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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

present invention is utilized mainly in the f|@M@HM”"”""m”m

the production of pharmaceuticals, nuclear fu )

chemi cal s, sem conductors and the like, and is *159159*

concerned with the nmethod for the fluid flow rate

trol which can control _the flowrate of a fluid as

M%tb99| foe & lewcRates Coptrebof (ousterigasFlvid apdr BgwiseffondripweRate

(hereinafter called the HF gas), ozone, water and the
Cantrod of Gdustening Fliid Empleykdcintbe Methodr i ng fluid) with

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

Figlaic? tlse [Hventioef the clustering fluid. Background of .
the Tnvention The clustering fluid such as the HF gas

andrr'ha';SrééelﬁE i et tlgﬁqg L\‘Hhﬂ&? Yﬂ%lﬂl&l it h'e" fidlds df tﬁgﬁ) reduction of

fiel ucti on Seém con

orfabAgietd i 6, ?@é%;cea@s AFEPLER Sl e ana
copp%%le% Mlglﬁ éﬁ%?’rﬁ}tg ('1 qa ﬁlgd sfr % nqqrgrql g\fh?c y cgrq Oclzontrol the

essure djf erence type flow rate control device and
Ao 18,67 Taich ¢ rRURBHEd Sishras AyAUuprRiaRR 9r Byvhaasadfiuoride
20 The clustering fluid such as the HF gas and the
(hereinafies anthtaé-ﬂ%\gas); zonec watervamd) thee ke i(bereinafter called a
properties such as high density, high specific heat
clustening fluid)hwith phighe prexision tusingd dlow aateagsntrobidevizeon The
the tenperature and pressure, high dependence of an

présehtimertion israkttonserhBe withadlodl tite c@htrbh@ewéé @nbyed in
t he nol ecul ar di ssociation, and the |ike

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

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.

1 A

*G00002*



10

15

20

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
the HF gas and the |ike greatly changes depending on
t hel haretoser Boylpiscandh Ghanlesalaw doesinet applytte the clustering fluid
dependence of the nol ecul ar associ ati on on the
uniikenidead gases likelther @ypencgasorthesitesgert gaseand ingegardngith the
fluid such as the HF gas and the |i ke has the sane
flowneicphtrol thére existemaoly probdernd Wwhithclanstesti eacdlintefed when
changes when the nol ecular weight M 10 changes.

coRErBARGahk FRoWARSE WontroP Bf tHeabxyRfer! §4s Bpltr%cﬁltr%leﬂfgééﬂe This is
clustering fluid such as the HF gas and th IkKe 1's

bedhB8s thd %I&Lﬂﬂe\h?gﬁ?opfh%sﬂif%tﬁnﬂ%ffl | S0ar éé ﬁwé"ﬁ?”qé§?nd the

i's supplied rger en resul

{
ik refifF Bhatdey s%@%ndgﬁﬁ e @q%ﬁﬁf?eﬁlgév?@?mw fagsgydue to
ecause,. of t ow St ea ressure. Hence, with the
de@&ﬂa‘éﬂ?‘? o tne O SRRPEREOR o RS EPREIIE ARC Pressre, and
F ? HE gas and the |ike, it has been tried to
eVPHﬁ thees aaﬁteens flyid sch athe HE gastand thertkediassihesame weight,
of the clustering fluid such as the HF gas and the
the nuenbiey ofimale @f theheluaieningdiuic ghanggsiwhen the majecuianweight M
of the diluting gas and controlling the 20 diluting

chgages.o that a high precision flowrate control of the
clustering fluid such as the HF gas and the |ike can

be Bediueedte ddsociatibs diehahof taindfedufes o6thel dl@ﬁeﬁhg ﬂhfbesuch

supply source of the clustering f|UId such as the

o A S G Ao e
is supplied, the larger endothermic effects result. In the event that the
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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hi gh pressure and in a state in which the clustering
of the fluid is nmade difficult by 2 heating the fluid
at a high tenperature. Description of Prior Art
However, if a |large amobunt 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

heating e duidrat asbighdempesature. manuf acturing faciliti es,
to which the clustering fluid is supplied, is

Despniptior of BriorAd t o 10-2 102 Torr forming a

near - vacuum the high precision flow rate control can

be Hewever, falamecamvuntofithe dﬂOtﬁth?éé RN@ed)os thd ¢lQ¥tering fluid
controller due to various difficulties 10 caused in

helabe] b2t iHigh teRfberfuré R QLpPBhied aitler! thh?rééﬁlrg, %s cost
yéars, the

sem conductor manufacturing 1 n recent

ef@%ﬁ%s% : %ﬁ(cp %oHrBWétSi@tkfrpgy r%% ﬂho%‘?&i Cer|IhdfntisikY it gl‘?éj event

owrate c gases as suppli ed,

j £ C ' s flowrate _controller.
e oREks 8o R Rlency e SBbany feloh Risrurediing taciles, to
detecting . the transfer of 15 heat quantity. Wth the
W@%l‘ zh%rcélg%tﬁp%gtf[%g $ ISURPI‘%F%e'Sclem'Pr SSHEKEC{&? ‘!%Qt re10? Torr
event that the fluid passing through an orifice is
formingr at pRArACEMM. ethec high ®secisiondfieworate eondral| can her @ever
of the fluid Q can be obtained fromthe fornmula, Q=KP1
achigvedewith the mosyentienal mass: flawt catdradleriduedtcoyarous difficulties
nozzle, and Pl represents the gas pressure on the

cauped iretha pradticaifusehe nozzle). In the sem conductor 20
manufacturing facilities and the |ike where the

Pr €318 Whe ottiert gnd AMRé fiRRdMof sEMicaiducist MAarEfagturingSin: recent
the process side to which the gas is supplied) 1Is

VBRI hE Bk A lr G SRS ot L0 o Ty et
co@ﬁr?ﬂo@ gﬁe \Je¥sPRY WupBlied®tdpidting e L ARG RaIMRALS HEY 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 nozzle). 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 However, with the pressure type flow rate
control device in which the gas flow rate is conputed
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
orifice at a value |less than about 0.5, the degree of
t heHowayere withrthgpressurei type diow rade controkdeviekimwhichuthe gas
such as the HF gas and the |like changes due to
flow tate imcomputgd ondhe bapisrthatithe gasitoebe lspntrbked passes through
endothermc action at the tinme of the dissociation of
amotificeutieder thie shiealled tiiticdl ¢ahdition doldiRg tRe 88fe P2/P P Between
t he downstream side of the orifice (or the process

the iptessuré 1 66 tive UPSWEAm didé of the biifice 8hd §0& %ir%éés‘&:'r‘? ‘f;z on the

the clustering fluid such as the HF gas and't
SR SR A NS gt o
e Ceally i . .
mQ8EbS=LbFGIESARE R Ba3) HRkInk RS0 B e W Sag and e ke
orHokR 55 S bl S e Ston
ere the flowrate QN (SCCM is the flowrate of the
atﬂge ixe efithedigsociadign qfiraclepmiess of due to fuctuatien of thenpressure

clustering fluid, and N2 and the clustering fluid are
onpgthedawnsireane sidenef thecrifived(or thye pradesw side)e dfoasratesult, the
devi ce under the sane conditions, the actual flowrate

critied carfditidre of thes clustering fluiddsuphcas aise HFe gbF arebthnlike is not
the like which is passed to the 20 pressure type flow

satisfier], tROtHIGH pAsvisien flmarhtatdshiiop of mtecm%t&ﬁﬁ; fi@8 KfReh as the

determined by nultiplying the flow rate val Ue

. . q ¢ t api " . 0 . he. .
M i ] ket BB Baie pdsail, PATREGaliind Marous
difﬁﬁgﬁ -nmentioned flow factor value F.F. In the event

T ha

‘he flow factor F.F. of
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



the clustering fluid such as the HF gas and the |ike
is always held at a certain 4 value, the flowrate
control of the clustering fluid such as the HF gas and
the like can be effected with a conparatively high
preci sion using the pressure type flow rate control
device. On the other hand, the flowrate factor F.F.
of the afore-nmentioned various 5 gases can be
conputed by the theoretical formula, and normally it

' f i | ;
vaﬁﬁan ttﬁ@floﬁ?ﬂ%‘&?ﬁ;&ﬁf‘éﬁ@i )c{u%%é_lfc frlﬂ?(s%:ﬁ’%s;lh?[}lgﬁ’ baﬁ g?\g]tiwe like

cah?oé&@épczé.ﬁw'ﬁ 955t gl Gr37ogr DSoBa5qBieghfd oo ow

roportional constant not depending on the
fa&%%%'foq?d%ggc@(mu KAl No. 2000- 322130) The flow

bo e Alier apd E@HEP% retq?%«{«?rﬁ% Ecok echtere-taantionad various

forrrula as foll ows: = 0.440100 15 On the
5 gasgptGay Pe GR@RUiath bm tm thaareticat, formula, aandigiarially it can be
nmeasured by using the flowrate test device in Figure
computed by dhe fellowdng fermuva: it is found that the value is
as follows: Tenperature actually nmeasured Fl ow factor
F. fFomnukal]l y neasured 45C 1, 1665 The tenperature is
that of the heated body part of the pressure type flow

FRE r@e cantqad dgw ger)} ¥ &-1 [/ {(x+1) -R}) U2
where rs represents density of the gas in the normal state, « a specific
10 heat ratio of gas, R a gas constant, and K a proportional constant not depending
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
15 On the contrary, when the flow factor F.F. is gctually 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 11665

