APPARATUS, FOR AND METHOD OF CLEANI NG OBJECTS TO BE PROCEggﬁazgﬁgﬁkﬁé%ND OF
THE™ NVENTI ON 5 The present invention relates to a cl e E@P
apparatus and a cl eani ng net hod, by which objects to be processed, s%ch as
sem conductor wafers and gl ass substrates for a LCD (liquid crystal

di splfay) unit etc., are imersed and cl eaned in chenmical and subsequently
dried. 310 For exanple, in a cleaning-treatnent of a manufacturing
process“for a sem conductor device, such as LSI etc., various cleaning
apparatuses are enpl oyedpPaRATEEOFOR JAND NETHOIATFS CLEANTSGS 0BDECES of the
sem conductor wafers, such as particl,ﬁz, lﬁr &c? tam nants, netallic

| mpuri- 15 ties and so on, and for t% iéﬁ?a rface of the wafer. Note,
in this specification, the sem conductor wafer(s) will be called the
waf er (s) for short, hereinafter .?MDI oFaTik SR BGr FGPar at us of “wet”
type cones into w de use on the —hat—(—ﬁe—@w—eﬁﬁ tam nants can be
renoved ef feB- 20 They gdneseanttc Hinvgnddonpredaties abd a HLRIMYF RRRATEH T an
be acconpli shed t&@ngagggaﬂfﬁg_tmm’p%y Ihidie HRAVNEP IR 85focddbeadiCh

a wet type of cleaning apparatus, the wafers to be cleaned are subject ed to
a chemical cl eani FCH AR sediggnducter gratenfmBRlagt e TRt 240 £ 8geR LCP

fluoride treatmeptsqeid f Wrivetadi dai&SPAPENUNEC. dtca, Washi ngmabessdngand
rocess .
P cleaned in chemical and subsequently dried.
10 For example, in a cleaning treatment of a manufacturing

process for a semiconductor device, such as LSI etc.,

various cleaning apparatuses are employed for removing

contaminants on the surfaces of the semiconductor wafers,

such as particles, organic contaminants, metallic impuri-

15 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-

20 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

25 (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 1like. Note, the isopropyl
alcohol will be referred the IPA, hereinafter. Further, the

30 cleaning apparatus is so constructed to supply the chemi-
cals, the pure watexr and the IPA to processing baths in
processing order and & drying room, respectively. Thush
with the above arrangement, a batch processing method where
the wafer in blocks of e.g. 50 sheets are successively

35 immersed in the processing baths and dried in the drying
room, comes into wide use.
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using pure water etc., and a drying process using isopropyl alcohol

[ (CH3) 2CHOHJ or the like. Note, the isopropyl alcohol will be referred the
| PA, hereinafter. Further, the 30 cl eani ng apparatus is so constructed
to supply the chem - cals, the pure water and the I PA to processing baths

I n processing order and a drying room respectively. Thus, with the above
arrangenent, a batch processing nethod where2the wafer in blocks of e.g. 50
sheets are successively 35 i mrersed in the processing baths and dried in
the dryi ng room comowaves withe peevision nf HhReREPCOSHENGHVTRT Gdbfthehe

processi ng bat hs &Rg ddersliny i flr F O8ER f BFofded PARSES StIk@UsBPatBEuIPRAEr HellS

to be large-sized undesirably. In addition, because of a |ot of
opportunities fortaGIgnsided MpoeRéTRRLEr 1P gkt igiyatfqpuse; of § Joft p&
wor ds, bei ng expeggbrituratiiRsPBes srdiipicr-tisgathe eRifd1es shbite tappairaftue,
particles' sticking tq the watfers. Therefore .ip e.g. Japanese_Unexani ned
Patent Publita- ti nc’%kptﬁa‘i’?r‘&fl. %ﬁ%rﬁz%’ép%%%dtﬁ% ?g‘ﬂﬁsﬁg‘?f%'— 358573 &Pc 2
t here are proposerrezitegossdbdppayaifishe parebchesnt stiicklingOto thehwafers.
D oceand: bnen o AR oMef0 A O SchHBE e EnS e Wit e
tion (kokai) No. 64-81230 and 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. Fié. 1 shows
one example of the cleaning apparatuses in the publica-
tions, representatively.

15 The shown cleaning apparatus comprises a chamber 200
and chemical (ligquid) 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.

In the above-mentioned drying process while heating,
however, there is a possibility that chemical atmosphere
remaining in an upper area of the chamber 200 exerts a bad

25 influence on the wafer W during the drying process.
Furthermore, since there is a need to meet respective
requirements of the chemical and drying processes simulta-
neously, the degree of freedom is restricted in design of
the cleaning apparatus. Therefore, it is difficult to adopt

30 various ideas to realize a high-speed cleaning process, a
miniaturization of the chamber and so on. Meanwhile, in the
drying process using the above IPA etc., it is generally
executed to decompress the chamber by using a vacuum pump
or the like. However, since the chamber in the cleaning

35 apparatus constructed above, in which the chemical treat-
ment etc. and the sequent drying process are executed
together, has to have a large capacity volume to a certain



dryingvprocess are carried out in one chanber. Fig. 1 shows one exanpl e of
the cl eaning apparatuses in the publica- tions, representatively. 15

The shown cl eani ng apparatus conprises a chanber 200 and chem ca

202 stored in a | ower portion 201 of the chanmber 200. In processing, a
wafer Wis firstly imrersed in the chem cal 202. Thereafter, the wafer Wis
pul l ed up fromthe chem cal 202 and then subjected to the 20 drying

process using the | PA etc. at an upper portion 203 of the chanber 200. In
t he above- nent i oed-edytyi Hpemeo ez ssPrAblLlend et | bRy, SHFRSY dhatt A& &5 geges-
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to a bad influence from the chemical process during the
drying process.

It is the other object of the present iﬁvéntion to
provide a cleaning apparatus which has a high degree of
freedom in design thereby to clean the objects rapidly and
miniaturize the apparatus itself, and a cleaning method
realized by using the cleaning apparatus.

It is the further object of the present invention to
provide a cleaning apparatus which is capable of reducing
a capacity of the chamber thereby to decrease a wall
thickness of the chamber and an output required for the
vacuum pump, and a cleaning method realized by using the
cleaning apparatus.

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
effectively.

It is the other object of the present invention to
provide a cleaning apparatus which is capable of preventing
surfaces of the objects from being oxidized.

It is the other object of the present invention to
provide a cleaning apparatus in which a processing bath and
a drying section are separated from each other thereby to
prevent mist etc. of treatment liquids from entering into
a drying chamber thereby to accomplish a stable drying
performance of the apparatus, and a cleaning method
realized by using the cleaning apparatus.

As a first feature of the present invention, the
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together, has to have a large capacity volune to a certain -3- extent,
there are problens to be solved that it is neces- sary to increase a wall
t hi ckness of the chanber in order to ensure the pressure tightness and a
hi gh power vacuum punp is also required. 5 SUMWARY OF THE | NVENTI ON
Accordingly, it is therefore an object of the present invention to provide
a cl eaning apparatus and a cl eani ng net hod, -8y whi ch a object to be
processed is not subjected 10 to a bad influence fromthe chem cal
process during tRPAFSIFRNpranak ebjeets daseribedeprbors san Be agropeadhnd
i nvention to prowgles ard Sty iR RikUsonBr-eé8ihgs a hi gh degree of
freedomin design thereby to clean the objects ra_idlé and 15 mniaturize
the apparatus itself, and® ®TOCESALRY RRERJIPT SHorF8g BYOTEFFLRY e ¥ hnithg
apparatus. It is dHicH uthdesbjdytedls ammelrgéeft esent invention to provide a
cl eani ng apparatus which i g_capabl.e qf reducing.a.capa '%y %Féée. h g?zr
thereby to dgcrease a wald 353189 ‘frh e§§r8flggﬂea%%zﬁr%é %ir:]) SOt %’u T
required for the and provided with an opening which is disposed between a
body of the drying chamber and the processing bath and
through which the object is transported, the opening being
capable of closing;

10 transporting means for transporting the object
between the processing bath and the drying chamber through
the opening; and

means for filling the drying chamber with an
atmosphere of organic solvent.

15 Further, a second feature of the present invention
resides in the cleaning apparatus in accordance with the
first feature, wherein the opening further includes sealing
means for sealing the drying chamber when the opening is
closed.

20 As a third feature of the present invention, the
above-mentioned objects described above can be also
accomplished by a cleaning apparatus for cleaning a object
to be processed, the apparatus comprising:

a processing bath for. storing processing liquid in

25 which the object is immersed;

a drying chamber arranged above the processing bath
and provided with an opening which is disposed between a
body of the drying chamber and the processing bath and
through which the object is transported, the opening being

30 capable of closing;

a retaining member for retaining the object:;

a supporting member for supporting the retaining
member from the drying chamber's side, the supporting
member being inserted into the processing bath through the

35 opening in case of disposing the retaining member in the
processing bath; '



vacuum punp, and a cleaning nethod realized by using the cleaning
apparatus. It is the other object of the present invention to provide a

cl eani ng apparatus and a cl eani ng net hod, by 25 which it is possible to
execute the drying process nore effectively. It is the other object of the
present invention to provide a cleaning apparatus which is capable of
preventing surfaces of the objects from bei n§-oxi di zed. 30 It is the

ot her object of the present invention to provide a cleaning apparatus in
whi ch a processing bath @RVDUrYeRs séet| SIWVing s‘ét?ar‘é?é%chgﬁltgﬁéﬁ JtiHer

thereby to preventrdisisis bSn t 4Rt FROt Ay INY AshdnisdP &Y ethd GsugidrBing
dryi ng chanber theregéﬁto acconplish a stable drying 35 performance of

t he apparat us, BERP  cl eaning nmethod realized by using the cleaning

apparatus. As a first featisrser eipehhenfiresest neursntfoenppehing and closing
appar atus. cofpri STG: CRoBFBSes T BANT (RS B ro prbchesnay HRuber Hl0
whi ch the object $srucued sedasSto seal the dayiingichpatdemiadr ther fhoet cossve
the processing baéﬁb close means' closing condition;
second open and close means for opening and closing
the opening, the second open and close means being con-
10 structed so as to close the opening while leaving a
clearance allowing the supporting member to pass there-
through at the second open and close means' cloéihg condi-
tion; and
" means for filling the drying chamber with an
15 atmosphere of organic solvent.

As a fourth feature of the present invention, the above
objects can be also accomplished by a cleaning apparatus
for cleaning a object to be processed, the apparatus
comprising:

20 a processing bath for storing processing liquid in
which the object is immersed;
a drying chamber arranged above the processing bath
and provided with an opening which is disposed between a
body of the drying chamber and the processing bath and
25 through which the object is transported, the opening being
capable of closing:
a retaining member for retaining the object:
a supporting member for supporting the retaining
member from the drying chamber's side, the supporting
30 member being inserted into the processing bath through the
openiﬁg in case of disposing the retaining member in the
processing bath; _
moving means for moving the object between the
processing bath and the drying chamber by the
35 supporting member:;
open and close means for opening and closing the

opening, the open and close means being constructed so as



and provided wth an opening which is disposed between a body of the drying
chanber and the processing bath and through which the object is
transported, the opening being capable of closing; 10

transporting nmeans for transporting the object between the processing bath
and the drying chanber through the opening; and neans for filling the
dryi ng chanber with an at nosphere of organi ¢bsol vent. 15 Further, a

second feature of the present invention resides in the cleaning apparatus
in accordance wittot$ealithe drzing chaghereph BhELBBENFRESHRY A ikIthfes

seal ing nmeans for,sedl i@ EDEsdr ¥ifGs CAMMDEIodhethd NSp&DiRY Nehi I Cldsethg 20

As a third feature of the present |nvention, the above-nentioned(ﬂﬁéggg

descri bed above cArChRATARGS RLMHINGANE BPPROCELAT| RETESHaFAtRRSY

cl eani ng a obj ecttheobigh PEECES hord - RppaiAtmtsde 0nPr tiengpea NG esligE
bath for storing £roc§ssi%g liquid in 25 whi ch the object is imersed; a
drying chanbgr ar %ﬁ@edﬁ%.ove the processing bath and provided with an
openi ng which is di sposeddmetswedora Hbtlind tthe didyyimg clihsbderandithe an

processing bath a#%hé%gﬁ%@@\&%"é%béﬁﬁ%‘Q@ﬂ@@hths transported, the opening
of~ Ccl'oSi ng;

bei ng 30 capabfl e
A fifth feature of the present invention resides in the

cleaning apparatus in accordance with any one of the first
10 feature to the fourth feature, wherein the processing
liquid stored in the processing bath is a deaerated rinse.

A sixth feature of the present invention reSiées in the
cleaning apparatus in accordance with the fifth feature,
further comprising first blowing means arranged between the

15 processing bath and the drying chamber, for blowing inert
gas against the object transported from the processing bath
to the drying chamber.

A seventh feature of the present invention resides in
the cleaning apparatus in accordance with the sixth

| 20 feature, further comprising cooling means for cooling the
inert gas.

An eighth feature of the present invention resides in
the cleaning apparatus in accordance with the seventh
feature, further comprising:

25 decompressing means for decompressing the drying
chamber; and
second blowing means for blowing the inert gas
against the object in the drying chamber.

A ninth feature of the present invention resides in the

30 cleaning apparatus in accordance with any one of the first
feature to the fourth feature, further comprising heating
means érranged in the drying chamber, for heating an
interior of the drying chamber.

