0 3 MAR 2005 - 1 R {r4 APPARATUS AND METHOD FOR DRYI NG WASHED OBJECTS
BACKGROUND OF THE INVENTION 1. Field of the Invention The present invention
relates to an apparatus and a nmethod for drying washed objects, and nore
specifically, to an apparatus and a nethod for drying washed objed$mMaeimg
suitable for washing, rinsing, and drying substrates of sem conductor
wafers. 2. Description of the Related Art Heretofore, renoval of noisture
entered in trenches is an inportant factor in drying of mniaturized washed
objects such as waters after washing of precision substrates, and thus a
drying apparatus using organic solvent vapor is enployed. An apparatus
shown in Fig. 1 is known as a drying apparatus using organic solvent vapor.
The drying apparatus | inclddes, as shown in Fig. 1, a drying tank 2 being
box- shape haw AG FARPGIHENIMP HETHAD (HER d0RY ING CWASKED SRBIECDS a heating
device (heater) 3 nounted on the bottom surface 2a of the drying tank 2, a
cooling coil 4 provided on the upper part of the drying tank 2, a solvent
trap 5 provided dowmmwardly of the cooling coil 4, a wafer placing table 7
di sposed in the drying BaAgkGROVHP PFaBFBg IAVIRAITEONG6 as a washed obj ect
thereon, and a solvent pooling section 8 disposed downwardly of the wafer
pl aci nglt.abfee¥d of the Invention
The present invention relates to an apparatus and a method
for drying washed objects, and more specifically, to an apparatus
and a method for drying washed objects being suitable for washing,
rinsing, and drying substrates of semiconductor wafers.
2. Description of the Related Art
Heretofore, removal of moisture entered in trenches is an
important factor in drying of miniaturized washed objects such
as wafers after washing of precision substrates, and thus adrying
apparatus using organic solvent vapor is employed. An apparatus
shown in Fig. 1 is known as a drying apparatus using organic
solvent vapor.
The drying apparatus 1 includes, as shown in Fig. 1, adrying
tank 2 being box-shape having an opening on top thereof in cross
section, a heating device (heater) 3 mounted on the bottom surface
2a of the drying tank 2, a cooling coil 4 provided on the upper
part of the drying tank 2, a solvent trap 5 provided downwardly
of the cooling coil 4, a wafer placing table 7 disposed in the
drying tank 2 for placing a wafer 6 as a washed object thereon,
and a solvent pooling section 8 disposed downwardly of the wafer

placing table 7.

The drying apparatus 1 heats organic solvent 9 charged into



The drying apparatus 1 heats organic solvent 9 charged into - 2 the drying
tank 2 to a boiling point by the heater 3 and generates organic solvent
vapor in the upper portion thereof. A wafer 6 already washed and ripﬁgﬁ
with water is then inserted and arranged in the vapor in the dryiﬁb‘ Wiy
Condensation of organic solvent occurs on the surface of the wafer 6 that
is inserted and arranged in the drying tank 2, and then noisture attached
on the surface of the wafer 6 is replaced by organic solvent which is nore
likely to evaporate, whereby the wafey 6 is progressively dried. The wafer
6 in the organic solvent vapor is gradually increased in tenperature to an
evaporating point (boiling point) , and then is taken out of the m st

at nosphere, where attached solvent conponent rapidly evaporates due to its
| ow | at B¢ di@ding tagkpe teoaptctlelng grilad. bridcohrgahrt kondenengreatesd and
vaporized by the cooling coil 4 disposed on the upper part of the drying
tank 2 PB92BHeHREEN ANERRbpbed-he YR FordHen raersxor Aevaferydand
reusi ng._ Likew se, solvent including noisture dropped fromthe wafer 6 1is
al so r edbyed @y vins eRea R TV aSehEoF-N g tedct F Shied Lrherapdiadg apparaeds | in
the related art demands attention to flanmes since organic solvent is heated
by the bRatk® BPARJILIDcBREUABE LR 81Kf 2encrgyiBREAb M| ¢L cRFFRBEC out
beating and cooling. in addition, it requires _a signjficant period of tine

i
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and arranged in the drying tank 2, and then meisture attached
on the surface of the wafer 6 is replaced by organic selvent which
is more likely to evaporate, whereby the wafer 6 is progressively
dried. The wafer 6 in the organic solvent vapor is gradually
increased in temperature to an evaporating point (boiling point),
and then is taken out of the mist atmosphere, where attached
solvent component rapidly evaporates due to its low latent heat,
to be completely dried.

The organic solvent heated and vaporized by the cooling
coil 4 disposed on the upper part of the drying tank 2 is condensed
and dropped in the solvent trap 5 for recovery and reusing.
Likewise, selvent including moisture dropped from the wafer 6
is also recovered in the solvent pooling section 8.

The drying apparatus 1 in the related art demands attention
to flames since organic solvent is heated by the heater 3, and
consumes a lot of energy because it carries out heating and cooling.
In addition, it requires a significant period of time until a
vapor layer is formed by being heated by the heater 3, and consunes
a large quantity of organic solvent due to evaporation. Further,

when the washed objects come in contact with the mist layer, heat



a large quantity of organic solvent due to evaporation. Further, when the
washed objects cone in contact with the mst |ayer, heat 0 3 MAR 2005 - 3
of vapor (gas phase) is absorbed by the washed object, thereby causing
abrupt change in phase (gas phase to |iquid phase) and reducing tHhé W&p@%
| ayer. Consequently, the washed object is exposed to the atnosphere, which
may easily results in contam nation, insufficient drying, and so on. SUMVARY
OF THE | NVENTI ON Accordingly, it is an object of the present invention to
provi de an apparatus and a net hod for, dryi ng washed objects being capable
of drying the washed objects in a redhced period of tinme, effectively
preventing contam nation of the objects, and preventing energy |oss. The
apparatus for drying washed objects according to the invention includes a
dryi ng afanviaporr \Woiashpbageni cssabgsenbedi by ths geskedt@djentd, supptéeled t o
washed objects therein, wherein the drying tank includes a

m st - straisgmerbrgprasdange sopphyseg (gesgrhhsesbbvienguid sphase) hendashed
obj ects. The m st-strai ghtening vane of the apparatus for drying washed
obj ect sresbsangi Adret yadee i yaxar i ofonsgsnevitdat drhe heastiete olwpdt ofst he
drying tank, and is provided with a plurality of fine openings on the

sur f aceeXmsashitta ithg eripash <ot vert Lol stanteaddlyposbtidoa upwardly of a
fluid spray nozzle away froma prescribed distance S, so that a portion of
or gani cvladmatgiost, tinguipassieent drying, and so on.

SUMMARY OF THE INVENTION

Accordingly, it is an object of the present invention to
provide an apparatus and a method for drying washed objects being
capable of drying the washed objects in a reduced period of time,
effectively preventing contamination of the objects, and
preventing energy loss.

The apparatus for drying washed objects according to the
invention includes a drying tank in which organic solvent mist
is generated and supplied to washed objects therein, wherein the
drying tank includes a mist-straightening vane for supplying
organic solvent mist to the washed objects.

The mist-straightening vane of the apparatus for drying
washed objects according to the invention is provided on the side
wall of the drying tank, and is provided with a plurality of fine
openings on the surface for emitting organic solvent mist at the
position upwardly of a fluid spray nozzle away from a prescribed
distance S, so that a portion of organic solvent mist that passed
through the opening cut of the whole part of crganic solvent mist

emitted from the fluid spray nozzle is indirectly emitted.



t hrough the opening out of the whole part of organic solvent mst emtted
fromthe fluid spray nozzle is indirectly emtted. D 3 MAR 2005 - 4 The
fluid spray nozzle of the apparatus for drying washed objects according to
the invention can emit two or nore different types of fluid sinultaneously.
Fluid emtted fromthe fluid spray nozzle of the apparatus for dr in%
washed obj ects according to the invention includes organic sol veht MaRiband
inert gas. The configuration of the opening of the apparatus for drying
washed objects according to the inventjon is chanfered configuration. The
apparatus for drying washed objects according to the invention includes a
dryi ng tank having an opening on top thereof so that the washed objects can
be placed or taken out fromabove and a rinsing tank fornmed integrally with
the dryi ng tafdke dndidi sprapabdezdé dkitig spahedther fetidayiyghyagtieasi ng t he
openable and the drying tank includes a mst and closable lid,
- st rai ghtadrjatg-svaneofdingupplyiengneeghnpo 5ot vent twetornt norhel 1 ibetet:
obj ects. The drying tank of the apparatus for drying washed objects
accordi nydes tdfe filnviehts om I nehewmleslan overfl ow tank fornmed on top of the
rinsing tank integrally for overflow ng deionized water to be supplied into
the rinsing tadkidapdiatedaimen tfloy £luid spray nozzle of the apparatus
for drying washed objects according to the invention includes
organic solvent mist and inert gas.

The conflquration of the opening of the apparatus for drylng
washed objects according to the invention is chamfered
configuration.

The apparatus for drying washed objects according to the
invention includes a drying tank having an opening on top thereof
so that the washed objects can be placed or taken out from above
and a rinsing tank formed integrally with the drying tank, and
is capable of being sealed hermetically by closing the openable
and closakle 1id, and the drying tank includes a mist-
straightening vane for supplying organic solvent mist to the
washed objects.

The drying tank of the apparatus for drying washed objects
according to the invention includes an overflow tank formed on
top of the rinsing tank integrally for overflowing deionized
water to be supplied into the rinsing tank, and a channel for
drainage from the overflowing tank is grounded.

