METHOD FOR PARALLEL OPERATI ON OF REACTORS THAT
CENERATE MO STURE Technical Field [0001] The present
invention relates to a nmethod for the parall el
operation of noisture-generating reactors that is
used in, for exanple, sem conductor manufacturing
facilities, or chem cal manufacturing facilities, and
that enables each npisture generating reactor to
performa stable parallel operation in a

predet erm ned anmount of npisture generation nerely by
inserting orifices, each of which has an appropriate
openi ng dianmeter, into the source-gas supply lines of
the noi SMETHQR FORRPARSLLERQOPERATIONSRREACIIORS t hat
performa parallel operation without using a special
apparatus that di VH&JSGENERﬁTE\MQET% ce gas and
supplies the gas. Background Art [0002] For exanpl e,
in silicon-dioxide-film adhesion processing according
to a noisture oxidation nmethod used by sem conduct or
manufacturing facilities, a high-purity water supply
i Becheigai Field, and, in usual cases, the necessary
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Japanese atent No. 3639469, a reactor body 1 having
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platinumcoating film9 is forned on an inner surface

aiperaiion withoutusisg aespeciabapnaraiyel jhatsividas tBe fpead sputpeaes
noi sture | enerated, m xed gas G consisting of
dyvgﬁwpgftgﬁga&hydrogen H2 is first supplied fromthe
source gas inlet 5 into the space 4, and is then
stirred by the reflectors 7 and 8 whil e oxygen 02 and

hyatkoaand A2t ar e

[0002] For example, in silicon-dioxide-film adhesion processing according to a
moisture oxidation method used by semiconductor manufacturing facilities, a
high-purity water supply is required, and, in usual cases, the necessary
high-purity moisture is supplied by a moisture generating reactor as shown in,
for example, FIG. 8. |
[0003] More specifically, this moisture generating reactor is structured so that,
as disclosed by International Publication No. W0O97/28085 and by Japanese
Patent No. 3639469, a reactor body 1 having a space 4 thereinside is formed by

assembling an inlet-side reactor body member 2 and an outlet-side reactor body



activated by the catalytic action of the platinum
coating film9. Thereafter, activated oxygen 02 and
hydrogen H2 are allowed to instantaneously react with
each other in a non-conbustion state bel ow a
tenperature of 450C, thus generating water. The
resulting water is discharged fromthe noi sture gas
outlet 6 out of the reactor body 1 in the form of

noi sture gas W [0005] In spite of the fact that th
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acti sul [0007] On the other hand, in order
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[0006] However, in the moisture generating reactor shown in FIG. 8, if the
supply of the source gas G is increased in amount so as to increase the amount
of moisture generation, a rise in temperature of the outlet-side reactor body
member 3 becomes steep, and the temperature of the internal space of the
reactor body 1 will rise and approach the explosive temperature of the source
gas G, which is H»-O» mixed gas, and, as a result, an extremely dangerous

state will be reached. Additionally, if the supply of the source gas G is



menti oned above, a noisture generating reactor
structured to advance heat dissipation fromthe
reactor body | has been devel oped by providing cooling
fins 10 and 11 on the outer wall surface of the
inlet-side reactor body nenber 2 and on the outer

wal | surface of the outlet-side reactor body nenber,
respectively, as shown in FIG 9. In FIG 9, reference
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satisfactorily met. [0009] Therefore, when enpl oying
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example, 1.3 times as great as the conventional amount of moisture generation,
the volume of the reactor 1 must be tripled, and hence it is impossible to meet
the requirement of reducing the moisture generating reactor 1 in size. A
possible method for increasing the amount of moisture generation, without
using the cooling fins 10 and 11, is to increase the outside dimensions of the
reactor body 1. However, if the area in which the platinum ceating film 9 is

formed exceeds a predetermined area, unevenness will occur in the



m xed gas G supplied to each noisture generating
reactor is controlled by use of a highly accurate
apparatus (i.e., a

m xed- gas-fl ow di vi di ng- and- suppl yi ng apparatus) that
di vides the flow of the m xed gas G and that supplies
the gas to each npoisture generating reactor in order
to nmeet the requirenent of increasing the anount of
noi sture generati on &I’ t he ampunt of noisture tg?ot
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supplying the gas, brings about not only a steep rise in the amount of
equipment employed, but also brings about the need for a large space for the
installation of the equipment, and furthermore, it increases costs for the
maintenance, or the like, of the mixed-gas-flow-dividing-and-supplying
apparatus.

[0011] Patent Literature 1: International Publication No. W097/28085

Patent Literature 2: Japanese Patent No. 3639469



enpl oyi ng t he-m xed- gas-f| ow di vi di ng- and- suppl yi ng
apparatus that divides the flow of m xed gas G and
that supplies the gas, and by supplying the m xed gas
Gto a plurality of npisture generating reactors
performng a parallel operation. It is therefore a
mai n obj ect of the present invention to provide a
method for the parallel operation of noisture

neratin actors that is capable of supplying a
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structurally complex apparatus for dividing the flow of mixed gas G and that



is supplied to an apparatus using the noisture along a
moi sture supply line. [0015] The invention according
toclaim3 is as set forth in claim2, in which the
apparatus using the noisture is a process chanber for
use under pressure that 1is approximtely atnospheric
pressure. [0016] The invention according to claim4 is
as set forth in claim2, in which the apparatus using
t he G%%Eture IS a process chanber for use under a

tge gps imampaurRERapley.  and the noisture supply
I|ne al ong whi ch noi sture generated fromthe noisture
generating reactors is supplied is provided with a
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is 0.8 to O0.6nm+. [0019] Thelnventlon ac r(;liaﬁqto,,
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reactor body menber is provided with a

[0015]) The invention according to claim 3 is as set forth in claim 2, in which the
apparatus using the moisture is a process chamber for use under pressure that
is approximately atmospheric pressure.

[0016] The invention according to claim 4 is as set forth in claim 2, in which the
apparatus using the moisture is a process chamber for use under a pressure of
1 to 700 Torr, and the moisture supply line along which moisture generated
from the moisture generating reactors is supplied is provided with a

depressurizing orifice.