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

As apparent from the afore-mentioned flow factor value, due to the peculiar
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As apparent fromthe afore-nentioned flow factor
value, due to the peculiar 5 properties of the HF gas
which permit the HF gas to forma state of nol ecul es
as bound toget her depending on the conditions of
pressure and tenperature, the flow factor val ue of
the HF gas, as actually neasured, is vastly different
fromthat determ ned by the theoretical formula. It

is,.thu found that the conc that 5 applies to
pripetieg A} the B Sas ifich oerealt gas Froaes ffornc Hiats of melecules as
wll not be applicable to the flow rate control of
boupd togethes dapendingeon the sonditiops of faressuratand tesaperature, the
device is in use. The above explanation was given wth
floncfagtartvatue ofitbe difs gasyas actually meassred; & vagtly different from that
control device is enployed. However, it should be 10
deterhtided fbyt thehiheoraticah farivuta.C alf ig)| thas afaind that tREe c6As&S that
where the heat type flow rate control device such as a
apphes t6|wi|@9‘tgé§else§ucri3%|3t Rg ddsOVOb gggg&e‘l g}ﬂﬁgggmt be

using a flow rate control valVve is enpl .
arplEaRe o e W AENGARIL PRRAE BBk Sl BB EIRT fow rte

. ' ow rate control of the cluster fluid
Co@ﬁgLa%ée?Lsglﬁ}—llgegas and the like. 15 (bject of the

Ineention It is an. object of the present invention to

sol é&?ﬁe p‘?’fPi?'?RLOna aseﬂ't‘!@ﬁn‘f’@'r‘ éﬁsﬂﬂé}ntot Asq where the

control device is used for controlling the flow rate
pregsuredyee (flave ratey centipdevisa issemployer. gitowewer iteshould be

like, that is, the problem that the conventional flow
noted that dhe explanstivr can alsmapplydbitee easesivdere ther heatolype flow

20 flow rate control of the clustering fluid such as
rateheonitiol gesicarstiichlas a4 mMasstflowbeonteallep| orabe flowerate®vontrol device

pressuri zed chanber due to the changes in the

using adlovaratevedritfel vang IshémeVéG[ M thedee cagess fsh, e tddhicept
nmol ecul ar associ ation and the |ike, the changes in
apmgat%liégﬁg?bﬁﬂiﬁa@@é%ﬁg sRéh AN TP HHE M2 a8 Bhi%Re Fke cannot

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

Obiject 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

al so 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

device is maintajined at 400C 5 - 850C, nore preferably
asgPEALPN cAYACE Rychedflugtyations et the pressiia and Jemperature.” It is

wth a dilute gas to keep the fluid not higher than a
algmani ehjegt ek the prasentdmvendionste provideha mathod fart thehflow rate

clustering fluid has not only tenperature dependency
cobtrol af $e qlustesng dluite saokeax thes MR g e the dikei iat wbith the

of the clustering fluid such as the HF gas and the

tedn'ﬁbﬁathfe_ of & swaih Pardoft ek ratBecopltres Heviceds halh@ined at 40°C
theoretically 10 nononol ecul ar state (or a state of a

~ 8578, |m&é%ferablg%g§ﬁéﬁhaﬂfda9eubﬁﬁe %gﬂérinpﬁﬁjid I8 added with a

clustering flui eing permtted to pass rou

e 1 o603 R e € B by e ke o
i o35 1 SDSGPR E wh FEARPe e s

chanber. It is also an object of the present invention
pressUrs dspepriencsa diatiberagsopiation e Husteia fiud sich as the
the clustering fluid to be used in the above
HF8as iandetenlikenis Hissciated Jarkeeps therrlustating fiuishinTadheoretically
inventors of the present invention first conceived an
montacletulas istatet (o¢ a ptads ofiree smatiendrhber ofitkistesmhol@icules) with
devi ce and heating a major part of the pressure 20
the glustdringfluid theing permittedatei passthrdugit thielfiow tate dontrel device,
control device can supply the clustering fluid with

théreBy frhaking ¥ Foseible tS @8 RreMheFicw | " ! -
progess %ha%oer used in the semégglndgl}@?gwsw% fluid such as

o it c Cacti o : .
PSR atd WIDING i< hgh, i doisPoci By clunteling fuid to
a % $Pe@UrzB8 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 fluid with the flow rate of 3~300SCCM to a low pressurized process
chamber used in the semiconductor manufacturing facilities while subjecting the
flud 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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afore-nentioned idea, tests were conducted to
determ ne the relationship between the heating
tenperature and flow rate control characteristics
(flowrate control precision) with respect to a
plural nunber of set flowrates (75% 60% 45% 30%
and 15% of the pressure type flow rate control
devi ce. The present invention has been created based
on the afore-nmentioned test 5 results. The present
befwoem the, Reatingiamperatyre| andsflow sate eantiad ghatacterigties (flowy rate
a clustering fluid froma gas supply source to
cogtrol pegision) wilireespecsto gppluraltnureker ofsetsflovg rates| (@6%, 60%,
rate control device in which the association of
45%| 30% |lamsl 15%) bEthegressurei tppe flowi retepesistral @evieough t he
said flow rate control device is dissociated by

heatHengrelsBat iAlentorBaS beas @nafdté’c!lVbéQéd3 o 9Ré BfdredR¥htiched test
so that the clustering fluid 10 kept in a

re$R0 Wh@ﬁﬂe@.&nﬂrﬁtbfntlbﬁ it ‘18I Q0reitel 16 4 fr%‘%écf‘i‘@r supplying a

control device whi subjected to the

oS0 i Wi 53¢ Qob0 Rt s R b BgbSiauses
S m to.d mredlntrmmMS or,

oy J4S0RE B N 1B T BekiBf i R i aSs o AL A FiaiscLies of the
a SOCI tion of | ecul es of , the 15 clustering fluid.

cl ig ma(?ﬁ'@ﬂngf%lgé‘ftbﬁéaf?eﬂﬁw secontrohdevice icdisseciated by
deV|ce is dissociated by diluting the afore-nentioned

heating the iafeyefmantionesl flowdats contvelrdevicensa thattheiclistering fluid
pressure so that the clustering fluid kept in a

kepbimavhenaorhalecstaatstatesis suppliéd &y thyg flowerdte mantral device while
control device while subjected to the flow rate

subjaittedto thélfowprate €ohtronvention in Caim3 relates to a
method as clained in CCaiml 20 or daim2 wherein

t herHd predetit ein?@ﬁﬂdrphn I 2 irSlafed 'té’"é nfdtRod ook Iré&‘pplylng a
val ve, a heat type flowrate control device or

°"‘%"‘€’§’fﬁ‘ fiGa 1A g GF¥sHbIY, SRt ) dESied fretrliforfls 6F ,%Eéaratuses
S@ﬁéﬁ"{%&ﬁ%‘{bﬂ%ﬁgbggﬂﬁ v@'fléﬁ thd gssom t|c'>nngf Iecu'ras of the

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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device is not | ower than 400C. The present invention

in Cdaim5 r relates to a nmethod for the flowrate

control of a clustering fluid enploying a pressure

type flowrate control device in which the flow rate

Q of the gas passing through an orifice is conputed as

Q=KP1 (where Kis a constant) wth the gas passing

through the orifice in a state 5 where the ratio P2/ P1

between the gas pressure Pl on the upstream side of

t hel hey presend Iayentioneing §daipy Ssealates 2 armetheddfonrtser fawnrate

side of the orifice is held at a value |Iower than the
coptrpt ofcalustering fiuid remployinf a pesgame typerflomnraté eontrol device in

clustering fluid is permtted to pass through the

whictotiee rfiont iratee@ of the gasvpadsing ftrough Care ofifibé 1§ Wnputed as
pressure type flowrate control device is heated to

QZKR1 (WReresKReS 8bHStaNT)With #eegad ﬁ%i@%u%@&gog%hianstate

invention in Claim6'relates to a ne
[ : i ' ' t
wigha e Fatd PaIFY Befesi 30 tas e Esus £ S LBSygdin'fifle of the
; I ' recei ves the clustering, fluid is
orfiEd Shfte ShsaTedlte FEGLIR wowEsTadsh S Sftap b Sndy ata
o a nethod.as c¢lainmed in Cd ai 15 wherein the )
valy® B VoD 6 o3 PERssUFe MRt the SRS g e uiher dhstering fluid
. device is determned based on the N2 gas, and the
is  pgMittede toachass Filrough tthe @fora-mentigned| wrificagavhile the
the N2 gas is appropriately chosen according to the
aferernpentiongd: pressunee type rfidvodatef carttel pdexdserris hepted to the
flow rate control device so that the flowrate of the
teropasdtere mgt [bWer thans4@6t ai ned by nul tiplying the
measured flow rate value of 20 the passing clustering

f 1 uiké preseheineéntich MEOIEin BkiAtes o E&ﬁéfhbd':as':claiﬁgkﬁjaisn Claim 5

present invention in Claim8 relates to a netho

wHeréin"® enambet dhRPis etdy fdd"ﬁ'neocﬂcﬁéﬁ%{é%pré i bt pressure

rate control device Is heated to t ure o

tyq‘bgﬁc& gat%o%\kﬁgrtofgg%w SndFELLR ST GGst8hh§ Ruldis PHELTHS device.