A tenth feature of the present invention resides in the

35 cleaning apparatus in accordance with any one of the first
feature to the fourth feature, wherein the processing
liguid stored in the processing bath is a cooled rinse.
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a retaining nenber for retaining the object; a supporting nenber for
supporting the retaining nenber fromthe drying chanber's side, the
supporting nmenber being inserted into the processing bath through the 35
opening in case of disposing the retaining nenber in the processing bath;
-5- nmoving nmeans for noving the object between the processing bath and the
dryi ng chanber by the supporting nenber; fit%st open and cl ose neans for

opening and closing 5 t he opening, the first open and cl ose nmeans bei ng
con- structed so as 2§ SBaleleyenghyfrgteranBér the PRESEPEsLPBERRiaRd EP6se

neans’ closing capdivkl 885886 Wih PREA13HhEIAFA IRIISHY0d CARRIMIFG ABEhod
cl osing the opening, .the second gpen and cl ose ne%gf bei ng.con-,

, 9 10
structed so as t 8fcF3€EPLRE BpBRIRGE WH? 1R IRERAGTRFEL ¢l E82PPoMPRECthe
supporting nenbeeci@rpasagt theestépsoogh at the second open and cl ose
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into a processing bath through a lower opening formed in
the drying chamber while retaining the object by a retain-
ing member supported on the drying chamber's side;

(b) closing the lower opening;

10 {c) storing processing liquid in the processing
bath before or after transporting the object from drying
chamber into the processing bath and subsequent immersing
the object in the processing liquid;

(d) opening the lower opening to transport the obj-

15 ect from the processing bath into the drying chamber;

(e) closing the lower opening; and
(£f) drying the object by an atmosphere of organic
solvent in the drying chamber.
A twelfth feature of the present invention resides in

20 the cleaning method in accordance with the eleventh
feature, further comprising a step of £filling up the drying
chamber with inert gas after the object has been transport-
ed from an outside of the cleaning apparatus into the
drying chamber, the step pregéding the step (b).

25 A thirteenth feature of the present invention resides
in the c¢leaning method in accordance with the eleventh
feature, wherein inert gas is supplied into the processing
bath in any one of the steps (a) to (f).

A fourteenth feature of the present invention resides

30 in the cleaning method in accordance with the eleventh
feature, wherein gas containing organic solvent is supplied
into the processing bath before the step (d).

A fifteenth feature of the present invention resides
in the cleaning method in accordance with the eleventh

35 feature, wherein gas containing organic solvent is supplied
into the processing bath before and during the step (d).



As a fourth feature of the present invention, the above objects can be al so
acconpl i shed by a cl eaning apparatus for cleaning a object to be processed,
t he apparatus conprising: 20 a processing bath for storing
processing liquid in which the object is inmersed; a drying chanber
arranged above the processing bath and provided with an opening which is

di sposed between a body of the drying chanbeB-and the processing bath and
25 t hrough which the object is transported, the opening bei ng capabl e of
cl osing; a retaini ng Arewbeteenih r fearurea Pt Hehe pERIEN Y ’s’b‘b?}?ﬁ:t‘?grhgr%’rﬁ%?
for supporting the,rehai RIRGHREP e RN {headeytagnedanheh’ e deleddieth
supporting 30 menber belng I nserted jnto_ the processi bat h_t hr.ough. t he
opening in case ofedFeHRsi RICTHE 1 et Qi ﬁ*‘ﬁgsﬁﬁﬁbé )i'n%tsnﬁe (?Eesosqwr@gt%s,
movi ng means for eDyvéeay wHeleblestimet aveehedtmnqge ofms sahipwirgt hthanobjedte

Ot S S si B e e £ AR, 905 EbapeReg 0ar ooe e T

SO0 as A seventeenth feature of the present invention resides
in the cleaning method in accordance with the eleventh
feature, wherein, in the step (e), the lower opening is
closed to sealed up the drying chamber.

10 A eighteenth feature of the present invention resides
in the cleaning method in accordance with the eleventh
feature, further comprising a step of blowing inert gas
against the object on transportation from the processing
bath into the drying chamber.

15 An nineteenth feature of the present invention resides
in the cleaning method in accordance with the eleventh
feature or the seventeenth feature, after executing the
step (£f), further comprising a step of blowing inert gas
against the object in the drying chamber while decom-

20 pressing the drying chamber.

A twentieth feature of the present invention resides
in the cleaning method in accordance with the eighteenth
feature, between the steps (b) and (d), further comprising
a step of filling the drying chamber with an atmosphere of

25 organic solvent.

A twenty-first feature of the present invention resides
in the cleaning method in accordance with the nineteenth
feature, the processing liquid stored in the processing
bath is a cooled rinse.

30 According to the first feature of the invention, since
the drying chamber and the processing bath are 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

35 possibility to receive a bad influence from the chemical
treatment during the drying process. In addition, since the
arrangement allows the drying chamber and the processing



-6- to seal the drying chanber at a first closing node of the open and

cl ose neans and cl ose the opening while |eaving a clearance allow ng the
supporting nmenber to pass there- through at a second cl osi ng node of the
open and close 5 mean; and nmeans for filling the drying chanber with an
at nosphere of organic solvent. Afifth feature of the present invention
reside? i n the cleaning apparatus in accordafte with any one of the first
10 eature to the fourth feature, _wherein the processing l.iguid stored
in the processi ngafdt [¥0i ke glafeanes: vpdeT rﬁeépe,&‘@i"?{) ﬁo’f“ghl‘?h?‘gs d‘fn%tjer?@ &dent
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é%amber and the processing bath when it is required to

decompress the drying chamber while filling up with the

10 atmosphere of the organic solvent. In addition, it is

possible to make the decompression with a low-powered
vacuum pump. i

According to the second feature to the fourth feature

of the invention, since the arrangement allows the interior

15 of the drying chamber to be further sealed up, it is

possible to reduce the wall thickness of the drying chamber

and reduce the power of the vacuum pump required for the

decompression.
According to the fifth feature of the invention, since
20 the processing liquid stored in the processing bath is the

deaerated rinse, it is possible to prevent the surface of
the object from being oxidized.

According to the sixth feature of the invention, since
the blowing means for blowing the inert gas against the

25 object on transportation from the processing bath to the
drying chamber also serves to dry the object, the drying
process can be accomplished more effectively. Further,
according to the seventh feature, owing to the cooled inert
gas, it is possible to promote the condensation of organic

30 solvent in the drying chamber.

According to the eighth feature of the present inven-
tion, since the inert gas is blown against the object in
the drying chamber while decompressing the drying chamber,
it is possible to dry the object more effectively.

35 According to the ninth feature of the present inven-
tion, as the temperature of the drying chamber can be
elevated by the panel heater, it is possible to dry the



25 deconpressi ng neans for deconpressing the drying chanber; and
second bl owi ng neans for blowing the inert gas against the object in the
drying chanber. A ninth feature of the present invention resides in the 30
cl eani ng apparatus in accordance with any one of the first feature to the
fourth feature, further conprising heating neans arranged in the drying
chanber, for heating an interior of the dry4%g chanber. A tenth feature of
the present invention resides_in the 35 cl eani ng apparatus in accordance
with any one of PRECFF EPTe LE1FEE1 e fourth feature, wherein the
processing |iquid stpuethén, tdecqrdicrsYongheatbnith fiegtared owhsg. to thed-
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bath to the drying chamber, the opening is then closed to
shelter the space and thereafter, the object is subjected
to the drying process. Thus, the object has no possibility
10 to receive a bad influence from the chemical treatment
during the drying process. Further, since the forthcoming
process in the next processing bath can be prepa}ed while
the drying process is executed, it is possible to improve
throughput of the cleaning apparatus. Additionally, since
15 the arrangement allows the drying chamber and the process-
ing bath to be designed under respective conditions
independent of each other, it is possible to optimize the
cleaning process and further miniaturize the cleaning
apparatus because of the enhanced degree of freedom in the
20 process design. Moreover, since the above-mentioned
arrangement allows the volume of the drying chamber to be
reduced, it is possible to reduce the wall thickness of the
drying chamber and the processing bath when it is required
to decompress the drying chamber while filling up with the
25 atmosphere of the organic solvent. In addition, it is
possible to make the decompression with the low-powered
vacuum pump.
According to the twelfth and thirteenth features of the
invention, since the drying chamber and the processing bath
30 can be filled up with the atmosphere of the inert gas early
or throughout the whole processes, it is possible to
prevent the object from being oxidized.
According to the fourteenth and fifteenth feature of
the invention, when the object to be processed enters into
35 the drying chamber, the water on the object is removed to
some extent. Moreover the rest of water on the object is
easily replaced with organic solvent. Accordingly, it is



(b) closing the | ower opening; 10 (c) storing processing liquid
I n the processing bath before or after transporting the object fromdrying
chanber into the processing bath and subsequent inmersing the object in the
processing liquid; (d) opening the | ower opening to transport the obj- 15
ect fromthe processing bath into the drying chanber; (e) closing the |ower
opening; and (f) drying the object by an atmbsphere of organic solvent in

the drying chanmber. A twelfth feature of the present |nvent|o? reS|dei in
20 the cl eanl%ssh’%%%d@ CﬁﬁrYa‘é‘éBr%ééythWO(f?%g BOFFeRthFEAYRIE:;
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organi c solvent is into t rocessin efore the step (d). A
fifteenth featurethﬁ tHﬁ??ﬁSﬁ&ﬂﬂ: Pﬁﬁént?@n*ﬂés%&@égned under  respective

conditions independent of each other, it is possible to
10 carry out the cleaning process rapidly and further minia-
turize the cleaning apparatus because of the enhanced
degree of freedom in the process design. o
According to the eighteenth and nineteenth features of
the invention, since the arrangement allows the interior
15 of the drying chamber to be further sealed up, it is
possible to reduce the wall thickness of the drying chamber
and reduce the power of the vacuum pump required for the
decompression.
According to the twentieth feature of the invention,
20 since the drying chamber has been already filled up with
the atmosphere of organic solvent before transporting the
object into the drying chamber, it is possible to carxry out
the drying process more effectively.
Further, according to the twenty-first feature, owing
25 to the use of the cooled rinse, it is possible to promote
the condensation of organic solvent in the drying chamber.
The above and other features and advantages of this
invention will become apparent, and the invention itself
will best be understood, from a study of the following
30 description and appended claims, with reference had to the
attached drawings showing a preferred embodiment of the

invention.
BRIEF DESCRIPTION OF THE DRAWINGS
35 Fig. 1 is a schematic view of a conventional cleaning
apparatus;

Fig. 2 is a cleaning apparatus for semiconductor
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in the cleaning nethod in accordance with the eleventh 35 feature,
wherei n gas containing organic solvent is supplied into the processing bath
before and during the step (d). A sixteenth feature of the present

i nvention resides in the cleaning nmethod in accordance with the el eventh
feature, wherein, in the step (b), the lower_ opening is closed while

| eaving a cl earance for allow ng the objec“t:L to be carried fromthe

drying chanber's sjide. A seventeenth feature of the present_invention
residos in the CTEEry ot FOTPTIARRR OF ko THPRHI o T ERTTt
wherein, in the stegiign; the | ower opening is closed to sealed up the

dryi hanber . . A_el] nf f th ' |
edides i n the ol ear iy Aetfol M AMEoMuRcE 1P PR PEDBRERCP ot Ut

further conprisi?2wg a step of blowing inert gas agai nst the object on

transportatson omafe Bf 980351 0 PRLRLADE Qi dKicREnERAERGHL Jfey of

An nineteenth feature of the present Invention resides In the cleaning
met hod in accor carReeaping tunlte|af, dieh cleandpg spraretysvehtBENt 2 f eat ure,

after executing the step £ s bubihRer aOMRfilcsiRfdad THORsOfsHtaAWnRa id¥eld

gas against the object in the drying chanber while decom
view of the clearing unit of Fig. 4;

Fig. 6 is a perspective view of the cleaning unit of
10 Fig. 4;
Fig. 7 is a perspective view showing the vicinity of
an upper lid of the cleaning unit of Fig. 4; -
Fig. 8 is a view showing a schematic structure of a 1lid
driving section of the cleaning unit of Fig. 4;
15 Fig. 9 is a perspective view showing a rotary door
arrangement of the cleaning unit of Fig. 4;
Fig. 10 is a perspective view showing a slide door
arrangement of the cleaning unit of Fig. 4;
Fig. 11 is a longitudinal cross sectional view showing
20 the slide door arrangement of Fig. 10;
Fig. 12 is a perspective view showing a wafer guide of
the cleaning unit of Fig. 4:
Fig. 13 1is a perspective view showing nozzles and
exhaust ports of the cleaning unit of Fig. 4;
25 Fig. 14 is a view for explanation of an operation of
rectifying plates of the cleaning unit of Fig. 4;
Fig. 15 is a flow chart of an operation of the cleaning
unit of Fig. 4;
Fig. 16 is a schematic view showing the operation of
30 the cleaning unit of Fig. 4, corresponding to a step 1401
of Fig. 15;
Fig. 17 is a schematic view showing the operation of
the cleaning unit of Fig. 4, corresponding to a step 1402
of Fig. 15;
35 Fig. 18 is a schematic view showing the operation of
the cleaning unit of Fig. 4, corresponding to a step 1403
of Fig. 15;



20 pressing the drying chanber. A twentieth feature of the present

I nvention resides in the cleaning nethod in accordance with the eighteenth
feature, between the steps (b) and (d), further conprising a step of
organi c solvent. A
twenty-first feature of the present invention resides in the cleaning

met hod in accordance with the nineteenth fedBure, the processing liquid

filling the drying chanber with an at nosphere of 25

stored in the processing bath is a cooled rinse.
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the cleaning unit of Fig. 4, corresponding to steps 1406
to 1409 of Fig. 15;

Fig. 22 is a schematic view showing the operation of
the cleaning unit of Fig. 4, corresponding to a step 1410
of Fig. 15; i

Fig. 23 is a schematic view showing the operation of
the cleaning unit of Fig. 4, corresponding to a step 1411
of Fig. 15;

Fig. 24 is a schematic view showing the operation of
the cleaning unit of Fig. 4, corresponding to steps 1412
and 1415 of Fig. 15;

Fig. 25 is a schematic view showing the operation of
the cleaning unit of Fig. 4, corresponding to steps 1413
and 1414 of rig. 15;

Fig. 26 is a schematic view showing the operation of
the cleaning unit of Fig. 4, corresponding to a step 1416
of Fig. 15; .

