 2 88°Cnc (Vi ve 8D Eran e 1395/ C
E;:J! Lg ‘Qng. :qﬁgq _J‘Gggnt (for Riph7Yyenperatuie)gga
60% 1.1702 1.1742 1.1749

45% 1.1760 1.1783 1.1791

30% 1.1793 1.1816 1.1813

15% 1.1854 1.1873 1.1883

F.F. Average 11777 1.1806 1.1809

Figure 3(a) and (b) are the plotted measurement results of the
afore-mentioned Table 13-1 to Table 13-4 inclusive. As apparent from Figure
3(a), in the event that the temperature for heating the test specimen 3 is around
45°C, there is found a tendency that the flow rate error becomes greater as the
set flow rate range rises with respect to the HF gas.

However, it is found that the flow rate error caused by the temperature
difference becomes near-zero over the entire area of the set flow rate ranges
when the temperature for heating the test specimen 3 reaches about 85°C.

That is, as found from the results in Figure 3 (a) and Figure 3 (b), it is
desirable that with the flow rate control of the HF gas using the pressure type
flow rate control device, the pressure type flow rate control device 3 is heated to
somewhere around 40°C ~ 85°C, or more preferably to the temperature not
lower than 60°C. It is learned that even when the process side pressure on the
downstream side of the orifice is around 10™° ~ 10° Torr, the control of the HF

gas with a practical, high precision can be assured over the flow rate range of
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20

75%. 16301. 16711. 1683 60%l. 17021. 17421. 1749
4594.17601. 17931. 1791 309%.17931.18161. 1813

1594. 18541.18731. 1883 F. F. Averagel.17771.18061. 1809
Figure 3(a) and (b) are the plotted neasurenent
results of the s afore-nmentioned Table 13-1 to Table
13-4 inclusive. As apparent fromFigure 3(a), in the
event that the tenperature for heating the test

3&?9?5{‘%’“?1 v Heptd t%?%%@%%@ L e
Howddaftet (8] 5} 413 B shaw 1iPBREY, ndes im“%s%%ga@es of the

the te ure _10 difference becones near-zer
ﬂe%’efat?ﬁe”%l i ’?{a 1o ehO0R and RAOA @asothe des FB@@@@"SMERFG the
the tenperature for heating the test specinen 3
teraperalareaplothe testspavioen @he pressuuedype Sawt ate coptibl device) 3
in Figure 3 (a) and Figure 3 (b), it is desirable
antddempietatuteneonditions forehe baild-alp camber afe garametensg
the pressure type flowrate control device, the

pr egalap mgéneme fidre Wigaitec4c@ Z” ot), PR 985 3 h.ghhlwéaeﬂly udder the

15 sonewhere around 40C - 85C, ‘or nore preferably to
hkBfnd BAREiIBAE(®) ﬁﬁa @J.ower than 60C. It is |earned

t hat™ even when 't he process side pressure on the

Tor e g i fisRed O sl s Fytaltd M iBpingt”

or V0P8 sty Caﬁﬁté’f@qi@gpf&ge VB gl S %@%a,eraﬁs'}gnges of

rrentl gned above. gure 4 (a), (b) and (c)
351008e&M LanJbe |ayh|eef§§m3eapp@n5@§elnmqaﬂag thadwesatﬂr@stype flow
usi ng F115A, F65A and F20A as the test specinens where
rateontrol. (Table 4-1 ~ Table 6-1)

@ The pressure type flow rate control device can be heated to 40°C~85°C.
50°C is the guaranteed temperature for the substrate or the base plate (on
which electronic components are mounted) inside the test specimen. This
means that if the temperature for heating the pressure type flow rate control
device is 45°C, it is lower than the guaranteed temperature of 50°C. This
indicates that the pressure type flow rate control device with no special
heat-resistance can serve sufficiently for the flow rate control of the HF gas.
(Table 1 ~ Table 4)

@ When the measurement of the same flow rate was effected using two
types of test specimens having different flow rate ranges, the flow rate error of
the HF gas is found to be 0.8SCCM at the maximum. (F115A — 42.4% and
F65A - 75% Table 8)

