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| nventi on The present invention relates generall y vapor
generating method and an apparatus using tjhe vapor gene met hod.
Rel at ed Background Art 10 Ther-e are known the CVD (Ch mcaI Vapor
Deposition) technique for supplying a conpound gas of el enents form ng
a thin filmnmaterial to an object to be treated, such as a
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processi ng [181, thg,cpakl ng nethod for heating a liquid to be
evapor ated, whith 1Is cﬁ | ne a heating tank or an evapor ati ng

dish, to produ : SINREQ AT he gas usi ng its vapor pressure
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15 wafer surface, and a drying technique for evaporating IPA
(isopropyl alcohol) to allow the vapor gas to be in contact
with an object to be treated (an object to be dried) to dry the
object. In these CVD and IPA drying techniques, a vapor
generating apparatus is used to generate a material gas and

20 adry gas.

The vapor generating apparatus uses: Da bubbling
method for bubbling a liquid to be evaporated, by utilizing -
an ultrasonic wave and a carrier gas and for heating the
liquid to a predetermined temperature to produce a gas to

25 supply the gas together with the carrier gas to a processing
chamber; @a baking method for heating a liquid to be
evaporated, which is contained in a heating tank or an
evaporating dish, to produce a gas to transport the gas using
its vapor pressure and for supplying a predetermined

30 amount of gas to a processing chamber by means of a high-
temperature mass flow controller; or @a direct injection
method for allowing a liquid to be evaporated, which is
transported by a pump, to pass through a gap between an
orifice part and a diaphragm surface to vaporize the liquid

35 and for heating the liquid to produce a gas to supply the gas
to a processing chamber.

However, in the case of the bubbling method @,



2 there are many control factors to produce a predeterm ned gas,

and it is required to performstrict tenperature control in order to
gasify the liquid to be evaporated. In addition, it is required to use
a great anmount of carrier gas, and thereds 5 a problemin that the
gquantitative ability and repeatability are not sufficient in accordance
with the variation in consunption of the liquid to be evaporated
(material). In the case of the baking nethod [err], it is

10 (material) to means
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amount of prodserexpaydsoandvitéc tdes bnbblitapomethod, since the baking
method uses a low vapor pressure material, the produced
pressure is low even if the low vapor pressure material is
20 heated, so that there is a problem in that it is difficult to
obtain a pressure required to stably transfer the vapor.

In addition, since the direct injection method @
transports the liquid to be evaporated, in a liquid state to
directly vaporize the liquid near a treatment part to perform

25 the flow control, the direct injection method has a smaller
number of control factors in comparison with the bubbling
method and the baking method, and the size of the system
can be decreased. However, since the direct injection
method can cope with only a small amount of produced gas,

30 there is a problem in that there is a limit to the use.
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It is therefore an object of the present invention to
eliminate the aforementioned problems and to provide a
35 vapor generating method, which can easily produce a gas
using a smaller number of control factors and which can
increase the amount of produced gas and decrease the vapor



3 generating tinme, and which can decrease the necessary tine for

until the supply of the IPA to the vapor generator is st opped after the
| PA is supplied to the vapor generator, i.e., until the generation of
the IPA gas is stopped after the IPA 5 gag is generated and an appar at us
usi ng the vapor generati ng met hod. In order to acconplish
the af orenenti oned and ot her obj ects, according to one aspect of the
present invention, a vapor generating nethod conprises the steps of: 10
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present invent g@gueratin ﬁ/lggﬁbfigenerati ng apparatus conprises: a
convergent- 20 I vergent nozz u
conprising a CghyesasNaci8Edireg Rer bhenaspbeivbfl thé Prexersinventor oabe
tapered and narrowed fromthe Tnlet rt, toward t.he outlg Eort fand a
conver gentimozakeeperdting a flowowelocitiieobat gas for & vapbransedply dort for
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liquid to be eWaetaeBgl making the hepud, mysty Joydn ']"izh’@ga%ﬂaﬁ“gﬁﬁgy
further 351gonmphessrodulednsRocknwave. connecting the inlet port side for
step of heating the misty liquid by heating means.
According to another aspect of the present invention,
20 divergent nozzle having an inlet port and an outlet port for a
gas for a vapor medium, the convergent-divergent nozzle
as to be tapered and narrowed from the inlet port toward the
outlet port, and a divergent nozzle portion, which is formed
toward the outlet port; and a supply port for a liquid to be
evaporated, the supply port being open to the divergent
The vapor generating apparatus may further
30 comprise heating means for heating the liquid to be
downstream of the divergent nozzle portion and the supply
port for the liquid to be evaporated.
35 comprise: a branch line for connecting the inlet port side for
the gas to the outlet port side for the gas; and pressure

to suddenly prgtipped afteskthe IPAaisesuppliethkonthé veporggerderatoy, bg.,
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a vapor generating apparatus comprises: a convergent-
comprising a convergent nozzle portion, which is formed so
25 so as to be expanded from the convergent nozzle portion
nozzle portion of the convergent-divergent nozzle.
evaporated, the heating means being provided near or
The vapor generating apparatus may further
regulating means, provided in the branch line, for regulating



4 a pressure relationship between the inlet port side and the

outl et port side. The heating neans may have a heating body,

whi ch has at | east two stages of heating power in the flowwing 5
direction of the gas. In this case, the hgating power of the heat i ng
body may change from dense to non-dense in the flow ng direction of the
gas. Alternatively, the heating neans may have a plurality

of heating bodies, each of which has at | east two stages of 10 heating
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be open to the divergent nozzle portion in the divergent
nozzle portion. Alternatively, the supply port for the liciilid
to be evaporated may be open to the divergent nozzle portion

20 upstream of the divergent nozzle portion.

The vapor generating apparatus may further
comprise cooling means provided in a supply line for the
liquid to be evaporated, the supply line being connected to
the supply port for the liquid to be evaporated.

25 According to the present invention, when the gas for
the vapor medium flows from the inlet port toward the outlet
port of the convergent-divergent mnozzle, the gas is
accelerated by the convergent nozzle portion. Then, even if
the gas enters the divergent nozzle portion after the velocity

30 of the gas reaches the acoustic velocity at the narrowed
portion (throat portion), the gas is further expanded and
velocity-increased by a great pressure difference to be a
supersonic flow to eject at a flow velocity higher than or
equal to the acoustic velocity. In such a state, when the

35 liquid to be evaporated is supplied from the supply port, a
shock wave is suddenly produced, so that the energy of the
shock wave makes the liquid to be evaporated misty. When



shock wave makes the liquid to be evaporated m sty. Wen

5 the msty liquid to be evaporated is heated by the heating

means, vapor is produced. When the gas inlet port side and the
gas outlet port side of the convergents-divergent nozzle are connected
by 5 nmeans of the branch Iine in which the pressure regul ating means
Is provided, it is possible to regulate the flow velocity of the gas
fl ow ng through the convergent-divergent nozzl e, and it is possible to
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system is possible to correct the temperature balance of the heating
means, and it is possible to increase the life time of the
heating means. In addition, when the liquid to be

20 evaporated, e.g., IPA, is gasified, it is possible to prevent the
liquid from being heated at a temperature higher than or
equal to a predetermined temperature to be decomposed and
carbonized to be adhered to the heating means. Therefore,
it is possible to surely improve the reliability of the system.