Fig. 27 is a schematic view showing the operation of
the cleaning unit of Fig. 4, corresponding to a step 1417
of Fig. 15;

Fig. 28 is a schematic view showing the operation of
the cleaning unit of Fig. 4, corresponding to a step 1418
of Fig. 15;

Fig. 29 is a plan view showing the slide door arrange-
ment in accordance with another embodiment of the present’
invention; and

Fig. 30 is a plan view showing an another position of
the slide door arrangement of Fig. 29.



because of the enhanced degree of freedomin the process 5 design.

Mor eover, since the above-nentioned arrangenent allows the volune of the
dryi ng chanber to be reduced, it is possible to reduce the wall thickness
of the drying chanber and the processing bath when it is required to
deconpress the drying chanber while filling up with the 10 at nosphere of
the organic solvent. 1In addition, it is I ble to make the
deconpression with a | ow powered vacuum punp. According to the second
feature to the fourth featESCRIETION PﬁvEHFiBﬁEF@m DINENement

al | ows _tBF interior l’ﬁleh e@:ﬁ')ﬁﬁhﬁhﬁﬁ&ilﬂﬂ wab%rretg@nl&e iﬂﬁéﬁgioﬁeagﬁ.‘dl gme it
is possible to reduce the wall thickness of e drying chanber and reduce
the power of tkmaé%ﬁﬁﬁﬁﬁ?ﬂnﬁ}qQNﬁﬁ feEEDFLEr toh ragiﬁ%ire55|on According to

the fifth feature of Rirest m&eau&onwesmdwxaéabrlbd:becpeanésgiampéramnsifor
e TS P QSRS U d e deRgERLed LSS ckind e ROSSHAI Lhe

prevent the Surface o rom being OXI
sixth feature of Imn’aﬁmntlt’ompnﬂim tNaetep| (ﬂ}m:glgi’em fdﬁsqmmmwgl,t hehe

inert gas agai nstgént(}ﬁc%}?uct&bhs%r%)twmsearéfécs QR Flh Qat Be 'W%S(%Pg

bath to the dryin ' so serves to dry t ect, the dry

process can be ad@ffinafi@r -mdsesEpPFBCiR VEIGSE - ﬁhﬁpﬁe EE%dW%9¥EJQ¥?§WﬂPQ
seventh feature, HHUd¥htid th8orePl Lk ianebhding section 2 for accommodating

10 the wafers before cleaning in blocks of carriers, a
cleaning section 3 for cleaning the wafers, and an unload-
ing section 4 for picking up the wafers after clééning and
dried in the section 3 into the carriers C every predeter-
mined number of in blocks of cassettes. Thus, the cleaning

15 apparatus 1 of the embodiment is constituted by three

processing zones.
Arranged in the loading section 2 are a stand-by part
6 which causes carriers 5 having predetermined number (e.g.
twenty-five sheets) of precleaning wafers accommodated
20 therein to stand by and a loader part 7 which carries out
a picking-up operation of the wafers from the carriers 5,
an aligning operation of respective orientation flats of
the wafers, and a counting operation for the number of
wafers. Further, the loading section 2 is provided with a
25 transfer arm 8 which transports the carriers 5, which have
been loaded from the outside by a transporting robot etc.,
to the stand-by part 6 and also between the stand-by part
6 and the loader part 7.
In the cleaning section 3, three wafer transfer units
30 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,
such as chemicals, and various pipes.
35 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



gas, it is possible to pronote the condensati on of organic 30 solvent in
the drying chanber. According to the eighth feature of the present inven-
tion, since the inert gas is blown against the object in the drying chanber
whi | e deconpressing the drying chanber, it is possible to dry the object
nore effectively. 35 According to the ninth feature of the present
inven- tion, as the tenperature of the dryid@chanber can be el evated by

t he panel heater, it is possible to dry_ the obj ect nore effective
Further, accordi ngf tfo% W@@éﬁghthéa?ﬁ’éle’cﬁm%d’ltt& the HRESHP J’f%es*t"ﬁb‘% é’é’

(rji nse, i L In; POSSdrY eat armereire 44 CPndeRs afdaspiridngantite sehyenersn 3 he
ryi ng chanber. According to th eventh feature .of the

i nvention, aft erstf%@’ecﬁﬂ H“éﬂoﬁggfﬁ PP§§ISS%r?%§ Jf;l]?%n?{: lF’()cpeasrstf i bat h
to the drying chanbemotidie epenidigand nghesppdstad: t d sﬁwn‘ﬂrmrthacspdes and

thereafter,_ he obj ecl '%ra%@f%%t %%ctto Bhgsdﬁ%gﬁcgf%‘r;ﬁnéﬁ%%%en%;%gii%l}jsect

has no possibilit Fécei ve a
treatnment during i f&mmtrwmglrprﬂc@sb@adﬁmq reactigimde tThe feraticantupniisdess

in the next pr 00%8&&{%&%“ 1%38 %Bé&we&i aVlle 1 Ehech¥bPdr PIP GhSRriged
executed, it is possible to |np
above the cleaning section 3, a carrier stock section 20
for receiving the emptied carriers 5 from the loader part
10 7 of the loading section 2 by means of the transfer arm 8
and stocking the carriers 5 with and without the wafers,
and a not-shown delivering part which receives tﬁé emptied
carriers 5 from the carrier conveyer 19 by means of the
transfer arm 17 at the unloading section 4 and delivers the
15 emptied carriers 5 to the unloader part 15.

The cleaning section 3 is provided with the following
baths in ordexr 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

20 bath 23 for removing impurities, such as organic contami-
nants, metallic impurities particles or the like, on the
surface of the wafer by using the chemicals, such as
ammonium hydrogen peroxide (NHOH / H,0, / H,0 ); a wash
cleaning bath 24 for cleaning the wafers cleaned in the

25 bath 23 by e.g. pure water; a chemical cleaning bath 25 for

removing metallic contaminations on the wafers by a

chemical, such as a mixture of HCl / H,0, / H,0; a wash
cleaning bath 26 for cleaning the wafers cleaned in the
bath 25 by e.g. pure water; and a cleaning unit 27 of the
30 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
drying not-shown wafer chucks of the wafer transfer unit

35 13.
Note, partition plates 29, 30, 31, 32 are interposed
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t hroughput of the cl eaning apparatus. Additionally, since 15 t he
arrangenent allows the drying chanber and the process- ing bath to be

desi gned under respective conditions independent of each other, it is
possible to optim ze the cleaning process and further mniaturize the

cl eani ng apparatus because of the enhanced degree of freedomin the 20
process design. Mdreover, since the abd\fe-nentioned arrangement allows
t he vol une of the drying chanber_to be reduced, it is possible to reduce

the wall thi ckneegfeqthdhe \iassiedh 2RE&r 7aARdt FRe prReds SHRATHRG AWEYIRG i s
required to decompus 22 heedibAOticd aEer chBahendidd tH@4Upndi the tdteendal

at nosphere of the organic.sqlvept. In addition It 1S, possible.to e
t he deconpressi OFW%Q%QQ%MBO@?W% Wﬁﬁwl%ﬁ%?’ﬁﬁpﬁ gst%ﬂ e
twel fth and t hi rteesdri e ahined7 pfarid ®ettweent tiom cheickc eleheidgyamnd dhainter

and the procgssi ath,3 LIl ed W t e t.he
I nert gas eagly g%“?hrgﬁg%%h ?ﬁ% &ﬁ%%gd%?o g§§%3%§1tQ?ggéggg?E?g.tg%eéé
prevent the objeqadftidrdieipdgtes @92ed0, Adtor 32 ngre caddptdd (8a asntio apkn

fifteenth featur qlﬁjazt&edd;%vsq{ﬁg UbwMEY e e.e?)bjiél?? NE rgélcie,}?itq)gencthg S

into 35 the drying chanber, the water on t ( 'S renov 0 sone
extent. Noreover WH@he Ry ofiriming wechanlsn othich 288 notr eppyrednnithe

organi ¢ sol vent. AR NBLYngl $oithe provision of the partition plates 29,
10 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 uhif 27 with
reference to Figs. 4 to 14. The cleaning unit 27 includes
a cleaning bath 41 as a processing bath reserving the

15 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
chamber 42 arranged above the cleaning bath 41 to drying
the wafers W transported from the cleaning bath 41.

20 The cleaning bath 41 accommodates a wafer guide 43 and
e.g. fifty sheets of wafers W carried by the wafer guide
43. Further, the cleaning bath 41 is provided, on both
sides of a bottom thereof, with nozzles 44, 45 for ejecting
the processing 1liquid for. the wafers W accommodated

25 therein. The nozzles 44. 45 may be constituted by pipes
each of which has respective injection orifices formed at
each interval equal to a distance between the adjoining
wafers W along the direction of the wafers' arrangement.
Into the nozzles 44, 45, either one of the chemical (e.g.

30 mixture of HF / H,0) and the rinse such as pure water (DIW:
deionized water) is supplied from the piping area 14 shown
in Figs. 2 and 3 by a switching operation'of a switching
valve 46. The switching operation of the switching valve
46 is controlled by a not-shown controller at predetermined

35 timing. Note, in order to prevent the oxidation of the

wafers W, it is preferable to use the deaerated DIW as the



possible to carry out the drying process nore effectively. According to the
si xteenth and seventeenth features of the invention, it is possible to

separate the dryi

ng chanber fromthe processing bath nore clearly. Thus,

the 5 obj ect has no possibility to receive a bad influence fromthe
chem cal treatnent during the drying process. Addition- ally, since the
arrangenent allows the drying chanber and t1&-processing bath to be
desi gned under respective conditions independent of each other, it is
TiEHSy out the cleaning process rapidly and further mnia-

possible to 10

turize the cleaning appaRalha1lgcatsaH ot beunRbBABREd dfegheecDéan{9@dBH N
the process design. According to the eighteenth aad m%5¥een&9 featureilof
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ing valve 51. In the switching wvalve 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 valve 51, it is
changed whether to circulate the processing liquidﬁcolleet-
ed by the collect bath 47 or to supply the DIW to the
nozzles 44, 45, which has been cooled to the 0 - a normal
temperature ('C) 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
41, an exhaust port 53 is arranged to drain the processing
liquid. In the switching valve 54, it is changed whether
to drain the processing liquid through the exhaust poxrt 53
or not.

While, the drying chamber 42 is provided, on upper and
lower parts thereof, with rectangular upper and lower
openings 61, 62 for receiving and delivering the wafers W,
respectively. A closed 1lid 63 is laid on the upper opening
61, while a slide door arrangement 64 and a rotary door
arrangement 60 are provided at the lower opening 62.

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 lid 63
causes the interior of the drying chamber 42 closed by the
1lid 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. Additionally, as shown in Fig. 7, an O-ring



Further, according to the twenty-first feature, ow ng 25 to the use of

t he cool ed rinse,
solvent in the drying chanber.

It is possible to pronbte the condensation of organic
The above and ot her features and advant ages

of this invention will becone apparent, and the invention itself wll best

be understood, froma study of the follown
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sealing capability of the chamber 41 under condition that
the upper opening 61 is closed by the lid 63. Provided at
two positions of each rotatable rod 56 of the fixing
mechanism 59 are junction plates 57 which are engageable
with the 1id 63 closing the upper opening 61. In operation,
when respective rotary driving units 58 operate to rotate
the rods 56 respectively, the junction platee 57 are
brought into contact with the 1lid 63, so that it is urged
against the periphery of the opening 61 firmly.