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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side of the pressure type flow rate control device and
receives the clustering 9 fluid is a vacuum chanber
whose pressure is 10- s Torr - 102 Torr. The present
invention in Claim9 relates to a nethod as clainmed in
Caim5 wherein the range of the flow rate control of
clustering fluid to be supplied from the pressure
type flow rate control device to the vacuum chanber is
5, 3-300SCCM | Th i nvent i on nC|a|m10reIates
fluidyis 2 vaguia CH§"§95M%@§eume%§LHen$ 19~ %OTQLT 2 ¥%9 Toker ei n
the clustering fluid is hydrogen fluoride gas, water
or Mn@seanueph@s #nClaimerelates to @ nopthioch alsiclaimhed #sClaim 5
to a method as clained in Claim?7 wherein the
wheseipethetrange aff the flaivrate dgnivdl ofralusterng fiui toybe stipplied from
rate control 10 device is 45C while the flow factor
theé spfeskure Stype 166w watn dorivopogeviéé URY ithe 'vécu@m Whamber is
for the flurd. The present invention in Caiml
3~30b80TMto a flow rate control device for a
clustering fluid which supplies the clustering fluid

- IR PEMIAELS L R A B clam
R ol ﬁgg@*gfegﬁwggaaﬁgggwﬁzone
ot BT I BBt 8 S e i

control the flowrate of the clustering fluid kept in

7 whersi the tepupelptuwe £f @ majrcbedyobthe preseurs typeiflowcraie wontrol

13 relates to a flowrate control device for a 20
deyicads 45/G gvtileuthe flaw tactenipfiF. és 1116850k hydrogehfluiotide is in

froma fluid supply source to desired instrunents or
usefpeathatfléds i n whi ch the associ ati on of nol ecul es of

the clustering fluid passing through the said flow

et ey O ERIRg 1 Bl ol ol e o
cludtdriid fléld 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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pressure so that the flowrate control device is
permtted to control the flowrate 10 of the
clustering fluid kept in a nononol ecul ar state. The
present invention in Claim1l14 relates to a flowrate
control device as clained in Caim12 or Claim 13
wherein any one of a flowrate control valve, a heat
type flow rate control device or a pressure type flow
rate control device is 5 chosen for the flowrate
of thsnelvgleriaaiuid keptia pmeseRleanataen in O aim 15
relates to a flowrate control device as clained in
d dihe pesentinvientian imiGlaipvd4 refatesto alftow rateecontiol device as
device is heated to the tenperature not |ower than
clal®eqd.in Tlainpri@sertlaimvidnwherein anglomenofls flowl rateesonteolavalve, a
pressure type flowrate 10 control device in which

helab éypd fow rateccédts] devicetasa Fp@é&ﬂé typs Ao radd c@hirél‘ Gé\nce is
is computed as Q=KP1 (where Kis a constant) with

ch88én FAIRL TBW It UBRtréNMevi. i fice in a state where the

rati o P2/ Pi between the gas pressure Pi on the

e R
on {HeEARsBhE Mvehubli S 13,8ed I 2y PHETEiRI Govice s
e. hi gher than the.critjca ssur ratlo of . .
olgfiigds '&se%smﬁgrvghweffh@ R oy G e DRy fate Lot evice is
LF f|UId andaheatlngodewcels instal |l ed
hea (f Srt @Q@f%uf%/%t lpwehthant 40€ont r ol devi ce so that
the heating device is permtted to heat a main bod
of khee PRsent inventippeint Ciaim A6eretatas rtol a quessiget typet rate
tenperature not |ower than 400C. The present invention

controlCtievice 1ry whidhathesflow ratepQesfiinecgas/ pasding shmoaigh ar? Brifice is
control device as clained in Claim16 wherein the

conipugéd asrQ=KPyi(WhereoW isag constant). witth @5 gad pasimgNAraiash the

is appropriately chosen according to the tenperature

oo S SAGTWRGG) L OIS BUAH IR LREWIERLTE E1 on the
upggﬁgmzigé"g;f] fﬁ@oﬁfﬁ% BRY RIS YLE Préssufe P fHePadlihdtfedh 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 flow 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.

11
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flow factor F.F. value. 11 The present invention in
Caim18 relates to a flow rate control device as
claimed in Cdaim13 to Caim217 inclusive wherein the
clustering fluid is hydrogen fluoride gas, water or
ozone. The present invention in Caim19 relates to a
pressure type flowrate 5 control device as clained
in Claim1l7 wherein the tenperature of the main body
of the ure type flow rate control device is 45C
whi e piesent Bwentioh dp Giaim 1Bgelafes i fiave Faterpontrol device as
hydrogen fluoride gas is in use for the fluid. Brief
claieedrin gilaion13to EClaimt Ainclugiverwberein the gusteving fluidois dykdrogen
di agram of the test device to find various 10
fluotide gasewatariorozohet he pressure type flow rate control
device with regard to the «clustering fluid such as

t héTHd- pgesentridvérition Ik Claifri 9or eldtes | tbug tpréssiret tlypefﬂmw rate
rate characteristics of the pressure type flow ‘rate

cofiftBl dé\ice a¥ icfiimedan @BWV%H&SW&%%%%E%&{E% fh?j@gm body

speci nen F115A is used for the device

of Y pFedsiife hi2d! fioW P4te Eihifeh devics [H 3BT iRk Fr@ﬂé\pZacotﬂsPF Fis

cas ere speC|nen I's use
i rate [Ors_ cau changes of
1460 g A hW@@sbS@‘paﬁé e Ilsh BBHaBR 8. T he
c? es where th est. speci nens are F115A and F115A- HT
—\%—E’@f—&‘%&-ﬁ{eﬂ?—é@ﬂﬁagramto show the flow rate as
measured enpl oying the test 20 specinmens, F115A, F65A
and 1g9eAniseAeWhRIE hieaki dipgsamdpt .tm test gepiseateefisd. various
Figure 5 is a explanatory drawi ng of the nmethod for
charastenisiigsrofttbequesswee typetflow catescantiohgleivicei with meghidcto the
the clustering fluid such as the HF gas and the |ike
clusteringefivid tsueH asthbdHF gasantithe likeparti al pressure by
di | ution.

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 F65A 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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Li st of Reference Letters and Nunmerals 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
specinmen) 4 a build-up chanber 5 5 a vacuum punp 6 a
heating device P a pressure sensor T a tenperature
sensor S a build-up flow rate neasurenent device io0 7
diluytin as supply. line 8 a dilution apparatus 9 a
1 %%%’%%P% atglygsaﬂsa Wdiné control device (non-heating
type) 10 an apparatus using the clustering fluid such
2 53 supBlyHinedfas rmw@lusle@ngiﬂu@?swues the Birgas and thet likehe
I nvention 15 The node of carrying out the present
3 i apeesswe type flow rafercantio deviced €a testisipgeinger)
illustrates a whole construction of a test device to
4 f ambdildap cheanbehar acteristics of the pressure type
flow rate control device, which fornms a basis of the

5 pé@ggngmimﬁti on, wwth regard to the clustering fluid
such as the HF gas and the like. Specifically, the

f gl ' ts (DM were inplemented using 20 the
6 S%h%%;(ﬁggt@eg@éi ce. (1) The flow rate control

PEE?@%%&EL%FSS? shown when the HF gas is passed at

of 4 -100SCCM are confirmed using 2 sets

t fl t trol devi f
T?fﬂéttarrﬁgega&ﬁfe_sgénesorype ow rate contro evice (for

S a build-up flow rate measurement device

7 adiluting gas supply line

8 a dilution apparatus

9 apressure type flow rate control 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

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 O~® were implemented using
the said test device.
@ 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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(Z There are confirnmed the state of the flowrate
control in which the build-up 13 chanber is heated and
the state of the flowrate control in which the
buil d-up chanber is not heated. (c)3 The flow rate
control error shown when the HF gas is passed at the
sane flowrate to the flow rate control devices (for
the N2 gas) having different flowrate 5 ranges is
confirmed. (r) Allnearltty of the flow rate control
chapbg '&H@athw @nd| they statecofothet fiew ate gantrolsinawhich dhée dubild-up
(at the tinme of the internediate setting nmeasurenent
chambeditis notheatede when the neasurenent is conducted by
the build-up flowrate neasurement device) is

c@nfThenfiaiv rété dontroFemvr siedven WMidhthe HF 65 $ PAssEiOAthe same
when the tenperature for heating the pressure type

flolW rate tfhe frownidtel '
o2 e T o A8 e g vt ow

rahds ReHnfindelenperature is raised to a high
t%%perat ulre ?850) is confirmed usi ng the pressure type

fl Vi Ql h te eratu
F1 o PArBARLG B ok o SJ‘H&’ e 1B Fam et of fhe HF
.S _cha hi g er at 85C2C) is confirned
setlp Rl s iere)shS eI dlete Setiie mpasiament aod at the
hi gh tenperature. On the basis of the results of the
timg owBeRelbe omapsuEament OST,condusiedi Ry theo builkdgep oflow rate
the heating condition is determ ned exam ning the
measusement deyicekisweafirmetie fl ow rate nmeasurenent
preci sion and tenperature conditions where the flow
rat® Blow tate ldBntyakpriesisiomshiawn athenthe gerberaturestor heating the
type flow rate control device. Referring to Figure 1,

préssigs itgiafiow ratdNdosRsl delicy Yot the N2Zgas) i ceafgsd I?%"C +2) 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 results of the afore-mentioned tests O~@®), 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

14
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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 Vi-V6 valves. The pressure type

flow rate control device 3 and a buil d-up chanber 4

are tenperature-adjusted by the heating device

(heater) 6. 5 The N2 gas of 201kPa abs. and the HF gas

are sugpl led to the afore-nmentioned N2 gas supply
champer, 15 zh yacuemHpugRs 6 apheating devizer & peprassure sensor, T a

Furthernore, a capacitance nmanoneter (rated as 13. 3kPa
teraperatures serssat amd 1hd/6pvalvesir eThenzessute ypd ffow rate control

resi stance thernoneter (Ptl 00) is used for the

deVieaP® reriduaebsiRRg® 'chamder k4 are Rbkpératuraidajusted by the heating
FCS- 4W5- F115A (115SCCVF. S. ), FCS- 4W5- F65A

de(/iééﬁﬁ%f)?s) , FCS-4W5- F20A (20SCCMF. S.) and
FCS-4JR- 124- FI 15A-HT (115SCCMWF. S. for high

t f t f

| A BFC20RA% . R DS S e’ LM To e
ar B fihed iR o3¢ o PolllineoLaRRihe FiEcss ShRin R Sipshiely

