_1. APPARATUS FOR AND METHOD OF CLEANI NG OBJECTS TO BE PROCESSED BACKERON

OF THE | NVENTI ON 5 The present invention relates to a cIeanihﬁoS

apparatus and a cl eani ng nmet hod, by which objects to be processed, such as

sem conductor wafers and gl ass substrates for a LCD (liquid crystal

di splay) unit etc., are immersed and cl eaned in chem cal and subsequéntly

dried. 10

For exanple, in a cleaninqlfreatnent of a manufacturing

process for a sem conductor device, such as LSl etc., various_cleaning

appar at uses are enpl oyRRPARATYS nERR rANR METHI HF CLEANING OBTECES of the

sem conductor wafers, such as parti ct@SBE OPRECEESSKI®Nt am nants, netal lic

| mpuri- 15

ties and so on, and for etching surface of the wafer. Note,

in this specification, the sem conductor wafer(s) will be called the
waf er(s) for short, hereinafteBackorouNal OF gHEl eavENTIappar atus of "wet”

type cones#
renoved effe

- 20

oné and a

0, W o800 % SLANATS T 00 LIS T00YC S AN ans a0 e

etching Can

treatnment, hydrogen

- g. anmmoni
fluori de treat mfAiquid crystal dispfgy) unit etc., are immersed and

10

15

20

25

30

35

cleaned in chemical and subsequently dried.

For example, in a cleaning treatment of a manufacturing
process for a semiconductor device, such as LSI etc.,
various cleaning apparatuses are employed fof"removing
contaminants on the surfaces of the semiconductor wafers,
such as particles, organic contaminants, metallic impuri-
ties and so on, and for etching surface of the wafer. Note,
in this specification, the semiconductor wafer(s) will be
called the wafer(s) for short, hereinafter. Above all, a
cleaning .apparatus of "wet"” type comes into wide use on the
grounds that the above contaminants can be removed effec-
tively, etching can be done and a batch processing can be
accomplished to enhance the throughput in the cleaning
process.

In such a wet type of cleaning apparatus, the wafers

to be cleaned are subjected to a chemical cleaning process

(e.g. ammonia treatment, hydrogen fluoride treatment,:

sulfuric acid treatment etc.), a washing cleaning process
using pure water etc., and a drying process using isopropyl
alcohol [(CH,),CHOH] or the like. Note, the isopropyl
alcohol will be referred the IPA, hereinafter. Further, the
cleaning apparatus is so constructed to supply the chemi-
cals, the pure water and the IPA to processing baths in
processing order and a drying room, resped%ively. Thus,
with the above arrangement, a batch processing method where
the wafer in blocks of e.g. 50 sheets are successively
immersed in the processing baths and dried in the drying

room, comes into wide use.
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sulfuric acid treatnent etc.), a washing cl eaning process using pure water
etc., and a drying process using isopropyl alcohol [(CH3)2CHOH or the

| i ke. Note, the isopropyl alcohol will be referred the I PA hereinafter.
Further, the 30 cl eani ng apparatus is so constructed to supply the
chem - cals, the pure water and the IPAto Qr_ocessi ng baths in processing

order and a drying room respectively. Thus,” with the above arrangenent, a

bat ch processi ng netho er h et _i.n_bl Fsgl.gset I
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| ar ge-si zed undesirably. 1n addition, "because of a lot of opportunities for
transporting t hepPrerdudities,fogpparaspRrting the  watrss hBrihe apnargtus,
exposed t o st Mgphefthert NebLds s Belihgakexposeddidd tatmdspierPar theres'is a
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are proposed cl eani TpeaieFaral, uiasel §. edspanéseindxdinined tHeetgrio Cegddiig -
baths and the drying oom.ar qd oL AP the same No. 6-326073 etc.,

there are proposed cleaning apparatuses in each of which

10 the processing baths and the drying room are formed in one
body, so that the above-mentioned chemical process and
drying process are carried out in one chamber. Figl 1 shows
one example of the cleaning apparatuses in the publica-
tions, representatively.

15 The shown cleaning apparatus comprises a chambexr 200
and chemical (liquid) 202 stored in a lower portion 201 of
the chamber 200. In processing, a wafer W is firstly
immersed in the chemical 202. Thereafter, the wafer W is
pulled up from the chemical 202 and then subjected to the

20 drying process using the IPA etc. at an upper portion 203
of the chamber 200.-

Meanwhile, as described in the above publications Nos.
64-81230 and 6-326073, it is general in such a drying
process using the IPA to promote an interchange of the IPA

25 with water by using treatment steam, which has been
obtained by heating and boiling and the IPA, while heating
an interior of the chamber by a heater or the like, thereby
to carry out the drying process quickly.

In the above-mentioned drying process while heating,

30 however, there is the possibility that not only interchange

' of the IPA with the water but a reaction between the water
and silicon on a wafer surface of the wafer are also
promoted to oxidize the wafer surface, so that the inferior
wafer having water marks is produced unfortunately.
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SUMMARY -OF THE INVENTION
Accordingly, it is therefore an object of the present
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body, so that the above-nentioned chenical process and drying process are
carried out in one chanber. Fig. 1 shows one exanple of the cleaning
apparatuses in the publica- tions, representatively. 15 The shown

cl eani ng apparatus conprises a chanber 200 and chem cal

(1iquid) 202 stored

in a lower portion 201 of the chanber 200. lpn processing, a wafer Wis
firstly imrersed in the chemcal 202. Thereafter, the wafer Wis pulled up
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havin ced unfortunately. 35
It is the other object of the present invention to

provide a cleaning apparatus and a cleaning method, both
of which exhibit the high freedom of the design thereby to
allow the cleaning process to be optimized and the appara-
tus to be miniaturized furthermore.

It is the other object of the present invention to
provide a cleaning apparatus and a cleaning method by which
it is possible to execute the drying process more effec-
tively.

It is the other object of the present invention to
provide a cleaning apparatus and a cleaning method, wherein
processing baths and a drying section are separated from
each other thereby to prevent mist of processing ligquid
etc. from entering into a drying room, whereby a stable
drying performance can be realized.

As a first feature of - the present invention, the
above-mentioned objects described above can be accomplished
by a cleaning apparatus comprising:

rinsing means for rinsing a object to be processed
by using rinsing liquid; and

drying means for drying the object rinsed by the
rinsing means, while cooling'the object.

Further, a second feature of the present resides in a
cleaning apparatus comprising:

rinsing means for rinsing a object to be processed
by using rinsing liquid;

blowing means for blowing cooled gas obtained by
mixing organic solvent with inert gas, against the object

rinsed by the rinsing means;



SUMVARY OF THE | NVENTI ON Accordingly, it is therefore an object of the

present -3- invention to provide a cleaning apparatus and a cl eani ng
met hod by which it is possible to prevent an occurrence of water marks on a
surface of a object to be processed to the utnost. 5 It is an

addi ti onal object of the present invention_&g_provide a cl eani ng apparat us
and a cl eaning nethod, both of which are not™ adversely affected by chem cal

treatments during the dryi r : [ ot |+ t nt
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furthernore. It is the other > resent invention to _
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to execute g he dny NEnOFOCRES,MagaLhd€Cthel Vb ject t dirseihaypt BRE aliyeiig Of
the present invention to provide a cleaning apparatus and a cl eani ng

met hod, wher ei n™Means.
: A third feature of the present resides in a method of

cleaning a object to be processed, the method comprising
the steps of:
10 rinsing a object to be processed by using rinsing
liquid; and
drying the object while cooling it.
A fourth feature of the present resides in a method of
cleaning a substrate to be processed, the method comprising
15 the steps of:
rinsing the object by using rinsing liquid;
blowing cooled gas obtained by mixing organic
solvent with inert gas, against the object rinsed:
drying the object by blowing cooled gas containing
20 inert gas, against the object; and
normalizing a temperature of the object by blowing
gas of normal temperature containing inert gas, against the
object dried by the cooled gas.
A fifth feature of the present resides in a cleaning
25 apparatus for cleaning a object to be processed, the-
apparatus comprising:
a processing bath for storing processing liquid in
which the object is immersed;
a drying chamber arranged above the processing bath
30 and provided with an opening which is disposed between a
body of the drying chamber and the proceésing bath and
through which the object is transported, the opening being
adapted so as to open and close;
transporting means for transporting the object
35 between the processing bath and the drying chamber through

the opening; and
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20 processi ng baths and a drying section are separated from each ot her
thereby to prevent m st of processing liquid etc. fromentering into a
drying room whereby a stable drying performance can be realized. As a
first feature of the present invention, the 25 above- mentioned objects

descri bed above can be acconplished by a clggnlng apparat us conpri si ng:
rinsing neans for rinsing a object to be protessed by u3|ng rinsing |iquid,

and dryi ng nmeans for drylng t he object rinsed rinsin
whil e cooling the objectfifsi PHowing E‘%EBﬁda?’é%‘%/Qﬁ‘g i tPﬁed‘ﬁ}’éEg ‘?"?‘Eg?ﬁes
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be processed by siQ%Yrinsing liquid; 35 bl owi ng neans for
bl owi ng cool ed ai ned by m xing organic solvent with inert gas,
agai nst the object rA rsiectihyfdatmrd i nhpenpaasent rediddsyingtheanbedning
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obj ect ; nor ing neans normal i Zing a tenperature o
comprising:

second blowing means arranged between the process-

ing bath and the drying chamber, for blowing the gas

containing the cooled inert gas against the object on

10 transportation from the processing bath to the drying
chamber. A

A seventh feature of the present residés in the
cleaning apparatus in accordance with the fifth feature,
further comprising

15 cooling means arranged in the drying chamber, for
cooling the object.

An eighth feature of the ﬁresent resides in the
cleaning apparatus in accordance with the fifth feature,
wherein the first blowing means blows the object the gas

20 containing the cooled inert gas from an upper section of
the drying chamber in a downward flowing manner; and
further comprising:

discharging means for discharging the gas contain-
ing the inert gas, which has been blown out from the first

25 blowing means, from a lower section of the drying chamber:

wherein the discharging means is provided with an
exhaust port through which the gas is discharged from the
drying chamber.

A ninth feature of the present resides in the cleaning

30 apparatus in accordance with the eighth feature, further
comprising rectifying means communicating with the exhaust
port and having a plurality of intake ports for introducing
the gas containing the inert gas, which has been blown out
from the first blowing means, through a lower section of

35 the drying chamber.

A tenth feature of the present resides in the cleaning



t he object by blowi ng gas of a normal tenperature contain- 5 I ng inert
gas, .agai nst the object dried by the drying neans. A third feature of the
present resides in a nethod of cleaning a object to be processed, the

nmet hod conprising the steps of: 10 rinsing a object to be
processed by using rinsing |liquid; and dry| ng the object while cooling it.
A fourth feature of the present resi des n T rret hod of cleaning a substrate
to be processed, the nethad c r|5|n rin

obj ect by usi ng FHHRGHS |1&Ji38g85?89ﬁ3 I%}? g&?tg’b?gaﬁgﬁebyﬁrlnggeigethe
or gani ¢ sol vent pmddessrnafg gaq;uldgastnsred heirobithet procesking yibefh has a
obj ect by bl ow nt ai ni ng 20 inert gas, against the

obj ect; and norr&iae%onag n%egrature of the object by blow ng gas of
normal tenperature @GntalﬁVﬁgthneﬁﬁa@a@ afaitha prRessbfeciesirie’ BR tHhe
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| mer sed; is a cooled rinse.
A twelfth feature of the present resides in a cleaning
apparatus for cleaning a object to be processed, the
10 apparatus comprising:
a processing bath for storing processing liquid in
which the object is immersed; o
a drying chamber arranged above the processing bath
and provided with an opening which is disposed between a
15 body of the drying chamber and the processing bath and
through which the object is transported, the opening being
capable of closing;
transporting means for transporting the object
between the processing bath and the drying chamber through
20 the opening:
blowing means for blowing cooled gas of a mixture
of an organic solvent and inert gas against the object;
drying means for drying the object by blowing
cooled gas containing inert gas against the object; and
25 normalizing means for normalizing a temperature of
the object by blowing gas of normal temperature containing
inert gas against the object dried by the drying means.
A thirteenth feature of the present resides in a
cleaning method of cleaning a object to be processed, the
30 cleaning method comprising the steps of:
. (a) immersing the object into a processing bath for
storing processing liquid;
(b) transporting the object from the processing
bath to a drying chamber arranged above the processing bath
35 through an opening which is capable of opening and closing:;
(c) closing the opening after the object has been

transported to the drying chamber; and
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a drying chanber arranged above the processing bath 30

an openi ng which is disposed between a body of the drying chanber and the
processi ng bath and t hrough which the object is transported, the opening

bei ng adapted so as to open and cl ose;
t he object 35 bet ween the processing bath and the drying chanber through

t he openi ng;

and

transporting neans for transporting

-5- first bl ow ng nean§7arranged i.n the drying chanber

for bl ow ng gas containing cooled inert gas .against the pbject. A _sixth
feature of the present ﬁegi%%wws 978 E’Pgiﬁ‘ll ng °9°§16§a+%%{1% 9957 8983 Ehce
with the fifth taat ubgechurther conprising: second bl owi ng neans arranged
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(a) immersing the object into a processing bath for
storing processing liquid:

(b) transporting the object from the processing
bath to a drying chamber arranged above the processing bath
through an opening which is capable of opening and closing;

(c) closing the opening after the object has been
transported to the drying chamber:; i

(d) blowing cooled gas of a mixture of an organic
solvent and inert gas against the object:

(e) drying the object by blowing cooled gas
containing inert gas against the object:; and

(f) normalizing a temperature of the object by
blowing gas of normal temperature containing inert gas
against the object dried by the inert gas.

A fifteenth feature of thé present resides in the
cleaning method in accordance with the thirteenth or
fourteenth feature, wherein, prior to the step of (b), the
drying chamber has been filled up with a cooled and
rarefied atmosphere of an organic solvent. .