25 In addition, when the heating means comprises the
plurality of heating bodies having at least two stages of
heating power in the flowing direction of the gas and when
the heating power of each of the heating bodies can be
controlled independently of each other, it is possible to

30 surely correct the temperature balance of the heating means,
and it is possible to increase the life time of the heating
means and to prevent the liquid to be evaporated from being
decomposed and carbonized to be adhered to the heating
means. Therefore, it is possible to surely improve the

35 reliability of the system.

Moreover, when the cooling means is provided in the
supply pipe for the liquid to be evaporated, which is



Mor eover, when the cooling neans is provided in the supply pipe for the
liquid to be evaporated, which is 6

connected to the supply port for the I|qU|d to be evaporated, it is
possible to prevent the liquid to be evapgrated from bei ng evapor at ed
by the thermal influence of the heating means before the liquid to be
evapor at ed reaches the supply 5 port when the supply amount of the liquid
to be evaporated is small, so that it is possible to surely supply the
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FIG 2 is a schggmtic side view of the cleaning processi ng system of
FIG 1, FIG 3 is a schematic block diagramof a drying 25
processing apparatus having the preferred embodi ment of a vapor

generatl ngigppar at us ang DESCRI®TINEN!
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invention. However, the drawings are not intended to imply
15 limitation of the invention to a specific embodiment, but are
for explanation and understanding only.

In the drawings:

FIG. 1 is a schematic plan view of a cleaning
processing system, to which the preferred embodiment of a

20 vapor generating apparatus according to the present
invention is applied;
_ FIG. 2 is a schematic side view of the cleaning
processing system of FIG. 1;
FIG. 3 is a schematic block diagram of a drying
25 processing apparatus having the preferred embodiment of a
vapor generating apparatus according to the present
invention;

FIG. 4 is a sectional view of the preferred embodiment

of a vapor generating apparatus according to the present
30 invention;

FIG. 5 is a graph showing the relatlonshlp of
temperature distribution between a heater serving as a
heating means of the present invention and a heater having
a uniform heating power;

35 FIG. 6 is a graph showing the relationship between a
primary pressure and the flow rate of a drying gas in a
stream generating apparatus;



35 FIG 6 is a graph show ng the relationship between a primry

pressure and the flowrate of a drying gas in a stream generati ng
appar at us; 7 ~ FIGs 7(a)
t hrough 7(d) are sectional views of other preferred enbodinents of a
vapor generating appar at us according to the present invention; _
FIG 8 is a schematic sectional view of an 5 enbodiment of a processing
chanber of the drying processi ng appar at us; FIG 9is a
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I nvention is app I’s a schematic side view of the
cl eani ng processing W eiléd) B @ sectional view of another embodiment

15 of a heater of the preferred embodiment of a vapor
generating apparatus according to the present invention,
and FIG. 11(b) is a local sectional view of a principal part of
the heater of FIG. 11(a); and

FIG. 12 is a sectional view of another embodlment of

20 a heater of the preferred embodiment of a vapor generating

apparatus according to the present invention.
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IPTI E PRE ED D N
Referring now to the accompanying drawings, the
25 preferred embodiments of the present invention will be
described in detail below. The shown embodiments are
applied to a cleaning processing system for semiconductor
wafers.
FIG. 1 is a schematic plan view of an embodiment of a
30 cleaning processing system, to which the preferred
embodiment of a vapor generating apparatus according to
the present invention is applied, and FIG. 2 is a schematic
side view of the cleaning processing system of FIG. 1.
The cleaning processing system generally comprises:
35 a transport section 2 for performing the carrying in and out
of a container, e.g., carrier 1, which houses therein
semiconductor wafers W (which will be hereinafter referred



The cl eani ng processi ng systemgenerally conprises: 35 a transport section
2 for performng the carrying in and out of a container, e.g., carrier
1, which houses therein sem conductor wafers W (which will be

herei nafter referred " 8 to
"wafers"), which are objects to be treateg; a treatnent section 3 for
treating the wafers Wwith a solution, such as a chem cal and a

cl eaning solution, and for drying the wafers W and an interface
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the vwafers W aosRaéfendiresidpidrt means), by wh1ch the carrier 1 can be

transported between the introducing parts or between the

discharging parts and by which an empty carrier 1 can be

20 delivered to a carrier waiting section 9 provided above the

transport section 2 and can be received from the carrier

waiting section 9 (see FIG. 2).

The interface section 4 is divided by a partition wall

4c¢ into a first chamber 4a adjacent to the introducing part 5

25 and a second chamber 4b adjacent to the discharging part 6.

The first chamber 4a houses therein: a wafer unloading arm

" 10 for unloading a plurality of wafers W from the carrier 1 in

the input part 5 to transport the wafers W, the wafer

unloading arm 10 being movable in horizontal directions (X,

30 Y directions) and vertical directions (Z directions) and

rotatable (in 6 directions); a notch aligner 11 for detecting a

notch formed in each of the wafers W; a space adjusting

mechanism 12 for adjusting the space between the adjacent

wafers W unloaded by the wafer unloading arm 10; and a

35 first attitude changing unit 13 for changing the attitude of
the wafer W from the horizontal state to the vertical state.

The second chamber 4b houses therein: a wafer



mechani sm 12 for adjusting the space between the adjacent wafers W
unl oaded by the wafer unloading arm 10; and a 35 first attitude changi ng
unit 13 for changing the attitude of the wafer Wfromthe horizontal
state to the vertical state. ﬁ@e second chanber 4b houses
therein: a wafer 9
delivering arm 14 for receiving a plurality of treated wafers W from
the treatnment section 3 to transport the wafers Wwhile mai nt ai ni ng
t he vertical © f t ni t
Aok eting ARl I YodhIRRH Plurgiied of trdq%ed MARAOWT

13A for changi
del i vering ar r#%mr{?}eomqqf@ient SG\%FQﬁl@altostfaanrttﬁm WﬁﬁGXBrWaW]TSIﬁat e;

and a wafer |ogdiipgadhing the 1\561f“@éaI gkl 89 {He Rafers By & WRlg W
changed to the hor.i zontal a%ﬁ he second affitudg c an%u g unit