RS R BReratef R 8 B v o

pressure type flow rate control device 3, the build-up
the: pagasiire sensae P aadsairesistpaggdhermameten (R140Q) isvasethdor the

the |ike. The pressure type flow rate control device 3
teraperature sansodTup chanber 4 20 are

tenperature-adjusted by the heat adjuster 6 (K K

REKEK: KR HKiMNmiade GIGI-AVYSH115A01( ¢EBSCOMF.$ $NMPFOSMWS-F65A
determ ned by the heating conditions, and the

S TS AL (R3O0 87 Lo ST RaZA P15
(11BBECRIFS. fRUREh temperature) are used for the pressure type flow 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

15
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The heating conditions in the tests as will be

nmentioned below are follows 15 with respect to the

pressure type flow rate control device 3 and the

bui | d-up chanber 4: Test Speci nmen 3Tenper at ureBuil d-up

Tenperature Chanber 4 FCS(F1 15A F65A

F20A) 45CDownst r eanRm 40C si de chanber Tenp. FCS(F1

15A) 43C Downst reanRm 47C40C , si de chanber Tenp. FCS(F1

15A- HT) 850CDownst r eamd00C si de chanber FCS(F1
Wltbsﬁeanﬁpsmtlmmewgwg@ floycrate; ernteol dayige Baamnd the tbuild-up

speci nen 3 has 5 neasurenent points (6 nmeasurenent
chpoiberd: 5 only for F20A), which are the points of 75%

60% 45% 30% 15% (90%only for F20A) of the
respective rated set values The se \/al ue (% _ neans
he setting against the |nput signa OO% nd the

t

input Valek@GBe&i@AA O- 5V|tanidigtups °s§ s Pty Derehig@hbture

rlate control device 3. hamber
FCS(F115A+F65A+F20A) 45°C Downstream |Rm — Jo\

side chamber | Temp.

Downstream |Rm

FCS(F1 1 5A) 430(:~ 47OC Side chamber Temp. 4OOC
FCS(F115A-HT) 85°C gg\;vr;it;:qabrzr 40°C
FCS(F1 1 5A_HT) 83°C~ 870C DOWnstream 40°C

side chamber

Each test specimen 3 has 5 measurement points (6 measurement points
only for F20A), which are the points of 75%, 60%, 45%, 30%, 15%, (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 9.75SCCM (based on N2) are
measured respectively.

The places for measuring the afore-mentioned temperature are as listed in
Table 1. Point A designates 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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Furt hernore, when the nmeasurenment is conducted at the

sane flow rate 10 point, 3 points of 48. 8SCCM

20. OSCCM and 9. 75SCCM (based on N2) are neasured

respectively. The places for nmeasuring the

afore-nmentioned tenperature are as listed in Table 1.

Poi nt A designates a tenperature nonitor display of

the | eak port part of the main body of the pressure

type flow rate control device, B a thermstor fitting
bmlé—qparchamber,heorrﬁi R soaytampenaturgr displaved: ppethe ¢emperature

rate control device, Point Ca |ower part of the base
adjpustere6 omouhtedc onpthei byjlczop tehaimbpary apdPBoint ® is e temperature

tenperature in the test room Point E a tenperature
disptayedoon thestenayerature faljusiob®imalinied ohahe presdire typd-flow rate

a tenperature displayed on the tenperature adjuster 6
coftgndé&dce®n the buil d-up chanber, and Point Gis a

tenperature displayed on the tenperature adjustor 6

m%&o?—%éiﬁigﬁéﬁ%é&%ﬁ@ on:\ggté;é\?ri&%%eq ﬁP\A@%ﬂhowing order.

devi ce. ore-me

Cynd ThE RS B ol YthatifeTbauiotis WBENTE Tt specimen

s EREedEd amilueEdei o FiadBl (tE upoRterted de dhd Bllla-p flow rate
nmeasur enent device S). 20 The warm ng-up operation of
measiirgmentdevice Ble f1ow rate control device 10 3 and
ot her neasurenent instrunments is effected for nore
t hdd Thewarmirg-upeoperation ebthei pressurettype flow)rate control device
At nospheric gas is evacuated to a vacuum state up to
3 amk otheert measuresnatd inétrarentsr isseffeoted Ygrembletharatl ehour before
control device 3 by the vacuum punp 5. (r) A cycle
thetesy s started. t he N2 gas i s conducted for a gas
substitution. 15 06 Val ves placed forwardly and

bacdAtHbypIric §8s I 858Ul H0% ThQirh&tSte 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. |t should
be noted that the pressure inside the build-up chamber 4 is evacuated to a

vacuum degree of 102  Torr before the start of the measurement.

17



control device 3 are closed while the systemis kept
in the vacuum state. The systemis left for 10
mnutes as it is, in order to confirmthat there is no
rise in the pressure conmand output (no leak is
confirmed). (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 nmeasure
the flowrate by the build-up nethod. The neasurenent

I S 40 ' Al the _ave f the
o B RS haaler b SERERT e G oaRlirb AR etditontro
d siho d be noted that the pressure inside the build-up
C¥f&ber 4 is evacuated to a vacuum degree of 102 Torr
befqre the start of the neasurenent. 17 O A speci al
hoDefmpale s BvldrRe Given crﬁetﬁsrtsgmratqrw@mstmnhaa@d the
control device 3. Eé% Ampl e time should be given for
measeireragpk rshoulce shart efterepenfitaringt that theatampenature has been
shoul d start after confirmng that the tenperature has
5 stabdimed.5 stabilized. The results of the tenperature
nmeasurenent are as shown in Table | Table 3. It
shdihedrestilts asfetlettBmiperaturé mgedsilibaent he deshiowrd in Table 1 ~
conditions 1Q are that the tenperature of the test

TabReS! NBshduld bé Hotéd dhat) | '
aheat ed whi Iue the heati néﬁ%?ﬁ?%ﬁé%ﬁgrﬁg@ %8{‘5?%25 D are

i SRl o 8 8ot nER SR kg P e
nofhed SRR Y B 5B G286 yHaTERbmBRRRLIE Dttt
10 speDc(:)f\r/\n'neSnt 5 lesa%% %lewdltﬁg lfer%?)re}'athreengf trg\grgl}il(c)i[tﬁ? brc\)a4n51bgr4 iss'470458'. 2
[Result of Temperature Measurement]

[Table 1] Test Specimen F115A

[°C]
Heating Conditions Q) ®

Gas Type N2 HF N2 HF
A. Downstream side leak port temp monitor 46.0 454 457 452
B. Thermistor part 47.2 46.6 46.9 46.4
C. Bottom part of substrate 431 42.8 43.1 425
D. Room temperature 245 25.3 245 248
E. Chamber temp. monitor 23.7 244 444 43.0
F. Chamber temp. adjustor display 24 25 40 40
G. FCS temp. adjustor display 45 .45 45 45

15

[Table 2] Test Specimen F65A

18
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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 Speci nen F65A 18 Heating Conditions
Gas TypeN2HFN2HF A. Downstream side | eak port tenp
nmoni t or 45. 945. 845. 845. 7 B. Therm st or

part46 046 846 746 8 C. Bottom part of [°C]
subst Hetiegldshdibid. 742./1242. 8 D. G]Room ®
ronbtorsh 005 g4 7ed o A Guilepa ool S o HF
B BopyioteyD 89 Bk p0ereronis(S t 41D, ddj uds8r di spHaP45454546.7
BTabéemiztoTepartSpeci men kRHA I-]Ieat e Updl 4b9onsQO Gagg
CIELASRREATRN: O A AR VT R - S N L Y,
BaRearn temperatigesa7. 0 |C. Zbt om paf4.1of 23.1 232
BUDR4rhsEradmpItdnitd3. §43. o &. Roompz 3 427 4358
‘FE. Eﬂamger temp. aaidstor 3i'spiay‘ ' 04%31 23 40 40
G. FCS temp. adjustor display 45 45 45 45
[Table 3] Test Specimen F20A
[*C]
Heating Conditions @ ®

Gas Type N2 HF N2 HF
A. Downstream side leak port temp monitor 458 46.0 458 455
B. Thermistor part 47.2 47.2 46.8 47.0
C. Bottom part of substrate 429 43.1 438 434
D. Room temperature 233 245 25.6 26.1
E. Chamber temp. monitor 23.3 23.7 440 43.9
F. Chamber temp. adjustor display 22 24 40 40
G. 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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E. Chanber tenp. nonitor23.323.744.043.9 F. Chanber

tenp. adjustor display22244040 G FCS tenp. adjustor

di spl ay45454545 As apparent fromthe results in Table

1 to Table 3 inclusive, there is seen a 5 difference

of about 0.2-2.20C between the val ue displayed on the

FCS tenperature adjustor 6 in the item G and the

tenperature of the therm stor part in the itemB.