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

As shown in Fig. 9, the rotary door arrangement 60
comprises a pair of rotary doors 59a rotatably arranged
therein and rotary driving units 59b for zrotating the
rotary doors 59a respectively. Each rotary door 59%a is
provided with a notch 59c which defines an opening allowing
a carrying member 74 (described later) of the wafer guide
43 retaining the wafers W to pass therethrough while that



Fig. 6 is a perspective view of the cleaning unit of 10  Fig. 4, Fig. 7
i's a perspective view showing the vicinity of an upper Iid of the cleaning
unit of Fig. 4; Fig. 8 is a view showing a schematic structure of alid
driving section of the cleaning unit of Fig. 4; 15 Fig. 9is a
perspective view show ng a rotary door arrangenent of the cleaning unit of
Fig. 4; Fig. 10 is a perspective view showinif-a slide door arrangement of
the cleaning unit of Fig. 4; Fig. 11 is a longitudinal cross sectional view
showi ng 20 t hetR¢ | TRCpHrd %%ﬁ@m@ gloppg: The FpEpryXieery 59a are

perspective vi ew mdowi kg arwaiﬁr Bidle ek thec cl@riyRa ng tcﬁiofi@e?‘l B8 9.
13 is a perspectiye view s g noigles and ex austﬁgort of the cleaning

unit of Fig. 4; 2 olyprop 1er § KKy o FREXPREm A8% RSt P81 5Peb 3t i on
of rectifying plates & $Hmm| eANFag.uid, ofhdi glide E&bgr h&ﬁa&g@m&h@ww
Cnorm ) c v Soc - R lad S SHERRI L a9 4 BoBked pityen, o,
corresponding to @%ﬁ@pﬁmmmfﬂﬂayd 3ve Muyiny7 dhembescH@nata e idew door
showi ng the operajj omhr 4P 1H22Ah"BpHA hg0h1 FkGrmda SPTGESRONAJW 4P &
step 1402 open and close an interior of the flange 70, and a cylinder
73 for driving the slide door 72. Similar to the 1id 63,
10 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.
Further, as shown in Fig. 11, respective air grip seals
72a, 72b are arranged along outer peripheries on both sides
15 of the slide door 72, while an O-ring 72c is arranged on
a bottom face of the drying chamber 42 so as to extend
along an inner side of the air grip seal 72a. In the
modification, +the O-ring 72¢c may be arranged along an
_ outside of the air grip seal 72a. In operation, under
20 condition that the slide door 72 is accommodated in the
flange 70, both air grip seals 72a, 72b are inflated so as
to come into tight contact with the bottom face of the
drying chamber 42 and a bottom face of the flange 70,
respectively. Subsequently, the O-ring 72c¢ is brought into
25 contact with the surface of the slide door 72 tightly. In
this way, the lower opening 62 is closed tightly.
As shown in Fig. 12, the wafer guide 43 is provided,
at an lower end of the carrying member 74 thereof, with a
wafer support 75 for supporting a plurality of wafers W
30 (e.g. 50 sheets). The wafer support 75 consists of an
intermediate supporting rod 76 and two lateral supporting
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,
35 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
plurality of retaining grooves 80, 80... , 80 (e.g. fifty



of Fig. 15; 35 Fig. 18 is a schematic view show ng the operation of
the cleaning unit of Fig. 4, corresponding to a step 1403 of Fig. 15;

-13- Fig. 19 is a schematic view showi ng the operation of the cleaning unit
of Fig. 4, corresponding to a step 1404 of Fig. 15; Fig. 20 is a schematic

vi ew showi ng the operation of 5 the cleaning unit of Fig. 4,
corresponding to a step 1405 of Fig. 15; Fi-@0-21 is a schematic view
showi ng the operations of the cleaning unit of Fig , corresponding to

steps 1406 to 14@Fasives )y forgediat predetel:qngmeglszs:eﬁVééﬁeh%ﬁlte\)1 itu-

showi ng the oper gfiQn ofiARS idrEaARINAD WdiFel %ﬁllﬁbg434ascﬁlra6@zsl’dfndimﬁl@1&
step 1410 of Fig. 15 Fig. 23 is a schematic view show t he operatiqn of

the cl eani ng uni te%?lqﬂi*g‘-n% SURAT YD ORI FRF T L St Jlﬁl%ofgosj‘ Bf 854515,
Fig. 24 is a schefiide, Heave SPEBN dithride sy Idairiabi 1aftyt, heoa! eaminpg eyniRERK

Flg. 4 Corr§8pondlor1%zet%et%&%e%:ﬂ'cetone), 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 7, the guide
elevating rod 81 is adapted so as to move upward and
downward, projecting to the outside through a gripping

10 mechanism 82 arranged on the top of the drying chamber 42.
The gripping mechanism 82 includes an air grip.seal 82a
surrounding the guide elevating rod 81. When driving the
guide elevating rod 81 up and down, air is released from
the air grip seal 82a. On the contrary, when it is required

15 to close up the drying chamber 42, the air grip seal 82a
is inflated. '

The upper end of the guide elevating rod 81 is connect-
ed with a wafer-guide Z-axis mechanism 83 arranged behind
the drying chamber 42. Since the wafer-guide Z-axis

20 mechanism 83 operates to move the guide elevating rod 81
up and down, 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 wafer transfer unit 13 (see Fig. 3) is

25 arranged in front of the cleaning unit 27. In operation,
a wafer chuck 84 provided on the wafer transfer unit 13
receives, for example, fifty sheets of wafers W from the
neighboring wash cleaning bath 26 and delivers them to the
wafer guide 43 in the drying chamber 42. Furthermore, the

30 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 part 15 of the unloading
section 4.

As shown in Figs. 4 and 13, on both sides of the upper

35 part of the drying chamber 42, two nozzles 85, 86 are
arranged so as to blow the nitrogen gas etc. over the
wafers W carried by the wafer guide 43 in a



and 1415 of Fig. 15; Fig. 25 is a schematic view show ng the operation of
20 - the cleaning unit of Fig. 4, corresponding to steps 1413 and 1414 of
Fig. 15; Fig. 26 is a schematic view showi ng the operation of the cleaning
unit of Fig. 4, corresponding to a step 1416 of Fig. 15; 25 Fig. 27
s a schematic view showi ng the operation of the cleaning unit of Fig. 4,
corresponding to a step 1417 of Fig. 15; Fitg2l28 is a schematic view

showi ng the operation of the cleaning unit of Fig. 4, corresponding to a
step 1418 30 ofornyard sfleying Fennera %*P%ﬁl%zgﬁSs%warﬁg aFﬁeC%WgJet%%q‘
arrange- nent 'n_chgﬁﬁégc%@Mﬂé%iﬁgoﬁﬁﬁécQﬁBﬁdhﬁ&@b @7 tfrm¥esetregular

i nvention; and Fig. 30 is a plan view show ng an anqt her 03|h|on of . 35

the slide door art3hgEVReh® &b gofoghich 39 '%Egéﬁppil d‘%’ PHELPRERESRED

EMBODI MENT One enbetiaent tBe Hag canasgnivaferenty oin Weheé derdesdbnbed witd
reference tosdram&Qggrs, arrangement. Into the nozzles 85, 86, a mixed gas
composed of the IPA and heated nitrogen gas is supplied
from an IPA evaporator 89 through a control valve 90 and
a filter 91. 1Into the IPA evaporator 89, the heated
nitrogen gas is supplied from a nitrogen heater 92 through

10 a control valve 93, while the IPA is also supplied from an
IPA tank 94 through a control valve 95. Similarly, the
nitrogen is supplied to the IPA tank 94 through.é control
valve 96, while the IPA is also supplied to the IPA tank
94 through a control valve 97.

15 On the other hand, as shown in Figs. 4 and 13, the
drying chamber 42 is provided, on both sides of the lower
part, with exhaust ports 98, 99 for discharging the
nitrogen gas etc. blown out of the nozzles 85, 86. The
exhaust ports 98, 99 are communicated with a not-shown

20 exhaust pump. Also communicated with the exhaust ports 98,
99 are respective rectifying plates 101, 102 as rectifying
means, which having a plurality of inlets 100, 100,

, 100 for sucking the nitrogen gas etc., which have been
blown out of the nozzles 85, 86, through respective parts

25 at the lower part of the drying chamber 42 uniformiy. With
the arrangement, as shown by dotted lines of Fig. 14, 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

30 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

35 (not shown) for discharging the liquids.

Again in Fig. 4, a pair of panel heaters 103, 104 are
arranged on both sides of a center of the drying chamber



First of all, we now describe a cleaning apparatus for 5 cl eani ng

sem conduct or wafers, as an exanple to which the invention is applied.
Not e, through the description, the sem conductor wafer(s) will be also
referred as "wafer(s)", hereinafter. As shown in Figs. 2 and 3, the whole
cl eani ng apparatus 1 conprises a |oading section 2 for accomodati ng 10
the wafers before cleaning in blocks of cad4+iers, a cleaning section 3

for cleaning the wafers, and an unl oad- ing section 4 for picking up the
wafers after clead? nFr@se pened heptars 88t i HPd Rrenpbdeheleat +Y AU RS v

predeter- mned nygbey pinkD RS Obos@sseldes105hugor t BEntreaning Mhe
apparatus 1 of the enbodi nent is_constituted by three processing zones.
Arranged in the |EREPSRACE] iigh thearhagber =H§‘5§F§ EaﬁhF%ﬁ E%?Eﬁﬁ?ture

carriers 5 havi ngopredet enainped aunber madngaihw@nty- fihee esdveetts )thaft, for

precl eani ng fers acc rrrrt)dr?aj}_;tg 23}5. therein to stand by and a | oader part
7 which carrPes otR¥WPHTckY e]{jﬁf\ dr&tion of the wafers fromthe carriers

5, an aligning operatishafwrr dsp@tyi v, @rentddd detiveenstbe cheanfi@rkatiand
a counting operatj.pn r e r efs. t the ' SEEdd on
2 is. provided w t%faaé(g tﬁgt?ﬁ#ﬁircgér% v&?’chf raér}gomcﬁlt{' t Igalgda??i ers é5
whi ch have been |ofidedsproem sheveutbedeubfaget pEndper Lokl “BbATRIROZZI]S

Itogret Sgand- by party § anfth ! 30 BEIREN (he nSk2BEeRY gREr hgfiAed the doaskes w

10 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 nozzleé 85, 86.

Into the nozzles 106, 107, the cooled nitrogen gas is

supplied through a cooler 108 for cooling the nitrogen gas

15 to the 0 - a normal temperature (Cy degree range, more
preferably 5 C, and a control valve 109.

We now describe an operation of the cleaning apparatus

27 constructed above, in accordance with a flow chart of

Fig. 15. Note, the following operational control is

20 executed by a not-shown controller.

First of all, on condition that the slide door 72 at
the bottom of the drying chamber 42 is closed while the
rotary doors 59a are opened, the 1id 63 on the top of the
chamber 42 is opened (see step 1401, Fig. 16). Next, the

25 wafer chuck 84 is lowered into the chamber 42, while the
wafers W are delivered to the wafer guide 43 in the chamber
42 (see step 1402, Fig. 17).

At sequent step 1403, it is executed to close the lid

63 on the top of the chamber 42 and open the slide door 72
30 at the bottom of the chamber 42 (see Fig. 18). Note, in
the modification, the slide door 72 may be adapted so as
to open from the beginning. Then, the wafer guide 43
carrying the wafers W is lowered to transfer them into the
cleaning bath 41 (step 1404, Fig. 19) and the rotary doors

35 59a is closed in succession (step 1405, Fig. 20).
Thereafter, in the cleaning bath 41, it is executed to



In the cleaning section 3, three wafer transfer units 30 11, 12, 13 are
arranged on the front side (this side in Fig. 2) of the section 3, while a
pi ping area 14 is defined on the back side of the section 3 through
partition walls, for housing various tanks for reserving processing

| i qui ds, such as chem cals, and various pipes. 35 On the ot her hand,
t he unl oadi ng section 4 includes an unl oadef23art 15 for accomvdating the
waf ers cleaned in the cleaning section 3 in the carriers 5, a stand-by part
-15- 16 for causihgjédie thermixsude wi HR e Bpaf ehsough sthedndgz lesmdid 45

transfer arm 17 for Légﬁgggué ?%tpﬁﬂggé% L8 éagggge%n gﬂg,qﬁhpagggeiggd

16 and the stand- % eani ng apparatu further

includes a 5 claiﬁt@fetcsﬂr}m‘ & ES@CEdO reHkdhinalc klenanagol ssep hzama; rfEys 5
enptied in the loading section 2. The carrier transfer section

equi pped with a c&kti et CoRpEfer 26 eV ETRed EoBYEtIRE ‘Bf-e‘%/n&zge%l?ﬁle%
a carrier stgck S@ﬁém%éonéﬁﬁlé@Cﬂwm thene Pt tevestiderditedtian tiee

| oader part 10 7 of the loa section_2 by ns t he transfer 8

and stocking the ¥&FeTer¥ 50y &a%\lf‘ﬁoﬁ’?tghé%§% Yan® Pif Ots%o%"uén

delivering part whehic€reicieantiheg.erfqddeact, the chemical liguid may be
stored prior to the introduction of the wafers W into the

cleaning bath 41. Next, the mixture of HF / H,0 is dis-
10 charged and thereafter, the DIW is ejected from the nozzles
44, 45 to rinse the wafers W (step 1407, Fig. 21). 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
15 process. Note, in the modification, the supply of DIW may

be started without discharging the mixture of HF / H,0 so
that the density of the mixture becomes to be thin gradual-
ly.
On the other hand, while such a cleaning process is
20 carried out, the nitrogen gas is blown out from the nozzles
85, 86 for interchange (step 1408, Fig. 21). Thereafter,
the IPA or the mixture of the IPA and nitrogen is blown out
from the nozzles 85, 86, so that the drying chamber 42 is
filled up with the atmospheré of IPA {step 1409, Fig. 21).
25 Next, at step 1410, it is executed to open the rotary
door 59a at the bottom of the drying chamber 42 (Fig. 22)
and thereafter, the wafer guide 43 carrying the wafers W
is elevated to transport them into the drying chamber 42
(step 1411, Fig. 23). During the transportation, the
30 nitrogen gas is blown against the wafers W on transporta-
tion from the cleaning bath 41 to the drying chamber 42 by
the nozzles 106, 107. Note, in order to drying the wafers
W more effectively, the mixture of the nitrogen and IPA may
be blown against the top of the cleaning bath 41 before or
35 during opening the rotary doors 5%9a and sequent transport-
ing the wafers W from the cleaning bath 41 to the drying



carriers 5 fromthe carrier conveyer 19 by neans of the transfer arm 17 at
the unl oadi ng section 4 and delivers the 15 enptied carriers 5 to the
unl oader part 15. The cleaning section 3 is provided with the follow ng
baths in order fromthe side of the |oader 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 20 -28ath 23 for renoving