According to the first and third features of the .
invention, the object rinsed by the rinsing liquid is then
dried. in a cooling system. Thus, for example, in case of
a wafer as the object to be processed, a wafer surface
becomes difficult to be oxidized since a reaction between
water (H,0) and silicon (Si) element in the wafer surface
is inactivated. Therefore, it is possible to restrict an
occurrence of water marks on the wafer surface to the
utmost.

According to the second and fourth features of the
invention, the object rinsed by the rinsing liquid is dried

in a cooling system, too. Therefore, in case of the wafer

and provided with
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further conprising 15 ' cool ing neans arranged in the drying
chanber, for cooling the object. An eighth feature of the present resides
in the cleaning apparatus in accordance with the fifth feature, wherein the
first blow ng means bl ows the object the gas 20 cont ai ning the cool ed
inert gas from an upper section of the drying chanmber in a downward fl ow ng
manner; and further conprising: discharging nmeans for discharging the gas

contain- ing the j Lch, ha o] ut_f '
bl owi ng neans, ?aréomnﬁ{aé I%k\?\i?cégc:?i 8% éF B? Egsgbyrﬁé‘%cﬁ’é‘fﬁgm ea;deél ﬁ&%%%nes

di schar gi ng mearsi fifsiquloyite daviadi dizak ginte pdre 1eaTiifn MR EIPemaERr | s
di scharged from dryi hg_chanber. JA.\ni tyre of t e resides
in the cleaning (3468) %ﬁ%a?{a?ﬁgoPn(asg\Laor aér;{%ger%\?vi tl'rlh ttr%‘ee e‘?%ﬁﬁg}{:l %glgif&rc%, £8
further conprisiimpotsictated ngTheaaSorenminti chsi pesaiibl e heo exrEHTEGForthend
having a plgir al Idoe ieddie kB ePQpd al Ohak RE! QAICHIY WaeaASsPREAL NiLBO Ehe

I nert gas, which asIBeen bllown out fromthe first blow ng neans, through a
| ower section ofuB®st. t fa ddiiEiemanisdnces thet wlieaninde 8PPRRETHFes¥M

resides in the gfaHdYare constituted together so as to blow off the
rinsing liquid by the cooled gas containing the inert gas

after the rinsing liquid has been replaced with the above

10 mentioned cooled mixed gas, it becomes difficult that the

wafer surface is oxidized due to the inactivated reaction

between water (}50) and.silicon (Si) element in the wafer
surface. Therefore, it is possible to further restrict the
occurrence of water marks on the wafer surface, because the
15 gas containing the inert gas has a function to restrict the
oxidation. Moreover, since the gas of the normal tempera-
ture containing the inert gas is blown against the dried
object in order to normalize a temperature of the object,
it is possible to prevent moisture from sticking on a
20 surface of the object.

According to the fifth and thirteenth features of the
invention, the object rinsed by the rinsing liquid is dried
by blowing the cooled gas containing the inert gas. Thus,
for example, in case of the wafer as the object to be

25 processed, the wafer surface becomes difficult to be

oxidized since the reaction between water (H,0) and silicon
(Si) element in the wafer surface is inactivated. There-
fore, it is possible to restrict the occurrence of water
marks on the wafer surface to the utmost. Furthermore, with
30 the arrangement where the drying chamber and the processing
bath are separated from each other up and down and a space
of the drying chamber can be insulated from a space of the
processing bath through the closing opening, the object has
no possibility to receive a bad influenced from the
35 chemical treatment during the drying process. Further,

owing to an enhanced degree of freedom in the process



.

-6- apparatus in accordance with the fifth feature, wherein the processing
li"quid stored in the processing bath is a deaerated rinse. An el eventh
feature of the present resides in the 5 cl eani ng apparatus in accordance
with the fifth feature, wherein the processing liquid stored in the
processing bath is a cooled rinse. Atwelfth feature of the present resides
in a cleaning apparatus for cleaning a object to be processed, the 10

apparatus conprising.. a.proecessi th f S1.QL 1 p ' Lquid i
AT oh the ob] botadmir 28 DA aPa fh bty MielEREaRig %o Gis A
processi ng bat h mimd ginoviizke dthei cheaningapparathis Furdhergpyeedvherel¥the 15
body of the dryi i rggg &ahd QGESSHIG: d ok tdwQuah whieh the
object is transggg?ggf t é:opeﬁ%ﬁaﬁeeLng capabl e of cl asing; tranéﬁor;ing
means for transport ASFaIknshjtectthgepiheh fRatprecessthg WP BiRP Rgince
dryi ng chanper HHeOWRERE bldeEn®PREEAS;, WhovWhNB1BBaNTheogdd BEmgh toed
gas of a m xture ani ¢ sol vent anaﬁlne[t as ai nst theiﬂgAgggam

of or
dryi ng neans foFcﬁPf%ﬂd & G5Se0hPsh tRpngbiect on transportat

the processing bath to the drying chamber, serves to assist
the dry process for the object, it can be carried out more
effectively. Additionally, owing to the cooling operation
10 with the cooled gas containing the inert gas, the wafer
surface becomes difficult to be oxidized, so that it is
possible to restrict the occurrence of water marks on the
wafer surface to the utmost.
According to the seventh feature of the invention, as
15 it is possible to lower a temperature of the interior of
the drying chamber, the wafer surface becomes difficult to
be oxidized thereby to restrict the occurrence of water
marks on the wafer surface to the utmost.
According to the eighth feature of the invention, since
20 the gas containing the inert gas flowing downward allows
the processing liquid to be blown off the surface of the

object, it is possible to carry out the drying process more

effectively.
According to the ninth feature of the invention, since
25 the rectifying means allows the gas containing the inert

gas flowing downward to flow against the object uniformly,
it is possible to carry out the drying process more
effectively.
According to the tenth feature of the invention, the
30 processing liquid stored in the processing bath is the
deaerated rinse. Therefore, providing that the object is
made of silicon element, it is possible to prevent the
surface of the object from being oxidized.
According to the eleventh feature of the invention,
35 since the processing liquid stored in the processing bath
is the cooled rinse, it is possible to restrict the

occurrence of water marks to the utmost and carry out the



cool ed gas containing inert gas against the object; and 25

normal i zi ng neans for normalizing a tenperature of the object by bl ow ng
gas of normal tenperature containing inert gas against the object dried by
the drying neans. A thirteenth feature of the present resides in a cleaning
met hod of cl eaning a object to be processed, .the 30 cl eani ng met hod
conprising the steps of: (a) imrersing the"ggfect Into a processing bath
for storing proc ssqu | iquid; %g% transporting the object fromthe
processi ng bath ToH* r@?ﬁ%e%ﬁa T-ur¥anged above the processing bath 35

t hrough an openi ng wichrdsng apalthe twedfthi and s diesgitiy fepdurelsooifnghehe
opem g atter [ Ne ol £rbn Nahd ofl) U@Qiﬂgéheg%t&é 18 {9 160a/OEE: g Ada
-7- (d) blow ng ‘gas containing C Sled i nert s agai nst tthe object. A
fourteent h feat Uy blovhrgpitheemoaled dias i pontaieing n§haeiRed tofdas ealiPAg
a object togbe pLacesEed, ihheaze of! €REI RE£ER! PRI GUPEH$E8Y the 15d epsoof !

(a) imrersing the object into a processing bath fqr storing 8rocessln9
i qui d; cesséed, the wafer surface Decomes difficult™to be oxidized

since the reaction between water (H,0) and silicon (Si)
element in the wafer surface is inactivated. Therefore, it
is possible to restrict the occurrence of water marks on
10 the wafer surface to the utmost. In addition, since the
cleaning apparatus and method are constituted together so
as to blow off the rinsing liquid by the éoﬁled gas
containing the inert gas after the rinsing liquid has been
replaced with the above mentioned cooled mixed gas, it

15 becomes difficult that the wafer surface is oxidized due

to the inactivated reaction between water (H,0) and silicon
(Si) element in the wafer surface. Therefore, it is
possible to further restrict the occurrence of water marks
on the wafer surface. Moreover, since the gas of the normal
20 temperature containing the inert gas is blown against the
dried object in order to normalize a temperature of the
object, it is possible to prevent frost from sticking on
a surface of the object. Furthermore, since the arrangement
where the drying chamber and the processing bath are
25 separated from each other up and down while a space of the
drying chamber can be insulated from a space of +the
processing bath through the closing opening, the object has
no possibility to receive a bad influenced from the
chemical treatment during the drying process. Further,
30 since the forthcoming process in the next processing bath
can be .-prepared while the drying process is executed, it
is possible to improve throughput of the cleaning appara-
tus. Since the arrangement allows the drying chamber and
the processing bath to be designed under respective
35 conditions independent of each other, it is possible to

optimize the cleaning process and further miniaturize the



(b) transporting the object fromthe processing bath to a drying chanber
ar'ranged above the processing bath 10 t hrough an opening which is
capabl e of opening and closing; (c) closing the opening after the object
has been transported to the drying chanber; (d) blow ng cooled gas of a
m xture of an organic solvent and inert gas ﬁgainst t he object; 15

(e) drying the object by blow ng cooT &4~ gas containing inert gas

agai nst the object; and (f) nornalizjng a te rature_of the.obj y

bl owi ng gas of if%nf ngﬁggscoh?g?ﬂ?ﬁgqﬁﬁe%%ebagnaaﬁFﬁgt %%é£%%jé%?
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resides in the ¢l eani met_hod i ceor C ] t :
fourteenth feat GF&EN r:bglrseilns, c%@rr}s(';\:rra ) et(ﬂgg?)s?ae%ﬁ%? t}(llt%(%‘l Jt%frettg‘%itdr%g&%%sasrﬁ)%q
has been fill ed liguwiid hom tbel elirfiate o®f the ebjesihde biowhngr §he @as
solvent. 2 ol i higgd fgatueespak tde

I nventi on, ESt he (%aneﬁc%tq'qﬁr%sggjéb;c%ﬁfe‘eéi%@%ﬂgr‘g?%ﬁi.d IS tEen dried in cae.‘rry
cool i ng syst em SPu¥hef gryEnamprecess more effegtiyedy - ant3AbbiRt PR
processed, a waige %ﬂa‘?@%o&eaggﬁﬁgditﬁéi 68 bct ot @ Xprbddshsd NEE defined
reaction between 30 wat er  (H20) and §I|ICOH (S&%)elenent bn he waf ey
surface is i nacBRAedETPRer EROr £P3%C | £OF0sEMD| PTOEFENE PR octlir rchce

of water narks goddidblwnfuer decrbace thet Bermer space as possible, thereby
10 realizing the effective drying process.

According to the fifteenth feature of the invention,
since the drying chamber has been already fulfilled up with
thin atmosphere of cooled organic solvent before the object
is transported to the drying chamber, it is possible to

15 exeéute the drying process effectively. Moreover, since the
above solvent is composed of thin wvapor, there is no
possibility of condensation of the solvent.

The above and other features and advantages of this
invention will become apparént, and the invention itself

20 will best be understood, from a study of the following
description and appended claims, with reference had to the
attached drawings showing a preferred embodiment of the

invention.

25 BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a schematic view of a conventional cleaning

apparatus:;
Fig. 2 is a cleaning apparatus for semiconductor
wafers, in accordance with one embodiment of the present
30 invention;
Fig. 3 is a plan view of the cleaning apparatus of Fig.
2; '
Fig. 4 is a longitudinal cross sectional view of a
cleaning unit of the cleaning apparatus of Fig. 2;
35 Fig. 5 1is another longitudinal cross sectional side
view of the cleaning unit of Fig. 4;

Fig. 6 is a perspective view of the cleaning unit of



utmost. According to the second and fourth features of the 35 I nventi on,
the object rinsed by the rinsing liquid is dried in a cooling system too.
Therefore, in case of the wafer as the object to be processed, the wafer
surface becones difficult to be oxidized since the reaction between water
(H20) and silicon (Si) element in the wafer_surface is inactivated.
Therefore, it is possible to restrict the 512= occurrence of water marks on
the wafer surfaceg to the utnost. In addition, since the cleaning apparatus
and method are Co¥ti%uted together so as to blow off the rinsing |iquid by
t he cool ed gas cont &igg.nF tie anperspastabée eviehe showsngg thiequiidiraistheesh

replaced with the ahqve. 10 tiaoned cQo 1 X€, , /1 becones
difficult that the ‘Jb\%eel? Jlsludr foaceq}es c:g'xel (fl’lzne%q‘ghiela ii)oéjtrﬁll [ n4dct i vat ed
reaction between watfag. B20s amndiew |shooringia) schemattici atrhetuakerfsarisde.

