TI TLE GF THE | NVENTI ON PROCESS OF SUPPLYI NG MO STURE AT SMALL FLCNVFU%ﬂ?‘gga)
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small flow rate noisture feeding systemfor use especially in the

production of sem conductors by the | ow noisture oxidation technique. Mre
particularly, the present invention relates to accurately controlled
generation and supplying of nmoisture in Vbry smal | quantities. BACKGROUND
OF THE I NVENTION I n the manufacture of sem conductor el enments, the
conventional so-called dry Jerr] oxidation technique for coating silicon
oxide filmby thermal oxidation is now |largely replaced by the noisture

oxi dati on tHEIhRIQRdHEMNENTIOMNI so called the wet (Qerr] oxidation nethod..
That is because the silicon oxidation filmformed by the noisture oxidation
technique is superior to that obtained by the dry (Qerr] oxidation
technique in properties such as insulation strength and maski ng effect.

Oxide filmecoating by the aforesald noi st ur e OX|dat|on technloue uses a

m xed gas with a noifd AE SUPRLY W LRE ATSMALLELGQ 1E

to 30 percent. The amount of nnlsture to be n1xed into C{err] is some 200
to 2000 sccmor cubic centineters in terns of the standard state. That is,
arelatively large quantity of moisture is fed fromthe reactor for

generation of noisture to the sem conductor manufacturing facilities.
FIELD OF THE INVENTION

The present invention relates to an improvement of a small flow rate moisture
feeding system for use especially in the production of semiconductors by the low
moisture oxidation technique. More particularly, the present invention relates to

accurately controlied generation and supplying of moisture in very small quantities.

BACKGROUND OF THE INVENTION

In the manufacture of semiconductor elements, the conventional so-called dry O,
oxidation technique for coating silicon oxide film by thermal oxidation is now largely
replaced by the moisture oxidation technique, which is also called the wet O, oxidation
method. That is because the silicon oxidation film formed by the moisture oxidation

technique is superior to that obtained by the dry O, oxidation technique in properties

such as insulation strength and masking effect.

Oxide film coating by the aforesaid moisture oxidation technique uses a mixed
gas with a moisture content (H,0/0,) of, generally, some 20 to 30 percent. The amount
of moisture to be mixed into O, is some 200 to 2000 sccm or cubic centimeters in terms
of the standard state. That is, a relatively large quantity of moisture is fed from the

reactor for generation of moisture to the semiconductor manufacturing facilities.

o



2 'Fig.-6 shows an exanple of the apparatus for generation of noisture used
In the noisture oxidation technique in practice. In Fig. 6, Herr]
represents hydrogen; (err], oxygen; N2, nitrogen gas for purging the
system MFC[err] to MFCJerr], mass controllers; V[err] to V[err] valves;
T[err] to T[err], thernocouples for nmeasuring the tenperature; CV [err]to
CV [err], check valves; Flerr] to F[err]2 filters; Herr] and Herr], gas
preheater coils; MXerr], Jerr] - Herr] mxer; M2, (JQerr] noisture
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As shown in Fig. 7, the aforesaid reactor 1 for generation of moisture comprises
reactor structural components 2 and 3 provided with a gas supply joint 4 and a moisture
gas take-out joint 5, a reflector 9 on the inlet side provided inside the reactor 1 and
opposite a gas feed passage 4a of the reactor structural component 2, a reflector 12
on the outlet side provided inside the reactor 1 and opposite a moisture gas outlet
passage 5a of the reactor structural component 3, a filter 10 provided in the middle of
the reactor 1 and a platinum coated catalyst layer 13 provided on the inside wall of

the reactor structural component 3.

’ The platinum coated catalyst layer 13, which is formed on the inside wall surface

" of the reactor structural component 3, is of the double layer construction having a
barrier coat 13a with a platinum coat 13b formed thereupon. The barrier coat 13a is
formed of a nitride such as TiN, on which the platinum coat 13b is fixed by a vapour

deposition technique or an ion coating technique.

Hydrogen and oxygen are fed into the reactor 1 through the gas feed passage
4a, diffused by gas diffusion means 8 comprising the inlet reflector unit 9, the filter
10 and the outlet reflector unit 12 and then comes in contact with the platinum coated
catalyst layer 13. Upon coming in contact with the platinum coated catalyst layer 13,
hydrogen and oxygen are enhanced in reactivity by the catalytic action and come to be
in what is called the radicalized state. Radicalized, hydrogen and oxygen
instantaneously react with each other at a temperature lower than the ignition point to

produce moisture without undergoing combustion at a high temperature.



The platinum coated catal yst |layer 13, which is fornmed on the inside wall
surface of the reactor structural conponent 3, is of the double |ayer
construction having a barrier coat 13a with a platinumcoat 13b forned

t hereupon. The barrier coat 13a is formed of a nitride such as TiN, on

whi ch the platinumcoat 13b is fixed by a vapour deposition technique or an
I on coating technique. Hydrogen and oxyg@n are fed into the reactor 1
through the gas feed passage 4a, diffused by gas diffusion nmeans 8
conprising the inlet reflector unlt 9, the filter 10 and the outlet
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86 cm® in interior space with 99 cm? i m a platlnum coated catalyst layer area. Though

very smali in size as shown, this reactor can turn out over 1,000 sccm of moisture.

On the outlet side of the reactor 1 is provided the aforementioned O,-moisture
mixer Mx2 where the moisture as generated can be mixed with O, in any desired ratio
and diluted.

Fig. 6 illustrates an operation in which a 20 percent oxygen rich material gas
mixture is fed into the reactor 1. Needless to say, the reactor 1 can be operated with
a hydrogen-rich material gas mixture. In such an arrangement, an H,-moisture mixer
Mx1 is provided instead of the O,-moisture mixer Mx2 as necessary.

The aforesaid gas preheater coils H(', and H, are for heating the material gas
mixture or O, respectively at not higher than some 200 °C. The reactor 1 is also
provided with a heater and, as necessary, a cooler so that if the reaction heat pushes
up the temperature in the reactor in operation to over 500 °C (which rarely happens),
the cooler will be activated to bring down the temperature below 500 °C. In addition,
the mixture in the mixer Mx2 provided near the outlet of the reactor is constantly
maintained at some 120 °C to prevent H,0 from condensing on the pipe wall. A heater
is provided as necessary.

Prior to starting up the reactor 1 for generation of moisture, such equipment as’
the mass flow controllers MFC1 to MFC5 and temperature controllers are first set to
respective positions, and the valves V2 and V5 are opened, and the valves V1, V3 and

V4 are closed to purge the system with nitrogen gas.



gas' m xture of Herr] and err] is sent into the reactor. The gas supply
pressure of Jerr] and Herr] is set to 1.0 to 3.0 kg/cnferr] to produce
some 1,000 sccm of noisture. The reactor 1 for generation of noisture is
114 mmin outside dianmeter, some 31 mmin thickness and 86 cnferr] in
interior space with 99 cn2 in a platinumgcoated catal yst | ayer area. Though
very small in size as shown, this reactor can turn out over 1,000 sccm of
noi sture. On the outlet side of the reactor 1 is provided the

af or ement i oned %herr]-rmi sture m xer Mk2 where the noisture as generated
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m xer M2 & 5 éﬂﬁ\.e% Mf oresai d gas preheater coils Herr] and Herr]
are for heating the material gas mxture or Jerr] respectively at not
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prevent H err]O from condensing on the pipe wall. A heater
It is noted that the mass flow controllers MFC1 to MFC5 are generally so
constituted that the flowing gas reaches a set flow rate as soon as possible. That is,
the flow rate of the flowing O, or H, gas rises to a set level within some one second
after the start of the feeding of the gas.

