DRYI NG PROCESSI NG METHOD AND APPARATUS USI NG SAME BACK Q ﬁ THE

| NVENTION 5 Field of The Invention The present invention relates generally
to a drying processing nethod and an apparatus using the drM‘mp processi ng
met hod. More specifically, the inventionrelates to a drying processing
met hod for drying an object to be 10 treated, such as a sem conductor

waf er and a gl ass substrate for a LCD, by allowing the object to be in

contact with a dry gas, D u Hj&g y processi ng
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gas, to a dr&%t@@%&é@ﬁﬂﬁ”ﬂf and a heater for

15 In a typical manufacturing processing in a
semiconductor equipment, there has been widely used a
cleaning processing method for sequentially immersing an
object to be treated (hereinafter referred to as a “wafer”),
such as a semiconductor wafer and a glass substrate for a

20 LCD, in a treatment solution, such as a chemaical and a rinse

solution (a cleaning solution), which is stored in a processing

bath. Such a cleaning processing apparatus has a drying

processing apparatus for allowing a dry gas, which is of a

vapor of a volatile solvent, such as IPA (isopropyl alcohol), to

be in contact with the surface of the cleaned wafer to cause
the dry gas to be condensed or adsorbed to remove the
moisture of the wafer and dry the wafer (see Japanese Patent

Laid-Open No. 8-45893).

As described in Japanese Patent Laid-Open No. 8-

30 45893, a conventional drying processing apparatus of this
type comprises: a carrier gas supply part for supplying a
carrier gas, e.g., nitrogen {N,) gas; a vapor generator, which
has multistage evaporating dishes for receiving a dry gas,
e.g., IPA (isopropyl alcohol), and a heater; a main supply

35 passage having a shut-off valve provided therein for
supplying a vapor generated by the vapor generator, i.e., a
dry gas, to a drying processing chamber; and a heater for

o
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heating the main supply passage. According to the conventional drying
processi ng apparatus with this construction, N err] gas is supplied from
the N2 gas source to the vapor generator to be mxed with the 5 | PA gas
vapori zed by the vapor generator to be supplied to the processing chanber
via the main supply passage, so that the wafer housed in the processing
chanber contacts t he IPA gas to renove the noisture of the wafer and dry

t he waf er. wever, in this type of conventional drying
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of the whole systemirs reover I'ng procazsr ng .1 ncl udes
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ci r cunst ah?es limited to lower the evaporatlve power. Therefore there is a

problem in that it takes too much time until the supply of
the IPA to the vapor generator is stopped after the IPA is
supplied to the vapor generator, i.e., until the generation of
the IPA gas is stopped after the IPA gas is generated.

20 In addition, since the vapor generator has the
multistage evaporating dishes, there is a problem in that the
size of the whole system is large.

Moreover, when the drying processing includes a step
of reducing the pressure in the processing chamber to a

25 pressure lower than atmospheric pressure, it is required to
prevent the atmosphere in the processing chamber from
excessively changing when the state in the processing
chamber at a pressure lower than atmospheric pressure
returns to the atmospheric pressure state. Because

30 particles caused by the excessive variation in the processing
chamber must be prevented from being raised and so forth.
Therefore, a very small amount of N, gas must be supplied to
the processing chamber, so that there are problems in that it
takes a lot of time and the treating capacity is lowered.

35 However, there is no concrete means for solving these
problems in the present circumstances.



3 SUMVARY OF THE INVENTION It is therefore an object of the present

I nvention to elimnate the aforenenti oned problens and to provide a drying
processi ng nmet hod, which can inprove the efficiency 5 of heat transfer of a
heating means for heating a carrier gas and which can increase the anpunt

of produced dry gas and decrease the vapor generating time, the drying
processing nmethod bei ng capable of preventing the turbul ence of atnpsphere
in a processing chanber af o is conpleted. In
order to acconplish the af#& ets, according to one
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method comprising the steps of: heating a carrler gas;
making a liquid for said dry gas misty by using the heated
carrier gas, and by heating the misty liquid to produce said
dry gas; and supplying the dry gas to the processing

20 chamber while controlling the flow rate of the dry gas.

According to another aspect of the present invention,
there i1s provided a drying processing apparatus for
supplying a dry gas to a processing chamber, which houses
therein an object to be treated, to dry the object to be treated,

25 the apparatus comprising: carrier gas heating means for
heating a carrier gas; and vapor generator means for making
a liquid for said dry gas misty by using the carrier gas heated
by the heating means and for heating the misty liquid to
produce said dry gas.

30 The drying processing apparatus may further
comprise flow control means for supplying the dry gas to the
processing chamber at a predetermined rate.

The carrier gas heating means may comprise: an
introducing pipe, which communicates with a carrier gas

35 supply line; a fluid passage forming pipe, which is inserted
into the introducing pipe to form a spiral fluid passage
between an inner wall surface of the introducing pipe and



4 the fluid passage form ng pipe; and heating neans, which is inserted into
at least the fluid passage form ng pipe. Alternatively, the carrier gas
heati ng means conprise: an introducing pipe, which conmunicates with a 5
carrier gas supply line; a coil nenber, which is inserted into the
introducing pipe to forma spiral fluid passage between an inner wall
surface of the introducing pipe and the coil nenber; and heating neans,
which is |nserteqﬁﬂy§o at lea t the coil me The v

er. 10 apor
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a carrier gas supply line; a supply port for supplying the

Iiquid for the dry gas to a location near the shock wave

forming part; and heating means provided inside and/or

outside the tubular body near or downstream of the shock
20 wave forming part and the supply port.