Theref ore, dtshr%fzggéiﬂ Iseeé,&cjryrc;petg‘éq;ﬂééﬂn REQC Q¥ renge of water marks

on the wafer ,, because the 1 gas containing the inert gas has a
function to restricfFigthe Dxidabi PErsPeciadver Vigwcehewtngad &lidHeghdierr

tenpera- ture Cihd@rydibrdt®d RHd Aardinhd !Bt agRirsg. t4re dried object in
order to normalize %ﬁ%ﬁan{%gygepgiséggtggéeggéw showing a wafer guide of
the cleaning unit of Fig. 4;
10 Fig. 11 is a perspective view showing a nozzle and a
discharging port of the cleaning unit of Fig. 4;
Fig. 12 is a view for explanation of an opefation of
rectifying plates of the cleaning unit of Fig. 4;
Fig. 13 is a flow chart of an operation of the cleaning
15 unit of Fig. 4; '
Fig. 14 is a schematic view showing the operation of
the cleaning unit of Fig. 4, corresponding to a step 1201
of Fig. 13:
Fig. 15 is a scheméfic view showing the operation of
20 the cleaning unit of Fig. 4, corresponding to a step 1202
of Fig. 13;
Fig. 16 is a schematic view showing the operation of
the cleaning unit of Fig. 4, corresponding to a step 1203
of Fig. 13;
25 Fig. 17 is a schematic view showing the operation of
the cleaning unit of Fig. 4, corresponding to a step 1204
of Fig. 13;
Fig. 18 is a schematic view showing the operation of
the cleaning unit of Fig. 4, corresponding to a step 1205
30 of Fig. 13;
Fig. 19 is a schematic view showing the operations of
the cleaning unit of Fig. 4, corresponding to steps 1206
to 1208 of Fig. 13;
Fig. 20 is a schematic view showing the operation of
35 the cleaning unit of Fig. 4, corresponding to a step 1209
of Fig. 13;

Fig. 21 is a schematic view showing the operation of



It is possible to prevent noisture fromsticking on a 20 surface of the
object. According to the fifth and thirteenth features of the invention,
the object rinsed by the rinsing liquid is dried by blow ng the cool ed gas
containing the inert gas. Thus, for exanple in case of the wafer as the
object to be 25 processed, the wafer r%ace beconmes difficult to be
oxi di zed since the reaction betmeen wat er (ﬁ 0) and silicon (Si) el ement in

the vafer surfacg,d S.iactiyalety Jhekes 181 &.oltol SoRORS)PLE §05E8s! 15Eh

t he occurrence s on't e wa er-surtace
Furthernmore, w tdf 30ig- Idhe arrangenent where the dry| ng chanber and the

processing bath areF%ﬁxuféeﬁsféogbﬁéﬁthEhgﬁe%p . gh % &n Obs

t he drying chanber can be insulated froma space o roceSS| ath
t hrough the cl ostit) ShRARIRE Ykt obf T4 hab. rﬁpmmﬂw 1) ae%*ée-nelélbad
i nfluenced §romgseridp. 13chem cal treatnment during the drying process

Further, owing to a enh ed de of freedomin the process
design, it is possi g”ﬁﬁﬁﬁag%a‘fﬁ% SHIHRG thiy ‘?ﬁ?ﬁ%‘f%ﬁr"%e"f he

cl eani ng appar attree fcuréétﬁn@rmw\hefebygt he, dicpiri@sponddsyy G dfeps 1212
acconpl i shed nor.e eH eft I:é/eﬂ'z}/g 13;

Fig. 24 is a schematic view showing the operation of
10 the cleaning unit of Fig. 4, corresponding to a step 1215
of Fig. 13; ' |
Fig. 25 is a schematic view showing the opefation of
the cleaning unit of Fig. 4, corresponding to a step 1216
of Fig. 13; and
15 Fig. 26 is a schematic view showing the operation of
the cleaning unit of Fig. 4, corresponding to a step 1217
of Fig. 13.

DESCRIPTION OF THE PREFERRED EMBODIMENT

20 One embodiment of +the present invention will be

described with reference to drawings.

First of all, we now describe a cleaning apparatus for
cleaning semiconductor wafers, as an example to which the
invention is applied. Note, -through the description, the

25 semiconductor wafer(s) will be also referred as "wafer(s)",
hereinafter. As shown in Figs. 2 and 3, the whole cleaning
apparatus 1 comprises a loading section 2 for accommodating
the wafers before cleaning in blocks of carriers, a
cleaning section 3 for cleaning the wafers, and an unload-

30 ing section 4 for picking up the wafers after cleaning and
dried in the section 3 into the carriers C every predeter-
mined number of in blocks of cassettes. Thus, the cleaning
apparatus 1 of the embodiment is constituted by three
processing zones.

35 Arranged in the loading section 2 are a stand-by part
6 which causes carriers 5 having predetermined number (e.qg.

twenty-five sheets) of precleaning wafers accommodated



According to the sixth feature of the invention, since 5 the second
bl'owi ng neans, which blows the gas containing cooled inert gas agai nst the
obj ect on transportation fromthe processing bath to the drying chanber,
serves to assist the dry process for the object, it can be carried out nore
effectively. Additionally, owing to the cooling operation 10 with the
cool ed gas containing the inert gas, the wat&f surface beconmes difficult to

be oxidized, so that jt is possihle to. restrigct the occurrence of water
marks on the wafBeTirt & %)arf‘#\go%tmté %ﬁ%‘g%xdﬁ?ﬁf? gft"ﬁrél% VEMTHE F 2t e
of the inventiomn micKing-up topergpnism e the |waksrs fmnperiad warofetrsed,

nterior of the grylng, chagbske, LDeoNaLer -SUELAGT ReCOIES i Wiado b

oxi di zed t her eby e occurrence water marks on the wa
surface to the utheswafersor éindg a ocohnténghopeiredtione 9T t hkei mpawmsrof

since 20 gthe 058 CONtALANG { had NESdadas ddOMdW Sovaviersl, Add@Wsi thea
processing liquid to be blown off the surface of the object, it is IEOSSI bl e
to carry out th&FRATRE 7t & ¥hiehe tERNSPPEFSl FhescREF 4PRE T o YRECHi bR

feature of the igaenticidedifiem The outBedeebyi dytrgnspenting |l ot hergas
i formye it 1 Shang BiendRamF b 1M TSR i SRbed ot B0t B YRy,
6 and the loader part 7. _
10 In the cleaning section 3, three wafer transfer units
11, 12, 13 are arranged on the front side (this side in_
Fig. 2) of the section 3, while a piping area 14 is defined
on the back side of the section 3 through partition walls,
for housing various tanks for reserving processing liquids,
15 such as chemicals, and various pipes.

On the other hand, the unloading section 4 includes an
unloader part 15 for accommodating the wafers cleaned in
the cleaning section 3 in the carriers 5, a stand-by part
16 for causing the carriers 5 with the wafers to stand by,

20 and a transfer arm 17 for transporting the carriers 5
between the unloader part 16 and the stand-by part 17.

Note, the cleaning apparatus 1 further includes a
carrier transfer section 18 which transports the carriers
5 emptied in the loading section 2. The carrier transfer

25 section 18 is equipped with a carrier conveyer 19 arranged
above the cleaning section 3, a carrier stock 20 for
receiving the emptied carriers 5 from the loader part 7 of
the loading section 2 by means of the transfer arm 8 and
stocking the carriers 5 with and without the wafers, and

30 a not-shown delivering part which receives the emptied
carriers 5 from the carrier conveyer 19 by means of the
transfer arm 17 at the unloading section 4 and delivers the
emptied carriers 5 to the unloader part 15.

The cleaning section 3 is provided with the following

35 baths in order from the side of the loader part 7: a chuck
cleaning / drying bath 22 for cleaning and drying a wafer

chuck 21 of the wafer transfer unit 11; a chemical cleaning



- According to the tenth feature of the invention, the 30 processi ng
li*qui d stored in the processing bath is the deaerated rinse. Therefore,
providing that the object is nade of silicon elenment, it is possible to
prevent the surface of the object from being oxidized. According to the

el eventh feature of the invention, 35 since the processing liquid stored
In the processing bath is the cooled rinse; Pl is possible to restrict the

occurrence of ter q&ggﬁ?to t he utnost and carry qg% t he 1&9- drgéng_
process ef fecti Vi §P iR R S IR F TP I P YT I I Hear T e s
the invention, tdentd) esétalnbedibyutrbeiesnpangitlgai dri $her ilddkehy dol ovhag
the cool ed gas cqontaini ng.the inert. gas, For. . a - as t
waf er as the objseuc):%taaié(;é bgfpr%}écggge , lP}ﬁewv?al?-'gr Eﬁéf ?glee le':!ca(;inélé’s %Ps#ll cul't
to be oxidi zed Hmemide hedcdgen beroredewdns,0(HZ0)H,and/sH,Odcon @Siyash
el enent in the fer surf Is,inactivated. Th f [t Si,
restrict tﬁ% occurrence o gﬁ%té? m&ﬁ«?@ﬁ#ﬁﬁfg @ﬁ%eQég?g% SE§F§%§ f%lsﬂgg
ut nost. I n addi thadth 2S5 byeet ge plrzanvaigemppEacherdcaddcheandngapath 25 for

constituted t Ogﬁté?rﬁ:(visrﬂ; At 101V Ydn i 19 bhaukHePYwhPersoobed gas
chemical, such as a mixture of HCl1 / H,0, / H,0; a wash
cleaning bath 26 for cleaning the wafers cleaned in the
10 bath 25 by e.g. pure water; and a cleaning unit 27 of the

invention for removing an oxide on the wafers by a chemical

(e.g. a mixture of HF / H,0), cleaning the washed wafers by
the rinse (e.g. pure water) and drying the cleaned wafers;
and a chuck cleaning and drying bath 28 for cleaning and
15 drying not-shown wafer chucks of the wafer transfer unit
13.
. Note, partition plates 29, 30, 31, 32 are interposed
between the loader part 7 and the chuck cleaning / drying
bath 22, between the wash cleaning bath 24 and the chemical
20 - cleaning bath 25, between the wash cleaning bath 26 and the
cleaning unit 27, and between the chuck cleaning and drying
bath 28 and the unloader part 15, respectively. These
partition plates 29, 30, 31, 32 are adapted so as to open
upward and shut downward in‘receiving and delivering the
25 wafers by driving mechanisms which are not shown in the
figures. Owing to the provision of the partition plates 29,
30, 31, 32, it is possible to prevent atmosphere of the
chemicals from diffusing into the adjoining spaces.
We now describe structure of the cleaning unit 27 with
30 reference to Figs. 4 to 12. The cleaning unit 27 includes

a cleaning bath 41 as a processing bath reserving the

processing liquids of chemicals (e.g. mixture of HF / H,0)
and the rinse (e.g. pure water) and immersing the wafers
to be processed in the liquids, and a cylindrical drying

35 chamber 42 arranged above the cleaning bath 41 to drying
the wafers W transported from the cleaning bath 41.



containing the inert gas after the rinsing liquid has been replaced with
t he above nentioned cool ed m xed gas, it 15 becones difficult that the
waf er surface is oxidized due to the inactivated reaction between water
(Herr]O and silicon (Si) elenent in the wafer surface. Therefore, it is
possible to further restrict the occurrence_qof water marks on the wafer

surface. Moreover, si nce t he gas of the norrmdl 20 t enperat ure cont ai ni ng
the inert gas is bl al nsI the dried object .in order to noriali
tenperature of the o eéc eqning Bagdyidd) 8¢ mﬂ‘?&\%ﬁ? Fr%s%efr% igl 3% on

a surface of the.apj eﬁiftfushdaetsrooé wa:fece Whe:aam@dgémamha/\/rmﬁlt hguide

drying chanber ang t?ﬁr@fxBEeS%{nﬂéqd&fé 8 th 45.Leng§e #}?gv 5a8 e BLLR"

up and down while a space of t can nsul'ated from a
space of the protielss mf l@abﬁtttﬁmo@gﬁr@ﬁé dfl'b‘@fil mjﬁ@d@ﬂ 44, thefobjeiechbRI no

possibilitysto rggei E?rrt e Sd(;f huepged febem the C@Sf‘éfé' Wre@éé’@ﬂﬁo&%'fécﬁ.‘g

the dryi ng process. since the forthcom ng process in the
next processi ng B%eEan BReprepalies Wi+ &3 H@ﬂr??n&oﬁﬁﬁé§§§eﬁs Rk RiRed,

it is possible téhdmmpwenidfm Qw@mésgécﬁm Cireﬁé&ﬂgazawmxcéys:foﬁhé@%t he
arrangenment all ows .t he cha bat

and rocessin e . .
desi gned under RAPLHT % ‘3%9 eq(‘fggdltﬁ oﬁlsé+ﬁﬁglb%ﬁdgﬁ!ttwg?ne§&‘? o?cg%?l,mr?gi s
possi bl e to optiwdafzerd ¢ sleagi nthepddrestiand offurthiec walfiersa't larwzeEnddment.

10 Into the nozzles 44, 45, either one of the chemical (e.g.

mixture of HF / H,0) and the rinse such as cooled pure

water ( DIW: deionized water) is supplied from tﬂe piping

area 14 shown in Figs. 2 and 3 by a switching operation of

a switching wvalve 46. The switching operation of the

15 switching valve 46 is controlled by a not-shown controller

at predetermined timing. Note, in order to prevent the

oxidation of the wafers W, it is preferable to use the
deaerated DIW as the rinse.

Additionally, in the circumference of the cleaning bath

20 41, a collect bath 47 is provided for collecting the

processing liquid overflowing the cleaning bath 41. The

processing liquid collected by the collect bath 47 is

adapted so as to circulate in the nozzles 44, 45 through

a switching valve 48, a pump 49, a filter 50 and a switch-

25 ing valve 51. In the switching valve 48, it is changed

whether to circulate the processing liquid collected by the

collect bath 47 in the above-mentioned manner or to

discharge the liquid. In the switching wvalve 51, it is

changed whether to circulate the processing liquid collect-

30 ed by the collect bath 47 or to supply the cooled DIW to

the nozzles 44, 45, which has been cooled to the 0 - a

normal temperature (Th'degree range, more preferably 5°C,

by a cooler. Note, a damper 52 is disposed between the pump

49 and the filter 50. At the lowermost of the cleaning bath

35 41, an exhaust port 53 is arranged to drain the processing

liquid. In the switching wvalve 54, it is changed whether



cl eani ng appar at us
desi gn. Moreover
of f the processing

because of the enhanced degree of freedomin the process
since the cleaning apparatus is constructed so as to bl ow
liquid on the surface of the object by blowing the gas 5

containing the cooled inert gas, it is possible to carry out the drying
process nore effectively. In addition, sinCﬁythe space for drying the

obj ect to be processed is defined apart fro

fhe space for the processing

bath, it is possible t.o decrease the f §8|ne ashpﬁ§8|g gau;?ﬁéﬁeature

realizing the effed5& §°§?§5&§§ #886

teen

of the inventiomr sigtce the drying chanber has been already fulfilled up
with thin atmospher gugh £oghedq d?"ézg.?l@ EnSRbLenk sDEL Lol 18e8D) ShilubSer ana

transported to the ylng

0ssl| execut'e

dryi ng process éﬁﬂ@@llpérVSIWﬁQ%ﬁQﬁq il ¥eetangybas o/URRAT | 3ndordRiseHd

of thin vapgr,

above and ot her features and advant ages of

Hidgs W PeSicbid He&e%lﬁ?ngﬁasaélweeing hensohye8ts Whe

i nvention wll becone

apparent, and tFRESRARIAYDNY i tRel1d283 15,i13i%her bBREUHBRRS: SRENFIDNP L

study of the folyHmida ¢aS@d Elooen azedngppendedaci 8i pbovidéd aefefenewdnd
to the attachedagéﬂgdgﬁ%fhomdng a preferred enbodi nrent of the invention.
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The 1id 63 is made of resin, such as PVC (polyvinyl
chloride) and PP (polypropylene) etc., and shaped like a
semi-cylinder at both of the interior and exterior, as
shown in Fig. 6. Thus, such a formation of the 1id 63
causes fhe interior of the drying chamber 42 closed by the
1id 63 to be defined substantially cylindrically, while
preventing a stream of nitrogen gas etc. blown against the
wafers W from being turbulent. Consequently, the nitrogen
gas or the like can be blown against the respective wafers
W uniformly. In addition, as shown in Fig. 7, an O-ring 65
is arranged around the periphery of the upper opening 61
to enhance the sealing capability of the chamber 41 when
the upper opening 61 is closed by the 1lid 63.