The moisture generator illustrated in Fig. 6 can produce over some 1,000 sccm
of high-purity water. The amount of moisture to be generated and supplied, too, can
be controlled by regulating the feeding of O, and H, relatively easily with high precision.
Thus, the generator is excellent in practical usefulness.

However, that moisture generator still has many problems yet to be solved. Of
those, the foremost problem is control of the flow rate of moisture when it is to be
generated in very small quantities.

In recent years, what is called the low moisture oxidation technique is being put
to wide practical application in the silicone oxide film coating by moisture oxidation.
This low moisture oxidation is practised using the mixture gas of O, and H,O with the
moisture content of 1,000 ppm - 2 percent.

The moisture generator illustrated in Fig. 6, too, is required to regulate the

generation of moisture at a very small rate, that is, one to 50 sccm, with high precision.



| & provided as necessary. Prior to starting up the reactor 1 for generation
of noisture, such equi pnent as the nmass flow controllers MFC1 to MFC5 and
tenperature controllers are first set to respective positions, and the

val ves V2 and V5 are opened, and the valves V1, V3 and V4 are closed to
purge the systemw th nitrogen gas. 4 Then, the valve V2 and V5 are
closed. At the sane tinme or after |apse ®f a certain tinme, V3 and V4 are
opened to first feed JQerr] into the system And at the sane tine that
Jerr] starts to be fed or when a certain tinme has | apsed after that, Vl S
opened to feed,FE nto .the system atinumco
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f 1 ow cont rwhickemdll beGescribadHagirare generally so const ituted that the flow ng
gas reaches a set flowrate as soon as possible. That is, the flowrate of
the flowng Jerr] or Herr] gas rises to a set |level within sone one

second Shown in Fig. 8 is a testing apparatus the inventors have developed to test the
response characteristics or responsiveness of the reactor 1 for generation of moisture.
Experiments were conducted using this testing apparatus and the response
characteristics of the reactor 1 for generation of moisture were determined with the

production of moisture kept at very low levels.

In Fig. 8, MFC1 to MFC3 indicate mass flow controllers; V1 to V6, vaives; SV, a
suction-regulating valve; E, a quadrupole mass spectrometer (Q-mass spectrometer);
P, a vacuum pump (rotary pump); D, a turbo molecular pump; and R, a
moisture-collecting reservoir. Moisture is condensed at room temperature, and the
condensed moisture is collected. The mass flow controllers MFC1 to MFC3 are the
so-called quick-start type mass flow controllers and are so designed that the level of H2

and O, will reach a specific set flow rate as soon as possible.

For determination of the start-up response chafacteristics of the reactor 1 for
generation of moisture, the flow rates of H,, O, and N, were first set to the levels in four
cases as shown below by means of the mass flow controliers MFC1 to MFC3. In each
case, the concentration of H,, O, and N, in the generated moisture and the generated
amount of H,O were determined using the Q-mass spectrometer E. The valves V1 to
V3 were actuated this way: At the start-up of the moisture generator 1, the valve V 3
was closed and V2 was opened. Two seconds later, V1 was opened to produce
moisture for one minute. When the moisture generation was to be ended, the valve V1
was closed, and two seconds after that, the valve V2 was closed and the valve V3 was
opened to feed N, to the reactor 1. On the other hand, part of the gas flowing out of the
reactor 1 was led into the Q-mass spectrometer E and the determination was made of

the concentration of H,, O, and N, in the generated moisture and the generated amount



af'ter the start of the feeding of the gas. The nvi sture generator
illustrated in Fig. 6 can produce over sone 1,000 sccm of high-purity

wat er. The anmount of npisture to be generated and supplied, too, can be
controlled by regulating the feeding of Jerr] and Herr] relatively easily
wi th high precision. Thus, the generator is excellent in practical

useful ness. However, that noisture genergtor still has nmany problens yet to
be solved. O those, the forenbost problemis control of the flow rate of

noi st ure Wae P, Otatizsmeasirenm Mtéivarofi aboue biie $8Bdmd.quant i ties. In recent
years, what is called the | ow noisture oxidation technique is being put to
w de practical application in the silicone oxide filmcoating by noisture
oxi dat i on. C-r#e | ow noi sture oxidation is practised using the m xture gas
of Jderr] an Is—l[err]Owith the noisture content of 1,000 ppm- 2 percent.
The noi sture geHgrabacem| Oystt,07%dcem, W, §.5,B0scmm is required to regul ate
the generation of noisture at a very snmall rate, that is, one to 50 sccm

wi th high &%s@i i on. 5 Wth the noisture generator outlined in Fig. 6, a
variety of incopyenieOehs @4 §975 scem, N, = 5,000 scem
Case 3
H, = 20 scem, O, = 1,075 sccm, N, = 5,000 scem
Case 4

H, = 50 sccm, O, = 1,075 scem, N, = 5,000 sccm

The Q-mass spectrometer used was the model MSQ-150A Quadrupole Mass
Analyzer manufactured by ULVAC CORPORATION, Japan. The supply pressure was
set to 2 kgfiem? for H2, 2 kgflcm? for O, and 7 kgf/cm? for N,, all gauge pressures.

Fig. 9 shows the results of the tests carried out by the testing apparatus shown
in Fig. 8 to test the moisture generation response characteristics of the prior art
moisture generator. As illustrated in Fig. 9, the amount of generated moisture peaked
at P is the same in every case. ‘

In the arrangement of the prior art moisture generator as shown in Fig. 6, the
amount of moisture generated is almost the same in the initial stage when the moisture
generation is small. In other words, it was shown that it was impossible to control the
concentration of H,0O to be mixed, that is, the flow rate of H,0.

The reason why all the four cases 1 to 4 peak at almost the same level in the
moisture generation response characteristics curve may be this: some H, remains
trapped in the pipe line, the mass flow controller MFC1, the valve V1 and other parts
in the hydrogen gas supply system when a cycle is over. And when the valve V1 is
opened in the next cycle, this remnant H, flows into the reactor 1 and reacts and turns
into H,0, sending up the moisture generation to the peak P.



and it is virtually inpossible to control the generation of noisture at
such a small rate, which will be described later. Shown in Fig. 8 is a
testing apparatus the inventors have devel oped to test the response
characteristics or responsiveness of the reactor 1 for generation of

noi sture. Experinments were conducted usi®g this testing apparatus and the
response characteristics of the reactor 1 for generation of npisture were
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and R, a noi“sture-collecting reservolr rei's con room
tenperature, and the condensed noisture is collected. The mass fl ow
controllers MFC1 to MFC3 are the so-called quick-start type mass flow
controllers and are so designed that the level of H2 and Qerr] wll reach

a specific s possible. For determ nation of the
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start-up response characteristics of the reactor 1 for generation of

noi sture, the flowrates of Herr], err] and Nerr] were first set to the
| evel s in four cases as shown bel ow by neans of the mass flow controllers
M-C1 to MFC3. I n each case, the concentration of Herr], Jerr] and N err]

in the generat edm@pféseh@maﬁt.émad&@@%@tﬂeaﬁmuemsoénddaﬁtéeea iheihergriored
using the Q mass spectroneter E. The val ves V1
moisture generator. That is, the prior art can not control the amount of moisture
generation or the flow rate of moisture when the moisture generation per unit time is
very small, and it is impossible to regulate the H,O in the H O mixture gas to be

supplied to the respective processes in the semiconductor manufacturing facilities.

