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Met hod for Flow Rate Control of Clustering Fluid and
Device for Flow Rate Control of Clustering Fluid
Enpl oyed in the Method Field of the Invention 5 The
present invention is utilized mainly in the fields of
t he production of pharmaceuticals, nuclear fuels,
chem cal s, sem conductors and the |ike, and is
opcerned wi th the nethod for the fluid flow rate
IR Foraioin Rl Comalont Fstoma Bluiandh Dayics doFlaw Rate
uppl i ed such as hydrof| uoric gas or hydrogen fluoride
é%&r@ﬁ&'vﬁeﬂaaﬁl@d Employed dathe Methaee, water and t he
like (hereinafter called a 1o clustering fluid) with
hi gh precision using a flow rate control device. The
present invention is also concerned wwth a flow rate

Feldtafdhe leseintienenpl oyed in the nethod for the flow
rate control of the clustering fluid. Background of

t he Thy pridedt ilemtiohUist @NizBE rhhimhydirstHehfidds t dretheRp@tiction of
and the like has been wdely 15°utilized in the

Pl I i S B A 1, an

and Accor
TSP 53 Bt 130 e W U 4 e e
tr.oller,

Like, ng ot hers mass flow.c .
ﬂﬁweféé%r%imadﬁwﬂeﬁ%ﬁyppf}%éwﬁﬁ PydorigHe ase Ge Bydrogsmfluoride
the |ike are the ones conparatively widely utilized.
(heseingliet callac then HFf gas)kd 0Zzabe. watarand-theylike fhereinafter called a
like is known as a substance having peculiar
clgsiepiagt fleig) swith high Hprebisimdising ahifigw satec controhdevice. The
rati o, high dependence of the nol ecul ar association on
present ewpetio is’ alsorsbncetmst with, a floehratie pentesindsvicd edployed in
endot herm ¢ anobunt on the tenperature at the tine of

thiliRetRUS6 LR flol PR CaNt/oPBY i GlustefingifiliRy. 1 Therefore,
Boyl e's and Charles' |aw does not apply to the

B&dKGRS@d B8tk iHintion

The clustering fluid such as the HF gas and the like has been widely

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

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

pressure, high dependence of an endothermic amount on the temperature at the

time of the molecular dissociation, and the like.
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unli ke 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 the oxygen gas or
the nitrogen gas. This is 5 because the nol ecul ar

wei ght of the clusterlng fluid such as the HF gas and

t he Th%'ie S"gam@l% S de en%@g&fgéﬂrﬁygq?ﬁsu[ustenng fluid

fluc
&ﬂ] eg r assqci ati on on the tenperature and pressure,

e ideal gases like the gxygen gas ef theniogan gast aed irreggsd with the
and the |like has the sane weight, the nunber of nole

flﬂ‘WtWtf@l Jdbers iexistt many prebiges which tare not ensountered when
wei ght M 1o changes. Because the association heat of

conroftiogedbel flosv cdtetdumtiol of ther bryger gas os Uhé nitesgérhgasi- This is

gas and the like is great, the bigger the pressure

baichlise éve malsculdreweight of theselndlering fluidSudinbs ehe H F gas and the

endotherm c effects result. In the event that the

liRE YPéA) Ehandgdd Béﬁéncﬂﬁg dré ﬂ‘%r ﬂSl%?.Eﬁre @&Pﬁﬁ&%ﬁg%gﬁ% due to

| i quef acti on wi Il occu because
dPprdhice ol T é'ﬁ?'ﬁ% S&‘é@ﬁ” S g RampRHBGte o HrFure, and

efers tv%f:gﬂ e anE i 0%k F ke ”qf»gtfhpf%‘?ae weight,
“%u'ﬁv eh %ﬁfﬁpﬁ&%ﬁéﬁ&ﬂeéﬁ @L%(‘Shﬁ%eg]f&(’lﬂgfgﬂlﬁ melegiargweaight M

and controlling the 20 diluting gas so that a high
changessi on flow rate control of the clustering fluid

such as the HF gas and the |i ke can be achieved. O,

a hBecausp thevassodiatidmiséat! dftte aboletblesofithe \clustering flald such
the clustering fluid such as the HF gas and the |ike

assthet HRtgastdil tellikecki graaf, ithe Bi hh@ﬁrééﬁ:rélanﬁaéna@% when it

the like is supplied under a re atlve y high pressure

is %ﬂh@da tﬁéa’aﬁ’ggln é’i@oﬂ%ﬁ\ﬂé Qf ||‘éus|’|]|g gIlnf,J1 I;%]\}érﬁ that the

difficu heatlngt
endoiRGHAL YiBets 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 fiuid 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 contro! of the c_lustering 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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Description of Prior. Art However, if a |arge anmount of
the diluting gas is used, or the clustering fluid
heated to a high tenperature is supplied under high
pressure, its cost 5 effectiveness and
controllability may be hindered. Furthernore, in the
event that the process side, for instance the

sem conduct or manufacturing facilities, to which the
supplied, is lowpressurized to

| ' fluyid i
ﬁﬁgért‘ghll%gu“ﬂtﬂ%:a h'lggrtﬁ'i"ﬁsfaéufﬁear -vacuum the high

recision flow rate control can be never achieved
&%ﬁ_ﬁﬂﬁl@f’.ﬁﬂ_@tﬁﬁﬂ onal mass flow controller due to
various difficulties 10-caused in the practical use.

On t Howavesrif adarge amourtef thedilutiry gestisamedy ot the clustering fluid
manuf acturing in recent years, the pressure type flow
heatedc tmt a ohighetémperatuie del yuppird fudider hrigh! E\‘éés@fr@, its cost
control of the gases as supplied, replacing the

SRELIBHhEON AndBGTrdllaBility My blﬁﬁfg@[:lgtécﬁ r #JHW&W%,; Fethe event

flowrate is basically contro detecting t

th)é/n?ﬁ@’ flocBbs LoieF6i inGl4PRL thy gﬂié&h#@:‘?@@%ﬁu&{c@ﬁﬂ fagilities, to

type fTowrate ¢ontro
L agslkag thraygh an qrifice is under the _
Jéljggf&gpge@%@?’f‘bc@ﬁ"g%ﬁrﬂfmﬁw', Is” foy-resRlzedetoof 0t fe~ 10% Torr
can be obtained fromthe faqrnmul af KP1 (where

fluid
TR g P G VBT e ot dEp HaR dows, raen depirel Canabe never

Pl represents the gas pressure on the upstream side
aghieved with zhe)convgntionralgpase dlewcontrolls due #o varions rdifficulties
facilities and the |ike where the pressure on the

caused in thenpractieal use. t he nozzle (i.e., the process side
to which the gas is supplied) is generally

| ow(m dws otherethrid) inlthe Feld of 8eHEBndiforoahnlifacturing in recent
pressure type flow rate control device is favored

rSASTI ekt ol I Ol S5y GG RE g i e
contRY &Pt GRRES Us LB¥PASH, Rpitd! thE ctventional mass flow rate
controller in which the flow rate is basically controlled by detecting the transfer of
heat quantity. With the said pressure type flow rate control device, in the event
that the fluid passing through an orifice is under the so-called critical condition,
the flow rate of the fluid Q can be obtained from the formula, Q=KP1 (where K
represents a constant determined by a nozzle, and P1 represents the gas
pressure on the upstream side of the 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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flowrate is conputed on the basis that the gas to be
control |l ed passes through an orifice under the
so-called critical condition holding the ratio P2/P1
between the pressure P1 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 the nolecular association of the
cl usHewavek.i with thepressuod type fitwe rafe gastraindbvideein wkigh the gas
changes due to fluctuation of the tenperature caused

fiyw réte is odnputedion hetbais tiit the §akitBedéortiflied passes through
di ssoci ati on of nol ecules, or dué to fluctuation of

éd‘lariﬁé@%ﬁuéﬁthégoi_caﬂe&’%Wéélré‘tﬁmit%rpﬁ?ﬁnq ﬂ'ge Flgéiof P51 between

(or the process side). as a resu
L >, . i ui h ¢

g okl 316 0Byl LT b g ' B2 on e

R EEA sldo B FrER i kel oot s about LB e Yegre of the

| npossi bl e, .t hus f(?:‘qa.lusin various difficulties. For )

mAJEHRL SssdciatiRn otihe slester-making i isyehasdhe HiEges pndghe like

Cllet ained in_ 15 advance fromthe actual neasurenment of

ARoes due te flustuatien of thetemperaturecagsed tydbk)endothermic action
flowrate of the N2 gas and the flowrate QHF is the

at thewimetof tive digseciatibnsifenolegulspodduatel flletuation df the pressure
clustering fluid are passed to the sanme pressure type

oi ithsvdownstreant side ofetiie eRifieB(Br theprocddB sidd)di if, @8%a result, the
the actual flow rate QHF of the clustering fluid such

critieal entitiof ast mledclha%rihb‘ﬁui&@ueh déss ﬂ{@f«ﬁfga% %ﬁé‘]&ﬂ}%ﬁke is not

pressure type flow rate“control device gr
; : r.m tiplving t flo
s R ioh Pregior AR REnBHL &t By ¥iefthocfMlin sudh as the
a he,sai,d pressure.type. flow rate control, .
HIEHEE 1) e iR, ierie drasikall ipnoebBorthya causing. various
.Agn gihe event that the flow factor F.F. of the
dificyli®8r i ng f1uid such as the HF gas and the like is

al ways held at_a certain 4 value, the flowrate
cortdroexampleseif dhestatioi RIHA/QN (theufitwafactore FIFE) imobdaided in

ad\t/:r(lac; 1I’rck)r?1 the actual measurement of the flow rates where the flow rate QN
(SCCM} is the fiow rate of the N2 gas and the flow rate QHF is the flow rate of the
clustering fluid, and N2 and the clustering fluid are passed to the same pressure
type flow rate control device under the same conditions, the actual flow rate QHF |
of the clustering fluid such as the HF gas and the like which is passed to the
pressure type flow rate control device graduated for the N2 gas can be
determined by multiplying the flow rate value indicated when the clustering fluid
is passed to the said pressure type flow rate control device by the

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

the clustering fluid such as the HF gas and the like is always held at a certain
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can be effected with a conparatively high precision

using the pressure type flow rate control device. On

the other hand, the flow rate factor F.F. of the
afore-nmentioned various 5 gases can be conputed by

the theoretical fornula, and normally it can be

conputed by the followng formula: [Formula 1] F.F. =

(K'r s) {2/ (K+1)) (rc/ {(,c+l) R)) 1/ 2 where rs
represents density of the gas in the normal state,
value.dbpfflow rate ceatiol ekiheclusterjag fluld sugiuas thnbiFgas and the like

and K a proportional constant not depending on the
carplee effegted WilloAltamparkitivelg digh pastision usifigethiel pressure type flow
factor F.F. of the HF gas at the roomtenperature can

rate odmtesiklicdby t he af ore-nmenti oned t heoreti cal
formula as follows: F. F = 0.440100 15 On the

cont@Arhe oth&rhate the Mow Rfé ¥ctbr F-F. of RS hitaklifentioned various
nmeasur ed by usi ng '‘the flowrate test device in Fi gure

g]asE$ PHPhe 'tﬁeér%flf:é’luféjrrﬁd‘é‘t aﬁ@iné/@}uéi@ ltScan be

erat ure act ual nmeasur ed

ured 1.1665 The tenperature
cBﬁ-&ﬂiéq EX h?ﬁ&cﬁ@ébiﬁ@%y part of the pressure type
flo 20 rat.e control device. As apparent fromthe

af ol 6OTRYE Bned fI ow factor value, due to the peculiar
permt the HF

5 praopertie e HF [ as t
FfForm(%/traﬁz Z I(efcﬂrlg IVM? bg’uﬂidi Xodéwrérl Bé&% 192
on the conditions of pressure and tenperature, the _
f | swheraasorepresands alensity ofthgagas irs thee noankl states wr eal specific
is vastly different fromthat
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:
FF. = 0.440100 |
On the contrary, when the flow factor F.F. is actually measured by using the

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

as follows:

Temperature actually measured 45°C

Flow factor F.F. actually measured 11665 |

The temperature is that of the heated body part of the pressure type flow

rate control device.