Preferably, the flow control means comprises: an
opening-angle adjusting valve provided in a supply line; a
control part for comparing a signal outputted from detecting
means for detecting a pressure in the processing chamber,

25 with a previously stored information; and a control valve for
controlling a working pressure of the opening-angle
adjusting valve on the basis of a signal outputted from the
control part.

Preferably, the drying processing apparatus further

30 comprises temperature detecting means for detecting a
temperature of the dry gas, the temperature detecting means
being provided in a supply line for the dry gas. In this case,
the temperature detecting means preferably comprises a
thermocouple, which is fixed to a metal seal member by

35 welding, the metal seal member being provided between a
receiving nut fixed to a tubular body forming the supply line
and a mounting nut engaged with the recewving nut.



and a nmounting nut engaged with the receiving nut. 5 According to the
present invention, the carrier gas supplied fromthe carrier gas source is
heated to be supplied to the vapor generator neans. In the vapor generator
means, the liquid for the dry gas, whichsis supplied to the 5 vapor
generator neans, can be nmade m sty by using the carrier gas to be heated by
the heating nmeans to produce the dry gas. Then, the produced dry gas is
supplied to the processing chanber, so that the obj ecti]to be .treat ed,
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15 processmg chamber to a pressure lower than atmospheric
pressure, it is possible to inhibit the atmosphere in the
processing chamber from rapidly changing from a reduced
pressure to atmospheric pressure, and it is possible to
prevent particles from being raised and adhered to objects to
20 Dbe treated.
When the carrier gas heating means comprises: an
introducing pipe communicating with a carrier gas supply
line; a fluid passage forming pipe, which is inserted into the
introducing pipe to form a spiral fluid passage between the
25 inner wall surface of the introducing pipe and the fluid
passage forming pipe; and heating means inserted into the
fluid passage forming pipe, or when a coil member is
substituted for the fluid passage forming pipe to form the
spiral fluid passage, it is possible to increase the contact
30 area of the carrier gas to the heating means and the contact
residence time. In addition, it 1s possible to improve the
efficiency of heat transfer of the carrier gas heating means,
and it is possible to supply a carrier gas of a predetermined
temperature to the vapor generator means. Therefore, it is
35 possible to decrease the size of the carrier gas heating means,
and it 1s possible to improve the efficiency of generation of
the dry gas.



35 possible to decrease the size of the carrier gas heating neans, and it
I's possible to inprove the efficiency of generation of the dry gas. 6
When the vapor generator means generally conprises: a shock wave form ng
part, which is forned in a tubular body gommunicating with a carrier gas
supply line; a supply port for supplying a liquid for a dry gas to a

| ocation 5 near the shock wave form ng part; and heating neans provi ded
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det ect i ngtdreaHsCRBS for de%ectmg a pressure in theé processing chamber,

with a previously stored information; and a control valve for

controlling a working pressure of the opening-angle

adjusting valve on the basis of a signal outputted from the

control part, it is possible to control the opening-angle

20 adjusting valve in accordance with the variation in pressure

in the processing chamber. In addition, even if the drying

processing includes a step of reducing the pressure in the

processing chamber to a pressure lower than atmospheric

pressure, the atmospheric pressure in the processing

25 chamber can be smoothly changed from a reduced pressure

to atmospheric pressure after the drying is completed.

Therefore, it is possible to prevent particles from being

raised when the atmosphere in the processing chamber is

changed from the reduced pressure to atmospheric pressure,

30 and it is possible to prevent particles from being adhered to

the objects to be treated.

In addition, when temperature detecting means for
detecting the temperature of the dry gas is provided in the
supply line for the dry gas, it is possible to maintain the

35 optimum state of the temperature of the dry gas. In this
case, when the temperature detecting means comprises a
thermocouple, which 1s fixed to a metal seal member by



detecting the tenperature of the dry gas is provided in the supply line for
the dry gas, it is possible to maintain the 35 optinmumstate of the
tenperature of the dry gas. In this case, when the tenperature detecting
means conprises a thernocouple, which is-fixed to a netal seal nenber by

7 wel ding, the netal seal nenber being provided between a receiving nut
fixed to a tubular body formng the supply line and a nounti ng nut engaged

with the receiving nut, it is possible tq accurately neasyre the
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cl eani ng processing s%stem to ich*the preferre i ment of a drying
processi ng apparatus according to the present 20 invention is applied;
FIG 2 is a schemati c BRIEFVDRESORIFE (GNe@F TH Br DFEAW INGSyst em of FI G
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15 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
drying processing apparatus according to the present

20 invention is applied;

FIG. 2 is a schematic side view of the cleaning
processing system of FIG. 1;

FIG. 3 1s a schematic block diagram of the preferred
embodiment of a drying processing apparatus according to

25 the present invention;

FIG. 4(a) is a sectional view of the preferred
embodiment of a carrier gas heater according to the present
invention, and FIG. 4(b) 1s a local sectional view of a
principal part of the carrier gas heater of FIG. 4(a);

30 FIG. 5 is a partially enlarged sectional view of another
preferred embodiment of a carrier gas heater according to
the present invention;

FIG. 6 is a sectional view of an embodiment of a vapor
generator according to the present invention;