Arranged in the vicinity of the drying chamber 42 is
a 1id actuator 66 which drives to open and shut the 1id 63.
As shown in Fig. 8, the 1lid actuator 66 includes a cylinder
68 for rotating a pivot arm 67 having an end fixed to the
1id 63, and another cylinder 69 for moving the 1lid 63 and
these rotating arrangement (the cylinder 68, the arm 67)
upward and downward. In operation for opening the 1lid 63,
the 1lid actuator 66 firstly moves the 1lid 63 closing the
upper opening 61 upward (see ® of Fig. 8). Subsequently,
the 1id actuator 66 further rotates the lid 63 to a
position apart from the upper opening 61 (see @ of Fig. 8)
and moves the 1lid 63 downward (see @ of Fig. 8). In this
way, the upper opening 51 is opened. On the contrary, when
it is required to close the upper opening 61 by the 1id 63,
the above-mentioned operations will be executed in reverse
order (i.e. B—C—0 of Fig. 8).



25 BRI EF DESCRI PTION OF THE DRAWNGS Fig. 1 is a schematic
vi‘ew of a conventional cleaning apparatus; Fig. 2 is a cleaning apparatus
for sem conductor wafers, in accordance with one enbodi nent of the present

30 invention; Fig. 3 is a plan view of the cleaning apparatus of Fig. 2;
Fig. 4 is a longitudinal cross sectional vi_g[\g_of a cleaning unit of the
cl eani ng apparatus of Fig. 2; 35 Fig-"5 is another | ongitudinal

cross sectional side view of the gleanipng [t _Qf. Fi 4: Ei |
per spective vi ew of eﬁ%esgfz’ggnilﬁb ﬁ‘ﬁ?f %] yﬂélfﬁllé:eggd%?rF:égga?giég‘%gac 64
per spective vi evconmmi sws t he nectiandulaf &hangeer7Q | disposee bedmsiony thet
of Fig. 4; Fig. ' i h@yv a h = Wl e 0f A 4183 a
driving section %’fé%ﬁgn%g%ﬁlﬁngwuﬁﬁg g?‘g_l:i%g&r:ﬁ;% ghgr?. 9 is a perspecti v%or
vi ew showi ng a s1? dingpxird thtarrpreprnbid the £9EEeA ntn uie bhaneg. 74, to
Fig. 10 is & pershaetdne clicid aRovhBErdovebertidlifiaafe 70, and a cylinder
73 for driving the slide door 72. Similar to the 1lid 63,

the slide door 72 is made of resin, such as PVC (polyvinyl

chloride) and PP (polypropylene) etc., and
rectangular-shaped similarly to the lower opening 62.
10 As shown in Fig. 10, the wafer guide 43 is provided,

at an lower end of a carrying member 74 thereof, with a
wafer support 75 for supporting a plurality of wafers W
(e.g. 50 sheets). The wafer support 75 consists of an
intermediate supporting rod 76 and two lateral supporting
15 rods 77, 78 arranged in parallel with each other on both
sides of the rod 76. Respective ends of the rods 76, 77,
78 are fixed with a lower end of the carrying member 74,
while the other ends of the rods 76, 77, 78 are secured to
a fixing member 79. Each of the rods 76, 77, 78 has a
20 plurality of retaining grooves 80, 80... , 80 (e.g. fifty
grooves) formed at predetermined intervals in the longitu-
dinal direction. The wafer guide 43 is made of materials
exhibiting superior characteristics in corrosion resis-
tance, heat resistance and durability, for example, PEEK
25 (polyether ether ketone), Qz (quartz) and so on.

A guide elevating rod 81 is fixed to an upper end of
the wafer guide 43. As shown in Figs. 5 and 6, the guide
elevating rod 81 is adapted so as to move upward and
downward, projecting to the outside through a hole 82

30 formed on the top of the drying chamber 42. The upper end
of the guide elevating rod 81 is connected with a
wafer-guide Z-axis mechanism 83 arranged behind the drying
chamber 42. Since the wafer-guide Z-axis mechanism 83
operates to move the guide elevating rod 81 up and down,

35 the wafers W carried by the wafer guide 43 are transported
between the cleaning bath 41 and the drying chamber 42
through the lower opening 62; Further, as shown in Fig. 5,



the cleaning unit of Fig. 4; 10 Fig. 11 is a perspective view

showi ng a nozzle and a discharging port of the cleaning unit of Fig. 4

Fig. 12 is a view for explanation of an operation of rectifying plates of
the cleaning unit of Fig. 4, Fig. 13 is a flow chart of an operation of the
cl eani ng 15 unit of Fig. 4, Fig. 14 is _aloi_cherrat I c view show ng the
operation of the cleaning unit of Fig. 4, cofresponding to a step 1201 of

Fig. 13; Fig. 15,is _a _schepatic.view show.g r atyon, of h
cleaning unit o hg; éq.a £ cglraar‘%ss%%%d}lﬁétt \(l)fé; g%%% €8§2 t(?:‘) &% a%g?nﬁﬁé. (?TG
is a schematic firewtslednitihg tdleaygaratumwit 027 t hEncbpanahgonni esoshpwg. in
corresponding tg.a st Fl : : o] 7 ol SIB

vi ew show ng thglgberlgtgi 6%%%%6&%%%%% ucr)lefd%_ Ig:fl}gth% W?%??es%%%ndi nICt o]
a step 1204 of Fpgt 13 meepivies, sfersenappire FidhYsHEWReter tPE YpéPES

of the clegni ngruBint 13fe Mdighbortid €388R0iNBaNANg Yatth 1205288 de1qfvdfrisy.
13; Fig. 19 is a schenmatic view show nglet h{ oper at i on§i of, the cl eani n%zuni t
of Fig. 4, corr&B8FBndihgt™he HITRT 198490 4208701 thE gdryding chamber .

Furthermore, the wafer chuck 84 receives, for example,

fifty sheets of wafers W from the wafer guide 43 in the

drying chamber 42 and delivers them to the unloader paxrt
10 15 of the unloading section 4.

As shown in Figs. 4 and 11, on both sides of the upper
part of the drying chamber 42, two nozzles 85: 86 are
arranged so as to blow the cooled nitrogen gas etc. over
the wafers W carried by the wafer guide 43 in a

15 downward-flowing manner. The nozzles 85, 86 are constituted
by pipes 88 having injection holes 87 formed at regular
intervals each of which is identical +to the distance
between the adjoining wafers W in the direction of the
wafers' arrangement. Supplied to the nozzles 85, 86 through

20 an IPA evaporator 89, a control valve 90 and a filter 91
is the mixed gas of IPA and nitrogen, which has been cooled
to 0 - the normal temperature (°C) degree range, more
preferably 5 C. Into the IPA evaporator 89, the cooled
nitrogen is supplied through a nitrogen-cooler 92 and a

25 control wvalve 93, while the IPA is also supplied from an
IPA tank 94 through a control wvalve 95. Similarly, the
nitrogen is supplied to the IPA tank 94 through a control
valve 96, while the IPA is also supplied to the IPA tank
94 through a control valve 97. Respective activations of

30 the control wvalves 90, 93, 95, 96, 96, 97 are controlled
by a controller which is not shown in the figures.

On the other hand, as shown in Figs. 4 and 11, the
drying chamber 42 is provided, on both sides of the lower
part, with exhaust ports 98, 99 for discharging the

35 nitrogen gas etc. blown out of the nozzles 85, 86. The
exhaust ports 98, 99 are communicated with a not-shown

exhaust pump. Also communicated with the exhaust ports 98,



Fig. 20 is a schematic view show ng the operation of 35 t he cl eani ng
unit of Fig. 4, corresponding to a step 1209 of Fig. 13; Fig. 21 is a
schemati c view showi ng the operation of -13- the cleaning unit of Fig.
4, corresponding to a step 1210 of Fig. 13; Fig. 22 is a schematic view
showi ng the operation of the cleaning unit haFig. 4, corresponding to a
step 1211 5 of Fig. 13; Fig. 23 is a scﬁz atic view show ng the

ti ft I f Fl.g :
1572 of g 155 HATE 2P e e R LR B Be & G o1 LD

the cl eani ng unitteanfs Fighidh baviegpengilngaldta 9¢epnﬂgﬂ§(ﬁOQQg}0QB Fi g
25 is a schematic Vh&eWe Pog%ggﬁhgetggehgk&g@egfdggaéyd%ﬂn¢ﬂidﬁnﬁa@g e &n

4, correspond|ng to a s 13; "an Fig. 26 is a
schematic view sbmrngbuﬂfleoﬁp@?%ltnwbqist% cﬁ‘%anﬁ‘*?@o‘%ﬁﬁltr%?rp?—?’@l"% parts

correspondifig t o LA ek’ gifrtFiod thd drying chamber 42 uniformly. With
the arrangement, as shown by dotted lines of Fig. 12, the
nitrogen gas etc., which have been blown out of the
injection holes 87 of the nozzles 85, 86, are flowing on
the surfaces of the wafers W and subsequently sucked from
10 the inlets 100 of the rectifying plates 101, 102. Thus,
owing to the above-mentioned flow of the nitrogen gas etc.,
it is possible to prevent the occurrence of turbulence in
the flows of the nitrogen gas etc. Note, the drying chamber
42 is also provided, at the lower part, with a drain port
15 (not shown) for discharging the liquids. ‘
Again in Fig. 4, a pair of panel coolers 103, 104 are
arranged on both sides of a center of the drying chamber
42. These panel coolers 103, 104 are electrically connected
to a panel controller 105 for controlling the temperature
20 in the chamber 42. The temperature of the chamber 42 is
maintained in the range of 0 - the normal temperature ({U,
more preferably 5 C.
Provided between the cleaning bath 41 and the drying
chamber 42, for example, on both sides of a space above the
25 surface of the bath 41 are nozzles 106, 107 which blow the
mixed gas of the IPA and the nitrogen gas against the
wafers W during transporting from the bath 41 to the
chamber 42. The structures of the nozzles 106, 107 are
substantially similar to those of the above-mentioned
30 nozzles 85, 86. Supplied to the nozzles 106, 107 through
a cooler 108 and a control valve 109 is the mixed gas of
IPA and nitrogen, which has been cooled to the 0 - the
normal temperature (TU degree fange, more preferably S:C,
too.
35 We now describe an operation of the cleaning apparatus
27 constructed above, in accordance with a flow chart of

Fig. 13. Note, the following operational control is



DESCRI PTI ON OF THE PREFERRED EMBODI MENT 20 One enbodinent of the
present invention wll be described with reference to draw ngs. First of
all, we now describe a cleaning apparatus for cleaning sem conductor
wafers, as an exanple to which the invention is applied. Note, through the
descri ption, the 25 sem conductor wafer(s) will be also referred as
"wafer(s)", hereinafter. As shown in Figs. ~3land 3, the whol e cl eani ng

appar at us 1 conpri ses |.oadi ng section 2 for acconmodating the wafers
before cl eani ng SEFBIEK LB é'gﬂfr sg}gw N LRERMIRS section 3 for cl eaning

the wafers, and an wilmead- oBOall |ngoae@:t1|o@|1ng f1ﬂfe pzi;l:idmgdu«prt Ae \saf etrse

after cleaning drie sect i |_nt r.r Y,
predeter- m ned%ngc yer Odﬁ ki bro‘élknsg of %masesret efs a'L d %geaﬁé nthP of

apparatus 1 of tthe emnmbenemz | s copehedul edebptepr ééOQr,ocFe@sl Agt zoresxt 35
Arranged in:the e d; u
9 nq'n 14 %a%ag%zs%tdc@; B%UI'T% 16@&@5 1H¥op@ﬁ%l Veﬂ\ﬁh&p tf@ the

carriers 5 having ferm ne eets)
precl eani ng waf exs Whpvgatediveredqto tTHLfF aafer gsltléﬁd4§yllan1éh%1 qfkﬁiﬁlﬁr

part 7 which caid qsdts@gicioNgriy opeyption of the wafers fromthe
carriers 5,
At sequent step 1203, it is executed to close the 1lid
63 on the top of the chamber 42 and open the slide door 72
10 at the bottom of the chamber 42 (see Fig. 16). Then, the
wafer guide 43 carrying the wafers W is lowered to transfer .
them into the cleaning bath 41 (step 1204, Fig. 17) and the
slide door 72 is closed in succession (step 1205, Fig. 18).