It is an object of the present invention to provide a process for feeding moisture
at a very small flow rate which permits control with high precision of the flow and
feeding of moisture to the semiconductor manufacturing line at very small flow rates.

The present invention as claimed in claim 1 provides a process for supplying
moisture at a small flow rate for use in a moisture generator in which hydrogen and
oxygen are fed into a reactor provided with a platinum coat on the wall in the interior
space, enhanced in reactivity by the platinum catalytic action and caused to
instantaneously react with each other at a temperature lower than the ignition point to
produce moisture without undergoing combustion at a high temperature, characterized
in that the flow to the reactor of hydrogen is controlied by a flow controller in such a way
that while oxygen is supplied to the reactor at a set flow rate, the supply to the reactor
of hydrogen is started and gradually increased, reaching a specific set level in a specific
time after the start of the feeding of hydrogen, thus producing and supplying moisture
or a mixture of moisture with oxygen from the reactor to a semiconductor manufacturing
line at a set flow rate.



V3 were actuated this way: At the start-up of the noisture generator 1,

valve V 3 was closed and V2 was opened. Two seconds | ater,
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in such a way that while hydrogen is supplied to the reactor at a set flow rate, the

supply to the reactor of oxygen is started and gradually increased, reaching a specific
set level in a specific time after the start of the feeding of oxygen, thus producing and
supplying moisture or its mixture with hydrogen from the reactor to a semiconductor

manufacturing line at a set flow rate.

The present invention as claimed in claim 3 provides a process for supplying
moisture at a small flow rate as defined in claim 1 or claim 2, wherein the flow controller
is so controlled that the flow of hydrogen or oxygen is raised to a specific set level at
a nearly fixed rate of increase wherein time taken before the set flow rate level is
reached is one to ten seconds.

The present invention as claimed in claim 4 provides a process for supplying
moisture at a small flow rate for use in a moisture generator in which hydrogen and
oxygen are fed into a reactor provided with a platinum coat on the wall in the interior
space, enhanced in reactivity by the platinum catalytic action and caused to
instantaneously react with each other at a temperature lower than the ignition point to
produce moisture without undergoing combustion at a high temperature, characterized
in that an escape pipe provided with an escape vaive is branched out from the outlet
side of the reactor or moisture generator and that, with the escape valve left opened,
hydrogen and oxygen are first fed into the reactor at specific rates to produce a specific
amount of moisture in the reactor and then, with the escape valve closed, moisture or
its mixture with oxygen or hydrogen is supplied from the reactor to the semiconductor
manufacturing line at a set flow rate.

The present invention as claimed in claim 5 provides a process for supplying
moisture at a small flow rate for use in a moisture generator in which hydrogen and

oxygen are fed into a reactor provided with a platinum coat on the wall in the interior



Herr]»= 50 sccm (err] = 1,075 sccm Nerr] = 5,000 sccm The Q nass
spectroneter used was the nodel MSQ 150A Quadrupol e Mass Anal yzer
manuf act ured by ULVAC CORPORATI ON, Japan. The supply pressure was set to 2
kgf/cmerr] for H2, 2 kgf/cnferr] for (Qerr] and 7 kgf/cnferr] for Nerr],
al | gauge pressures. Fig. 9 shows the results of the tests carried out by
the testing apparatus shown in Fig. 8 togtest the noisture generation
response characteristics of the prior art noisture generator. As
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reacts and turns into Herr]QO sendi né:; p. the npisture qeneratlon to the
peak P. and then the escape valve is closed to feed hydrogen into the reactor, whereby

moisture or a mixture of moisture with oxygen is supplied from the reactor to the

semiconductor manufacturing line at a set flow rate.

The present invention as claimed in claim 6 provides a process for supplying
moisture at a small flow rate for use in 2 moisture generator of the same construction
as in claim 5, wherein an escape pipe provided with an escabe valve is branched off
from the outlet side of a flow controller for control of the flow rate of oxygen flowing to
the reactor, and wherein while hydrogen is being supplied at a set flow rate, the escape
valve is first opened and oxygen is fed, thus lowering the pressure on the secondary
side of the flow controller, and then the escape valve is closed to feed oxygen into the
reactor, whereby moisture or a mixture of moistureuwith hydrogen is supplied from the

reactor to the semiconductor manufacturing line at a set flow rate.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

Now, there will be described the embodiments of the present invention with
reference to the drawings.

EMBODIMENT 1

Fig. 1 is a system diagram of a moisture generator to practice the first



7 In Fi*g. 9, the concentration curve of H2 peaks at H2'. That is probably
because part of the H20 led into the Q nmass spectroneter E will deconpose
into Herr] +ions in a gas ionizer within the spectronmeter E and those
ions will be neasured together. SUMVARY OF THE | NVENTI ON The present

I nventi on addresses those problens encountered with the prior noisture
generator. That is, the prior art can ndtQ control the amount of noisture
generation or the flow rate of noisture when the noisture generation per
unit tine embodimentofithe presant inventidnpossible to regulate the Herr]Oin
the Herr]O mxture gas to be supplied to the respective processes in the
sem conduct or manufacturing facilities. It is an object of the present

i nvention to pripvFige1atherrefsrsnicd lettef PIS(HdiCate® hydivgenal, conyger; RiTelitroddrow
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coat on the wall in the interior space, enhanced in reactivity by the

pl ati num ceeeglafforaeseration of mapisthre; &M.tggmiconductor manufacturing facilities such as
an oxidation chamber to which the generated moisture is supplied. This moisture

generator is identical with the one shown in Fig. 6 except that this generator is provided
with valves 6 to 10 and uses a gradually-opening or slow-start mass flow controller

MFC1 as mass flow controller.

That is, the mass flow controller MFC1 on the hydrogen gas supply line in the
present embodiment is so constituted that after hydrogen gas H, has started to be
supplied to the primary or upstream side at a pressure of 1.0 to 3.0 kgficm?, the flow
rate of H, on the secondary or downstream side is gradually increased and reaches a
specific level in some one to ten seconds in what is called the slow-start type. Also, a
valve V8 is provided on the inlet side of the mass flow controller MFC1 on the hydrogen

" supply line. By connecting this valve V8 directly with the mass flow controller MFC1,

the dead space between the two is minimized.

