-1- METHOD FOR DRYI NG WASHED OBJECTS BACKGROUND OF THE I NVENTION 1. Field
of the Invention The present invention relates to an apparatus and a net hod
for drying washed objects, and nore specifically, to an apparatus and a

met hod for drying washed objects being suitable for washing, rinsing, and
dryi ng substrates of sem conductor wafers. 2. Description of the Related Art
Heretof ore, renoval of noisture entered in trenches is an i nportant factor
in drying of mniaturized washed objects such as wafers after washing of
precision substrates, and thus a drying apparatus using organic sol vent
vapor is enployed. An adgdiHEdD$FOR DRMINGYWASHED OBJEOGDSN as a drying
apparatus using organi¢c solvent vapor. The drying apparatus 1 includes, as
shown in Fig. 1, a drying tank 2 being box-shape having an opening on top
thereof in cross section, a heating device (heater) 3 nmounted on the bottom

surface 2a of the dryi ngshadcrdUND 0l erENdIpovi ded on the upper
part of the drying tank 2, a solvent trap 5 provided downwardly of the

cool i ng p0|IFfel@.g@f@ﬁepkggbﬂglb%ble 7 disposed in the drying tank 2 for
pl aci ng a wafer as a washed object thereon, and a solvent pooling section

8 di sposed dOV\’DM@rﬂfé’s@rﬁtti}ﬁ/é’ﬁE;@én ﬁélaaaiewtbaah%;?pafr&leu@lra/rw& appapat us 1
heats organi c solvent 9 charged into
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 a drying
‘apparatus usihg 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, a dfying
tank 2 being box-shape having an opening on top thereof in croé~s
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 objeét 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



- 2 the drying tank 2 to a boiling point by the heater 3 and generates
organi ¢ solvent vapor in the upper portion thereof. A wafer 6 already
washed and rinsed with water is then inserted and arranged in the vapor in
the drying tank 2. Condensation of organic solvent occurs on the surface of
the wafer 6 that is inserted and arranged in the drying tank 2, and then
noi sture attached on the surface of the wafer 6 is replaced by organic
solvent which is nore likely to evaporate, whereby the wafer 6 is
progressively dried. The wafer 6 in organi ¢ solvent vapor is gradually
increased in tenperature to an evaporating point (boiling point), and then
is taken out of the m st atnosphere, where attached solvent conponent

rapidly eatﬁpek?&ﬁ@ €48k 10 tbt$ bloaw il ga‘inhew thel ReR€egBhAt §bNedhited. The
organi ¢ sol vent héated and vaporized by the cooling coil 4 disposed on the

upper pardrffnidesdirddg dagtde A THOngeRsegdorandndtaepedi.n hheagakvent
trap 5 for recovery and reusing. Likew se, solvent including noisture

dropped fqireddiewdshed £nd irS naksiovi €€ auekedi s Rhehei sHbresd apRPArAgngeat i on
8. The drying apparatus 1 in the related art demands attention to flames

since or ganiths oyt is tieat @ey bygt benkeat ercchd éght LONSHIFESr§ahdt of
energy because it carries out heating and cooling. |In addition, it requires

a signi figsnterperoathtd dn NEheiNdut fa&ce vaPpotht ayefer S6 f ohaedibyiheengeheat ed
by the heater 3, and consunmes a large quantity of organic solvent due to
evapor at ianid dtrdripsd in the drying tank 2, and then moisture attached
on the surface of the wafer 6 is replaced by organic solvent 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, solvent 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 consumes

a large quantity of organic solvent due to evaporation. Further,

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



When the washed objects cone in contact with the nmist |ayer, heat 3 of
vapor (gas phase) is absorbed by the washed object, thereby causing abrupt
change in phase (gas phase to liquid phase) and reducing the vapor |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_d%ylng washed obj ects being capable
of drying the washed objects in a reduced period of tine, effectively
preventing contam nation of the objects, and preventing energy |oss. The
apparatus for drying washed objects according to the invention includes a
drying task vdpohi (daoraEe) S@ whslormiesl byl $hgewasakadoBhdcsypphéedbio
washed objects therein, wherein the drying tank includes a

m st - st r at ghs eng ngbyapie Floangepipl YWhegse Qrgganiphasel tenligusd phatke wadhed
obj ects. The m st-straightening vane of the apparatus for drying washed
obj ect s ace@uding thethaponveayeon iGopseyuertdlpp the saskedwabljeot tibe
drying tank, and is provided with a plurality of fine openings on the
surface fexpesedttogtbegahmospbevent winish ahyt kasijgsireisad tspvar dly of a
fluid spray nozzle away froma prescribed distance S, so that a portion of
organi ¢ sobumeaninasiohhainpasfedienhr dughnghe anpdesiongnout of the whol e part
of organic sol vent m st

SUMMARY OF THE INVENTION

Accordingly, it is an object of the present invention to
provide an apparatus and a methed 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 out of the whole part of organic solvent mist

emitted from the fluid spray nozzle is indirectly emitted.



emtted fromthe fluid spray nozzle is indirectly emtted. - 4 The fluid
spray nozzle of the apparatus for drying washed objects according to the
invention can emt two or nore different types of fluid simultaneously.
Fluid emtted fromthe fluid spray nozzle of the apparatus for drying
washed objects according to the invention includes organic solvent m st and
inert gas. The configuration of the opening of the apparatus for drying
washed objects according to the invengian_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 formed integrally with

the drying tankghanduid gaRaplm 2l deifngheeap pdlr het setdbealdyi iy wlsidg the
openable, and closable lid, and the drying tank includes a m st

st rai ght es fgc vane Jord SaprloytRg Digamt Lo elavesiifitsio be hdte dvestEatnt
obj ects. The drying tank of the apparatus for drying washed objects

accordingty ed hef i pyenti enmunelandesmsary overflow tank formed on top of the
rinsing tank integrally for overflow ng deionized water to be supplied into

the rinsing tankyuadkm ched o @he €l ainager {y awizizne oyerié Wpr Ak is
grounded. The apparatus for dryi ng washed objects according to the
for drying washed objects according to the invention includes
organic solvent mist and iﬁert gas.