The apparatus for drying washed objects according to the

invention includes cradles for placing and holding washed objects

in the drying tank and in the rinsing tank, and the cradle can



drai nage fromthe overflowing tank is grounded. The apparatus for drying
washed obj ects according to the invention includes cradles for placing and
hol di ng washed objects in the drying tank and in the rinsing tank, and the
cradle can 0 3 MAR 2005 - 5 be noved upward and downward by a qﬁ%@hﬁﬁﬁ
mechani sm and can be stopped in a state in which a part of the 2
object is in contact with the fluid level directly or indirectly. The
portion of the washed object that is inmersed into the fluid |evel of the
rinsing tank of the apparatus for drygng washed objects according to the
invention is the portion other than the patterned surface. A nethod for
dryi ng washed objects according to the invention is a nmet hod for drying
washed objects for performng drying by the use of a drying apparatus
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obj ects can be _placed or taken out from above, and a rinsing tank forned

i nt egr a1 13PRED hif R HHSFRAGLR AARICANY PRLEaphbiee ofapRedgoReafEdis in
hermetically by closing an openable _and closable lid, conprising the steps
of nDVWQEP%ﬁ%Fdﬂﬁ%ﬁf%@epﬁhﬁiﬁglaﬁalhéﬂéﬁhé1Ma§ﬁe&“8bF€§F§Y upward and
downward by a hoisting nechani smafter the washed, object was rinsed in the
rinsing tank HifPOEEETG Tt hee sswhech Obé'eé’ttaFEaFnlM“E‘F?rag%jarlPté’f tPRe washed
object is jn_contact with, the fluid surface directly or_ indirectly,

per f or THYLUAFVRS CbrtdGessnpynekans R hyarParasiiseher Hatl DY RRBRRashed

obj ect
J objects according to the invention is the portion other than the

patterned surface.

A method for drying washed objects according to the
invention is a method for drying washed objects for performing
drying by the use of a drying apparatus including a drying tank
having an cpening on top thereof so that washed objects can be
placed or taken out from above, and a rinsing tank formed
integrally with the drying tank, and is capable of being sealed
hermetically by closing an openable and closable lid, comprising
the steps of moving a cradle for placing and holding washed objects
upward and downward by a hoisting mechanism after the washed
object was rinsed in the rinsing tank and stopping the same in
a state in which a part of the washed object is in contact with
the fluid surface directly or indirectly, performing drying
process by emitting organic solvent mist to the washed obiect
from a fluid spray nozzle provided on a mist-straightening vane
and emitting the same in turn from the mist-straightening vane
indirectly, draining deionized water after the drying step, and
performing quick drying process by supplying inert gas at a high

temperature into the drying tank after the draining step.



froma fluid spray nozzle provided on a m st-strai ghtening vane and
emtting the sane in turn fromthe m st-straightening vane indirectly,

dr ai ni ng dei oni zed water after the drying step, and perform ng quick drying
process by supplying inert gas at a high tenperature into the drying tank
after the draining step. 0 3 MAR 2005 - 6 In a nethod for drying washed

obj ects according to the invention, the washed object is wet “h@mPJE?%?
washed object is drawn up fromthe rinsing tank by the hoisting nmechanism
In a nethod for drying washed objectsgaccording to the invention, the inert
gas is nitrogen gas (N2) at normal tenperatures or heated nitrogen gas

(N2). I'n a nethod for drying washed objects according to the invention, an
organi c solvent for generating the m st of organic solvent is selected from
al cohol s, ketbhed Merhed hkrs Raving worbed BIeBrFi 2ycandindpsbi they of

| owering surface tension of deionized water with respect to the substrate.
In a ne%%%@n?b?ndr??ﬁgwﬁﬁgﬁgdogﬁF%EtéSaE%BrH?%@ ?%et%%Sh?%v%hﬂﬁﬁﬁ ighe

di aneter of organic solvent m st emtted indirectly fromthe

mi st - st Y5RYRt BRi AECTahBei E1ABLNHDFBRENRY 50SuRP FRLBINBLREANASM dr yi ng
washed objects accordin i nventjon, the organic solvent can be

heated to teﬁﬁ%r%l%ﬁ%gogwi?ﬁlﬂr¥h%gr%ﬂﬁgeﬂfO%E??Bssﬁ%FRﬁgﬁnﬁttPs tihea

(1sopropyl .2 690l 1,1, A et hed or JLyLng, veshed, opi SEt s, AgSproing to the

temperatures or heated nitrogen gas (N,).

Iin a method for drying washed objects according to the
invention, an organic solvent for generating the mist of organic
solvent is selected from alcohols, ketones, or ethers having
water solubility and capability of lowering surface tension of
deionized water with respect to the substrate.

In a method for drying washed objects according to the
invention, the diameter of organic solvent mist emitted
indirectly from the mist-straightening vane is not more than 20
Wit .

In a method for drying washed objects according to the
invention, the organic solvent can be heated to temperatures
within the range of 5°C to 80°C when it is IPA (Isopropyl alcohol).

In a method for drying washed objects according to the
inventicon, rinsing water for performing rinsing operation in the

rinsing tank is hydrogenated water.

BRIEF DESCRIPTICN OF THE DRAWINGS
Fig. 1 1is adrawing showing a drying apparatus in the related

art;



invention, rinsing water for performng rinsing operation in the rinsing
tank i s hydrogenated water. BRI EF DESCRI PTION OF THE DRAWNGS Fig. 1 is a
drawi ng showi ng a drying apparatus in the related art; 0 3 MMR2m- 7 Fig.
2 shows a drying apparatus according to an enbodi nent of the invention

partially in cross section; Fig. 3 is an explanatory draw ng iIIustratin% a
state in which organic solvent mst is emtted indirectly by t hel G4RAPDD a
m st-strai ghtening vane; Fig. 4 is an explanatory drawing illustrating the

di ameter of organic solvent mst enmgted fromthe ms t- straightening vane
and the emtting state; Fig. 5 (a) and Fig. 5(b) are enlarged cross
sectional views showi ng tne configurations of the opening an the m st-

strai ghtening vane; Fig. 6 is a drawi ng show ng a state of transferring
particles as B9 edUPDOFE BelhgiHF PEPALSItHNG ABFAKgAATI tEfeembodigent s,
MaLrangoni Drying, after being_etched by DHF (HF/H O ) (diluted

hydr of | 9br e atREFLEPE- PALtd a4 1yr 4Ph C&PSEhESCHd%®Esi ng anount of particl es
in marangoni Drying, illustrating the result after performng the steps of
rinsing wth & ont 26t atateaP LanfiA Gy S rat th e IlewHaa t 145t é SFeori ng t he

steps of etching with DHF I(LHF/H,OB (diJuted , .
which ordanic solvent mist {s emitted indirectly by the use of

a mist-straightening vane;

Fig. 4 is an explanatory drawing illustrating the diameter
of organic solvent mist emitted from the mist-straightening vane
and the emitting state;

Fig. 5(a) and Fig. 5(b) are enlarged cross sectional views
showing the configurations of the opening on the mist-
straightening vane;

Fig. 6 is a drawing showing a state of transferring
particles as a result of being dried using Marangoni Effect, that
is, Marangoni Drying, after being etched by DHF (HF/H,0) (diluted
hydrofluoric acid);

Fig. 7 1s a graph of the increasing amount of particles
in Marangoni Drying, illustrating the result after performing
the steps of rinsing with deionized water — drying, and the result
after performing the steps of etching with DHF (HF/H,0) (diluted
hydrofluoric acid) — rinsing with deionized water — drying;

Fig. 8 is a drawing for comparing the amount of increase
in particles in Marangoni Drying and drying according to the
invention;

Fig. 9 1s an explanatory drawing showing the drying process

in a drying method according to the invention;



hydrotiuoric acid) - rinsing wwth deicnized water - drying; Fig. 8 is a
drawi ng for conparing the anount of increase in particles in Marangon
Drying and drying according to the invention; Fig - 9 is an explanatory
drawi ng show ng the drying process in a drying nethod according t Qﬁ
invention; R3 MAR 2005 - 8 Fig. 10 is a tinme chart of the dryiﬁg%ﬂ% Bss
according to the invention; Fig. 11 is an enlarged explanatory drawi ng of a
state showmn in Fig. 9(e); Fig. 12 is an explanatory drawing illustrating
the amount of electrostatic charge-os the surface of the wafer shown in
Fig. 11; Fig. 13 is a drawing showing a state in which the dianeter and the
nunber of the particles of organic solvent mst Mare neasured by the use
of a Phase Dogﬁler Eartlcl e. Anal yzer fg élve m nut es when the

mi st-strai ght EhfnglVant ?stﬁgﬁdc £7 Y. C14Fhy A5Yandr BPRESENBRFAGLESul t s of

measur ement in the exEqunent conducted in conjunction with Fig. 13, and
Fig. 15?b% Fslgvapgﬁf g shomﬁng resul ts of neasurenent of the dianeter and
t he nunber articles_of ani £_sol ven S us t he

'St atr o ght ERAng VaReR SR ar e goL 138 ey drdie A A% spAhmarPE ket ch
of a state &8 m@k%q electrostatlc charge is being renoved;

Fig. 12 is an explanatory drawing i1illustrating the amount
of electrostatic charge on the surface of the wafer shown in Fig.
11;

Fig. 13 is a drawing showing a state in which the diameter
and the number of the particles of organic solvent mist M are
measured by the use of a Phase Doppler Particle Analyzer for five
minutes when the mist-straightening vane is used;

Fig. l4(a) is a drawing showing results of measurement

in the experiment conducted in conjunction with Fig. 13, and Fig.

4({b) is a drawing showing results of measurement of the diameter

and the number of particles of organic solvent mist M without
using the mist-straightening vane shown in Fig. 13.