13A, toO i de ShisRuly, int oy chapging the €he 10
di schar gi n§ pavaiérs Wieeceieed lfronli tiheawafeiSdetivegingeathel 4, frornthe

h |

i eoti ons) arn‘?‘tt Fsl= 0 ﬁé’iﬁﬁf@@%ﬁeﬁqéhﬁ% walen e 8.
second chanmberla Qrs reggraamng plurality ohrwafers tWerOdf[Etngeder)I&n:ed with
an inert gas, Ieofizoplial $1A1d by HREISenld S AL ERRRIEIPIAR BRUEse (not

t section processi ng

shown) . fe
unit 16 for rdRBH ﬁ]@ep‘éﬁat PEP Y HRABIYRRT CBRTEH ha’&raé?sported/\ﬁodh@re
adher ed t a0t halisether paﬁeﬁqrﬂz@w&ﬂd@ah hrm 1570619{ heaPHbe net al

contam nati on :adh t.he ;waf ers 20 anl yi pI’OCGSSI g unit
18 for renovi nﬁ §O§ 5r9talf ‘IZ1 HH%?e(i&V[’OaY a?i’g eHW}ﬁﬂg t he
waf ers W dCblOdt&:c(chmtme)ﬂanﬂQ rdﬂaftafblest(upr dbehseo’gotm;t 16,

.the second pr &8 yi n par 8 and
the chuck cl egﬁlﬁs\%i uni t gi?eé % oﬁéd %Hwﬁs‘gﬂécﬂs o%eﬁael?a’ F%“fhfgl
treatment sectP$RIIOr &hﬁ/ﬁﬁe f is rep dmtlaramzmenmgals isgp\Nplgas n X

direct] oney andbpied 1P 2 “*%?“’ﬁq ) SoREcellol SHBWAR"S L el 50
facing the respecti \a/iﬁ?n&esa% THOIJQ Puges %E’S;*thVWP¢$§1IHgE 3,

the cl eani ng/ dlxylthGplfor:amwmg papticld$ amdpérg@mc adh&irnlingdfoneat er
32 (which wlLyREh are adhered to the wafers W; a second processing unit
17 for removing metal contamination adhered to the wafers

20 W; a cleaning/drying processing unit 18 for removing oxide
films adhered to the wafers W and for drying the wafers W,
and a chuck cleaning unit 19. The first processing unit 16,
the second processing unit 17, the drying processing
apparatus 18 and the chuck cleaning unit 19 are aligned

25 with each other. In the treatment section 3, a wafer
transport arm 21, which is movable in X and Y directions
(horizontal directions) and in Z directions (vertical
directions) and rotatable (8 ), is provided on a transport
channel 20 facing the respective units 16 through 19.

30 As shown in FIG. 3, the cleaning/drying processing
unit 18 comprises: a N, gas heater 32 (which will be
hereinafter referred to as a “heater”) serving as a N, gas
heating means connected to a carrier gas source, e.g., a
nitrogen (N,) gas source 30, via a supply line 3la; a vapor

35 generating apparatus 34 of the present invention, which is
connected to the heater 32 via a supply line 31b and which
is connected to a source of a liquid for a dry gas, e.g., an IPA



hereinafter referred to as a "heater") serving as a N err] gas heat i ng

nmeans connected to a carrier gas source, e.g., a nitrogen (N err]) gas
source 30, via a supply line 3la; a vapor 35 generating apparatus 34 of

t he present invention, which is connegged to the heater 32 via a supply
| ine 31b and which I's connected to a source of algqu|d for a dry3gas,
e.g., an | PA sour ce ,
via a supply line 31c; a flow control neans 36 provided in a supply
line 31d for cgepneeki 88, (Via HARY y, Jirfe I anﬂo%@rt%ﬁ?& ﬁgedﬂsaséfy' ng
proce55| ng chanber (whi CIPI\)NH | nafter refer to as a
'processi ng 5P H'i"éﬁi }n a supply 1 mﬁn%t]fffs asEONBEcHRE okhe v¥APOTI37a i s
provi ded in thgeneratmgblai ara S B4 whizLldrgdn fff@cﬁ;m Eh@]mw 3gu&ce
30 to the r .1 t - ofif .val ve . i.S_provided in
the supply Ilngp\rﬁé@ \R/ﬁﬁ%hbgoaﬂ% g%?BeEra %559@0&%?? 0%t n®THEESIREr 32.
An | PA recdverth gm er’)39 i s connected to the shut-of f val ve 38b on

37c. As shown arn Tine_In
| PA drain pi pesé@HqE’ line %Wé@@bdcﬂaﬂwsvﬂ@ﬂggﬁér%@Hﬁgea%@aﬁm € 34,

1S L Dot 1| rentin & S ST ot
a avl n a checC al v 1,S
i o oo o thd SUSRI Y 31 wich EaRH S e 1B A SoUTre 3 310 T

di schar ge lthe heater r&QsoIMIH?Aarﬁtovermg part fBWﬂﬂlcOkﬁEéh ¢ el ttbgchét erior

f th e} n

the VSpX?pSrenggéﬁr ﬁ%ﬂ‘;%alﬁ’%a BEPBRE side of the, IPA sefifcs i Hhanghen:

nozzl e 50 of, kdng andsaashll-kts@ffs‘tf@bde 3iddi. chAsashaewn etheotwosdat

connected to t&‘ﬁam lifePRh YFIGnes 3ilfbnfe%'és%?8'gcaéllg'ﬁj‘A9&P ﬁ?rpiﬁégﬂ? ig gas
e conver gert

for a 25 vapor nedium.and an out’l et port

di ver gent nozZ$@NBECIEAMQ the Va@%ﬁ@@ﬁﬁ@ﬁmg@i)ﬂﬂ ajars B and asdrainwhi ch
is formed 1 tmlvemqr 1§?rbli?’fit@éd|mst&ﬁé&13ﬁaﬁpp@pet@0 to Whl@haé“!ﬁ‘dﬂch

e or 1 orfia: HOREAMES o kReck” S50 4Y i ciiRepteda  SliMAce so
as to be graduadhneetmansaf themdrain p1pe 40, the drain valve 41 and so
forth are convenient to discharge the cleaning solution and
so forth when cleaning the interior of the vapor generating
20 apparatus 34.