The configuration of the opening of the apparatus for drying
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 closable 1id, and the drying tank includes a mist-
straightening vane for supplying organic solvent mist to the
washed objecté. |

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



invention includes cradles for placing and hol di ng washed objects in the
drying tank and in the rinsing tank, and the cradle can - 5 be noved upward
and downward by a hoi sting nechani sm and can be stopped in a state in which
a part of the washed object is in contact with the fluid |evel directly or
indirectly. The portion of the washed object that is imersed into the
fluid level of the rinsing tank of the apparatus for drying washed objects
according to the invention is the porgign ot her than the patterned surface.
A met hod for drying washed objects accofding to the invention is a nethod
for drying washed objects for performng drying by the use of a drying
apparatus including a drying tank having an opening on top thereof so that
washed obpeatsvednpgweardlack doamwaalde byoathd ¥ adp aves hamismd arid siang bleank
formed integrally with the drying tank, and is capabl e of being seal ed
her net i cabtyppgdclinsangtaneopanahliehaadpakbsalbl ehki dashedpobgeng ishdnst eps
of noving a cradle for placing and hol di ng washed objects upward and
downwar d bgnaadbi efithgtheclidnigmleftdr diltecwdghead ieljiseecictdys. rinsed in the
rinsing tank and stopping the sane in a state in which a part of the washed
object is in cobhagiomiidn ofhehtl washsdrdbgeetdichedt Ly tmmemsked dattdo/ the
performng drying process by emtting organic solvent mst to the washed
obj ect ffamid ¥durdosprlay riosiing panmk iodethemppanadtus foaidyitieny mgshade and
emitting the sane in turn fromthe m st-straightening vane

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 opening 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 1id, 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 object
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.



indirectly, draining deionized water after the drying step, and performng
qui ck drying process by supplying inert gas at a high tenperature into the
drying tank after the draining step. - 6 In a nethod for drying washed
obj ects according to the invention, the washed object is wet when the
washed object is drawn up fromthe rinsing tank by the hoisting nmechani sm
In a nmethod for drying washed objects according to the invention, the inert
gas is nitrogen gas (N2) at nornal ter‘r%eratures or heated nitrogen gas
(N2). In a nethod for drying washed obj ect's according to the invention, an
organi c solvent for generating the mst of organic solvent is selected from
al cohol s, ketones, or ethers having water solubility and capability of
| oweri ng surfacent ansieehod fotteidaniized wiiierd WH fedtss pesdotdindiecsubisér at e.
In a nethod for drying washed objects according to the invention, the
di anet er dhvengden; sdlevenishadstokejadt eis watdiwtent Ithd naaBHidie object is
m st-strai ghtening vane is not nore than 20 PMIn a nethod for drying
washed objdeGid agcd@rdmgHe tis ingivearik doy the los gsinl ©g Sedolearisan be
heated to tenperatures wthin the range of 5C to 80C when it is |IPA
(1sopropyl al colial p melthoa fetrhad yfiarg dras e vatsieett 0y enisd aogotdi tiget 0 t he
invention, rinsing water for performng rinsing operation in the rinsing
tank i s hydwegenained thet emert gas is nitrogen gas (N,) at normal
temperatures or heated nitrogen gas (N,).

In a method for drying washed objects according to the
invention, an organic solvent for generating the mist of organic
solvent 1is 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
pum.

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

invention, rinsing water for performing rinsing operation in the

rinsing tank is hydrogenated water.

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

art;



BRI EF DESCRI PTION OF THE DRAWNGS Fig. 1 is a drawing show ng a drying

apparatus in the related art; - 7 Fig. 2 shows a drying apparatus
according to an enbodi nent of the invention partially in cross section;
Fig. 3 is an explanatory drawing illustrating a state in which organic
solvent mst is emtted indirectly by the use of a mst-straightening vane;
Fig. 4 is an explanatory drawing illustrating the dianeter of organic

solvent mst emtted fromthe mst-straightening vane and the emtting
state; Fig. 5(a) and Fig. 5(b) are enTa?géd cross sectional views show ng
the configurations of the opening on the mst- straightening vane; Fig. 6 is
a drawi ng showing a state of transferring particles as a result of being

dried using Marpigomn sEblvecs drivialg abparituangesor®iyng aaf Rbolemeatet ched
by DHF (HF/ H20) (diluted hydrofluoric acid); Fig. 7 1s a graph of the

i ncreasi ngfagpeNineénpadhi phesialliyMihaagoss Beyitign;i |l ustrating the result
after performng the steps of rinsing with deionized water - drying, and
the result afteiqgped figy Ame@edglamitens, dratticly g 1wstthaBHng HFsHa@)ke (@i | ut ed

hydrofluoric acid) -' rinsing with deionized water - drying; Fig. 8 is a
drawi ng fYniehnpegangc téel aepuntiof iscneiaseed 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 is a graph of the increasing amount of particles
in Marangoni Drying, illustrating the result after performing
the steps of rinsingwithdeionized 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 is an explanatory drawing showing the drying process

in a drying method according to the invention;



in particles in Marangoni Drying and drying according to the invention;
Fig. 9 is an explanatory drawi ng showi ng the drying process in a drying
nmet hod according to the invention; - 8 Fig. 10 is a tine chart of the
drying process according to the invention; Fig. 11 is an enl arged
expl anatory drawing of a state shown in Fig. 9(e); Fig. 12 is an
explanatory drawing illustrating the anount of electrostatic charge on the
surface of the wafer shown in Fig. 11;,,Fig. 13 is a drawing showing a state
in which the dianeter and the nunber o? the particles of organic sol vent
mst Mare neasured by the use of a Phase Doppler Particle Analyzer for
five mnutes when the m st-straightening vane is used; Fig. 14(a) is a
drawi ng show ngFigesul @ siofa neaserehent of nthdedexiprey i peotessnadacoed ing
conjunction with Fig. 13, and Fig. 14(b) is a drawing show ng results of
measur enetd viiet beventieher and the nunber of particles of organic sol vent
mst Mw thout wusing the mst-straightening vane showmn in Fig. 13. Fig. 15
i s a di agrammatiigskdt ¢ af ealstrgiel exphhnatoreldawiost afi & stlaaregshbsnbei ng
removed; Fig. 16 is a graph of the thickness of oxidized filmon the
surface ointhegsi9(edn neasured after being etched by DHF
Fig. 12 is an explanatory drawing illustrating 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 Figqg.
14 (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 is 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