@ There is almost no problem about the linearity of the flow rate
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tenperature of the test specinmen (the pressure type
flowrate control device) 3 5 and tenperature
conditions for the build-up chanber are paraneters. As
apparent from Figure 4 (a) - (c), F.F. has a high
linearity under the heating conditions 01 and (~).
The afore-nentioned test results have reveal ed the
follow ngs: 01 Sufficient flowrate control of the HF

uPé/rﬁgnf)a?arEE%Ws{iég,e Fié‘lﬂ,gg% Pjr)év ecﬁé?, 100SCCM can be

achi eve y appropriate pressure type
Tab} e

flo rate control. (.Jable 4-1 - 6- 2 C
or e s 6188 VaIG, o PR BrRitad J00TteBaT.F ol 802y which s
0o 40C-85C. _50C is the guara d_tenperature for the

alotdie $2ms fof fae Blse! FaribEs. ( AFADIGA) ch el ot r oni ¢
components are nmounted) inside the test specinmen. This

15 feadtht regard fto tthe flowpriedineasity et aneertaingsetifiow rate range,
pressure type flowrate control device is 45C, it is

| caleulatidra @t teaehdoudidanp eeelssurerintental r(2006rrbQ€ed Tor the flow rate
i ndicates that the pressure type flow rate control

dealtlation réveds st thalerrdredithe Aohstate liResmity fteach interval was
sufficiently for the flowrate control of the HF gas.

(1538 thah +0 809 & 40.480 this nﬁ\ﬁﬁabbﬁ?ré&ﬁ‘éi%b%’é%feﬁiitey?s th%table 11

sane flow rate was effected using two types o

i aving different flow rate ranges, the flow
raé eTée@rgglrﬂof the HF gas is found to be 0.8SCCM at

t he xijoum (F115A. 42. 4% and E65A -..75% Table 8). (r

Thef&l TheH St Wl Ve Smaer &l for heating e ey Spebinidd 3 was
flowr ég 32. neasurenent characteristics. &gei]gure 2
setat 45:2 )G irisdforod thgtdhe floveraie ofos wasJess dap 4w CCM (at the
factor RIF is 1.1653, which is alnost the sane for ‘
timgewhen heated dagdl~47Tala oy rate setting of 75%). However, in the
event that the heating temperature was set at 856+ 2°C using the test specimen
for high temperature, it was found that the flow rate error was less that 0.1SCCM
(at the time when heated to 83~85°C: a flow rate setting of 15%). (Table
13-1~4)

Also, the technical literature study has revealed that the molecular weight
of the HF gas is 20g/mol at the time of 76 Torr with the temperature higher than
25°C and 760 Torr with the temperature higher than 80°C, and also that the
association heat of 6 HF molecules is 40,800cal/mol. Accordingly, it is
assumed that at the time of the flow rate control of the HF gas, the flow rate
control can be conducted by heating the gas to the temperature higher than 65°C
(with the upper limit setting of 75%) as expressed by the formula.

There is no need to say that the afore-mentioned basic concepts in

accordance with the present invention can apply to the flow rate control of the
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(5) Wth regard to the flowrate linearity at a
certain set flowrate range, 5 calculation at each
bui |l d-up pressure interval (20Torr) used for the flow
rate calculation reveals that the error of the flow
rate linearity at each interval was |ower than +0.6%
- - 0.4% thus no problemregarding the linearity.
(tabl e'll and Table 12) (B In the event that the

BRI R ool 81 2R b B PRRRIREL, & 102, 10
'esMu&%ﬂgznrégwgséﬁ@“&pﬁy@rﬁ‘@mgforﬁmz o g o

event that the heating tenperature was_set

the prepsuRe tyrastiow sate rirol dgviceiig et ahpatat 'ﬁa_:l,s I Peﬁﬂése when
found that the flowrate error was |l ess that 0.1 SCCM
theittemperaiuie gees Upedighert thagg 8852 C. depandency apk the molecular
setting of 15%. (Table 15 13-1-4) Al so, the

assotiatioalof the HFagas en theigressame/teenparatuetib gonehe

nol ecul ar weight of the HF gas is 20g/nol at the

ti mawih tHé aferetmeshtidhddmoderseantyiigoll tabanvdntion, thbtase was
and 760 Torr with the tenperature h| gher than 8V\C and