35 FIG. 7 is a graph showing the relationship between a
primary pressure and the flow rate of a drying gas in a vapor
generator,



the present invention; FIG 6 is a sectional view of an enbodi nent of a
vapor generator according to the present invention; 35 FIG 7 is a
graph showi ng the relationship between a primary pressure and the flowrate
of a drying gas in a vapor generator; g8 FIG 8 is a schematic block
di agram of an enbodi ment of a flow control neans according to the present
invention; FIG 9 is a sectional view of an enbodiment of a 5 control valve
of the flow control neans of FIG 8; FIG 10 is_a schematic sectjonal view
of an enbodi ment of BlGr oc@sgdngachasbBematicor Bilogkt odiagrames&it an
invention; Fl embbditnéntefid 88} c¥hersl hldis %\fdc'@ﬁ‘dtiﬂg tPHRE gﬂ%_sjé}lﬁt ate
of a tenperature detecting neans according to the present invention; FIG
12 is a schem¥@VENBIYRk di agram of another preferred enbodi ment of a drying
EE?C)es_si ng appar at usFE@GCO@diswgatsehdtlﬂ@naﬂ?si@w dnﬁ\amteﬁnbodh?lekfth of a ]Ifl G
a) is sectiqn Vi, ew n r o preferr e ng.of a heater of a
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| ocal sectional viewHs.a I0insi pal sehenuitic hesdutaonal of viemG. df3(an 20
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pr ef erredﬂémﬁ AHen? (?? f@%%?ﬁ%hggo@égégﬁélgggﬁ%%gﬁ 15‘:2‘51(%30% g?ltehe
present invenireseins @p@niEdn;and FIG 2 is a schematic 30 side view of the
cleaning processing gyst efholsFl G dematic block diagram of another
preferred embodiment of a drying processing apparatus
according to the present invention; and
15 FIG. 13(a) is a sectional view of another preferred
embodiment of a heater of a vapor generator according to the
present invention, and FIG. 13(b) is a local sectional view of
a principal part of the heater of FIG. 13(a).

20 DE IPTION OF THE PREFERRED EMBODIMENTS

Referring now to the accompanying drawings, the
preferred embodiments of the present invention will be
described in detail below. The shown embodiments are
applied to a cleaning processing system for semiconductor

25 walfers.

FIG. 1 is a schematic plan view of an embodiment of a
cleaning processing system, to which the preferred
embodiment of a drying processing apparatus according to
the present invention is applied, and FIG. 2 is a schematic

30 side view of the cleaning processing system of FIG. 1.

The cleaning processing system generally comprises:
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

35 to “wafers”), which are objects to be treated; a treatment
section 3 for treating the wafers W with a solution, such as a
chemical and a cleaning solution, and for drying the wafers



The cl eaning processing systemgenerally conprises: a transport section 2
for performng the carrying in and out of a container, e.g., carrier 1,

whi ch houses therein sem conductor wafers W(which will be hereinafter
referred 35 to "wafers"), which are objegts to be treated; a treatnent
section 3 for treating the wafers Wwith a solution, such as a chem cal and
a cleaning solution, and for drying the wafers 9 W and an |nterface

section 4, arranged petween th transport section 2 an e treat
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port 6b is pr pwrae’ij and eachischargmg mactdaci 1qiararespaawd¢ré sidechar gi ng
part 6 is pro%ic@@%ﬂ{"b&{b &i ro'f't?{ Elddr®in 6c6§§$ﬁ%%§/f téh@”sl@@tré FRans)

by which the c tnéaans é he | tr%ﬁ’ bng parts
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into a first thenhetmdiuarkng.cpmrttEat rmudntheduhsmbapgmgSpami é»bsasond
chanber 4b adj oth char gi f ha houses
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hori zontal _directions rect] ons verti cal etg.t i ons
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discharging parts and by which an empty carrier 1 can be

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).
20 The interface section 4 is divided by a partition wall
4c into a first chamber 4a adjacent to the introducing part 5
and a second chamber 4b adjacent to the discharging part 6.
The first chamber 4a houses therein: a wafer unloading arm
10 (a substrate unloading means) for unloading a plurality of
25 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, Y directions) and vertical directions
(Z directions) and rotatable (in 6 directions); a notch aligner
11 (a position detecting means) for detecting a notch formed
30 in each of the wafers W; a space adjusting means 12 for
adjusting the space between the adjacent wafers W
unloaded by the wafer unloading arm 10; and a first attitude
changing unit 13 (an attitude changing means) for changing
the attitude of the wafer W from the horizontal state to the
35 wvertical state.
The second chamber 4b houses therein: a wafer
delivering arm 14 (a substrate transporting means) for



11 (a position detecting neans) for detecting a notch formed 30 in each of
the wafers W a space adjusting neans 12 for adjusting the space between

t he adj acent wafers Wunl oaded by the wafer unloading arm 10; and a first
attitude changing unit 13 (an attitude ch@nging nmeans) for changing the
attitude of the wafer Wfromthe horizontal state to the 35 vertical
state. The second chanber 4b houses therein: a wafer delivering arm 14 (a

substrate transporting nmeans)_for 10 receiving_a plurality of treated
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unit 16 f rﬁ\é\n@artmcl%]él BRIy aRRET €8Nt hni HhELSHP t8€dher ed
to the wafersdi¢chas mgcparteél; et wafet 188 dingf earny elrﬁ)blemggrm(wable
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treatment _uni{ the dryi ng” processi ng appar at.us f\l
cl eani ng it intergps thereotf is replaced with an inert gas e.g., N, gas

supplied from a nitrogen (N,) gas source (not shown).