[0017] The invention according to claim 5 is as set forth in claim 1 or claim 2, in



noi sture-gas outlet; a platinumcoating filmis

di sposed on an inner wall surface of the outlet-side
react or body nenber; a reflector is disposed in the
internal space; and noisture is generated by allow ng
the hydrogen gas and the oxygen gas of the m xed gas
to react with each other by catalytic action of the
plati num coating fil munder a non-conbustion state
inside the internal space. 7 Effects of the | nventjgn
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.pOZZI] Fr|G 1 is a systemdiagramthat shows the
pa AR Operation of nbisture generating reactors in

A0 CIMRGAVANtbR adedriing to BBV GiisTRE betdbrih HECIBRES @R EIaim 2, in
invention. FIG 2 is a systemdiagramthat shows the

panich | tbe  wpishet | ganeodtingo resictor eis qmradlmth@amomlstwe
accordance with a second enbodi ne pr.esent
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each other; the inlet-side reactor body member is provided with a mixed-gas
inlet, whereas the outlet-side reactor body member is provided with a
moisture-gas outlet; a platinum ceating film is disposed on an inner wall surface
of the outlet-side reactor body member; a reflector is disposed in the internal
space; and moisture is generated by allowing the hydrogen gas and the oxygen

gas of the mixed gas to react with each other by catalytic action of the piatinum

coating film under a non-combustion state inside the internal space.



noi sture-generating reactor is neasured. FIG 4 shows
graphs, each exhibiting arithnetic val ues of Table 3,
in which (a) shows the relationship of the

di vided-flow error to the flowrate (MFML), 8 (b)
shows the relationship of the divided-flow error to
the orifice upstreamside pressure P2, (c) shows the
rel ati onship between the orifice upstreamside

pérges urj Pﬁwand the cal cul ated pressure, and (d) shows
tHECH9Ae BWERY9)  between the orifice upstream side
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Hihdaatl l@ger @st\bxasingag (Byenianalaon-combusifE? type moisture
%Pén%a%iragsr%ggtﬁég\btw% trjselr?gc taognsuxed%g%’-ﬂow- Widi%éséppgrétﬁls Ghat is
high in cost, and complex in structure, and without having to enlarge the
equipment to supply the large amount of high-purity water.

Brief Description of the Drawings

[0022]

FIG. 1 is a system diagram that shows the parallel operation of moisture
generating reactors in accordance with a first embodiment of the present
invention.

FIG. 2 is a system diagram that shows the parallel operation of moisture
generating reactors in accordance with a second embodiment of the present
invention.

FIG. 3 is a system diagram in which N gas is supplied instead of mixed
gas G, and wherein the state of each divided flow toward each
moisture-generating reactor is measured.

FIG. 4 shows graphs, each exhibiting arithmetic values of Table 3, in

which (a) shows the relationship of the divided-flow error to the flow rate (MFM;),



9 F. Filter CH Process chanber P1, Pwl, Pw2, Pc:
Pressure gauges WL, W2, W Mbisture (Misture gas)
lines L1, L2, L3, L4: Tube |ines MFCl, M-ML, MFM2:
Mass flowneters HICL - HTC4: Tenperature controllers
RGL - R&4: Pressure regulators V1 - V4: Valves FA1l,
FA2: Cooling fans HTML, HTM2: Tenperature nonitors 1:
Reactor body 2: Inlet-side reactor body nenber 3:

?ﬁtl et -sj de reactor body nenb 4: Intern
t(Rbshaurtgrrelgiagshinsof ﬁb%ﬂd@fa%ow AIT8E i S gE%"eam side
i f

tefube, B (D sOM raSipBeel bhtwdbn S Rl Bgeam-sice
NressutorP.Cand ythegcématbaeprbwe@t A ([d@%é]msamoeﬁimmp

of the present invention will be hereinafter described
vitetweerr #iec peifigse upgireaneside supsayse FEland thes ralatiyeadivided flow
i f e present invention, and depicts an
e%f%ﬂ‘i'gl/gef]tﬁ?emﬂ\"’éﬂt ®oi sture Wis supplied to a process
chambegCly %@%Pst@u‘i’lr rafl &heldid 1’?§LMSrﬁ019|!‘uré ggs '"@P'supphed
stiire generating reaCtors Wl and
Htdga tvlg mb%tldegegmtltayrehywrm@cmﬂqerm nire:mlr gnamaspressure

oxygen_gas, N2 designates nitrogen gas, M designates
a gas 6/is arsystem diggrappshgyinga mqgiture supply state created by

actual parallel operation using two moisture generating reactors (whose rating is
5SLM).

FIG. 7 is a graph showing one example of test results obtained with
respect to the system diagram according to FIG. 6.

FIG. 8 is a sectional view showing an example of a conventional
moisture generating reactor.

FIG. 9 is a sectional view showing an example of a conventional

moisture generating reactor provided with cooling fins.

Description of Symbols

[0023]

Ha2: Hydrogen gas

O2: Oxygen gas

N2: Nitrogen gas

M: Gas mixer that mixes Hp and O

G: Mixed gas (Source gas)

WG1, WG2: Moisture generating reactors
OR4, OR2, ORa: Orifices

S: H» gas sensor



desi gnates m xed gas, WGl and WX desi gnate noi sture
generating reactors, OR, and OR2 designate orifices,
S designates a H2 sensor, F designates a filter, CH
desi gnates a process chanber, P1, Pwl, Pw2, and Pc
desi gnate pressure gauges, W, W, and Wdesi ghate
nmoi sture, and LI, L2, L3, and L4 designate tube
lines. [0026] The two npisture generating reactors Wsl
j’n'i"”\/m used herein are the same in structure, and
rd ffide of stainless steel . Each of the noisture
aenepbbdidtHafdet ors WEL and W& is about 180mmi in
outer dianmeter, and is about 37mmin thickness. A