ﬁc‘iﬁs&&atvhb th%cé%'téﬂ gq)rbfhﬁ@h ehn6pél Eré{}én?édﬂtﬁsﬁ rafsing the

40, 800cal / no cord is 20 assuned tha

t%rqgepétﬂfeegf fnae OL{S?(WII‘{ ¥0id: ongBWev hﬁncﬁ'{lc{f ng tﬁ'hotéaethat the

cont be con ucte

t he t eratur.e th hthe
dfsipig o e Ceerive it dopsindn 'vb%n the 9PRIEE but also on
There is no_need to say that the afore-nentioned E asi c
tae pEegsIUse | nThﬁ'@é‘é"ﬁde&MﬁQrWQ‘Pfethﬁrfé%%ﬁf'ng Avichean Reqygvented
apply to the flowrate control of the 33 4 HF gas
hysdigingrbe ragstering fluibin: a devel dowerthanda piadtialipresswiethy adding
the present invention, the upper limt for heating the
the dijletirsg gas. of

That is, as illustrated in Figure 5, the fluid (the HF gas) is diluted by adding

and mixing in the diluting gas (N2}, thus diluting the fluid {the HF gas) to a level
lower than a partial pressure to bring the clustering fluid from a state where a
plural number of the gas molecules are assembled to a state where the gas
molecules are made monomolecular { with the number of cluster molecules
being small) so that the clustering of molecules of the fluid is prevented. By so
doing, a stable supply of the clustering fluid such as the HF gas and the like can
be achieved without heating.

In Figure 5, 2 designates the supply line for the clustering fluid such as the
HF gas and the like, 7 the supply line for the diluting gas such as N2 gas and the

like, 8 the diluting apparatus, 9 the pressure type flow rate control device, and 10

the apparatus using the clustering such as the HF gas and the like.




10

15

20

the pressure type flow rate control device is set at
85C. This is because when the tenperature goes up

hi gher than 85C, dependency of the nolecular 5

associ ation of the HF gas on the pressure/tenperature
is gone. Wth the afore-nentioned node of carrying out
the invention, the case was discussed where the
clustering of fluid can be prevented by raising the

Effects ﬁb QE #EP I [ fluid. o
EARRES Y vt (I: f ?ﬁée“clngstelrjz ng glgwte\lggrd Iu;teri ng
1 “'\ﬁgﬁzﬁéﬁﬂ%e& R O&lt'éf'oﬁ\?t Hﬁﬁt‘g‘?'”ﬁff@?i“ﬁ@%%&h?h@”g% and the

clusterlng fluid can be nted by dilutin

like G%tb@rﬂ%fﬂeu%l‘tf%'eg ig ﬁe dﬂ@ugﬁh%ﬁ %('fwr'ﬂu%ﬁta?e where the
pressure by adding the diluting gas. That is, as

presause riype dlown rategeondra daviee sl heated: isethartesapgratiye not lower
diluted by adding and mixing in the diluting gas

tifadP ¥0, bhitse dlusteringpflaidesddhuasl tie ME gis gasl) thedike 1cebelflow-rate
1s lower than a partial pressure to bring the

cehtrolied is'gadded thrduighman cifiet én shstate whetaithd pressss obfthe fluid
the gas nolecul es are assenbled to a state where the