The treatment section 3 includes: a first treatment
unit 16 for removing particles and organic contamination,
which are adhered to the wafers W; a second treatment unit

20 17 for removing metal contamination adhered to the wafers
W; a drying processing apparatus 18 of the present
invention, which is a cleaning/drying processing unit 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 treatment unit 17, the drying
processing apparatus 18 and the chuck cleaning unit 19 are
aligned with each other. In the treatment section 3, a wafer
transport arm 21 (a transport means), which is movable in X
and Y directions (horizontal directions) and in Z directions
30 (vertical directions) and rotatable (6 ), is provided on a
transport channel 20 facing the respective units 16 through
19.

b
o

As shown in FIG. 3, the drying processing apparatus

18 comprises: a N, gas heater 32 (which will be hereinafter

35 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 31la; a vapor generator 34



aligned with each other. In the treatnment section 3, a wafer transport arm
21 (a transport neans), which is novable in X and Y directions (horizontal
directions) and in Z directions 30 (vertical directions) and rotatable (
[err] ), is provided on a transport channgl 20 facing the respective units
16 through 19. As shown in FIG 3, the drying processing apparatus 18
conprlses a Nerr] gas heater 32 (which w | be herelnafter 35 referred to
as a "heater" ) serving as a N err] gas. heating onnect ed to a carrier
TVing e 4
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connected to the vapor generator 40, and a drain Valve 41 is
provided in the drain pipe 40, to which a branch line 40a
having a check valve 42 is connected. Such connections of
the drain pipe 40, the drain valve 41 and so forth are
20 convenient to discharge the cleaning solution and so forth
when cleaning the interior of the vapor generator 34.

As shown in FIG. 4(a), the heater 32 generally
comprises: an introducing pipe 43 communicating with the
N, gas supply line 31a; a fluid passage forming pipe 45,
which is inserted into the introducing pipe 43 and which
forms a spiral fluid passage 44 between the inner wall
surface of the introducing pipe 43 and the fluid passage
forming pipe 45; and a heating means, e.g., a cartridge
heater 46, which is inserted into the fluid passage forming
30 pipe 45.

In this case, one end of the introducing pipe 43 has

an inlet port 43a connected to the supply line 31a, and a
side of the other end thereof is provided with an outlet port

43b connected to the supply line 31b. As shown in FIG.

35 4(b), a spiral groove 47, such as a trapezoidal screw thread,
is formed in the outer periphery of the fluid passage forming
pipe 45. The spiral fluid passage 44 is formed by the spiral

o
(@]



forns a spiral fluid passage 44 between the inner wall surface of the

I ntroduci ng pipe 43 and the fluid passage form ng pi pe 45; and a heating
neans, e.g., a cartridge heater 46, which is inserted into the fluid
passage formng 30 pipe 45. In this casg2 one end of the introducing pipe
43 has an inlet port 43a connected to the supply line 31a, and a side of
the other end thereof is prOV|ded mnth an outlet port 43b connected to the

ly | 31 4 h
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addi tion A ? f 44 has
been forrre b;/ﬁi teh h’lgéng)gs go}ﬁg‘irﬁéf ?)I uﬁdéjpasggge f o ng
pi pe 45 msertSiuraihtchId@aSﬂargﬁ;luthgt bepmax, aHeeatsn for haataingatdmge 44

be f d t d | oi
Spring 4on ) oile o Eﬁ%’hﬁiﬁﬁéﬁiﬁﬁé“ﬁ’&f’%. 3D ey B rrovieel @ g0,
is, the coil apg meana wagdddtion setthe cartidgs heatendd@ ng pi pe 43
and the cartr| dge heWﬁﬂe% P&l ﬂ'&ﬁﬁr}?ﬁgsa é%4*1@a§%éer§ﬁbfﬁgedf%

;Egttagec %Lu{ gﬁass%g Ty q%y and t ulgypas%algrét or%grllng P &° 43
45 mserted into the 1ntrodu01ng pipe 43, the spiral fluid
passage 44 may be formed by the introducing pipe 43 and a
coll member, e.g.,, a coil spring 45A, inserted into the
introducing pipe 43 as shown in FIG. 5. That is, the coil

20  spring 45A may be inserted into the introducing pipe 43 and
the cartridge heater 46 may be inserted into the coil spring
45A, so that the spiral fluid passage 44 may be formed by
the introducing pipe 43 and the coil spring 45A provided
between the introducing pipe 43 and the cartridge heater 46.

25 As described above, if the spiral fluid passage 44 is
formed between the introducing pipe 43 connected to the
supply line 31a on the side of the N, gas source 30 and the
fluid passage forming pipe 45 or the coil spring 45A, which
are inserted into the introducing pipe 43, the length of the

30  fluid passage allowing the N, gas passage to be in contact
with the cartridge heater 45 can be increased, and a spiral
flow can be formed so as 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 Reynolds number (Re

35 number) and 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 32.



bet ween the introducing pipe 43 and the cartridge heater 46. 25 As
descri bed above, if the spiral fluid passage 44 is fornmed between the

i nt roduci ng pipe 43 connected to the supply line 31la on the side of the

N err] gas source 30 and the fluid passagg form ng pipe 45 or the coi
spring 45A, which are inserted into the introducing pipe 43, the | ength of
the 30 fluid passage allowing the N2 gas passage to be in contact with the
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shock wave forming part 51 forms a shock wave by the
pressure difference between the inlet-side pressure (primary
pressure) of the shock wave forming part 51 and the outlet-
side pressure (secondary pressure) thereof.