Fig. 15 is a diagrammatic sketch of a state in which
electrostatic charge 1s being removed;

Fig. 16 is a graph of the thickness of oxidized film on
the surface of the silicon measured after being etched by DHF
(HF/H,0) (diluted hydrofluoric acid) and being rinsed with
hydrogenated water which is obtained by adding hydrogen water
to rinsing water in the rinsing tank by the use of the drying
apparatus according to the invention, and then performed the

drying process; and



Fig. 16 is a graph of the thickness of oxidized filmon the surface of the
silicon neasured after being etched by DHF (HF/ H20 (diluted hydrofluoric
acid) and being rinsed with hydrogenated water which is obtained by addi ng
hydrogen water to rinsing water in the rinsing tank by the use of _the
drying apparatus according to the invention, and then perforned BAeMARABGEI ng
process; and 0 s MAR 2005 - 9 Fig. 17 is a drawi ng show ng anot her

enbodi ment of the drying apparatus. DESCRI PTI ON OF THE PREFERRED EMBCDI MENTS
Referring now to the draw ngs, an embd&di-ment of a drying apparatus and a
dryi ng method according to the invention will be described. Fig. 2 is a
drawi ng showi ng a drying apparatus according to an enbodi nent of the

invention partly i R,CrQs Jd.on. .Sho i i g, t he .drying apparat us
11 incl udes a%ééyi 25 lga%kd%gl?}lé]%?isr%@ﬁg%%% %ﬁncs%adlﬁ?eﬁlr;fbié’nfg sySt em 50.
The dryi . ta .S, orovided on top of the rinsing tank 40 integrally
theremﬁFﬁgl?ﬁegﬁpégﬁg%fénk 30 is open on top thereof and thus the water W

as washed objects can be placed or taken out from above, and is capabl e of
bei ng sealed hernetically by closing an openable and closable lid 31. In

ot her words, a |i d;paskiBeron%EofRt ehbetyr ep Wi s air fromentering
therein. The openable gﬂglclosable Ii§t31§$gyop%%gg gﬁggglosed by sliding

Referring now to the drawings, an embodiment of a drying
apparatus and a drying method according to the invention will
be described. Fig. 2 is a drawing showing a drying apparatus
according to an embodiment of the invention partly in cross
section.

As shown in Fig. 2, thedrying apparatus 11 includes a drying
tank 30, a rinsing tank 40, and a plumbing system 50. The drying
tank 30 is provided on top of the rinsing tank 40 integrally
therewith. The drying tank 30 is open on top thereof and thus
the wafer W as washed c¢bjects can be placed or taken out from
above, and is capable of being sealed hermetically by closing
an openable and closable 1id 3!. In other words, a lid packing
39 completely prevents cutside air from entering therein. The
openable and closable 1id 31 is opened and closed by sliding
movement thereof via a guiding mechanism, which is not shown in
the figure, in the vertical direction with respect to the plane
of Fig. 2. Fig. 2 shows the closed state,

The drying tank 30 and the rinsing tank 40 are constructed
of members having nen-conductive properties and corrosion
resistance properties, and are box-shape opening on top in cross

section. The rinsing tank 40 is slightly smaller than the drying



novenent thereof via a guiding nmechanism which is not shown in the figure,
in the vertical direction with respect to the plane of Fig. 2. Fig. 2 shows
the closed state. The drying tank 30 and the rinsing tank 40 are constructed
of menbers havi ng non-conductive properties and corrosion resi s%}ﬁnﬁe&
properties, and are box-shape opening on top in cross section. VA W%Ei ng
tank 40 is slightly smaller than the drying 0 3 MAR 2005 - 10 tank 30, and
t he upper portion of the rinsing tank 40 is placed into the |ower portion
of the drying tank 30. It is for allowyng deionized water in the rinsing
tank 40 to overflow. As shown in Fig. 2, mist--straightening vanes 32 for
suppl ying organi c solvent mst, which is IPAin this enbodinent, indirectly
to the wafer Was a was hed object are provided on both sides of the side
wal | of teR& dPyi ad ik P %o Pé’srttlé’%grfd&ﬁ@hrl’tlﬁénﬁu‘{‘%‘f‘kp‘bq|1p‘3né’rlaﬂc%rface
ofthewaferWThe wafer Win_the drying 30 is,.as_shown in Fig. 2,
subst anﬁ“&IOIE/ %llrcﬁ“fﬁ%Por(t&oﬁa?F gre fjﬁé’lé')‘ﬁt 'é?‘mﬁe%'Q'phértyl?sf%ta]dﬁw-‘trtg form an

orientatjan t ural.ity of wafers Ware di posed in parallel at
regul ar 49 H’Pé‘r’"\?f'g 2"iaﬁetrhér“v&htel &t "é“rged:tai“d‘n WP 1Bk °fo the plane of

bi cces of vat Bra-HBHBUAN 18 -1 AenBd oS RAAEEr Ry RO R Aedok hough 1 he
R S Vs B L 0 R R
In indirectly to the wafer W as a washed object are provided on both
sides of the side wall of the drying tank 30 so as to sandwich
the outer peripheral surface of the wafer W. The wafer W in the
drying tank 30 is, as shown in Figq. 2, éubstantially circular
(a part of the outer periphery is cut cut to form an orientation
flat), and a plurality of wafers W are disposed in parallel at
regular intervals in the vertical direction with respect to the
plane of the figure. Generally, when they are semiconductor
wafers, for example, 100 pieces of wafers measuring 8 inches in
diameter may be placed, though the number and the diameter may
be selected as appropriate. These wafers W are placed on the
cradle 33 having four supporting members in this embodiment. In
this embodiment, the wafer W is assumed to have 12 inches in
diameter. As shown in Fig. 2, the cradle 33 is capable of moving
upward and downward between the rinsing tank 40 and the drying
tank 30 by the aid of a holsting mechanism, which is not shown.
The mist-straightening vane 32 is formed entirely of a
laterally elongated rectangular solid as shown in Fig. 3, and

has a width that enable itself to supply organic solvent mist

M, which is TPA in this case, to themain surfaces of the plurality



this enbodi ment, the wafer Wis assuned to have 12 inches in dianmeter. As
shown in Fig. 2, the cradle 33 is capable of noving upward and downward
between the rinsing tank 40 and the drying tank 30 by the aid df & HARGi0st | ng
mechani sm which is not shown. The m st-straightening vane 32 is forned
entirely of a laterally elongated rectangular solid as shown in Fig. 3, and
has a wwdth that enable itself to supply organic solvent mst M which is
IPAin this case, to the main surfaces of the plurality 0 ' MAR 200b - 11

of wafers Wsinultaneously. Formed onm{he surface 32F of the

m st -strai ghtening vane 32 positioned on the side of the peripheral surface
of the wafer Ware a plurality of fine openings 32a. The size of the
opening 32a is approximately 5 mmin_this _ enbodi nent. The ogpeni ngs 32a are,
as showﬁfiwaﬁﬁﬁ? % §dmpditpnecyslvi-or BREMEA PRe tRPegUr L8RPt REFI Bkerhénd of
the m st-straightening. vane 32 %ihesp,os.iti on on which a fluid spray nozzle
34 is tBIBE-ShHAREEEF ER% H@ 5ol PRSI 1dnah e te Mdorfardit® sol vent ni st
Mof IPAis

Nt PR BRaT e R P U S e SRR Bl Bt
differe t.yp seof. flui re Slé[:r)lpl i eq in.this enbodjnment) framthe fluid
spray ng%fl e 11 ot éjofdﬁet RETdREr Zﬁo?f'l ?)BPB‘FXf‘ﬂ%t%f%t 2 St difyit'erii ng vane
52, It ERSoUIREAE, 5L PGS LSO 1 3% A0 o) Led. g (e
aper tur g, of o tlls bh4 b SPLAYE NQFELE 1345 AR FREELY s 11T gn ERG Q192N ¢
vane 32 (the position on which a fluid spray nozzle 34 is to be
mounted) to the point at a distance S. The organic solvent mist
M of IPA is, as shown 1in Fig. 2 through Fig. 4, supplied by a
sufficient amount in the form of high~density mist M of an organic
solvent (two different types of fluid are supplied in this
embodiment) from the fluid spray nozzle 34 mounted at the lower
portion of the mist-straightening vane 32, filled inside the
mist-straightening vane 32, and supplied from the openings 32a
indirectly to the wafer W. The diameter of the emission aperture
of the fluid spray nozzle 34 is approximately lmm. The organic
solvent for generating the organic solvent mist is selected from
alcohols, ketones, or ethers having water solubility and
capability of lowering surface tension of the deionized water
with respect to the substrate.
Referring now to Fig. 4, the change in the state of the
organic solvent mist M in this embodiment will be described in
detail. The organic solvent mist M emitted from an emission

aperture at the tip of the fluid spray nozzle 34 and in the region

a, that ranges from the lower end to the position at a distance



solvent for generating the organic solvent mst is selected from alcohols,
ket ones, or ethers having water solubility and capability of |owering
surface tension of the deionized water wth respect to the substrate.
Referring nowto Fig. 4, the change in the state of the organi c{soMARitS
mst Min this enbodinent will be described in detail. The organic sol vent
mst Memtted froman em ssion aperture at the tip of the fluid spray
nozzle 34 and in the region a, that ranges fromthe |ower end to the
position at a distance 0 3 MAR 2005--142- S (about 100 mmin this
enbodinment) , is filled wwth organic solvent mst M. of at least 20 itm
On the other hand, the region b upwardly of the region ais filled with

R A S PTG E BRI, SR S ML R R
oL Oy, ok J00ES0R 105 522, O0LE MR Sl ShnLeng, vate 28 0
(e, vl g WeTheoogen ool vent el M oL 20 L easle 20, umy g qndspeed
320 10U L0 Eh st ot ReT IR NI B 0 ShifS;
e, s BBy 008, 7 8 VEASHET B 0Pt R LS«

of eXperaltnEHé &g?@rgﬂ'%§d3i§ o%o'ﬂjhlénﬁg.isgnstraightening vane 32, and only
the organic solvent mist MS passes therethrough and 1is supplied
to the wafer W. The organic solvent mist ML of at least 20 um
is condensed inside the mist-straightening vane 32 and discharged
from a discharge port 32b shown in Fig. 3.