Therefore, this should be noted in the event that the
flustuatien of theflomatate valkenbgvasn thesmeeguiements with the pressure

el ectronic conponents and the |like. Table 4-1 shows
typehtiowgate centsédl devicere dsurthermare oTabile @-2 showsathe, flovhirates as

10 denonstrate that even under the sane heating

measutied ito tondubethe sk stiitéd on ehe aforebabnisied tenl® e 14)
and the HF gas in the respective flow rate settings

us(ngothe préSdtredpe fleRYancortriidevibaSHIASIA Murfd PW rat es
are the results of the nmeasurenents conduCted 3
tinmes. It is learned, then, that there is no 19
fluctuation of the flow rate val ue between the
neasurenents with the pressure type flow rate control
device. Furthernore, Table 4-2 shows the flow rates as
measured to conduct the test stated in the
af ore-nentioned ItenD3 (Page 14) using the pressure
type flow rate control device shown in Figure 1. 5 20
[ Table 4-1 ] Measurenent Result of Flow Rate (Test
Speci nen F115A) Heating ConditionsO Gas TypeN2HFN2HF
75% Ave. 85. 8101. 984. 3100. 6 75% 1st
ti me85. 7101. 884. 3100. 5

20



75% 2nd ti me85. 8101. 884. 4100. 6 75% 3rd

ti mes5. 8101. 984. 4100. 7 60% Ave. 68. 378. 967. 378. 3 60%

1st tine68.378.967.378.1 60% 2nd ti ne68. 478. 967. 378. 3
60% 3rd time68. 479. 067. 378. 4 45% Ave. 51. 559. 150. 758. 5
45% 1st tinme51. 559. 150. 758. 5 45% 2nd

ti me51. 459. 150. 758. 5 45% 3rd ti me51. 459. 150. 758.5 30%
Ave. 34. 139. 633. 639. 1 30% 1st time34. 139. 633 639 1 30%
2nd ti me34. 139 739.1 30% 3rd time34. 33.639.1
154dable 41§ 7M3a§qsemqry ResudbefidowtRate1 dTesQSm@mngF % 5A)
15% 2nd timel6. 619.516.419.3 15% 3rd

tinmel6. 719.616.419.3 [ SCCM 21 [Table 4-2] Measure CM]
ngn‘é'citoné&gns ame Flow e (Test Spgcimen FIt

.::d: tHH-orsQR-Gas—ypeN2HE
"Gas Type N2 HF N2 HF
75% Ave. 85.8 101.9 843 100.6
75% 1st time 85.7 101.8 84.3 100.5
75% 2nd time 85.8 101.8 84.4 100.6
75% 3rd time 85.8 101.9 84.4 100.7
60% Ave. 68.3 189 67.3 783
60% 1st time 68.3 78.9 67.3 78.1
6096 2nd time 68.4 78.9 67.3 78.3
609% 3rd time 68.4 79.0 67.3 78.4
45% Ave. 51.5 59.1 50.7 58.5
45% 1st time 515 59.1 50.7 58.5
45% 2nd time 514 59.1 50.7 58.5
45% 3rd time 51.4 59.1 50.7 58.5
30% Ave. 341 39.6 33.6 39.1
30% 1st time 34.1 39.6 33.6 39.1
30% 2nd time 34.1 39.6 33.7 39.1
30% 3rd time 341 39.5 33.6 39.1
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 tined7.855.3 42.4% 2nd
timed47.955.3 42.4% 3rd tinme47.955.3 17.4% Ave. 19. 222. 6
17.4% 1st tinel9.222.6 17.4% 2nd tinel9.222.6 17.4%
3rd tinel9.222.6 Table 5-1 shows the flow rate
nmeasurenent 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
sa flow rates with FG5A. Sinilarl Tabl e 6-1 shows
th:ﬁ?li"s\ﬁ-?gt MeasuremantesulialiSameilow Rae s | s used
for the test specinen (the pressure type flow rate
control device)3, and Table 6-eshSpecimen hEtEA)r enent
results of the same flow rate with F20A. 10 22 [TT%Ie
5-1 1 Flow Rate Measurenent (Test Specinen F65A) CCM]

Heat HegtiR!CtriditersT Cas TypeN2HFN2HFE (3%

AVEZS: 5 440 JSGTW.LMG. 356—9—759%

ond tined® 1¥Be 146 456 0 75% N2d tineaB. 355 349F356. 0

60% AVR.4%%. A¢a. 837. 143. 1 60%418t ti me3B. 743. 8%5.343. 1
42.49% 1st time 478 55.3
42.4% 2nd time 479 55.3
42.4% 3rd time 479 55.3
17.49% Ave. 19.2 226
17.4% 1st time 19.2 22.6
17.49% 2nd time 19.2 22.6
17.4% 3rd time 19.2 226

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 resuits 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 tine9. 110. 68. 810. 4

s 1EbE s e Fiow Rat Magsuremen

6(§'g§t §%>

I\/leasur emant of

Mat i ng
Condltl ons(c) 2 Gas TypeN2HF 30. 8% Ave. 18. 822 0 30. 8%

1st tinel8.822.0 30.8% 2nd tinel8.822.0 30.8% 3rd [sccM]
hb R Sontiieans P [ SCEM237) @

Gas Type N2 HF N2 HF
75% Ave. 48.3 954 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 43.8 37.1 431
609% 1st time 38.7 438 37.1 43.1
60% 2nd time 38.6 438 371 43.1
60% 3rd time 38.7 438 371 430
45% Ave. 28.9 32.7 27.8 322
45% 1st time 28.9 32.7 27.8 32.2
45% 2nd time 28.9 32.8 27.8 32.2
45% 3rd time 28.9 32.7 278 32.2
30% Ave. 19.0 218 18.3 214
30% 1st time 19.0 21.7 18.3 214
30% 2nd time 19.0 21.7 18.2 214
30% 3rd time 19.0 21.8 18.3 214
15% Ave. 9.1 10.6 8.8 104
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 10.6 8.8 104

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

[SCCM]
Heating Conditions )
Gas Type N2 HF
30.8% Ave. 18.8 220
30.8% 1st time 18.8 220
30.8% 2nd time 18.8 22.0
30.8%6 3rd time 18.8 220
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[Table 6-1 ] Flow Rate Measurenent (Test Specinen

F20A) Heating ConditionsTO Gas TypeN2HFN2HF 90%

Ave. 17.720.617.721.5 90% 1st tinel7.720.617.721.5 90%

2nd timel7.720.617.721.5 90% 3rd tinel7.620.617.721.5

75% Ave. 14. 716. 614. 817. 3 75% 1st tineld. 716.614.817.3

75% 2nd tinmel4d. 716.614.817.3 75% 3rd

ti nmeld. 716. 614.817.3 60% Ave. 11. 713.111. 813. 6 60% 1st

imell.713.111.813.6 60% 2nd tinell. 713.111.813.6 60%

[T@Ia 6 1Inehlow/RateiMeagurenents o TesteSpedmend204). 1 45% 1st

time8.69.78.710.1 45% 2nd tinme8.69.78.710.1 45% 3rd

tine8.- 69 78 710.1 30% Ave 5 66 45 76 6 30% 1st [SCCM]
HeattpsCpditions| 76. 6 30% 26d ti me5. 66. 15. 76. 6 30%@8r d
t i GR5-T9Be 45| 76. 6NI5% AVe. 2. f4 12. 8B. 3 1Ry6 1St HE
tdgTE A LS 12103 \?]_71 206 171 215
90% 1st time 17.7 20.6 11.7 215
90% 2nd time 17.7 20.6 17.7 215
90% 3rd time 17.6 20.6 17.7 215
75% Ave. 14.7 16.6 148 173
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
60% Ave. 11.7 13.1 11.8 136
60% 1st time 11.7 13.1 11.8 13.6
60% 2nd time 11.7 13.1 11.8 13.6
60% 3rd time 11.7 13.1 11.8 13.6
45% Ave. 8.6 9.7 8.7 101
459% 1st time 8.6 9.7 8.7 101
45% 2nd time 8.6 9.7 8.7 10.1
45% 3rd time 8.6 9.7 8.7 10.1
30% Ave, 5.6 6.4 5.7 6.6
30% 1st time 5.6 6.4 5.7 6.6
30% 2nd time 5.6 6.4 5.7 6.6
30% 3rd time 5.6 6.4 5.7 6.6
159 Ave. 2.7 3.1 28 3.3
15% 1st time 2.7 3.1 2.8 3.3
15% 2nd time 2.7 3.1 28 3.3
15% 3rd time 2.7 3.1 28 3.3
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15

15% 2nd tinme2.73.12.83.3 15% 3rd tine2.73.12.83.3
[SCCM 24 [table 6-2] Flow Rate Measurenent (Test
Speci nen F20A) [SCCM Heating Conditions 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 conputed on the basis
of the actually neasured 5 flow rate values where the
f orltalle612]F FlowRateMeasirement/ NPegiBpedimen R04) The
average value of F.F. is conputed as the average of
the F.F. values in the flow ranges of 14-60% Und&CCM]

g_he PrR&tihE CaiiiGbAd onis 29/ 1”\ i S,,.l ear ngd that+ ot heH
| A—31—166—eraer—atTrespeetive—+row

rate rarfd@s Typ®. Tablle 8 - TabNe 10 show the HF
measu4enEIH AQeS ors or| di screppgci es befween 3@ g he

.ot o | =Y

t gst—s e NS oat—the safre—Set—HHowate—Ever—i
t he sA8B%0 bst Himee val ue is Hasured With t hdOdst
speci mBEYe32nd times | earned thpy there pccurs tylgg error

of—™6: vat—the—raxmm-betneen—thetrspectren—types
it ndBB%edrst tiee HH  gas. Ordble 7] Result dO-% F.
Measurenent (Heating Conditions 20 15

Table 7 shows the flow 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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FI ow Rate RangeFl 15AF65AF20A 759%.19281.21011. 1714

60%. 16261. 16021. 1543 45%. 15451. 15921. 1545

39%.16341.17131. 1646 15%.17911. 18661.1738 F. F.
Aver agel. 16491. 16931. 1618 F. F. 3 sets Ave. 1.1653 25
[ Tabl e 8] Conparison Result of Sane Setting Flow Rate

(Heating Conditions 02 )
15AF65AError Setting42. 4% 5. 0% F65A- F115A)

[ SCCM Fl ow Rate RangeF1

N247.946. 3-1. 5 HF55. 356.10.8 5 [Table 9] Conpari son
Result of Same Setting Flow Rate (Heating Conditions

(c)2 )

SCCM Fl ow Rat e RangeFl 15AF65AErr or

Set[Tablg Bt . L@vpangarcBesuil obBame3etting &low Rate
HF22. 622.0-0.6 [ Tabl e 10] Conpari son Result of Sane
Setting Flow Rate (Heating Conditions ZHating Conditions @)

[SCCM]
Flow Rate Range F115A F65A Error
Setting 42.4% 75.0% (F65A-F115A)
N2 479 46.3 -1.5
HF 55.3 56.1 0.8

[Table 9] Comparison Result of Same Setting Flow Rate

(Heating Conditions @)

[SCCM]
Flow Rate Range F115A F65A Error
Setting 17.4% 38.0% (F65A-F115A)
N2 19.2 18.8 -04
HF 22.6 220 -0.6

[Table 10] Comparison Result of Same Setting Flow Rate

(Heating Conditions @)

[scCcMm]
Flow Rate Range F65A F20A Error
Setting 15.0% 48.8% (F20A-F65A)
N2 8.8 9.4 0.6
HF 10.4 10.9 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 F65A and the test

specimen F20A, respectively.