To start up the reactor 1 for generation of moisture, such components as the
mass flow controllers MFC1 to MFC5 and temperature controllers are first prepared for
operation. And then, the valves V2, V7, V5 and V6 are opened, and the valves V1, V8,
V3, V9, V4 and V10 are closed to purge the system with N,.

After that, the valves V2 and V5 are closed, and at the same time or after lapse
of a certain time, the valves V3, V9, V4 and V10 are opened to feed O, into the system.

At the same as O, starts to be fed or a specific time (some one to three seconds)

after that, the valves V1 and V8 are opened to feed H, in the system.



i nst ant’aneously react with each other at a tenperature |ower than the
ignition point to produce noi sture w thout undergoing conbustion at a high
tenperature, characterized in that the flowto the reactor of hydrogen is
controlled by a flow controller in such a way that while oxygen is supplied
to the reactor at a set flowrate, the sypply to the reactor of hydrogen is
started and gradually increased, reaching a specific set level in a

specific time af perthéhahesart aﬁa Visharef spied IHP befind 16 B8 W intdthe @é@l@uq'fag

and supplying noisture or a mxture of noisture with oxygen fromthe
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controlled by a flow controller in such a way that e hydrogen is

suppl i ed t otherflow iagraase rate set dyithe mﬁﬁsr@tﬂ(acoﬂt'f?@e%MEQ"y to the reactor of
oxygen is started and gradually increased, reaching a specific set level in
a specific tine after the start of the f eedi ng of oxygen, thus producing
and suDgl yi ng min thieyresent entbiodimanty the Mj fidw incteageratd solrbyt the afershi mass a
sem conduct or

flow controller MFC1 is so determined that the set flow rate - about 1 sccm to about 50

scem - will be reached in some one to 10 seconds. Therefore, remaining H, trapped

in inside spaces of the mass flow controller MFC1, pipe line P, and the valve 1 will not

be pushed into O, all at once.

Fig. 3 shows the moisture generation response characteristics curves obtained
with the reactor 1 for generation of moisture in the experiment arrangement shown in
Fig. 2 in which the slow-start type mass controller was used as mass flow controller
MFC1. In this experiment, the valves were actuated this way: At the startup, the valves
V2 and V7 were closed while the valves V3 and V9 were opened. Two seconds later,
the valves V1 and V8 were opened. In ending the operation, the vaives V1 and V8
were closed, and two seconds later the valves V3 and V9 were closed and the vaives
V2 and V7 were opened.

The other conditions including the amount of H, supplied were the same as those
in the testing of the response characteristics shown in Fig. 9, and in addition, flow
increase rate determined by the mass flow controller MFC1 was so set that the flow rate
of H, would increase and reach the set levels of 5, 10, 20 and 50 sccm from 0 scem in

some 5 seconds.

It is confirmed that in the operation by the process of supplying moisture in the
first embodiment of the present invention, the initial generation of H,0 is regulated at
the respective set levels - 5 sccm, 10 scem, 20 scem or 50 sccm - as is clear from Fig.
3. Thus, the moisture generation, that is, the flow rate of the moisture supply to



manufacturing line at a set flowrate. The present invention as clainmed in
claim3 provides a process for supplying noisture at a small flow rate as
defined in claim1 or claim2, wherein the flow controller is so controlled
that the flow of hydrogen or oxygen is raised to a specific set level at a
nearly fixed rate of increase wherein tine taken before the set flowrate

| evel is reached is one to ten seconds. the present invention as claimed in
claim4 provides a process for supplying noisture at a snall flow rate for
use i n a msegicandugen sranudacturinglineeambe contelledwitv Righareeisioni ed into a
reactor provided with a platinumcoat on the wall in the interior space,
enhanced in reactivity by the platinumcatalytic action and caused to

i nstant aneousl y TR@fitst\Wnibodiheht of therprasertt ibvamidhaissowmeFigl Madnd FRy. 2
ignition point to produce noisture wthout undergoing conbustion at a high
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present invention as nclaimb provides a process for supplylng
is taken out of the moisture outlet, too, can be controlied with high precision as in the

oxygen-rich operation, even when the moisture generation is small at 5 sccm to 50
scem or so. This is accomplished by so regulating the supply of O, using the slow-start
or gradually opening flow controller that the flow rate reaches a specific flow level from

0 in a certain time - one to 10 seconds.

In the embodiment in Fig. 1 and Fig. 2, a known mass flow controller is used.
The flow controlier may be of any type, including a pressure-type flow controller.

The first embodiment furthermore relates to the oxygen-rich generation of
moisture. Needless to say, the present invention is not limited to that but is also
applicable to the operation in which H, and O, are fed into the reactor 1 at ratio of 2 :
1 and almost moisture alone is allowed to flow out of the moisture outlet.

EMBODIMENT 2

Fig. 4 shows the configuration 6f the apparatus for generation of moisture used
in the second embodiment of the present invention. In the second embodiment, a
branch pipe S is provided on the moisture outlet side of the apparatus for generation
of moisture, and an escape valve 13 is mounted on the branch pipe S. And switch-over
valves V11 and V12 and a purging pipe Pn are provided immediately at the upstream
side of the semiconductor manufacturing line SM. The arrangements in Fig. 4 are

identical with those in Fig. 1 except that the apparatus for generation of moisture of



moi sture at a small flowrate for use in a noisture generator in which

hydr ogen and oxygen are fed into a reactor provided with a platinum coat on
the wall in the interior 9 space, enhanced in reactivity by the platinum
catal ytic action and caused to instantaneously react with each other at a
tenperature | ower than the ignition point to produce noisture w thout

under goi ng conbustion at a high terrperat@re, characterized in that an

escape pipe provided with an, escape valve is_branched out fromthe outl et
o ae” ot "t P eAnCAPEAIMANT i e W e SRESILACRIor Sy SRCARE Valke
react or an T g VANES ' i i : : , the
escape val 9%51@'¥%‘%§openegma1n§"‘ﬁ33?%é'§w2?§'hﬁg’fé ?ﬂhﬁsgﬁgﬁﬁn%ﬁbﬁe
pressur e oduplivatexbpantsisromittiede of the flow controller, and then the escape

valve is closed to feed hydrogen into the reactor, whereby noisture or a
m xture of noisture with oxygen is supplied fromthe reactor to the

sem conduct or rR¥etiAg to'Figng, N) Bfedio eSBMiddrAiicior hianufdteurigAFREM ithro8gh | On
as claimed in claim®b provides a process for_supplying noisture at a Snall
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reactor for generation of moisture. The amount of moisture generated in the startup of
moisture generation, which is equivalent to the volume produced at the peak point of

moisture as generated, is discharged through the escape valve V13 which is left open.

And when the concentration of generated moisture has been stabilized, the
aforesaid escape valve V13 is closed and the switch-over valve V11 is closed and the
switch-over valve V12 is opened to lead generated moisture to the semiconductor
manufacturing line SM at a specific rate.