20 For example, the shock wave can be formed by
suitably selecting the primary pressure (kgf/cm®G) and the
passing flow rate of the N, gas (N1/min). For example, as
shown in FIG. 7, assuming that the inner diameter of the
narrowed part S1b is 1.4 (mm), 1.7 (mm), 2.0 {mm), if the

25 primary pressure requires, e.g., 2 (kgf/cm*G) in relation to
the secondary pressure, a shock wave is produced when the
passing flow rate of the N, gas is 40 (N1/min), 60 (N1/min),
80 (N1/min), respectively. In this case, if a pressure
regulating valve 53 is provided in a branch line 52, which

30 connects the primary and secondary sides of the shock wave
forming part 51, the conditions of occurrence of a shock
wave can be suitably set by regulating the pressure
regulating valve 53.

Furthermore, if the pressure or flow rate of N, gas can

35 be regulated in a predetermined high pressure range on the
primary side, it is possible to form a shock wave without the
need of the pressure regulating valve 53. That is, as shown



passing flowrate of the Nerr] gas (Nl/mn). For exanple, as shown in FIG
7, assuming that the inner dianeter of the narrowed part 51b is 1.4 (m),
1.7 (m), 2.0 (mm, if the 25 primary pressure requires, e.g., 2
(kgf/cnferr]GQ in relation to the secondasy pressure, a shock wave is
produced when the passing flowrate of the Nerr] gas is 40 (Nl/mn), 60
(N1/mn), 80 (Nl/mn), respectlvely In th|s case iIf a pressure
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part 51 thus f@rimdshajtid %@@pply port 54 is formed. The | PA source 33 is
comnectedyLo,_ e TPASUE o BRIL SAaLathe hEh SUBRLYGRL S, L Exe 1P
the shock wave forming part 51 thus formed, an IPA supply
port 54 is formed. The IPA source 33 1s connected to the
IPA supply port 54 via the IPA supply pipe, i.e., the supply
line 31c. In addition, an inner tube heater 55 is inserted

20  into the pipe body 50 on the outlet side of the expanded
tapered surface 51c, and an outer tube heater 56 is provided
outside the pipe body 50. In this case, a heater may be
provided near the shock wave forming part 51 and the IPA
supply port 54.

25 Furthermore, as shown in FIG. 12, the flow control
means supply line 31c may be provided with a flow control
means 37d, such as a pump. In this case, the flow rate of
IPA supplied from the IPA source 33 to the shock wave
forming part 51 by the flow control means 37d can be easily

30 controlled if necessary.

In addition, as shown in FIG.s 13(a) and 13(b), a
heater 140 having similar configuration to that of the heater
32 may be used in place of the inner tube heater 55 and the
outer tube heater 56.

35 As shown in FIG. 13(a), the heater 140 generally
comprises: an introducing pipe 143 communicating with the
shock wave forming part 51; a fluid passage forming pipe



20 into the pipe body 50 on the outlet side of the expanded tapered surface
51c, and an outer tube heater 56 is provided outside the pipe body 50. In
this case, a heater may be provided near the shock wave form ng part 51 and
the | PA supply port 54. 25 Furthefgore, as shown in FIG 12, the
flow control nmeans supply line 31c may be provided wwth a flow contro

means 37d, such as a punp. In this case, the flow rate of |PA supplied from
the | PA sourceﬁé? to the shock wav ,forniﬁg part 51 by the flow contro
means 37d can lfe>edhigh 3¢ énaerwd datpr thecusgpduciig iR ilsh3 asdshown
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15 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 structure. For example,

a spiral groove may be formed in the inner wall surface of the
introducing pipe 143, and the outer peripheral surface of the

20  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 surface of the introducing
pipe 143 and the outer peripheral surface of the fluid
passage forming pipe 145 to form the spiral fluid passage.

25 Furthermore, a heater for heating the outside of the
introducing pipe 143 may be provided as a heating means in
addition to the cartridge heater 146.

While the spiral fluid passage 144 has been formed
by the introducing pipe 143 and the fluid passage forming

30 pipe 145 inserted into the introducing pipe 143, the spiral
fluid passage 144 may be formed by the introducing pipe
143 and a coil member, e.g., a coil spring 45A, inserted into
the introducing pipe 143 as shown in FIG. 5. That is, the
coil spring 45A may be inserted into the introducing pipe

35 143 and the cartridge heater 146 may be inserted into the
coil spring 45A, so that the spiral fluid passage 144 may be
formed by the introducing pipe 143 and the coil spring 45A



a spiral groove may be fornmed in the inner wall surface of the introducing
pi pe 143, and the outer peripheral surface of the 20 fluid passage form ng
pi pe 145 nay be a flat surface to formthe spiral fluid passage.

Al ternatively, spiral grooves nmay be foryed in both of the inner wall
surface of the introducing pipe 143 and the outer peripheral surface of the
fluid passage formng pipe 145 to formthe spiral fluid passage. 25
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to a since it is possible to effectively heat the IPA gas to a
predetermined temperature, e.g., 200°C, by means of the
cartridge heater 146, it is possible to reduce the size of the
heater 140. Furthermore, in order to raise the heating
20 temperature, an outer tube heater may be provided outside
the introducing pipe 143.
With this configuration when the IPA supplied from
the IPA source 33 is supplied from the supply port 54 of the
shock wave forming part 51, the shock wave formed by the
shock wave forming part 51 makes the IPA misty, and then,
the misty IPA is heated by the heaters 55 and 56 to produce
IPA vapor. At this time, if the flow rate of N, gas is, e.g., 100
(N1/min), when the feed rate of IPA is 1 {cc/sec), 2 (cc/sec)
and 3 (cc/sec), the concentration of IPA is about 20 (%),
30 about 30 (%) and about 40 (%), respectively.