(HF/ H20) (diluted hydrofluoric acid) and being rinsed with hydrogenated
wat er 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 perfornmed the drying process; and 9 Fig. 17 is a drawi ng show ng
anot her enbodi nent of the drying apparatus. DESCRI PTI ON OF THE PREFERRED
EMBODI MENTS Referring now to the drawi ngs, an enbodi nent of a drying
apparatus and a drying nethod according to the invention will be described.
Fig. 2 is a drawing showi ng a drying'aﬁ%aTatus according to an enbodi nent
of the invention partly in cross section. As showmn in Fig. 2, the drying
apparatus 11 includes a drying tank 30, a rinsing tank 40, and a pl unbi ng

system 50. The gyl ngy {ank &Padrj?nc?r@k%xﬁ'fﬁgoﬁ'néﬁﬂei?f ehB8dihBALNG £t *Yfc 40
integrally therewith. The drying tank 30 is open on top thereof and thus

the waf erqgW figg Washeea©Rs ects can be placed or taken out from above, and is
capabl e of being sealed hernetically by closing an openable and cl osabl e
lid 31. In other words, a |id packing 39 conpletely prevents outside air
fromentering therein. The openable and closable |lid 31 is opened and

closed by sliding ppeerenirioReROrHY PREFSWRID EMESDAMGAE Which is not
shown in the figure, in the vertical direction wth respect to the plane

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 adrying
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 objects can be placed or taken out from
above, and is capable of being sealed hermetically by closing
an openable and closable 1lid 31. 1In other words, a lid packing
39 completely prevents outside air from entering therein. The
openable and closable 1lid 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 non-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



of Fig. 2. Fig. 2 shows the closed state. The drying tank 30 and the rinsing
tank 40 are constructed of nenbers having non-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 - 10 tank
30, and the upper portion of the rinsing tank 40 is placed into the | ower
portion of the drying tank 30. It is for allowng deionized water in the
rinsing tank 40 to overflow. As shown i% Fig. 2, mst-straightening vanes 32
for supplying organic solvent m st, W% i's IPAin this enbodiment,
indirectly to the wafer Was a washed object are provided on both sides of
the side wall of the drying tank 30 so as to sandwi ch the outer peripheral

surface ofahkesyafaiq Whel ppsf portion bRethdryimgi dqrkamd 4i0s isap1gbewn in
Fig. 2, substantially circular (a part of the outer periphery is cut out to

form an ofheptaid ABweld pbrtidAth A tHelaalihy ©inKafer STW B ¢oH §RPSRY nign
parallel at regular intervals in the vertical direction with respect to the

pl ane of Hheohiguaewaterenal khe WMIaR ihle Y anke 49emoC QG QK. Waf ers, for
exanpl e, 100 pieces of wafers neasuring 8 inches in dianeter nmay be placed,

though the numbgg sRewhhendiraget er, iﬁhﬁt-@j&ré@?ﬁ@:bﬁdn@svaﬁ_EEOBQi Fog- These
wafers Ware placed on the cradle 33 having four supporting nmenbers in this

enbodi menkyppiy ihBi SreappdigiEnfent heswaf @i iis asauRaHi® Bakedidenfches in
diameter. As shown in Fig. 2, the cradle 33 is capable of noving

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 Fig. 2, substantially circular
(a part of the outer periphery is cut out 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 thé diameter may
be selected as appropriate. These wafers W are placed on the
cradle 33 having four supporting members in this embodiment. 1In
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 hoisting 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 IPA in this case, to the main surfaces of the plurality



upward and downward between the rinsing tank 40 and the drying tank 30 by
the aid of a hoisting nmechanism which is not shown. The m st-straightening
vane 32 is fornmed entirely of a laterally elongated rectangular solid as
shown in Fig. 3, and has a width that enable itself to supply organic
solvent mst M which is IPAin this case, to the main surfaces of the
plurality - 11 of wafers Wsimnmultaneously. Fornmed on the 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 fimelbpenings 32a. The size of the
opening 32a is approximately 5 mmin this enbodi nent. The openings 32a are,
as showmn in Fig. 4 as well, not fornmed on the area fromthe | ower end of

Lhe M sto! [akahLey ngu‘i%%%e%%s(E}he POZRELOBRORNBNGR AL Ut ¥ Bpdioz2l @

34 is to nounted) to the point at a |stance S. The organic solvent m st

Mof IPARS:_ egré%\me Nng $ane Y %&Hﬁiﬁcﬁted‘l or?LHHE i et by, £ tl%é’f Fi c. ent
anount in the formof -density st Mof an organic solvent

differ en%e}rXBg%erl émgcéro% €H8RJA19& wrbf@aﬁphfmtzﬁg&%%&t L t%al i g}ﬁé ui d

spray no nounted at the [ower portio ng vane

fillg gganstﬂ's {18 d% Hhes g@xﬁmgea'zﬁglgaagﬁgmﬁageiyp | hufe i of QR4 he

openlngs Indirectly to the wafer W The aneter of e em ssi on

aper t ur e op@h gt Renf!.ui @hépéﬁéén!ﬂﬁéé' §284at8 Wr%wtfﬁﬁi 4 He RIgani ¢

sol vent For generating the organic solvenf mst is sel ected fron1 ]lcohols

ket ones, ngk RIMRES oRAHNArvatiBfo®ehebidudyeRAGf the mist-straightening
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 in 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 ¥ig. 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