Thereafter, in the cleaning bath 41, it is executed to

15 inject the mixture of HF / H,0 through the nozzles 44, 45

and subsequently immerse the wafers W into the mixture of
HF / H,0 for chemical cleaning (step 1206, Fig. 19). As a

matter of course, the mixture of HF / H,0 ejected from the
nozzles 44, 45 forms a convection directing the wafers W
20 in the cleaning bath 41 thereby to promote the chemical
cleaning. Of course, this chemical liquid may be stored

prior to the introduction of the wafers W into the cleaning

bath 41. Next, the mixture of HF / H,0 is discharged and
thereafter, the cooled DIW is ejected from the nozzles 44,
25 45 to rinse the wafers W (step 1207, Fig. 19). As well as

the mixture of HF / H,0, the DIW ejected from the nozzles
44, 45 forms a convection directing the wafers W in the
cleaning bath 41 thereby to promote the rinsing process.
Note, in the modification, the supply of DIW may be started

30 without-discharging the mixture of HF / H,0 so that the
density of the mixture becomes to be thin gradually. On the
other hand, while such a cleaning process is carried out,
the cooled IPA is blown out from the nozzles 85, 86, so
that the drying chamber 42 is filled up with an atmosphere

35 of the rarefied IPA vapor (step 1208, Fig. 19).

Next, at step 1209, it is executed to open the slide



.

an aligning operation of respective orientation flats of the wafers, and a
counting operation for the nunber of 5 waf ers. Further, the | oading
section 2 is provided with a transfer arm 8 which transports the carriers
5, which have been | oaded fromthe outside by a transporting robot etc., to
the stand-by part 6 and al so between the stand-by part 6 and the | oader
part 7. 10 In the cleaning section 32%hree wafer transfer units 11,

12, 13 are arranged on_the front side (this side in Fig. 2) of_the. seciiqQn
3, while a pipi n<8°<a¥e3212ti Ehge TP P % r@%&ﬁé”s‘?ﬁﬂéﬂgﬁmﬁ%@ Ié%c? fbﬂe%g
t hrough partiti can@atheretdtel)utheg wadieirodmildankiss fedrreisey viing padeessiing
liquids, 15 such_as_chem cal and vari,ous pipes...On the. oth , 2bhe
unl oadi ng secti oh° 4% ﬁXPfﬁg‘s gn%ar?lngé)&érr B%'retm fgp?oortré%c%% t‘?ﬁa‘%ﬁg 42
waf ers cl eaned i stép I2XEaniFig .s@dt)i.onuBing thee twamsporaion , stthedcbplpdrt
16 for causgng t Le 5. W t f nd. anfdaLa _
transfer ar“r:’n 17 ?%Ff?ééﬁs%%?t?#gxsgﬁemg}#@i g%% égbgftl%egjﬁg%lﬁgégn %gqgﬁdpgﬁa
16 and the standIB¥ parblewn mgednsthdhe e@mfians b atr@ngrerkahépn from

includes a carrighet ARHEMNFELLLAN 448 ¥HI Ghhd r @R PAGT THAMDLAT AR ey Sthe
enptied in the |oading section 2. The carrier transfer 25 section 18 is
equi pped with a RaFF+ef Hiwdf BybspANREREdYanBRen (TP filsy Sddas 8R03,
a carrier stock 29 dortieaitidiy dhecrRiNdryahaC ahamdes 22f (eftephe2hoadeig.
part 7 of 10 22), the nitrogen gas etc. is blown from the nozzles 85,
86 to the wafers W in the drying chamber 42 in the downward
flowing manner (step 1212-1214, Fig. 23). In détail, at
first, the mixed gas of the cooled IPA and the nitrogen gas
is blown against the wafers W (step 1212). Next, the cooled
15 nitrogen gas is blown against the wafers W (step 1213) and
finally, the nitrogen gas of the normal temperature is
blown against the wafers W (step 1214). It is noted that
the process to blow the cooled nitrogen gas is executed
under natural wventilation. Further, in the modification,
20 the blowing process of the mixed gas (IPA + N2) at step
1212 may be executed prior to the transporting process of
the wafers W into the drying chamber 42 at step 1210.
At sequent step 1215 (Fig. 24), it is executed to open
the 1id 63 on the top of the drying chamber 42 and thereaf-
25 ter, the wafer chuck 84 is lowered into the chamber 42 to
receive the wafers W from the wafer guide 43 (step 1216,
Fig. 25). Then, the wafer chuck 84 is elevated to unload
the wafers W outside of the drying chamber (step 1217, Fig.
26).
30 In this way, according to the cleaning apparatus 27 of
the embodiment, since the wafers W rinsed by the DIW at the

drying chamber 42 are dried in the above-mentioned cooling
system, the reaction between water (H,0) and silicon (Si)
elements in the wafer surfaces is inactivated, so that the
35 respective wafer surface become difficult to be oxidized.

Consequently, it is possible to restrict the occurrence of



Y

the | oading section 2 by nmeans of the transfer arm 8 and stocking the
carriers 5 with and wi thout the wafers, and 30 a not-shown delivering
part which receives the enptied carriers 5 fromthe carrier conveyer 19 by
means of the transfer arm 17 at the unloading section 4 and delivers the
enptied carriers 5 to the unl oader part 15. Ehe cl eaning section 3 is
provided with the followi ng 35 bat hs i n~fder fromthe side of the

| oader part 7: a chuck cleaning / dryiLng bat 2 f ean n nd drying a
waf er chuck 21 Jf2%t%e DRFES ??%E?e‘?’g%‘?ﬁgts‘ﬁ a%e%hg% ca #%‘gm@ng - 15-

bath 23 for renovi ngin nEadditiesn, swimces dhgancdeeonngm appanasusrretzal |is
[mpuri L es parti Qege Lhuddle bkes QA SERERCE LeddCr q%xwy]hég nngne

chem cal s, such as anmoni h dro en peroxide (N OH err err
Herr]O); a waszte:Slacec&lve:atm ngmeba:tdvl@d dzed oasi ﬁgmpﬁéeﬂapér the| éBAeandn

the bath 235by e rpﬂffod@r& %as accp%e@e&%alal gaitnd, behb B2wl Bh £REOWLDE

netallic contam nations on the wafers by a chem cal, such as a m xture, of

HO / Herr] O erfyrfageers GlOét’f\/\Eghﬂé? ERRIRA BT oseTY gPSe| BARi TRStheing
wafers cleaned iy, @l?l\;élted P24 bt 25n Do Bwlen waeewagﬁrm ikl s £1 635k NPs i t

27 of the inventio renoving an oxide on the waters by a chem cal
element in the wafer surfaces causes the wafer surfaces to

be oxidized with difficulty. Therefore, it is possible to
10 further restrict the occurrence of water marks on the wafer
surfaces. _

Moreover, since the nitrogen gas of the normal‘tempera—
ture is blown against the dried wafers W in order to
normalize the temperature of the wafers W, it is possible

15 to prevent frost from sticking on the wafer surfaces,
further restricting the occurrence of water marks .on the
wafer surfaces.

Furthermore, according to the embodiment, since the
drying chamber 42 and the cleaning bath 41 are separated

20 from each other up and down and constructed so that the
former space can be insulated from the latter space by the
slide door 72 and the respective processes are carried out
separately by the closing slide door 72, there 1is no
possibility that the drying chamber 42 and the cleaning

25 bath 41 mutually exert a bad influence due to the chemical
etc.

Further, since it is possible to design the drying
chamber 42 and the cleaning bath 41 under respective
conditions independent of each other, it is possible to

30 optimize the cleaning process and further miniaturize the
cleaning apparatus 27 owing to the enhanced degree of
freedom in the design. For instance, the drying chamber 42
may be provided with the panel coolers 103, 104 for cooling
the inside of the chamber 42 in view of the drying process

35 without any trouble. Or again, the atmosphere in the drying
chamber 42 may be replaced with the IPA wvapor while



(e.g. a mxture of HF / H20), cleaning the washed wafers by the rinse (e.g.
pure water) and drying the cl eaned wafers; and a chuck cleaning and drying
bath 28 for cleaning and 15 dryi ng not-shown wafer chucks of the wafer
transfer unit 13. Note, partition plates 29, 30, 31, 32 are interposed

bet ween the | oader part 7 and the chuck cl eg ing / drying bath 22, between
t he wash cl eaning bath 24 and the chem cal cl eani ng bath 25, between
t he wash cl eaning bath 26 and t e cl ganin uni n tyeen t u

cl eani ng and dr Has 9 4 nf‘%agg g??nigg rgggg’e\cﬁtql \r}e Qﬁlé}?eﬁ%
partition plat es:r@,pﬁﬁ;ptsnr}&zxgar;&cam.ed so as to open upward and shut

downward in receivi r%qqu_{}% del | %I’I %m%dgt%(? t%ﬁég{)r S ,Ry Ard W {m§ns

whi ch are not shown € figur es ovision of the artition
pl ates 29, 30, 3kedZn iconpampiesyl bicth cchitevahtthe marpritelqial rleaning

chemi cal s f om dj.f gfa&%ﬂﬂs WHG-d Bee V\P&Bb@b@&nﬁ%ﬁ%ﬁ aM$ DOV JIepLhd Qﬁuaml%er

structure t he eaning unit 27 reference to Figs. .
The cl eani ng unitavey hern \rreopmedated ndnbaks ghagber. pﬂ&cés%ﬂﬂ:?sﬁakﬂ? to

reserving the prQaessidige [4Hiidisy 6y Greibdad snde Gef faotivelwf HF / H20)
and the rinse (e.g. pure water) andglrmersm the wafers.to bgagroc.essed I n

the |iquids, and a &A%ndtFcaf d}keY 882t TPRAAFRGSHY o PERGEE"Ebdve ThE
cl eani ng bat h 47 itnfi tHY | 19 tHite WaieRse \dritainapal t edbbddmenite ahéanvangidaas h

4l 10 changes and modifications may be made within a scope of
concept of the art.

For example, although the nitrogen gas is uséd as the
inert gas of the above-mentioned embodiment, other inert
gases, such as argon (Ar), helium (He) etc., may be may be

15 used as a substitute of the nitrogen gas.

Although the IPA is employed as a water-soluble organic
solvent having an function to decrease the surface tension
of pure water with respect to the object to be processed
in the embodiment, the IPA may be replaced with other

_20 organic solvents, for example, ketonic kinds (e.g. diethyl
keton), ether kinds (e.g. methyl ether, ethyl ether),
multicharged alcohol (e.g. ethylene glycol) or the like.

' Although the chemical treatment using the mixture of
HF / H,0 and the rinsing and drying processes using the
25 pure water are executed in the cleaning apparatus 27 in the
above-mentioned embodiment, it should be understood that
a cleaning apparatus for and a method of executing at least
the drying process and one or more other processes will be
included in the scope of the invention. For example, the

30 chemical process using the mixture of HF / H,0, the rinsing
process using the pure water, the chemical process using
the mixture of NH,OH / H,0, / H,0, and the chemical process
using the mixture of HCl / H,0, / H,0 etc. are applicable to
the above other processes. Accordingly, of course, the

35 cleaning apparatus of the invention may be constructed so

as to carry out ,for example, the chemical process using



-16- The cl eaning bath 41 accommpdates a wafer guide 43 and e.g. fifty
sheets of wafers Wcarried by the wafer guide 43. Further, the cleaning
bath 41 is provided, on both sides of a bottomthereof, with nozzles 44, 45
for ejecting 5 the processing liquid for the wafers W
accommodat ed therein. The nozzles 44. 45 may be constituted by pipes each
of which has respective injection orifices #o¥ned at each interval equal to

a di stance between the adjoining wafers Walong the direction of the
waf ers' arrangentip®. migture b NHOWosz HeQ: 44, HeB, EPenShIMECDE PRECESS

chemcal (e.g. m e e a he, rii pse C . I
wat er ( [}VVgde?%%%gédtﬁélﬁg%é?gi§%%gf?%dﬁ?%gﬁﬂéﬁ%BbiEﬁﬁgggégée%g §%8§%§?n

Figs. 2 and 3 byusisgi théi ndxapeealcdfoMHOf/ aHO)M ttHe nginsivg gfocdse using
' i L chi val v Ls controlled by a
For AR ERLRo fratebs.

swi tching operation of th é
not - shown contrd# %rggfépﬁ% % mne e, rn"order to prevent the

oxi dation 0% the wafxlthiughtthe girefermedi el ared sabddd mdede ist edeDeEYaaplehe
rinse. Additionghfyepdn hGC £ Lhe £L68ALDEnPahNa200ciatlon @
col l ect bath 47q+§ Br%v?%%%n%oé %%%ﬁ%%?ﬁ%ggthg %rocessingnliqp?d oca ?n
overfl ow ng the ¥iEanpngleaprAng]l eqpigment having the processing baths in

processing order, it is possible to use the present
cleaning apparatus as a stand alone type apparatus. In this

10 - case, for example, it is also possible to construct the
stand alone apparatus by connecting a transfer section
having the loader part and unloader part with the present
cleaning apparatus.

In addition, it will be understood that the object to

15 be processed is not limited to the semi-conductor wafer of
the embodiment, so that a LCD substrate, a glass substrate,
a CD substrate, a photomask, a print substrate, a ceramic
substrate or the like is applicable to the object to be
processed by the present apparatus and method.

20 As mentioned above, according to the cleaning apparatus
of the present invention, since it includes the rinsing
means for rinsing the object by the rinsing and the drying
means for drying the rinsed object while cooling it, it is
possible to restrict the occﬁrrence of water marks on the

25 - wafer surface to the utmost.