i mpurities, such as organic contam - nants, netalljc ggurltles artlcles

or the like, on tHhemhern dde THUEMRE ndiEP1By2 RETHHS H%t BRI £regg
ammoni um hydr ogen e pdcdas( N4 eHe/ whieaﬁs/wkﬁﬂxa thRe \lﬁqﬁr@ emmmrbwzhtm

f | t he waf | d ath 23
cher cal ol eani nd 15aE11e28er SPBAOH (P4t FFEBBY AT AL L hen ThE
vv?f ers bybat Chgg‘«?&ﬂerslsmlinaﬁha cﬂfryir]tc»g ecrainkdel 42, HEBE mtmera gassmay be
cleanin a or cl.e 2

g nd 2i9% é’ar’f gﬂ?t rﬁeze? er%g%geﬂegxérréb %o %@Pl Pe BYi £h Gne

pure water; Iverttion rénovi ng an
oxi de on the maferumdapneneh@mi@akr@geg gas museakley of HF / H20), cleaning

the washed wafers by @%e R3%14C OBur h%rkﬁ%“£f¥&@rﬁbéﬁe7§|§%ﬂ%%e
g an ath or

waf ers; and a chuck c ean| cleanln nd dryin
not - shown waf er deition off tthe ﬁaﬁengtﬁhﬁgb@¥ 4hitsBp 141 -e,24ar {576 on

plates 29, 30, 3kpp3%arghd HEIHRAKLGs the IPA and nitrogen is blown from
190 the nozzles 85, 86 to the wafers W in the drying chamber
42, downwardly (step 1413, Fig. 25). After that, the drying
chamber 42 is exhausted to be decompressed, and in the same
time, the nitrogen gas is blown from the nozzle 85, 86
downwardly to the wafers W in the drying chamber 42 (step
15 1414, Fig. 25). Note, in this case, the nitrogen gas may
be blown without decompressing the drying chamber 42.
Alternatively, the drying chamber 42 may be decompressed

without blowing the nitrogen gas.
Thereafter, while blowing the nitrogen gas, the exhaust
20 in the drying chamber 42 is quitted to recover the pressure
of the drying chamber 42 to the normal pressure (step 1415,
Fig. 25). At sequent step 1416 (Fig. 26), it is executed
to open the 1lid 63 on the top of the drying chamber 42 and
thereafter, the wafer chuck 84 is lowered into the chamber
25 42 to receive the wafers W from the wafer guide 43 (step
1417, Fig. 27). Then, the wafer chuck 84 is elevated to
unload the wafers W to the outside of the drying chamber

42 (step 1418, Fig. 28).

In this way, according to the cleaning apparatus 27 of
30 the embodiment, the drying chamber 42 and the cleaning bath
41 are separated from each other up and down. Further,
since the space in the drying chamber 42 can be insulated
from the space in the cleaning bath 41 by the rotary door
59a and the slide door 72 and since the drying process in
35 the drying chamber 42 is executed hermetically by the
closing slide door 72, there is no possibility that the
drying chamber 42 and the cleaning bath 41 mutually exert



-16- between the | oader part 7 and the chuck cleaning / drying bath 22,

bet ween the wash cl eaning bath 24 and the chem cal cl eaning bath 25,

bet ween the wash cl eaning bath 26 and the cleaning unit 27, and between the
chuck cleaning and drying 5 bath 28 and the unl oader part 15,
respectively. These partition plates 29, 30, 31, 32 are adapted so as to
open upward and shut downward in recei vi ng -&%d delivering the wafers by
driving nechani sns which are not shown in the fi%ﬁres. Owi

_ , ng o the .

provi si on of the H&ed ipshuppaecduedo the chepicay angh So; ‘t"n?s“b&éﬁlﬁﬁi‘é’“vo
prevent atnospherg ple tiie aheRhgahentromasiid fus agyiAGochiebad) 42 rimy the
spaces. W now describe structure of the cleaning unit 27 wth reQFreQ%% to
Figs. 4 to 14. THYawWdd Rgthntt &7 blen?:?%wéegu EAnF AP PR G £oAgE
p_rotceSSI n? bat? ﬁﬁﬁﬁo péxfjagarihmﬁfléach ptheessitgisippssisols twhenttalizy ehg
m xture o and the rinse g ) 140 MBS

wafers to bg?proccés%aé’huf% ?ﬁgcﬁfﬁui%’gd, gﬁg%égﬁ\;/\ﬁlg{ 1 cal dry| n% crE%a er 42
arranged above t hppEmanin@badcaditet ofdihengnharcedfdearaf tafafendasy iy om

the cl eaning bathc4<_=l.1];;%12yc9c%ss desidlE %lo"xa'l\;\{/&al?&%g) 41 ceeymdatss, ianef s

i
gui de 43 and e.g. Sheet's of” wafers carried by the wafer %ui de 43.
Further, the cl eatiengitging Ardcess oiigedy othgodrying chamber 42 may be

provided with the panel heaters 103, 104 for heating the

10 interior of the chamber 42. Or again, the atmosphere in the
drying chamber 42 may be replaced with the IPA while
cleaning the wafers W in the cleaning bath 41 ih view of
the prompt drying process.

Further, since the drying chamber 42 can be miniatur-

15 ized in comparison with that of the conventional cleaning
apparatus where the processing bath and the drying chamber
have been accommodated in one chambexr, it is possible to
carry out the drying process more effectively. Furthermore,
since it is possible to decrease the volume of the drying

20 chamber 42 to the utmost, there is no need to form the
drying chamber 42 with a great pressure tightness. Thus,
it is possible to reduce the wall thickness of the drying
chamber 42 and decrease a power of the vacuum pump 110,
which is required for the decompression.

25 Now, it is noted that the present invention is not
limited to the above-mentioned embodiment and wvarious
changes and modifications may be made within a scope of
concept of the art.

For example, although the means for opening and closing

30 the opening 62 of the drying chamber 42 is constituted by
the rotary doors 59a and the slide door 72 in the
above-mentioned embodiment, the same means may be replaced
with a single slide door having two operational modes, as
shown in Figs. 29 and 30. That is, as shown in these

35 figures, such a slide door 111 is formed to have a width
somewhat larger than a width of the opening 62 of the
drying chamber 42 and provided with a notch 112 permitting
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sides of a bottomthereof, with nozzles 44, 45 for ejecting the processing
liquid for, the wafers Waccomobdated 25 therein. The nozzles 44. 45 may
be constituted by pipes each of which has respective injection orifices
formed at each interval equal to a distance between the adjoining wafers W
along the direction of the wafers' arrangenent. Into the nozzles 44, 45,
either one of the chemical (e.g. 30 m xtwb of HF / H20 and the rinse

such as pure water (DIW deionized water) is supplied from.the ﬁi i ng area
14 shown in Fi gs.the afE@TEYBRIa ReWRSThi 7 Sfertis offebfT a SO HE g%\‘?al 26.

The switching opegrkdegh Ofat fersamt o thel ¥eidé dsotontrof | Bthdy B0 and
not - shown control ] er at predeterm ned 35 timng. Note, in order to :
prevent the oxi datton of the wafers W it is preferable to use the
deaerated DIWas the Tro dédcrib8san Asishidtonal |gf ithet e icier cdoder ddde of
t he cl eani ng.bat ac

processing | ?qui ED %%ééﬁ I%% %%C’%‘%:gg%%%rg%q In‘é" BC%QO%VA Eﬁ% ficﬁ%ergq{d Sf’r%ol:%glsfl %ap
| i qui d col | ect ed 1404 hef cBligecll5babhridfigi stegaplédSstoad 408, cilinc gndar e
the nozzles 44, 45 hcough GosniAghng Ml Ve MG Bifid (65 Bhand
the notch 112 overlaps with a part of the opening 62, as
shown in Fig. 29. The resulting overlapping area allows the
10 carrying member 74 to pass through the opening 62. Next,
at steps 1410 to 1411, it is executed to open tbg opening
62 again. Then, after step 1412, the slide dodr 111 is
moved so as to close the opening 62 perfectly, as shoWn in
Fig. 30. Also in this case, of course, the aixr grip seal
15 72a, 72b are inflated to enhance the sealing performance.
Again, although the nitrogen gas is used as the inert
gas in the above-mentioned embodiment, other inert gases,
such as argon (Ar), helium (He) etc., may be used as a
substitute of the nitrogen gas. It is obvious that the
| 20 heating of these inert gases allows the drying process to
be carried out more effectively. While, needless to say,
they do not have to be heated.
Although the IPA is employed as a water-soluble organic
solvent having an function to decrease the surface tension
25 of pure water with respect to the object to be processed
in the embodiment, the IPA may be replaced with other
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.
30 Although the chemical treatment using the mixture of
HF / H,0 and the rinsing and drying processes using the
pure wéfer 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
35 the drying process and one or more other processes will be
included in the scope of the invention. Foxr example, the
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ing valve 51. In the switching valve 48, it is changed whether to circul ate
the processing liquid collected by the 10 collect bath 47 in the
above-nmentioned manner or to discharge the liquid. In the switching valve
51, it is changed whether to circulate the processing liquid collect- ed by
the collect bath 47 or to supply the DIWto the nozzles 44, 45, which has
been cooled to the 0 - a nornmal 15 tenpé?%TUre ( © degree range, nore
preferably 5 "C, by a cooler. Note, a danper 52 is di sposed between the
punp 49 and the fcrnqx@rca.r;oprmpeﬁsweusmrthﬁsﬂniéftume%|léﬁgr{i HgP bathe Finsimg

exhaust port 53 i&&fé@%ﬁ@ Haifudd gy e GHenddad. pPrivde’® using

swi tching val ve It 1s changed whet her 20 to drain the processing
liquid through theheeahiautstreportt NEOBr/ b0, AN Pe, andethR \GhRMIGHENPHOESS s

provi ded, on upper_and | ower _parts eof i th.,r ng r

| oner openi ngs 6115%EY 4P F‘é?fg}an%% Qﬁ:{d" d/eFFdFMe(ithboet%tﬁg'vv% éelrasé% rﬁg to

respectivel y5 A ctlesedbbird @3hes |micemseashe Aggardiggdivi,.ngeHlcounbee &he

sl ide door arran : 4-$ﬁ% t ary (o] rgg% j t
t he | ower openi ng&%}hf%e | %gu%s%%aéggogn?%é?ﬂ?ﬁsuc %%\%ﬁ%ﬂy‘éﬁ%ﬁ
chloride) and PP &Hotsy prapsy epiel efQx  exafpléhagdtp |Gheaigadg process “using

sem -cylinder at hoth LBt exd n Xt er ioh , S B3 Fi

Thus, such a formnati O%Q%F&?%eb?i ?]%@ﬁcZug{égz tﬁeh%’t e?ﬁ%r Eg%ﬁﬁﬁgldr%%%ss

chanber 42 cl osedidiphg e mixture of HC1 / H,0, / H,0, the chemical process

10 using the mixture of HF / H,0, the rinsing process using
the pure water, and the drying process. B

Although the above-mentioned embodiment is one example
of the cleaning apparatus of the invention in association
with a cleaning equipment having the processing baths in

i5 processing. order, it is possible to use the present
cleaning apparatus as a stand alone type apparatus. In this
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
20 cleaning apparatus.

In addition, it will be understood that the object to
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

25 substrate or the like is applicable to the object to be
processed by the present apparatus and method.

As mentioned above, according to the cleaning apparatus
of the present invention, it includes the processing bath
for storing the processing liquid in which the object is

30 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
opening being capable of closing; the transporting means

35 for transporting the object between the processing bath and
the drying chamber through the opening; and the means for
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lid 63 to be defined substantially cylindrically, while preventing a stream
of nitrogen gas etc. blown against the 35 wafers Wfrom being turbul ent.
Consequently, the nitrogen gas or the |i ke can be bl own agai nst the
respective wafers Wuniformy. Additionally, as shown in Fig. 7, an Oring
-18- 65 is arranged around the periphery of the upper opening 61 and
furthernore, a pair of |lid fixing mechani srs*%9 are di sposed on both sides

O oo DR SEeTkG: B LOX FEPLGE G ikf PR bR B LLE SR BB gnsc
enhance the seal i sgleapeabi ITHereForehe thanmodjeét unaer reongpssdhithty tte
ot atabl o rod 56 BROTHES 4 A [HERHERFSnTEeh s Cheatran o of cecbh Wh
are engageabl e 10the wiryhngheddamstd clmsaddithen upgéncepdiiengrianggment
operation vhen rgppseli¥fie! BL9iNGOELYLBE- UBhAS thE pRELALA1HG BALM &d N
rods 56 respeéctively, the junction plates 57 are brought_into contact with
the 1id 63, so thdesigned wnded rgaPeRtiveccoRMHIRAS BHaRRRISHENIHy FCh
firmy. 15 othéANGEE i pag v el Bbtyp@imite thiey clgashagheroddss sared
lid actuator 66 which drives to open and shut the lid 6
further miniaturize the cleaning apparatus because of the
enhanced degree of freedom in the process design. Moreover,
10 since the above-mentioned arrangement allows the volume of
the drying chamber to be reduced, it is possible to reduce
the wall thickness of the drying chamber and the éiocessing
bath when it is required to decompress the drying chamber
while f£illing up with the atmosphere of the organic
15 solvent. In addition, it is possible to make the decompres-
sion with the low-powered wvacuum pump.