As apparent from the afore-mentioned flow factor value, due to the peculiar
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_.determned by the theoretical formila. It is,

t hus,

found that the concept that 5 applies to ordlnary

gases such as N2 gas, 02 gas and the like will not be
applicable to the flowrate control of the HF gas when

the pressure type flowrate control device is in use.

The above expl anation was given with respect to the

case where the pressure type flow rate control device
properiassfdhe Hiogas which werﬁnghhed-lﬁgasio foron acstateanf malecules as
expl anation can also apply to the cases where the heat
hoyrel tdgetheradeperding onh theviorditonshobpressors andl ltemiperature, the
controller, or the flowrate control device wusing a

fiovotactartvalgeof thel HF gagecas ackRly mRiburéd, is RASHY difeRsnt from that
too, the concept applicable to the ordlnary gases

c%!§ﬁ?]lﬂ§dtﬂyeﬂ{é2tf%‘ﬁettd§? f&ﬂ&hlandlttaE etHuisk %ml t th&RB¥Inkept that

e flowrate control of the cluster such as
1 C
drpfeSTiolny té%%s ich, as; @a—?ﬁésﬁv@%té 3, il Dk 3 ot be
hefl ate control
a@?ﬁf"ébﬁﬁ% ﬁf%@@*“?% Sl of tHetigF s wigh R GresSiie e fiow rate
*J lt(?%}n fluid such as the HF gas and the |ike, that
opg’ro ?ﬁqlﬁ)'lnéﬁe that the conventional flow rate
control device can not achieve a high precision 20

f I oheaabo¥e xpianationt was cgiven ewithhgespestdtos theh caset where the

HF gas and the like to be supplied to a | ow
presssr2itype dlovh salee contoel devicdds céraplpysdi n Hdwever, it should be
nmol ecul ar wei ght and the nunber of nole caused by the

noteldethat the egslacaiisn ean aRd 4y to e caséewhbAN BRShédt type flow
the tenperature caused by the endot herm c action at

ratté‘ eohirfEd&Vice dLET a8 'a%h$§‘ ﬂﬁﬁv éH?‘{ﬂ%(HHI‘ oF th fAdw!fafe control device
0 e 1 associ atl on

changes i n the degree ecu

oA g, P, %%&2@& e concopi

e era
d hod for the f
P @b 'rn%g%%% P Rt Dzt N4 Ses P gl gannot

the i ke in which t
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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1 _rate control
device is maintained at 40t 5 - 85C, nore preferably
hi gher than 65t, or the clustering fluid is added with
a dilute gas to keep the fluid not higher than a
partial pressure by making use of the fact that the
clustering fluid has not only tenperature dependency

oS, BT AGOLEERY ok FRSodPE AR, 11
o AT B T B o e

smal | nupber of cluster nolecules) with th
contiet of ithg slvsirtng diud) syehnas the HB gassand hth@u'@]w imavhich the
flow rate control device, thereby making it possible
terppetaturendf a eain|part obthe fidw rate contenl elevicg it Innaiataineth at 40°C
as the HF gas and the like with a high precision and
~t865°Cy ppdne prieferablytiighemihahl65°C, botheachsteripgefiudd is added with a
chanmber. It is also an object of the present invention

dil@telFaPiOKeES tive daid v6t ﬁlgheﬁ thanf & PartiatiRessutersy meking use of
the clustering fluid to be used in the above

tHEERCH ‘fl‘?ﬁdthgeélﬂﬁt@nnyfﬁlﬂ RaY ot nl% ﬁ#?l‘sﬁfﬁ}% e%ﬂ\;%gcg#ut also

I nventors of t sent 1 nventi

pxg‘igé}%egﬁg gh@ c%;)“%og trga[tﬁg?o‘é[sﬁggﬁép& ﬁf%ﬁ%&ﬁs@gﬁr@‘hﬁﬂﬁch as the
e .coptrol e that the flo

HE 'S ond dhe e 1€ Hrsotinned Yo feeBitherdistariy Mufdin, 8 theoretically
the flow rate of 3-300SCCMto a | ow pressurized

mgpgg@gcu ahsiate (ofacstatenot pesmalinusiiricelosluster molecules) with
manufacturing facilities while subjecting the fluid

the clustrrigy fiwicbeingarermitted tapass dnough. therfiew ratecontrol device,
based on the afore-nentioned idea, tests were

themsigjusiaking ib poesiblentoneoritiud the floWw s of the clustdringefiuid lseich as

heating tenperature and flow rate control

thé M gas %fridsthbclike (an{I'PéV %{e Eregﬁé?@ﬁ P tB'stpphy m&%cll\.(%tbhng fluid to

respect to a plural set flow rates

a Wpre#élgﬂze%o%ﬁgﬁlgeﬁ% i€Taldd'anPbBRY ' th¥PSrekbAtVinvéintion to

nt'ro
provide a device for the flow rate controf 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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The present invention has been created based on._the
afore-nentioned test 5 results. The present invention
in Cdaiml r relates to a nmethod for supplying a
clustering fluid froma gas supply source to desired

i nstrunments or apparatuses by using a flowrate
control device in which the association of nol ecul es
of the clustering fluid passing through the said flow

betiveeR AR W@atuﬁ@\’érﬁﬁel‘a‘«fur@' éﬁd’ﬂb@tlﬁfé E&ntré]%‘rélﬁgii&tﬁ:ﬁe(ﬂow rate

afore-nentioned flow rate contr devi ce soO

) P! 4t BTG B ks (. oo

supp
4|S‘5l§)\3je %ﬂ" ‘?‘5@1 §T {lﬂef rgé@%r?etg&? hag} rﬁé‘%ﬁ‘g %eq?p pl yi ng

source_to

de3| Hﬁeiﬁr%%'gﬁguy@?ﬁ ¢ ”°§‘%%8 gggs@ougmﬁgfo&eﬂp%woned test

rate control devjice in which the association of

remltec LI TBe REseReinyentionin Slairy 1irelates jacsmethachfaugpplying a
the afore-nentioned flow rate control device is

clystastngi flutid drapy adgasusupply sburcef for desirsd instranheatsier appamgtuses
fluid to a level lower than a partial pressure so

by aingt andloel rate eontrgl dévicel irk apich theaassutitiRinesiunalecules of the
state is supplied by the flow rate control device

clubteting futd Qééﬁﬁb tfﬁo&ﬁl@tﬁé 83id FRMWer=RE %hﬁbl dem% R fated by

invention in Caim3rel atestoamat hod as cl ai ne

hédtigtheé aféRe- en@oﬁé (\g}(’)ﬁ trtor ﬁetﬂcg t%? tl?é’ Qfds?(%nnvg fluid

evice IS a owrate

T Ao e &%ﬁ’ﬂp‘?@ﬁkﬁﬁ%ﬁg‘wﬁ'ﬂ 5680 cevice whie

claimed in daim1l vvhereinthe

@%i}&%ﬁqv&;t%&gpﬁﬁb of a main body of the flow

rate control _device is not |ower than 40tC. 8 The )
pr ddEhPreseninvention irci Glaim 52 relajes dot @ methodhiar supplying a
the flowrate control of a clustering fluid enploying
clusterirgsBuiddramzegés supplytsourcato desited ingtrimentsiorappanatuses
flowrate Q of the gas passing through an orifice is
by esinygué dlbwagate control device in which the association of molecules 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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Q=KP1 (where Kis a constant) with the gas passing
through the orifice in a state 5 where the ratio P2/ Pl

bet ween the gas pressure Pl on the upstream side of

the orifice and the gas pressure P2 on the downstream

side of the orifice is held at a value |lower than the
critical pressure ratio of the gas wherein the

clustering fluid is permtted to pass through the

af or GHee pidsene iniiritionCin OIifre 5! Rfate8 18" £ HBIHOUORR Ghe flow rate
pressure type flow rate control device is heated to

Ebstroildt 4 SIBRIMG YU BRI ice i
ool 1 SRR BRI GAT s be38uEipe il A€ RSl dovioo

I nvention In
SRR, A o B A BTl e o
GRS IR W 0 B e S el o st

tﬁa th_d(ﬂasclaimadinClaimS 15 wherein the )
Whelg We fgHo §12/F f behrvean thegag peessuseRianstheowpstigam side of the
device is determ ned based on the N2 gas, and the

arifies ang thergas: pressure P2 pnithe dommstrearmsjde fof theloifice issheld at a
the N2 gas is appropriately chosen according to the
valusplovetrithan diie critical préssuve datio bf tHeegas whersin thy plustering fluid
flow rate control device so that the flowrate of the

is| permittety fd Updss S thidughnethelYafémditibned tHffice while the
measured flow rate value of 20 the passing clustering
L emi@ Oﬁtﬁg W, 0 il
a&%’gsrgﬁ? t‘(i)'?1é\/t’ea ti g%ﬁrl n éai m i%et\ga‘t:(f:’eii)“'ﬁ%loElg&rr?gt #1302% fstEd to the
j j j ein the pressure type flow
térrggéigggﬁ%ﬁ%ﬁémhgg meat ed to the tenperature of
409 5 859 d the vacyum device which js connected. t )
¢ ne Theesealifvedion APl eBs i @ motiod sbwased in Claim 5
ontrol device and receives the clustering 9 fluid is
wﬁe(%@ FUEhARBRbwhichhsconpested, tae-thesdawnstream side obthe pressure

Torr. The present invention in Claim9 relates to a
typedflovdraie contiohdavicenamt atceites thieeclastering duichisgevaduurheevice.

flowrate control of clustering fluid to be supplied

f r ofhe 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, 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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the pressure type flow rate control device to the

vacuum chanmber is 5 3-300SCCM The present invention

in Caiml0 relates to a nethod as claimed in Caim 1

to Cdaim9 wherein the clustering fluid is hydrogen

fluoride gas, water or ozone. The present invention

in Cdaim1ll relates to a nethod as clainmed in Caim7

wherein the tenperature of a main body of the pressure

fliges BhavuRt chaiMbér Whosd Pred8uteR 16 #Tbrribihe 1die

flow factor is F.F. is 1.1665 when hydrogen fluoride

iSi'Fheg)?@srﬁFJéi‘lﬁ Al Gla il £S5 nd L QLo g :

Caiml re‘%at":es tgﬁa'iH o'vr{/1 ?g?lgf contnér 6’?%@%%@@?"&“ Claim 5

' ui i | | h | uster.ing, fluid,.

e E T thrigec i A R o o el i (i idpied rom
parat uses, i n ich the assqciatjon, of nol ecul es of .