In the present embodiment, the consumption of O, and H, rise because
excessive moisture produced is discharged before the supply of moisture to the
semiconductor manufacturing line SM is started. But the flow of moisture to the

semiconductor manufacturing line SM can be controlled with very high precision.
EMBODIMENT 3

Fig. 5 shows the arrangements of the apparatus for generation of moisture used

in the third embodiment of the present invention.
In the third embodiment of the present invention, a branch pipe S is connected
to the line on the outlet side of the mass flow controller MFC1 for feeding hydrogen.

And an escape valve V14 is provided on the branch pipe.

Before moisture begins to be generated, H, trapped in the inside spaces of a



fromthe outlet side of a flow controller for control of the flow rate of
oxygen flowng to the reactor, and wherein while hydrogen is being supplied
at a set flowrate, the escape valve is first opened and oxygen is fed,
thus |l owering the pressure on the secondary side of the flow controller,
and then the escape valve is closed to feed oxygen into the reactor,

wher eby noi sture or a mixture of noisturé4with hydrogen is supplied from
the reactor to the sem conductor manufacturi n%ﬂl ine at a set flow rate.
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the first intdéhembadomeniheoésddpe vEiGs WNY is Rlosetitorlead M,An the, rekbtor 1 for
reference letter H2 indicates hydrogen; err], oxygen; Nerr], nitrogen;
MFCL to MFcgeneralion ebmoistiieer s such as mass flow controller; V1 to V10,
val ves; T1 to T6, thernocouples for neasurenent of tenperature; CV1l to CV5,
check valves; F1 to

In the present embodiment, the escape valve 14 is left open beforehand. This

way, excessive pressure of H, trapped in the mass flow controlier MFC1 and the pipe
line is discharged almost completely. So, when H, is fed into the reactor 1 for
generation of moisture, there will be no sudden rush of H, into the reactor 1 as in the

apparatus for generation of moisture as in Fig. 6.

That is, when the flow of H, has been is stabilized at a specific flow level preset
by the mass flow controiler MFC1, H, is fed into the reactor 1 through a valve V1.
Therefore, the fiow of moisture from the reactor 1 can be controlled with very high

precision even if the flow is very small.

In the embodiment shown in Fig. 5, the so-called oxygen-rich moisture generation
is described. It goes without saying that just as the first embodiment shown in Figs. 1
and 2, the process of the embodiment shown in Fig. 5 is applicable to the so-called
hydrogen-rich moisture generation and also the operation in which H, and O, are fed
at the ratio of 2 : 1 to produce and discharge almost only moisture out of the moisture

outlet.

In case of moisture generation under hydrogen-rich condition, a branch pipe S
is provided on the downstream side of a flow controller MFC3 for O,. And excessive
pressure of O, trapped between the flow controller MFC3 and the valve V3 is
discharged in advance through the branch pipe S and the escape valve. Sudden flow
of O, into the reactor 1 is prevented that way when the feeding of O, is started. And
when the flow of O, has been stabilized to a specific level, O, is introduced into the

reactor 1.



F3, filter

s; H1 and H2, gas heater coils; M1, (err]-Herr] mxer; M2,

Jerr]-Herr]Omxer; 1, a reactor for generation of noisture; SM
sem conductor manufacturing facilities such as an oxi dation chanber to

whi ch the
i denti cal

generated noisture is supplied. This noisture generator is
with the one shown in Fig. 6 except that this generator is

provi ded with valves 6 to 10 and uses a @#Padual | y- opening or slowstart

mass fl ow

controller MFCL as nmss flow controller. That is, the nmass flo
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flowrate of H2 on the secondary or downstream side is gradually increased
and reaches_a specific level in sone one to ten seconds in what is calle
the sl ow st(Effeckgfiae Inyesdionyy valve V8 is provided on the inlet side of the
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and V5 ar e adcuswhemiréshhydiogesassupplied to thainletisideapitbe flow controiler. That

is, there will be no concern that the generation of moisture will rise out of control if the
generated amount is very small. Thus, the production of moisture, though very small,
can be controlled with very high precision.

The present invention as claimed in claim 2 is so configured that the feeding of
oxygen into the reactor for generation of moisture is gradually increased to a specific
level by means of a flow controller in the same manner as claim 1. Therefore, the
production of moisture can be controlled with very high precision even is a very small
amount of moisture is generated under hydrogen-rich condition.

The present invention as claimed in claim 4 is so configured that moisture is first
generated in the reactor for generation of moisture and an amount of moisture
produced at the peak point of moisture generation in the initial stage of the operation
is discharged to the outside through the escape valve. The supply of moisture to the
line SM begins when the moisture generation has been stabilized. Thus, the production

of moisture, though very small, can be controlled with very high precision.

The present invention as claimed in claim 5 is so configured that a branch pipe
to permit hydrogen to escape is provided on the outlet side of the flow controller which
controls the flow of hydrogen. An escape valve is left open before hydrogen is fed into
the inlet side of the reactor for generation of moisture so that excessive pressure of

hydrogen trapped inside is released through the escape valve. That can easily prevent

d
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of ‘a certain tine, the valves V3, V9, V4 and V10 are opened to feed err]
into the system At the sane as (Jerr] starts to be fed or a specific tine
(sone one to three seconds) after that, the valves V1 and V8 are opened to
feed H2 in the system 11 As the valves V1 and V8 are opened, Herr]
begins to flowinto the reactor 1 for generation of noisture. As nentioned
earlier, however, the nass flow control |9 M-CL is of the slowstart type,
and H err] which flows through the valve V1 to mix with Qerr] is not

i ncreased the hydmgen remnantsfromsugddenly flamingsipta the nreactos pa opapsed tnthedioss
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- about 1 sccmto about 50 sccm- will be reached in sone one to 10

seconds. THeraxyeeer-rich&eafiipAgthe[seipply to the peaiqandugior manifzetudngling gan kess
fl ow cont r@édt%,ewﬂwigh%geéiﬁgﬁ PH and the valve 1 will not be pushed into
a I'g. S

Jerr] all once. OWs the noi sture generation response

characteristics curves obtained with the reactor 1 for generation of

noi sture in the_experinent arrangenent shown in ]

The present invention as claimed in claim 6 is so configured that a branch pipe

to allow oxygen to escape is provided on the outlet side of the flow controller which
controls the feeding of oxygen. As in claim 5, the oxygen remnants are prevented from
rushing into the reactor. As a result, it is possible to control an amount of moisture as
generated with an extremely high precision even if moisture of a small amount is

generated under the hydrogen-rich condition.

As illustrated, the present invention is highly practical.
BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a system diagram of a moisture generator to practice the first
embodiment of the present invention.

Fig. 2 is a schematic diagram showing the experiment arrangement to test the
response characteristics of the apparatus for generation of moisture used to practice
the first embodiment of the present invention.

Fig. 3 depicts moisture generation response characteristics curves showing the
results of the response characteristics test by the testing arrangement shown in

Fig. 2.