Further, according to the cleaning apparatus of the
present invention, since it includes the rinsing means for
rinsing the object to be processed by using rinsing liquid:;
the blowing means for blowing the cooled gas of the mixture

30 of drganic solvent and inert gas against the object rinsed
by the rinsing means; the drying means for drying the
object- by blowing cooled gas containing inert gas against
the object; and the normalizing means for normalizing the
temperature of the object by blowing the gas of normal

35 temperature containing inert gas against the object dried

by the drying means, it is possible to restrict the



proce55|ng liquid collected by the collect bath 47 is adapted so as to
circulate in the nozzles 44, 45 through a switching valve 48, a punp 49, a
filter 50 and a switch- 25 ing valve 51. In the switching valve 48, it

i s changed whether to circulate the processing liquid collected by the
collect bath 47 in the above-nentioned nanngr or to discharge the |iquid.
In the switching valve 51, it is changed whéPRer to circul ate the

processing liquid collect- 3 e collect bath 47 or_to s t he
cooled DIWto tIREFIZAYSL 429 @t% %ﬁr 8s odbeﬁh%o& &% oSThES oS- %pgpn%t?

t enperat ure ([erdﬂnﬁ)sﬂ@icﬁ@f@mt tivs ef poet efadoh ys&i ¢gleimg Gn byha azlmmdaet
Not e, a danper 52 i osed bet wee he p | he
| ower nost of the cl ?anlﬁpe%a(%%e 5300851‘& §%n9§§ﬁ§§5%ﬂ%8%1{1%§3de;§%rd?an e %
drain the proce$megpﬂﬁcgmvbntnomhessmpechtngn¢éM¢@SS¢halrnnﬁkﬂguﬁﬁﬁp of

whet her %%%@{ ntﬁéeoﬂ st-‘sgyn@hle' S}':ihélht}f QAN e BNt BA5 to b3

or not. i s provided,” on upper and Iomer parts

t her eof , W|th r BTyl ‘égeuﬁ@é?s%dopdﬁélt gn tbﬁerﬂ%’dsm@l spotemy it is

receiving and depidé@m:m td e St Whe eSRaetFaede . oA hd€bBnd ks abl Oe

t he upper openin
PP P gfer surface to the utmost.

Further, according to the cleaning method of the
10 present invention, since it includes the rinsing step of
rinsing the object to be processed by.using rinsing liquid;
the blowing step of blowing the cooled gas of the mixture
of organic solvent and the inert gas against the object
rinsed by the rinsing means; the drying step of drying
15 the object by blowing cooled gas containing the inert gas
against the object; and the normalizing step of normalizing
the temperature of the object by blowing the gas of normal
temperature containing the inert gas against the object
dried by the inert gas, it 1is possible to restrict the
20 occurrence of water marks on the wafer surface to the
utmost and prevent the frost from sticking on the surface

of the object.
Further, according to the cleaning apparatus of the
present invention, since it comprises the processing bath
25 for storing processing liquid in which the object is
immersed:; the drying chamber arranged above the processing
bath and provided with the opening which is disposed
between the body of the drying chamber and the processing
bath and through which the object is transported, the
30 opening being adapted so as to open and close; the trans-
porting. means for transporting the object between the
processing bath and the drying chamber th;ough the opening;
and the first blowing means arranged in the drying chamber,
for blowing gas containing cooled inert gas against the
35 object, it is possible to restrict the occurrence of water

marks on the wafer surface to the utmost. Further, the



while a slide door arrangenent 64 is provided at the | ower opening 62. The
| ird 63 is made of resin, such as PVC (polyvinyl 10 chl oride) and PP

(pol ypropyl ene) etc., and shaped |ike a sem -cylinder at both of the
interior and exterior, as shown in Fig. 6. Thus, such a formation of the
lid 63 causes the interior of the drying chanber 42 closed by the |id 63 to
be defined substantially cylindrically, whi$é-15 preventing a stream of

nitrogen gas etc. bl own against the wafers Wfrom being, turbul ent
Consequent |y, tRPIRFY Be POESLAS LFIe TEarF BEe bl il gRrfs (Lt fenced

respective waf erfxoff Uthé Olcileyhidal atickdtment adushogn the FAgyiig grdeessg
65 is arranged oynd the periphery,of the u I 0 | nQ-6 t,
enhance the seal?i’ g:ht?&pab?‘%r?%/ g? %Eﬁg @ﬁlélr%lgfe%ild%éi&nét % éﬁ%ggogpelg} n%h%l
is closed by theddahsES.ddeigmgediti dst mosdidile tfo obpthnideyithg chiameing?2
is alid acfuator | ' Rt Badany L £ 83 uAh e | n
Fig. 8, thg§Iidgﬁgggﬁ¥%?ﬁgég{%%$ﬁﬁégzg cy ?Eggr Zévégg%Sé?%r Rbtating a’

pi vot arm 67 hawhsyehy e¥def | AEFing t REOFRES63CaBNIPANRFRIMRYI $hRfér B¢ or

noving the lid &Fmpditfaase rotating arrangenent (the cylinder 68, the arm
67) upward and downward. I'n operation for opening the lid 63,

actuator 66 firstlyIMARSThPPFFFENE| 58 Hde %ﬁ?lnguﬁBB?rﬁﬁgﬁikggéfma
upward (see [er gre@ferfi AnvntiBibseguend liv ddwpdisbaathatproditsding heath
rotates tqﬁ)lidgg%té%é}ing the processing liquid in which the object is
immersed; the drying chamber arranged above the processing
bath and provided with an opening which is disposéa between
a body of the drying chamber and the processing bath and
through which the object is transported, the opening being
15 adapted so as to open and close; the transporting means for
transporting the object between the processing bath and the
drying chamber through the opening; the blowing means for
blowing the cooled gas of the mixture of organic solvent
and inert gas against the object; the drying means for
20 drying the object by blowing cooled gas containing inert
gas against the object: and the normalizing means for
normalizing the temperature of the object by blowing the
gas of normal temperature containing the inert gas against
the object dried by the drying means, it is possible to
25 restrict the occurrence of water marks on the wafer surface
to the utmost and prevent the frost from sticking on the
surface of the object. Further, the object has no possibil-
ity to receive the bad influenced from the chemical
treatment during the drying process. Further, owing to the
30 enhanced degree of freedom in the process design, it is
possible to optimize the cleaning process and miniaturize
the cleaning apparatus furthermore, whereby the drying
process can be accomplished more effectively.
Further, according to the cleaning method of the
35 present invention, since it includes the steps of (a)
immersing the object into the processing bath for storing
the processing liquid; (b) transporting the object from the



position apart fromthe upper opening 61 (see [err] of Fig. 8) and noves
the lid 63 dowmmward (see [err] of Fig. 8. In this way, the upper opening
51 is opened. On the contrary, when 35 it is required to close the upper
opening 61 by the Iid 63, the above-nentioned operations will be executed
in reverse order (i.e. [err] of Fig. 8). 18- As shown in Fig. 9, the
slide door arrangenent 64 conprises a rectaaaular flange 70 di sposed

bet ween the cl eani hg bath 41 and th i cha 2, doare 7,
i nserted into ar?l?ﬂ%ﬁ 4b %ﬁ‘ gngeﬁ%% ? agqba%é%%ﬁ and ¢l ose
an interior of mm@déssmng7ﬁathnﬂhaoughlmha‘dﬁbﬂxﬂgdwhv¢hglsh@aﬂahk?cﬁ@r

72. Similar to t 63 it 3 f .
(pol yinmnyfirchf)o Jk%‘% rq_:y §ng t&q%ﬁn%e P<9 y%%ﬁ%%ﬁ%ﬁe & ofnéﬁiﬁg %‘f@éxastl?é/

rect angul ar - skwuﬁhﬂ%ﬁﬁnh%ﬂIHPQR)UM%?QP&H&edoﬁéntHQ épying Chamberﬁsa%ﬂohﬁ)ln
Fig. 10, the V"afrﬁfovﬂiﬂ%%rf@g'a§ Eéﬁ’éhﬂﬁﬂngaéhélrbddﬂ&i i®R¢-tofad ggamsagthe

menber 74 thereof a waf er ort 75 for p ortlng | ur al
wafers W(e.g. RPIaffetHt FheoRst eSGBpB??t75°EoE§?s?% %?rgﬂc?n?% %%H?ﬁte
supporting rod fas dnothat Radérseipgatengolthe LafDst/ andB mrevagedtha
parallel with e%rr})so’é hferromonstbi%(qng on the surface of the object. Further,
the object has no possibility to receive the bad influenced
10 from the chemical treatment during the drying process.
Further, owing to the enhanced degree of freedom in the
process design, it is possible to optimize the"cleaning
process and miniaturize the cleaning apparatus furthermore,
whereby the drying process can be accomplished more
15 effectively.
Further, according to the cleaning method of the
present invention, since it includes the steps of t h e
steps of (a) immersing the object into the processing bath
for storing processing liquid; (b) transporting the object
20 from the processing bath to the drying chamber arranged
above the processing bath through an opening which is
capable of opening and closing; (c) closing the opening
after the object has been transported to the drying
chamber; (d) blowing the cooled gas of the mixture of
25 organic solvent and inert gas against the object:; (e)
drying the object by blowing the cooled gas containing the
inert gas against the object; and (f) normalizing the
temperature of the object by blowing the gas of normal
temperature containing the inert gas against the object
30 dried by the inert gas, it is possible to restrict the
occurrence of water marks on the wafer surface to the
utmost and prevent the frost from sticking on the surface
of the object. Further, the object has no possibility to
receive the bad influenced from fhe chemical treatment
35 during the drying process. Further, owing to the enhanced

degree of freedom in the process design, it is possible to



sides of the rod 76. Respective ends of the rods 76, 77, 78 are fixed with
alower end of the carrying nenber 74, while the other ends of the rods 76,
77, 78 are secured to a fixing nenber 79. Each of the rods 76, 77, 78 has a
20 plurality of retaining grooves 80, 80... , 80 (e.g. fifty grooves)
formed at predetermned intervals in the |°$ﬁit“' di nal direction. The
waf er guide 43 is made of materials exhibiTfAg superior characteristics in

corrosion resis- _tance at resistance and durgbilit for_ e

25 (pol yet hePP&'&HB#%3&%E}Fa&né?q%?????’aﬁags%l%ﬁ e[ d%é?éer})ée%%?rfﬁg
rod 81 is fixedadpparatuppefurthicoiotde wadrebygutde 48yiAg shomesisn d&rgsbe 5
and 6, the guide e]levat. i J so as to nove upward and
downwar d, proj e&‘icr?g"qalol%i%e‘{ %%éeﬁ%%ﬁ{; cl,a' hol e 82 30 formed on the
top of the drying chanber 42. The upper end of the guide elevating rod 81
is connected with a wafer-guide Z-axis nechani sm 83 arranged behind the
dryi ng chanber 42. Since the wafer-guide Z-axis nmechanism 83 operates to
nove the guide elevating rod 81 up and down, 35 the wafers Wcarried by
the wafer guide 43 are transported between the cleaning bath 41 and the
dryi ng chanber 42 through the | ower opening 62. Further, as shown in Fig.
S,



the wafer transfer unit 13 (see Fig. 3) is arranged in front of the
cl-eaning unit 27. In operation, as shown in Fig. 10, a wafer chuck 84

provi ded on the wafer transfer unit 13 receives, for exanple, fifty sheets
of wafers W5 fromthe neighboring wash cl eaning bath 26 and delivers
themto the wafer guide 43 in the drying chS er 42. Furthernore, the wafer
chuck 84 receives, for exanple, fifty sheefs“of wafers Wfromthe wafer
guide 43 in the drying chanmper_ 42 and delivers themto the unloader part 10
15 of the unloadﬁﬁé: (5o ASShown in Figs. 4 and 11, on both sides of

the upper part of, the dryidieLhisPeipreratu® dogdasip, 86 are arranged so
as to blow the cooled nitrogen gas etc. over the wafers arrie

waf er .guide 43 in a 15 rlrb%\ﬂﬁ/vg\e@pﬁ SN G TREARE @ %ef%\ég e%eéfg%%éggg
constituted by myassifty havising niapiidn ded es 87 forned at regul ar

I nterval s each of which j s .identical .di.s e ep. afd|, oL ni Ag
wafers Win the directi (SinrYoJan e WA (ftrosoc' hggrlgﬁgé%egﬁt OB%%%%I ?é‘égt&g g%eégi@
nozzl es 85, 86 tiitmigig 2@ans arwhide evepbing csaBP okjeohirol valve 90 and a
filter 91 is the m xed gas of |PA and nitrogen, which has been cooled to O

- the normal tenperature ( C) degree range, nore preferably 5 [err]C Into
t he | PA evaporat2r 89, tAhelcsoliedy rppageius saupplsistgt hrough a

ni trogen-cool er 92 and %‘i%ﬁsing %%%Hsoko‘fak‘g.ﬁsg%g whihsebperh e i Srétefsed
supplied from an
by using rinsing liquid;

blowing means for blowing cooled gas obtained by
mixing organic solvent with inert gas, against said object
rinsed by said rinsing means
) drying means for drying said object by blowing
cooled gas containing inert gas, against said object:; and

normalizing means for normalizing a temperature of
said object by blowing gas of a normal temperature contain-
ing inert gas, against said object dried by said drying

means.

3. A method of cleaning a object to be processed, said
method comprising the steps of:

rinsing a object to be processed by using rinsing
liquid; and '

drying said object while cooling it.

4. "A method of cleaning a object to be processed, said
method comprising the steps of:
rinsing said object by using rinsing liquid;
blowing cooled gas obtained by mixing organic
solvent with inert gas, against said object rinsed:;
drying said object by blowing cooled gas containing
inert gas, against said object; and
normalizing a temperature of said object by blowing
gas of a normal temperature containing inert gas, against

said object dried by said cooled gas.