i) Afadd RS ﬁrﬁ‘arﬁBP'gré&i]?é“ﬂgeéakﬁlﬁﬁatﬁevwlkﬁlnphﬁas so that the

nunber of cluster nol ecul es ing s

n%laaysyafgthgf e bl &gqyﬁ%e%udsrﬁm%&wt&g 2 Rt the

ng, € supp errng Tl

ch as a the.li e.achi eved
ileryar nesenint O tAe cpinterng Ewﬁegﬂwﬂ eﬂﬁﬁ@'% s at he
line for the clustering fluid such as th
tipeeof diggociation wilk nghbg lnﬂu@qe&rbx e arﬂﬁquw@f al%cwatﬁmng fluid
as N2 g and the |I|ike, 8 the diluting apparatus,
supk agitbe ¢t gas @pd the dler afs actesultothedfiaw e of thie @blsterlng fluid
the apparatus using the clustering such as the HF gas
saoh ashtbel Hk gas3ahd tHe lilectan bl ¢omtrdlledessingthe pressure type flow

rate control device with high precision and stability as in the case of the flow rate
control of normal gases such as the O2 gas or the N2 gas.

In addition, by keeping the heating temperature relatively low like between
40°C ~ 85C, adverse effects on the electronic components used in the
pressure type flow rate control device can be easily avoided. Therefore, the
manufacturing costs of the pressure type flow rate control device are not
expected o increase.

Furthermore, in the event that the pressure level of the chamber to which
the clustering fluid such as the HF gas and the like is supplied is 10~ 10* Torr,
the high precision flow rate control of the clustering fluid such as the HF gas and
the like can be achieved over the flow rate range of 3~300SCCM. This makes

it possible to substantially lower the running costs and equipment costs
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Wth the present invention, the clustering fluid such
as the HF gas and the like to be flowrate
controlled is passed through the orifice in a state
where the pressure type flowrate control device is
heated to the tenperature not |lower 5 than 40, or the
clustering fluid such as the HF gas and the like to
be flowrate controlled is passed through an orifice

cpByfrs} fih WeCESefatftcRal Bt dviieldtreet ool plilitng gas is

ugaa so that the nol ecul es of the fluid are permtted
turn nononol ecular. As a result t he nDIecuIar
aSSOC|at|on of the clustering fluid or the endoth
nouMt explaingd akpve, By maklagw@&féheéwwaqtorrﬁ ‘Bfethe clustenng

|nfluenced by the pressure of the clustering fluid
flyigcbasad omehaiN2 gass theprasest investionsan easilylachievedhe practical
flowrate of the clustering fluid such as the H F gas
effect thet thekisighgprebsiaro fibwotdteccordioh@ftthe ¢ustesingefldig is made
flow rate control device with high precision and

pobsibid udivig e kflowh %n@@ﬁﬁe?ude@eprﬁbgm‘ert?kg flowarate 8bntedl device.
nor mal gases such as the gas or the gas. 15 1In

addi tion, by keeping the heating tenperature

relatively low | i ke between 40*C - 85C, adverse

effects on the el ectronic conponents used in the

pressure type flow rate control device can be easily

avoi ded. Therefore, the manufacturing costs of the
pressure type flow rate control device are not

expected to increase. 20 Furthernore, in the event

that the pressure level of the chanber to which the
clustering fluid such as the HF gas and the like is
supplied is 10-'- 10" Torr, the high precision flow

rate control of the clustering fluid such as the H F

gas and the like can be achieved over the flow rate

range of 3-300SCCM This nmakes it possible to
substantially | ower the running costs and equi pnent

costs 35 conpared with the conventional case where a

great anount of diluting gas is
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used. As expl ai ned above, by nmaking use of the flow
factor F.F. of the clustering fluid based on the N2
gas, the present invention can easily achieve the
practical 5 effect that the high precision flowrate
control of the clustering fluid is made possible
usi ng the known and w dely used pressure type flow
rate control device. 4 36 CLAIM1. A nethod for the
flow rate control of a clustering fluid in which the
clustering 5 fluid is supplied froma fluid supply
source to desired instrunﬁﬁiﬁg appar atuses using a
flow rate control device 'n the associ ation of
nol ecul es of the clustering fluid passing through the
said flow rate control device is dissociated by
heating the afore-mentioned flow rate control device .
s o A methedfordhe dowrnat) contieldf aelpsteringdluidbinosbick dbe glustering
state is supplied by the flow rate control device
flwidiis suppliedsindnezx fleid supphhsodrceto daesiced avstruohent or Apparatuses
nmet hod for the flow rate control of a clustering fluid