Fig. 4 is a system diagram of a moisture generator to practice the second



Fig. 27in which the slowstart type nmass controller was used as nass flow
controller MFCL. In this experinent, the valves were actuated this way: At
the startup, the valves V2 and V7 were closed while the valves V3 and V9
were opened. Two seconds |later, the valves V1 and V8 were opened. In ending
the operation, the valves V1 and V8 were closed, and two seconds |ater the
val ves V3 and V9 were closed and the valMes V2 and V7 were opened. The

ot her conditions including the anmount of Herr] supplied were the sane as

t hose in tembodimentf #ie presenbispention. char act eri stics shown in Fig. 9, and
in addition, flow increase rate determ ned by the mass flow controller M-Cl
was so set that the flowrate of H2 woul d increase and reach the set |evels
of 5, 10, 20 andigh® $¢asfstem Biages oMaSwBRtreS§etuteor tot pratticorther kg
that in the operation by the process of supplying noisture in the first
enbodi ment eaodineeryof fenpresauinvertien. t he initial generation of Herr]Ois
regul ated at the respective set levels - 5 sccm 10 sccm 20 sccmor 50
sccm- as is clear fromFig. 3. Thus, the noisture generation, that is, the

flow rate of theigmeiigtais@stempdiagrahvof an lBXample of the apparatus for generation of

moisture developed earlier.

Fig. 7 is a vertical section of an example of the apparatus for generation of

moisture developed earlier.

Fig. 8 is a schematic diagram showing an experiment arrangement to test the

response characteristics of the apparatus for generation of moisture outlined in Fig. 6.

Fig. 9 depicts moisture generation response characteristics curves showing the
test results of the response characteristics of the apparatus for generation

of moisture outlined in Fig. 6.



sem conduct or manufacturing |line can be controlled with high precision. The
first enbodi ment of the present invention as shown in Fig. 1 and Fig. 2
relates to what is called the oxygen-rich generation of noisture in which a
relatively large anount of (Jerr] and a relatively small anount of H2 are
fed into the reactor 1 and a mxture O (Jerr] and noisture fl ows out of
the noisture outlet. It is confirmed thatl8t he hydrogen-rich generation of
noi sture in which a relatively |arge anount of H2 and a relative snall
amount of (Jerr] are fed into the reactor 1 and a m xture of Herr] and

noi sture i§g; I SLur utlet, too, can be controlled with
hi gh preci 4 t%f Reher LCé = ation, even when the noisture
generation is small at 5 sccmto 50 sccmor so. This is acconplished by so
regul ati ng the supply of %eerr] using the slowstart or gradually opening
flow contrdiler that the aaior far@enerationofanaigtece fic flow | evel fromO in
a certain gynme - one to 1F' aﬁfg(éﬂds' In the enbodinent in Fig. 1 and Fig. 2,
a known mas€ flow control | &F 3% used. The flow controll er may be of any
type, incl @ing a pressur@sygen flow controller. The first enbodi ment
furthernore relates to the oxygen-rich generation of noisture. Needless to
say, the present inventi oMitfag€Aot |inited to that but is also applicable to
t he oper at pMrCH i H are fed into the reactor 1 at
ratio of 2: 1 %Elbdmgcr?ost %Fépg@%"&@r}é&i s allowed to fl ow out of the

noi st ure oWMlitetV14ENVBODI VEMEIVES

CV1to CV5 Check valves _
T1to T6 Thermocouples for measurement of temperature
F1toF3 Filters
Ho, H, Gas preheater coils
Mx1 O,-H, mixer
- Mx2 O, -moisture mixer
SM Processing equipment like semiconductor manufacturing line

S Branch pipe



Fig. 4 shows the configuration of the apparatus for generation of noisture
used in the second enbodi nent of the present invention. In the second
enbodi ment, a branch pipe S is provided on the noisture outlet side of the
apparatus for generation of noisture, and an escape valve 13 is nounted on
t he branch pipe S. And swi tch-over valves V11 and V12 and a purging pipe Pn
are provided i medi ately at the upstreaﬁﬁside of the sem conduct or

manuf acturing line SM The arrangenents in Fig. 4 are identical with those
in Fig. 1 except that the apparatus for generation of noisture of 13 the
second embggli i ovided with the aforesaid branch pipe S, escape

val ve V13, s®1tcl?%3§$§Valves V11l and V12 and purgi ng pi pe Pn. Description
of the duplicated parts is omtted. Referring to Fig. 4, Nerr] is fed to

t he sem conductor manufacturing Iine SMthrough the purging pipe Pn for the
N2 purging. Before noisture is supplied to the sem conductor manufacturing

line SM speciff c arm%éesgfof%bry}nfmaiéfwéda Shill Rl Eélé%tdé‘auéé‘oaﬁuté’ﬁ for

generation of npisture. The amount Of noisture generated in the startup of

nmoi st ur e gapparatusofor genecdtionsofanistuxe émwhich hidrogeh leane pxygencare fad infoea peak
poi nt of reactor provided with a platinum coat on the wall in the interior space, enhanced in
reactivity by the platinum catalytic action and caused to instantaneously react with each
other at a temperature lower than the ignition point to produce moisture without
undergoing combustion at a high temperature wherein the flow rate of hydrogen
supplied to said reactor is controlled by means of a flow controller in such a way that
while oxygen is kept flowing at a set flow rate, the supply of hydrogen to the reactor is
started and gradually increased and reaches a specific set level in a specific time after
the start of the feeding of hydrogen, thereby producing and supplying moisture or a
mixture of moisture with oxygen from the reactor to a semiconductor manufacturing line

at a set flow rate.

2. A process of supplying moisture at a small flow rate to be used in an
apparatus for generation of moisture in which hydrogen and oxygen are fed into a
reactor provided with a platinum coat on the wall in the interior space, enhanced in
reactivity by the platinum catalytic action and caused to instantaneously react with each
other at a temperature lower than the ignition point to produce moisture without
undergoing combustion at a high temperature wherein the flow rate of oxygen supplied
to the reactor is controlled by means of a flow controller in such a way that while
hydrogen is kept flowing at a set flow rate, the supply of oxygen to the reactor is started
and gradually increased and reaches a specific set level in a specific time after the start
of the feeding of oxygen, thereby producing and supplying moisture or a mixture of
moisture with hydrogen from the reactor to the semiconductor manufacturing line at a

set flow rate.
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nmoi sture as generated, is discharged through the escape valve V13 which is
| eft open. And when the concentration of generated noisture has been
stabilized, the aforesaid escape valve V13 is closed and the sw tch-over
valve V11 is closed and the switch-over valve V12 is opened to | ead
generated noisture to the sem conductor manufacturing line SMat a specific
rate. In the present enbodinent, the connption of Jerr] and Herr] rise
because excessive noisture produced is discharged before the supply of

noi sture to the sem conduct or nanufacturing line SMis started. But the

flow of noisture to the senic nmanu tur|

controlled with*ery P&H: 5?8@ pi)ﬂ E]%&fﬁl\ﬁ% mbra%sgﬁgﬁn?cﬂg\ claim 1
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enmbodi nent of the present invention. In the third enbodi ment of fhe present

i nventi on, @xygean% raigedhet snearlylinedastecef inerease and feachestanspegific set levalén af
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4.. A process of supplying moisture at a small flow rate to be used in an
apparatus for generation of moisture in which hydrogen and oxygen are fed into a
reactor provided with a platinum coat on the wall in the interior space, enhanced in
reactivity by the platinum catalytic action and caused to instantaneously react with each
other at a temperature lower than the ignition point to produce moisture without
undergoing combustion at a high temperature wherein an escape pipe provided with
an escape valve is branched out from the outlet side of the reactor or moisture
generator and first, with the escape valve left opened, hydrogen and oxygen are fed
into the reactor at specific rates to produce in advance a specific amount of moisture
in the reactor and then, with the escape valve closed, moisture or its mixture with
oxygen or hydrogen is supplied from the reactor to the semiconductor manufacturing

line at a set flow rate.

