AN APPARATUS AND A METHOD FOR DRYI NG WASHED OBJECTS BACKGROUND OF THE
| NVENTION 1. Field of the Invention The present invention relates to an
apparatus and a nethod for drying washed objects, and nore specifically, to
an apparatus and a method for drying washed objects being 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 wafers after washing of precjsion substrates, and thus a drying
apparatus using organi c solvent vapor “is enployed. 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 drying tank 2 being

box-shape hayingpsirRREM ARTPA NERHJIPFORIDRITGGOFASHED ORIBLTS heal i ng
t'er) nounte

devi ce (hea 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 paakcRoliRb pkaghrgIsveafreoN6 as a washed obj ect
t hereon,. and a solvent pooling section 8 disposed downwardly of the wafer

FL?gigglEabgféfd Jbe fLYingeaPPARAt US 1 heats organic sol vent 9 charged

-The preseht 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 a drying
‘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 inFig. 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 tank 2 to a boiling point by the heater 3 and generates organic
sol vent 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 noisture
attached on the surface of the wafer 6 is replaced by organic sol vent
which is nore |likely to evaporate, whereby the wafer 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 atnosphere, where attached solvent conponent rapidly
evaporates due to its low |latent heat, to be conpletely dried. The organic
sol vent theadegimgdtardparicadbbyling woiglt by theileatali § povdgemenatesupper
part of the drying tank 2 is condensed and dropped in the solvent trap 5
for recoveapiandoleesitngapoki kewtbe, uppeveport heh uthereodi stAura i fped
fromthe wafer 6 is also recovered in the solvent pooling section B. The
dryi ng appeadyusadhed ander 1 géad ed tiw wa tdendisdshen aserded and fArmesged nce
organi c solvent is heated by the heater 3, and consunmes a | ot of energy
because iint thar Mageroun hdat idny ia ok ihg Confdengadiiono®f Argadyif res a
significant period of time until a vapor layer is formed by being heated
by the Bedvent3ocaudtscoms iies sug famey@fotde Wwafesf bortdati dssdinssitefie to
evaporation. Further, when the washed objects cone in contact with the

m st | apexd alrganged 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 S5 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 cbjects come in contact with the mist layer, heat



+ 3 of vapor (gas phase) is absorbed by the washed object, thereby causing
abrupt change in phase (gas phase to |iquid phase) and reducing the vapor
| ayer. Consequently, the washed object is exposed to the atnosphere, which
may easily results in contamnation, insufficient drying, and so on.
SUMVARY OF THE | NVENTI ON Accordingly, it is an object of the present

I nvention to provide an apparatus and a nethod for drying washed objects
bei ng capable of drying the washed objects in a reduced period of tine,
effectively preventing contam nation %f_yhe obj ects, and preventing energy
| oss. The apparatus for drying washed objects according to the invention

I ncl udes a drying tank in which organic solvent mst is generated and
supplied to washed objects therein, wherein the drying tank includes a

m st - st rof ghlperi Ngasaphaken $spPbyonged dsyartie wadhehtobjesit  ahidrebyashed
obj ects. The m st-strai ghtening vane of the apparatus for drying washed
obj ect s canedmdj a@ruptt b angecnhi phase pgayipkalsentd Heipiide pheadd) afnd he
drying tank, and is provided with a plurality of fine openings on the

sur f ace deluceid tiheg veipganilaysat veTonsiegluentt 1yhe thposialshed wiiarcd iof a
fluid spray nozzle away froma prescribed distance S, so that a portion of
or gani c eaqosatt t8 Sthd haimgeqasact, thirimlgmdheapely ngeswitofimhe whol e part
of organic solvent mst emtted fromthe fluid spray nozzle is indirectly
em tted.contamination, insufficient 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 out of the whole part of organic solvent mist

emitted from the fluid spray nozzle is indirectly emitted.