As shown in FIG. 4, the vapor generating apparatus
34 has a tubular convergent-divergent nozzle 50 of, e.g.,
stainless steel, which has an inlet port 50a connected to the
supply line 31b for the carrier gas serving as a gas for a
25 wvapor medium and an outlet port 50b. The convergent-
divergent nozzle 50 comprises: a convergent nozzle portion
S1a, which is formed on the inner peripheral surface so as to
be gradually narrowed in the flowing direction of the carrier
gas; a divergent nozzle portion 51c, which is formed on the
30 1nner peripheral surface so as to be gradually expanded from
a narrowed portion (throat portion) 51b of the convergent
nozzle portion 5la in the flowing direction of the carrier gas;
and a shock wave forming portion 51 formed on the outlet

port side (secondary side) near the throat portion 51b.
35 The divergent nozzle portion 5lc located near the
throat portion 51b of the convergent-divergent nozzle 50 has
a supply port 54 for IPA serving as a liquid to be evaporated.

the side of the |IPA qﬁufﬁ%‘é‘a%é" Qr%@&l@ ?ﬁ- awengpéB 1§rﬂr§vnecess;fthgal ve



a narrowed portion (throat portion) 51b of the convergent nozzl e
portion 51la in the flowng direction of the carrier gas; and a shock
wave form ng portion 51 formed on the outl et port side (secondary side)
near the throat portion 5 |b. 35 fpe divergent nozzle portion 51c

| ocat ed near the throat portion 5 1b of the convergent-divergent nozzle
50 has a supply port 54 for IPA serving as a liquid to be evaporat ed.
An | PA source 33 is connected to the supply port 54 via the | PA supply

pi pe, i.e., tharsdPA ¥ohiree 33Cis connected to %ﬁé@ﬁﬂ)&%’?gﬁﬁv@ theow

control neans , _Suc . as_a punp, e pLQv n the flow control
means 5 supp?égi ?HQFQYCPH?% ]t-ﬁi:sﬁ'k%§é1,13nﬁ?]g’ Pllélepéjﬂ-bl e to easily control
]'Ehe f1ow raz e of 5I PA Asr&h?ﬁm ﬁnOFﬁ{thg,l Eﬁléﬁiuééﬁ%@ld&ﬁcféh% 37d, stiegk wave
orm ng portio QW Gontro ans: i f _necessary.

In addition, a%sl #hgﬁu%lﬂﬁe #&X ?e(arﬂgﬁqigl%%%ﬁ?w %%nﬁréﬁ\/msg&é a
first heatihg Budplyslinesddced Imthis kase, it is possipdattodeasilyecontoakl e 50
on the side of Y e Z i on
51c, and an ouEd;l reeftigguehﬁtte%%%ée?u%)z)?%g?{%ﬂ?rrtfe!laen?;ﬂa%&ggreéi n‘g 1glcgtbesecond
heati ng b§E‘;9C| Vﬁamimnmgsm@upne&loﬁmrt@@ﬂwmg&ml magans 50,
15 so as to bg?tda,pﬁ‘t}h@cgsgﬁ}h_i eving two stages or nore of heating

o e oy o 8 5 b Wl ERSP B°Rgack el 7
carrier gal) |b3 héervinge adeat éirstniediing boghyviglehseaedt iatshable wave
52 15 onnect odRy ERETY GRErge it pSARRL BO" BH%isi%saofaﬂae itlet B sop”
of the conver goftb @fvthealivergenhmezzlesportion &sheyr andgui anitey tabee 53
5oho" oot THERer (o TpSGig KiEadtSScrRet il sangblcoht skl
the convergent e%SgpﬁpVHi@a|@mdebsla@@pm@ﬁrg@nmdlvergm@mée S0,
regul ati ngiyal ¥8 £3to Brtapableisitachiting twé %t_ﬁg%% or mé&fe b!t"heatin‘g _
conver gent - di ver ¢ Eé’lt . n%ﬁgg IS _CO isrt ar,et .not.n_\l/g{ is tlheé heatiﬁhenoxt;vh%r'
set an upper | P §if pRang dIrgctigr » g POWer 18
designed to change from dense to non-dense in the flowing
direction of the carrier gas. In this case, heaters may be
provided near the shock wave forming portion 51 and the
20 IPA supply port 54. .

A branch line 52 is connected to the sides of the inlet
port 50a and outlet port 50b of the convergent-divergent
nozzle 50. A pressure regulating valve 53 is provided in the
branch line 52 so as to be capable of responding to the

25 variation in supplying pressure of the carrier gas supplied to
the convergent-divergent nozzle 50, by adjusting the
pressure regulating valve 53. That is, since the orifice bore
of the convergent-divergent nozzle is constant, not variable,
when there is set an upper limit to the pressure on the

30 primary side (the inlet port side) of the convergent-divergent
nozzle, there is naturally set an upper limit to the flow rate of
the carrier gas flowing through the convergent-divergent
nozzle 50. However, when a greater flow rate of carrier gas
than those of the processing conditions is required, if the

35 branch line 52 is provided to introduce the carrier gas to the
downstream side (the outlet port side) of the convergent-

divergent nozzle 50, a wide range of flow rate can be supplied.

-




30 primary side (the inlet port side) of the convergent-divergent

nozzle, there is naturally set an upper limt to the flow rate of t he
carrier gas flow ng through the convergent-divergent nozzl e 50.

However, when a greater flow rate of carriygr gas t han those of the
processing conditions is required, if the 35 branch |ine 52 is provided to
I ntroduce the carrier gas to the . downstream side (the outlet port side)
of the convergent- di vergent nozzle 50, a wi de range of flow rate can

bﬁ suppl : ed. t In thlS case, th? sg,l%oplemental flow rate ofthe carrlei"gé@téncase

t he suppl enen W rat.e,Q e_carLi can rreans
of the pressurg) @(jﬁ t ggb&}'a ﬁ}ﬁﬁ?ﬁ%’?%mg@?ﬁfﬂﬁwaﬁvﬁe

addi ti on, the @medidednm the bnancibnhneeﬁ@e oln addiodn paine @@ndh}‘aom tabl y
set by 5adju ng s\fre o I 5

Furt her nore, ?&f'h CEB?rgﬁg?'eg)g re%e p%ﬁ‘)é?yggn ?be Slélt?bjlycgﬁtbgy

I ncr eased, 5heaﬁi3b\§tllagé ptrﬁgsuaern@u]@émg valvech ases I n proportion

thereto, so that it i ulsar | q S gﬁ;ﬁh

carrier gas by neans %??gﬁgp%df%r alﬁcJc Fi 1n1%§élﬁT1’e§§1%1% Fﬁ?ﬁ'{h ér?ﬁre or
CTow rat o or 1 RECRBUIS) Gaia e INRERsPHar T HWCTALe! )& SPaaieh 225
predetermi Pe?hmcréasésnnepsc @{tmmeherét% gs@qﬁmt’fitelst %Oft h@itrﬁcﬁ_ ly wave
even I re LN Ve 1.S_NOot U al | S S
shown in FiG SeduiRed, fo gﬁppﬁ Y oHHE SctifroBhsnly’ méans o %t?l

regul at i ngl® he bnaesshilme53.| o’\1\7hraett1s mfthl[aqme]ssgase o5 fommadeasf the N, the
N err as sou .