[ @ Piv P £ Bat Pregsirelgauges f or ned on the inner wal |
surface of an outlet-side reactor body nenber of the

r'¥actoVV: Mpistwr GHoistHES 938 liNefi st ure generati ng

react ors,.£ach. having the same structure, are
chhﬁ%g?'Z'd' ﬁ?’oeg@faﬁer in parallel in this enmbodi nent of

tEC], RN, IMFEM,: WRIsS flbhAetdry0 NDi sture generating
reactors, for exanple, three to five noisture
deher atiT@g Teapetature avatyolldse connect ed toget her in
paral Lel in accordance with the present invention.
e 7RGESURSHIe faIalet St i ces OR and OR2 is formed by
t\ﬂr_i 19vavRE edetermned orifice hole (e.g., a circular
hole)”"in a thin stainless steel plate having an outer
FRIEASICRingReYt 12nmi and a thickness of 0.2 to
1.0mm and each orifice is replaceably inserted in an
di T, d& N Semperatyragronithtswn in the drawings). In this
ejmhodi t of the invention, the orifices OR and OR2,
e a&ﬁ&ﬁ‘i’%h has an 11 orifice hole of 0.5 to 1.0mt,
. S [ ter. [0028] Each of the tube
?{ﬁrgglsiﬁie ?e?c%jBiBHSy &%ﬁﬁgg of a stainless steel tube
Hadulgt-side réaciebody avepiter of 4. 3rm$ and an outer
di aneter of 6.35nmmt, and the process chanber CH that
cbiriamabspasaef theggasigi Bdyre Wis used to perform

varik.ous senj duct or cessi ngs under nor nal
pﬁgéﬁga%ﬂeg@og%g%ﬂe)%_ [0029] Wth reference to
Fd: @oidtureyaseslinggs G supplied fromthe gas mxer M
passes through the m xed gas supply line L1 and

thBoRgheditrs orifices ORS and OR2 (0. 6nmm+ or 0. 7mm),
and is supplied to the noisture generating reactors
WSPlatinemAsating At ures WL and W2 generated by the

r OkS ! nd WX, respectively, are supplied to
tﬁgqhbcr&r?%wﬁé‘ipgssure chanmber CH t hr ough




the noisture supply line L4. In order to allow m xed
gas Gto snoothly branch off and be supplied to the
two reactors, the relationship P,>Pw>Pc is required to
be established anong pressures Pi, Pw, and Pc.
Additionally, pressure Pc is made smaller (e.g.,

about 0.02 to 0.03 MPa) than pressure Pwdue to
pressure loss in the tube lines L3 and L4. [0030]

T ente ho I f
555, Fiots 451 R Pt Fa Tenlien e wpst 1 oam <i do

IPERA ol of FROPESER rif Wibo HefaRr cethubain

rfefedéntectoStp Mdrawingew Fid. e §lsagmh first eimbedipentetthe present
chanmber CH under normal pressure (760 Torr), are
dh@f@ea ansdapicts pe eas@naletm wﬁloi1h'a@|3ttJfﬁeWo'ﬁéHPlPi§=ddP AREPERSS

(ireERer BLEE o sfESuihy (8 o/l e g ERors

PRVESSHEGvggan be determ ned. Equations (2) and (3),

provi ded bel ow, are used as the pressure conputing
€Q028]i loIFIGn 1ake designates \Wytiloget @apr €5 éesignates nkygam gasn dN2
the, length of the tube |ine, which is fornmed of
desighptessnitpgan gag,d¥ deaianalgs hgas mixer tB"f‘tafﬁﬁ‘FérHZo?“d 02 G

4&2&&“6 % mtxgwﬁéoﬁo%@a% rd@@'ngﬁlmoﬁnf%ggﬁ%’g&%tfteactors

((ﬁﬁpbﬁﬂ é]?zIMB%’ ARatb Brifitds, sk (ﬁgﬁeb’a@% JendofF dBsignal@s @/filtd,
),~0000L OOUy Ooy Oo0ayv

e@ltl tdeSJQnatesG' proeess ohariiperg§1, RwiN Rwe aMi Pecdesighate pregsyre
Zg%u%es Wi, W2, and W designate moisture, and L4, Lz, L3, and Ly designate
tube lines.

[0026] The two moisture generating reactors WG, and WG; used herein are the
same in structure, and are made of stainless steel. Each of the moisture
generating reactors WG, and WG is about 180mm¢ in outer diameter, and is
about 37mm in thickness. A platinum coating film is formed on the inner wall
surface of an outlet-side reactor body member of the reactor. Although the two
moisture generating reactors, each having the same structure, are connected
together in parallel in this embodiment of the invention, more than two moisture
generating reactors, for example, three to five moisture generating reactors may
be connected together in parallel in accordance with the present invention.
[0027] Each of the orifices OR1 and OR; is formed by boring a predetermined
orifice hole (e.g., a circular hole) in a thin stainless steel plate having an outer
diameter of about 12mm¢ and a thickness of 0.2 to 1.0mm, and each orifice is

replaceably inserted in an orifice inserter (not shown in the drawings). In this

embodiment of the invention, the ocrifices ORy and ORz, each of which has an

11
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OCOOOO OEGppom0800000 E nCO00 $ctv
C%Ifle@j’lsﬂeff WE to 1. 0mm¢ are used a%escr%ed thELOO NUN E
[0028] Each of the tube lines L; to L4 is formed of a stainless steel tube having
an inner diameter of 4.3mmé and an outer diameter of 6.35mm¢, and the
process chamber CH that consumes generated moisture W is used to perform
various semiconductor processings under normal pressure (i.e., 760 Torr).
[0029] With reference to FIG. 1, mixed gas G supplied from the gas mixer M
passes through the mixed gas supply line L and through the orifices OR¢ and
OR; (0.6mm¢ or 0.7mm¢), and is supplied to the moisture generating reactors
WG, and WG;. Moistures Wy and W» generated by the reactors WG, and
WG, respectively, are supplied to the normal-pressure chamber CH through
the moisture supply line Ls. In order to allow mixed gas G to smoothly branch
off and be supplied to the two reactors, the relationship P1>Pw>Pc¢ is required to
be established among pressures P, Pw, and Pc. Additionally, pressure Pc is
made smaller {e.g., about 0.02 to 0.03 MPa) than pressure Pwdue to pressure
toss in the tube lines L; and Lg.