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
organic solvent mst Min this enbodinment will be described in detail. The
organic solvent 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 - 12 S (about 100 mmin this enbodi nent), is
filled with organic solvent mst M of.at |east 20 um On the other hand,
the region b upwardly of the region a’i's filled with m xture of organic
solvent mst M of at |east 20 pm and organi c solvent mst M5 of |ess than
20 um The m xed organic solvent mst M. and MS are straightened at the

openi ngs $2abentt e fnsitn §h i giegiortinke tgnes 32,1 1asdcdy Doh v r glale 0§ gBRRe st
solvent m st MS passes therethrough and is supplied to the wafer W The
organi ¢ seiyent of st Maof 28tun ca$in e vhelrshDoddeheeted ioh deupligrdly
m st - strai ghteni ng vane 32 and di scharged froma discharge port 32b shown
in Fig. 3fHike dgion & drsadiing eshedithgmaxstiaeeotnonfanhct feldeatenest and
t he nunber of particles of organic solvent mst Mwhen using the
m st - st r amghd £natigl ¥asie B2 jam eame asty&didysdheents embé t aMPhaselefopphen
Particle Analyzer for five mnutes, Fig. 14(a) is a draw ng showing results
of experi2@&nin.cotdeatded nrgamitnsdloantwmidt MLgand S and $Ftgaidhtbreds a
drawi ng show ng results of neasurenent of the dianmeter and the nunber of
particl esabfthid@penings 32a on the mist-straightening vane 32, and only
the organic solvent mist MS passes therethrough and is 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 measiired by the use of a Phase
Doppler Particle Analyzer for five minutes, Fig. l4(a) is a
drawing showing results of experiment conducted in conjunction
with Fig. 13, and Fig. 14(b) 1s 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. 14(a) and Fig. 14(b)
represent the diameter 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 diameterwas 11.5 um. Many large particles



organi c solvent mst Mwthout using the m st-strai ghtening vane shown in
Fig. 13. The lateral axes in Fig. 14(a) and Fig. 14(b) represent the

di aneter of the particle of the mst (um 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 show ng
the peak of the nunber of mst particles was in the vicinity of 8 m and
the average m st particle dianeter was 11.5 um Many |large particles - 13
measuring at least 10 min diameter wek® al so detected. On the other hand,
when the m st-straightening vane 32 was used, the m st dianeter show ng the
peak of the nunber of mst particles was in the vicinity of 5 m and the

aver age [j tiel e %F@k I ring at
Ieastg ﬁéﬁ%?ﬁggéaﬁgtg?gag?gbfgﬁﬁ%%l|tt ekah%%ﬁ?%gkgAs I'S aescrlbgd t hus
far, the inve t at q?ﬁg rtant
to supply orggiégﬁg%?&ggg'ﬁgﬂa ‘@%ﬁnl ﬂ%gefge? gagggbgﬁgé¥%%%§x%ﬁ%ghafers

Wi n Or dBEehd LAy B Pl o shd e odnit{ £ %@%@%ﬁﬁ'&ﬁmwo@ﬂ% sq gani ¢

sol vent nlst avin er di aneter ecause

th t
¢ ParLislescsbeotagnis Sabvort sl ianian s o e AR ot er.

gasified easiTy I'n conparison wt particles

and 1 huspbhe £ abe indidd 4800, 4 finl Nepaghl rg S nelha2ihg 200kl M st
g IS in the stat gaS| I ed.
10 ym in diameter were 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 solvent mist Ma shown in Fig. 4 is in
the state of being gasified.

Therefore, according to the invention, 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.



Therefore, according to the invention, organic solvent mst Mof IPAis
indirectly emtted by the use of the mst- straightening vane 32 w t hout
heating for generating organic solvent mst Mas in the related art,

wher eby high-securities are ensured and organic solvent m st Mcan be
supplied imedi 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 opening 32a on the m st- strai ghtening vane
32. - 14 The seniconductor wafer Ward organi ¢ solvent m st Mof |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 Fig. 5(a),

el ectrostati c phArH6m CaYE@SctEPNGENEE alyi BRA0brghREL 661G eRt dmidndmt Bys
i ncreases probability of discharge, which results in charging of the wafer

Wby i ndggii Rive Iggfsbekey thalr der ap® Rbeyenthswglaa CORditrepe,t kg edged
portion in this enbodinent is not fornmed into an acutely angl ed edge as

shown i nckkGeabébkhebut tabashigeegot-0ipheyenthel 6pbnifigf Behdikr glutely
concentration when being charged, and to reduce the probability of

occurrengfglee gssshawdi ig phgnosragn. ellecthostathediciaige caluzess chanfered
configuration may be enployed as far as it can reduce the probability of

occurr engéneénthetdbachargictd r iRhe€nendnoand ttuHigariea ssel ypesbaBli st tys al so

referred to as PA mst.
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



As shown in Fig. 2, the drying tank 30 is provided wwth 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
wat er through the deionized water supplying nozzle 41 for supplying

dei oni zed water as shown in Fig. 2. \Wien deionized water supplied into the
rinsing tank 40 reaches to a certain level, it is stored tenporarily in an
overflow tank 42 shown in Fig. 2 and theg is overflowed through the channel
with a drain valve 52. The channel wth the drain valve 52 is grounded. In
such a situation, a - 15 gaseous phase portion 35 is fornmed in the drying
tank 30. The rinsing tank 40 is provided with a drain valve 43 for draining
dei oni zedgwnatensaphehe pentépnorst he bHormesh Lhetbef dryanghhenkdélPoeni Zed
water in the tank is drained through the drai nage duct when the drain valve
43 is openeédsimfbgetphinBbPngs spsovarisd vothea compectedlve $hefar ydrginang 30
and rinsing tank 40 will be descri bed bel ow. The plunbing system 50 incl udes
(1) a chadmeébnfieedswppleyi B tiia ragparegan (B hottde hheregén gastsapply
port 37, (2) a channel for supplying two types of fluids, IPA as anorganic
sol vent adeioniizedgeatgasii Ne teakt he dfainkd phapuwy the draipgpeadehannel
for exhausting air fromthe drying tank 30, (4) a channel for supplying

dei oni zedwhenet hientdg atiime vieilivsl i tisnloned 5) a channel for drai nage from

the overflow tank 42, and (6) a channel for
The plumblng 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
nitrocgen gas (N,) to the nitrogen gas supply port 37, (2) a channel
for supplying two types of fluids, IPA as anorganic 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 deionized water into the rinsing tank 40, (5) a channel
for drainage from the overflow tank 42, ar;d (6) @ channel for
draining deionized water in the rinsing tank 40. Control of the
plumbving 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 ordinary
temperétures supplied when the valve 53 is in the opened state
(ON) is heated by a heater 54 and supplied to the hitrogen gas
supply port 37 through a filter 55. Nitrogen gas (Nz) 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



drai ning deionized water in the rinsing tank 40. Control of the plunbing
system 50 is perfornmed by a control unit which is not shown in the figure.
(1) I'n the channel for supplying nitrogen gas (N2) to the nitrogen gas
supply port 37, nitrogen gas (N2) 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 55. N trogen
gas (N2) at high tenperatures heated 2¥ the heater 54 is used for quickly
drying the wafer Was a washed objétﬂ- mthe drying tank 30. In the cannel
for supplying nitrogen gas (N2) to the nitrogen gas supply - 16 port 37, as
shown in Fig. 2, when the aforenentioned valve 53 is in the opened state