AREPRESLFE SR Mo rale paRi govieo dantin sk rahamber is

rate control device is dissociated by heating a main

36%8@3(9 Mhe afore-mentioned flow rate control device

so that the flow rate control device is permtted to

cont khs present inventien in GlaimhtD welatesdoi svmettitad ds claimiediin Claim

a nmononol ecul ar state. The present invention in Caim

116 GlainaOahareirsthel cwsterng flaidris hgtiroden fluoridergas, waler or ozone.

clustering fluid which supplies the clustering fluid

fromhe presbat mveRtion FPCIHR 110rel&s ith metHdd 45BRimed in Claim

apparatuses in which the association of nol ecul es of

7 aserefil Hh%tt‘éfr\ af‘dré“of'aﬂgéﬁi BSdy Bf etsgﬁr Pg ffobﬁ)‘%’lte control
rate contro evice 1S dissoclated Iuthng the
. - ' I ri Ldgt evel lower than . .
IQViGe i BT WHIB oG AU Bcldids Pkt BB i hyayBEGh iRl is in
deyi i,S. permtted to control the flowrate 10 of
u‘ﬁ]é)rgﬁﬁgl{"gfi ng fluid kept in a nononol ecul ar state.
The_present invention in Claiml4 relates to a flow
r at £N@ pReseNt inantion inLlaio 42 relatestaca Siow rate eenigpldevice for a

13 wherein any one of a flow rate control valve, 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
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
keptin a monomolecular state.

The present invention in Claim 13 relates to a flow rate control device for a
clustering fiuid 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 ’Ievel lower than a partial

pressure so that the flow rate control device is permitted to control the flow rate

10
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heat type flow rate control device or a pressure type
flowrate control device is 5 chosen for the flow

rate control device. The present invention in Caiml15
relates to a flow rate control device as clained in
Caim12 wherein a main body of the flow rate control

device is heated to the tenperature not |ower than

40cC. The present invention in Claim1l6 relates to a
pressure type flowrate 10 control device in which
ehtberglysiering Huid kaptima raeromalesulay stdeough an orifice

is conputed as Q=KP1 (where Kis a constant) with the

gas phedrasentinvenflon ineClaimi 14 calates to a flaworalé epatrohdevice as
rati o P2/ P1 between the gas pressure Pl on the

clpimted Claimiel 20r Chainot 8 Wheseinnahyt bre gfia flove ssterconB@l valve, a
on the downstream side of the orifice is held at a

et ugpd Flowhiatd ebntrbbdevibe of @l piesslireX fypeitve ratetdont@il device is
the gas 15 wherein the fluid to be controlled is the

cq{ogghefbmgﬁdmaqe C%ﬂg?rdé\ﬁeé_i ng device is installed
in the pressure type ow rate control device so that

o 188 it e fon i ORRT1o, kR 18Pl Poftifievice as
t han .400C ent i nventiqn

enperat yre n | pwer. T res L
iR CIgin} dppBefein o mpia . of Jok ov pten furirl device is
control device as clainmed in Clajm 16 wherein the
heptad to thedempgrature aqk lower $rar4BC. pased on the N2 gas

I's appropriately chosen according to the tenperature

of tlhe prasent iowdntioh inhElaimed6uredatesplo & | assunectype flow rate
control device, and the graduation of the pressure

conteel dévive inwhicothe idw dats Ceof thedgae passing though amerifice is
said chosen flow factor F.F. value. 11 The present

compatdd 88 QEKIRA FvfierBKT 8l REBhRstaft)owitth Ve ?aé PR8Ny Mrough the

device as clainmed in daim13 to CaimI7 inclusive

oM B Liafe WHETLShEAtib! B2/ 1 BeNECHR gal | p18E4EHE P1 on the
gas, water or ozone.

upstream side of the orifice and the gas pressure P2 on the downstream side of

the orifice is held at a value not higher than the critical pressure ratio of the gas

wherein the fiuid to be controlled is the clustering fiuid, 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 fiow rate control device to

the temperature not lower than 40°C.

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

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

flow factor F.F. value.
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The present invention in Claiml1l9 relates to a

pressure type flowrate 5 control device as clained
in Claim1l7 wherein the tenperature of the main body
of the pressure type flow rate control device is 45t
while the flow factor F.F. is 1.1665 when the

hydrogen fluoride gas is in use for the fluid. Brief

i g i ipSeRinkidR YOG T flefbcitd & iy omtfef evice s
AR A el 7B S BR800 AORLE Forogen

he. HF gas a{nd the like. Figure 2 illustrates the flow
UG 974 A8 PSP4Y®-of the pressure type flow rate

control device, (a&@ghowi ng the case where the test
speciherpresemainventierdn Clgim 12 ralalecéo o Blesswee dyre flow rate

where the test specinmen F65A is used, and (c) the 15
condeol vigvice ashalaimext ins@ladnnehwhgtein the tesnpleraflirguofdhe main body
illustrates the flow rate errors caused by changes of

dfithe peessung typefip@rataicontrdidalliceaRdd BT Athjleithe floer factor F.F. is
cases where the test specinmens are F115A and F115A-HT

ﬁ.ymwhéhcméehyd_rdg%nmuﬂrwgéa fsQnfzeviof fife digw rate as
measur ed enpl Oyi ng the tes 20 specinens, F115A, F65A
4 e Wos bt rdi@aksno condition is a paraneter.
y drawi ng of the nethod for

t he . ate_c ol.,of the ¢|us i.n | pid i ieh .
t he %b‘?fgt grfsna %&Fed b‘lﬁﬁ% o{iggr%% qh%ﬁa sgrﬁé'ev? eq?}lﬁjé& various
LS ermtt to be lower than a partiagl pressure b
chprasteiiatics gt dne reseu e, Whe oW rater Sontrel daies Mt regrd to the
designates a N2 (_:las supply line 2 a supply line for
clustering fuid sugh asithe difs gas angd thadiker gas and the like

3 a pressure type flowrate control device (a test
spedigwra)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 2°C) 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 ciustering 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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4 a build-up chanmber 5 5 a vacuum punp 6 a heating
device P a pressure sensor T a tenperature sensor S a
build-up flow rate nmeasurenent device 10 7 a diluting
gas supply line 8 a dilution apparatus 9 a pressure
type flow rate control device (non-heating type) 10 an
apparatus using the clustering fluid such as the HF
gas and the |like Mdde of Carrying Qut the Invention

1L8edihrawedeNRigasaiupplyltheout the present invention is
expl ai ned hereunder. Figure 1 illustrates a whole

x oaSstupW |§r@1fo?fthé1?m§ﬁ%~i i@ SubR akithé ﬁ#ggvéér’ gﬁg the like |

characteristics o ressure type
eyi [ Sl i nventi on,
3\?\& tgl?(i?!ésgl}ggﬁb oﬁ@{#eﬁ tc‘ﬁacus @r’?ﬁg%l(éﬁgsgﬁﬁgéq he HF gas

an  Jike Specifically, the following tests (D (7)
4\/\/8?8‘*'%‘%%?%% using 20 the said test device. Q
The flow rate control characteristics shown when the

SLFA ¥9SUY RWBRed at the flow rate of 4 - 100SCOM ar e
confirmed using 2 sets of the pressure type flowrate

Bconheatingideviee (for the N2 gas). 02 There are
confirmed the state of the flowrate control in which

Pt ha presduge sensdr3 chanber is heated and the state of
the flowrate control in which the build-up chanber

Ti s tevhpdvatiiredensgdr The flow rate control error shown
when the HF gas is passed at the sane

S a build-up flow rate measurement device

7 adiluting gas supply line
8 adilution 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 Qut 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 (D~ 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



flowrate to the flowrate control devices (for the N2
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gas) having different flowrate 5 ranges is
confirmed. (r) Alinearity of the flow rate control
shown when the flowrate of the HF gas is controlled
(at the tinme of the internediate setting nmeasurenent
and at the tinme when the neasurenent is conducted by
the build-up flowrate neasurement device) is

\%ﬁgﬁbtbﬁgg hehtbd 5{121 tﬁé%t’éﬁﬁhﬁéﬁﬂé&%t@ E:Sﬁfrél' ﬂ%ﬁi&ﬂ"‘fﬂe build-up

nperature for ressur
rate ntrol devi ce (for the N2 gas) is chan ed
{:h%bleia ntﬁt%eaggqm rrred. Ec) The fl owgraze shown \?\,hen
he_h i er re i al S
{ T TRe Rl (S Rpniiel ek shva ?@mﬁet 2ot iseaseed %@e same

fI ow rate cantrol device r t enper at ure.
fowraiedodhe flow r@ﬁ%ﬁogmmvmr(fqrﬁaeﬁ‘&mas)@aw ffatemt élow rate

is changed to a high tenperature (85C2t) is confirned

1anges is kenfimeadiure type flow rate control device for
hi gh tenperature. On the basis of the results of the

af or @ & fiheariycoftthetfiow Rtd controd shbwmnwvhed thefiow eite of the HF
the heating condition is determ ned exam ning the

da Ridorted éﬁf—‘ﬂ'l%ﬁﬁﬁe of iR intérmediaR é’@ﬁﬁ@h%ﬂ?ement and at the
preC| sion and tenperature conditions where the flow

{3 wifr], Mhel FmgBSulomein'd CLbARIBN" Byl NP IRABUP fow rate
ly | 2 HF I
rﬁg%%&e@?egﬁﬁ%g@ﬁ%g@%oo{v riatn: con?rol g:si i:p?ay
buns® Bl Fadan o eitiion Shawh wia e SmReratirg igf heating the

tenperature sensor and Vi - V6 val ves. The pressure type .
pressuredype dlow rate contrel devigedfer thepiz pashijs ehangasd ('zéz’c +2)is

are tenperature-adjusted by the heating
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 +=27) is confirmed using the pressure type flow rate
control device for high temperature.