[0030] Table 1, presented below, shows one example of provisional calculations
of the upstream-side pressure Py corresponding to the orifices OR; and OR;
when the mixture ratio of Hz and Oz, and the moisture-supply flow rate (sccm) to
the process chamber CH under normal pressure (760 Torr), are changed under
the condition that the opening diameter of each of the orifices OR and OR; is
0.6 or 0.7mm¢. Under these conditions, the estimated value of the pressure
can be determined. Equations (2) and (3), provided below, are used as the
pressure computing equation in accordance with the present invention, and the
length of the tube line, which is formed of a stainless steel tube having an inner
diameter of 4mmé¢, is 600mm to 800mm. In Table 1, the amount of supply
moisture per reactor is shown.

[0031]
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0 LU 13 [0032] FIG 2 shows a second enbodi nent of the
present invention, and depicts an exanple in which
generated noi sture Wis supplied fromthe two noisture
generating reactors Wil and W& to the process chanber
CH, which is used in a depressurized state of 1 to
100 Torr. In accordance with FIG 2, OR3 designates

anT el ce di sposed on the downstream si._due of the

filter F, and [IS | grov Al E2O ®lgener at ed
moi sture Wsudplije@ to 23 1= g 1BEIB3] In this
enbodi ment of |thg frese i on 0 r to allow
m xed gas G t|o ngoﬁh of be jsupplied to
the reactors dqo tjha&t 2a O ssu-;lt of
gener at ed noi qt urfe.8 & S0 8|3 om t he
moi sture generlatijng BepQd & | coties | M |
respectively, |in i Eegshn® 3ng n ithg fifst
enbodi ment shdwn i & BI G35, ¢ pf| tthe [npifsture
generating regctgfs o VWL and Wad ISIJe@LlLd to have a
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. =) o e
generati ng reacta%sf-g\ﬁgﬁwﬂ W= —beiconeq bgl ow 200
Torr, the expllosilén® Fpi% ® fenpdr atiunel (i | d ,
1 H o [ta]
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tenperature of about 350C to 400C. [0034] Table 2
shows an exanple of arithnetic values of the internal
pressure Pw, and so forth, for the noisture
generating reactors W51 and W& when the opening

di ameter of the depressurizing orifice OR3 is 0.8mm
and 1.0nm-, and the pressure conputing equati on,
etc., used herein are the same as used in obtaining

B sl Rl ot
%”?n@?ﬂ"ﬂﬁmwhﬁwglé"ﬁm%nﬁ& ﬁ%oooooog o foffure

Jenbraling Pedbidls W®; and WG, It tRorobesskchaMbeOC No avijzh NNu 34NN
o Uu00O MtmD) t+NOV MW M MMMMMMMMM C W O
@ @em)es&yr@ec; @ae of 1TtoVAO0 mhark. 9 (o CaeRrdance, withy Ftcwd ORs

"c]\el&gnal\ég an orifice gsposeg We %wnsl?ream side of the filter F, and is
provided to depressurize generated moisture W supplied to the chamber CH.
[0033] In this embodiment of the present invention, in order to allow mixed gas
G to smoothly branch off and be supplied to the reactors so that a
predetermined amount of generated moisture Wy and W; are supplied from the
moisture generating reactors WG, and WG, respectively, in the same way as in
the first embodiment shown in FIG. 1, each of the moisture generating reactors
WG, and WG:; is required to have a pressure of 200 Torr to 900 Torr. The
reason is that, if the internal pressure of each of the moisture generating
reactors WG, and WG:> becomes below 200 Tormr, the explosion limit
temperature (i.e., explosive temperature) of H. gas will be lowered to a
temperature of about 350°C to 400°C.

[0034] Table 2 shows an example of arithmetic values of the internal pressure
Pw, and so forth, for the moisture generating reactors WG, and WG, when the
opening diameter of the depressurizing orifice OR3 is 0.8mm¢ and 1.0mm¢, and
the pressure computing equation, etc., used herein are the same as used in
obtaining values shown in Table 1 above.

[0035]
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[0036] Table 3 shows one example of the arithmetic operation of pressure

values on the upstream side of the orifices ORs and ORz, under the condition

that the opening diameter of each of the upstream-side orifices OR, and OR; is
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shows one exanple of the arithnetic operation of
pressure values on the upstream side of the orifices
OR, and OR2, under the condition that the opening
di aneter of each of the upstreamside orifices OR and
OR2 is 15 0. 7, mhen the m xing conditions, etc.,
as, G are the sane as
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[0038] FIG. 3 shows a flow circuit in which the state of divided flows of Nz gas
has been examined when N3 gas is supplied, instead of a mixed gas G, in the
parallel operation of the moisture generating reactors in the first embodiment
shown in FIG. 1. In FIG. 3, MFC4, MFMy, and MFM: designate mass
flowmeters, respectively.

[0039] In the flow circuit shown in FIG. 3, the measured value of MFM; and the
measured value of MFM; are proportionate directly to the inflow of mixed gas G
into the moisture generating reactors WG, and WG., respectively;, hence, the
amounts of moisture generated in the moisture generating reactors WG4 and
WG; can be determined from the measured values of the mass flowmeters
MFM; and MFM;.

[0040] Table 4, below, shows arithmetic values of a divided-flow error and a
pressure error obtained from each measured value when the opening diameter
of each of the orifices ORy and OR;, of FIG. 3, is set at 0.7 mm¢, 0.6 mm¢, and
0.5 mmé¢.