(N, thso&trhﬁ Ve venafni Sni Pifheacl gaef tAkakgokERBhtiohRCYAlRASIF O it
when the“valve 53 7s in the cloded "state (OFF) , the valve 56 is in the

opened sjatg (HY o @ﬂ@dn'g%aeeegomgastr(é\l,&t@r QadiRaBY § 8MPerHAIAD e
supplied to the drglng tank 30 through the filter 55. Even when the wafer

was a V"a§{9§geg?im;rygﬁe§oﬂ‘@fa§%it%t it N s, gh¥ing 28k j‘?%’inc‘&ﬁé'&l@sterd)gen

gas (N2) at tenperatures is supplied into the drying tank 30 so

that thg.gasqeus Phage ROKd 98 ﬁéihstrfésggﬁbalatééé les) , Theq vahkve &3 the
val ve 56, and the 'heater 54 can be controlled by the control unit which is

not showgassay,that &ﬂ@i&@f%&&ﬁpéﬂ@tuﬂ@é ue 33ppnd dheovahd &Rfin@nd dhe
tenperature of 'the heater 54 are controll ed.
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 gaseous phase porticn 35 1is 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 controiled.
(2) The channel for supplying two different types of fluid,
IPA as an organic solvent and nitrogen gas (N,), to the fluid spray
nozzle 37 includes an IPA tank 59 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 IPA 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,), aresupplied to the fluid spray nozzle 34 simultaneously.
Nitrogen 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 from the drying tank

—



(2) The channel for supplying two different types of fluid, |PA as an
organi ¢ solvent and nitrogen gas (N,) , to the fluid spray nozzle 37

i ncludes an | PA tank 59 for storing IPA, a punp 60 for supplying |IPA from
the 1PA tank 59, a filter 61 for cleaning supplied IPA a valve 62, a valve
63, an | PA heater 67 for heating |PA 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

simul taneously. Nitrogen gas (N2) is fbf 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 - 17 30 is

o ouCl o B0 SENBUE LR 2hh LATLERS X aauet By bt ol Btal e O

opened ( supplyi elonlze wat er rnnsing

tank 40 “51E$ht$%p95¥?§26§ @hé%d ?@§§r'fron1the dei oni zed water supplying

nozzle 41 W e va (5) The channel for dralnage from
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tank enploys arn va The yI ng appar at us
of the deionized water supplylng nozzle 41 with the valve 51 opened (ON).

(5) The channeln 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 thrcugh 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 performihg the steps of etching with DHF
(HF/H,0) (diluted hydrofluoric 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



invention is characterized by being a drying nethod which does not utilize
Mar angoni Effects as in the case shown in Fig. 6. Fig. 6 is a draw ng
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/ H2O) (diluted hydrofluoric acid) , and Fig. 7 is a graph of the

i ncreasi ng anount of particles in Marangoni Drying, illustrating the result
after performng the steps of rinsingaith deionized water -. drying, and
the result after performng the steps of etching with DHF (HF/ H20) (dil uted
hydrofluoric acid) -->rinsing with deionized water -> drying. The

concentration of IPAin Fig. 6 is CI>Cll, and the surface tension is
ri<ril. MWerdrhecontentnal AP of r rPAreseCLE=0i¢ Isutfrca urdaeeon eresidn i s
ril=rill. Crepresents - 18 the concentration of IPA r represents the

sur f ace Remsn omgmbeds Ronanl hunbepsedend tHd posprteisents itden posiRion shown in
Fig. 6. As is clear fromFig. 6, IPA gas (not IPA mst) is supplied between
a bare wafer & ix wakber roh Big 0Xi,diPadgds |(motah@Awhest ) des enimzeldiadht er i s
wi thdrawn downward in this state, water is ant to be stuck on the bare
waf er f aeetige ¢ nwakdtehg al@ire pndi & hwa e oxitdi 2edokidnebyg Mitangomd WwWorce, and
the particles are also apt to be stuck on the bare wafer. Therefore, as is
clear fromiofkiged7yvathe nanbethdirapar dogheeridndnedses syl | yathen idvi ed
by Marangoni Drying after being etched by DHF (HF/ H20O) (diluted hydrofuoric
acid). apt to be stuck on the 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

Fig. 7, the number of particles ‘increases abruptly when dried

by Marangoni 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 drying

method using Marngoni Effects, and an object of the invention

is to pxovide a drying methed in which increase in the number

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 is prevented.

Referring now to Fig. 9 through Fig. 12, the dxrying method
according to the invention will be described. Fig. 9 is an

explanatory drawing showing the drying process in the drying

method according to the invention, Fig. 10 is a time chart of

the drying process according to the invention, Fig. 11 1is an

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

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



Fig. 8 is a graph for conparing the drying nmethod using the drying
apparatus according to the invention, and the drying nethod using Marngon
Ef fects, and an object of the invention is to provide a drying nethod in
whi ch increase in the nunber of particles due to Marangoni Drying after
bei ng etched by DHF (HF/ H20) (diluted hydrofuoric acid) as shown in Fig.6
and Fig. 7 is prevented. Referring nowto Fig.. 9 through Fig. 12, the
drying method according to the invention will be described. Fig. 9 is an
expl anat ory draw ng showi ng the dryiﬁglﬁrﬁcess in the drying method
according to the invention, Fig. 10 is a tinme chart of the drying process
according to the invention, Fig. 11 is an enlarged explanatory drawi ng of a
state shdirdditht Y Dha@g¥dl ofithe LArc@N oeXRhanaheey dhawhnin rig.
illustrating the anbunt of - 19 electrostatic charge on the surface of the
wafer shgwn in Fig. 11. (1) Drying step shown in Fig. 9(a) Fig. 9 (a) shows
a state where no wafer Wexists in the drying apparatus 11. As shown in the
step 1 in Fig. (30, gryhptotd ighowhi £ ﬁf@,O@f@gble and closable |id 31 is
cl osed, and deionized water is supplied fromthe deionized water supply
channel (4) toithegyhfsdmed ank Kb hBereves agw it _Xikes 1 ithedgpydag (N2)
is supplied fromthe nitrogen gas (N,) supply channel (1) through "thé valve