Fig. 13 is a drawing showing a state in which the diameter
and the number of particles of organic solvent mist M when using
the mist-straightening vane 32 are measured by the use of a Phase
Doppler Particle Analyzer for five minutes, Fig. 14(a) 1is a
drawing showing results of experiment conducted in conjunction
with Fig. 13, and Fig. 14(b) is a drawing showing results of
measurement of the diameter and the number of particles of the
organic solvent mist M without using the mist-straightening vane
shown in Fig. 13. The lateral axes in Fig. l4(a) and Fig. 14(b)
represent the dlameter of the particle of the mist {um) and the
vertical axes thereof represent the number of mist particles.

As shown in Fig. 13 and Fig. 14, when themist-straightening
vane 32 was not used, the mist diameter showing the peak of the
number of mist particles was in the vicinity of 8 um, and the

average mist particle diameter was 11.5 um. Many large particles



with Fig. 13, and Fig. 14(b) is a drawing showing results of neasurenent of
the dianmeter and the nunber of particles of the organic solvent mst M

Wi t hout using the mst-straightening vane shown in Fig. 13. The Eq%&&@h
axes in Fig. 14(a) and Fig. 14(b) represent the dianeter of the par @ of
the mst (tim and the vertical axes thereof represent the nunber of m st
particles. As shown in Fig. 13 and Fig. 14, when the m st-straightening
vane 32 was not used, the m st dianeter showi ng the peak of the nunber of
m st particles was in the vicinity of18 um and the average m st particle
dianeter was 11.5iim Many large particles 0 3 MAR 2055 - 13 neasuring at
| east 10 umin dianeter were also detected. On the other hand, when the

m st -strai ghtening vane 32 was wused, the m st diameter show ng the peak of
t he nunBERSGC 1RSSR daasteds wisin MiRetaTivRLy dFsE datvctad- t he aver age
mst particle dianeter was 6.4 .tm Large particles neasuring at |east 10
umin di amet ePTweR® FYWRd N whep e Filsd - SAT §ighdeddnideanentd wasr, t he
invention is contenplated based on the fact that it is inmportant to supply
or gani c "$§%verhie Mitst MLERPESENFROVaNghEDgpReRK vt ekt TP ST 9% n or der
to dry a Luraligr of, waf ers w sinul tapeously, and thus organic.  solvent
mst M mﬂ'%l&?m % dt 4R SFiG P Hof Lpreitftantd the semgaRESthe

particles of qrganic solvent m st Mhaving snaller dianeter can be gasified
basi |y RIS P AORCREE fAhE - AdMti LA ISTRTT nif 155 G Shamet aF LSARF { hus

the rat%IPimPHﬂJL‘fé%%ﬂé}tﬁg}e found little or nothing.

As is described thus far, the invention is contemplated
based on the fact that it is important to supply organic solvent
mist M uniformly to the space between the wafers W in order to
dry a plurality of wafers W simultaneously, and thus organic
solvent mist M having smaller diameter is more preferable. It
is because the particles of organic solvent mist M having smaller
diameter can be gasified easily in comparison with the particles
having larger diameter, and thus the rate of diffusion in the
air increases. Organic sclvent mist Ma shown in Fig. 4 is in
the state of beling gasified.

Therefore, according to the inventicn, organic solvent
mist M of IPA is indirectly emitted by the use of the mist-
straightening vane 32 without heating for generating organic
solvent mist M as in the related art, whereby high-securities
are ensured and organic solvent mist Mcan be supplied immediately,
thereby improving operating efficiency of the entire apparatus.

Fig. 5(a) and Fig. 5(b) are enlarged cross sectional view
showing the configuration of the opening 32a on the mist-

straightening vane 32.



air increases. organic solvent mst Ma showmn in Fig. 4 is in the state of
being gasified. Therefore, according to the invention, organic solvent m st
Mof IPAis indirectly emtted by the use of the mst- straightening vane 32
wi thout heating for generating organic solvent nist Mas in the relZaugd)ih
art, whereby high-securities are ensured and organic solvent m st M can be
supplied i medi ately, thereby inproving operating efficiency of the entire
apparatus. Fig. 5(a) and Fig. 5(b) are enlarged cross sectional view
showi ng the configuration of the openifig-32a on the m st- strai ghtening vane
32. 0 s MAR 2u05 14 The sem conductor wafer Wand organic solvent mst M
of | PA have a property that is apt to be charged. Therefore, in the case
where the edge portion of the opening 32a is acutely _angled as shown in

p
Fig. 5(a), el cltrdsPafPRILRaPgeveatse¥ 28E8nLEALPAL §RLOFENY &dtsh & A%l d, and
t hus increases probabilitﬁ gf di scharge, which results in charging of the
r e,

waf er WY PhdGCEi BROPETHer & 19 RESr dét qg)ﬁﬂ%ﬁ&ﬁﬂ'sG@ﬁ@fﬂﬁﬁﬁﬁt%QnL t he
s ShoRRe| RBRGPIBER) LhRUPIBRaAPELaT & prFeRPoBHat: e PO
concent Lot o8 WieT,henng chaaed and So feduse Lhe BOba Lol ored
conf i guratl-on. 2y ;e epploved. o fah £S.bh A {RAHES PSRN Y of

of discharge, which results in charging of the wafer Wby induction.

Therefore, in order to prevent such a condition, the edged portion

in this embodiment is not formed into an acutely angled edge as

shown in Fig. 5{b), but chamfered to prevent electric field from

concentration when being charged, and to reduce the probability

of occurrence the discharging phenomenon. In this embodiment,

other chamfered configuration may be employed as far as it can

reduce the probability of occurrence of the discharging

phenomenon. The organic solvent mist is also referred to as IPA

mist.

As shown in Fig. 2, the drying tank 30 is provided with
a exhaust port 36 at the upper portion thereof and a nitrogen
gas supply port 37 for supplying nitrogen gas (N,).
The rinsing tank 40 is supplied with deionized water through

the deionized water supplying nozzle 41 for supplying deionized

water as shown in Fig. 2. When deionized water supplied into

the rinsing tank 40 reaches to a certain level, it is stored

temporarily in an overflow tank 42 shown in Fig. 2 and then is

overflowed through the channel with a drain valve 52. The channel

with the drain valve 52 is grounded. In such a situation, a



phenomenon. The organic solvent mst is also referred to as IPA mst. As
shown in Fig. 2, the drying tank 30 is provided wth a exhaust port 36 at

t he upper portion thereof and a nitrogen gas supply port 37 for supﬁl%ing
nitrogen gas (N2). The rinsing tank 40 is supplied with dei oni z&b3 Wak &b

t hrough the deionized water supplying nozzle 41 for supplying deionized
wat er as shown in Fig. 2. Wen deioni zed water supplied into the rinsing
tank 40 reaches to a certain level, it is stored tenporarily in an overfl ow
tank 42 shown in Fig. 2 and then is_ qwerflowed through the channel with a
drain valve 52. The channel wth the drain valve 52 is grounded. In such a
situation, a 0 3 MAR 2005 - 15 gaseous phase portion 35 is fornmed in the
drying tank 30. The rinsing tank 40 is provided with a drain valve 43 for
dr ai ni ngya ke whi pes svar@rt Jn the centameash itrhd Nsotdrymnchéredt 30so That

dei oni zed water in the tank is drained through the drainage duct when the
drai n valves U8y itsaigpeérted.s i@ pldahivaghspstdemib0vead vigetdonnecdedindntyhe
drying tank 30 and rinsing tank 40 will be described bel ow. The plunbing
syst em 50 iqicl apibsviUgr aa'chbhfdefenber sapprengothty 6encgds EN2)htad t he
nitrogen gas supply port 37, (2) a channel for supplying two types of
fluids, d9m Wgamirc 1got hertandhd s Araiogéntaeughyhe dyatihe ol dindtspr ay
nozzle 34, (3) a channel for exhausting air fromthe drying tank 30, (4) a
channel #¥mn the drain valve 43 is opened.

The plumbing system 50 to be connected to the drying tank
30 and rinsing tank 40 will be described below.

The plumbing system 50 includes (1) a channel for supplying
nitrogen gas {N,} to the nitrogen gas supply port 37, {2) a channel
for supplying two types of fluids, IPA aéanorganic solvent and
nitrogen gas (N,), to the fluid spray nczzle 34, (3) a channel
for exhausting air from the drying tank 30, (4) a channel for
supplying deilonized water into the rinsing tank 40, (5) a channel
for drainage from the overflow tank 42, and (6) a channel for
dralining deionized water in the rinsing tank 40. Control of the
plumbing system 50 is performed by a control unit which is not shown
in the figure.