Furthermore, according to the cleaning apparatus of the
present invention, it includes the processing bath for
storing processing liquid in which the object is immersed;

20 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 opening being
capable of closing; the retaining member for retaining the

25 object; the carrying member for carrying the retaining
member from the drying chamber's side, the carrying member
being inserted into the processing bath through the opening
in case of disposing the retaining member in the processing
bath; the transporting means for transporting the object

30 between the processing bath and the drying chamber through
the carrying member; the firstl open and shut means for
opening and shutting the opening, the first open and shut
means being constructed so as to seal the drying member at
the first open and shut means' shutting condition; and the

35 second open and shut means for opening and shutting the
opening, the second open and shut means being constructed
so as to close the opening while leaving a clearance



As shown in Fig. 8, the lid actuator 66 includes a cylinder 68 for rotating
a pivot arm 67 having an end fixed to the lid 63, and another cylinder 69
for noving the lid 63 and 20 these rotating arrangenent (the cylinder

68, the arm 67) upward and downward. |In operation for opening the lid 63,
the Iid actuator 66 firstly noves the lid 63 closing the upper opening 61
upward (see of Fig. 8). Subsequently, the 13% actuator 66 further rotates

the lid 63 to a 25 position apart fromthe upper opening 61 ee . of
Fig. 8) and novestkkaving O dearmai (ReRbey Ji° maps dhengthzy ?’MV- T

?Eper openi ng 51 é%ﬁé%?’ nfagégghﬁeﬂhéégﬁs whemrtihgl sohaquioad tamdclse
e upper opening y the Lid t he above-nenti oned. operation 1Ll 1. be
executed in rever®@Any) for Fijding the arping ghagber gfghAgns %S@?]e i g?AOQ,
the rotary door ast@NgRIESs1EShEoMUnsefuentlal,r iaf irotmresidder scbFurther

rotatably arranged therejn and,rotary, drivin It f ti t
rotary door 3559a reuRR t TR V?léa%ﬁl%%?%??/ 8go%H§9§r?§Rg5%aﬁl%rggviag’gid ﬁ\}m&f h
a notch 59c whi chpaledt ne abheperdauymal bawp ng whichr r y$ ngamyized 7§or the

(described | ater) % £¥§ f guide 43 retaining the wafers Wto pass
{ her ot hr ough whi 155 qedEid],
Moreover, according to the cleaning apparatus of the

present invention, the apparatus comprises the processing

10 bath 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

15 opening being capable of closing; the retaining member for

retaining the object; the carrying member for carrying the

retaining member from the drying chamber's side, the

carrying member being inserted into the processing bath

through the opening in case of disposing the retaining

| 20 member in the processing bath; the transporting means for

transporting the object between the processing bath and the

drying chamber through the carrying member; the open and

shut means for opening and shutting the opening, the open

and shut means being constructed so as to seal the drying

25 member at the first shutting mode of the open and shut

means and close the opening while leaving the clearance

allowing the carrying member to pass therethrough at the

second shutting mode of the open and shut mean; and the

means for f£illing the drying chamber with the atmosphere

30 of organic solvent. Also in this case, it is possible to

realize the above-mentioned reductions in the wall thick-

ness of the drying chamber and the power of the vacuum pump
required for the decompression.

Further, according to the cleaning method of the

35 present invention, the method comprises the steps of ®

transporting the object from the drying chamber into the



the rotary doors 59a are closed. The rotary doors 59a are nmade of resin,
such as PVC (polyvinyl chloride), PP (polypropylene) or the like in the
same way as the lid 63. As shown in Fig. 10, the slide door arrangenent 64
5 conprises a rectangul ar flange 70 di sposed between the cl eaning bath
41 and the drying chanber 42, a slide door 72 inserted into an opening 71
formed in the flange 70 to open and cl ose a®9mterior of the flange 70, and

a cylinder 73 for driving the slide door 72. Simlar to the_|lid 63, 10h
the slide door 7PTRCeRfIODIPFES| Bhreugth e plevehoPYeNH)Y ERFBPFdET Peind

PP (pol ypropyl@Rging cheinber whid8lréteimitgylibe shaped sy ntheardetdin e
| ower opening 62. Further, as shown in Fig. 11, respective air Hgig seal s
72a, 72b are arr BRIRERIGHF IR o0 (bei PRELPEsCHAMBRT s TRy 15 (P) GlosHy

slide door 72, white 13%d} bpeeihdCakteAl G0 Rt AaBObéam tratspdrtdi® to
drying chanber 42 so as to extend along an inner side of the air grip seal

72a- |I'n the Podi fikaatdoying ehambemg 72c{ physbering apgegeardng adayddsiide

of the air grip sgal pfdReskAngPEhah IHFo g8l aflbr t1aRRGLLIESAg R dhiRct
slide door 72 is acconmmpdated™in the flange 70, both air gr%g?seal s 72a,

72b are infl at ed HPHEFINGoRRATPRD I tghtPe PERISHH Pefy (BRI
the drying chanmbermnfbd- sty aneobbgattace e Piodesanag Idgui@sped) iotening

gllcj bf ﬁgu:\ln}[ Idg dggfth% rlltqr%{f%ée}xfs.ﬂgrgg Q:r}tanlsgggtzéhe obcjO ergta%&'ow %l@e t&%cse‘ﬁé-ace
10 ing bath into the drying chamber; (e) closing the lower
opening; and (f) drying the substrate by the atmosphere of
organic solvent in the drying chamber. Consequently, the
object has no possibility to receive a bad influence from
the chemical treatment during the drying process. In
15 addition, since the arrangement allows the drying chamber
and the processing bath to be designed under respective
conditions independent of each other, it is possible to
optimize the cleaning process and further miniaturize the
cleaning apparatus because of the enhanced degree of
20 freedom in the process design. Moreover, since the
above-mentioned arrangement allows the volume of the drying
chamber to be reduced, it is possible to reduce the wall
thickness of the drying chamber and the processing bath
when it is required to decompress the drying chamber while
25 £illing up with the atmosphere of the organic solvent. In
addition, it is possible to make the decompression with the

low-powered wvacuum pump.
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this way,

the | ower opening 62 is closed tightly. As shown in Fig.

12, the

waf er guide 43 is provided, at an |lower end of the carrying nenber 74
thereof, with a wafer support 75 for supporting a plurality of wafers W 30

(e.g. 50 sheets)

. The wafer support 75 consists of an int e! ] ﬂﬂﬁ "H"m"l",
supporting rod 76 and two lateral supporting rods 77, 78 ailll '
paral l el with each other on both sides of tthElTod 76. Respective ends df *

the rods 76, 77, 78 are fixed with a |ower end of the carrying nmenber 74,
35 while the it ehdeldimachesods 76, 77, 78 are secured to a fixing

menber 79. Each of the rqgds, 176

0o Ad1EtR o liidehifl heldjRIRg @ qves

80, 80... , 80 (e.qg. fifn¥ }50- grooves) fornmed at prédeterm ned

intervals in the

PIRRAIeRd disRld dnPsOEtyS. CPRBTWELRY® gui de 43 is made of

materi al s exhibiting supey ipocelaiagt BAtR! &S Jtbrao PEbeBsEeR SLid @il tn
heat resistance and, durabj |$§$ for, exanpl e, PEEK 5 (pol yet her ether

ketone), Q (quartHcmp

upper end of the
el evating rod 81
to the outside t

ek Jf JETEFESSting rod 81 is fixed to an
waf er gu dergithg Ashamben bpréhged abend Gaidheipteksing
f#%ﬂg dl?a ggpggfiﬁé vgfthrr%\ﬁe oBB:"l"%g watpidchd 9‘%“&’%8%8& cgea&;e{qu
a body of said drying chamber and said processing bath and
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

means for filling said drying chamber with an atmo-

sphere of organic solvent.

2. A cleaning apparatus as claimed in Claim 1, wherein
said opening further includes sealing means for sealing

said drying chamber when said opening is closed.

3. 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 capable of closing;

a retaining member for retaining said object;

. a supporting member for supporting said retaining
member from said drying chamber's side, said supporting
member being inserted into said processing bath through
said opening in case of disposing said retaining member in
said processing bath;

moving means for moving said object between said



3

10 mechani sm 82 arranged on the top of the drying anber 42. The

gri ppi ng mechani sm 82 includes an air grip seal 82a sﬁ?FBEﬁHTﬁg“the~guLde
el evating rod 81. Wen driving the guide elevating rod f"ﬁ!ny i 0) air
is released fromthe air grip seal 82a. On the contrary! /i lmmmjmﬂ[ﬂ[
required 15 to close up the drying chanher 42, the air drip seals S
i nfl ated. The upper end of the guide eleva 2ﬁg rod 81 is connect- ed with a

waf er - gui de Z-axi s _nmechani sm. 83 arranged. behind. th dryi ng, ., chanber, ., 42.
S nce the. vt GEATERLIG, PRER 258 S Listmios P BRDGPr E I HEd & RS S
gui de el evati ng memtbe8l; up and down, the wafers Wcarried by the wafer guide

43 are transported bet n.the cleaning bath 41 a t ryi er. 42
t hrough t he | ower open}l\%grgf “Bort he ,&a%sesﬁ‘g\ﬁ%lsi I’%gﬁi gﬁe%%f %cgva reTor%lng
transfer unit 13iskeommgng) ssiRFirstamoremgedd eliosenmegnst heigige ey

unit 27. In opergtipijed é’c\?fég G UGle BA D P 'zg@glg@\,reﬁaa&,e\eafa%r i@ Hils tuni t

13 receives, for exanple, fifty shegts of wa Wfrom the nei ghboring
wash cl eani ng b&RPRE¥hEIRSS WeRBSE hEAPEENG heoWd BFORui de 43 in the drying
chanber 42. Further noregselcbfa3fpen Wl elosBUsKadd FRCBPYASNg 4l ORI,

fifty sheets of wafers Wfromthe wafer guide 43 in the drylng chanber 42
and delivers thdifih GREDIRA 0 SA0 SEFONFSOBER #id | ERIMRFALHG O £OTAs

shown in Figs. &tttk 86 ket htsi daosefl 4did uppening while leaving a
clearance allowing said supporting member to pass there-
through at said second open and close means' closing condi-
tion; and )

means for filling said drying chamber with an atmo-
sphere of organic solvent.

4. 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 capable of closing:;

a retaining member for retaining said object;

a supporting member for supporting said retaining
member from said drying chamber's side, said supporting
member being inserted into said processing bath through
said opening in case of disposing said retaining member in
said processing bath;

‘moving means for moving said object between said
processing bath and said drying chamber by said supporting
member;

open and close means for opening and closing said
opening, said open and close means being constructed so as
to seal said drying chamber at a first closing mode of said



35 part of the drying chanber 42, two nozzles 85, 86 are arranged so as

to blow the nitrogen gas etc. over the vvafers @Uﬂ_LLhLMfer

guide 43 in a -21- downwar d-fl owi ng ner. The nozzl es 85
constituted by pipes 88 having inj ectlon hoI es 87 fo muﬂjuglﬂﬁ Iltmm
intervals each of which is identical to the distance I ni ng
wafers Win the direction of the 5 Wafer-§3-arrangerrent nto the nozzl es
85, 86, a m xed gas conposed of the |IPA and heated nitrogen gas is supplied
from an | PA evaporrarorargd aleseugieaasc endr slogal seiderering Mitile lepving o

the 1 PA evaporat g c@.%aztal?x%ehﬁiigglﬂbté&gfrbuﬁfb%r‘t&n@uﬁahbéﬂ £6 asass RiHgregen
heater 92 through 1 a control valve 93, while the IPA is also _suppl |e|ed
dﬁ&? S

froman | PA tank WQ‘%%@% 3 EBRPRGI clasiRo o800 pf | SAEY, OPRE ANEy
supplied to the If2Aad.and4 through a control valve 96, while the | PA is

al so s lied to the I PA tank 94 t | I 97
t he ot ﬁglro Ihand as shommieﬁ‘nﬁlg T gj‘r ‘91§alghér§’r’i‘/$/ar?é’\é§w§ﬁbgﬁ22a? satmo_

provi ded, on bot heystiedes ooff dﬁg@dmblpent wi th exhaust ports 98, 99 for
di scharging the nitrogen gas etc. blown out of the nozzles 85, 86. The

5. A cleaning apparatus as claimed in any one of
Claims 1 to 4, wherein said processing liquid stored in
said processing bath is a deaerated rinse.

6. A cleaning apparatus as claimed in any one of
Claims 1 to 5, further comprising first blowing means
arranged between said processing bath and said drying
chamber, for blowing inert gas against said object trans-
ported from said processing bath to said drying chamber.

7. A cleaning apparatus as claimed in Claims 6,
further comprising cooling means for cooling said inert

gas.

8. A cleaning apparatus as claimed in any one of
Claims 1 to 7, further comprising:
decompressing means for decompressing said drying
chamber; and ’
second blowing means for blowing said inert gas
against said object in said drying chamber.

9. A cleaning apparatue as claimed in any one of
Claims 1 to 4, further comprising heating means arranged
in said drying chamber, for heating an interior of said

drying chamber.