56, the fiddsratils 1and tRe ShHWAUEM GRS sTERPNYiAOFLig. 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) throuagh
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)

4

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



37 to the drying tank 30, and sinultaneously, air is sucked and exhausted
fromthe exhaust channel (3) with the valve 64 opened, and IPAis
circulated in the I PA supply channel (2) with the valve 63 closed and the
val ve 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 |id 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 gng supported on the cradl e 33 by
means of a carrying unit, not shown. % e openable and closable lid 31 is
constructed to be openable and cl osable automatically or nmanually when the
wafer Was a washed object is |oaded in or wunloaded fromthe drying tank 30
or the riars ndenankaldltoAsighdwa) phhehretBarptle ifadt ghatOthaldpemEbpei nt s
such as overflow rinsing, supply of nitrogen gas (N2) , suction exhaust,

and | PA @ndullasiabie20id 3l s dpeniecahntdote graily 36t hermoved upreardect t hat
the openable and closable lid 31 is opened and the cradle 33 is noved
upward. Subsefubseguentian whenngbkedashpdceb sech sixctn asaewaReirsWpisaced on
the cradle 33, the carrying unit, not shown, is retracted fromthe drying
tank 30, gﬂvecaﬁoenmeecm@llelﬁsabh@qaurdyam wnit psed, Shewnl, iSereteateeds is

| owered into the rinsing tank 40 together wth the wafer W (3) Drying step
shown i n fap thedrFing tapk) Oshbhe opanaisliengnd cdwsadileyl #@i3dni g €d assder

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 46. 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 1id 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 1is
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



performed in the rinsing tank 40. The valve 51 on the channel (4) shown in
Fig. 2 is opened, and deionized water is supplied fromthe deionized water
suppl ying nozzle 41 for overflow rinsing. The openable and closable |id 31
is closed, the cradle 33 is in the lowered state, and the states of supply
of nitrogen gas (N2) , suction exhaust, IPA circulation are identical to
the case shown in Fig. 9(b). The overflowrinsing is perfornmed at a rate of
about 30 litters/mn for about 60 secopgs. (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 overflow rinsing in the
step 3in Fig. 10 is finished. As is clear fromFig. 10, the process in the
step 4 i sipwdedt moalement wfathiencradlet 8 Bikkceptstoppegwar ci rehadieerin of t he
cradle 33. The period of tinme required for noving the cradle 33 upward is
appr oxi mathdlop 3besdovrds sag fakewati hheheaterpi 4is s FHight 150 inMer sed1in upwar d
movenment of the cradle 33 will be stopped in a state in which the | ower
surface dfhe Héuwidf enrface shi ghelyingang denk 40,t he 5w eanrize Fig + he
rinsing tank 40, as is clear fromFig. 9§e). Though the stop position of
the cradl% €33 i Shovghr sheedtopypasébnenodt uphe ewkaelke 33 ngt comdwelilied he
figure, the stop position is set in advance. Wen the washed object is a
waf er  Wb¥sianconte wafrekt WhicClpriy ikl shawn alpaherfl@hre hetherdter

thereof, it is stopped in a state in which the portion of the
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
thereof, it is 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



wafer Win the vicinity of the outer periphery thereof, which 1is 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 from
the rinsing tank 40 by the hoisting nechanism Though a state in which the
| ower surface of the wafer w is directly in contact with and i mersed into
the fluid surface in the rinsing tank 40 has been descri bed, the inventor
verified that electrostatic charge can,be renoved 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 Wand
rinsing water as shown in Fig. 15 and allowing water to drop via the

dr ai ni ngci@dza Ri€.6 216hbsnain diiagr anmatd 1o ssieteld oheavsiat &3 nswbpehed,

el ectrostatic charge is being renoved. (5) Drying step shown in Fig. 9(e)
Fig. 9(eansoriespones 30 ihessre Td Bubipdy t@o kgpald of 22uikihe 1val e 62
shown in Fig. 2 is closed and the valve 63 is opened, and the valve 57 is
opened tonseipPeyitWwoolypas ehdf hiikdogeRAgas (an) proasihctsel veatidasgrayt rogen

gas (N2)1 fromthe fluid spray nozzle 34 into the drying tank 30. Such |PA
m st suppbyz1€0BLi AHES fore apprioy raired 3020 seeondemsniovwupplli g. 10. In
this case, the | PA heater 67 can be heated to the tenperatures 'in the range
bet ween &&nantu88G oanthhex 1A &eptlero 6éciohdsueBeghown in Fig. 10. 1In
this case, the IPA heater 67 can be heated to the temperatures
in the range between 5°C and 80°C, and the IPA heater 67 is turned
ON when supplying IPA mist.
As shown in Fig. 11, the IPAR mist atmosphere in the drying
tank 30 is apt to become positively charged, and thus the wafer
W is apt to be charged as well. Accordingly, in the drying method
of the invention, as shown in Fig. 11, residual water on the wafer
W with IPA mist dissolved therein 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 is clear from the step 5 in Fig. 10, the overflow
tank 42 is grounded via a drainage channel (Fig. 2 (5)) and thus
positive electrostatic charge 1is removed.