RN O A O




| PA tank 94 through a control valve 95. Simlarly, the nitrogen is supplied
to the I1PA tank 94 through a control valve 96, while the IPAis also
supplied to the IPA tank 94 through a control valve 97. Respective
activations of 30 the control valves 90, 93, 95, 96, 96, 97 are
controlled by a controller which is not sho in the figures. On the other
hand, as shown in Figs. 4 and 11, the dryiﬁ§96hanber 42 is provided, on
both sides of the |lower part, with exhaust ports 98, 99 for discharging the
35 nitrogen das etc. PIBYRRBIRI RPRPAE2HBS 2 FRE §323pgNITRe tt%gP?s

98, 99 are commﬁydagggbdgtghfaré?péﬁgwwgea$mpgﬁs£w@p. Al so communi cat ed
with the exhaust ports 98, - 20- 93 are resE%CtLve rectifgLng Platga %91,
102 as rectifying neans,® WHOGFIRHIh aiapfﬁfa Py18P PRPEBESID8, ~189 9. °
, 100 for sucki nghidre gaid agejegasietimmerdedh have been bl own out of the
nozzl es 85, 86, through respectiv arts 5 e r r .
dryi ng chanber 42 unifof%1§£yﬁé9h%?%g&§$%éﬁﬁ%néﬁ%? 3%83 oﬁ%ﬁﬁi é%ﬁ%%%sf?%es
of Fig. 12, the bith egehpyeyvided. vivhiah drperdngefrighois disprosetdheetween
i nj ection hol es 18 NAZ7 l6S 18 RGmpaeahhouhid SPotBEssHETBAER Sha
the wafers Wandéétfggequerﬁ%l s%?%eg Fro% @ Bro ,5 i
through which said object is transported, said opening
being capable of closing:;
transporting means for transporting said object
between said processing bath and said drying chamber
through said opening:; and
first blowing means arranged in said drying
chamber, for blowing gas containing cooled inert gas

against said object.

6. A cleaning apparatus as claimed in Claim 5, further
comprising

second blowing means arranged between said process-
ing bath and said drying chamber, for blowing said gas
containing said cooled inert gas against said object on
transportation from said processing bath to said drying

chamber.

7. A cleaning apparatus as claimed in Claim 5, further
comprising
cooling means arranged in said drying chamber, for

cooling said object.

8. A bleaning apparatus as claimed in Claim 5,
"wherein said first blowing means blows said gas
containing said cooled inert gas over said object from an
upper section of said drying chamber in a downward flowing
manner; and further comprising:
discharging means for discharging said gas contain-
ing said inert gas, which has been blown out from said

-_—
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10 the inlets 100 of the rectifying plates 101, 102. Thus, owing to the
above-nentioned flow of the nitrogen gas etc., it is possible to prevent
the occurrence of turbulence in the flows of the nitrogen gas etc. Note,
the drying chanber 42 is also provided, at the |ower part, with a drain
port 15 (not shown) for discharging the |ljiquids. Again in Fig. 4, a pair
of panel coolers 103 104 are arranged on Both sides of a center of the

dryi ng chanber anel cool er are electr I 0 nected
to a panel contééq Qﬂ Qﬁﬁﬂ?blf?ﬂ@ ?hiOWSHpSFS are f%a é&éz{
chanmber 42. The chambergt ure of the chanber 42 is maintained in the range of

0 - the normal tenperat 'td’f%’%f%[ rgla@%]i dgg[:ﬁa%?ﬁhgaﬁghxigiée%fi&dé’éQ)/i&‘?dan

bet ween the cl eaning ba exa
bot h sides of aesqm@tsiap@v@ theopgh whs@nf%azzei ofas Be @a{sﬁha{gaflefmz?@sd

106, 107 which eximied- gas of the I PA and the nitrogen gas agai nst
the wafers VVdur| r%’hansporting fromthe bath 41 to the chanber 42. The

structures of the nozzles 106, 107 are substantially simlar to those of

the above-mentigned 30 » c0@2akRY SppaPlrySUbldiehddy Lhechazl g5 AdBnd07

through a cooler 108 and a contr ve 109 t he m xed gas of
ni trogen, whi choREIPTHSIMNT 568FEE fYdngHEeansS qamHEGRTInE Hhéhatat e e>tf[<‘@r$1} C)

degree range, Myog-dPeeheraPiigSa @1URMity of intake ports for introducing
said gas containing said cooled inert gas, which has been
blown out from said first blowing means, througp a lower

section of said drying chamber.

10. A cleaning apparatus as claimed in Claim 5, wherein
said processing liquid stored in said processing bath is

a deaerated rinse.

11. A cleaning apparatus as claimed in Claim 5, wherein
said processing liquid stored in said processing bath is

a cooled rinse.

12. A cleaning apparatus for cleaning a object to be
processed, said apparatus comprising:

a processing bath for storing processing liquid in
which said object is immersed;

a drying chamber arranged above said processing
bath and provided with an opening which is disposed between
a body of said drying chamber and said processing bath and
through which- said object is transported, said opening
being adapted so as to open and close;

“transporting means for transporting said object
between said processing bath and said drying chamber
through said opening;

blowing means for blowing cooled gas of a mixture
of an organic solvent and inert gas against said object:;

drying means for drying said object by blowing

\
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35 We now descri be an operation of the cleaning apparatus 27
constructed above, in accordance with a flow chart of Fig. 13. Note, the
foll ow ng operational control is -21- executed by a not-shown
controller. First of all, upon closing the slide door 72 at the bottom of

t he drying chanber 42, the lid 63 on the tog of the chanber 42 is opened
(see step 1201, Fig. 14). Next, 5 the wafér chuck 84 is lowered into the

chanmber 42, and th fers Ware, delivered to the wafer gqujde 43 ip. the
Chanber 47 (o TSRS Fritaiaind dhees ot Seoirsooie b ieths AFdq
to close the lid 63 on trwernaipi xifng Ieacizafber néZmandzapgnat hempérdeudeoot 72
10 at the botfo £ a .4 ' ) . gui de
43 carrying the é\/\Eliarﬁe(rzjfsbJ\f% ?csg ogmgtr?{éﬁngoéfggg)rib g?:mté geﬁgﬁgga%-%ggc%ﬁ%}g%gt h
41 (step 1204, FnpriPasimpairst|sald doeied? duied dxpdsaid sieriRg i Bealst ep
1205, Fig. 18). Thereafter, in the cleaning bath 41, it is executed to 15

I nject the mxture of HF / H20 through the nozzles 44, 45 and subsequently
i merse the waf ér3. Wi ntho alleaning wethofd K /cleaning aieject b domipyo-

((ajsfagfeézgsb'mﬁt ﬁécé]sgged Ass @ FRL T &N A g GRS ddifp M A eerd dehs HEP:

(a) immersing said object into a processing bath
for storing processing liquid;

(b) transporting said object from said processing
bath to a drying chamber arranged above said processing
bath through an opening which is capable of 6péning and
closing;

(c) closing said opening after said object has been
transported to said drying chamber; and

(d) blowing gas containing cooled inert gas against

said object transported into said drying chamber.

14. A cleaning method of cleaning a object to be pro-
cessed, said cleaning method comprising the steps of:

(a) immersing said object into a processing bath
for storing processing liquid;

(b) transporting said object from said processing
bath to a drying chamber arranged above said processing
bath through an opening which is capable of opening and
closing:;

(c) closing said opening after said object has been
transported to said drying chamber;

(d) blowing cooled gas of a mixture of an organic
solvent and inert gas against said object;

-(e) drying said object by blowing cooled gas
containing inert gas against said object; and

(£f) normalizing a temperature of said object by
blowing gas of normal temperature containing inert gas

against said object dried by said inert gas.

AR
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nozzl es 44, 45 forns a convection directing the wafers W20 in the
cleaning bath 41 thereby to pronote the chem cal cleaning. O course, this
chemcal liquid nay be stored prior to the introduction of the wafers W
into the cleaning bath 41. Next, the m xture of HF / H20 is discharged and
thereafter, the cooled DIWis ejected fromghe nozzles 44, 25 45 to
rinse the wafers W(step 1207, Fig. 19). ASwell as the m xture of HF /
Herr]O the DiWejected fromthe nozzl es 44, 45 forys, a nvecti,on
directing the wdfrs Wik ‘E}I%a%’rré%n‘?‘ﬁﬁg‘ﬁ‘gt ﬁ‘s4f%‘tar%é'|'eéig§”? oeg?ﬁ%éé e 14
ri nsing process.whidadeein, priter rodshidastop,off {d)Suppliy dfyDhy/ opgmber has
started 30 wi.t hout_ di.scharging.,the m r f - H20 h
density of the rﬁ%ﬁnurfelqbleecég swtlgChbg f:ﬁlo'xﬁgér%ﬁgaf%?éégt%gﬁ%%ﬁerr%aﬁaan
whil e such a cl eargargipramwlesnts carried out, the cooled IPA is bl own out
fromthe nozzles 85, 86, so that the drying chanber 42 is filled up with an
at nosphere 35 of the rarefied | PA vapor (step 1208, Fig. 19). Next, at
step 1209, it is executed to open the slide -22- door 72 at the bottom
of the drying chanber 42 (Fig. 20) and thereafter, the wafer guide 43
carrying the wafers Wis elevated to transport theminto the drying chanber
42

| g



(step 1210, Fig. 21). During the transportation, the cooled 5 ni trogen
gas or the m xed gas of the nitrogen gas and the I PA is bl own against the
wafers Won transportation fromthe cleaning bath 41 to the drying chanber
42 by the nozzles 106, 107. Subsequently, upon closing the slide door 72 at
the bottom of the drying chanber 42 (step 1211, Fig. 10 22), the
nitrogen gas etc. is blown fromthe nozzles 85, 86 to the wafers Win the
dryi ng chanber 42 in the downward fl owi ng manner (step 1212-1214, Fig. 23).
In detail, at first, the m xed gas of the cooled I PA and the nitrogen gas
is blown against the wafers W(step 1212)35 Next, the cooled 15 ni trogen
gas is bl own against t rogen gas
of the normal tenperat lt})r%e I'S ﬁ{)ﬁs FWR(ZAHL‘\;?ZEP ag/gﬁ[ %t@%@ﬁ% It is
noted that the process to blowt Q&%I i s executed under
natural ventilation. Further, in the bl owi ng
process of the m xed gas (| PA + N2) at step 1212 may be executed prior to
the transporting prgc 0 I #ei at-estep
1210. At sequent st%p(a?%fglflﬁbheaagé%&gv?Eaeé%%ﬂ%ﬁgoﬁgﬁﬁtgﬁe lid 63 on
the top of the Stylﬂ‘glegaﬁbeﬂcﬁzrﬁﬁacﬁhélfeaﬁt% markson }eShpfarechiicR 84
I's | overedgint Ooﬁﬁ‘éc‘éh@@@fé pé}%cta%séacstéepf&ﬁd@d erﬁxé/\éﬁéaﬁhh@eappéeatgw de
43 (step 1316 FIg. 25). , the wafer chuck 84 is el eval gt unl 8ad t he
waf ers W out si désopoﬂ%rdhcﬁer‘?g Paffertq st FEERTSH Y ave been

rinsed by DIW in a drying chamber 42, in a cooling system.

Thué, the reaction between, for example, IPA, DIW etc. and
silicon in surfaces of the wafers W is inactivated to cause
10 the surfaces to be oxidized with difficulty, so that it is
possible to restrict the occurrence of the water marks on

the surfaces.

(Fig. 4)



26). 30 In this way, according to the cleaning apparatus 27 of the
enbodinment;since the wafers Wrinsed by the-Bl Wat the drying chanber 42
are dried in the above-nentioned cooling system the reaction between water
(H20) and silicon (Si) elements in the wafer surfaces is inactivated, so
that the 35 - respective wafer surface becone difficult to be oxidized.
Consequently, it is possible to restrict the occurrence of -23- water
mar ks on the wafer surfaces to the utnost. In addition, since the cleaning
apparatus 27 is constituted in a mannef ¥hA& after the DI Whas been
replaced with the cool ed m xed gas conposed of the |IPA and 5 t he
nitrogen gas to a certain extent, the DIWon the wafer surfaces is bl own by
the cooled nitrogen gas, the resulting inactivated reacti on between water
(H20) and silicon (Si) element in the wafer surfaces causes the wafer
surfaces to be oxidized with difficulty. Therefore, it is possible to 10
further restrict the occurrence of water marks on the wafer surfaces.

Mor eover, since the nitrogen gas of the normal tenpera- ture is bl own

agai nst the dried wafers Win order to
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normal ize the tenperature of the wafers W it is possible 15 to prevent
frost. fromsticking on the wafer surfaces, further restricting the
occurrence of water marks on the wafer surfaces. Furthernore, according to
t he.enbodi nent, since the drying chanber 42 and the cleaning bath 41 are
separated 20 from each other up and down and constructed so that the
former space can be insulated fromthe latter space by the slide door 72
and the respective processes are carriighgu}éﬁeparately by the closing
slide door 72, there is no possibility t e drying chanber 42 and the
cl eani ng 25 bath 41 nutually exert a bad influence due to the chem ca
etc. Further, since it is possible to design the drying chanber 42 and the
cl eaning bath 41 under respective conditions independent of each other, it
I's possible to 30 optim ze the cleaning process and further mniaturize
t he cl eaning apparatus 27 owi ng to the enhanced degree of freedomin the
desi gn. For instance, the drying chanber 42 may be provided wth the panel
cool ers 103, 104 for cooling the inside of the chanber 42 in view of the
dryi ng process 35 et o= —O—]gai n, the atnosphere in the

dryi ng chanber 42 N\ Ii é’ ' PYX\ vapor whil e
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-24- cleaning the wafers Win the cleaning bath 41 in view of the pronpt
drying process. Further, since the drying chanber 42 can be mniatur- ized
in conmparison w.th.that of the conventional cleaning 5 appar at us where
t he processing bath and the drying chanber have been accommodated in one
chanber, it is possible to carry out the drying process nore effectively.
Now, it is noted that the present invention is not |limted to the
above-nmenti oned enbodi ment and various 10 changes and nodi ficati ons may
be made within a scope of concept of thg a#¥& For exanple, although the
nitrogen gas is used as the inert gas of the above-nentioned enbodi nent,

ot her inert gases, such as argon (Ar), helium (He) etc., may be nay be 15
used as a substitute of the nitrogen gas. Although the IPA is enployed as a
wat er - sol ubl e organi ¢ sol vent having an function to decrease the surface
tension of pure water with respect to the object to be processed in the
enbodi nent, the | PA may be replaced wth other 20 organi ¢ solvents, for
exanpl e, ketonic kinds (e.g. diethyl keton), ether kinds (e.g. nethyl
ether, ethyl ether), nulticharged al gohol (e(g. ethylene glycol) or the