{1} In the channel for supplying nitrogen gas (N,) to the
nitrogen gas supply port 37, nitrogen gas (N,) at orxdinary
temperatures suppllied when the valve 53 is in the opened state
(ON) is heated by a heater 54 and supplied to the nitrogen gas
supply port 37 through a filter 55. Nitrogen gas (N,) at high
temperatures heated by the heater 54 is used for quickly drying
the wafer W as a washed object in the drying tank 30. 1In the

cannel for supplying nitrogen gas (N, to the nitrogen gas supply



suppl ying deionized water into the rinsing tank 40, (5) a channel for

drai nage fromthe overflow tank 42, and (6) a channel for draining

dei oni zed water in the rinsing tank 40. Control of the plunbi ngdgydReii550
is perforned by a control unit which is not showmn in the figure. (1) In the
channel for supplying nitrogen gas (N,) to the nitrogen gas supply port 37,
nitrogen gas (N,) at ordinary tenperatures supplied when the valve 53 is in
the opened state (ON) is heated by a heater 54 and supplied to the nitrogen
gas supply port 37 through a filter {3p._Nitrogen gas (N2) at high
tenperatures heated by the heater 54 is used for quickly drying the wafer W
as a washed object in the drying tank 30. In the cannel for supplying
nitrogen gas (Na) to the nitrogen gas supply 0 3 MAR 2005 - 16 port 37, as
shown i poFkg372, ashehovhelaf Bignedti shed vhbvefsgenpatianeHevepared3state
(ON), the other valve 56 is in the closed state (OFF) . In contrast to it,
when t hésvil desgpeacdnstpéec( O¥ed the SithquOrR)Llve PRelwalivéB6cilesiad t he
opened state (ON) , and nitrogen gas (NZ) at ordinary tenperatures is

suppl i edtabetifEFHdryi A§ TRk 23D tontbughharhehejvalsre B3 imgartherd osiesl waf er W
as a washed object does not exist in the drying tank 30, clean nitrogen gas
(N2) at StaFdi(Rd) + Bhperdtvf e8 is18dgs PrEnpAtd-atwe (ANyi riid BAkT39S3b t hat

t he gaseous phase portion 35 is conpletely filled. The valve 53, the valve
56, andJffel rﬁéa@éromlw%waw%% 1sH§upRé 1€6nte dthaisizy 3 &k not

shown, so that sw tching of the .
30 through the filter 55. Even when the wafer W as a washed object

does not exist in the drying tank 30, clean nitrogen gas (N,) at
ordinary temperatures is supplied into the drying tank 30 so that
the gasecus phase portion 35 is completely filled.

The valve 53, the valve 56, and the heater 54 can be controlled
. by the control unit which is not shown, so that switching of the
valve 53 and the valve 56, and the temperature of the heater 54
are controlled.

(2) The channel for supplying two different types of fluid,

TPA as an organic solvent and nitrogen gas {N,), to the fluid spray
nozzle 37 includes an IPA tank 5% for storing IPA, a pump 60 for
supplying IPA from the IPA tank 59, a filter 61 for cleaning
supplied IPA, a valve 62, a valve 63, an 1IPA heater 67 for heating
IPA, and a valve 57 for supplying nitrogen gas (N,}, and a filter
58. Two types of fluid, IPA as an organic solvent and nitrogen
gas (N,), are supplied to the fluid spray nozzle 34 simultaneously.
Nitrogen gas (N,} 1s for securing safety. Such control is
performed by the control unit which 1is not shown in the figure
as described above.

{3) The channel for exhausting air from the drying tank



val ve 53 and the valve 56, and the tenperature of the heater 54 are
controlled. (2) The channel for supplying two different types of fluid, |IPA
as an organic solvent and nitrogen gas (NZ) , to the fluid spray nozzle 37
includes an I PA tank 59 for storing IPA, a punp 60 for supplying | PA from
the IPA tank 59, a filter 61 for cleaning supplied IPA a valve 82, MAR 6l ve
63, an | PA heater 67 for heating IPA and a valve 57 for supplying nitrogen
gas (N,) , and a filter 58. Two types of fluid, IPA as an organic sol vent
and nitrogen gas (N2) , are suppliedita the fluid spray nozzle 34

simul taneously. N trogen gas (N,) is for securing safety. Such control is
performed by the control unit which is not shown in the figure as described
above. (3) The channel for exhausting air fromthe drying tank D 3 MAR 2005
- 17 360 45f §PTsHERKAGIaRBle RKRASEILAGTarr-Tf EERTY RBCeRKABEE LPHPEL3EE with

t he valve 64 opened (ON). (4) The channel for supplying deionized water into
the riMdithgthgnKadus &4 GPea§shIPg dei oni zed water fromthe deioni zed
wat er supplying nozzle 41 with the valve 51 opened (ON) . (5) The channel

for drai nage {2&n?PﬁeCB§§P€ﬂoﬁpFaﬁMP@iYP§9 flstogigiesi Wg te&i dmitFed at er
overflowed fromthe rinsing tank 40 and | PA which is a dissolved organic
solventrﬂﬁﬁéﬁghtﬁﬁg 4fails TPl vERPEY 0§) dRerdirsithaiatedr ol ity dei oni zed

water in the rinsin :
geionized walger supplying nozzle 41 with the valve 51 opened (ON) .

(5) The channel for drainage from the overflow tank 42 is
for draining deionized water overflowed from the rinsing tank
40 and IPA which is a dissolved organic solvent through the drain
valve 52.

{6) The channel for draining deionized water in the rinsing
tank employs a drain valve 43.

The drying method using the drying apparatus of the
invention is characterized by being a drying method which does
not utilize Marangoni Effects as in the case shown in Fig. 6.
Fig. 6 is a drawing showing a state of transferring particles
as a result of being dried using Marangoni Effects, that is,
Marangoni Drying, after being etched by DHF (HF/H,0)(diluted
hydrofluoric acid), and Fig. 7 is a graph of the increasing amount
of particles in Marangoni Drying, illustrating the result after
performing the steps of rinsing with deionized water — drying,
and the result after performing the steps of etching with DHF
(HF/H,0) (diluted hydroflucric acid) — rinsing with deionized
water — drying. The concentration of IPA in Fig. 6 is CI>CII,
and the surface tension is rI<rII. When the concentration of

IPA is CII=CIII, the surface tension is rII=rIII. C represents



tank enploys a drain valve 43. The drying nethod using the drying apparatus
of the invention is characterized by being a drying nethod which does not
utilize Marangoni Effects as in the case shown in Fig. 6. Fig. 6 is a

drawi ng showi ng a state of transferring particles as a result of paiM@ 700s
dried using Marangoni Effects, that is, Marangoni Drying, after being

et ched by DHF (HF/ H20) (dil uted hydrofluoric acid) , and Fig. 7 is a graph
of the increasing anount of particles in Marangoni Drying, illustrating the
result after performng the steps af jginsing with deionized water - drying,
and the result after performng the steps of etching with DHF (HF/ H20
{diluted hydrofluoric acid) -> rinsing with deionized water - drying. The

concentration of IPAin Fig. 6 is cl>Cll, and the surface tension is
ri<ril. WeFAWECoTcenT &5 dRPof I EHY ST 209 purfheestrhadenteasilon is
ril=rill_ Crepresents 0 3 MAR 2005 - 18 the concentration of |IPA r

repr eseMA 3 BiRg BT el ttéhdildn reai@s sRdmaRenBABetdon $8OWR| LpeBigseht the
position shown in Fig. 6. As is clear fromFig. 6, |PA gas (not IPAmst) is
suppl i ed bet\ﬁé"eﬁsacgﬁﬁé TedRf ignd®a 1l & sw PAt AP dRIgDedst $RRPLaAd when
dei oni zed water is withdrawmn downward in this state, water is apt to be

st uck orP®HEYRrePRAFer2£8EI MY toWREE 't NeTthat oo Widie ehd 1851 -dRPEdWRER M by
Mar angoni Force, and the particles are also apt to be stuck on the bare

waf er. THeYU oA “ates tf daktrdoavn Fgvnward het nukbers ot par vREPES LS

i ncreases abruptly when dried . .
apt to[%e)gtuéi on S%e bare wafer facing toward the wafer with

an oxidized film by Marangoni Force, and the particles are also

apt to be stuck on the bare wafer. Therefore, as is clear from

+ry

ig. 7, the number of particles increases abruptly when dried
by Marangonil Drying after being etched by DHF (HF/H,0) (diluted.
hydrofuoric acid).

Fig. 8 is a graph for comparing the drying method using
the drying apparatus according to the invention, and the dryving
method using Marngonl Effects, and an object of the invention
is to provide a drying methed in which increase 1n the nunber
of particles due to Marangoni Drying after being etched by DHF
{(HF/H,0) (diluted hydrofuoric acid) as shown in Fig.6 and Fig.
7 1s prevented.