As apparent from Figure 2, in the case of the pressure type flow rate
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[ SCCM Fl 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 2Q

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,

respectively. 15 a ent fromFigure 2, in the
COEEQESQY'C?'h@ep‘ﬁ@%@ 3 4%53(9\% raig range gets t,A00% thr greater the

the closer the set flowrate range gets to 100% the
measbed flomrate getgs gpparedwith dhe case of theoNpgaed wit h

the case of the N2 gas. Wth Table 11 and Table 12, it

wasVitb ablentt aod Talbde BAsit svasf carfiemeldan thet lsasis of the flow rate

nmeasurenent by the buil d-up nethod whether there is
measurément batthe buildam miethdd whkthier the@NisrrgsHiow eateddithge or

to find if the afore-nentioned critical condition is

notlinaagehr frissdrd ratigd B fihtd e tied dfbre-theAWbred @ritical condition is
nmeasurenent of the HF gas. This Is because the

ah@%tefdg?eﬂ %ﬂh({ hb O e IO Jléﬁrgl%sht%rﬁérﬁ%f‘fﬁ%%s. This is

rmal  gases, an re s a possi
L deid e .nati o bec L ler. re
oekis Y0 e ke 1 i e BB B s
correctjon, .it was. .10 assuned.that the pressure range
9a885 AL 11 isrg PESSIOUREHER HiF Eiica) peassie Faticbeymes gfhatir.
ZOMH. As |f:;\égaren_t fromthe results in Table 11 and
TalYlere; oncrriely, wath siiiiation af; the dlaw frate sestedtian: e was
calculated flowrate ratio over all the pressure
aspumgdsthat the pressure range is 30Torr~90Torr, selecting the pressure
interval of 20Torr.

As apparent from the results in Table 11 and Table 12, there was observed
little 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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Accordi ngly,

It

gas having a great gas 15 specific heat,

nmeasurenents are conducted under the situation
condition is satisfied over the entire
ranges of the said flowrate
Sanpl e Data No.
A P[ Tory] Conput ed Ti me Range [sec] Conputed Fl ow
1. 005 30-5014.51.004 1 st

8- 9014. 50. 998 30-9044. 01. 000

the critical

[ Tabl e 111
Range:

¢ a0l Sepnla e

measur enment
of Measur enent

is understood that even with the HF

the flowrate
wher e
tests. 27
Pr essure

10-3014.51_002 30-5014.51,002 2nd tinme50-7015_01..001

Nggﬁ MrasremS 0| PeDre3i9ues O RIT 061 | Con0ted Dim8Behep 4] | 0@@uted Flow Rate Ratio
30-9044. 0116 995 (2 gas 8k ng-cdndi-tioh) 2
Setting sig %@W@ O Tahlle 12] d4®le Datla 5 004

1st time 50-70 15.0 0.999
70-90 14.5 0.998
30-90 440 1.000
10-30 14.5 1.002
30-50 145 1.002
2nd time 50-70 15.0 1.001
70-90 145 0.999
30-90 44.0 1.000
10-30 145 1.003
30-50 145 1.002
3rd time 50-70 15.0 1.001
70-90 145 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] { 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 26.5 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
30-50 265 1.002
3rd time 50-70 26.5 1.001
70-90 26.5 0.997
30-90 79.5 1.000

28




10

15

No. of Measurenent Pressure Range: A P [Torr] Conput ed
Ti me Range [sec] Conputed Fl ow Rate Ratio

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
éF65A HF gas, heating conditions 02 , Setting signal
(F@5A., HEgias, heating condifiens) @ 4Settiog signat 76k ew t he

results of the flowrate neasurenents with F114A and
F1TableHT 3 or ~t Tablé e$3-4s frmlusivan ghowe the eesulte oft Yhee flow rate
flow rate control device) 3, and the heated

méasupements RithfF 1134 hRg tFRIBACHTERr $he tawt Sspefmén Q!h@ pressure
85C-1-2C. In the flowrate neasurenent in Table -

tyﬂéf"g‘ﬁ??‘%e%?';‘f" g%&ci:ﬁe)tﬁrﬁ’rﬁf %gfé%t% télrﬁﬁe ﬁéﬂe%f T@e g&&@’ﬁé&men

P e A e
to %bltehﬁia ffe t%anterr]ature 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 85°C).

Table 13-5 shows the flow 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

[SCCM]
Gas Type N2 AQ
Heating Temp.| 43°C 45°C 47°C | (43°C)-(45°C) | (47°C)~(45°C)
75% 940 934 94.0 0.6 0.7
60% 74.9 74.5 75.0 03 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

base tenperature (45C and 85C). 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 flowrate/ 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
Measurenment [SCCM 15 Gas TypeN20 Q Heati ng

Tenp. 43C45C47C(43C) - (450) (47C?z- (450 _
(TesvspeciorMBll o Temperetye of ghambes 400C3(ixed))

459566. 356. 156. 20. 20. 1 309%87. 337.237.30.10.1

1593able 13-2]1 8F 2o RateOM2asyreaséntspeci men F115A,
Tenperature of chanmber: 40C (fixed)) [Table 13-2] FElow

Rat e Measurenent [ SCCM _Gas TypeHFA Q Heating [SCCM]
TeGps 296854 7C( 43C) - (4BE) (470) - (45C AQ
feataeTanwy 0430 o1 “anel 20 BLCUR EFELRAEEY) (h7°c)-45°C)

75% 113.4 111.0 110.3 24 -0.7

60% 87.5 86.6 86.6 1.0 0.0

45% 65.1 64.7 65.0 04 0.2

30% 43.5 43.3 43.5 0.2 0.2

15% 21.5 214 215 0.1 0.1

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

[Table 13-3] Flow Rate Measurement

[scceMm]
Gas Type N2 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 72.2 721 0.2 -0.1
45% 53.6 53.4 53.3 0.2 -0.1
30% 34.8 347 34.6 0.2 -0.1
15% 16.1 16.0 15.9 01 -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)
75% 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 41.0 40.8 0.1 -0.1
15% 19.0 18.9 18.8 0.1 -0.1
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15921. 521. 421. 50. 10.1 (Test speci men F115A,

Tenperature of chanber: 40C (fixed)) 5 [Table 13-3]

Fl ow Rate Measurenent [ SCCM Gas TypeN2A Q Heating

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

159%46. 116. 015. 90. 1-0. 1 (Test speci men Fl|5A- HT,

Tenmperature of chanber: 40C (fi xedL [ Table 13-4] Fl ow
(TestspemmenF dheAH T, Jemmeratuce of ghamrbe4aG  (fingd))
83C85C87C(83C) - (85C) (87C) - (85Q)
75{{’&&1&603@@] 1Results of A.B. Measy@meti4. (EFhigh Germpeérature)
45963. 063 062.90. 1-0.1 300/641.141. 040.80.1-0.1

t'5r°/(1t1 0189188010, 11636 (Test ectmen—FiIiSAHT;
Hegding Jreme: chanB3fC 40C (fixeBH)C [Taple 18
RESUI 17%(% F. |veq's_ré§813n[ Cror 1 nfégﬂ tenger dLiJII%;83
60% 1.1702 1.1742 1.1749
45% 1.1760 1.1793 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°2 ~ 102 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

Heati ng Tenp. 83C85C87C 75%. 16301. 16711. 1683
60%. 17021. 17421. 1749 45%.17601. 17931. 1791
30%d.17931. 18161. 1813 159%.18541. 18731. 1883 F. F.
Averagel. 17771. 18061. 1809 Figure 3(a) and (b) are the
pl otted nmeasurenment results of the 5 afore-nentioned
Table 13-1 to Table 13-4 inclusive. As apparent from
Figure 3(a), in the event that the tenperature for
heating the test specinen 3 is around 45C, there is