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 emitted fromthe fluid spray nozzle of the apparatus
for drying washed objects according to the invention includes organic
solvent mst and inert gas. The configuration of the opening of the
apparatus for drying washed objects according to the invention is
chanfered configuration. The apparatus for drying washed objects accordi ng
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 fornmed integrally with the drying tank, and is capable of
bei ng seal ed hernmetically by closing the openable and closable lid, and the
dryi ng tank imséutiesid sprdy sizziglifenhegappacatos Soppd Xy hed orafdifd
solvent mst to the washed objects. The drying tank of the apparatus for
dryi ng wpsbedsahi@stdingamotdiengntent henicareanibrt vneirudese shl ifardiow t ank
formed on top of the rinsing tank integrally for overflow ng dei oni zed
wat er teybessyppiiedd mtimilmrdasing tank, and a channel for drainage
fromthe overflow ng tank is grounded. The apparatus for dryi ng washed
obj ects accorgiagdtémi beedi fivantthenflodHusiesay madizdse bEr the s ray Hnes
hol di ng washed objects in the drying tank and in the rinsing tank, and the
cradl e gaR drying washed objects according to the invention includes
organic solvent mist and inert gas.

Theconfigurationoftheopeningoftheapparatusfordrying
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 sclvent mist to the
washed objects. 7

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 fox overflowing deionized
water to be supplied into the rinsing tank, and a channel for
drainage from the overflowing tank 1is 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



5 be noved upward and downward by a hoi sting nechani smand can be stopped
in a state in which a part of the washed object is in contact with the
fluid level directly or indirectly. The portion of the washed object that
is imersed into the fluid level of the rinsing tank of the apparatus for
dryi ng washed objects according to the invention is the portion other than
the patterned surface. A nethod for drying washed objects according to the
invention is a nethod for drying washed objects for perform ng drying by

t he use of a drying apparatus includigg 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 hernetically by closing an openable and cl osable lid,

conpri sifafmolB8 SHRREACAndUdtvard HAdaehb 95t PhgCheShandsiod sl nea mashed
objects upward ahd downward by a hoi'sti ng nechani sm after the washed

obj ect \Wa%HHASEG Tah sttht o IS kWG ARk e HORM GRS ¥ ddt i state in
whi ch a pa#&ﬁof thg washed object is in contact with thgmﬁluid surface

direct | ot dctdifi@H ohe RN IR Md\e 10Ty MGt B Qe SEnddyr&iti Iy i ng or gani ¢
solvent mst to the washed object froma fluid spray nozzle provided on a

m st - strai ght @RieNgo¥angn GNdEHRMhEHBE dhfeSBEhd iCULAMEFSEUt NEto the
m st-strai ghtening vane indirectly, draining deionized water after the

gr K: ng $18d B8del RAT EAENE I Tt elndr vf RGP OSLESt BY fRUPRTYiNg Wadidd gas at
’ 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 deicnized 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.



tenperature into the drying tank after the draining step. 6 In a nethod for
dryi ng washed objects according to the invention, the washed object is wet
when the washed object is drawn up fromthe rinsing tank by the hoisting
mechanism In a nethod for drying washed objects according to the
I nvention, the inert gas is nitrogen gas (N2) at normal tenperatures or
heated nitrogen gas (NZ). In a nethod for drying washed objects according
to the invention, an organic solvent for generating the m st of organic
solvent is selected from al cohols, ketones, or ethers having water
solubility and capability of |lowering surface tension of deionized water
wWth respect to the substrate. In a nethod for dryi ng washed objects
according to the invention, the dianeter of organic solvent mst enmtted
indirectly fram ahaetrhet- foraidghtieg ngshade obsjacdts Aocendiayg 2® the | n a
met hod for drying washed objects according to the invention, the organic
sol vent ioaentdongatbe washedpebdantes s wethiwhemhd&heamgsheld 50 jest83E when
it is | PA (Isopropyl alcohol) . In a nmethod for drying washed objects
accor di dgawn tipe £friomverme aninsdingsitaplndtertforhpieatiorgrimg-hamssmg oper ati on
in the rinsing tank is hydrogenated water. BRI EF DESCRI PTI ON OF THE
DRAW NGS Fi g. Ih asmetdpdwifog shovingg wasded mp gai@ @aeeidinheq dike ed
invention, the inert 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 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
IR .