Referring now to Fig. 9 through Fig. 12, the drying method
according to the inventicn will be described. Fig. % is an
explanatory drawing showing the drying process in the drying
method according to the invention, Fig. 10 1s a time chart of
the drying process according to the invention, Fig. 11 1s ;n

eniarged explanatory drawing of a state shown in Fig. 9(e), and

Fig. 12 1is an explanatory drawing illustrating the amount of



by Marangoni Drying after being etched by DHF (HF/ H20O) (dil uted
hydrofuoric acid). Fig. 8 is a graph for conparing the drying nmethod using
the dryi ng apparatus according to the invention, and the drying nethod
using Marngoni Effects, and an object of the invention is to prqviegsags
drying nmethod in which increase in the nunber of particles due to Marangon
Drying after being etched by DEF (HF/ H20O (diluted hydrofuoric acid) as
shown in Fig.6 and Fig. 7 is prevented. Referring nowto Fig. 9 through
Fig. 12, the drying nethod accordingdga.the invention will be described.
Fig. 9 is an explanatory drawi ng showi ng the drying process in the drying
nmet hod according to the invention, Fig. 10 is a tinme chart of the drying
process according to the invention, Fig. 11 is an enlarged explanatory

dr awi ng®éRCAreFARE LEhERALER FRothe(RrTarRl ofFitdie rafier smoespliandticry
drawing illustrating the amount of 0 3 MAR 2005 - 19 electrostatic charge
on the 3drface of the wafer shown in Fig. 11. (1) Drying step shown in Fig.
9(a) Fig. 9 (a%éshomg a state where no wafer w exists in the drying
apparatus 11. {A$ BRE®WAYi ACEReSEP¥P 10 Alfirg? (20, in a state in which the
openabl e and closable Ijd 31 is closed, and deionized water is supplied
fromthe dei ofitded (it BRCYRFHPY2ERAMRHE PRVAEYF e 1S WS ilAgtRARK YAG'S or

overflow rinsing, nitrogen gas (N2 , . . .
apparatug 11. A sh%wn Sn %he step 1 in Fig. 10, in a state in

which the openable and closable 1id 31 is closed, and deionized
water is supplied from the deionized water supply channel (4)
to the rinsing tank 40 for overflow rinsing, nitrogen gas (N,)
is supplied from the nitrogen gas (N,) supply channel {1) through
the valve 56, the filter 55, and the nitrogen gas supply port
37 to the drying tank 30, and simultaneously, air is sucked and
exhausted from the exhaust channel (3) with the valve 64 opened,
and IPA is circulated in the IPA supply channel (2) with the valve
63 closed and the valve 62 opened. At this time, the cradle 33
is lowered into the rinsing tank 40.

{2) Drying step shown in Fig. 9(b)

The openable and closable 1id 31 of the drying tank 30 is
opened and a washed object such as a wafer W that is washed or
rinsed is stored, placed and supported on the cradle 33 by means
of a carrying unit, not shown. The openable and closable 1lid
31 is constructed to be openable and closable automatically or
manually when the wafer W as a washed object is loaded in or
unloaded from the drying tank 30 or the rinsing tank 40. As shown
in the step 2 in Fig. 10, all the points such as overflow rinsing,

supply of nitrogen gas (N,), suction exhaust, and IPA circulation



is supplied fromthe nitrogen gas (N2) supply channel ( 1) through the
valve 56, the filter 55, and the nitrogen gas supply port 37 to the drying
tank 30, and sinultaneously, air is sucked and exhausted fron1thﬁ-§ﬁgﬁﬁ§;
channel (3) with the valve 64 opened, and IPAis circulated in tHe "
supply channel (2) with the valve 63 closed and the valve 62 opened. At
this time, the cradle 33 is |lowered into the rinsing tank 40. (2) Drying
step shown in Fig. 9(b) The openable and closable lid 31 of the drying tank
30 is opened and a washed object suchgas a wafer Wthat is washed or
rinsed is stored, placed and supported on the cradle 33 by neans of a
carrying unit, not shown. The openable and closable Iid 31 is constructed
to be openable and ilosab e aut omati cal | nanuallﬁ@mhen the wafer Was a

washed &BFecter§ifaadka 519 org(al)n%g&édt%/?%rﬁft%éaﬁrtﬁ CtERk FEHP ke
rinsing tank. 40. in the ste .10, all the points such as
over f| oW ﬁ%Pﬁ@blesibgl%/l s F?Pfef‘&&eﬁgaat:;h? I‘EI’Z‘-’)adleséét TR BRATRYALhd | PA
circulation 0_3 MA re identical tq Fig. ot her than the fact
that the openﬁBP@eqéﬁﬁtgﬁdsgﬁﬁé Fg washed tgﬁé er%arera® % noved
dprer & SUBSSUEILIY oD e veshed  obLect, puchas, saler Wi gl aced on
ank 30 tﬁ?@ttﬁ%@“%@. 08 ShEoER) Babdilh 45 BhopeHna PO e $18%48, %3 15
and the cradle 33 is lowered into the rinsing tank 40 together
with the wafer W.
(3) Drying step shown in Fig. 9(c)
Fig. 9(c) shows a rinsing step using deionized water
performed in the rinsing tank 40. The valve 51 on the channel
(4) shown in Fig. 2 is opened, and deionized water is supplied
from the deionized water supplying nozzle 41 for overflow rinsing.
The openable and closable 1lid 31 is closed, the cradle 33 is in
the lowered state, and the states of supply of nitrogen gas (N,),
suction exhaust, IPA circulation are identical to the case shown
in Fig. 9(b). The overflow rinsing is performed at a rate of
about 30 litters/min for about 60 seconds.
{4) Drying step shown in Fig. 9(d)
Fig. 9(d) shows a state in which the cradle 33 on which
the wafer W is placed in the rinsing tank 40 is moved upward after
overflow rinsing in the step 3 in Fig. 10 is finished. As is
clear from Fig. 10, the process in the step 4 is identical to
that in the step 3 except for upward movement of the cradle 33.

The period of time required for moving the cradle 33 upward is

approximately 30 seconds as shown in the step 4 in Fig. 10. The



(3) Drying step shown in Fig. 9(c) Fig. 9(c) shows a rinsing step using

dei oni zed water perforned in the rinsing tank 40. The valve 51 on the
channel (4) shown in Fig. 2 is opened, and dei oni zed water is suppli &
from the deioni zed water supplying nozzle 41 for overfIOM/rinsiﬁd.MMﬁﬁ
openabl e and closable Iid 31 is closed, the cradle 33 is in the |owered
state, and the states of supply of nitrogen gas (N2), suction exhaust, |PA
circulation are identical to the case shown in Fig. 9(b). The overfl ow
rinsing is performed at a rate of _abgut 30 litters/mn for about 60
seconds. (4) Drying step shown in Fig. 9(d) Fig. 9(d) shows a state in which
the cradle 33 on which the wafer Wis placed in the rinsing tank 40 is
noved upward after overflowrinsing in the step 3 in Fig. 10 is finished.
As i s uprardfrnoveRegt d0,thdeaprabess iwithdostsepppdds indansitedle ta t hat
in the step 3 except for upward novenent of the cradle 33. The period of
time regbitbdtherlomei et hece reall S afmmaid iss s Lagptdyi namelry €80 iseconds
as shown in the step 4 in Fig. 10. The 21 wupward novenent of the cradle 33
wi | | betieoppetd ishalatatia ithe whnshnghtahbwe? . sag fisc e lofart ReowaFdg -Wi s
slightly immersed in the fluid surface in the rinsing tank 40, as is clear
from Fi §{e)9( ShouHy gt tHO B tRHF Pdsint iddh tée cheddcadBeig3cpateentded! | ed by
a control unit which is not shown in the figure, the stop position is set
in advahfed 9PBRIPheuRash¥Bl6B] é6t P§ &hmaperdn the figure, the stop

position is set in advance. When the washed object is a wafer
W, since the wafer W is provided with a pattern on the surface
Lhereof, it 1is stopped in a state in which the portion of the
wafer W in the vicinity of the outer periphery thereof, which
is not formed with a pattern, comes into contact with the fluid
surface. In this case, the wafer W as a washed object is still
wet when it is drawn upward from the rinsing tank 40 by the hoisting
mechanism.

Though a state in which the lower surface of the wafer W
is directly in contact with and immersed into the fluid surface
in the rinsing tank 40 has been described, the inventor verified
that electrostatic charge can be removed by bringing the wafer
W into indirect contact with the fluid surface in the rinsing
tank 40 by the use of a draining rod for securing indirect contact
between the wafer W and rinsing water as shown in Fig. 15, and
allowing water to drop via the draining rod. Fig. 15 is a
diagrammatic sketch of a state in which electrostatic charge is
being removed.

(5) Drying step shown in Fig. 9{e)

Fig. 9(e} corresponds to the step 5 in Fig. 10, in which



W since the wafer Wis provided with a pattern on the surface thereof, it
is stopped in a state in which the portion of the water Win the vicinity
of the outer periphery thereof, which is not forned with a pattern, cones
into contact with the fluid surface. In this case, the wafer Was a washed
object is still wet when it is drawn upward fromthe rinsing tankﬂﬁgmw She
hoi sting mechanism Though a state in which the | ower surface of the \ @er
W is directly in contact with and imersed into the fluid surface in the
rinsing tank 40 has been descri bed, _thf%i_nvent or verified that
el ectrostatic charge can be renoved by bringing the wafer Winto indirect
contact with the fluid surface in the rinsing tank 40 by the use of a
draining rod for securing indirect contact between the wafer Wand rinsing
wat er astlshownd vien6Bi gnodh,irafdg.all owcng swat endtihelrned wi a3t he craaiat hg rod.
Fig. 15 is a diagrammatic sketch of a state in which electrostatic charge
is bei rend erfovedl(H)s Driyi ngesteelp tshownpiin Evg. cPbey FLgrl1O{@®) Toxrasponds
to the step 5in Fig. 10, in which 0 3 MAR 2005 22 the valve 62 shown in
Fig. 2 isn dogetiancbihenvadne H3tisgocensd, (Ngnd fdven walev e 1A d ssyapened to
supply two types of fluid, TPA as an organic solvent and nitrogen gas (NJ),
fromthendiziia Spraytononzl dr34nigntanikheé odryi figchabkRA3BisSuchpkRPA m st
supply continues for approximately 120 seconds as shown in Fig. 10. In

. continues for approximately 120 seconds as shown in Fig. 10. In

this case, the IPA heater 67 c<an be heated to the temperatures

in the range between 5°C and 80°C, and the IPA heater 67 is turnad

ON when supplying IPA mist.

As shown in Fig. 11, the IPR mist atmosphere in the drying
tank 30 is apt to become pesitively charged, and thus the wafer
W is apt to be charged as well. Accordingly, in the drying method
of the invention, as shown iIn Fig. 11, residual water on the wafer
W with IPA mist dissolved thereiln runs along the surface on the
wafer W downwardly and drops into deionized water in the rinsing
tank 40 and dissclves therein. Since overflow rinsing is
performed as 1s clear from the step 5 in Fig. 10, the overflow
tank 42 is grounded via a drainage channel (Fig. 2 {5)) and thus
pcsitive electrostatic charge 1is removed.