using\difloly Fée edmtrdledevige wHarbith the agsedibesh fof afiblecules of the
fluid supply source to desired instrunents or

cltﬂﬁfeéﬁhgtﬂdﬁc? asslfi ﬂ?oﬁgfn 'tl‘?é"séféltﬁov@ érc%htréﬁélé\ﬂée g@%@b&lated by

assocl thI’] 0] ecul es of clusterin

BT B p LSRR B gt Q@P%Le%%e%s?#%%eébcﬁué@r'ng fid

clustering flu arti
k?ﬂtées%wr%mﬁaﬁaf ﬁ@?a'%ven)"%ﬁ%ntﬁ?3'%&[1 &idgnfol device while
onol ecul ar state is supplied by the flowrate
S%ﬂ?tﬁgltod@%ﬂewlﬂﬁp‘émé@bj ected to the flowrate
control. 3. A nethod for the flowrate control of a _
2| Agnethoddor the flowisatel contesd of @ alustering fluisk inaviaichnthe clustering

wherein a flow rate control valve, a heat type flow
fluidtie soppiiedofromhe flgid supPlyosowrce tedesired ingtriniérnis/or apparatuses

control device is chosen for the flow rate control

using a flow rate control device wherein the association of molecules of the
clustering fluid passing through the said flow rate control device is dissociated by
diluting the afore-mentioned clustering fluid to a level lower than a partial
pressure so that the clustering fluid kept in a monomolecular state is supplied by
the flow rate control device while subjected to the flow rate control.

3. A method for the flow rate control of a clustering fluid as claimed in Claim 1
or Claim 2 wherein a flow rate control valve, a heat type flow rate control device
or a pressure type flow rate control device is chosen for the flow rate control
device.

4. A method for the flow rate control of a clustering fluid as claimed in Claim 1

wherein the temperature for heating a main body of the flow rate control device

is not lower than 40°C.
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device. 4. A nethod for the flowrate control of a
clustering fluid as clained in CCaiml1l wherein the
tenperature for heating a main body of the flow rate
control device is not |ower than 40C. 37 5. A nethod
for the flowrate control of a clustering fluid

enpl oying a pressure type flowrate control device in
which the flow rate Q of the gas passing through an

Sy o EALT® 51 BEie 4 UBI drosr
OB B AR B e R S et

P2 on the downstream side of the orifice js_held at
ap qrifiseris commpyted asHamkPidwhareike i amoastantbwithithe gss passing
the gas, wherein the clustering fluid is permtted to

thyaggh the otfite inha state svheredne ratice B2 betweonthe gashressure P1
af ore-nmentioned pressure type flowrate control

ondhé upstreaimesitie df ttlve bhificé anpahatgasepmssulece onttherdownstream
40C. 10 6. A nethod for the flowrate control of a

s@bttsfttﬁéldmucfel §Irfé|@apbqwlm ndt Righes Widh tHey Betiddl pregsire ratio of
control as clained in Caimb5 wherein a chanber which

te? pgea’ﬂ‘g\;ﬁv%ﬁ i e ! BRISEMS R MsS ififmitied "B RiASS Widugh the

e con I cée recel ves the

vacu e 0 r

aqu%%?%té}feﬁ i, Pofte ot ArgSefiongd, @egﬁ‘é%pﬁ 3 ipw rate

ressyre. 15 type flow rate co VIC
cpnfoiiaisdicated 5 eiaimeehus ok et B
pressure type flow rate control device |s determ
6hadcmetiod 1 the dowsiaie sABUTOk pea plustering Bl ErTBIoVIPGFA pressure
of the clustering fluid against the N2 gas is
tyneoflopr rateetgntralhas eclaimedrini Glpimo 5t wherainparchamberowhich is
a main body of the pressure type flow rate control
cdaiésted 10 thé downstrebhgideadfehefpressureltyse doivngaté lcontfol device

is obtained by 20 nultiplying the neasured flowrate

ahalrbBeifbs tHEE cIRSRFInGILAd Ush Yhbh@midevice.by the

7. A method for the flow rate control of a clustering fluid empioying a pressure
type flow rate contro! device as claimed in Claim 5 wherein the graduation of the
pressure type flow rate control device is determined based on the N2g gas, and
the flow rate factor F.F. of the clustering fiuid against the N2 gas is appropriately
chosen according to the temperature of a main body of the pressure type flow
rate control device so that the flow rate of the clustering fluid is obtained by
multiplying the measured flow rate value of the passing clustering fluid by the
afore-mentioned flow rate factor F.F.