[0041]
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FIG 3 shows a flow circuit in which the state of

divided flows of N2 gas has been exam ned when N2 gas
is supplied, instead of a mxed gas G in the

p ”5" operation of the noisture generating reactors
i L : . e 2
YFCL Mineﬁadep;ﬁw desigfdre
{eSHiset} V&Y [ 00391 | I gt higy i1 cu i nQE
3, (hAE el ¢d(eh e ©imM
QT OB VY| a6&1 Pl OpofsLT PhNaa e |
i xed gpso.4d30 2.69 2.67
0.8 0.046 518 5.17
08 0.088 71.63 7.68
0.8 0.136 10.13 10.15
0.7 0.011 1.14 1.13
07 0014 1,66 1.64
0.7 0017 216 217
0.7 0.023 2.69 2.65
0.7 0.027 317 318
07 0.034 3.69 3.87
0.7 0.04 4.2 418
0.7 0.048 459 4.68
0.7 0.057 517 518
0.6 0.036 2,14 261
0.6 0.045 3.24 311
0.6 0.061 3.75 3.61
0.6 0.111 5.30 5.06
0.6 0.186 7.41 7.16
06 0.193 7.52 7.27
06 0.201 .79 152
08 0.210 7.99 7.72
0.6 0.224 8.33 8.03
0.8 0.238 8.74 843
0.6 0.258 9.28 8.95
0.6 0.304 10.44 10.06
05 0.011 061 0.83
05 0.017 1.12 1.18
05 0.028 1.64 1.66
05 0.043 2.16 217
05 0.062 267 2.68
05 0.088 3.18 3.17
0.5 0111 3.71 3.66
0.5 0.134 4.20 4.18
05 0.162 4.70 487
0.5 0189 5.19 516

[0042] Figures (a), (b), (c), and (d) of FIG. 4 are graphs of the arithmetic values
compiled in Table 3. FIG. 4(a) shows the relationship of the divided-flow error
to the flow rate (MFMy), FIG. 4(b} shows the relationship of the divided-flow
error to the orifice upstream-side pressure P2, FIG. 4(c) shows the relationship
between the orifice upstream-side pressure Pz and the calculated pressure, and

FIG. 4(d) shows the relationship between the orifice upstream-side pressure P,
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into the noisture generating reactors W5 and W&,
respectively; hence, the anpunts of noisture
generated in the noisture generating reactors WGl and
WE2 can be determned fromthe neasured val ues of the
mass floweters MM and MFM2. [0040] Table 4, bel ow,
shows arithnetic values of a divided-flow error and a
pressure error obtained fron1each neasur ed val ue when

t he ogenl ng dianmeter of each of the orifices OR and
felalivg digdeq EO%SEFOE%%”? ﬂﬁ%fat%) 6 m$, and 0.5

E@M AR Shpaentr o ARURR 6L BE R (ERDr IS e
Veilitled-86w Oérror0 éf(l@-) Qa} )C3Rapsl t(e’iaw meti 8 1, ( AndQHe4 varation

(MPa G (SLM (SLM (MPa ) 0.8 0.011 1.15
AMPM 3 MFHRAME Qs ajsonoslayso belwﬁ 3%. 8 ToeGrwe2 tigD diviem flows

0. 74% 2. 68 0.0077 0,012 1 0.39%
5°ri%t962tl¥ g’@ Ofl?f?fS)ROagg@'%%Sa’*/ b83“s?d6‘8%h%‘t’6 e geastical

o YBROT SRy Al Dbty e PR M e o o

Galléw@d Qd #rahch @fflarfidbel sutipfied (b thelnHisturd) gl dtingOredctorsOG W,
2.16 2.17 -0.46% 2. 185 0.0086 0.0084 0.7 0.023 2.69

2argEGW. bgusingen extrenely simpledlow-djviding dgpize3, 17 3. 18
-3@. éZ%)mS.t%S 0.0185 0.0085 0.7 0.034 3.69 3.67 0.54%
68906848 0.0092 0.7 0.04 4.2 4.18 0.48% 4. 19

8{0@&3%@ 8048 sy Sterhn &a@éﬁh @n&irfH BN niolstre: O&%»EWQS Qﬂ@&ied
0.7 0. 5751 5.18 -0.19% 5175 0. 0491 0. 0079
GoGh®clitber.CHL vhidhlopkraiédwadér HonbalidsSsube (FBDTorr), using the
two moisture generating reactors WG; and WG,. Table 5, below, shows orifice
upstream-side pressures calculated from the flow rate Q and from the sectional
area S on the assumption that a critical condition is established between the
upper and lower streams of the orifices OR, and OR2, shown in the system

diagram of FIG. 5.

[0045] Formuia (1) is the operational expression of the flow rate Q.

[Formula 1]
Q= Sty CAFFYy -+« (1)
T

In this equation, Formula 1, Q is a flow rate of gas, S is an orifice
sectional area, Ty is a temperature of gas, Py is upstream pressure, C is the
constant 187021, and C' is a correction (Cx0.82) calculated from an actual flow
rate.

[0046]
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0.6 0.045 3,24 3.11 4.01% 3. 175 0. 0342 0.0108 0.6
0.061 3.75 3.61 3.73%3.68 0.046 0.0150 0.6 0.111
5.30 5.06 4.53%5.18 0.0911 0.0199 0.6 0.186 7. 41
7.16 3.37%7.285 0.169 0.0170 0.6 0.193 7.52 7.27
3.32%7.396 0.173 0.020 0.6 0.201 7.79 7.52 3.47%
7.655 0.183 0.018 0.6 0.210 7.99 7.72 3.38% 7. 855
0.19 0.020 0.6 0.224 8.33 8.03 3.60% 8. 18 0. 202 0. 022
6.0.238 8.74 8.43 3.55%8.585 0.217 0.021 0.8 0. 258
35%5. 195 3.56060 115 0.237 0021 0 6 0304 1044
10. OYT8S 6401, 1 GESHONHN 2719 oSHHoaM aBove grifiger 6§tr%ﬁ"%§e|°w
15 OM5CK 04

Q04 N0 62l 0 8 0. 0073

220 QMar

1
2286 17 _olABe b 165 o gARA

_0024 6237d 370, 217824 o _0poq  891.7
.0.00749.9 1283.%104 3 A28 5 _0o77  1061.2
- 00097 945} 0..111 R1961| 3 66 H28504 3 #8880 [130_- 0_0h284.0
0.5 .0.184% 20 4 1B199 4300 4 4#8.70 161 3G0ab7 0. 5 15882
470 4 6940 84% 4 B 0. 192 534.03 0 4018.6189 5. 19 ZD06S

58%.5. 175 0.215 -0.026 (0042) Figures (a), (b), (c),
Embodiegy?