Fig. 12(a) 1s a graph 1illustrating measured amount of
electrostatic charge on the wafer surface when it is dried without
immersing the lower surface of the wafer W in the fluid surface
in the rinsing tank 40 according to a method other than the
invention. Such measurement is performed during the drying

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

in the amount of electrostatic chargeshown in Fig. 12(a) is caused



ON when supplying IPA mst. As shown in Fig. 11, the I PA m st atnosphere in
the drying tank 30 is apt to becone positively charged, and thus the wafer
Wis apt to be charged as well. Accordingly, in the drying method of the
invention, as shown in Fig. 11, residual water on the wafer Wwth | PA m st
di ssol ved therein runs along the surface an the wafer Wdownwardly and
drops into deionized water in the rinsing tank 40 and di ssolves therein.:
Since overflowrinsing is perforned_aé_,,i s clear fromthe step 5 in Fig. 10,
the overflow tank 42 is grounded via dr ai nage channel (Fig. 2 (5) ) and
thus positive electrostatic charge is renoved. Fig. 12(a) is a graph
illustrating neasured anmount of electrostatic charge on the wafer surface
when it by dheeghshbiendn inmetsdngeIde tamert surdhaneyeofist hempafrariWwsyi n t he
fluid surface 1n the rinsing tank 40 according to a nethod other than the
i nventi orembued feagnutaeenhfes Wewheon ness thua hgrdther diyitlg sprdeess oshown i n
Fig. 9(e) and in the step 5 in Fig. 10. Change in the anount of

el ect r ostalel wathar geasd ¥R idrdpg dntb2r(aying wausedin 28 dindihey plagnomenon
in which electrostatic charge is tenmporarily renoved fromthe wafer Wwhen
resi dual 4water on the surface of the wafer Wand | PA drop into rinsing
water in the rinsing tank 40. Fig. 12(b) is a graph illustrating neasured
anount of el eftigostlai(bg dsareggrampht hd Isuistiradd nof mdas wafderamnhert tde waf er
electrostatic charge on the surface of the wafer when the wafer

W is dried with the lower surface of the wafer Wdirectly 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 is approximately 10 seconds. As shown in the step

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



Wis dried with the |ower surface of the wafer Wdirectly imrersed into the
fluid surface in the rinsing tank 40 according to the invention. Such
measurenent is performed during the drying process shown in Fig. 9(e) and
inthe step 5in Fig. 10, and it is recognized that the anount of

el ectrostatic charge on the surface of the wafer is renoved according to
the invention. The sane effects can be obtained when renoval of

el ectrostatic charge, is perforned w thout inmersing the |ower surface of
the wafer Wdirectly 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 showmn in Fig. 9(f) Fig. 9(f) shows
a state igaswiNgh suppMalchamb@lslidywn the Riglve 3 6i,sthédSelkerand t hadvehee 62
in the sane figure is opened to stop supply of IPA mst and thus IPAis

ci rcul at aditrdydrs erpeestuppl it perdr d7ninhbvehd 3 wimpdrek 36 ,dradnidetbai zed
water in the rinsing tank 40. The period of tinme required for processing is
appr oxi megshaust) crevumels. (A5, shivevvahve hed siepopéned #d.tH@s smncbyen gas
(N2) is supplied through the nitrogen - 24 gas (N,)supply channel (1), the
val ve 56,exlmudt | ierb&bng aperfdemedi t r ogen gas supply port 37 into the
drying tank 30, and in the exhaust channel (3), the valve 64 is opened and
t hus sunction @EXhdusting sledmosipewh ortmedig 79 (@ yi ng step shown in Fig.
9(9)

Fig. 9(g) corresponds to the step 7 in Fig. 10, and
illustrates a state in which the valve 56 is 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 interior 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 K



Fig. 9(g) corresponds to the step 7 in Fig. 10, and illustrates a state in
whi ch the valve 56 is closed to stop supply of nitrogen gas (N2) at
ordinary tenperatures, the valve 53 is opened, and nitrogen gas (N2) is
heated by the heater 54 to supply nitrogen gas (NZ) at high tenperatures
into the drying tank 30. The period of tine required for supplying nitrogen
gas (N2) at high tenperatures is approximtely 150 seconds, and during
which the surface of the wafer Ain thegsdrying 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 atnosphere of
hi gh-tenperature nitrogen gas (N2) in the previous step, and then the valve
56 i s openfdhe wafmy vy Inirt exgeplgass EN2LConghi 8h)ican e preygented drdmnary
tenperatures, into the drying tank 30 to return the interior of the drying
tank 30 tpeoxdidhaayipepperatures, which is so called "cooling down". The
period of tine required for this process is approxinmately 30 seconds. The
interior of the(9dryrngngankeposhewpnnint Biged9({h)an inert gas at nosphere by
nitrogen gas (N2), which is an inert gas at ordinary tenperatures, being
suppl i ed from thednik togemoyssasiipptsy JFowhigh the qurnahlkr aggr cdesables  of
the wafer, for exanple, a silicone (Si) can be prevented from
reoxi di zatiign31 (i) opepiadytet eprendviie idy iEdgwader) Wmlkaced ion $hewsraddeate in
whi ch t he openabl e and cl osabl e ) ) )

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 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 from the rinsing tank 40 according to 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. 1In 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
quick 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



lid 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 drying apparatus according to the
invention is constructed of the drying tank 30 and the rinsing tank 40, and
t hus the space can be saved. Further, since organic solvent m st is not
supplied in the step of drawing the wafer Wup fromthe rinsing tank 40
according to the invention, Mrangoni. Jgffects do not occur at the interface
bet ween 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 is used as nitrogen gas (N2)
, which ibeans¢der$ ghsalhesndéiveo MHIHDSIN MOKE aeEORRENy t&x tWali nary
tenperatures. Therefore, nitrogen gas (N2) as an inert gas used in the step
of vapori zhvgnbigani adberease CEPRRrtigdegr fireg (thee waf@r haviding @n 10) is
preheat ed, because it enables quick drying. Tenperatures to be heated are
pref er abl 9xbéigednf it Bami mfétémméeg previend asieapd reegidipatieant .
However, gas at ordinary tenmperatures, which is not heated, may be used
dependi ngoénthfesuypacer Ohashed Sddjleens (SthoGgn Mea mygdieng®sl- (N2) is used
as an inert gas in this enbodi nent, argon gas may - 26 be used as an
alternative. FUFi%erlpote, 2agEdPHi A Fgetﬁ ickpggfrt Pénoxadiépenédlas on
particles fromthe wafer having,an oxidized filmor a pattern nay be
prevent ethSnﬂquéﬁﬁdP§aFP8nsl icon 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. 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 filmis suppréssed 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 (Si) 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