On the basis of the results of the afore-mentioned tests MO~@, 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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device (heater) 6. 5 The N2 gas of 201kPa abs. and the
HF gas are supplied to the afore-nmentioned N2 gas

supply line 1 and the HF gas supply line 2
respectively. Furthernore, a capacitance nanoneter

(rated as 13.3kPa abs.) is used for the pressure
sensor P, and a resistance thernoneter (Pt100) is used
for_&%g_q:tfi&e@aure seg;;);h’eT._ 1E)qK._K. 6E£|p§es’\gurngd§ensor, Ta
(65SCCOWF. S. ), FCS-4Ws- F20A (20SCCMF. S.) and

temperatare sensen sndHf1~Ya vebesvr. The pegsshreliype flow rate control
tenperature) are used for the pressure type flow rate
deyicer 3l ant\a baild-uphthembaer dhareafempenatureiarjested dyt the heating
speci men. The build-up chanber 4 has an inside vol une
delvickOPeatsr) 6nd, an EDWARDS I NC. - made 15 vacuum punp

is used for the vacuum punp 5. A so-called build-up

f1 oWHeat g2 s WrepB kP AleNbS e and thd MFEdadf afehSupplied to the
pressure type flow rate control device 3, the build-up

AfH e e N2 RESIRE nd T 4B e I g4 By Vi £ rRcgtively

t et enitore i Bt BRES rrandile®t fiate ea 139KPR bs.) is used for
SR 5o B o Pkl e B U for
tenperature is_neasured at sonme parts (totaling 8

tepaperatyre geinggr fthe sheath type K thernocoupl e as
nmentioned | ater. The heating conditions in the tests
as WiKI RbkikKiNviadee FG24UVE - SPo (1 HBCCVE. 84) t IFCS-4WS-FG5A

respect to the pressure type flow rate control device
(63STCMAS: ), b FOSI4AWS-FOOANZOSECMES!) aRdcFCSUIR-124-F115A-HT
Tenperature Buil d-up Tenperature
(115SCCME.S. for high 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-KEIiKI-made
CB100) at a prescribed temperature determined by the heating conditions, and
the temperature is measured at some parts (totaling 8 points) using the sheath
type K thermocouple as mentioned later.

The heating conditions in the tests as will be mentioned below are follows
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65A F20A) 45C Downstream Rm
si de chanber Tenp. 40C FCS(F1 15A) 43C, 47C Downstream
Rm side chanber Tenp. 40 C Downstream 40C
FCS(F115A- HT) 85C side chanber FCS(F115A-HT) 83C887C
Downstream 40C side chanber Each test specinen 3 has
5 neasurenent points (6 nmeasurenent points 5 only for
F20A), which are the points of 75% 60% 45% 30% 15%
withorespigt toothe praEssure ftype dlome sate ctante! deviege 3eand the build-up
val ues. The set value (% neans the setting against
thambepdt signal 0-100% and the i nput voltage signal
0-5V to the pressure type flowrate control device 3.
Furthernore, when the neasurenent is conducted at the
sane flow rate 10 point, poi nts of uﬂﬁgg%a\/l
20. (bas ur e
res pectlve%‘cl §p1ehe pl aces q-eﬁ@gg%h gQ"W@‘lbe"“ Femperature
af pre-—+rentioned Lcnpcu ettt are—as—Hsted—ina—TFgble—t
Poi n erjat u ni [t Bewnstrepinay R 0
thtar}f(e)§lgﬁgzrb? gﬁ?’?‘ﬁ?wﬂﬁ mai ﬁgotgggy ofide ﬁ@"fpheec Jem. 40°C

type TTow rate control devVI|CE, tsatneb %:ramflwng

15| e E(Pi16A¢ mai n body of 4:#"@ R7’S U W 40°C
rate control device, Point |{Ca |ower ger? g’?’efrie se

plate of the computing contirol part, |FgddHstlbahhg room,
t eppepaifut O AnHk qIée test rodm 8WCnt E aqd gappeatur e20C

nopitor display of the 16fbuild-up ghanber, - Poilnt F

o] FASPEIShEY 52 ool bl priereemene | goc

+ NN A ot e o
G S a tLTolhpeciarurT

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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(di spl ayed on the tenperature adjustor 6 nounted on the

pressure type flowrate control device. 5 The
afore-nmentioned tests (!)-(r) were conducted in the
following order. (1 The pressure type flow rate
control device 3 which is the test specinmen is
connected as illustrated in Figure 1 (i.e connect ed
to the build-up flowrate nmeasurenent device S). @

Boid-upr ohargben PEAt & iiNa oferifteatiiré SdidpRiyed Pénf iVtemperature
rate control device 10 3 and ot her neasurenent

atﬂj%féf”@rﬂﬁéuﬂtéd &b Qﬁé iy m)ps MafPeralnd POHE P8 A ?emperature

the test is started. O At perlc gas 1s evacuat ed

disy gé'ﬁ' Bnthakée rétﬁr% 58;u§ ﬁdcgﬁ g‘?«% QF%%ure type flow rate

pres uretye eco
) A cycle purge u3| ng the N2 gas is

co I??g for a gas substitution. 15 05 Valves placed
for rdI and backwar d| ressure t
h%a AR SR AR R tawfmlns order.

rate
kept _in the vacuum state. The systemis left for 10

i nuded! hgpressyre type flawdate contealidavics 3 meich iscthe test specimen
rise in the pressure conmand output (no leak is

i® eannhecied)as fluptradedtin Rigeregdy(i.t, loonhEctgaistocthet bugldNap flow rate
gas) to be neasured is allowed to 20 pass to the

nmpezssement slewicéI)w rate control device 3, to neasure
the flowrate by the build-up nethod. The neasurenent

| S E@DNYHE Wffmin -hﬁ‘iﬁ)é@tl&?b?fﬂ@ presbiie %@ﬂ%t@fcoh%l device

measur enent s, ich'wll be the neasur resul
S e e I A P Gt
tREEBLR 1868ed for heating the pressure ?Zp’é Fow rate
Com@BoAtmosp Ie%!?: g?’as is evacuated to a vacuum state up to the upstream
side of the pressure type flow rate control device 3 by the vacuum pump 5.
@ A cycle purge using the N2 gas is conducted for a gas substitution.
® Valves placed forwardly and backwardly of the pressure type flow rate
control device 3 are closed while the system is kept in the vacuum state. The
system is left for 10 minutes as it is, in order to confirm that there is no rise in the
pressure command output (no leak is confirmed).
® Next, the gas (the HF gas or the N2 gas) to be measured is allowed to
pass to the pressure type flow rate control device 3, to measure the flow rate by
the build-up method. The measurement is conducted 3 times to determine the

average of the measurements, which will be the measurement result. It should

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

vacuum degree of 102 _ Torr before the start of the measurement.
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(r) Anple tinme should be given for the tenperature

10

15

adj ustnent, and the neasurenent should start after
confirmng that the tenperature has been 5

stabilized. The results of the tenperature neasurenent

are as shown in Table | -- Table 3. It should be noted
that, in the Tables, the heating conditions O are

that the tenperature of the test specinmen 3 is 450C

and Ldi d for he?@inghRaiprdsyditeltppé Rew rate control
heat@g\ g%%%lgw%arggh%% efthhat tﬁe tepﬁ'perat u?% of the

c{v)s%f‘cfeSlo specinen 3 is 45t and the tenperature of the
urtd-up chanber is 40cC. [Result of Tenperature

Meas ment ].. [ Tabl T ' ]
reaEhevanaie Sheufbe 450,17 R FRRREree aiustment, and the
Downst ream si de, |l ea ri te noni tor ,46.0 45A A5 7,
EASTOmENtH GG At Bller SPTITHA (gl 4 dompasatire 'has been
Bottom part of substrate 43.1 42.8 43.1 42.5 D. Room
stabifizacht ure 24.5 25.3 24.5 24.8 E. Chanber tenp.

nmonitor 23.7 24.4 44.4 43.0 F. Chanber tenp. adjustor

di spThey reuits2of e tenpetatureSnesawenetianecas gheynaip Taple 1 ~
45 45 45 15 [Table 2] Test Speci men F65A 18 [c]

ThbRE BngItGhadild bensoted that, in the Tables, the heating conditions @ are

that the temperature of the test specimen 3 is 45°C and the build-up chamber is

not heated while the heating conditions @ are that the temperature of the test

specimen 3 is 45°C and the temperature of the build-up chamber is 40°C.
[Result of Temperature Measurement]

[Table 1] Test Specimen F115A

[°C]
Heating Conditions @ @

Gas Type N2 HF N2 HF
A. Downstream side leak port temp monitor 46.0 . 454 457 45.2
B. Thermistor part 472 46.6 46.9 46.4
C. Bottom part of substrate 43.1 428 43.1 425
D. Room temperature 245 25.3 24.5 248
E. Chamber temp. monitor 237 244 44.4 43.0
F. Chamber temp. adjustor display 24 25 40 40
G. FCS temp. adjustor display 45 . 45 45 45

[Table 2] Test Specimen FB65A
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Gas Type N2 HF N2 HF A. Downstream si de | eak port
tenp nonitor 45.9 45.8 45.8 45.7 B. Therm stor part
46.9 46.8 46.7 46.8 C. Bottom part of substrate 442.5
42.7 42.2 42.8 D. Roomtenperature 23.9 24.1 23.1
23.2 E. Chanber tenp. nonitor 22.9 23.3 42.7 43.8 F.
Chanber tenp. adjustor display 23 23 40 40 G FCS

tenp. adjustor di spI ay 45 45 45 45 [Tabl e 3] Test [°c)
S L—:L.l ME |-4u1—\ -Ct—Heattng—Conditons Gag Type N2 &F
N RetNB SRR PEam sl de | eak rt tenplnonitor 8

46. O 45 8GatFybe B. Thef m siNer pcrt HF. 2 47.2 Ng6. 8 47. OHF
A RO L O BT DLWl  TAUB 17 § Ty 2318 g T 457

oxr
\.)llullu\,l II’J

rﬁtﬂa‘fthﬁv“;%t@' P8I 44 ol 43469 F. | chaffer fenp?6-4dj ust oA68
dics 1Botton? Bard 4f 40btPate G Fesztsemx affust gr dazpl ay] 4542.8

SO R AN T VA S LD P TR Y
dBoGhamber. temp. mapioneeh tt289val e %Dl ayed 4kt hd FC43.8
:en@mwesp a@m&mmaﬁ in ghe item ggand|thedqp 40

T thermstor part— L tie T tgnmB:
fars) 8#% B a%+u toré: r?’ml d _be l#:t ediin flP)p event 4 hat It he 45
strict tenperature managenent is required fore

el eqablei 3] cTestGpecimeand-20% |ike. Table 4-1 shows
the results of the neasurenent of the flow rate, which

[C]
Heating Conditions ® ®

Gas Type N2 HF N2 HF
A. Downstream side leak port temp monitor. 458 46.0 458 455
B. Thermistor part 47.2 472 46.8 470
C. Bottom part of substrate 429 43.1 438 434
D. Room temperature 233 24.5 256 26.1
E. Chamber temp. monitor 233 23.7 440 439
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 fo Table 3 inclusive, there is seen a