5. A process of supplying moisture at a small flow rate to be used in an
apparatus for generation of moisture in which hydrogen and oxygen are fed into a
reactor provided with a platinum coat on the wall in the interior space, enhanced in
reactivity by the platinum catalytic action and caused to instantaneously react with each
other at a temperature lower than the ignition point to produce moisture without
undergoing combustion at a high temperature wherein an escape pipe provided with
an escape valve is branched out from the outlet side of a flow rate controlier for control
of the flow rate of hydrogen supplied to the reactor and while oxygen is being supplied
at a set flow rate, the escape valve is first opened and hydrogen is fed, thereby lowering

- the pressure on the secondary side of the flow rate controller, and then the escape
valve is closed to feed hydrogen into the reactor, whereby moisture or its mixture with
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14 valve V8, mass flow controller MFC1L and valve V1 is discharged through
the escape valve V14. Wen the flow of H2 has been regulated to a specific
| evel of H2 to be fed into the reactor 1, the escape valve V14 is closed to
|l ead H2 into the reactor 1 for generation of noisture. In the present
enbodi nent, the escape valve 14 is |left open beforehand. This way,
excessive pressure of H2 trapped in the @8ss flow controller MFC1 and the
pipe line is discharged al nost conpletely. So, when H2 is fed into the
reactor 1 faxyggeriesupplied fomithe seaoter, totthe semigandubter mansfacturing lise aba sap
into the re ctort 1 as in the apparatus for generation of noisture as in
Fig. 6. Th By hen the flow of H2 has been is stabilized at a specific
flow | evel preset by the mass flow controller MFC1, Herr] is fed into the
reactor 1 through a valve V1. Therefore, the flow of noisture fromthe
reactor 1 can b®-conth Srocess\afsyppling moisturerata smah floverate fo beeusathin an

N
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first embodiegetr prbdded iwithma giatinkmagshtan theewsll I?\Cth%&nw‘not' bpamrtmmamea in

shown in Fig. 5.is agpllcable to the so-called hydrogen-rich noi sture
gener at i on "gaativilydy the plagpum-gatalylic action apg, CP{’%Q‘“P ingtantapeeysly egact withiegeh ¢ he

ratio of 2othet t R WMEEraANE BvaF 1AM TS gMEdn It 1BProkHES Abtbté ithout

nmoi stu
undergoing combustion at a high temperature, wherein an escape pipe provided with

an escape valve is branched off from the outlet side of a flow rate controller for control
of the flow rate of oxygen supplied to the reactor, and wherein while hydrogen is being
supplied at a set flow rate, the escape valve is first opened and oxygen is fed, thereby
lowering the pressure on the secondary side of the flow rate controller, and then the
escape valve is closed to feed oxygen into the reactor, whereby moisture or its mixture
with hydrogen is supplied from the reactor to the semiconductor manufacturing line at

a set flow rate.

) 0



outlet. In case of noisture generation under hydrogen-rich condition, a
branch pipe S is provided on the downstream side of a flow controller MC3
for Jerr]. And excessive pressure of Jerr] trapped between the flow
controller MFC3 and the valve V3 is discharged in advance through the
branch pipe S and the escape valve. Sudden flow of Jerr] into the reactor
1 is prevented that way when the feeding of Jerr] is started. And when the
flow of Qerr] has been stabilized to a specific level, Jerr] is

i ntroduced into the reactor 1. It is confirmed that this way, the flow
of noisture can be controlled with very high precision even when the supply
of noisture is very small in a hydrogen-rich generation. (Effect of the

I nvention) The present invention sABST Tn claiml is so configured
that the feeding of hydrogen into the reactor for generation of noisture is
gradually increased to a specific |level by neans of a flow controller. That
precl udes possi bl e sudden rush into the reactor of hydrogen trapped in

i nsi de spaces oPRO{ESPAF SHURPLYING MOISTYREATE SMALL FLOW RATEY occurs

when fresh hydrogen is supplied to the inlet side of the flow controller.
That
A process of supplying moisture at small flow rates which permits

control with high precision of the flow of moisture to a semiconductor
manufacturing line from an apparatus for generation of moisture,
characterized in that the flow of hydrogen to a moisture generating
reactor is controlled by means of a flow controller in such a way that an
amount of hydrogen as fed is gradually increased from the start and
reaches a specific set level such that when a specific time has passed,
a pre-determined rate of moisture begins to be produced and supplied to

the semiconductor manufacturing line.

The moisture is generated in the apparatus for generation of
moisture in which hydrogen and oxygen are fed into a reactor provided
with a platinum coat on the wall in the interior space, enhanced in
reactivity by the platinum catalytic action and caused to instantaneously
react with each other at a temperature lower than the ignition point to
produce moisture without undergoing combustion at a high temperature.

(Fig.1)



is, there will be no concern that the generation of noisture will rise out
of control if the generated anount is very small. Thus, the production of
noi sture, though very small, can be controlled with very high precision.
The present invention as clained in claim2 is so configured that the
feedi ng of oxygen into the reactor for generation of noisture is gradually
increased to a specific level by neans of a flow controller in the sane
manner as claim11l. Therefore, the prgﬁ cli n of noisture can be controlled
with very high precision evenis av ; amount of noisture is
gener ated under hydrogen-rich condition. The present invention as clained
inclaim4 is so configured that noisture is first generated in the reactor
for generation of npisture and an ampunt of noisture produced at. the peak
poi nt of noisture generation in the | al stage of the operatlon is
di scharged to the outside througly m- val ve. The supply of nvisture
to the line SM begi ns when the m stlure_geherati on has been stabilized.

can be controlled with

Thus, the production of noisture, though very small,
very high precision. The present inventlion as claimed inclaim5 is so

configured that a branch pipe to pern11 hydrogen to escape is provided on

the outlet side of the he flow of hydrogen.