r[egul }at igng val iﬁ ﬁa?%@?ﬁ?falgj %F&Q *éfsﬁ%ezs%éﬁﬁt%ﬁéaem al\lgpégéfés&f)rglrl %:lgd?;o
must be capabl h pressyregagee;dt inpoeseib le to mtﬁeﬁhﬁcgism\éﬁ even t hat
in the usual c@@ﬂaé%fésé@r@%egﬁlaﬁﬂp%%qvefssLi&phmnﬂs@dprq@l@é@ﬁ@ agd hi gh

PR " oae sHawedihgih, 958 o gag prssBre sebtdatinpratang Aoardorson
is adjustets itegulatiss the p mmwbrtﬂ@wp{]muf N di ééqsmegﬁfte@ﬁb\/\een
Seconse o o205 NP BB RS o0 18 DAL, pe S A,
set the condit ppessitue vegulatangevalve 53 aire stmttechavén this case, then
addition, a cogf!pgsHAMe30 hiRsPVedSphBle B dUPplying N, gas having
a higher pressure than that in the usual case so as to be
20 capable of supplying a predetermined high pressure range of
N, gas. When the pressure of N, gas supplied from the N,
gas source 30 by the N, gas pressure regulating means 30a
is adjusted, it is possible to adjust the pressure difference
between the inlet pressure (primary pressure) and the outlet
25 pressure (secondary pressure) of the shock wave forming
portion 51 to suitably set the conditions for occurrence of
the shock wave.
In addition, a cooling means 57 is provided in the IPA
supply line 31c connected to the IPA supply port 54. The
30 cooling means 57 is designed to cool IPA flowing through the
supply line 31c to a temperature lower than or equal to the
boiling point of IPA, e.g., by circulating and supplying a
refrigerant to a jacket for covering the supply line 3lc.
Thus, when a very small amount of IPA is supplied by
35 cooling the temperature of IPA to a temperature lower than
or equal to the boiling point using the cooling means, it is
possible to prevent IPA from being evaporated by the thermal



supply line 31c connected to the | PA supply port 54. The 30 cooling neans

57 is designed to cool |PA flow ng through the supply line 31c to a
tenperature | ower than or equal to the boiling point of IPA e.g., by
circulating and supplying a refrigeragt to a jacket for covering the
supply line 31c. Thus, when a very small amount of IPA is supplied by
35 cooling the tenperature of IPAto a tenperature |ower than or equal
to the boiling point using the cooling nmeans, it is possi ble to prevent.

|1§A from be:c PQrﬂl’ii’@ﬁf ét(ﬂdtlﬁé’ HetihBeheans, i.e. the inner tube heﬁte{ 55

i nf| uence ..o e _heat i nner eat e
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conver gent - di ver gent wek? {BioBokdi g}heqlgahl difithe cartie gﬁé (Nt mgar i er
ferthypaa%t

gas is accelerated by the nver ort on 5
vel ocity of tH& @hrnseam Or & VaRaTeEIS rae sctrgang

even if the Cacsfr 'tHe conﬁéﬁg@ﬂt—@ﬁei‘ﬁénﬂl mmwtsoow ¢het hmﬂetrp@rtgas s
further an 03 i nctr ease the vel 00|t¥/ fﬁ&ereg}r b e sure
difference to t&%ﬁlﬁ ’sﬁ'b R r SBHHIET 1 888, 18 AfRelerated: by i egxgg_nygr cts at
ahf | ow vellQci tiyoztlenportiess Slraa,nambthemsme: vedvoitiyt gf the canpenogase a
shock wave. S ch
condi tions, \e(\r%%oéli& 'tﬁe &88{1&%{?; {’élgien 55 pro hoe Wéﬁogf%ﬁtlﬁﬁhgﬁggg of
the shock wavegas entem |thezdavcngemkenq> eni Hh§ . CAmEar t Zas niss furtleeri s
heated by 20 d¥d t88nkcp8 §etth@véﬁﬂlgy tﬁ%reaﬂﬁy@ g’i‘éaet v%fé)é)gﬂﬂ@ater

56, I PA gas (v IS pro IS ¢ st ages
of heating po ?Q;ferwfetp mt%@lm%ﬁnﬁl%dss)h@iat %ﬁGU?%FrlteEtﬂa%eater

ﬁG are prqgi dE@jﬁbﬁsfe{te?fﬂl@W ﬁ@ldblt @E Imﬂt @éss thatrheheadconstigaselouity f t he
neat 10 pover hangg Lo degsg g8 (o gt gL iiLkag et on
and the owepplybpolrtabdr mdennsue}narorBdItemSanal shocdk fwavenes of
suddenly produced, so that the energy of the shock wave is
utilized to make IPA misty. When the misty IPA is heated by
20 means of the inner tube heater 55 and the outer tube heater
56, IPA gas (vapor) is produced. In this case, if at least two
stages of heating power of the inner tube heater 55 and the
outer tube heater 56 are provided in the flowing direction of
the carrier gas and if the heating power changes from dense
25 to non-dense in the flowing direction of the carrier gas, the
temperature balance of the inner tube heater 55 and the
outer tube heater 56 can be corrected, and the life time of
the heaters 55, 56 can be increased. In addition, it is
possible to prevent excessive heat and to prevent the IPA gas
30 from being decomposed and carbonized. That is, as shown
in FIG. 5, when the carrier gas is heated by means of a
heater having a uniform heating power, the heater surface
temperature has a great gradient in longitudinal direction (in
the flowing direction of the carrier gas).
35 For example, when a thermocouple is provided in a
heater and when the temperature is controlled so as to
maintain at a predetermined temperature, the heater is



the heaters 55, 56 can be increased. In addition, it is possible to
prevent excessive heat and to prevent the I PA gas 30 from bei ng deconposed

and carboni zed. That is, as shown in FIG 5, when the carrier gas is
heated by neans of a heat er having a yni form heati ng power, the heater
surface tenperature has a great gradient in longitudinal direction (in
the flowng direction of the carrier gas). 35 For exanple, when a

t hernocouple is provided in a heater and when the tenperature is
controlled so gfetfized tBRH&NA tRe RpRAS)EE oF thboRERgESpld'foheal er
S ener glze eturn t he
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gar rier. ga$h| stetmperatentet ddifférieride tbetwteeh the e)ddmh n@tré@rmvﬁdﬁﬁ?rt t he
t st .t wo
atages of hea PaHOH Hsfl.the, carpier; gasis A8cPbdsed W inibif ienBEh

flowing 10 di r@%@h@mgﬁ te lwerhedateth gakmnstmaxmheaaem porfponer is _
h d f d t t er
changed Trom dense ‘Dﬁofhé%ﬁfeﬂﬁx eafif a {s}%ﬁ' twh ’g‘%%é’égﬁe éa[)i 225'

gas, the surface tenp 31 ,

Therefore, it P9WdsQ b Q%F§a§ are IPIfQé’lfiﬁ@e pf t ‘éﬁ@gs 55,
56, band lém s dbhsvtive of @heveairnle@ %@dtl;] iior’ﬂlieem?agi t Sgatrim y