5 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

10 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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10 denonstrate that even under the sane 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 neasured flow rates
are the results of the neasurenents conducted 3
times. It is learned, then, that there is no 19

Al 4GLHG of ihé’f’lo@vhr%t% Iv%l’t‘ie" Bdtvelnl the rh@%%‘%t%%érﬁ@ with the ?ressure

measurenents with the pressure type w rate contro
é'sfﬁcﬁ% d&@fé&ggg d[RicSicel A frrporlopbi ue% ShBWs" b o Fates as

af or e- t|on I 4 usin . pressur
fepstad, ah?”t“s% R a6 Apage 14
Tabl e 4- 1] l\/b sur enment Resul of, Fl ow Rat Tes

%F%quﬁfﬂﬁg’ f@@cmeqqu devieg shpwndnad Type

HF N2 HF 75% Ave. 85.8 101.9 84.3 100.6 75% 1st
t| nme 85.7 101.8 84.3 100.5 75%2nd tinme 85.8 101.8
84.4 100.6 75% 3rd tine 85.8 101.9 84.4 100.7 60%
Ave. 68.3 78.9 67.3 78.3 60% 1st tine 68.3 78.9 67.3
78.1 60%2nd tine 68.4 78.9 67.3 78.3 60% 3rd tine
68.4 79.0 67.3 78.4 45% Ave. 51.5 59.1 50.7 58.5 45%
1st tine 51.5 59.1 50.7 58.5
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45% 2nd tinme 51.4 59.1 50.7 58.5 45%3rd tinme 51.4
59.1 50.7 58.5 30%Ave. 34.1 39.6 33.6 39.1 30% 1st
time 34.1 39.6 33.6 39.1 30%2nd tine 34.1 39.6 33.7
39.1 30%3rd time 34.1 39.5 33.6 39.1 15% Ave. 16.7
19.6 16.4 19.3 15% 1st tinme 16.7 19.6 16.4 19.4 15%
2nd time 16.6 19.5 16.4 19.3 15%3rd tinme 16.7 19.6

15 g3 3] I mARA GRSl 115

Conditions 2Q Gas Type N2 HF 42.4% Ave. 47.9 55.3
2 4% 1st time 47 8 55 3 42 4%2nd tine 47.9 55.3  [SCCM]

4 MPedtig Gorditivrisiye 47 9 55.8D 17. 4% Ave. 19 2 22.6(@17. 4%

T S O Tl A A

LTI resul@)&here o8 s ug ea f%ruﬁ T
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 85.8 101.9 844 100.7
60% Ave. 68.3 789 67.3 783
60% 1st time 68.3 78.9 67.3 78.1
609 2nd time 68.4 78.9 67.3 78.3
609 3rd time 68.4 79.0 67.3 784
45% Ave. 515 59.1 50.7 885
45% 1st time 515 59.1 50.7 58.5
45% 2nd time 514 59.1 50.7 58.5
45% 3rd time 514 59.1 50.7 58.5
30% Ave. 34.1 39.6 336 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 34.1 39.5 33.6 39.1
159 Ave. 16.7 19.6 164 193
15% 1st time 16.7 19.6 16.4 19.4
156% 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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10

ure type.flow rate
control device) 3, and Table 5-2 shows the
nmeasurenent results of the sane flow rates with F65A.
Simlarly, Table 6-1 shows the flow rate neasurenent
results where F20A is used for the test specinmen (the
pressure type flowrate control device)3, and Table
6-2 shows the neasurenent results of the sane flow
r at e{Tabid4F2]0 A Magsurenierh Resufi-of [Samhe hidva Rate
Measurenent (Test Specinmen F65A) [ SCCM Heating
Condi tions Gas Type N2 HF N2 HF (T68b Specimén. B11EA)4
46.3 56.1 75% 1st time 48.3 55.4 46.3 56.2 75% 2nd
tine 48. 3 55.4 46.4 56.0 75%3rd tine 48.3 55.3 46[8CCM]

23 oo Condfiohs 2. .SL?’chsgselAﬁg(}/  45s co%s
ard time S9STV® 8 37.1 43.0 49 Ave. 8.0 32 HB7. 8
3217 4Badgiaia e 28.9 32 7 2§ 32.7 5% andgbge
309 AvehZA% 4sHUmP 16 b 21 4 4086 15t tijme 19 0663 7
18.13 2142449 2nd time 47.9 55.3
42.4% 3rd time 479 55.3
17.4% Ave. 19.2 226
17.4% 1st time 19.2 226
17.4% 2nd time 19.2 22.6
17.4% 3rd time 19.2 22.6

Table 5-1 shows the flow rate measurement results where F65A is used for
the test specimen (the pressure type flow rate control device) 3, and Table 5-2
shows the measurement resuits of the same flow rates with FG5A.

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

Table 6-2 shows the measurement results of the same flow rate with F20A.
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30% 2nd tinme 19.0 21.7 18.2 21.4 30%3rd tinme 19.0
21.8 18.3 21.4 15% Ave. 9.1 10.6 8.8 10.4 15% 1st
time 9.1 10.6 8.8 10.4 15%2nd time 9.1 10.6 8.8 10.4
15% 3rd tinme 9.1 10.6 8.8 10.4 [Table 5-2] Measurenent
of Sane Flow Rate (Test Speci nen F65A) [ SCCM

Heatlng Conditions Gas Type N2 HF 30.8% Ave. 18.8

25" ol &rf) 3FjoliHe i@e%séén%nts%{é}%frééﬁ% ow

Rate Measurenent (Test Specimen F20A) [ SCCM Heati ng
Condi tions Gas Type N2 HF N2 HF 90% Ave. 17.7 20.6 [SCCM]

]neimgéergltlor%( (3{0 1st _’t i me 7 7 20 6 17.7 21.5 9@0 2nd
Elllz; 7T|:¥(;)3A\,F.o fl_éllNl? .’Tg ;!94 |u e J.ﬁo 20 HF
75% Ave. 483 Eﬁ 46.3 56.1
79% 1st time 48.3 55.4 46.3 56.2
75% 2nd time 48.3 554 46.4 56.0
759% 3rd time 48.3 55.3 46.3 56.0
60% Ave. 38.7 438 3.1 431
60% Tst time 38.7 438 37.1 43.1
60% 2nd time 38.6 43.8 37.1 43.1
60% 3rd time 38.7 438 371 43.0
45% Ave. 28.9 32.7 218 322
45% 1st time 28.9 32.7 278 322
45% 2nd time 28.9 328 278 322
45% 3rd time 28.9 32.7 278 32.2
30% Ave. 19.0 218 183 214
309%6 1st time 19.0 21.7 183 214
30% 2nd time 19.0 21.7 18.2 214
30% 3rd time 19.0 218 18.3 214
15% Ave. 9.1 10.6 88 104
15% 1st time 9.1 10.6 88 104
15% 2nd time 9.1 10.6 8.8 104
15% 3rd time 9.1 10.6 8.8 104

[Table 5-2] Measurement of Same Flow Rate (Test Specimen FG65A)

[sCCM]
Heating Conditions @
Gas Type Nz HF
30.8% Ave. 18.8 220
30.8% 1st time 18.8 220
30.8% 2nd time 18.8 220
30.8% 3rd time 18.8 220
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75% 1st time 14.7 16.6 14.8 17.3 75%2nd tine 14.7
16.6 14.8 17.3 75%3rd tinme 14.7 16.6 14.8 17.3 60%
Ave. 11.7 13.1 11.8 13.6 60% 1st tine 11.7 13.1 11.8
13.6 60%2nd tine 11.7 13.1 11.8 13.6 60% 3rd tine
11.7 13.1 11.8 13.6 45%Ave. 8.6 9.7 8.7 10.1 45%
1st tinme 8.6 9.7 8.7 10.1 45%2nd tine 8.6 9.7 8.7

Bl o2 o0 FatEiaduBiect, (1o spectgh b P o

5.6 6.4 5.7 6.6 30%3rd time 5.6 6.45.7 6.6 15% [so0M]

. A O OO O

T Rt A O R A L TP
3. 3 GamTyreablle 6- 22 Fl ow| Rat eHMeasurlenentNy Test HF
SpegsaTRve. F204) [ SPEM  Heati ngpgondifti ongz §2 Gas Typgys
NPoble 1etdine | Ve 1777 10| 7 206 17.1 215
90% 2nd time 17.7 206 17.7 215
90% 3rd time 17.6 20.6 17.7 215
75% Ave. 14.7 16.6 148 17.3
75% 1st time 14.7 16.6 14.8 17.3
75% 2nd time 14.7 16.6 14.8 17.3
75% 3rd time 14.7 16.6 148 17.3
60% Ave. 11.7 13.1 11.8 13.6
60% 1st time 11.7 13.1 118 13.6
60% 2nd time 11.7 131 11.8 13.6
60% 3rd time 11.7 131 1.8 13.6
45% Ave. 8.6 9.7 8.7 10.1
45% 1st time 8.6 9.7 8.7 10.1
45% 2nd time 8.6 9.7 8.7 10.1
45% 3rd time 8.6 9.7 8.7 101
30% Ave, 5.6 6.4 517 6.6
30% 1st time 5.6 6.4 5.7 6.6
30% 2nd time 5.6 6.4 57 6.6
30% 3rd time 5.6 6.4 5.7 6.6
15% Ave. 2.7 3.1 28 33
15% 1st time 2.7 3.1 2.8 3.3
15% 2nd time 2.7 3.1 28 33
1596 3rd time 2.7 31 2.8 3.3
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48.8% 1st time 9.4 10.9 48.8%2nd tinme 9.4 10.9

48.8% 3rd tine 9.4 10.9 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 measured 5 flow rate val ues where the

formula F.F.= HF gas flowrate/ N2 gas flow rate. The

average value of F.F. is conputed as the average of

t he [able 6-2] ukiow Rate Measucemenin gEesh Spedingavi20Aer

the heating conditions O, it is learned that the

di fference is nore than 1/100 order at respective f[SGCM]

ratle nang o ... Japl ef8 Tabl e 10 show ghe neasur enent

er rlers orﬁ%‘s:é?)de%'gﬁg es—between—10thetest speciiens

3 dt the Gaselvpet flowjrate. EWNen if thd same flHw

ratje v xS, measured wth t test speci nens It
| adyg%@ Qfg er+of E‘ 0--8S

| S H-earne +harn conrc t At
—CcorrTIcU—t LBLLA I 2 TCoUTo—t ooV ot

thd mad&8% Het wewn t h speci n®#4 types iln the ci88 of
tngFF 4mg, L dale 71| Fesult gf F © Wasuremenye