8. A method for the flow rate control of a clustering fluid employing a pressure

type flow rate control device as claimed in Claim 8 wherein the pressure type

flow rate control device is heated to the temperature of 40°C~85°C, and the
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afore-nmentioned flowrate factor F.F. 8. A nethod for
the flowrate control of a clustering fluid enploying
a pressure type flowrate control device as clained
in Cdaim®6 wherein the pressure type flowrate
control device is heated to the tenperature of
40C-85C, and the 38 | vacuum devi ce which is connected
to the downstream side of the pressure type flowrate

Vi . . fLuid i
V%%%ﬁ%egﬂc% ﬁﬁﬂ&%&é@%*ﬁ@é& 4 8oftfeah Be/orihS drgsdire type
met hod f or W, I at clusteri
oW RIP BhBIFR) Aice, Bpreiecrives Beqneng fuidisadaue] thamber

evice as claipmed in Ggim5 wherein the range of the
P§9\/pr‘?ﬁ'~@e&ﬂl9r6r°rb1’ 110heTQﬂrust ering fluid to be
pplied fromthe pressure type flow rate control
9de19\| rpethod fonéhe Hewuate: pantvelrofias clesteringdttnd entploying a pressure
method for the flow rate control of cluster-nmaking

typelats rate contriochdevice as@laimedLlint ©lath & whérdim theisange of the flow
wherein the clustering fluid is hydrogen fluoride gas,

rat@ coBirel ofthewi@stering Auidtosd b@ﬁblfearfrérhethélpmsmberype flow rate
control of a clustering fluid enploying a pressure

céﬁtﬂﬂ devitd toahe \/é%[lhﬁ%hé?ﬁyéﬁ% F30psEcfd n daim7

wherein the tenperature o mai n body of the .
re Ly .
107, cAghoy BE b o Tofe, B4Ry (e aiog JfutY gs Solaimed in
f rat control device.
o L Pisnd? ncliSive vatain e clisterPeSid s hydrepr igrie gas,
fluid froma fluid supply source to desired
WalREOr @¥8ACs or appar at uses wherein the association of
nol ecul es of the clustering fluid passing through the
1kai A metbod fersthe flownratelcootrol ofea clustarigoftuid emaploying a pressure

heating a main body of the afore-nentioned flow rate
typerflomotatd @ontrel devitdak didimdd invClaihd whetginkthelterhperatiye of a

permtted to control

main body of the pressure type flow rate control device is 45°C while the flow
factor F.F. is 1.1665 when the fluid is hydrogen fluoride.

12. A flow rate control device for a clustering fluid which supplies the clustering
fluid from a fluid supply source to desired instruments or apparatuses wherein
the association of molecules of the clustering fluid passing through the said flow
rate control device is dissociated by heating a main body of the afore-mentioned
flow rate control device so that the flow rate control device is permitted to control
the flow rate of the clustering fluid kept in a monomolecuiar state.