car boni ze wn e j,n ube hea

conprise a fi rShanged ﬁf‘lﬂ’?eaﬁ %eggcﬂp, ﬁ%‘ﬁé‘?g 1ref: at er

55b, which cantlve cantien|gas] thnelesm:rfdﬂet temperatureacth wiedreaterd 58 outer

out or tube heap et DESHABh %ﬁfﬁ@%ﬁl&é‘r‘%@? e

ot her . Thelife timei afdhe h@@tﬁéati'i 56a and ithts piassibbeiter prevent
heat er 56gmar elpqchﬁggpoﬂpb@ﬂﬁ Q&%ﬂ% She di rection
of the carrier gas, he se q tube heater 25 55b an the second
outer tube heater 56 Q)WB‘VP%I ﬂ?ﬁémﬁlﬂ:@ahe@r 1% PR PMAY

flow ng di rectd:@mpﬁseha fiest igher tube heater 55a and a second inner
tube heater 55b, which can be controlled independently of
each other, and the outer tube heater 56 may comprise a
20 first outer tube heater 56a and a second outer tube heater
56b, which can be controlled independently of each other.
The first inner tube heater 55a and the first outer tube
heater 56a are provided on the upstream side in the flowing
direction of the carrier gas, and the second inner tube heater
25 55b and the second outer tube heater 56b are provided on
the downstream side in the flowing direction of the carrier
gas. The first inner tube heater 55a has a greater heating
power than that of the second inner tube heater 55b, and the
first outer tube heater 56a has a greater heating power than

30 that of the second outer tube heater 56b.

If the first inner tube heater 55a and the second inner
tube heater 55b are independently controlled and if the first
outer tube heater 56a and the second outer tube heater 56b
are independently controlled, the surface temperature of the

35 heaters 55a, 55b, 56a and 56b can be surely controlled so as
to have a desired distribution in the flowing direction of the
carrier gas to be stabilized. Therefore, it is possible to



gas. The first inner tube heater 55a has a greater heating power than
that of the second inner tube heater 55b, and the first outer tube
heater 56a has a greater heating power than 30 that of the second outer

t ube heater 56b. If the first ymner tube heater 55a and the
second i nner tube heater 55b are independently controlled and if the
first outer tube heater 56a and the second outer tube heater 56b

are independently controlled, the surface tenperature of the 35 heaters
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heater 56 has E@&hP@riianRs, ithmay Pe wivisted iinte, threeray imordi podtidnst o
three or nore pghidIPeSH | ' tly of each
ot her. idFur%& %b&fgﬂ@%ﬁﬂ%ﬁ?ﬁ&%}&%ﬁ%l%%??d%ﬁ%% %%?E)l a

heater 140 may be us BTRIQI Cof a8 HRNPWAL ATy FHE - Bedildr) snd 11 (Rhdat he
outer tube heaheattf. 140 may be udedshopiace dfl the IAned) tulhd hdegires 5140

dhock veve for RERD TpERef ubk hBRRE BB E B0 H0 e n e ™ Mils, uhi o
is insertedinto the AstshowmnninpFpe&. 143 (ahdthe hestierh 140 ngenesallyal
pi pe. 143 and t FoPPRAR T IHAAAEiRg pit Lo EoaER R CA IR thelle
e.g., a caﬁf’ﬂ%@"%\‘é%lf@?nlln& POFRHER 53: iansltridgpasaagetipeming pipessage
formng pi pe 1485, which is ihSefteids iﬁ@éeth@r!i%t%ﬂlﬂfin\%?ibg neBiciAg pi pe
143 has 20 an_i,nl et port 143a .co cted to the shoc e formng
portion 51, anH’}élCz? J@rms t%esmfﬂggﬁé%ﬁ RMIES %Rp stveen the WNeTan
oEt let polr:1|5G14ﬁtald:osue.ffa©el_ ob the ﬂn@%biﬁg& %i}de 1;}3 ;éilt'lrdg@g% iofjhéllié:crew
tsh?\(,am;dl, ni S for#é&gg)lget gﬁﬁﬁ% l%?% ‘#’ph%]?é %f }}%ti?gumeﬁgp?saﬁég“ﬁ ofni ng
pi pe 145. The eprimdge heater 146, which is inserted into the fluid passage
forming pipe 145. "
In this case, one end of the introducing pipe 143 has
20 an inlet port 143a connected to the shock wave forming
portion 51, and a side of the other end thereof is provided
with an outlet port 143b connected to the supply line 31d.
In addition, as shown in FIG. 11(b), a spiral groove 147, such
as a trapezoidal screw thread, is formed in the outer
25 periphery of the fluid passage forming pipe 145. The spiral
fluid passage 144 is formed by the spiral groove 147 and the
inner wall surface 143c of the introducing pipe 143.
Furthermore, the structure of the spiral fluid passage 144
should not be limited to the above configuration. For
30 example, a spiral groove may be formed in the inner wall
surface of the introducing pipe 143, and the outer peripheral
surface of the fluid passage forming pipe 145 may be a flat
surface to form the spiral fluid passage. Alternatively,
spiral grooves may be formed in both of the inner wall
35 surface of the introducing pipe 143 and the outer peripheral
surface of the fluid passage forming pipe 145 to form the
spiral fluid passage. Furthermore, a heater for heating the




fluid passage 144 is fornmed by the spiral groove 147 and the I nner wal |
surface 143c of the introducing pipe 143. Furthernore, the structure of
the spiral fluid passage 144 should not be limted to the above
configuration.- For 30 exanple, a spiral‘groove may be formed in the inner
wal | surface of the introducing pipe 343 and the outer peripheral
surface of the fluid passage form ng pipe 145 nay be a fl at surface to
formthe spiral fluid passage. Alternatively, spiral grooves may be
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gas passage t oheatiem k46t act with the cartridge heater 146 can be

increased, ;@and a spirgl dé%&ﬁﬁ%ﬂ %bovl%e if Qh@ggiﬁl'ﬂﬁifﬁﬁségge if@w is

velocity |n conmpari son-w d. As
a result, it iformeddhnimeentthe poteedacing mm&% comnssted RO hbever )

and - shock wave forming portion 51 and the fluild passage
forming pipe 145 or the coil spring 145A, which are inserted
into the introducing pipe 143, the length of the fluid passage
20 allowing the IPA gas passage to be in contact with the
cartridge heater 146 can be increased, and a spiral flow can
be formed to increase the flow velocity in comparison with
the case that no spiral flow is formed. As a result, it is
possible to increase the Reynold’s number (Re number) and
25 the Nusselt number (Nu number) to put the boundary layer
in a turbulent region, so that it is possible to improve the
efficiency of heat transfer of the heater 140. Therefore,
since it is possible to effectively heat the IPA gas to a
predetermined temperature, e.g., 200°C, by means of the
30 cartridge heater 146, it is possible to reduce the size of the
heater 140. Furthermore, in order to raise the heating
temperature, an outer tube heater may be provided outside

the introducing pipe 143.
In this case, it is possible to form a shock wave by
35 adjusting the pressure regulating valve 53, e.g., by suitably
selecting the primary pressure (Kgf/cm?®G) and the passing
flow rate of N, gas. For example, as shown in FIG. 6,