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 a drawing showing a drying apparatus in the related

art;



art; 7 Fig. 2 shows a drying apparatus according to an enbodi nent of the
I nvention partially in cross section; Fig. 3 is an explanatory draw ng
illustrating a state in which organic solvent mst is emtted indirectly
by the use of a mist-straightening vane; Fig. 4 is an explanatory draw ng
illustrating the dianmeter of organic solvent mst emtted fromthe

m st-strai ghtening vane and the emtting state; Fig. 5 (a) and Fig. 5 (b)
are enlarged cross sectional views showi ng the configurations of the
opening on the mst- straightening vage; Fig. 6 is a drawing showi ng a
state of transferring particles as"a‘résult of being dried using Marangoni
Ef f ect, that is, Marangoni Drying, after being etched by DH (
HF/H O (diluted hydrofluoric acid); Fig. 7 is a graph of the increasing

amount of pargigl es shbisMRrBRETY ap?’a)’:ialiﬁlgs htbyBai AL 1 dhembedihlendf t er
performng the steps of rinsing wth deionized water - drying, and the

result oafEge Eﬁ{rfaﬁ{:%ﬁgph!&‘%iﬁg.@?siﬁf cgbeli Becwibh; DHF (HF/ HO (diluted
hydrofluoric acid) - rinsing with deionized water - drying; Fig. 8 is a

drawi ng for ceggari ngs tie SiPHatdry RYLATRy 11N uddibHtdles d BtiRieangoni
Drying and drying according to the "invention;

which organic solvent mist is 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 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
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;



Fig. 9 is an explanatory drawi ng showi ng the drying process in a drying
nmet hod according to the invention; S Fig. 10 is atinme chart of the drying
process according to the invention; Fig. 11 is an enlarged expl anatory
drawing of a state showmn in Fig. 9(e); Fig. 12 is an explanatory draw ng
illustrating the amount of electrostatic charge on the surface of the
wafer shown in Fig. 11; Fig. 13 is a drawing showng a state in which the
di aneter and the nunber of the particles of organic solvent mst Mare
nmeasured by the use of a Phase Doppler Particle Analyzer for five mnutes
when the m st-straightening vane i s—ued; Fig. 14(a) is a drawi ng show ng
results of nmeasurenent in the experinment conducted in conjunction with
Fig. 13, and Fig. 14 (b) is a drawing showi ng results of measurenent of

the di ameter @gd i be;gugbes naf cHéH:' slregnef dQWﬁg Eré@b&@nhcﬁb%ﬁlMg\MthOUt
using the m st-Strai ghtening vane shown in Fig 15i1s a

dlagranggttﬁesgﬁbggtggna state in which electrostatlc charge i s being
renoved; 16 is a gfaph of the thickness of oxidized filmon the

T e Sl s et
I's obtaipeg;By adding hydrogen water

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 ﬁhe 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 1is used;

Fig. l4(a) is a drawing showing results of measurement
in the experiment conducted in conjunction with Fig. 13, and Fig.
14(b) ié 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



torinsing water in the rinsing tank by the use of the drying apparatus
according to the invention, and then perforned the drying process; and 9
Fig. 17 is a drawi ng show ng anot her enbodi ment of the drying apparat us.
DESCRI PTI ON OF THE PREFERRED EMBCODI MENTS Referring now to the draw ngs, an
enbodi mrent of a drying apparatus and a drying nethod according to the

i nvention will be described. Fig. 2 is a drawing show ng a drying
apparatus according to an enbodi nent of the invention partly in cross
section. As shown in Fig. 2, the drying apparatus 11 includes a drying
tank 30, a rinsing tank 40, and a pruflbing system 50. The drying tank 30
I's provided on top of the rinsing tank 40 integrally therewith. The drying
tank 30 is open on top thereof and thus the wafer Was washed objects can

ner et cal Ly BSel 41 k8 2ancaRandorbORtne; AaRRRR" R Bt B She 0

lid packin 39 caonpletely prevents outside air fromentering therein. The
openablngﬁﬁch8E86P§uPrd 31 is opened and cl osed by sliding novenent