13. A flow rate control device for a clustering fluid which supplies the clustering
fluid from a fluid supply source to desired instruments or apparatuses wherein

the association of molecules of the clustering fluid passing through the said flow

rate control device is dissociated by diluting the afore-mentioned clustering fluid
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20 the flow rate of the clustering fluid kept in a
nmononol ecul ar state. 13. A flow rate control device
for a clustering fluid which supplies the clustering
fluid froma fluid supply source to desired

i nstrunments or apparatuses wherein the association of
nmol ecul es of the clustering fluid passing through the
said flow rate control device is dissociated by

tocﬁ iéUe'I ”:Sbvéthfhfg SrﬁarHBIn{)i'é%%ﬁFb SbURLEtH Aoy 1itd c%% Fo? d@wce is

l'evel | ower na partial pressure so that the

oA bordtollie o tefe o BieLhafihn q‘iﬂlﬁaﬂé?hﬁﬂ)%ﬂﬁﬂﬂéﬁ%”’%U'af

Ststtate 14. Aflowrate control device for a clustering
"1'U|dasclairredinCIaim120r 5 Cdaim13 wherein a
flow rate control val ve, a heat ?ef ow rate control

1444V flew Gite coniok gevice fw@cms&vnga ldidcas claimedein; elaims12 or

chosen for the flowrate control device. 15. A flow
Claim &3ohareis! a flowirate contral valves adraat dype fiow rake edndiotdevice or
in Caiml2 wherein the tenperature for heating the

a pressuizdgpe dibweratd ovntraltdevivenit ichbsde orctbe iflowzite conttelrdevice.
than 40C. 10 16. A pressure type flow rate control

15daMionerdte cohtrel devics fora Eilistefing Mukhas Blairied fin eYgind B2 ¥herein
Q of a gas passing through an orifice is conputed as

th&&%ﬁeﬁéﬁ?ﬁ% fborﬁ?# tir tr%oﬁr%ﬁr?%bym{é%‘ gb?/ﬁra@é‘%oﬂﬁ%w?gfe is not

thro In a state ratio

Ae gas pressure Pl on the upstream side of
Io@%ﬁt‘@@ﬁﬂ*&@e and the gas pressure P2 on the downstream

de of t |fic is held at val ue not _hj
16 ARCETHodYPS Fowirafs 3t sev e Br BEiyTenaa QU acH the flow
the fluid to be flowrate controlled is a_clustering
rate @iqf 2 ga% passiegithiyohean edfica is eampuiedas A=KRY (where Kiis a
pressure type flowrate control device so that a main
cobslat)ofith the gasepassirg thrpagh thaorifitesin a state whede thecrtiod2/P1
heated to the tenperature not |ower than 40C by the
betaéeh tihe glaisngredsureCP1 on the upstream side of the orifice and the gas
pressure P2 on the downstream side of the orifice is held at a value not higher
than the critical pressure ratio of the gas wherein the fluid to be flow-rate
controlled is a clustering fluid, and a heating device is installed in the pressure
type flow rate control device so that a main body of the pressure type flow rate
control device is heated to the temperature not lower than 40°C by the said
heating device.
17. A pressure type flow rate control device for a clustering fluid as claimed in
Claim 16 wherein the flow factor F.F. of the clustering fluid based on the N2 gas
is appropriately chosen according to the temperature of the main body of the

pressure type flow rate control device, and the graduation of the pressure type

flow rate control device is determined using the chosen flow factor F.F. value.
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20 17. A pressure type flow rate control device for a
clustering fluid as clained in Caim16 wherein the
flow factor F.F. of the clustering fluid based on the
N2 gas is appropriately chosen according to the
tenperature of the main body of the pressure type
flow rate control device, and the graduation of the
pressure type flow rate control device is determn ned
Si f 0 Vel : .
18r4atﬁeglg%%rt%%§gr§; E:IteaQ 8rfagtac{:lﬂs‘eeﬁp n@'#ﬁaﬁ élggié%lugidrlré'gww to
i 1 to.  Clapm 17 incluysi.ye wherein_the
Clefhn7aEhgel Sherei iR dhsisBihortid fs BeRpEen iafide age. water or
ozone. 19. A pressure type flow rate control device
OZO8f-a clustering fluid as clained in Caim17 wherein
the tenperature of the main body of the pressure type
18| dwpressuee e fow raeveeniral deyiedora ¢lasteriagffluishas claimed in
factor F.F. is 1.1665 when the fluid is hydrogen
Claira /i whetais .the temperature of the main body of the pressure type flow

rate control device is 45°C while the flow factor F.F. is 1.1665 when the fluid is

hydrogen flucride gas.
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