10. A cleaning apparatus as claimed in any one of
Claims 1 to 4, wherein said processing liquid stored in

said processing bath is a cooled rinse.
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exhaust ports 98, 99 are communi cated with a not-shown 20 exhaust punp.
Al so communi cated with the exhaust ports 98, 99 are re lve rectifying
pl ates 101, 102 as rectifying nmeans, which having a pIﬁfegLLM&\h‘Tﬁrérs-
100, 100, , 100 for sucking the nitrogen gas etc. whickﬂiﬂ’ﬁ'ﬂ

out of the nozzles 85, 86, through respective parts 25 jmmmﬂkrt
of the drying chanber 42 uniformly. Wth t h&4arrangenent, as sk omh

dotted lines of Fig. 14, the nitrogen gas etc., which have been bl ovvn out
of the injection Jhb.l es 82A aflerndngomeltbed86f QBQaIaxrwfa cwirFtortq e pro-

surfaces of the valale Wt SURSGIUENLLNBHCKE I QG Otne dHid el s 100

of therectlfylng ow ng to the above- rrentlonedflow
of the nitrogen gas et c. (@it trenppestbre spidrdiest fReMoR ryEiE Shgmbe

turbul ence in thef{ iHd ee) 9% NQjw ik redad@niier
42 is al so provided, &‘g I%]EOéél’gs\A%rgt part, vmtﬁ@kpo?r ai.n rotrdti} Zi?étr%ot shown)
I

for discharging t¥i4 | §GvaRY Aﬁéﬂ"ﬁ"?% Ehyles, reé:aﬂéﬁlr“ 5%

104 are arranged fsxdiatihde indadheaf sapperted oh shed ddyyigy odtearilesr's sﬂé
42. These panel heaters %3 ﬁg[04 are el ﬁcir i cal | connect ed to a panel

heater controller 105 for PELPEngetfietower opening:
(¢c) storing processing liquid in said processing

bath before or after transporting said object from drying
chamber into said processing bath and subsequent immersing
said object in said processing liquid;

(d) opening said lower opening to transport said
object from said processing bath into said drying chamber;

(e) closing said lower opening; and

(£f) drying said object by an atmosphere of organic

solvent in said drying chamber.

12. A cleaning method as claimed in Claim 11, further
comprising a step of filling up said drying chamber with
inert gas after said object has been transported from an
outside of said cleaning apparatus into said drying

chamber, said step preceding the step (b).

13. A cleaning method as claimed in Claim 11, wherein
inert gas is supplied into said processing bath in any one

of the steps (a) to (f).

14. A cleaning method as claimed in Claim 11, wherein
gas containing organic solvent is supplied into said

processing bath before the step (d).
15, A cleaning method as claimed in Claim 11, wherein
gas containing organic solvent is supplied into said

processing bath before and during the step (4).

16. A cleaning method as claimed in Claim 11, wherein,
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tamaauueinthechmmm'42 IntMS\mythetamaauueofthechmmm

42 °is maintained to the extent that, for 5 exanpl e, the IPA boi |l s.

shown in Fig. 4, provided between the cl eani ng bath 41 and 1m1lﬁ IIL! L“l
chanber 42, for exanple, on both sides of a space above th

bath 41 are nozzles 106, 107 which bl ow the gltrogen gas agalnst the"wal er's

W10 during transporting fromthe bath 471 ?0 the chanber 42- The
structures of the nozzles 10 substantlall h

the above- nentiont® Ho2 AP gg’)'BEal CB”%rhé’ ﬁg%?Pes 1%ge%yhgg%e9§%‘6?%%
nitrogen gas is SEpQUbadahhéO&@h aldooliey E8d abjeod] itty hdecaitiedehrgas

15 to the 0 - te at ure ( degree range, nore preferably 5
"C, and a controlS@égvgagbﬁgnsganom/d%scrl'e an operation of the cleaning

apparatus 27 constructed above, in accordance with a flow chart of Fig. 15.

Note, the follow oper ontr ol nof.rSPOYR
controller. Firstggf allakd%ﬂ%%ﬁgﬁ{lghhfﬁa?é lal |§2H%ggTq¥b§1 %ﬂé gotfom
of the dryi ng chatrhethd2step cf®kedaild neweheopemémg HoetlomGh tar eeaperedp
the lid 63 on the p .1.he r 42 is opened (see step 1401, Fig. 16).
Next, the 25 #grdg%ﬁ%g %ﬁgﬁg@ owered into the chanber 42, while the
wafers Ware delivered to the wafer guide 43 in the chanber 42 (see step

1402, Fig. 17). 18. A cleaning method as claimed in Claim 11, further
comprising a step of blowing inert gas against said object
on transportation from said processing bath into said

drying chamber.

19. A cleaning method as claimed in Claim 11 or 18,
after executing the step (f), further comprising a step of
blowing inert gas against said object in said drying

chamber while decompressing said drying chamber.

20. A cleaning method as claimed in Claim 11, 18 or 19,
between the steps (b) and (d), further comprising a step
of filling said drying chamber with an atmosphere of

organic solvent.

21. A cleaning method as claimed in Claim 11, 18, 19 or
20, wherein, said processing liquid stored in said process-

ing bath is a cooled rinse.



At sequent step 1403, it is executed to close the lid 63 on the top of the
chanber 42 and open the slide door 72 30 at the bottom of the chanber 42
(see Fig. 18). Note, in the nodification, the slide door 72 may be adapted
so as to open fromthe beginning. Then, the wafer guide 43 carrying the
wafers Wis lowered to transfer theminto the cleaning bath 41 (step 1404,
Fig. 19) and the rotary doors 35 59a is %osed i n succession (step 1405,
Fig. 20). Thereafter, in the cleaning bath is executed to -23-
inject the mxture of HF / H20 through the nozzles 44, 45 and subsequently
i merse the wafers Winto WW o?faﬁﬁuﬁﬁ;@m&ﬂ% chem cal

cl eaning (step 1406, Fig. : %MS& e mxture of HF /
H20 ejected 5 fromthe nozztes-44;—- -ortrs-a~-convecttorr-di recting the
wafers Win the greaabpg bath 41 thereby to pronote the chenical cleaning.
Hereat, the chenfcat fTquid may be stored prior to the introduction of the
wafers Winto the cleaning bath 41. Next, the m xture of HF / H20 is dis-
10 charged and t hrdgandmg angamW$sans} acebeaningnmetdhado £oreslaaniag t o

rinse the waferszW 21 e of
H20, the DIW ej ect I FOP D brobiideatlin e Wldarind BBpBLEEUSS & atbing

chamber 42 and a cleaning bath 41 are separated from each
S other up and down, respectively. Thus, a space in the
drying chamber 42 can be insulated from a space of the
cleaning bath 41 through rotary doors 59a and a slide door
72. In the cleaning method, a cleaning process in the
cleaning bath 41 is carried out while sealing it by the
10 rotary doors 59%a. On the other hand, a drying process in
the drying chamber 42 is accomplished while sealing and
closing it by the slide door 72. Consequently, tﬁére is no
possibility that, during the drying process, the object is
subjected to a bad influence from a chemical treatment.

(Figure 4)



nozzl es 44, 45 fornms a convection directing the wafers Win the cl eaning
bath 41 thereby to pronote the rinsing 15 process. Note, in the .

nodi fication, the supply of DIWnmay be started wi thout discharging the

m xture of HF / H20 so that the density of the m xture beconmes to be thin
gradual - ly. On the other hand, while such a cleaning process is 20

carried out, the nitrogen gas is blown out fromthe nozzles 85, 86 for

i nterchange (step 1408, Fig. 21). Thereafter, the IPA or the m xture of the
| PA and nitrogen is bl own out fron1agz gééies 85, 86, so that the drying
chanmber 42 is filled up with the at pﬁ of I PA (step 1409, Fig. 21). 25
Next, at step 1410, it is executed to open the rotary door 59a at the
bottom of the drying chanber 42 (Fig. 22) and thereafter, the wafer guide
43 carrying the wafers Wis elevdated to transport theminto the drying
chanber 42 (step 1411, Fig. 23). During the transportation, the 30

nitrogen gas is bl own against the wafers Won transporta- tion fromthe

cl eaning bath 41 to the drying chanber 42 by the nozzles 106, 107. Note, in
order to drying the wafers Wnore effectively, the m xture of the nitrogen
and | PA may be bl own against the top of the cleaning bath 41 before or 35
during opening the rotary doors 59a and sequent transport- ing the wafers W
fromthe cleaning bath 41 to the drying

203 —> W

201/ - — - — ——
-
W 202
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FIG. |



-24- chanber 42. Further, wthin a period between the transport- ing
process of the wafers Wfromthe drying chanber 42 to the cleaning bath 41
and the drying process of the cleaned wafers Win the drying chanmber 42,
the nitrogen gas may be 5 blown into the cleaning bath 41 thereby to
fill it with the atnosphere of nitrogen gas usually. Subsequently, upon
closing the slide door 72 at the bottom of the drying chanber 42 (step
1412, Fig. 24), the IPA or the mxture of the IPA and nitrogen is bl own
from 10 t he nozzles 85, 86 to the EﬁPﬁngWVi” t he dryi ng chanber 42,
downwardly (step 1413, Fig. 25). Afte hat the drying chanmber 42 is
exhausted to be deconpressed, and in the sane tine, the nitrogen gas is

bl own fromthe nozzle 85, 86 downwardly to the wafers Win the drying
chanber 42 (step 15 1414, Fig. 25). Note, in this case, the nitrogen gas
may be bl own without deconpressing the drying chanber 42. Alternatively,
the drying chanmber 42 may be deconpressed w thout bl ow ng the nitrogen gas.
Thereafter, while blowing the nitrogen gas, the exhaust 20 in the drying
chanber 42 is quitted to recover the pressure of the drying chanber 42 to

t he normal pressur sequent step 1416 (Fig. 26),
it Is executed Ytkg2§§\\\\\ .
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to open the Iid 63 on the top of the drying chanber 42 and thereafter, the
waf er chuck 84 is lowered into the chanber 25 42 to receive the wafers W
fromthe wafer guide 43 (step 1417, Fig. 27). Then, the wafer chuck 84 is
el evated to unload the wafers Wto the outside of the drying chanber 42
(step 1418, Fig. 28). In this way, according to the cl eaning apparatus 27
of 30 t he enbodi nent, the drying chanber 42 and the cleaning bath 41 are
separated from each other up and down. Further, since the space in the
dryi ng chanber 42 can be insul ated 2332L%Q§ space in the cleaning bath 41
by the rotary door 59a and the slid 2 and since the drying process
in 35 the drying chanber 42 is executed hernetically by the closing
slide door 72, there is no possibility that the drying-chanber 42 and the
cl eaning bath 41 nutually exert -25- a bad influence due to the chem ca
and so on. In addition, since the arrangenent allows the drying chanber 42
and the cleaning bath 41 to be desi gned under respective conditions

i ndependent of each other, it is possible to optimze the 5 cl eani ng

process and further miniaturize the cl eaning apparatus 27 because of the
enhanced degree of freedomin N~ W
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the process design. For instance, in order to finish off the drying process
qui ckly, the drying chanber 42 nmay be provided with the panel heaters 103,
104 for heating the 10 interior of the chanber 42. O again, the

at nosphere in the drying chanber 42 nay be replaced with the I PA while
cleaning the wafers Win the cleaning bath 41 in view of the pronpt drying
process. Further, since the drying chanber 42 can be mniatur- 15 i zed
in conparison with that of the conventional cleaning apparatus where the
processi ng bath and the drying chanber, @aggcpeen accommodat ed i n one
chanber, it is possible to carry out the drying process nore effectively.
Furthernore, since it is possible to decrease the volune of the drying 20
chanber 42 to the utnost, there is no need to formthe drying chanber 42
with a great pressure tightness. Thus, it is possible to reduce the wall

t hi ckness of the drying chanber 42 and decrease a power of the vacuum punp
110, which is required for the deconpression. 25 Now, it is noted
that the present invention is not limted to the above-nenti oned enbodi nent
and various changes and nodifications nay be nade within a scope of concept

of the art. Faw exanpl al shough the meansfor opening and closing 30
t he opening 6Z of the yiﬁ§ chanber 42 is gpnstituted by the rotary doors
59a and the sl@de door 92 if the t ' '
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above-nenti oned enbodi nent, the sane neans may be replaced with a single
slide door having two operational nodes, as shown in Figs. 29 and 30. That

is, as shown in these 35 figures, such a slide door 111 is fornmed to
have a wi dth somewhat |arger than a width of the opening 62 of the drying
chanmber 42 and provided wth a notch 112 permtting -26- the carrying

menber 74 of the wafer guide 43 to pass through, different fromthe slide
door 72 of Figs. 10 and 11. To descri be an operation of the slide door 111
in5 brief, it is maintained to qped PE opening 62 till step 1404 of
Fig. 15. During steps 1405 to 1409, in order to close the opening 62, the
slide door 111 is slid so that the notch 112 overlaps with a part of the
opening 62, as shown in Fig. 29. The resulting overlapping area all ows the
10 carrying menber 74 to pass through the opening 62. Next, at steps
1410 to 1411, it is executed to open the opening 62 again. Then, after step
1412, the slide door 111 is noved so as to close the opening 62 perfectly,
as shown in Fig. 30. Also in this case, of course, the air grip seal 15
72a, 72b are inflated to enhance the sealing perfornance.
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Agai n, al though the nitrogen gas is used as the inert gas in-the

above- nenti oned enbodi nent, other inert gases, such as argon (Ar), helium
(He) etc., may be used as a substitute of the nitrogen gas. It is obvious
that the 20 heating of these inert gases allows the drying process to be
carried out nore effectively. Wile, needless to say, they do not have to
be heated. Although the IPA is enployed as a water-sol uble organic sol vent
having an function to decrease the surface tension 25 of pure water with
respect to the object to be processef /Plhe enbodi nent, the | PA may be
repl aced with other organic solvents, for exanple, ketonic kinds (e-g.