Fig. 12(a) is a graph illustrating measured amount of
electrostatic charge on the wafer surface when it is dried without
immersing the lower suriace of the wafer W in the fluid surface
in the rinsing tank 40 according to a method other than the

invention. Such measurement 1is performed during the drying

process shown in Fig. 9{e) and in the step 5 in Flg. 10. Change

Qs

in the amount of electrostaticcharge shown in Fig. 12{a) is caused



this case, the | PA heater 67 can be heated to the tenperatures in the range
bet ween 5C and 50C, and the | PA heater 67 is turned ON when supplying |PA
mst. As shown in Fig- 11, the I PA m st atnosphere in the dryinc tank 30 is
apt to becone positively charged, and thus the wafer wis apt tQ]PﬁA&ﬂﬁ$ged
as well - Accordingly, in the drying nethod of the invention, as sho n
Fig. 11, residual water on the wafer Wwth I PA m st dissolved therein runs
al ong the surface on the wafer w downwardly and drops into deionized water
in the rinsing tank 40 and dissolvesstherein. Since overflowrinsing is
performed as is clear fromthe step 5in Fig_ 10, the overflow tank 42 is
grounded via a drainage channel (Fig. 2 (5 ) and thus positive

el ectrostatic charge is renmoved. Fig. 12(a) is a graph illustrating neasured
amount ki thel edenesesorne iehwhdgehoalehsraatar isurhacgewhent¢npesadilgd

wi thout imrersing the |ower surface of the wafer win the fluid surface in
t he ri neeRRyehnic qo tdee diadiety # ohemeeréduethwprterannt hbe $uyéacroal Such
nmeasurenent is performed during the drying process shown in Fig. 9(e) and
in the BtepdEqmWrpgd 1BA drapgete i el ishe@ieofineltet FbBEanPct ankr ge
shown in Fig_ 12(a) is caused 0 3 MAR 2015 - 23 by the phenonenon in which
electrdsiatic charge is temporarily removed fromthe wafer Wwhen residual

wat er on the surface of the wafer Wand I PA drop into rinsing water in the
rinsing tank Bg- 12(b) 1s a graph 1llustrating measured amount of

electrostatic charge on the surface of the wafer when the wafer
W is dried with the lower surface of the wafer W directly immersed
into the fluid surface in the rinsing tank 40 according to the
invention. Such measurement is performed during the drying
process shown in Fig. 9(e) and in the step 5 in Fig. 10, and it
is recognized that the amount of electrostatic charge on the
surface of the wafer is removed according to the invention. The
same effects can be obtained when removal of electrostatic charge
is performed without immersing the lower surface of the wafer
W directly into the fluid surface in the rinsing tank 40, but
performed indirectly by the use of drainage rod as is described
in conjunction with Fig. 15.

(6) Drying step shown in Fig. 9(f)

Fig. 9(f) shows a state in which the valve 63 shown in Fig.
2 is closed, and the valve 62 in the same figure is opened to
stop supply of IPA mist and thus IPA is circulated,
Subsequently, the drain valve 43 is opened to drain deionized
water in the rinsing tank 40. The period of time required for
processing 1s approximately 10 seconds. As shown in the step

6 in Fig. 10, nitrogen gas (N,) is supplied through the nitrogen



Fig. 12(b) is a graph illustrating neasured anount of electrostatic charge
on the surface of the wafer when the wafer Wis dried with the | ower
surface of the wafer wdirectly immersed into the fluid surface in the
rinsing tank 40 according to the invention. Such neasurenent |s per f or med
during the drying process shown in Fig. 9(e) and in the step 50idM&R GH 10,
and it 1is recognized that the anount of electrostatic charge on the
surface of the wafer is renoved according to the invention. The sane
effects can be obtained when renoval 2af -el ectrostatic charge is perforned
w thout imersing the | ower surface of the water Wdirectly into the fluid
surface in the rinsing tank 40, but perforned indirectly by the use of
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Fig. 9(g) corresponds to the step 7 in Fig. 10, and
illustrates a state in which the valve 56 1is closed to stop supply
of nitrogen gas (N,) at ordinary temperatures, the valve 53 is
opened, and nitrogen gas (N,) is heated by the heater 54 to supply
nitrogen gas (N,) at high temperatures into the drying tank 30,
The period of time required for supplying nitrogen gas (N,) at
high temperatures is approximately 150 seconds, and during which
the surface of the wafer W in the drying tank 30 is quickly dried.

(8) Drying step shown in Fig. 9(h)

Fig. 9(h) shows a state in which the valve 53 is closed
and the heater 54 is turned off under the atmosphere of
high-temperature nitrogen gas (N,}) in the previous step, and then
the valve 56 is opened to supply nitrogen gas (N,), which is inert
gas at ordinary temperatures, into the drying tank 30 to return
the interiocor of the drying tank 30 to ordinary temperatures, which
is so called "cooling down". The period of time required for
this process is approximately 30 seconds. The interior of the
drying tank 30 is maintained in an inert gas atmosphere by nitrogen
gas (N,}, which is an inert gas at ordinary temperatures, being

supplied from the nitrogen gas supply port 37, so that the surface



exhaust is being perfornmed. (7) Drying step showmn in Fig. 9(g) Fig.

corresponds to the step 7 in Fig. 10, and illustrates a state in wh
valve 56 is closed to stop supply of nitrogen gas (N2) at ordinary
tenperatures, the valve 53 is opened, and nitrogen gas (N2) is HeaMst?By
the heater 54 to supply nitrogen gas (N,) at high tenperatures into

drying

tank 30. The period of tine required for supplying nitrogen

at high tenperatures is approxi mately 150 seconds, and during which
surface of the water Win the drying2eank 30 is quickly dried. (8)
step shown in Fig. 9(h) Fig. 9(h) shows a state in which the valve 53 is

cl osed

and the heater 54 is turned oft under the atnosphere of
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tenperatures o t he drylng tank 30 to return the interior of the

tank 30 %% %ﬂ dfyltenperatures , mhlch |s so called "cooling down".
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33 out of the drying tank 30 with the carrying unit, not shown,
as shown in the step 9 in Fig. 190.

As 1s described above, the drying apparatus according to
the invention is constructed of the drying tank 30 and the rinsing
tank 40, and thus the space can be saved. Further, since organic
solvent mist is not supplied in the step of drawing the wafer
Wup fromthe rinsing tank 40 according te the invention, Marangoni
Effects do not occur at the interface between the wafer W and
rinsing water in the rinsing tank 40. Therefore, particle
transfer does not occur neither. In the drying method according
to the invention, gas at ordinary temperatures is used as nitrogen
gas (N,;), which is an inert gas in order tomaintain the atmosphere
at ordinary temperatures. Therefore, nitrogen gas (N,) as an
inert gas used in the step of vaporizing organic solvent (IPA)
for drying {the step 7 in Fig. 10) is preheated, because it enables
gquick drying. Temperatures to be heated are preferably between
20°C and 100°C according to the exemplified experiment. However,
gas at ordinary temperatures, which is not heated, may be used
depending on the type of washed objects. Though nitrogen gas

(N,) is used as an inert gas in this embodiment, argon gas may
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(9) Drying step shown in Fig. 9(i) Fig. 9(i) shows a state in which the
openabl e and closable |id 31 is opened to carry the dried wafer Wplaced on
the cradle 33 out of the drying tank 30 with the carrying unit, not shown,
as shown in the step 9 in Fig. 10. As is described above, the dry{davar 2005
apparatus according to the invention is constructed of the drying tank 30
and the rinsing tank 40, and thus the space can be saved. Further, since
organic solvent mst is not supplied in the step of drawing the wafer Wup
fronthe rinsing tank 40 accordi ng tosghe invention, Marangoni Effects do
not occur at the interface between the wafer Wand rinsing water in the
rinsing tank 40. Therefore, particle transfer does not occur neither. In
the drying nmethod according to the invention, gas at ordinary tenperatures
i s used”AsUFEE rdFedn @h%e{Nﬁylvemhfﬁﬁth§raﬁ°Fﬁer?C§8§dﬂﬁgoF8e¥hﬁb mai ntai n
the atnpsphere at ordinary tenperatures. Therefore, nitrogen gas (N,) as an
i nert g%%v%@%%P?n @%%eé?%ﬁe oP LVBPBFLELRY 5F8§n?8958?§§ﬁtheVPﬂﬂ afior dryi ng
(the step.7.in_Fi i s preheated, because it enables qui ck dryi ng.
Tenpera?ﬁ%%%z?% %%hﬁ éﬁEE?%*%?EF@%%BPyPBQFﬁéEﬁ s 28d aﬁﬂaﬁhﬁk?%ﬁbﬁpdlng to

the exenplified e er er at o di nar eratures, which is
not héa? d{h%B@uﬁé %%gﬁ QﬁeﬁWEXQDBn{gﬁz t¥pe 8;pﬁ§§ﬁ Hngbjecgs Thoubh
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the surface of the silicon measured after being etched by DHF
(HF/H,0) (diluted hydrofluoric acid) and being rinsed with
hydrogenated water which 1s obtained by adding hydrogen water
to rinsing water in the rinsing tank by the use of the drying
apparatus according to the invention and then performed the
drying process. The lateral axis represents rinsing time (min},
and the vertical axis represents the thickness of natural
oxidized film (angstrom).