3~8905¢ Mbyitheheating fempaeaturenas mantiored @bovecones

greater as the set flowrate range rises with respect
t o RigereHF (@adh) advés)show thei plottedinactualiyt measurddovalues ef the
error caused by the tenperature 10 difference becones

flome zates eusing Viet154)eFB5A| ard H20A @k thee testtsgdoimengtwhere the
ranges when the tenperature for heating the test

temﬁemtﬁmoﬁtwee@%h Spe iRt (IS presERé typge flow rétweéhtfdlcuawce) 3
e results in Figure 3 (a) and Figure 3 (b),

andaehipePhtard Béﬁdmbﬁi‘fdr'lﬁ‘e Bhﬂd\l@aéh%n%é}tére drhmk

gas using the pressure type flowrate c troI eV| ce,
W
| DALSERAE SRR B COET pell B TrBplE oS e
t he tenmper | oner than 60C. It is |earned
he?ﬁgé °§{)Qﬁ'° @t <gﬁocess si de pressure on the
do str am si o{e of t he orlh:hce is around 10-2 - 102
Tor ﬁ’ée -Antioped dest rggults-hayp cevgaled thefoliewings! |
grem sion can be assured over the flow rate range
of 1 Suffirddiow mtetqantiob of they HRegas oxeuthe flow rate ranges of
nmenti oned above. Figure 4 (a), (b) and (c) show the
3~1068CEM cart beldchievedshy appmﬂriawy dfeating the pressure type flow
rate control. (Table 4-1 ~ Table 6-1)
®© The pressure type flow rate control device can be heated to 40°C~85C.
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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flow rates using F115A, F65A and F20A as the test
speci nens where the tenperature of the test specinen
(the pressure type flowrate control device) 3 5 and
tenperature conditions for the build-up chanber are
paranmeters. As apparent fromFigure 4 (a) - (c), F.F.
has a high linearity under the heating conditions QO
and (Z. The afore-nentioned test results have reveal ed

the follow ngs; OO Suffjcient flowrate control of the
m?ﬁ%ﬁ@%g&afgﬁtﬁﬂsﬂeﬁv r@ﬂ@fﬁaﬁw@ésf @) 10 3-100SCCM can

be achi eved by appropriately heating the pressure type

f 1 olie pyew@geovalug| of %%me@smeg ﬂovva%btprsl?. )is0P.18A3, which is

pressure type flow rate control device can be heated

almostthe-sab@ for3be all set rangpsar {fabded)t enperature for the
substrate or the base plate (on which electronic

Cor@owith regare totthatfiod) rateslirarityat aesértsinawit W ratdi range,
15 nmeans that if the tenperature for heating the

BAlRGRMOR dtyeth| bal-U (pPeSUNE "iRterval (206 ﬁ%éc@?"r’hfﬁs? fiSw rate

| ower than the guaranteed tenperature of” 50C

Eé‘l@h%ﬁbﬁﬁe#‘aﬂ% t@%@g?ﬁﬁh‘&ﬁ?é YIBt fa{té’%é@ﬁtg na? %;étrc\f}ghterval was

device Wt at-resi stance c¢

Pl e Ho!ae 520 406, 198 ReyeRhBieRE RidainB an ifeaity? h Bable 11
sa oy, ate was effected using two types of test
QB@Ph@nﬁ)havi ng different flow rate ranges, the flow

rate error of the HF gas is found to be 0.8SCCM at
t hé®nltkthauayentithatihe. temperaiuse dorbeating thevtestispecimen 3 was

e T i s s ot v

2 (a) - (c)) The average val ue of the neasured flow
tinieethen Redtedstol48648C: ihflow fate setting of 75%). However, in the
event that the heating temperature was set at 852°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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al nrost the sanme for the all set ranges. (Table 7) (5)
Wth regard to the flowrate linearity at a certain
set flowrate range, 5 calculation at each buil d-up
pressure interval (20Torr) used for the flowrate
calculation reveals that the error of the flowrate
linearity at each interval was |ower than +0.6% - -
0.4% thus no problem regardi ng the linearity.
I__Etabl ell ~and Table 12 In the event that the
gap&sigthe mass Hewcon Olwlﬁ%gﬂdimﬁhkﬁmn 3 was 10
set at 45 20C, it is found that the flow rate error
wadNith dbe tresent. ingaian, dhe tupper fimiteforteating dhe demperature of
45-47CC. a flowrate setting of 75%. However, in the

the pesasuré hpet fhew natetcongrol deviee a$ sekatvB8B°Cs etThis istiatddse when
using the test specinmen for high tenperature, it was

thé dtentberatiire tdise lupWhighie? thahOB5%RS depBhdend) di- the RidIdE
(at nfbhe ti ne%er@hegtgg to 83- 850(:(%‘pé fl o@v’ra the ular

as§6é|bt|6|§l onhelﬁ?‘@gas(Jﬁ"ﬁ'leep 3}’5?1%?% é)@ef% e %‘S’?;t he

technical literature stu

nol
or SEHYE albRbndtied @ég?aot %?@vhégcﬁ@?‘%’ﬁ&ﬁﬁ 'aéﬁﬁeaqaae was
.7 Torr . Wwith, the t e e h t han 800C
disiBsed upeie dné 2 SusEre) ”fiwfa 4 e HhiveRed bucaising. the
40, 8 Ocal/n?.I rAccordl naly, is 20 assuned that at
tenRgratiing: ofsthenelustesingr Hu cd‘rﬂ?wsverof't Sheuld- bgagotedhéhat the
flowrate control can be conducted by heating the gas
clysteringot thgrlusteting fluiddapends net eplymn the ( i temperature pet also on
limt setting of 75% as expressed by the formul a.

therpegssure nbherefatet thesclustering of tiee afusteringefvid caabdpmsvented
concepts in accordance with the present invention can

byatiluting tthe ichestérding\fluidtte & evel Rwerfthaha §§mHFevﬂa%%uktS b&dding
the mass flow control device and the |ike

thPERafY gagiventi on, the upper limt for heating the
ten‘pera%ure 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 §, 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.
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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
tenmperature of the clustering fluid. However, it

Efteets ofthednvention t hat the clustering of the clustering
fluid depends not only on the tenperature but al so on

1o Witk tipe psesent invEintionf theeclusterng fluikt sudhnas te HRegas and the
clustering fluid can be prevented by diluting the

like lto Heciowrgatel corrdliedds lpageed timaRghithebrificean & étbte where the
pressure by adding the diluting gas. That is,

prééddﬂéttyﬁé 9w FatEi éBHtlQJI Yevidaeis§ hetdd (tbrlﬁe"{%ng%ﬁtu'ré not lower

| uted by adding and mxing in the dilutl

thé@% ot s cmslt&fdg;ﬂtup';@cw &t thed H?‘e%é'{ aﬂfﬁP\? tI“'Re acoI 1Y fibw-rate

I"ower T han ressure
wh I nb
oofiiEls Bgeatintaldir h Bty eaost?e%evﬁgd%a#‘%anmgﬁge?qwﬁe fluid
nol d ith th

s A I Hiohe vt Baseue Dicadring iae 191t gt sebat the

clustering of nolecules of the f|UId is prevented. By
melgculgsof ghefluid asepernyitied toturmmanomaleculay fAsiadresult, the

such as the HF gas and the Iike can 20 be achieved

meleculatasheciation of the kiusteringfluid orethiegendathetrhie ampphiyat the
line for the clustering fluid such as the HF gas and

timehof diskeciation il aoppe Yinflugneeti iy theeprdiskuite ofthgasiustedhg fluid
as N2 gas and the like, 8 the diluting apparatus, 9

suth %slithéff-ﬂ'ﬂ?és braehé likey rAS @ resdl Ak fRAViate of ﬂiéch&Qtenng fluid
the apparatus using the clustering such as the HF gas

w8 U e 5 54 4 o GOS0 kb o
rafcoritfdi dbiBe 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 ~ 85°C, 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 to 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 1072~ 102 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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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 | ower
5 than 40, or the clustering fluid such as the HF gas
and the like to be flowrate controlled is passed
through an orifice in a state where the pressure of
the fluid is made |ower than a partial pressure by
adding the diluting gas so that the nolecules of the
compargd i e epoventianal case wherermigeeatl amoumksobdiluting gas is
result, the nolecular association of the clustering
usedui d or the endothermic anount at the lo tinme of
di ssociation will not be influenced by the pressure of

t heAs buplairednabdveyiby making e dfftre +I‘IB\&\LlJ\'é@tcftIFFU|Fté’l‘&hé:'c.‘i’i.ﬁ!sterlng
As a result, the flowrate of the clustering fluid

fluid/BAsés$ oh e N2 G iR Srédé‘ht 'id\)éﬂtléﬁ%aheeééﬂytagﬁie'vﬁ%e pr%ctlcal

usi ng the pressure type flow rate contro evice Wt

eﬁ@cﬂ hat’ fel ﬁl‘k:; %o’ﬁ B Ht &htrdl of Ccﬁ‘ﬁset{eﬂﬁg ggﬁcb jg, made

flow rate norrra gases SUC

i b I SR S e

adverse effects on the el ectronic conponents used in
the pressure type flowrate control device can be
easi |y 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 |evel of the chanber to which the
clustering fluid such as the HF gas and the like is
supplied is 10-'- 102 Torr, the high precision flow
rate control of the clustering fluid such as the HF
gas and the |ike can be achieved over the flow rate
range of 3-300SCCM This makes it possible to
substantially | ower the running costs and equi pnent
costs 35 conpared with the conventi onal case where a
great anount of diluting gas is used.