25 the Nusselt nunber (Nu nunber) to put the boundary | ayer in a
turbulent region, so that it is possible to inprove the efficiency of
heat transfer of the heater 140. Therefore, since it is possible to
effectively heat the IPA gas to a pr term ned tenperature, e.g.,
200[err]C, by neans of the 30 <cartridge heater 146, it is possible to
reduce the size of the heater 140. Furthernore, in order to raise the
heat i ng tenperature, an outer tube heater nay be provided outside
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el bow, and thejptdrvals in circumferential directions, it is possible to
uniformly supply IPA in comparison with the case that the
IPA supply port 54 is provided at a single place, so that it is

20 possible to more effectively produce IPA vapor.

Alternatively, as shown in FIG. 7(b), the portion of the
convergent-divergent nozzle 50 on the side of the outlet port
50a may be bent in the shape of an elbow, and the tip
opening portion of the IPA supply pipe 31c passing through

25 the bent portion 50c may be provided at the central portion
of the convergent nozzle portion 5la to be open to the
divergent nozzle portion 51c. Thus, the IPA supply pipe 31c
may be provided in the convergent nozzle portion 5la to
supply IPA to the convergent nozzle portion 5la to mix the

30 carrier gas with the IPA, and thereafter, the shock wave may
be produced to make IPA misty to produce vapor by the
heating means 55, 56.

While the portion of the convergent-divergent nozzle
50 on the side of the inlet port 50a has been bent in the

35 shape of an elbow to allow the IPA supply pipe 31lc to pass
through the bent portion 50c, the convergent-divergent
nozzle 50 may be replaced with the IPA supply pipe 3lc.



opening portion of the |IPA supply pipe 31 c passing through 25 the bent \\j>f
portion 50c may be provided at the central portion of the convergent
nozzl e portion 5la to be open to the di vergent nozzl e portion 51c.

Thus, the | PA supply pipe 31lc may be ovided in the convergent nozzle
portion 5la to supply IPA to the convergent nozzle portion 5la to m X
the 30 carrier gas with the IPA and thereafter, the shock wave nmay be
produced to make | PA misty to produce vapor by the heati ng nmeans 55,
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FIG 7(d), algh o atgeon
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reference nunbers are use ortions, an |dt i ons
t hereof are onf t{%d‘equlreg 6 bltogi: sth@wﬁ’qtﬁl ®PSNIRGeot (the dhroughneans
36 hole 50a by means of a blocking plug 58b. Furthermore, in

FIG.s 7(a) through 7(d), since other portions are the same as
the corresponding portions in the above preferred
20 embodiments, the same reference numbers are used for the
same portions, and the descriptions thereof are omitted.
As shown in FIG. 3, the flow control means 36
comprises: an opening-angle adjusting valve, e.g., a
diaphragm valve 60, provided in the supply line 31d; a
25 control part, e.g., a CPU (central processinging unit) 62, for
comparing a signal outputted from a pressure sensor 61
serving as a detecting means for detecting the pressure in
the processing chamber 35, with a previously stored
information; and a control valve, e.g., a micro valve 63, for
30 controlling the working pressure of the diaphragm 60 on the
basis of a signal outputted from the CPU 62.
As shown in FIG. 8, the processing chamber 35
stores or contains a cleaning solution, such as a chemical of,
e.g., hydroacid fluoride, and pure water, and the processing
35 chamber 35 is arranged above a cleaning bath 70 for
immersing the wafers W in the stored cleaning solution. A
lid 71 is provided so as to open and close an opening 70a,



conprises: an opening-angle adjusting valve, e.g., a di aphragm val ve
60, provided in the supply line 31d; a 25 control part, e.g., a CPU
(central processinging unit) 62, for conparing a signal outputted from
a pressure sensor 61 serving as a detggeting neans for detecting the
pressure in the processing chanber 35, with a previously stored

I nformation; and a control valve, e.g., a mcro valve 63, for 30
controlling the working pressure of the dlaphragn160 on the ba5|s of a
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or pure water Stbithe lqwcn@orrtm Qfaﬂhe iBney be.th 75€It@aﬂéﬁ innerabéith on, a
di scharge pspe 78R Becotyreed ¢H vﬁaﬁ*@qupﬁh&néﬁge&rﬁw@@ on
t he bottom of ttfle out ef bath 76 W t ont.i r%ﬁ&g 3@41 aned
wafers Ware 26DGHERL 08 P e MRIETs ST ttRe Bfaf er
boat 72 to be ictkeanetlact Imwidddition) Esdmsh&rgmlplp@ 761 e connected to
the discharge port 76a provided on the bottom of the outer
bath 76. With this configuration, the cleaned wafers W are
20 moved to the processing chamber 35 by means of the wafer
boat 72 to be in contact with the IPS gas supplied to the
processing chamber, so that the IPA vapor is condensed or
absorbed to remove the moisture of the wafers W to dry the
wafers W.
25 A filter 80 is provided in the supply line 31d
downstream (secondary side) of the diaphragm valve 60 so
as to be capable of supplying a dry gas having a small
amount of particles. An insulation heater 81 is provided
outside the supply line 31d so as to be capable of
30 maintaining the temperature of the IPA gas.

An IPA gas temperature sensor 90 (a temperature
detecting means) is provided in the supply line 31d on the
side of the processing chamber 35 so as to measure the
temperature of the IPA gas flowing through the supply line

35 31d.

The operation of the preferred embodiment of a
drying processing unit according to the present invention



processi ng chanber, so that the | PA vapor is condensed or absorbed to

renove the noisture of the wafers Wto dry the wafers W 25 A
filter 80 is provided in the supply line 31 d downst ream (secondary
side) of the diaphragmvalve 60 so 0 be capable of supplying a dry
gas having a snall anount of partlcle% An insulation heater 81 is
provi ded outside the supply Iine 31d so as to be capable of 30

mai ntai ni ng the tenperature of the |IPA gas. ‘ An | PA gas
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the pressure in the processing chamber 35 may be lower

than atmospheric pressure. The CPU 62 compares a signal

outputted from the pressure sensor 61 for detecting the

pressure in the processing chamber 35 with the previously

20 stored information to output a signal to the micro valve 63.

- Then, the diaphragm valve 60 is operated by the control fluid,

e.g., air, delayed and controlled by the micro valve 63 to

supply a small amount of N, gas to the processing chamber

35 in accordance with the pressure in the processing

25 chamber 35, so that the atmosphere in the processing

chamber 35 is gradually changed from a state below

atmospheric pressure to an atmospheric pressure state.