of the surface of the silicon (Si) can be prevented. Fig. 16 is a graph of
the thickness of oxidized filmon the surface of the silicon neasured after
bei ng etched by DHF (HF/ H20) (diluted hydrofluoric acid) and being rinsed

wi th 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 perfornmed the drying process. The

| ateral axis represents rinsing tine (gyn), and the vertical axis
represents the thickness of natural “o%idized film (angstrom. As shown in
Fig. 16, though the thickness of oxidized film forned on the surface of the
silicon increases in accordance with the rinsing tinme, the inventor

verified Jadrniavel opmeste rofre ,Natthat h€xd e} #efl afpgafdtsisS HAA €6 adhr yhieq
rinsed with hydrogenated water in conparison with the case of being rinsed

with ult naiHe arderd ey it e 02neometon | aiy o §éndbp@bwatéri sagonsi dered
to be because bondi ng between silicon (Si) and hydrogen is pronoted due to

exi st encedfedtdl Q@eNrins indisvatgemat er and thus bonding between silicon
(Si) and oxygen is hindered. Fromthese reasons, using hydrogenated water
whi ch i s obtai meddnriadfdnog tydriapen7 ,wvahethép anbisd igemaiodr tEephr ebses
devel opnent of natural oxidized filmon the surface of the silicon and
prevent s dpsamdtiuy afcckdinpttey ek inTeardbar @il be dbscdiyedyg appacat us

and the drying nethod according to the invention, hydrogenated water may be
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 to 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 is 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



selected as rinsing water. Referring now to Fig. 17, another enbodi nent of

the drying apparatus according to the invention wll be described. Since
basi ¢ 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 to perform
only drying operation for the waf er “"WA8s ~a washedobj ect 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

i nert gasoairEes Mienei trodan Machdyeby t togeat ivhes ebyatermatkoBanobevat er mar k
is prevented and inprovenent of productivity is realized. Further, since

t he proceseventiRel faidethprovenest edf prodetti €itgons apeaatzeq.of the washed
obj ect can be prevented. As is described thus far, according to the present
i nvent i omFurt3idem s g8RneetHe/ pRbcEStid perfidimedatinya gddlilst thetdiranet er
of organic solvent m st can be reduced. Further, according to the

i nvent i osoramtiired i dil ans fetie dbigs hed Mab asgoncafropbe epdeeantied. occur, and
oxygen i s purged because an inert gas atnosphere is 28 forned by nitrogen,
whereby formati on of watermark can be



prevented and i nprovenent of productivity is realized. Furthernore, since
the process is perfornmed in a sealed structure, contam nation of the washed
obj ect can be prevented. -29- WHAT IS CLAIMED IS: 1. A method for drying
washed objects for performng drying by the use of a drying apparatus
including a drying tank having an openiftg_on top thereof so that washed

obj ects can be placed or taken out from-above, a rinsing tank forned
integrally with the drying tank, and an openabl e and cl osable |id being
capabl e of sealing hernetically by being closed, conprising the steps of.
novi ng a cr a1 LﬁﬂNQ@Pﬁ% and hol di ng washed obj ects upward and downward
by a hoisting nmechanismafter the washed object is subjected to the rinsing
process in the rinsing tank and stopping the same in a state in which a
part of the washled obihedforidsyingiwashodpbjetts irphrformang dnying byuhd ves@fdi rect|y or

indirectly, perform.ng. dryin rocess. by emttin rganic sol 1St to
the washed Shreebr Potlp /88 B0 nitlad Plonshi o rfeqPd diVashle
m st - st rai gébjemy dag be preeddrdalestidut fro abbe:, s sifEing fank farfried fitegralihwith the

m st-strai ghtening vane indirectly, wherein the dianeter of or i ¢ sol vent

T st e ¢t VAU 3p OPFETHS 16 Cifcable S PangRtRshicn) SPURE FPEHGEN RS, e t han 20

m di schar gidig d&e@NiogRdsBkiRIst@kber the drying step; and perform ng quick
e )

drying process by supplying inert gas at a high tenperature into the drying
tank after the dnayingmgragledpr placinganddiolding Wathed phiceis umEard agd doyekard

obj oct 1o dospoiPehestR Rl RotBELRty P RbREled i R
met hod f or wdhisytigngnkvasvegbpinigjtiecdaseds a otatk ingvhich acpaat afite washed ebjactsaind | nert
contact with the fluid surface directly or indirectly,
performing drying process by emitting organic solvent mist to the washed object
from a fluid spray nozzle provided on a mist-straightening vane and emitting the same in
turn from the mist-straightening vane indirectly, wherein the diameter of organic solvent
mist emitted indirectly from the mist-straightening vane is not more than 20 pm,
discharging 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.

2. A method for drying washed objects according to claim 1, wherein said washed
object is wet when the washed object is drawn up from the rinsing tank by the hoisting

mechanism.

3. A method for drying washed objects according to claim 1, wherein said inert

gas is nitrogen gas (N2) at ordinary temperatures or heated nitrogen gas (N).

4. A method for drying washed objects according to claim 1, wherein an organic
solvent for generating organic solvent mist is selected from alcohols, ketones, or ethers
having water solubility and capability of lowering surface tension of deionized water with

respect to the substrate.



gas is nitrogen gas (N2) at ordinary tenperatures or heated nitrogen gas
(N2). 4. A nethod for drying washed objects according to claim1, wherein an
organi ¢ solvent for generating organic solvent mst is selected from

al cohol s, ketones, or ethers having water solubility and capability of

| owering surface tension of deionized mat§6 with respect to the substrate.
-30- 5. A nethod for drying washed objects according to claim4, wherein the
organi ¢ solvent can be heated to tenperatures within the range of 5 C. to 80
C. when it is IPA

A_nethod for dryin shed ect acco rding to claim
1, wherein rinsi-ng m%&ﬁ?%@nggﬂ“%%?S?‘S‘? gm%ﬁs g‘ic T&g° G%QJPét v ?feﬁnﬁ ¢ H82¥f nsi ng
tank is hyq,()%ﬁtrb@ﬁ 86 h¥WRE P temperatures within the range of 5° C. to 80° C. when it is IPA.

6. A method for drying washed objects according to claim 1, wherein rinsing

water for performing rinsing operation in the rinsing tank is hydrogenated water.