36



10

15

20

As expl ai ned above, by nmeking use of the flow factor
F.F. of the clustering fluid based on the N2 gas, the
present invention can easily achieve the practica
effect that the high precision flow rate control of
the clustering fluid is nmade possible using the known
and wi dely used pressure type flowrate contro

device. 36 CLAIMI 1. A nmethod for the flowrate
control of a clustering fluid in which the clustering
5 fluid is supplied froma fluid supply source to
desired instrunents or apparatuses using a flow rate
control device wherein th€laAidci ati on of nol ecul es of
the clustering fluid passing through the said flow
rate control device is dissociated by heating the
afore-nmentioned flow rate control device so that the

1¢| AShethoadof the fib t
suppl i ed b? the f V}’gé\,%\,grcgtngoggﬁrefgﬂg@r Tuit Vui%ﬁkﬁ th% clustering

qu?dJEl i fiEd front %1uld %]‘lbﬂlf‘gﬁurﬁ%ribro%'snrea |q§?rdﬁgéi n%\mﬁ@ﬁratuses

wrate contr usterin

o o Hh%ﬂé%%@* ¥ A it o

L ow r contro ein the as ciation, of
ohipiptng g rRBingdhral sﬁ%'fgﬁ?wlﬁ?f@ g Eev'pﬁ ipdigaogiated by
said flow rate control device is dissociated by 15
heai“natthﬂ @fergemgntioned,flawi ratr: aortreldevicen go ithat thet cdustering fluid
|l evel lower than a partial pressure so that the
kept usaenon@nplawtarlame is rsuppliech tydhe dlovaratetcantrol device while
supplied by the flow rate control device while
subjecfext tectihetflow ratefdoatwol.at e control. 3. A nmethod for
the flowrate control of a clustering fluid as cl ained

2.1 A Rlethod for the fislaiate 2omtielrafiaclastekiny fludd @ \ﬁﬁﬂh Iftﬁé clusterlng
val ve, a heat type flow rate control device

fluiH igfs‘i}ﬂ)g\?ve(? gr{é? égﬂﬁr %@d;ﬂy ggliﬁ‘l*cb% desirkd ‘ﬁ'\dtﬁm?é}% or aEBératuses
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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4. A method for the flowrate control of a clustering
fluid as clainmed in Caiml wherein the tenperature
for heating a main body of the flow rate control
device is not |lower than 400C. 37 5. A nethod for the
flowrate control of a clustering fluid enploying a
pressure type flow rate control device in which the
flowrate Q of the gas passing through an orifice is

ut d, as 1 (where K i constant) with the gas
Eod ?wrtﬁééﬁw ecsaomrpbefs a glusteying Buidiamploying a pressure
ratlo P2/ P1 between the gas pressure P1 5 on the
type dewdats §QIMéolcdewqeemthlﬁh the faw rateQuefthgrgassassimpthrough
on the downstream side of the orifice is held at a

anvatifice isocompytedras RwiKR héwheretK isia qonstanty withahegasf passing
the gas, wherein the clustering fluid is permtted to

throagh therorifigs in bestatefwihererthatratio ©d/Rr béMé%thhb'gést préssure P1
af ore-nmentioned pressure type flowrate control

t
B AL 08 e PO skl I b unsreans

sidd B i fhelo SR A2 R RS 0 Kied BRALHF fato o

th%ygs%?%ﬁﬁs&? B BT, St B 8 ekan e

oS8, P S oo otentinton e e
pressure 15 type flow rate control device as

CO@FrQ! device is @%treﬁhtg then taraperature npt dewert then 49Ct he

pressure type flow rate control device is determ ned
6. bafs Bethed forethecfipwyeate cantrol ofha ciustaringafiuid femoploying.a-pressure
of the clustering fluid against the N2 gas is

typeflosprate eoptrok lasselained andCraimt 6 wherdie @ astaimbber @hich is
a main body of the pressure type flow rate control

coflfetted tBthe iswrisheah sie! 6fithe Presdifie e FIBW r%@é EbHﬂréﬁ device
is obtained by 20 nultiplying the neasured flow rat

an\d%ﬁélv% thé BlURRs dﬂll&'léé%?&hl% cfé'y"(‘g.' by the

af ore-nenti oned f ow rate tactor

7. A method for the flow rate control of a clustering fluid employing a pressure
type flow rate control 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 fluid 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 6 wherein the pressure type

flow rate control device is heated to the temperature of 40°C~85°C, and the
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8. A nethod for the flowrate control of a clustering
fluid enploying a pressure type flow rate control
device as clained in Caim6 wherein the pressure type
flow rate control device is heated to the tenperature
of 40C-85C, and the 38 vacuum device which is
connected to the downstream side of the pressure type
flow rate control device and receives the clustering
fluid,is a yacuum chanper whose pressure is 1 0-'Torr
vacugep denies whigh 15 GaNREted oy theownsieann sidecad the eressure type
clustering fluid enploying a pressure 5 type flow
flomatate contriobHevieeiand receivesi thedclustedngifivids isva eraeiium tlkamber
range of the flow rate control of the clustering
whdsel pressureds 40pTorrc 10 driforhe pressure type flow rate
control device to the vacuum chanber is 3-300SCCM 10.

9. A Amtetivod farrthe tlow tatevcontrel efoa clusterifg My _%tnﬂfloﬁﬁb i Pressure

fluids as clainmed in Caiml1l to Caim?9 inclusive

tyr{%ﬂé\ﬁ'rﬁté E6nted| WRVRE! a%@cléAimédiiri eldmE \tﬂrﬁéﬂeiﬁ ko Eéargg &Bthe flow

wat er or ozone. 11. met hod f or e flow

ratt%?/éﬂrftﬁill of’fheaclﬁlsfé?ihg:fioi Ec{e i\)/tlé‘ %gpgli@] f?éfﬁﬂﬂg%lrgéﬁﬁgﬁﬁe]ﬂow rate

pe flow rate con cl ai me
' t f a | of the

Copr grsgéj\p%é F@B‘ge\fr%)cm §{1§m§8msr%{%mg¥i s 450C whil e

the flow  factor F.F. . is 1, 1665 when the fluid is )
10ny & BYEHOY [l oW 1ta Sonieor pbglusiaranalgng fids a3 dlaimed in

for a clustering fluid which supplies the clustering
Claim,{l do Glaim g inglusive whereip the glustering flid is bydrogen fluoride gas,

i nstruments or apparatuses wherein the association of
water ec@Fane. of the clustering fluid passing through the

said flow rate control device is dissociated by

11heét methad foathve fiod yatef carttml of arctustenivig fuid émplogingrapressure
control device so that the flowrate control device is

typeefiow raededriral davicelas Afinéein' CRIM BivAeRdin ttt‘i‘@tem;i%ratl.'l&e ofa

clustering fluid kept in a nononol ecul ar state.

mé;h %&lolfyzgfetth%gﬁ‘rgéglg Eegﬁélﬁ;ﬂ’ov& PhteSedmitibt debidadis 48 dwWiiL GRe 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 monomolecular 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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fluid froma fluid supply source to desired
i nstrunents or apparatuses wherein the association of
nol ecul es of the clustering fluid passing through the
said flow rate control device is dissociated by
diluting the afore-nmentioned clustering fluid 39 to a
| evel lower than a partial pressure so that the flow
rate control device is permtted to control the flow
rate of the clusterjng fluid kept in a nononol ecul ar
tog lﬁ"@? lquer than 6v9 r}eprséﬁweor’o deat the flow rate: coatrelr device is
fluid as clained i or 5 Claim13 wherein a
permiied to eort,tfnhth%rﬂowmat% of Hwen@lustewgd‘lmql kept iata manemalecular
device or a pressure type flowrate control device is
statRosen for the flow rate control device. 15. A flow
rate control device for a clustering fluid as clained

14. A @lowi raté Zontok devicet foe d elstrimguidd 4y clagaéd e Clamn 12 or
mai n body of a flow rate control device is not |ower

Clainen 34Hireinl®fIdN-ratd Goritfcl VaRe! ¥ PRat Wg\é‘ ffoﬁ@e %t? %Bhfrei | device or

device for a clustering fluid in whi

a (re8bure tggé fIB é‘SoﬁtFUl Qfég[l: ﬂ&é&%r#fot‘? the n6RTRY @&t?o? device.

Q=KP1 ( cons gas passing

| I P2/
2‘53&3& '%{%ecééfg&p %@éﬁr@r% %%t%*’ﬁﬁ ﬁaga{‘Saaﬁ@mde b Ciaim 12
he. orif.ice and t S pressure P2 o he downstream .
W'lﬂ"ﬂ@ tefibeinirs 83 hebiirotheTran e & Jowriata, ramenl Gevice
han the crltgcal pressure ratio of the gas wherein
'Sﬂﬁhlm%l'éﬁ’iﬂ Ke flowrate controlled is a clustering
fluid, and a heating device is installed in the
16pAdrease type Howirate centeol denicedor aeliisteringofluitin whickhethe flow
body of the pressure type flowrate control device is

ratecQtafca gas phssing tiweughareorifide iscoumputbdasiQeKPhywheee K is a
said heating device. 20 17. A pressure type flow rate

coglstgn:r)?lfgﬂmgfg?i Wtaﬁgm :W‘%ﬂc?ﬁ fd,&"f";d |§Sa t%'tété%ﬁe#e”the ratio
PP yBERIddtHd gasi pRassare PR drithe\dpstasam 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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I's appropriately chosen according to the tenperature

of the main body of the pressure type flowrate

control device, and the graduation of the pressure

type flow rate control device is determ ned using the

chosen flow factor F.F. value. 40 18. Aflow rate

control device for a clustering fluid as clained in

Caiml13 to Cdaim17 inclusive wherein the clustering

fluid i s hydrogen fl uoride water or ozone. 19. A
18y s Howerate ,sén?]rpbvlewae éorcam? stering fiuigeas elaimed in Claim 13 to

clustering fluid as clained in Caim17 wherein the
Claism érinclusive ofharbin thei clusterdyg Atid: is dydregesuilworidepgas, lwater or

rate control device is 45 C while the flow factor F.F.
ozogel. 1665 when the fluid is hydrogen fluoride gas. 41

19. A pressure type flow rate control device for a clustering fluid as claimed in
Claim 17 wherein 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 fluoride gas.
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