FIG 4 are graphs of the arithnetic val ues

hl | A lﬂl;%{\f:‘o t ree | add [
g[fgﬂfﬂe'ﬁgf’%%é@bl? (t)év)}vnedr?é%m to ?ie I (;Wﬁrééts’e v Eﬁh and
Rir&sudd D, shothe bfstreas atdeo(ishi fubef upstieadi sidéedarfd ow the
error to the orifice upstreamside pressure P2, FIG

slonskpncsidentder. @baye Biestrifises BRaeORNof dhe maga flowmeter

i d P d,the.cal cul ated .
JECHEFCheat GroPeRiRl Bl opd ol S5 KB AR RS Ha'eno
a4, f EGResEBRdIRG ABY RlofkeurBr §aiatonPer LA dist BRowdd ab i kv,
di vided-tlow error %of the flowrate. [0043) As is

dgreoukmst(2¥ arahi3T ate apefatendl éxporssioms tladrefof.b), (c), and
([8 48c])f FIG 4, the

q
N B B

[Formula 2]
Q=CR =Py > (2)

[Formula 3]
c=_’€_ﬁi(M]. e (3)
8 [ 2

In the equations of Formulas (2) and (3), Q is a flow rate of gas, P4 is upstream
pressure, P is downstream pressure, a is an orifice radius, and 7 is a viscosity
coefficient of the gas. When a tube pressure loss (H2/Q;) is calculated, the
viscosity coefficient of mixed gas G cannot be calculated and, hence, a
calculation is performed beoth for Hz and for O, as shown in Table 6 (the
viscosity coefficient n of H; is 0.88x10°Pa.sec, and the viscosity coefficient ¢ of
Q3 is 1.75x10%Pa-sec).

[0049]
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di vided-flow error (FIG 4(a)) stays bel ow about 5 %
and the variation (MM.-M-M2/ MFC,) al so stays bel ow
3% Therefore, the divided flows created by the
orifices OR, and OR2 can be used without, froma
practical standpoint, causing any problens, and it is
understood that m xed gas G can be allowed to branch
of f and be supplied to the noisture generating

rﬁagtors_ GM and GA2 by using an extrenely sinple
abled] i di na device. Enbodinent 1 nnAA FIG_ 5 is a

syt i S50 [REPE RO PEER) @regwu E”é s | P
ra

i 5" ' tib% | through tub
suppl i ed “the chamber CH, e°‘gl ugh'tibg | | through tube

NO il re&lb‘nﬂr €| (kPBREbs! O Ty USITHE TNRPa W0 Tdad SkBA &bs | Torr

genertd | Nng rosast or 3G B0sl3WE2 soilabl e183.4 [bedogw, sdoows 1801

(if0.¢e] upH4d@am Jbge| pt1ds8ur e$7¢a| cH0ALed15080m 240 | 1882

low&hat e QO388 |f r dfd-T hel3d@&1 | 0fB.1 | ar2dB6F #i891 he265.1; 1989

ﬁicu % i on o QP91 cHIR0Londi?%-bp (2818gt HFFilshei$.8 2070

E%%VWQIE , shown in the system diagramof FIG 5.
2@‘? ormula (1) is the operational expression of
t[0050]| RIG. Bait & §ysterh ograth ahbdWin@ par@iRel opefatibf of two moisture

(1) XTI, In this equation, Formula 1, Qis a
fw\ﬁrat@géeaﬁtorgé@& an¢ WGgrpasiormed accosding faoihglpreseshinvenion.

 RETeLETREL A KGs 960 8 RipseureedBtorm Nace Vareregts dalyes.
ClﬂAFéﬁcﬁPﬁQ dEél %o@%ﬁhs f Py, H'ﬁ% ot g@oéﬁ] H¥e, %h% nate

Oifice Sectl m above ori t r eam bel ow
ateﬂ'@e&ttm'embntrdlersn“anmﬁm axlisH T3 desigmate GenfderétuBRAonitors.

202.6 1519.5 759.8 0.6 0.283 237.7 1783.4 891.7
The outlet side of each of the moisture generating reactors WG, and WG:

oo

the 0342par 13615 ] 4&%_&%{_&%6‘,\ 5 ra'36—r3hn17;713- £ 2800 2100

opens toward the atmosphere.

[0051] The temperature controllers HTC1 and HTC,4 are used to keep the
temperature of the moisture generating reactors WG, and WG; at 350°C, and
the cooling fans FA; and FA; are controllably operated, if necessary. The
temperature controllers HTC2; and HTC3 are used to keep the temperature of
the tube lines at 140°C. Each of the orifices OR4 and OR;is an orifice whose
opening diameter is 0.7mm¢, and each of the moisture generating reactors WG,
and WG;is a SSLM type reactor having an outer diameter of 180mm¢.

[0062] According to the system diagram of FIG. 6, mixed gas G (Hz=6SLM to
10SLM, O0,=7SLM) flows from the gas mixer M to each of the moisture
generating reactors WG, and WG; through the orifices ORy and OR;, and
supply pressures Py and Po of Oz gas and H: gas, respectively, the
concentration of unreacted Hz, and a change in temperature caused when

moisture was generated, were measured. The amount of moisture to be
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0.55 0.238 282.9 2122.3 1061.2 0.5 0.196 342.4 2568.0
1284.0 0.45 0.159 422.7 3170.4 1585.2 0.4 0.126
534.9 4012.6 2006.3 Enbodinent 2 [0047] In the sane
system di agramed as that of FIG 5, pressure P, and
pressure P2 on the upstreamside (i.e., tube upstream
side) and on the downstreamside (i.e., above the
orifices OR, and OR2) of the nass flowneter M-C have

GRS N e ST G o Xt R oY s e st

RiRFAAhL PEac@rs17SLM is allowed to flow Fornulas (2)
and (3) are operational expressions therefor. [0048]
[[BeF3TuTable] 7 GSHEWR, niyidture generation . te§t2 yesultfocondspoRdind: to
4 P, P~ . . . (3) 877 1n the_equations of Fornul as
(eperaRa qf dhe systerd shopingy HGt 8- offIGydsis apgraph auisingethptest
RLESRUre, P2 is downstream pressure, a is an orifice
radius, and Tl is a viscosity coefficient of the gas.
Wesyja [Tahe 7pressure loss (H2/02) is calculated, the
viscosity coefficient of m xed gas G cannot be

cal cul ated and, hence, a calculation is perforned

both for H2 and for 02 as shown in Table 6 (the
viscosity coefficient rl of H2 is 0.88x10"5Pasec, and
the viscosity coefficient ~ of Q2 is 1.75x10-5Pasec).
[0049] 20 [Table 6 Orifice Sectional Stream above
orifice Stream Upper stream Upper stream (02) area S
bel ow (H2) through tube through tube orifice

22



mm nmm We abs Torr Torr
0.503 133.7 1003.3 501.
0.442 152.2 1141.3 570.
0.385 174.7 1310. 2 655.
0.353 190.7 1430.2 715.