( |_|r 1 o ana 20 El o
T —J YL

ALl UIJTTOT € I.\JII\J LI \J‘VV LIA\* 4 A Y3 I\MIIgL
F20A % 3optime 2100 1.17149460% 1. 1626 1. 16429

1.1543 45% 1.1545 1.1592 1.1545 3% 1.1634 1.1713

1 1650'a P 108 o Tty B R Sach 1G4 FBRpgn (1 gressure
W%%nﬁgvglrgt%nco%%%‘ Idtewocfe) §acnroempS L?‘ltehlor}'lgth@ t?aV\éisR%% the actually measured

11”2 *J

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 leamed that there occurs the error of

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

gas.
[Table 7] Resuilt of F.F. Measurement (Heating Conditions @)
Flow Rate Range F115A FE65A 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 1.1713 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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10

(Heating Conditions C?)) [SCCM Flow Rate Range F1
15A F65A Error Setting 42.4% 75. 0% ( F65A- F115A) N2
47.9 46.3 -1.5 HF 55.3 56.1 0.8 5 [Table 9]

Conpari son Result of Sane Setting Fl ow Rate (Heating
Conditions O [SCCM Flow Rate Range F1 15A F65A
Error Setting 17.4% 38. 0% (F65A- F115A) N2 19.2 18.8
-0.4 HF 22.6 22.0 -0.6 [Table 10] Conparison Result
of Sane Setting Flow Rate (Heating Conditions O
[SCC&E/L Fl ow_Rat e .Ran%ge F65A F20A Error _Setting 15.0%

48. sPkabe@la- Eemmparisap Resplief Hamne Setiing bloyv Retey 0. g

10 Figure 2 (a) is the graphic data of the flowrate
nmeasurement tests under - the heating coniesdtipgCanditions @)

the test specinmen F1 15A. Simlarly, Figure 2 (b) and
Figure 2 (c) are the graphic data with the test [SCCM]
?g@%lﬂ:ﬁé{grpa;/g-\e na t Iﬁlbxbl JPcCl Il.l_:‘élsA-LU/-\, Error
Setting 42.4% 75.0% (F65A-F115A)
N2 47.9 46.3 -1.5
HF 553 26.1 038

[Table 9] Comparison Result of Same Setting Fiow Rate

(Heating Conditions @)

[SCCM]
Flow Rate Range F115A F65A Error
Setting 17.4% 38.0% (F65A-F115A)
N2 19.2 18.8 -04
HF 226 220 -0.6

[Table 10] Comparison Result of Same Setting Flow Rate

(Heating Conditions @)

, [sCCM]
Flow Rate Range F65A F20A Error
Setting 15.0% 48.8% (F20A-F65A)
N2 8.8 94 06
HF 104 10.8 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 FE65A and the test

specimen F20A, respectively.

As apparent from Figure 2, in the case of the pressure type flow rate
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15

15 As apparent from.Figure 2, in_the case_of the

pressure type flowrate 26 control device, the closer

the set flowrate range gets to 100% the greater the
nmeasured flow rate gets, conpared with the case of the

N2 gas. Wth Table 11 and Table 12, it was confirned

on the basis of the flowrate neasurenent by the

dontriobl deviceptheoclosérethecsettflvar eatesangy detoto r130% thargeater the
or 5 not in each pressure range to find if the

naéayLRedibiv ratgets! chirpared AMtHithé @Asé of R gdseal | zed
at the tine of the flow rate nmeasurenent of the HF

gaS With TableS11 Qﬁ& fe hejt SRRA rtffr:m@ﬂaén frd sterofEﬁ@flow rate

F gas is greater an those of normal  gases,

n{é}%h?efgérgg erM' é.r&)y mbﬂfog %{Eﬁm ée{eafsvﬁyﬁﬁé\wrgte change or

cula i on of the fl t.e..correction wa, 10 ... .
"§€Euﬁéa RIEES YR Ades 8, find if i %fegaratqn%ﬁaf igal”Gondition is
eIectr the pressure |nterval of 20Torr.
§rr§ﬁ ad gt thertine ef the Row ratedpeasureman OfHDﬁF HFigas. Thisis
there was observed little difference in the

becausel heeepaaifimheat saticof theotiir gas lis gneater dsamitkose of normal

ranges. Accordingly, it is understood that even with

gades, HAd dbarelia\a possibilitythat thecriticabprest iecratiedseconties smaller.
flow rate neasurenents are conducted under the

si tMare ogbnordielye with ealchiativh eprtﬁet ﬂ@ﬂr rates abhetti@s it was
over the entire ranges of the said flowrate

AR T ihe PTeEeure pork i Iop  HOL, <RIy % pressure
infgRR oBioE 7 2omP 604" ?é,vt e .70 15.0 0. 998

As apparent from the resuits 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 g.reat 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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70-90 14.5 0.998 30-90 44.0 1.000 10-30 14.5 1.002
30-50 14.5 1.002 2nd tinme 50-70 15.0 1.001 70-90 14.5
0.999 30-90 44.0 1.000 10-30 14.5 1.003 30-50 14.5

1.002 3rd time 50-70 15.0 1.001 70-90 14.5 0.997
Heati ng conditions

30-90 44.0 1.000
O, Setting signal

(F115A, HF gas,
75% |[Table 12] Sanple Data No. of

AP[ Torr] Conputed Tinme

%";ﬁé se01 C%n‘pu egjagfg\?veﬁate Ratio 10-30 26.5 1.004
3050260+ 00t—tst—tine 702651001 —76-96-26-5
f‘%q‘{ﬁ &/leas%ﬂne L)PrﬁuthTgeOWTorﬂ]_ ESC%M%T:@ Ri"geb6° Computgd blgw gate Ratio
. 002 2nd t{nme 501(0:43026.5 §.999 {74590 26.5 0. 997 0p5
80-90 79.5 L000 5500 145 1004
1st time 50~70 15.0 0.999
70-90 145 0.998
30-90 440 1.000
10-30 145 1.002
30-50 145 1.002
2nd time 50~70 150 1.001
70-90 145 0.999
30-90 440 1.000
10-30 145 1.003
30-50 14.5 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 Rangefsec] |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

30-80 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 26.5 1.002

3rd time 50-70 26.5 1.001
70-90 26.5 0.997

30~90 795 1.000
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15

10-30 26.5 1.005 30-50 26.5 1.002 3rd time 50-70 26.5
1.001 70-90 26.5 0.997 30-90 79.5 1.000 15 28

(F65A, HF gas, heating conditions O Setting signal

75% Table 13-1 - Table 13-4 inclusive show the

results of the flowrate neasurenents with F114A and
F115A-HT for the test speci nmen (the pressure type

flow rate control device) t he heate

t(ERPAy HiF gas. beating °PE§F'°§§e® %ﬁtm sighak/ A% 29C and
859029C. In the flow rate neasurenent in Table 13-1

to THNe 1314~ Table: d3ptrinclusveoshewethsuiresuits, of Hhgnlew rate
4 is fixed at 40t. AQin Table 13-1 - Table 13-5
medsurements dthf Fo1dA atne Bt 15%-Hiefoucthe tebespédioen dhe pressure
at the time of the set tenperature and the flow rate

tibe oW rhteEoritfol devicel 3snd eiphestedrtempéb@tUreoftithedest specimen
10 Table 13-5 shows the flow factor F.F. where

3': \J«&@%ﬁ"@ HFCUSRE §PC £I7E 1 98 the ABRCIAS ehsurei@nt H"‘Fable 13-1

(nmeasured value) 1s H- gas flow rate/ N2 gas fl ow

& e 704 {r{aﬁtemﬁragﬁe\fmfbeﬁ ﬁgggnlifer%geg@(g Raotc,

aver age

Heat#sggl 42@?&%%&% 4?&%@%4%@%66 ﬁg d’%?? g%re)r b%}‘gg/en the

94. 0 93.
flow rate at the time of the set temperature and the flow rate at the time of the

base temperature (45°C and 85C).
Table 13-5 shows the 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 AG
Heating Temp.] 43°C 45°C 47°C | (43°C)H45°C) | (47°C)—~(45°C)
75% 94.0 934 940 0.6 0.7
60% 749 74.5 75.0 0.3 0.5
45% 56.3 56.1 56.2 0.2 01
30% 373 37.2 373 0.1 0.1
15% 18.2 18.2 18.2 0.0 00
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60% 74.9 74.5 75.0 0.3 0.5 45%56.3 56.1 56.2 0.2 0.1
0.0

30%37.3 37.2 37.3 0.1 0.1 15%18.2 18.2 18.2 0.0
15 29 (Test specinmen F115A, Tenperature of chanber:
409C (fixed)) [Table 13-2] Flow Rate Measurenent
[SCCM Gas Type HF A 0 Heating Tenp. 43C 45C 47C

(43C)- (45C) (47C)-(45C) 75%113.4 111.0 110.3 2.4
65.0

-0 7., 60% 87. .6.86.6 1.0 0. 45% 1.64. 4
oSt seeciny 1A, Jemperatiis gF shamper A ykgap,
21.5 0.1 0,1 (Test eci.men F115A, Tenperature of
chanf&b.]'e 184 ('T%PW te Measurgment13- 3] Fl ow Rate
Measurenment [SCCM Gas Type N2 A Q Heating Tenp. 83@SCCM]

Q7 M) (O M\ ZE04. O1 2 0N - 0O OQON-O

8hE—87EA{836 (856878560 —75% 912969969
0.2 Gap 1ypes0dp 72.4 72.2H2.1 0.2 -0.1 45%53. 633 4
S58Heatthg2Terfip. L 43080 34. 341538. 7| 34418C0. R(438C%(45°C) | (47°C)-(45°C)
75% 1134 111.0 110.3 24 -0.7
609% 875 86.6 86.6 10 0.0
459% 65.1 64.7 65.0 04 0.2
30% 435 43.3 435 0.2 0.2
159% 215 21.4 215 0.1 0.1

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

[Table 13-3] Fiow Rate Measurement

[SCCM]
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% 72.4 72.2 72.1 0.2 -0.1
45% 53.6 534 533 0.2 -0.1
30% 348 34.7 346 0.2 -0.1
15% 16.1 16.0 15.9 0.1 -0.1
(Test specimen FII5A-HT, Temperature of chamber: 40C (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% 84.7 848 84.7 -0.1 -0.1
45% 63.0 63.0 629 0.1 -0.1
30% 41.1 410 408 0.1 -0.1
15% 19.0 18.9 188 0.1 -0.1
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10

15%16.1 16.0 15.9 0.1 -0.1 (Test speci nen F115A- HT,
Tenperature of chanber: 409C (fixed)) [fable 13-4]

Fl ow Rate Measurenent [SCCM Gas Type HF A Q Heati ng
Tenmp. 83C 85C 87C (83C)-(85C) (87C)-(85C) 75%106.0
106.1 106.1 -0.1 0.0 60%84.7 84.8 84.7 -0.1 -0.1
‘45%63063062901 01 30%41.1 41.0 40.8 0.1
-0.1 15% 19. 18.8 0.1 -0.1 10 30 (Test
ﬂﬁ‘ﬁéﬁﬁ@ﬁlﬂﬁlﬁ?\ﬁﬁHTTJW*H@%F“Q’HB%&P Afwed))
(fixed)) [Table 13-5] Results of F.F. Measurenent