Therefore, after the drying processing, the atmosphere in the

processing chamber 35 is not rapidly changed from the state

30 Dbelow atmospheric pressure to the atmospheric pressure

state, so that it is possible to prevent particles from being
raised and adhered to the wafers W.

Thus, after the pressure in the processing chamber

35 is replaced with atmospheric pressure, the lid 71 is open.

35 Then, the wafers W are delivered between the transport arm

(not shown), which has moved to a position above the

processing chamber, and the wafer boat 72, which has



Then, the diaphragmvalve 60 is operated by the control fluid, e.g.

air, delayed and controlled by the mcro valve 63 to supply a smal
anount of N err] gas to the processi ng chanber 35 in accordance with
the pressure in the processi ng 25 chanber ﬁ so that the atnosphere in the
processi ng chanber 35 is gradually ch% ged froma state bel ow
atmospheric pressure to an atnospheric pressure state. Therefore, after
the drying processing, the atnDsphere in the proce53|ng chanber 35 is
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P\P/Eﬁ(ag?ﬁ ) mayd‘g{e useg as aiﬁ(%l)m%ddF)tZ %:Ogéé{ééglgér at eéé @ga t(feﬁr%eghoxy thin
filmof a desisdanm{eHQL,H bh))a R ¢rimethyhpbasphmate (PO(OCH,),)),

TMB (trimethyl borate (B(OCH,);)) or PZT (zirconium titanate

(PbTiO;)) may be used as a liquid to be evaporated, to form a

thin film of a desired material. In addition, the invention

20 may be applied to glass substrates for LCDs other than

semiconductor wafers.

While the present invention has been disclosed in
terms of the preferred embodiment in order to facilitate
better understanding thereof, it should be appreciated that

25 the invention can be embodied in various ways without
departing from the principle of the invention. Therefore,
the invention should be understood to include all possible
embodiments and modification to the shown embodiments
which can be embodied without departing from the principle

30 of the invention as set forth in the appended claims.
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of heating thePTRdugel agheckywave; amgl neans. 3. A vapor generating

apparatus compri si ndmaking sAd°RAYEAGRASHA N LEAMINICALA EnBAY,YF fife! N €t

port and an outl et port og a gas ‘for a vapor nedi um- sai
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3. A vapor generating apparatus comprising:

a convergent-divergent nozzle having an inlet port
and an outlet port for a gas for a vapor medium, said
convergent-divergent nozzle comprising a convergent nozzle
portion, which is formed so as to be tapered and narrowed
from said inlet port toward said outlet port, and a divergent
nozzle portion, which is formed so as to be expanded from
said convergent nozzle portion toward said outlet port; and

a supply port for a liquid to be evaporated, said
supply port being open to said divergent nozzle portion of
said convergent-divergent nozzle.

4, A vapor generating apparatus as set forth in claim 3,
which further comprises heating means for heating said
liquid to be evaporated, said heating means being provided
near or downstream of said divergent nozzle portion and said
supply port for the liquid to be evaporated.

5. A vapor generating apparatus as set forth in claim 3,
which further comprises:

a branch line for connecting said inlet port side for
said gas to said outlet port side for said gas; and

pressure regulating means, provided in said branch



4. A vapor generati ng dppal atts—as set forth in claim3, which further

conpri ses heati ng g said liquid to be evaporated, said

heati ng nmeans bei ml H ﬁor downst ream of said divergent nozzle
pty l.pOI‘n

portion and said s#p he 1iqugd . to be evaporated. 5. A
vapor generating apparatus as set forth in claim3, which further

conpri ses: a branch line for connecting said inlet port side for said
gas to said outlet port side for said gas; and pressure regul ating

means, provi degpiel 82 é’i‘ﬁig essure relationship between said irflgt
line, for regulating r@ m sur atsl' onsﬁe llaetweeg sati‘d ?n | et port side

and said outlePoﬁBlsﬂ §|%‘é said OUt tyBP5t S¥eGerati ng apparatus as set forth
in claim4, wherein said heating neans has a heati ng body, vvhi ch has at

| east two staggs of gﬁatln ovver tnthef 0 dlretC| ai. d .
A vapor generafing a GHEL3 mfg)f"ﬂparr Iai%%e M’e QPEF eatl ng
power of said Wimdriein sait IwWQgsrﬂefams deas & t‘meatmngdleody, iwmhidle hiaswi ng
direction of s r S t thin
claim 4, Mereﬁf T35 s stageR I BeR LB Beb R tr PRE MR g 8IS i
of whi ch has a@ sazdtgasw stages of heating power in the flow ng direction

of said gas. . A vapor generating apparatus as set forth in claimS8,

wherein said ati ng power of each of said Iura Ib-(hr at i n bodi_es
changes from dénse té* NeRcgeRETAtINGaP ?Tr 13 & ﬁ%’a@

A vapor generawmeanpeaaduheasnﬁget éwethof rsazkiahea&mghbbelyn cleafiges
plurality of heath "8R8 & ndtd rf)s%b ¢ 1Rl flowing direction of said gas.

8. A vapor generating apparatus as set forth in claim 4,
wherein said heating means has a plurality of heating bodies,
each of which has at least two stages of heating power in the
flowing direction of said gas.

0. A vapor generating apparatus as set forth in claim 8,
wherein said heating power of each of said plurality of
heating bodies changes from dense to non-dense in the
flowing direction of said gas.

10. A vapor generating apparatus as set forth in claim 8,
wherein said plurality of heating bodies are capable of
controlling the heating power thereof independently of each
other.

11. A vapor generating apparatus as set forth in claim 3,
wherein said supply port for said liquid to be evaporated is
open to said divergent nozzle portion in said divergent nozzle
portion.

12. A vapor generating apparatus as set forth in claim 3,
wherein said supply port for said liquid to be evaporated is
open to said divergent nozzle portion upstream of said
divergent nozzle portion.



controlling the heating power thereof independently of each other. 11. A

vapor generating apparatus as set forth in claim3, wherein said supply

port for said liq ted is open to said divergent nozzle
portion in said d“lﬂl%l“mﬂﬁmmﬁortl on. A vapor generating
apparatus as set ferth itn ¢l asm8, wherein sald supply port for said liquid
to be evaporated is open to said divergent nozzle portion upstreamof said
di vergent nozzle portion. 24 13.

A vapor generating apparatus as set forth in cIa|n13 whi ch further
conprises cooling nmeans provided in a supgly line for said liquid to be
evaporated, said supply |ine being connecZ&d to said supply port for said
liquid to be evaporat ed.

13. A vapor generating apparatus as set forth in claim 3,
which further comprises cooling means provided in a supply
line for said liquid to be evaporated, said supply line being
connected to said supply port for said liquid to be
evaporated.