2
7
7
0.342 196.5 1473.8 736.

We abs Torr We abs
187.4 1406 240.2
201.0 1508 250.9
218.5 1639 265.1
231.5 1737 275.9
236.3 7-3- T 280.

OR R NO®

Torr
1801
1882
1989
2070
0 2100

o

coooo
OO~ 00

o O1

Enbodi nent 3 [0050] FIG 6 is a system di agram show ng

paral | el operation of aHHfreT—ggner at i ng
reactors WGL and W& per forn %g)égj ng to the
present invention. InF RB|2I&|RG4 designate
pressure regulators, ML to \ SgPriatle val ves, FAt
and FA2 designate coolfing f A HTCE |HTC2, HTC3, and
HTC4 designate tenperiature |cpnfriolljens, and HTML1 and
HTM2 desi gnat e t enper gt ur ez EREIFBSIEIThe outl et side
of each of the noisturje gengdEasigig|sieact ors W& and
WE2 opens toward the : Oleél] The
tenperature controller ingd [HIG4 iare used to keep
the tenperature of t aoogaggating reactors
WGl and W& at 350C, icblalepif ans FA, and FA2
are controll ably oper npdessidy. The
tenperature controller ang are used to keep
the tenperature of t Lnes 140C. Each of
the orifices OR and ISR B8} whose opening
diameter is 0.7m%4, an tihe |gi sture
generating reactors WG P—-$—1a{5SLM t ype
reactor having an oute r jot |1140nm4. [ 0052]
According to the syste =B BEp 6, m xed gas G
(H2=6SLM to 10SLM 02 DVS[frqm t he gas m xer
Mto each of the noi st i reactors W5 and
WZ through the orific and [OR2, land supply
pressures PH and Pc of g glslRglas,
respectively, the con B |5 iHr eact ed H2, and
a change in ten‘peraturE gausied _|Men | foi sture was
generated, were msasurtd, ¢The jahgumnt| qf noi sture to be
21 generated was set b ﬂj/\é AS|Naaehi10SLM i n each of
the noisture generatipg & SR
8

ce?, Ewwwwm

T e

5 §t-r-r-r-r-

5:" gwhmmg

[0055] As is apparent from FIG. 7 and Table 7, it is understood that mixed

gases G, each of which is equal in amount, flow into the moisture reactors WG,

and WG, respectively, by flow division, and the two moisture reactors cause an

23



[ 0053] Table 7 shows noisture generation test results
corresponding to operation of the system shown in

FIG 6. FIG 7 is a graph outlining the test results.
[0054] [Table 7] 22 STMn M 0a. COoos 0S- W
O NU =owOrn0O0O0aad0- 500000GC
"'-ea0000 MO S j OO000 COryT 1y '~n MW
CO ESFOGnNMO I-ioU~n~wm ~v MMMMM m

- .. NO, < ~ MMMMM E I
Eﬂwawslélom(%ragera&?e oy Isﬂbétgntia(?ly t%e same mo!\s{Iture generamon
reaction. Additionally, it is understood from FIG. 7 and Table 7 that the
concentration of unreacted H; is aiso kept stably at a low value by operation of
the two moisture generation reactors in parallel.

Industrial Applicability

[0056] The present invention can be applied not only to semiconductor
manufacturing facilities, and to chemical manufacturing facilities, but also to
high-purity water supply facilities, or the like, in the food processing industry or

the pharmaceutical industry.
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oo, UMWWMW S EHSN+Nnnnn OS Onoorno [0055]
As is apparent fromFIG 7 and Table 7, it is
understood that m xed gases G each of which is equal
in amunt, flowinto the noisture reactors WG  and
WZ2, respectively, by flow division, and the two
noi sture reactors cause an 23 equal rise in
tenperature by substantially the sane noisture
generati on reaction. Addi tignally, it is understood
Tabl ? t fh®IMPe “concentration of

n
reac%ea‘eﬁ@%' alP&Es 'Rbﬂpeaﬂam 9f droigiure) gepgratiag pieactors,
oeratlon of t he, two i st eration reactors in
ST, e RS P A0V PEWRIY(Y ToBkE SRR Gekior

nventi on c ied not only to senj conducto

TPRCRL TG fadRppEeEen %HB'X?%%EMWF%&'I"G of €ach moisture
f t ties, but also to purit

V%EF @a Eéwg'"f %f@ﬁ? .Pllﬁf%!@v ofMojsge IQPR%TE‘““W%&FFE”? il wherein

r oc ndust the pharmaceutical industr

R RIgR b At H@%’%&Gﬂﬁ?cts&oawnarmﬂg@ SitRRYH sy i Parallel
turglp ener a rea tor t he

e P ETad P phtaiinS hmfpg%’ SR oand gioming the
TRen SR bm@eﬁwinta%”f'c 18 <Pk °Seﬂw$%arrwgfd gas is
"SR5 10 Yach ottt 'érﬁf’ﬁvm?‘éto'év“rraiqe BSraGaS o ce

o Sfﬂtaﬁ%at o pRIalSl, SDeURET BY Trpiotlie AbaPaRs Heators.
ﬁ#%"awga*ﬁs s eh, 8%8+$ g ae%lure@vgﬁ TooEHE Aetaingeariors.

ta,.each reactuoon i t he Belaé”u%et s%eOf noi, St ur

d@gei? Dy ziarh é)rlr N gfsgose mixed of each moisfure

generating reactor of the plurality of moisture generating reactors, and an inlet
side of each orifice is connected to a mixed-gas supply line in parallel; providing
a mixed gas consisting of hydrogen and oxygen, and allowing the mixed gas to
branch off through each of the orifices so that the mixed gas is supplied to each
reactor of the plurality of moisture generating reactors; and supplying moisture
generated by each reactor of the plurality of moisture generating reactors along
a moisture supply line to an apparatus that uses the moisture, wherein each
reactor has an end on a moisture gas outlet side, and the ends of the reactors
are connected in parallel to each other.