(f or [Tabje 18ehip Resultse)f Fedicaguremmant B Hgittanperatgs)
1.1630 1.1671 1.1683 60% 1.1702 1.1742 1.1749 45%

1. g760 117931 t79t _30% 117931 L 1§13 %
1. fldeating deanp. |1883 83 Averlage BaAtr7 1. 806 33571@%9

Fi gu ure
r elsul tsﬁgaot he |5 afi Emntl dned T 1Tfll§8€3

13-4 ipﬁg%i ve. prmp?m“ t friom Fl gnl#n S(Jf , |111t7lzfg

eﬁen? thp i fod heatingThe fest
sHeci me454i s arjoundq 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 134 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 thertemperature 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, 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 1072 ~ 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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45~C, there is found a tendency that the flow rate
error becones greater as the set flow rate range
rises with respect to the HF gas. However, it is found
that the flowrate error caused by the tenperature 10
di fference becones near-zero over the entire area of
the set flow rate ranges when the tenperature for
' t [ That
ER003BCH by e netg Berbt A ferionel e, ]
wi,th . the fl ow

cont 19t 1), (i I SHehE erpiofiSt Sosbny pasufid iAuSs of the
BB S isthe d U, FRER A B20a° a5 ihintad “snesimans overe the

- 85t, or nore preferably to the tenperature not ]
tesareratyrg pfdbedest speaimpadthecprasstire flowigate; eentrol device) 3
process side pressure on the downstream side of the

and terspelaturer conditidre- f2r thel baildrup chatriber ave pacmefers he

HF gas with a practical, high precision can be

assuAsdapparent fronf Figure a4 €ay an@p, PIF. hat 31§ SReltifyyunder the

the heating tenperature as nmentioned above. Figure 4

Kedting(ddnditihs( C) &P @t he plotted, actually measured
values of the flow rates using F115A, F65A. and F20A

as tfige bfq?é-rﬁgl?ﬁ(%]ﬁ?cf‘i%s%u?fst”%g’e rEFERRLIhY FSIcRing s

test specl nen € pressure type owratée co
devi . dt erat yr ongditions for the

but 187 Syticiehifis S8 ool o 48 19 e usrShe i sate ranges of
[ a) - (c),. F. has a hi | inearity under

fﬂ%%f‘?ﬁg‘ Esfﬂﬁmm{bmpmpwg@ heating theypressure type flow
afore-nentioned test results have reveal ed the

rate santiohddable 4-dut fakbledihd) f| ow rate control of the HF
gas over the flow rate ranges of 10 3-100SCCM can be

achi@vEbe pyessupe type fiow ratetoomtiohdevice qandssheatetitp40°C~85C.
flow rate control. (Table 4-1 - Table 6-1) 02 The

5?1;@3% tm_wg Sggmnfée@/Wémpera@m@t forl thdexiissiratadno thd ®as@dplate (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 45C, 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

32



5000 is the guaranteed tenperature for the substrate
or the base plate (on which electronic conponents are
nount ed) inside the test specinmen. This 15 nmeans that
if the tenperature for heating the pressure type flow
rate control device is 45~C, it is |ower than the
guaranteed tenperature of 50C. This indicates that

hieagurement ehdnaperistioyy r@Figurea{d)ol (gpvi ce with no
special heat-resistance can serve sufficiently for

the e,y efﬁhé Y #k Hé%shﬁ?(ﬂ?ﬁw falcttPE Fofs 1.1638! §vhich is

4) 20f 03 We ne nmeasurement o e sane f w rzﬁte.
Mo SIS RLFL AT MiDah Bt o ¥RE?, iRy Speci Tene havi ng
h is f b . / h [ F11
5 - GV, ERar S Iné TowiratediNEa o 3 SoHEHE SeL Tavh P range,

no rcibl,em about the linearity of the flowrate 32

nEQ?E‘EH aliemat eagh Luldryps pressure intgovad (207qy) usqd for theeflow rate
average val ue of the nmeasured flow factor F.F is

1. atiothrevealssthah theetror bé thenflewfrate tinaaridy at each interval was
ranges. (Table 7) 05 Wth regard to the flow rate

| iloweer than €0.6% < e0l4Bontastné problemt regarding the nearity.  (table 11
cal cul ation at each build-up pressure interval

( addorable wgpd for the flowrate calculation reveals

that the error of the flowrate linearity at each

| Nt e@y g4 tﬁ@%veﬁpﬂ‘féti Hié‘ Féhﬁ@raq'%é fo'(t " alﬁ?{b f&@ ‘fést@b%ctiwgn 3 was

probl"em regar di ng Inearity. e and

10 spfat w2, WP gl 1 a0 5ol P61 B58 168 o £75( M (ot the

15

20

e gtohented: 465 THE0 o fow reeoop a0 O obrng wever, in the

75% . However, in the event that the heating .
everb el the beating temperatgevas sehgt Bhd2°csusinadbetest 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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for high tenperature, it was found that the flow rate
error was less that 0.1 SCCM (at the tine when heated
to 83-850C. a flowrate setting of 15%. (Table 15
13-1-4) Al so, the technical literature study has
reveal ed that the nolecular weight of the HF gas is
20g/nol at the tine of 76 Torr with the tenperature

' 7 w.th t
HIORED it thegpsd R bty Heyithiand BE G 21 on hear
S SR e B B e o
f the HF gas, _the flow rate A control can be conducted
RERSUAR BRecflop saterariol demiseriaset at 85 gherThisimbessse when

svvith the upper limt setting of 75% as expressed by
he teawperature mrase ups highenethant 8583y dependehey of the molecular

af ore-nmenti oned basic concepts in accordance with the

pescaiation of/thet HE gasaon theppressureftemdrature & gosent r ol
of the 33 HF gas using the mass flow control device

and With tHeaforddhidntioredihedes of céWﬁPtdLﬁ fhe InventiBR Sthe case was
limt for heating the tenperature o the pressure

e o 1B b 0 S, B AR, by g he
. i gti f.th F

SERRRERAE Yot fnd MBI AH, AR B, ROy, bl ol that e

BB BE TR oBRELE PLSHl sl el put also o

5an be rev%F‘t ed by raising the tenperature of the

the pEessURg 1 harelorg.dhe elustering ehither ustering fisid cante: prevented

clustering of the clustering fluid depends not only on
byrdilutiegpbealusteringfiuid tooadeveldowbe tharea partial pressure by adding
Therefore, the clustering of the clustering fluid can
thedpjutingegaged by diluting the clustering fluid to a

| evel lower than a partial pressure by adding the
di I'THdtne @lustrated 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 smali) so that the clustering of molecules of the fluid is prevented. By so
doing, a stable supply of the clustering fluid such as the HF gas and the like can
be achieved without heating.
In Figure 5, 2 designates the supply line for the clustering fluid such as the
HF gas and the like, 7 the supply line for the diluting gas such as N2 gas and the

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

the apparatus using the clustering such as the HF gas and the like.
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That is, as illustrated in Figure 5 the fluid (the HF
gas) is diluted by adding and mxing in the diluting
gas (N2), thus diluting the fluid (the HF gas) to a

| evel 15 lower than a partial pressure to bring the
clustering fluid froma state where a plural nunber of
the gas nol ecul es are assenbled to a state where the

£ made nononol ecular ( with the
ng* & dhicnt nDIecuIes being small) so that the
clus I of nDIecuI preve
fth e Brestih Fivecipps e sostaung Mol slothgs fre, i 685 and the
uch as the HF gas and the like can 20 be achieved

e fivgratecontrplied §s passed thrgegh dhawasificeie assiglg yhere the

I|ne for the clustering fluid such as the HF gas and
prassur &yper flowerate msingrol deviceds heateditb dhertgmpesatine mot lower

as N2 gas and the 1like, 8 the diluting apparatus, 9

tHam 40,esrstieciugtering fivid satk asothier HF gy and thaide X0 be flow-rate
the apparatus using the clustering such as the HF gas

eoviirdlled is ipseseddhidughG@rofificd fhea sRte Whers tl'%td?feéilﬁe of the fluid

present invention, the clusterlng fluid such as the

@%aﬁ@%%? thhh k§ ?ué?eprfeg %dﬁiﬁq EI‘E& 'dﬂﬂtu‘@ L?%@S&? ‘ihat the

hrough the orifi e I'n ere pres

'ﬁ’é%%g#at o & nﬁyfq°§vée$egﬂﬁ%gﬁf%4hﬁnL*ﬁ%ﬁ%olw@%}er fifyR result, the
id h fl
el A goPtip<atthe; Aiwang i, or e endetherapg asiodnt at the
mhere the pressure of the fluid is nmade |ower than a
time of disspration willipt hedinflgencasl by the pressyus of dhe glustering fluid
the nolecules of the fluid are permtted to turn

swuch@stheHif gas anel therlikeul As a resultptiiecfiow aateasfdbe iclustening fluid
of the clustering fluid or the endotherm c anount at

subk akthei HE gafs and sieee liles can bel d:dntftﬂbdhﬁsih%ftthel presdird Yype flow
the pressure of the clustering fluid such as the HF

r?éﬁcsc{l‘ig?)ll Egﬁfda Il}dlﬁfh h?hc‘ﬁeggﬁtﬂ éendngzﬁggy gncﬁ ﬂ-Léfc?Qe M‘@grﬂ ow rate
cBAtrGBH T Jaes Bch BE tRE &5 S ol HRONS GRY.