| i ke. Although the chem cal treatnment-using gﬂ? m xture of :
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HF / H20 and the rinsing and drying processes using the 25 pure water
are executed in the cleaning apparatus 27 in the above-nentioned
enbodiment, it should be understood that a cleaning apparatus for and a
met hod of executing at |east the drying process and one or nore other
processes will be included in the scope of the invention. For exanple, the
30 chem cal process using the mxture of HF / HJerr]OQ the rinsing
process using the pure water, the chem cal, process using the m xture of
NH[err]OH / Herr](Jerr]2/ Herr]O an t»f{jgherri cal process using the

m xture of HCL / H202 / H20 etc. are applicable to the above other

processes. Accordingly, of course, the 35 cl eani ng apparatus of the
invention may be constructed so as to carry out ,for exanple, the chem cal
process using -25- the mxture of NHerr]OH/ Herr]derr]/ Herr]O the

chem cal process using the mxture of HO / H202 / Herr] O the chem cal
process using the mxture of HF / Herr]O the rinsing process using the
pure water, and the drying process. 5 Al t hough t he above-nenti oned
enbodi ment is gne exanpke ofqthe cleaning apparatus of the invention in
associ ati on wiZh a cl eal ng&qui prment havi ng‘gt he processing baths in

processing order, it ismosT ble to use the Present -
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cl eani ng apparatus as a stand al one type apparatus. In this 10 case, for
exanple, it is also possible to construct the stand al one apparat us by
connecting a transfer section having the |oader part and unl oader part with
t he present cleaning apparatus. In addition, it will be understood that the
object to 15 be processed is not Iimted to the sem -conductor wafer of

t he enbodi nent, so that a LCD substrate, a glass substrate, a CD substrate,
a photomask, a print substrate, a ceranm_c substrate or the like is
applicable to the object to be processeﬁﬁb&/éﬁe present apparatus and

met hod. 20 As mentioned above, according to the cl eaning apparatus
of the present rnvention, since it includes the rinsing neans for rinsing
the object by the rinsing and the drying neans for drying the rinsed object
while cooling it, it is possible to restrict the occurrence of water marks
on the 25 waf er surface to the utnost. Further, according to the

cl eani ng apparatus of the present invention, since it includes the rinsing

means for rinsing the object to be processed by using rinsing liquid; the
bl owi ng neans for blowi ng the cool ed gas of the m xture| 30 of orfganic
sol vent and inert gas against the object rinsed by the [insiny nmeans; t he
drying neans for drying the object by blow ng cool ed gas containing inert
gas agai nst the object; and the normalizi ng neans for normekgz he
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tenperature of the object by blow ng the gas of normal 35 tenperature
containing inert gas against the object dried by the drying neans, it is
possible to restrict the ~-26- occurrence.of water marks on the wafer
surface to the utnost and prevent the frost fromsticking on the object.
Furthernore, according to the cleaning nmethod of the present invention,
since it includes the rinsing step of 5 rinsing the object by the rinsing
and the drying step of drying the rinsed object in the cooling system it
is possible to restrict the occurrenceéga/ er marks on the wafer surface
to the utnost. Further, according to t cl‘éani ng net hod of the 10

present invention, since it includes the rinsing step of rinsing the object
to be processed by using rinsing liquid; the blowi ng step of blow ng the
cool ed gas of the m xture of organic solvent and the inert gas agai nst the
object rinsed by the rinsing neans; the drying step of drying 15 t he
obj ect by bl owi ng cool ed gas containing the inert gas against the object;
and the normalizing step of normalizing the tenperature of the object by

bl owi ng the gas of normal tenperature containing the inert gas against the
obj ect




dried by the inert gas, it is possible to restrict the 20 occurrence of
wat er marks on the wafer surface to the utnost and prevent the frost from
sticking on the surface of the object. Further, according to the cleaning
apparatus of the present invention, since it conprises the processing bath
25 for storing processing liquid in which the object is imersed; the
dryi ng chanber arranged above the processing bath and provided wth the
openi ng which is disposed between the S%dydﬁé t he drying chanmber and the
processi ng bath and t hrough which the yé is transported, the 30
openi ng bei ng adapted so as to open and close; the trans- porting nmeans for
transporting the object between the processing bath and the drying chanber
t hrough the opening; and the first blow ng neans arranged in the drying
chanber, for blow ng gas containing cooled inert gas against the 35

object, it is possible to restrict the occurrence of water marks on the

waf er surface to the utnost. ther,4ﬁ;r -27- objectiﬁ%s no possibility
to receive the bad influence om L che cal treat men{ Huri g the drying
process. Further, owing to the epgaficed degr
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process design, it is possible to optimze the cleaning 5 process and
mniaturize the cleaning apparatus furthernore, whereby the drying process
can be acconplished nore effectively. Further, according to the cleaning
apparatus of the present invention, since it conprises the processing bath
10 for storing the processing liquid in which the object is inmersed;
the dryi ng chanber arranged above the processing bath and provided with an
openi ng which is disposed between a body of the drying chamber and the
processi ng bath and through which the off ¢€t/&s transported, the opening
bei ng 15 adapted so as to open and close; the transporting neans for
transporting the object between the processing bath and the drying chanber
t hrough the opening; the blowi ng neans for * bl owi ng the cool ed gas of
the m xture of organic solvent and inert gas against the object; the drying
means for 20 drying the object by bl ow ng cool ed gas containing inert
gas against the object; and the normalizing neans for normalizing the
tenperature of the object by blowi ng the gas of normal tenperature
containing the inert gas against the object dried by the drying nmeans, it

is possible to 25 restrict the occurrence of water marks on the wafer
surface to the utnost and prevent the frost fromsticking on the surface of
the object. Further, the object has no possibil- ity to receive the bad

i nfl uenced fromthe chem cal

73 |




treatnment during the drying process. Further, owing to the 30 enhanced
degree of freedomin the process design, it is possible to optim ze the

cl eaning process and mniaturize the cleaning apparatus furthernore,
whereby the drying process can be acconplished nore effectively. Further,
according to the cleaning nethod of the 35 present invention, since it
i ncludes the steps of (a) imersing the object into the processing bath for
storing the processing liquid; (b) transporting the object fromthe - 28-
processing bath to the dryi ng chanber ?9gzqqu above the processing bath

t hrough the opening which is capable o pening and closing; (c) closing
the opening after the object has been transported to the drying chanber;
and (d) 5 bl owi ng the gas containing the cooled inert gas against the
object, it is possible to restrict the occurrence of water marks on the

waf er surface to the utnost and prevent the frost fromsticking on the
surface of the object. Further, the object has no possibility to receive
the bad influenced 10 fromthe chem cal treatnment during the drying
process. Further, owing to the enhanced degree of freedomin the process
design, it is possible to optimze the cleaning




process and mniaturize the cleaning apparatus furthernore, whereby the
dryi ng process can .be acconplished nore 15 effectively. Further,
according to the cleaning nethod of the present invention, since it
includes the steps of t h e steps of (a) inmmersing the object into the
processing bath for storing processing liquid; (b) transporting the object
20 fromthe processing bath to the drying chanber. arranged above the
processi ng bath through an openi ng MhLZE7L§ %gpable of opening and cl osi ng;
(c) closing the opening after the obj A4 Been transported to the drying
chanber; (d) blow ng the cooled gas of the m xture of 25 or gani ¢ sol vent
and inert gas against the object; (e) drying the object by blow ng the
cool ed gas containihg the inert gas against the object; and (f) normalizing
the tenperature of the object by blow ng the gas of normal tenperature
containing the inert gas against the object 30 dried by the inert gas,

it is possible to restrict the occurrence of water marks on the wafer
surface to the utnost and prevent the frost fromsticking on the surface of
the object. Further, the object has q?5possibility to receive the bad

i nfluenced fromthe chem cal treatnen 5 quring the drying process.
Further, owing to the enhanced degre in the process design, it
is possible to

e 0
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-29- optimze the cleaning process and mniaturize the cleaning apparatus
furthernore, whereby the drying process can be acconplished nore
effectively. -30- What is clainmed is: 1. - A cl eani ng appar at us
conprising: rinsing neans for rinsing a object to be processed by using
rinsing liquid; and drying nmeans for drying said object rinsed by said
rinsing nmeans, while cooling said object. 2. A cl eani ng appar at us
conprising: rinsing nmeans for rinsing%ﬁ,gpbggt to be processed by using
rinsing liquid; blow ng nmeans for bl own | ed gas obtained by m xi ng
organic solvent with inert gas, against said object rinsed by said rinsing
nmeans drying neans for drying said object by blow ng cool ed gas contai ni ng
i nert gas, against said object; and normalizing neans for nornmalizing a

t enper at ure of
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sai d object by blowi ng gas of a nornmal tenperature contain- ing inert gas,
agai nst said object dried by said drying neans. 3. A net hod of
cleaning a object to be processed, said method conprising the steps of:
rinsing a object to be processed by using rinsing liquid; and drying said
object while cooling it. 4. A nethod of cleaning a object to be
processed, said nethod conprising the steps of: rinsing said object by
using rinsing liquid; blowi ng cool ed gas obtained by m xi ng organi c sol vent
with inert gas, against said object rkg?gﬂ;‘%mying sai d object by bl ow ng
cool ed gas containing inert gas, agai 4 object; and normalizing a
tenperature of said object by blowi ng gas of a nornal tenperature
containing inert gas, against said object dried by said cool ed gas. - 31-
5. A cl eani ng apparatus for cleaning a object to be processed, said
apparatus conprising: a processing bath for storing pr ocessié%> liquid in
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whi ch said object is imersed; a drying chanber arranged above said
processing bath and provided wi th an opening which is di sposed between a
body of said drying chanber and said processing bath and through which said

object is transported,

sai d openi ng being capabl e of closing; transporting

means for transporting said object between said processing bath and said

dryi ng chanber through said opening;

sai d dryi ng chanber
sai d object. 6.

sai d dryi ng chanber,

and first blow ng neans arranged in

for bl ow ng gas containing cooled inert gas agai nst
A cl eani ng appar af 3s/ad&laimed in Caimb5, further
conprising second bl owi ng neans arranged between said process- ing bath and

for

bl owi ng said gas containing said cooled inert gas

agai nst said object on transportation from said processing bath to said

dryi ng chanber. 7. -

conprising cooling neans arranged in said
A cl eani ng apparatus as cl
first blow ng nmeans bl ows said gas

obj ect. 8.

yi ng chanber,

85 86

A cl eaning apparatus as clainmed in Caimb5, further

for cooling said

ned in Claim5, wherein said
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contai-ning said cooled inert gas over said object froman upper section of
said drying chanber in a dowmward fl owi ng manner; and further conprising:
di schargi ng neans for discharging said gas contain- ing said inert gas,

whi ch has been bl own out from said -32- first blow ng neans, froma

| ower section of said drying chanber; wherein said discharging neans is
provided with an exhaust port through which said gas is discharged from
said drying chanber. 9. A cleanlgg ap aratus as claimed in Claim8,
further conprising rectifying nmeans c L& ng with said exhaust port
and having a plurality of intake ports for i ntroduci ng sai d gas contai ni ng
said cool ed inert gas, which has been blown out fromsaid first bl ow ng

nmeans, through a | ower section of said drying chanber. 10. A cl eani ng
apparatus as claimed in Caimb5, wherein said processing liquid stored in
sai d processing bath is a deaerated rinse.g3l. A cl eani ng apparatus as
claimed in daimb5, wherein said proceSS|n liquid stored in said

processing bath is
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a cooled rinse. 12. A cl eani ng apparatus for cleaning a object to be
processed, said apparatus conprising: a processing bath for storing
proeessing liquid in which said object is imersed; a drying chanber
arranged above said processing bath and provided with an opening which is
di sposed between a body of said drying chanber and said processing bath and
t hrough which said object is transported, said opening being adapted so as
to open and close; transporting neans for transporting said object between
sai d processing bath and said dryi ng Jiapb¢&t hrough sai d openi ng; bl ow ng
means for blow ng cool ed gas of a m xture of an organic solvent and inert
gas agai nst said object; drying neans for drying said object by bl ow ng
-33- cool ed gas containing inert gas agai nst said object; and normalizing
means for normalizing a tenperature of said object by blow ng gas of norna
tenperature containing inert gas agai nst $d object dried by said drying
means. 13. A cl eani ng net hod of clean?gg a object to be pro-




cessed, said cleaning nethod conprising the steps of: (a) imersing said
object into a processing bath for storing processing liquid; (b)
transporting said object fromsaid processing bath to a drying chanber
arr'anged above said processing bath through an openi ng which is capabl e of
opening and closing; (c) closing said opening after said object has been
transported to said drying chanber; and (d) blow ng gas containing cool ed

i nert gas agai nst said object transpmw}é§L)22? sai d dryi ng chanber. 14.

A cl eaning nethod of cleaning a object be“pro- cessed, said cl eaning

met hod conprising the steps of: (a) imersing said object into a processing
bath for storing processing liquid; (b) transporting said object fromsaid
processing bath to a drying chanber arranged above said processing bath

t hrough an opening which is capable of opening and closing; (c) closing
sai d opening after said object has been trgmsported to said drying chanber;
(d) blow ng cooled gas of a m xture of an of gani c sol vent and inert gas
agai nst said object; (e) drying said obj bl owi ng cool ed gas
containing inert gas against sai @Dbje e

42

85 86




(f) normalizing a tenperature of said object by blow ng gas of normnal
tenperature containing inert gas against said object dried by said inert
gas.— 2 34- 15, A cl eaning nmethod as ttainmed in Claim13 or 14,
wher-ein, prior to said step of (b), said drying chanber has been filled up
with a cooled and rarefied atnosphere of an organic sol vent.
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