While the supply port 54 has been provided on the
secondary side of the shock wave forming part 51, ie.,
downstream of occurrence of the shock wave, it should not
always be limited to such a configuration. The supply port

35 54 may be provided on the primary side of the shock wave
forming part 51, i.e., upstream of occurrence of the shock
wave, so that the shock wave may make the IPA misty after

Q]
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predeterm ned tenperature, e.g., 200[err]C, by neans of the cartridge
heater 146, it is possible to reduce the size of the heater 140.
Furthernore, in order to raise the heating 20 tenperature, an outer tube
heater may be provided outside the introgtcing pipe 143. Wth this
configuration when the | PA supplied fromthe | PA source 33 is supplied from
the supply port 54 of the shock wave form ng part 51, the shock wave forned

by the 25 shogck ve formng part_ 5 es the IPA msty, and then, the
msty |PAis hB&tdd &3S ihdn éV?sﬂ'Béhgﬁg)PSG to produce |PA vapor. At this
time, if the flow rapg gHolN2 4aFIE.s 8 -dhd &0thd Nbywicontrohenehlss Beed rate
of IPAis 1 (cc/seczé 2 (cc/sec) and 3 ( c/sea}\,(1 he congentration of |PA
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make the IPA msty after . 17t N2 g 'S X | PA. As shown
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15 B4 communicates with a disCharge tluid passage ©05. ?\
chamber 68 for containing a control liquid, e.g., a thermal
expansible 01l 67, is formed on a surface facing the discharge
fluid passage 65 via a flexible member 66. A plurality of
resistance heaters 69 are provided on a surface facing the
20 flexible member 66 in the chamber 68. The flexible member
66 has an intermediate member 63b provided between an
upper member 63a and a lower member 63c, and a seat 63d
connected to the lower member 63c. The intermediate
member 63b opens and closes the discharge fluid passage
25 65 by the distortion of the flexible member 66. The micro
valve is made of silicon.

With this configuration, when a signal outputted
from the CPU 62 is digital-to-analog converted to be
transmitted to the resistance heater 69, the resistance

30 heater 69 is heated, and the control liquid, i.e., the o0il 67, is
expanded and contracted. Thus, the flexible member 66
moves toward the inlet to open the upper portion of the
discharge fluid passage 65, so that the control fluid pressure,
1.e., the gas pressure, can be adjusted. Therefore, the

35 diaphragm valve 60 is operated by the fluid, i.e., air, which is
delayed and controlled by the micro valve 63, and the
previously stored information is compared with the pressure



15 64 conmmunicates with a discharge fluid passage 65. A chanber 68 for
containing a control liquid, e.g., a thermal expansible oil 67, is fornmed
on a surface facing the discharge fluid passage 65 via a flexible nenber

66. A plurality of resistance heaters 69 gre provided on a surface facing
the 20 flexible nenber 66 in the chanber 68. The flexi ble nenber 66 has an
I nt ermedi ate nmenber 63b provi ded between an upper nenber 63a and a | ower
menber 63c, and seat 63d.connecte h ower nmber 6
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pure wat er, rocessin 'S arran%e a cl eangng bat h
70 for i mersthgreherwaberndithe clearing hnid &4hi igesel s psavidedoa [id 71

I's provided SHo?élﬁ rﬁ@ﬁ@l@n@ gC| Qsﬁfaaf@r%élt TR, 5% hM'dﬁ‘I%'aS Qrgedyabove
the processi ngfw e 50%W: erg\*/ %omr%o%résthvg wafers tnto‘c en the
processi ng are a
cleamng bath 70 and the processing chamber 35. In the
processing chamber 35, a cooling pipe 73 for cooling the IPA
gas supplied to the processing chamber 35 may be provided.
The cleaning bath 70 comprises an inner bath 75
20 having a bottom with a discharge port 74, and an outer bath
76 for receiving the cleaning solution overflowing the inner
bath 75. A chemical or pure water i1s supplied from a
chemical or pure water supply nozzle 77, which is provided
on the lower portion of the inner bath 75, to the inner bath
25 75 to be stored therein. The wafers W is immersed in the
chemical or pure water stored in the inner bath 75 to be
cleaned.
A discharge pipe 76b is connected to the discharge
port 76a provided on the bottom of the outer bath 76. With
30 this configuration, the cleaned wafers W are 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.
35 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



chanmber 35 and the cleaning bath 70, there is provided a hol di ng neans,
e.g., a wafer boat 72, for holding a plurality 15 of wafers W e.g., 50
wafers W to nove the wafers Winto the cleaning bath 70 and the processing
chanmber 35. In the processing chanber 35g a cooling pipe 73 for cooling the
| PA gas supplied to the processing chanber 35 may be provided. The cl eaning
bath 70 conprises an inner bath 75 20 having a bottomw th a di scharge
port 74, and an outer Eath 76, for receiving the _cleani sol ution
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15~ hole 31e formeg in the tubular body 31A, and a mounting
nut 93 of, e.g., stainless steel, which is engaged with the
receiving nut 92.
Sleeves 96 and 97 with flanges, through which the
thermocouple passes, are fitted into the receiving nut 92 and

20  the mounting nut 93, respectively. A holding cylinder 98
for fixing and holding the thermocouple 95 i1s fixed to the
sleeve 97 of the mounting nut 93. When the temperature
sensor 90 with this configuration is mounted on the supply
line 31d, the metal gasket 94 1s first fixed to the

25 thermocouple 95 by welding (e.g., tig welding). Then, the
tip side portion of the thermocouple 95 is inserted into the
through hole 91 of the receiving nut 92 and into the insert
hole 31e to be provided in the supply line 31d. Then, the
mounting nut 93 i1s engaged with the receiving nut 92.