An escape valve is left}open beforg,hydrogen is fed info the inlet side of
the reactor for generatjon of noistw 0 that excessiye pressure of

hydrogen trapped inside/is relea throughvthe escape|val ve. That can
easily prevent - Jrv:E _ _
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16 the hydrogen remants from suddenly flowing into the reactor as opposed
to the prior art. Under this arrangenent, there will arise no peak of

noi sture concentration in the initial stage any nore, and even if the

noi sture of a small anount is generated under the oxygen-rich condition,
the supply to the sem conductor manufact2iring line can be controlled with
hi gh precision. The present invention as clained in claim6 is so
configured that a branch pipe to aldQw @xygen to escape is provided on the
outl et side of the flow controlle iLclh controls the feeding of oxygen. As
in claim5, the oxygen remmants are prevented fromrushing into the
reactor. As aresult, it is possible to control an amount of noisture as
generated with an extrenely high precision even if noisture of a small
anount is generated under the hydrogen-rich condition: As illustrated, the
present invention is highly pragtical. BRI EF DESCRI PTI ON OF THE DRAW NGS
Fig. 1 is a systemdiagramof ainoisture generator to practice the first

enbodi ment of the present invention.
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Fig. 2"is a schematic diagram showi ng the experinment arrangenent to test
the response characteristics of the apparatus for generation of noisture
used to practice the first enbodi nent of the present invention. Fig. 3
depi cts noi sture generation response characteristics curves showi ng the
results of the response characteristicsgatest by the testing arrangenent
showmn in Fig. 2. Fig. 4 is a systemdiagram of a noisture generator to
practice the second 17 enbodi nent t he resent invention. Fig. 5is a
system di agram of a noi sture generat 0%[1 ct ice the third enbodi nent of
the present invention. Fig. 6 is a syste dlagran1of an exanpl e of the
apparatus for generation of noisture developed earlier. Fig. 7 is a
vertical section of an exanple of the apparatus for generation of noisture
devel oped earli&. Fig. 8 is a schematic diagram show ng an experlnent
arrangenent to tlgft the .
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response characteristics of the apparatus for generation of moisture
outlined in Fig. 6. Fig. 9 depicts noisture generation response
characteristics curves showing the test results of the response
characteristics of the apparatus for generation of npisture outlined in

Fig. 6. 18 List of the Reference Nunhbgrs and Letters 1
Reactor for generation of noisture H2 Hydr ogen J err]
Oxygen N err] Ni trogen MFC1 to MC5 Mass flow controllers
V1l to V14 Val ves CV1 to CWF ' 4Check valves T1 to T6
Ther nocoupl es for measurenent of te*ﬂ%*a ure F1 to F3 Filters
Herr], Herr] Gas preheater coils

2 o~

n

oy
Mx3

CVs

RH-MFCA|-Q

Vio




Mk 1 ' gerr]-Herr] mxer M2 02- noi sture m xer SM
Processi ng equi pnment |ike sem conductor manufacturing line S

Branch pi pe 19 What is clained is: 1. A process of supplying noisture
at a small flowrate to be used in an apparatus for generation of noisture
in which hydrogen and oxygen are fed intg® a reactor provided with a

pl ati numcoat on the wall in the interior space, enhanced in reactivity by
the platinumcatalytic action and caused to instantaneously react with each
other at a tenperature |ower than thF § gni tg on point to produce noisture

wi t hout undergoi ng conbustion at a h ng2e4¥erature wherein the flowrate
of hydrogen supplied to said reactor is controlled by neans of a flow
controller in such a way that while oxygen is kept flowng at a set flow
rate, the supply of hydrogen to the reactor is started and gradually

i ncreased and reaches. a specifigiggg | evell in a specific tine after the
start of the feeding of hydrogeg) thereby |producing and supplying noisture

or a

N




m xture of noisture with oxygen fromthe reactor to a sem conduct or
manufacturing line at a set flowrate. 2. A process of supplying
noisture at a snall flowrate to be used in an apparatus for generation of
nmoi sture in which hydrogen and oxygen are fed into a reactor provided with
a platinumcoat on the wall in the integior space, enhanced in reactivity
by the platinumcatalytic action and caused to instantaneously react with
each other at a tenperature |ower than the ignition point to produce

noi sture w t hout undergoi ng conbust qn at§a hi gh tenperature wherein the
flow rate of oxygen supplied to the redttor is controlled by neans of a
flow controller in such a way that while hydrogen is kept flow ng at a set
flowrate, the supply of oxygen to the reactor is started and gradually

i ncreased and reaches a specific sep—ewe] in a specific tinme after the
start of the feeding of oxygen,3tbeleby pfoducing and supplying noisture or
a mxture of noisture wth hydrégentf+emt he reactor to the sem conduct or
manufacturing line at a set flow rate. | 20 3. A process of supplying
moi sture at small flowrates as definefl in claiml1l
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or claim2, wherein the flow controller is so controlled that the flow rate
of hydrogen or oxygen is raised at a nearly fixed rate of increase and
reaches a specific set level in a specific tinme, wherein said specific tine
t aken before the set flowrate level is reached is one to ten seconds. 4.

A process of supplying noisture at a snayl flowrate to be used in an
apparatus for generation of noisture in which hydrogen and oxygen are fed
into a reactor provided with a platinumcoat on the wall in the interior
space, enhanced in reactivity by the platinumcatal ytic action and caused
to instantaneously react wth each other-at a tenperature lower than the
ignition point to produce nnlsture 35 underg0|ng conbustion at a high
tenperature wherein an escape pipe prd¥ided with an escape valve is
branched out fromthe outlet side of the reactor or noisture generator and
first, wth the escape valve |left opened, hydrogen and oxygen are fed into
the reactor at specific rates to produce in advance atspecific anmount of

noi sture in the reactor and then, with the escape valve cl osed, noisture or
its mxture with oxygen or hydrogen is supplied fromthe reactor to the

sem conductor manufacturing line at a set flow rate? 5. A process of
supplying noi sture at a snall flowrate to be used in an apparatus for
generation of noisture i are fed into a reactor
provided with a platin f ri or space, enhanced
in
2 —3
—13(13a,13b)
4
l‘.
9 N
/ { 127§
N
N

NN

10




reactivity by the platinumcatalytic action and caused to instantaneously
react wth each other at a tenperature |ower than the ignition point to
produce noi sture w thout undergoing conbustion at a high tenperature
wherein an escape pipe provided wth an escape valve is branched out from
the outlet side of a flowrate controll for control of the flow rate of
hydr ogen supplied to the reactor and while oxygen is being supplied at a
set flowrate, the escape valve is first opened and hydrogen is fed,

t hereby | owering the pressure on Pa%sékondary side of the flowrate
controller, and then the escape Va i's closed to feed hydrogen into the
reactor, whereby noisture or its mxture with 21 oxygen is supplied from
the reactor to the sem conductor manufacturing line at a set flow rate. 6.
A process of supplying noisture at a small flowrate to be used in an
apparatus for generation of noisture in which hydrogen and oxygen are fed
into a reactor provided with aiplatinumcoat on the wall in the interior
space, enhanced in reactivity By the platinumcatalytic action and caused
to instantaneously react with gach other at a tenperature | ower than the
ignition point to produce noistjure w thout
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under goi ng combustion at a high tenperature, wherein an escape pipe
provided with an escape valve is branched off fromthe outlet side of a
flowrate controller for control of the flowrate of oxygen supplied to the
reactor, and wherein while hydrogen is being supplied at a set flow rate,
the escape valve is first opened and oxygen is fed, thereby |owering the
pressure on the secondary side of the flowrate controller, and then the
escape valve is closed to feed oxygen into the reactor, whereby noisture or
its mxture with hydrogen is supplie%‘ﬂ%gn1ghe reactor to the sem conductor
manuf acturing line at a set flow rate. '
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