As shown in Fig. 16, though the thickness of oxidized film
formed on the surface of the silicon increases in accordance with
the rinsing time, the inventor verified that development of
natural oxidized film is suppressed when rinsed with hydrogenated
water in comparison with the case of being rinsed with ultrapure
water having an O, concentration of 15ppb. It is considered to
be because bonding between silicon {Si) and hydrogen is promoted
due to existence of hydrogen in rinsing water and thus bonding
between silicon {8i) and oxygen is hindered. From these reasons,
using hydrogenated water which is obtained by adding hydrogen
water to rinsing water suppresses development of natural oxidized

film on the surface of the silicon and prevents formation of



i nvention, adherence of particles fromthe wafer having an oxidized filmor
a pattern nmay be prevented, and reoxidization of the surface of the silicon
(Si) can be prevented. Fig. 16 is a graph of the thickness of oxidized film
on the surface of the silicon neasured after being etched by DHfF3 MARFAW, O )
(diluted hydrofluoric acid) and being rinsed with hydrogenated water which
i s obtai ned by addi ng hydrogen water to rinsing water in the rinsing tank
by the use of the drying apparatus according to the invention and then
performed the drying process. The lagteral axis represents rinsing tine
(mn), and the vertical axis represents the thickness of natural oxidized
film(angstrom. As shown in Fig. 16, though the thickness of oxidized film
formed on the surface of the silicon increases in accordance with the
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basic constructions and functions are substantially identical
to the apparatus shown in Fig. 2, only the different points will
be described.

As shown in Fig. 17, since the drying apparatus 30 has a
construction that does not have the rinsing tank 40, it does not
have the overflow tank 42. Therefore, the drying apparatus shown
in Fig. 17 is intended te perform only drying operation for the
wafer W as a washed object which has rinsed already in the previous
step.

According to the invention, particle transfer due to
Marangoni Force does not occur, and oxygen is purged because an
inert gas atmosphere is formed by nitrogen, whereby formation
of watermark is prevented and improvement of productivity is
realized. Further, since the process is performed in a sealed
structure, contamination of the washed object can be prevented.

As is described thus far, according to the present invention,
since organic solvent mist 1is indirectly emitted, the diameter
of organic solvent mist can be reduced. Further, according to
the invention, particle transfer due to Marangoni Force does not

occur, and oxygen is purged because an inert gas atmosphere is



wat ermark. Therefore, with the drying apparatus and the drying nethod
according to the invention, hydrogenated water may be selected as rinsing
water. Referring nowto Fig. 17, another enbodi nent of the drying apparatus
according to the invention will be described. Since basic constludik dis and
functions are substantially identical to the apparatus shown in Fig. 2,
only the different points will be described. As shown in Fig. 17, since the
dryi ng apparatus 30 has a construction that does not have the rinsing tank
40, it does not have the overflow tapk 42. Therefore, the drying apparatus
shown in Fig. 17 is intended to performonly drying operation for the

waf er Was a washed object which has rinsed already in the previous step.
According to the invention, particle transfer due to Marangoni Force does

not occ P NERd PY¥x P A9 DU MGEd SRt g dHn o1 it t"aar MR b spiereei s f or med

by nitrogen, whereby formation of termark is prevented and inprovenent of
pr oduct iP%retVf?“it?d PES) i%&.ovﬁ?ﬁ%ﬁgg?%&%itﬂé”ﬁrgde%§q%lbﬁq ormed in a

seal ed _structure, contamnation of the washed Ci)b' ect can be prevented. As
s descFUBGHSTRAT e of LOGR BFdPTRE £5° L5 P Guahe AAVBRERGA ® i HOEH R gani o

solvent m st i.s indirectly emtted, the dianmeter of organic solvent m st
can be F@&%@gld‘.nalj—;dﬂnhé’&f ti‘cec&adﬁtrﬁéi B 1 §%e qaﬁb}rﬁip LV PAr$Tcl e transfer due
to Marangoni Force does not occur, and oxygen is purged because an inert
gas atnosphere is 0 71, MAR 2005



28 formed by nitrogen, whereby formation of watermark can be prevented and
i nprovenment of productivity is realized. Furthernore, since the process is
performed in a sealed structure, contam nation of the washed object can be
prevent ed. 0 3 MAR 1005 Clainms : An apparatus for drying a wash%g ﬁﬂtﬁﬁﬁ
conpri sin a drying tank; a mst-straightening vane provided i yi ng
tank, sai Amwﬁst stralghtenlng vane conprising a side surface which faces

t he washed object, and said side surface including a solid |ower section
and an upper section having a plurality of fine openings and a fluid spray

nozzl e providegd in a Iomg& r%h%ngffBQedrgJ§% dﬁﬂéﬂﬁ‘%Bi%k”a”e for
S

suppl ying an organic m st; &rein a portio “he organi c t supplied by
t he fIU|d:D§ faylﬁgzzle is emtted through the pIuraIity of fine openings in
t he upper section of said, side surface of the mist-straightening vane
toward the washed, 9bhgckaq% The apparatus according to claim1, wherein the
m st stralghtenlng vane is provided on a side wall of the drying tank. 3.

The apparatus aCgOE€lBgrEQoekaiNMNE, vWREr 8B iRRd in the drying tank, said

mist-straightening vene comprising a side surface which faces
the washed object, and said side surface including & solid
lower section and an upper section having a ﬁlurality of fine
openings; and

a fluld spray nozzle provided in a lower portion of the
mist~straightening vane for Supplying?an'grganic mist;

wherein a2 portion of the orgenic mist supplied by the fluid
spray nozzle is emitted through the plurality of fine openings in
the upper seciion of said. side surface of the mist-straightening

vane toward the washed object.

2. The apparatus asccording to cleim 1, wherein the
mist-straightening vane is provided on a side wall of the.drying

rank.
3. The appsratus according to claim 1, whereiln the

fluid spray nozzle is adapted to emit at least two dirferent

types of fluid simultaneously.

- 2?—



fluid spray nozzle is adapted to emt at least two different types of fluid
si mul taneously. U 3 MAR 2000 4. The apparatus according to claim1l1, wherein
the ftuid spray nozzle is adapted to emt organic sol vent nis@z%ﬂg&gﬁnert
gas. 5. The apparatus according to claim3, wherein the at |east lop
different types of fluid conprise organic solvent mst and inert gas. 6.
The apparatus according to claiml1, wherein the plurality of fine openings
conprise chanfered inner side surfaces. 7. The apparatus according to claim
1, wherein the solid IToweragortdons ofcehedsndetsucfiaéa of thdcerein the
m st-strai ghtening vane has a height of 100mm. 8. An apparatus for drying a
washedt b%}igcﬁprawomﬁ@imq:s AW Y g Efanﬁmh‘avbmgaaﬁcopégi\?ﬁ@ti Mg upper
portion thereof for inserting and renoving the washed chject; a rinsing
tank foreed #afegrally with the drying tank; a lid which is adapted to be
hernetically seal ed when <closed; 0 3 MAR 1003 an overfl ow tank forned
_ntegrally wth the drying tank and the rinsing tank and provi ded e ernal
to the rinsing tank; and : _

5. he apparatus according to cleim 3, wherein the

at least two different types of fluid comprise organic sclvent

mist and inert gas.

6. The apparatus according to claim 1, wherein the
plurality of fine openings comprisé chamfered inner side

surfaces.

7. The apparatus according to claim 1. wherein the
solid lower portion of the side surface of the mist-straightening

vane has a height of 100mm.

8. .An apparatus feor drying a washed objeét,
comprising:
e drying tank having an opening in_an ppper portion thereo:
for inse;ting and removing the washed chiject;
3 rinsing tank formed integrally with the drying tank:

2 lid which 1s adapted to be herﬁeticaily sealed when

closed:

- 30—



a mst-straightening vane provided in the drying tank, said

m st -strai ghteni ng vane conprising a side surface which faces the washed
obj ect,” and said side surface including a solid |ower section ?qqﬂﬁqg pper
section having a plurality of fine openings; wherein the overflowtank is
adapted to hol d deionized water which overflows out of the rinsing tank.

9. The apparat us,acerdi Rg kO -chalm 8, flrther, compy ksiddaay, chgnrghf akqg
drai ning the overfIOM/tank? mﬁeEan tﬁéiﬁ%aﬁhéi S groundedf 10.LTﬁe

appar at.Us. accoL gﬁggté91f;CEﬁid”‘]:,)ﬁovfiHretdhgreﬁq{%rli\sit'%g gfad} ﬁl st ok @Iaae;i;n%nand

hol di ng the washed obj ect, erein. the cradl'€s are novabl e bétween 't he

drying tank ang; thes:vwashipgnt apk By, A hieistdng smeghani sm ; apdithe, ckadles
are adapted to be stoppéd when“a portion of the washed object is in contact

with the Jduid-deyekenllqt DEnBPRARALUS BRLY ding: tQ) A A& 1Q; cwhereen the
cradl es are adapteéed to p?event a patterned surface of the washed object
from camag,d shegnbastcw t Brthesfiluid develr face including a2 solid
lower section and an upper section having a plurality of fine
openihgs;

wherein the overflow tank is adapted to hold deionized water

which overflows ocut of the rinsing tank.

=) ' The apparatus accofdimg_to claim 8, further
comprising & channel for draining the overflow tank, wherein the

channel 1s grounded.

10. The appesratus according to claim 8, further
comprising-cradles for placing and holding the washed object,
wherein the cradles are movable betwesn the drying tank and the
washing tank by a hcisting mechanism, and the cradles are adapted
to e stopped when z portion of the washed object 1s in contact

with the fluid level.

11. the zpparatus acceording to claim 10, wherein the
cradles are adapted to prevent a patterned surface of the washed

object from coming in contact with the fluid level.