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 10”2~ 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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rate control device with high precision and stability
as in the case of the flowrate control of nornal
gases such as the 02 gas or the N2 gas. 15 In

addi tion, by keeping the heating tenperature
relatively low |ike between 40C - 85tC, adverse
effects on the el ectronic conponents used in the

RoTipdttd %I@‘?I%é c?Wvéﬁi&a? %%% S&a‘&%@% r@eégggﬁ‘ﬁgf%f ﬁililéftmg gas is

preasure type flow rate control device are not
cted to increase. 20 Furthernore, in the event
that the pressure |level of the chanmber to whic
cI ustAs Pigfained abavg: byJuaking use efdbediaw taron 3 Eeof er clustering

t(&I}led is 10-2_ 102 Torr, the high precision flow

asast eothe N2gas, the present inventid canceasily achieverthe practical

gas and the like can be achieved over the flow rate
effagicthat theMNGBGRELIsION Howalade cantrob@f thel dustering fluid is made
substantially | ower the running costs and equi pnent
possible uEing 6Pkvicwin whl Widély used\ressraalps Asw ralecentml device.
great anount of diluting gas is wused. As explained
above, by making use of the flow factor F.F. of the
clustering fluid based on the N2 gas, the present
i nvention can easily achieve the practical 5 effect
that the high precision flowrate control of the
clustering fluid is made possi bl e using the known and
wi dely used pressure type flow rate control device.
36 CLAIM 1. A nethod for the flowrate control of a
clustering fluid in which the clustering 5 fluid is
supplied froma fluid supply source to desired
instrunments or apparatuses using a flowrate contro
devi ce wherein the association of nol ecul es of the
clustering fluid passing through the said flow rate
control device is dissociated by
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heating_the afore-nentioned flow rate control device . _

so that the clustering fluid kept in a nononol ecul ar
state is supplied by the flow rate control device
while 10 subjected to the flowrate control. 2. A
method for the flow rate control of a clustering fluid
in which the clustering fluid is supplied froma
fluid supply source to desired instrunents or
apparatuses wusing a flow rate control device wherein
t he associ ation of nol ecule he clustering fluid
passi ng through the said flow rate control device is
di ssociated by 15 diluting the afore-nmentioned
clustering fluid to a | evel Iomer than a partia

¥ s ieingd tar 18¢ 20w refe EoREOI i elySteing TRl iy whiich the clustering

f@.Batrol devi ce whi | e SUbi ected to the flowrate

#$ 8ypplied frorma fhegd supply: surce ndesired thstrumants pr gpparatuses
clustering fluid as clained in daiml or Caim?2

ugieg & fow ratevrandod devine wheveinvthe assoxiatian pk nidleaules of the
rate control device 20 or a pressure type flowrate
dlustering fldevpassingsthrbugte the saidtflosy fate sontrdledemiod isatissociated by
device. 4. A nmethod for the flowrate control of a

Heatingethe oid-tichtiofied ldwRfle idontroRtBViLe statitie Clstering fluid

tenperature for heating a main body of the flow rate

kf%gffr{ ﬁemﬁﬁ&'n%%cu'la? dafe Is plfeﬁ UQ%} ﬂoﬁ7ra Bﬁraff@lt d&Hce while

_ ow rate control 4 g _
smﬁﬁcﬁ%l A Il FIEEoRIBL" e Sév;zéisi‘"n’gt "Uhrough an
or| fi Cﬁ ggg%%gt edrﬁgeﬁégép’(%@rs f@ggnllco st a Ql:%clustenng
V\,here the ratio P2/ Pl between the as pressure P1 on

fluidds sypplied: from aduisk supply spurgede desired Hestpeplscsappraratuses

P2 on the downstream side of the orifice is held at a
usiagua flow raiegbentrolndevicé ewberein dhe assoeiation eofr moleculés of the

the gas, wherein the clustering fluid is permtted to
clpstesing 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 2 monomolecuiar 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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through the afore-nentioned orifice while the

af ore-nenti oned pressure type flow rate contro
device is heated to the tenperature between 40C and
85C. 6. A nethod for the flowrate control of a

clustering fluid enploying a pressure type flowrate
control as clainmned in daimb5 mhereln a chanber which

4s connect gM@E%%@:%@:m S pg(%tog@g@ﬁisﬁﬂﬁ employing a

ype fl
clustering fluid is a vacuum deV| ce
pregsynedype diow eaatGapkrobeyice ig whieh H@e ﬂpw @ %Rﬁ%@%g% passing
a pressure type flowrate control device as cla ne)
threughaamnosifieh ds clompuiiedas QK Pdr{wherethds @ 6@@%#:18 with the gas

type flow rate control device is determ ned based on
passing2throagh thendrifides irf laostatatwhérecthe ratic-. PP 1t hetween the gas
clustering fluid against the N2 gas is appropriately

pRSEELRE FIC6AtHENIstredr side bb tiabrifice ahdathengas ipeessuwre P2 on the

the pressure type flowrate control device so that

dggﬁﬁsﬁ’e@}% o dffwﬁnﬁéé‘% EHéiB Gatf b Udréluésnoto hf?é?emaw the critical

multiplying t neasured flow rate val ue
PRASRS o051 35 . Wit 16 L BFRELIOIS M iRt to pass
titguBncllt pBTreaRsnigna BRac wifler i e pfitbsure type
IBaal% fpar il ap o bealecachodamreralura bahBaN A G ARd 85°C.
which is connected to the downstream side of the

6pr essuhameliied for dherflaw redetqantrol ofi a cclusteringe Buide employing a

the clustering fluid is a vacuum chanber whose
pressasz type flowdrate Tonirol 48Zigiomedin Elaim Boshersintzhehamber which
flowrate control of a clustering fluid enploying a

is ponnedter] ththeydewhspeanpdide ofthe Pfeswre@p@ﬂow riteedntrol device

in daim5 wherein the range of the flow rate control
o sl oty Wl ptmRRGS Tron e
7.chambeg i 5 84 33PREMw 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 clusterin\g.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 20 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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10. A nethod for the flowrate control of .
cluster-making fluids as clained in Caimlto daim

9 inclusive wherein the clustering fluid is hydrogen
fluoride gas, 10 water or ozone. 11. A nethod for the
flowrate control of a clustering fluid enploying a
pressure type flow rate control device as clalned in

Gh@ium devlterwhighlid 8ohSEREHD thé defungtre%' éid F)féé%ﬁre type

pressure type flow rate control device is

fioe r&’(@&b?trélcdé% g aﬁg rlfge&ﬁ\ﬁf?o V(\:/Yﬂrég | iﬁun ng: Vﬁ.lléne’l chamber

hydr ogen uorl
h I th | ust
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oA LHPB06 Jor e BT releuzartes| Of a1 ciissauas A SBIRNG Aressure

sai fI ow rate control device is dissociated by

e fiowgate rentrolisisyiceoas claimasl dn Elaians mhesein thecrangatoé the flow
control device so that the flowrate control device is

rater eential of the eluatering fluid te be supplied &om tive pressure type flow rate
clustering fluid kept in a nononol ecul ar state. 13. A

contral dexies toothier vdculay chamber i3<3008@CMIg f1 ui d which
supplies the clustering fluid froma fluid supply

180 UAC mestifod] €y ﬂ'@dﬂbw%tél %ﬁfrél ef cﬁBEé}[rﬁék'iﬁ?I 1ol $ I Elalmed in

t he associ ati on of nol ecul es of t | ust e

Chaifs1 |
RARE1 RICHIAPY RIS RRSFeiD e oulsBr il .%Esi‘av&’f?ésﬁiw%e ges,
W%L i(ﬂ’ z% to a | evel Iovver than a partial pressure so

tch Flow rate control device is permtted to
lustering_ fluid kept in

fxo%r ¥ tPag‘af %Pvﬁ o tat @ COI' Ofskfc a custeringfvid emplpyig\a peessure

for a clustering fluid as claimed in Claim12 or
type flow rede wratrel device pswlaimes indelain 17 whered the teraperature of a
type flow rate control device or a pressure type flow
maux body of the pizssuce type @baskrte foontrbhdeticeis 4B5°€ while the flow
control device. 15. Aflowrate control device for a
faclonFifeis 19665uviterathectdtdi® Hydibgehdiusrlid. wher ein
12. A flow rate control device for a clustering fiuid 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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the tenperature for heating the main body of a flow
rate control device is not |ower than 40Ct. 16. A
pressure type flow rate control device for a
clustering fluid in which the flow rate Q of a gas
passing through an orifice is conputed as Q=KP1 (where
Kis a constant) with the gas passing through the
to & level dower dhan a2 @artialr prassure a0 thatahe flowgate aontiod device is
gas pressure Pl on the upstreamside of the orifice
peanittachto gastrobthesiowerake ob the ictusterimg fluighkept iea ahohbmolecular
orifice is held at a value not higher than the
staiei tical pressure ratio of the gas wherein the fluid
to be flowrate controlted is a clustering fluid, and

14a hpdlowgatieeoaRol Gevigst ' .
flow rate contr o? dev'f%%géggq?ﬂgl{é@@ﬁﬂa‘?ﬁ%%ﬁgfe H%'iﬁ;CBIm 12or

CI%?IE?‘F@ WHRrEMREAidW Pt &Hﬁoi ggﬂg%g ! I'?%EW%Z 3 aia%f'ﬂroﬁ Bevice or

e tenperature between
2 PSS B Ao Fotricon I BERRE nb48F fonif 1o 6 Popfdigevice.
15 BBl 55 i oy S Ted il ayheron
t,o the tenperature of the_ main body of the pressure

the temperatyre tor heating e main bedy i@ flow rgteaaontrobdevice is not

the pressure type flow rate control device is

lowgs thanid@S€tusi ng the chosen flow factor F.F. value. 40
18. Aflowrate control device for a clustering fluid

16.asAgiressure type @ow matd 8ohtrol dévicerfora clasteripig\iiicMiewhich the flow

the clustering fluid is hydrogen fluoride gas, water

rateoQ 0Pz s paSsing tRFGIRMALVAR drifiee ié lcgmaﬁ’“?rééﬁ aféﬁ@%ﬁa (where K is a

device tor a clustering flurd as cli

conSiEnO AT o GBS AT Birkih Moo Lol AR ybre T raio P2/

pressure ( A
bet\{g%p&b%‘éﬁéﬁ)gﬁ%ﬁeg%y&n %he:zL %%Sstr\ég?ﬁ] stlcpee o? lt#c'a donlﬁsce 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
conftrolled is a clustering fiuid, and a heating device is installed in the pressure
type flow rate control device so that a main\ l;ody of the pressure type flow rate
control device is heated to the temperature between 40°C and 85°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 fiuid 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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41 Summary A high precision flow rate control of a
clustering fluid such as the HF gas and the |like to be
supplied to a vacuum chanber and the like is nade
possible in 6 the flow rate range of 3-300SCCM usi ng
a pressure type flow rate control device.
Specifically, disclosed herein is a nethod of

G@Nt kb Gtd 'E‘Snfr%:%%vﬁ?% ggvP{aac%!H&eriﬁig i g& NGaifded # Claim 13 to

usi Nng a pressure e con evice I n

L 0 ra of the S. sing thgou an
ST 22 bR meRhR e Rt AlicERIRidESen ot 625, water or
constant) with the gas being in a state where the
PZP'S P2/ P1 between the gas pressure Pl on the
ggstream side of the orifice and the gas pressure P2 .
- t AePregsvrestypedlowsraie controhdevice forca dusteringifluid as claimed in
val ue not higher than the critical pressure ratio of
Claimg4€ witerew the tempanatureanfi the mibimbbdy wif dse ipsessure type flow
di ssociated either by heating the afore-nentioned
ate contrel dyviee fis @6°C avisilecthd flew fdetor FF.1i9 111665 when the fluid is
tenperature higher than 40C, or by applying the
Wdrggéﬂgugﬂgepgs.t he clustering fluid to make it |ower
than a partial pressure so that the clustering fluid
is permtted to pass through the afore-nentioned
orifice in a nononol ecul ar state. 42
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