di ethyl keton), ether kinds (e.g. nethyl ether, ethyl ether), nulticharged
al cohol (e.g. ethylene glycol) or the like. 30 Al t hough the chemi cal
treatnment using the m xture of HF / H20 and the rinsing and drying
processes using the pure water are executed in the cleaning apparatus 27 in
t he above-nentioned enbodi ment, it shoul d be understood that a cleaning
apparatus for and a nmethod of executing at |east 35 the dryi ng process
and one or nore other processes will be included in the scope of the

i nvention. For exanple, the -27-




chem cal process using the m xture of HF / H20, the rinsing process using
the pure water, the chem cal process using the m xture of NH40H / H202 /
H20, and the chem cal process using the m xture of HCL / H202 / H20 etc.
are applicable to 5 t he above ot her processes. Accordingly, of course,

t he cl eani ng apparatus of the invention may be constructed so as to carry
out ,for exanple, the chem cal procezfxygégp the m xture of NH40H / H202 /
H20, the chem cal process using the t of HO / H202 / H20, the

chem cal process 10 using the mxture of HF / H20 the rinsing process
using the pure water, and the drying process. Although-the above-nentioned
enbodi nent i s one exanple of the cleaning apparatus of the invention in
association with a cl eani ng equi prent having the processing baths in 15
processing order, it is possible to use the present cleaning apparatus as
a stand al one type apparatUé. In thi ase, for ey mpl@Ait is also
possible to construct the s and e S dirt i gq a §2ansfer
section having the | oader part 2 nt 20

cl eaning apparatus. In additi# the object to

be processed is not limteg enbodi nent ,
so that a LCD substrate, @ é%hotonask, a
-print substrate, a ceramc 26238 to the

object to be
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processed by the present apparatus and nmethod. As nentioned above,
according to the cleaning apparatus of the present invention, it includes
the processing bath for storing the processing liquid in which the object
is 30 i mrer sed; the drying chanber arranged above the processing bath
and provided wth the opening which is disposed between the body of the
dryi ng chanber and the processing bath and through which the object is
transported, the opening being capable of closing;, the transporting nmeans
35 for transporting the object befwéegh( he processing bath and the
dryi ng chanber through the opening; and the means for -28- filling the
dryi ng chanber with the atnosphere of organic solvent. Therefore, the

obj ect has no possibility to receive a bad influence fromthe chem cal
treatment during the drying process. In addition, since the arrangenent 5
all ows the drying chanber and the processing bath to be designed under
respective conditions independent of each other, it is possible to optim ze
the cl eaning process and further mniaturize the cl eaning apparatus because
of the enhanced degree of freedomin the process design. Mreover, 10

since the above-nentioned arrangenent allows the vol une of




the drying chanber to be reduced, it is possible to reduce the wall

t hi ckness of the drying chanber and the processing bath when it is required
to deconpress the drying chanber while filling up with the atnosphere of

t he organic 15 solvent. In addition, it is possible to nake the
deconpres- sion with the | ow powered vacuum punp. Furthernore, according to
the cl eani ng apparatus of the present invention, it includes the processing
bath for storing processing liquid in which the object is imersed; 20

the drying chanber arranged above th 5y8?8§5|ng bath and provided with the
openi ng which is disposed between theée y of the drying chanber and the
processi ng bath and through which the object is transported, the opening
bei ng capabl e of closing; the retaining nenber for retaining the 25

object; the carrying nenber for carrying the retaining nenber fromthe
drying chanber's side, the carrying nenber being inserted into the
processi ng bath through the opening in case of disposing the retaining
menber in the processing bath; the transporting neans for transporting the
obj ect 30 between the processing bath and the dryi ngghanber through the
carrying nmenber; the first open and shu ’gﬁgnlng and shutting the
opening, the first open and shut ; onst ed so as to seal the
-dryi ng nenber at the first open g ] huttlng ndltlon and the
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openi ng, the second open and shut neans being constructed so as to close

t he opening while | eaving a cl earance -29- allowi ng the carrying nenber
to pass therethrough at the second open and shut mnmeans' shutting condition;
and the neans for filling the drying chanber with an atnosphere of organic
sol vent. Consequently, it is possible to further 5 reduce the wall

t hi ckness of the drying chanmber and the power of the vacuum punp, which is
required for the deconpression. Mreover, according to the cleaning
apparatus of the present invention, the apparatus conprises the processing
10 bath for storing processing | y@jfA@ which the object is imersed;
the dryi ng chanber arranged above the processing bath and provided with the
openi ng which is disposed between the body of the drying chanber and the
processi ng bath and t hrough which the object is transported, the 15
openi ng bei ng capabl e of closing; the retaining nenber for retaining the
obj ect; the carrying nenber for carrying the retaining nenber fromthe
dryi ng chanber's side, the carrying nenber being inserted into the
processi ng bath through the opening in case of disposing the retaining




20 menber in the processing bath; the transporting nmeans for
transporting the object between the processing bath and the drying chanber
t hrough the carrying nenber; the open and shut means for opening and
shutting the opening, the open and shut neans being constructed so as to
seal the drying 25 menber at the first shutting node of the open and
shut neans and cl ose the opening while | eaving the clearance all owi ng the
carrying nmenber to pass therethrough/ivﬁﬁﬁgsecond shutting node of the
open and shut mean; and the means for filling the drying chanber with the
at nosphere 30 of organic solvent. Also in this case, it is possible to
realize the above-nentioned reductions in the wall thick- ness of the
dryi ng chanber and the power of the vacuum punp required for the
deconpression. Further, according to the cleaning nethod of the 35

present invention, the nethod conprises the steps of (a transporting the
object fromthe drying chanber into the -30- processing bath through the
| ower opening fornmed in the dryingegganber whil e retaining the object by
the retaining nenber carried on the §ryrig~chanber's side; (b) closing
ransported to

[0l 102




5 the drying chanber; (c) storing processing liquid in the
processi ng bath before or after transporting the object fromdrying chanber
into the processing bath and subsequent i mersing the object in the
processing liquid; (d) opening the | ower opening to transport the object
fromthe process- 10 ing bath into the drying chanber; (e) closing the

| onwer opening; and (f) drying the substrate by the atnosphere of organic
solvent in the drying chanber. Cbnseg%ppz%%? t he obj ect has no possibility
to receive a bad influence fromthe chem Cal treatnent during the drying
process. In 15 addi tion, since the arrangenent allows the drying chanber
and the processing bath to be desi gned under respective.conditions

i ndependent of _each other. it is possible to optim ze the cleaning process
and further mni @LOSEESLIBE CDOOR,Ng gppar at us because of the enhanced
degree of 20 ORENOROTARYt DOOR 0dess{4Q®si gn. Mreover, since the

above- nenti oned ANDIQP&EMLIBI | ows thd vol une of the drying chanber to be
reduced, it IS possi € wal |l thickness of the drying chanber

and the proc¢ssi pENYER WGAREH 1S T equi r,{eﬂ éo deconpress the drying
chanmber whil ¢ 25N DRMINGYCHWMBER t e a phere of the organic sol vent.
In addition, TT 1S poSSIbfe 0 nake e deconpression with the | ow powered

vacuum punp. CLOSE LID AND 1403
OPEN SLIDE DOOR
)
LOWER WAFER INTO 1404
CLEANING BATH

)
CLOSE SLIDE DOOR 1405
! 1
CHEMICAL |__ REPLACE DRYING
CLE.%NING 14086 CHMBER WITH Nz |~ 1408
i |

WATER _—~1407| MAKE DRYING CHAMBER 1409

CLEANING IN IPA ATMOSPHERE
]
}
OPEN SLIDE DOOR 1410
)

ELEVATE WAFER TO  |__ 4411
DRYING CHAMBER

I
CLOSE SLIDE DOOR —~1412

¥
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¥
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AND BLOW N2 GAS

)
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)
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¥
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DRYING CHAMBER ——1418 FI1G. 15




-31- What is clained is: 1. A cl eaning apparatus for cleaning a object
to be processed, said apparatus conprising: a processing bath for storing
processing liquid in which said object is imersed; a drying chanber
arranged above said processing bath and provi ded with an openi ng 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 capabl e of
closing; transporting means for tranbfort£8y sai d object between said
processing bath and said drying chanber through said opening; and nmeans for
filling said drying chanber with an atno- sphere of organic solvent. 2.

A cl eaning apparatus as clainmed in Caim1l, wherein said opening further

i ncl udes sealing nmeans for sealing said drying chanmber when said opening is
cl osed. 3. A cl eaning apparatus for cleaning a obj ec@%o be processed,
sai d apparatus conprising: a processing bath for cessing liquid
in which said object is |nnersed a drying cha er arra ed above said

processi ng 86
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bath and provided with an opening which is disposed between a body of said
dryi ng chanber and sai d processing bath and through which said object is
transported, said opening being capable of closing; a retaining nmenber for
retaining said object; a supporting nenber for supporting said retaining
menber from said drying chanber's side, said supporting nenber being
inserted into said processing bath through said opening in case of

di sposing said retaining nenber in sajfdf pf @@ssing bath; noving neans for
novi ng sai d object between said -32- processing bath and said drying
chanber by said supporting nenber; first open and cl ose neans for opening
and cl osing said opening, said first open and cl ose neans bei ng con-
structed so as to seal said drying chanber at said first open and cl ose
means' cl osing condition; second open and cl ose neans for opening and

cl osing said opening, said second open an8%l ose means being con- structed
so as to close said opening while |eaving cl earance allow ng said
supporting nmenber to pass there- 85
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t hrough at said second open and cl ose neans' closing condi- tion; and neans
for filling said drying chanber with an atnp- sphere of organic solvent. 4.
A cl eaning apparatus for cleaning a object to be processed, said apparatus
conprising: a processing bath for storing processing 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
dryi ng chanber and sai d processing bag@sg?gzﬁﬁrough whi ch said object is
transported, said opening being capabl osing; a retaining nmenber for
retaining said object; a supporting nenber for supporting said retaining
menber fromsaid drying chanber's side, said supporting .nenber being
inserted into said processing bath through said opening in case of

di sposing said retaining nenber in said processing bath; noving nmeans for
movi ng sai d object between said processing®ath and said drying chanber by
sai d supporting nenber; open and cl ose neaps for opening and cl osing said
openi ng, said open and cl ose neans bein ruct%g so as to seal said
dryi ng chanber at a first closin@ 6
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-33- open and cl ose nmeans and cl ose said opening while | eaving a cl earance
all ow ng said supporting nenber to pass there- through at a second cl osing

node of said open and cl ose nean; and neans for filling said drying chanber
wi th an atno- sphere of organic solvent. 5. A cl eani ng apparatus as

claimed in any one of Clains 1 to 4, wherein said processing liquid stored
in said processing bath is a deaerated rinse. 6. A cl eani ng appar at us

as claimed in any one of Cainms 1 to S/ wh@r conprising first blow ng
means arranged between said processing bath and said drying chanber, for
bl owi ng i nert gas against said object trans- ported from said processing

bath to said drying chanber. 7. A cl eaning apparatus as clained in
Claims 6, further conprising cooling neans for cooling said inert gas. 8.
A cl eani ng apparatus as clainmed in any one Clains 1 to 7, further

conpri sing: deconpressing neans for deconp sing said drying chanber; and
85 86
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second 'blowi‘ng neans for blowi ng said inert gas against said object in said

dryi ng chanmber. 9. A cl eaning apparatus as clained in any one of
Claims 1 to 4, further conprising heating neans arranged in said drying
chanmber, for heating an interior of said drying chanmber. 10. A cl eani ng
apparatus as clainmed in any one of Clains 1 to 4, wherein said processing
liquid stored in said processing bath is a cooled rinse. -34- 11. A

cl eaning method of cleaning a object to be pro- cessed, said cleaning

met hod conprising the steps of: (a) tyahgh8@ding said object froma drying
chanber into a processing bath through a | ower opening fornmed in said
dryi ng chanber while retaining said object by a retaining nenber supported
on said drying chanber's side; (b) closing said | ower opening; (c) storing
processing liquid in said processing bath before or after transporting said
object fromdrying chanber into said procg ing bath and subsequent

i mrersing said object in said processing rsEguid; (d) opening said | ower
opening to transport said
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object fromsaid processing bath into said drying chanber; (e) closing said
| ower "0pening; and (f) drying said object-by-an at nosphere of organic
solvent in said drying chanber. 12. A cleaning nmethod as clainmed in
Claim21l, further conprising a step of filling up said drying chanber with
inert gas after said object has been transported from an outside of said

cl eani ng apparatus into said drying chanber, said step preceding the step
(b). 13. A cleaning nmethod as clainmed in Claim1ll, wherein inert gas is
supplied into said processing bath in gpy ne of the steps (a) to (f). 14.
A cleaning nethod as clainmed in dai &L/ rein gas containing organic
solvent is supplied into said processing bath before the step (d). 15.

A cleaning nmethod as clainmed in Claim 11, wherein gas containing organic
solvent is supplied into said processing bath before and during the step
(d). 16. A cleaning nmethod as clainmed in Caim1ll, wherein, | -35-
in the step (b), said | ower opening is closed while |eavin 3
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a clearance for allowi ng said object to be carried fromsaid drying

chamber's side. 17. A cleaning method as claimed in Claim1ll1l, wherein,
in the step (e), said | ower opening is closed to sealed up the drying
chanber. 18. A cleaning nethod as claimed in Claim11, further

conprising a step of blow ng inert gas agai nst said object on
transportation fromsaid processing bath into said drying chanber. 19.
A cleaning nmethod as clainmed in Claim1l or 18, after executing the step

(f), further conprising a step of bIoz@yg/Eggrt gas agai'nst said object in
sai d drying chanber while deconpressing Sard drying chanber. 20. A
cleaning nethod as clained in Claim1l1l, 18 or 19, between the steps (b) and
(d), further conprising a step of filling said drying chanber with an

at nosphere of organic solvent. 21. A cleaning nethod as'clainmed in
Claim11, 18, 19 or 20, wherein, said processing liquid stored in said
process- ing bath is a cool ed rinse.
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