30 Thus, the metal gasket 94 can be sandwiched between the
flange 96a of the sleeve 96 of the receiving nut 92 and the
flange 97a of the sleeve 97 of the mounting nut 93.
Therefore, since it is possible to decrease the dead space of
the mounting portion, the temperature of the IPA gas flowing

35 through the supply line 31d can be accurately measured by
the thermocouple 95. In addition, it i1s possible to prevent
the external leakage, and it is possible to improve the



supply line 31d, and fixed to a netal seal nenber, e.g., a netal gasket 94,

by wel ding. The netal gasket 94 is provided between a receiving nut 92 of,

e.g., stainless steel, which has a through hole 91 comuni cating with an

insert 15 hole 31le fornmed in the tubul ag body 31A, and a nounting nut 93

of, e.g., stainless steel, which is engaged with the recerving nut 92.

Sl eeves 96 and 97 with flanges, through which the thernDcoupIe passes, are
| Vi nut, 92 and 20 the no ut 93, .res tively.
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the vaf b W%v%{ erdeI JI‘tr]lus i ﬁg vapgr 1s condensed or absorbed to
remove the moisture of the wafers W and dry the wafers W.
When or immediately before the drying processing is

completed, the supply of the IPA 1s stopped. During drying,

the processing chamber 35 may be exhausted by the

20 exhaust pipe 76b or pressure-reduced if necessary, so that
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

25 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

30 chamber 35, so that the atmosphere in the processing
chamber 35 1s 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

35 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.



70 are cl eaned, the wafer boat 72 is noved upwards into the 10 processing
chanber 35. At this tine, the processing chanber 35 is closed by the lid
71. In this state, the dry gas, i.e., the IPA gas, which is generated in

t he vapor generator 34 by the N err] gas heated by the heater 32, is
supplied to the processing chanber 35, so that the | PA gas contacts the 15
wafers W Thus, the |IPA vapor is condensed or absorbed to renove the

noi sture of the wafers Wand dry the wafers W Wen or i medi ately before
the drying processing is conpleted, the upply of the IPA is stopped.
During drying, the processing chanber 35 may be exhausted by the 20
exhaust pipe 76b or pressure-reduced if necessary, so that the pressure in

t he processing cha be, | ower than at heric pr.essure. The CPU
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possible to pé&\fﬁl&én Qprtl cles from being rai sed and adhered to the wafers
W 21 Thus I the pressure in the processing chanber 35 is repl aced
with atnmdépheric prddile, thteabpue7pretemesh erml’ﬁmdlmamtﬁaf) ra
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moved upwar dshamge bfr%ms@m 1@3 whhehcleanirgepregessing system for
cleaning semiconductor wafers, it may be applied to other
processing systems than the cleaning processing system, or
15 to other substrates than the semiconductor wafers, e.g.,
glass substrates for LCDs.

While the drying method has been used the
replacement of water with IPA, the present invention may be
applied to a method and apparatus for drying an object to be

20 treated by supplying a dry gas, such as a drying apparatus
utilizing the Marangoni force.

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.



the wafers W noves fromthe position above the processing chanber 35 to
transport the wafers Wto the interface section 4. 10 Wi | e the above
preferred enbodi nents of a drying processing apparatus according to the

present invention have been applied to tohe cleap 1 system for
cl eani ng sem conductor wafers, it may be appli im\m“mmﬁmw‘msm ng
systens than the cleaning processing system or *15¢ tbo dthér Substrates
than the sem conduct or wafers ?.g gl ass substrates for LCDs. Wile the

drying met hodMRATLASCLAIMER [B6p| acenent of water with I PA the present
invention maylbe appl He¢ihg p%d&ts@@ﬁgmtﬁlé@fcﬁt Eﬁﬁ;ﬂyiﬂgﬁ agyaga@l@b¢0_t to
be 20 treated by supplyi nﬁ a r¥ g‘gh],[cs ch as a, dr lngaégp ararg.gs utilizing
t he Marangoni&f . ﬁﬁi&% fFROBF e h ¢S RNRESIH &) ORIEEE J9hEi n
terns of the meaftedr,ea!oermg/téli seEnt objedtdeto tbef acehidd) eshrt t siethod
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under st andi ng i appreciated that 25 the invention can
be enbodi ed &%%ﬁ%&%&@gﬁ %{Dgéﬁf departing fromthe principle of the

i nventi on. Ther ef or &eathngi avenriemgasoul d be understood to include all
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forth in the DPREPALRIGNET (g2, andrheatmigithevepisty: iguid to\prad nege

processi ng mesded df rgggpgln)d' ng a dry gas to a processing chanber, which

houses therein an o : ect. to be treated, to dr%iaai d object t r eat ed,

be
sai d method conpri s SHPRYENg §Bé‘5 IY Héasi ity aPIPEFSGHEE TRRIAYCE 1iquid
for said dry whdlevcenprbilingitie flosv reatest said idaty gas, and heating the
msty liquid to produce said dry gas; and supplying said dry gas to said
processi ng chanber while controlling the flow rate of said dry gas. 2. A
dryi ng proces2i ng agpamting poocessphgi apparatys for supplying a dry
gas to a processing chamber, which houses therein an object
to be treated, to dry said object to be treated, said apparatus
comprising:
carrier gas heating means for heating a carrier gas;
and
vapor generator means for making a liquid for said
dry gas misty by using said carrier gas heated by said
heating means and for heating the misty liquid to produce

said dry gas.