3. The method for parallel operation of moisture generating reactors
according to claim 2, wherein the apparatus that uses the moisture is a process

chamber, and the method further comprises the step of: operating the process
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2. A nmethod for parallel operation of noisture
generating reactors, conprising the steps of:
providing a plurality of noisture generating reactors,
wherein an orifice is disposed on a m xed-gas inlet
side of each noisture generating reactor of the
plurality of noisture generating reactors, and an
inlet side of each orifice is connected to a
nihaaeg usderppessyrd thatisiapprainadtely latmespiveric pregsura. m xed
gas consisting of hydrogen and oxygen, and all ow ng
the i Kead rgetbod dor (pasalieh apkfatiohr ofu givistareh gefieratimg reactors
orifices so that the m xed gas is supplied to each
ratgerding tofclaime2, pthereih theyappfaratos thatinsesgtba endistiregs a process
reactors; and supplying noisture generated by each
rahasthsr. asd thiengthed furihey coprississhe stepgefneparaiingythe process
reactors along a noisture supply line to an apparatus
tahambgs ssdema prassuteupfe] taVdBe dior, adierein theaowistur asipply line
end on a noisture gas outlet side, and the ends of the
rtbalc sepplies aneisisiom reepewded dropuiths Inedisture gendratinthaeactds is
The nethod for parallel operation of noisture
Jupdded ity adeasseurzingg@rdicedi ng to claim 2, wherein the
g:parat us that uses the noisture is a process

anmbefhe angtheth dorparallgl foperatien eofonwisteres gemrrating: pearftors
operating the process 25 chanber under pressure that
i@carﬁmgot@iqlmme{o 9r elairba pieargio the egmbeeol the nitigureegenedating
for parallel operation of noisture generating reactors
deedpwi erpneeted | iaiparallel witlereach othes iadwenr andisathatifiogsefsthe
the noisture is a process chanber, and the nethod
faificere dispored iafedhe maixed-aps dilet sisler at ithey puralitpr efc moisture
chanmber under a pressure of 1 to 700 Torr, wherein the
rasingtalipg reARtyE yo equabin epeainasdippetes to arrthsathere 2pe ther metbgd
fromthe noisture generating reactors is provided
viktheracarensises sthe i stem @fosyrpiving the mixpd g8s fedthabrmixed gas
paral | el operation of noisture generating reactors
Seestantisly eavatiimipmounbio epel wther isufopplied fram thenbixedoes
t he noi sture generating reactors connected in
FaPaly| ine g ©ack Rfnthet 1eastorss of We Plalite ofhmeisture gengfating
the orifices disposed on the m xed-gas inlet side of
trReC®Sural ity of noisture generating reactors is
equal in openi nq di ameter to each other, and the
ifet hod her (athrd Telo pafallsle operation t &fp meisturgugensfating reactors
m xed gas so that m xed gas substantially equal in
AFERAINSt 19 GBS ovhRIEIN 3 ratgd Amait of Aeiste gangeiogpf each

reactor of the plurality of moisture generating reactors is 5SLM to 10SLM, and
an opening diameter of each orifice disposed on the mixed-gas inlet side is 0.8
to 0.6mmy¢.

7. The method for paraliel operation of moisture generating reactors
according to claim 6, wherein an internal pressure of each moisture generating

reactor has a pressure value of 200 Torr or more.
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supply line to each of the reactors of the plurality
of noisture generating reactors. 6. The nethod for
paral |l el operation of npisture generating reactors
according to claim5, wherein a rated anmount of
noi sture generation of each reactor of the plurality
of noisture generating reactors is 5SLMto 10SLM and
an openi ng di aneter of each orifice disposed on the
A.xed- s methed fei geralls! @peraticn . Oraimure7 gerEratinge tréastiors
for parallel operation of noisture generating reactors
aeeodinong adame] ar alatn 2wwbergimeagh maisture gengreting (gastapthas
each noi sture generatin reactor has a pressure val ue
¢ intgonar gpacerformad &y cemb@lingrae inlettsidaireagtor pady mesiber and
operation of noisture generating reactors according
tah Qutigi-fide reacten kadinmembgrdpasthercstcas taofage @peh other, wherein
enerating reactor has an internal space fornmed by
gbﬁmlﬁrw eaRclon bedy snetebar dg erayidegomih aenised-oaminletzand the
out| et -si de reactor body nmenber together so as to face
eatipt-gide evactafhadyimemberds ipRpwidedswile arnaistuss-ggbaytiet, and a
menber is provided with a m xed-gas inlet and the _
FlAtingm. sealing fmcieo¥isRRsey areabdrnarswall syifasedofninenolet-side
nmoi sture-gas outlet, and a platinumcoating filmis
deagerskedydnemhen ane @ ragqtords dispesedoip the inteynal wace, and the
reactor body nenber, and a reflector is disposed in
trARthpd theithali caipriises thactemeof aenaialing moistee ko aiewisgsthe
the step of: generating noisture by allow ng the
Hydrasiga 9ag é@dgﬁ*@l ox¥EeNIas i theymixegdraasHe reack adth gash other by
react with each other by catalytic action of the
patlytisuactiraef e f piptRund feoakied filme apfi the Glurally sefupeisture
generating reactors under a non-conbustion state
i9PEPERENgG feadters andan a sparsembystiontstate pngideytherifteptal spaces of
noi sture generating reactors. 27
the plurality 6f moisture generating reactors.
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