3. A drying processing apparatus as set forth in claim 2,
which further comprises flow control means for supplying
said dry gas to said processing chamber at a predetermined
rate.

4. A drying processing apparatus as set forth in claim 2,
wherein said carrier gas heating means comprises:

an introducing pipe, which communicates with a
carrier gas supply line;

a fluid passage forming pipe, which is inserted into
said introducing pipe to form a spiral fluid passage between
an immner wall surface of said introducing pipe and said fluid
passage forming pipe; and

heating means, which is inserted into at least said



gas to a processing chanber, which houses therein an object to be treated,
to dry said object to be treated, said apparatus conprising: carrier gas
heating means for heating a carrier gas; and vapor generator neans for

making a liquid for said dry gas mi sty by using i heat ed by
said heating neans and for heating the msty IiHﬂﬂrl mimﬂ}ig#ﬁgal d dry
AR i whi ch

gas. 3. A drying processing apparatus as set ,

further conprises flow confrol .neans for supplying said dry gas to said
processi ng chiMigr PASSALS KISREEEE rate. 4. A drying processing
apparatus as set forth in claim2, wherein said carrier gas heating nmeans

conprises: an  ntroducjng pipe, whi.ch conmunicates w.t carrjer S
supply line; Rflui d&ﬁ%ﬂ?ﬁ@f%??ﬁ%&)?E&arm%aﬁssqtn‘ké])éipé@ F 1611£i d

i ntroduci ng piydeeteirf samd capienabakl hedtpas sagansetoaepriaesi nner wal |
surface of gsgid i nt r,gﬁui:' &m}l 8 nﬂ. ig]?gll. 'gd 529 i{:gf L ng..pj,pg; and
heating nmeans, which Ts™inse a®n 1 sai urd” passage
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i nserted i nt oP3REJLY HOrHALRi SRl pE UG PESsAgEs pEtYieen AR BHI'hg¥abet ween

an inner wall sgi#fhae@fodaRhidticvieoeipiperand sat sviiineniberngad and
heati ng nmeans, whi Cgbl s,.nserted i nt_g)rl.ahl . east s%g coj | ragegéoer. 6.. A
drying processing appeRtifigs MEARS YVEHER 1% IDSATEeS e A 1F3st Faidpor
gener at or neagsilcongmiless: a shock wave forming part, which is forned in a
t ubul ar body communicating with a carrier gas supply line;
6. A drying processing apparatus as set forth in claim 2,
wherein said vapor generator means comprises:
a shock wave forming part, which is formed in a
tubular body communicating with a carrier gas supply line;
a supply port for supplying said liquid for the dry gas
to a location near said shock wave forming part; and
heating means provided inside and/or outside said
tubular body near or downstream of said shock wave
forming part and said supply port.

7. A drying processing apparatus as set forth in claim 3,
wherein said flow control means comprises:

an opening-angle adjusting valve provided in a
supply line for said dry gas;

a control part for comparing a signal outputted from
detecting means for detecting a pressure in said processing
chamber, with a previously stored information; and

a control valve for controlling a working pressure of
said opening-angle adjusting valve on the basis of a signal
outputted from said control part.

8. A drying processing apparatus as set forth in claim 2,
which further comprises temperature detecting means for
detecting a temperature of said dry gas, said temperature
detecting means being provided in a supply line for said dry



a supply port for supplying said liquid for the dry gas to a | ocation near
sai d shock wave form ng part; and heating neans provided inside and/or
out si de said tubular body near or downstream of said shock wave forn ng
part and said supply port. 7. A drying processing apparatus as set forth
in claim3, wherein said flow control neans conprjses: an opening-angl e

adj usting valve provided in a supply line for saMEwm’Em&mu trol part
for conparing a signal outputted from detecting ORI} ng a
pressure in said processing chamber, with a previously stored ififormation;
and a control valve for controlling a working pressure of said
openi ng- angl e adj usting valve on the basi2d of a signal outputted fromsaid
control part. 8. A dryi ng processing apparatus as set forth in claim2,
whi ch further conprises tenperature detecting neans for detecting a
tenperature g&i aid dry gas, said tenperature detecting nmeans being
provided in supply line for said dry 24 gas. 9. A dryi ng processing
apparatus as set forth in claim8, wherein said tenperature detecting nmeans

Said motal sel memerarPEostSalig BhbRrAdE A R T s PRI ke o e
tubul ar body Whereig ssaid sigppipetd nereandetecting i means engagadsest  sai d
receiving nutthermocouple, which is fixed to a metal seal member by
welding, said metal seal member being provided between a
receiving nut fixed to a tubular body forming said supply line
and a mounting nut engaged with said receiving nut.