t hereof via a guiding nechanism which is not showmn in the figure, in the
vertical direction with respect to the plane of Fig. 2. Fig. 2 shows the

cl osed state. The Ddé’é/dﬂgml_;la&g &_0 ﬁﬂ.ﬂd ﬁ%ém %ﬁ@ﬂfmﬁ&é‘re construct ed

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 1id 31. In other words, a lid packing
39 completely prevents outside air from entering therein. The
openable and closable lid 31 is opened and closed by sliding
movement thereof via a gquiding 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 menbers havi ng non-conductive properties and corrosion resistance
properties, and are box-shape opening on top in cross section. The rinsing
tank 40 is slightly snmaller 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 allowing deionized water in the rinsing tank 40
to overflow. As shown in Fig. 2, mst-straightening vanes 32 for supplying
organi c solvent mst, which is IPAin this enbodinent, indirectly to the
waf er Was a washed object are provldfg on both sides of the side wall of
h

the drying tank 30 so as to sandw ch e outer peripheral surface of the

wafer W The wafer Win the drying tank 30 is, as shown in Fig. 2,
substantially circular (a part of the outer periphery is cut out to form
an ori endaatki 60, Ahdt}heansper partidn pfotheat éns ingatankdi spdsed lacgshral | el
at regular intervals in the vertical direction with respect to the plane
of the fiingir he Ganermipoyt iwheoft tiey daye isehaskndfuct At isefar @1 losringanpl e,
100 pieces of wafers measuring 8 inches in diameter may be placed, though
t he nunhlericavidadhevatieanetrerthayr insei eplteotled Gstapreptiede. These wafers W
are placed on the cradle 33 having four supporting menbers in this
enbodi ment. | As shiosmerinodigsnt2, tnies bwesftara iwhitendgs e aso VO 2 i nches
in dlaneter._As shown in Fig. 2, the cradle 33 is capable of noving
upwar d appdguimiaodghetwesnl véet m il nyhighkis I Fdndnt Helyeyiheglnentk 30 by
the aid of a hoisting nmechanism which is not shown.
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 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 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 themain surfaces of the plurality



The m st-straightening vane 32 is forned entirely of a laterally el ongated
rectangul ar solid as shown in Fig. 3, and has a width that enable itself
to supply organic solvent mst M whichis IPAin this case, to the main
surfaces of the plurality - 11 of wafers Wsinultaneously. Forned on the
surface 32F of the mst-straightening 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 nmin this enbodinent.
The openings 32a are, as shown in Fi_g1 4 as well, not fornmedonthearea
fromthe | ower end of the mst- strai g%teni ng vane 32 (the position on
which a fluid spray nozzle 34 is to be nounted) to the point at a distance
S. The organic solvent mst Mof IPAis, as showmm in Fig. 2 through Fig.
4, suppldfedraferas w ufimuditenteowminunt Formede onorthe afurfiaghe d@fsidf thest M of
an organic solvent (two different types of fluid are supplied in this
enbodi marits)t -fsrtarmitghe ol iigd veprea)3 hqzrad ¥t Bheum edhatside ¢Hwehe portion of
the m st-straightening vane 32, filled inside the mst- straightening vane
32, and pruriplheachlf sonfabe adpehengsf 2 W ared pkerdlity athéinafageningshe
di anmeter of the emis s ion aperture of the fluid spray nozzle 34 is
appr oxi el yThénsiz&hef crgamipeniss) d@at ifoappenainaited yt henbr gariftisol vent
mst is selected from al cohols, ketones, or ethers having water solubility
and capathiddimendf. | Ther bpgniogbadeat ensi oascfhowe idef bpi zebdBsvadekl, wit h
respect to the substrate.

not formed on the area from the lower end of themist-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 Mof 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



Referring nowto Fig. 4, the change in the state of the organic solvent
mst Min this enbodinent wll 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 |lower end to the
position at a distance - 12 S (about 100 mmin this enbodinent), is filled
wth organic solvent mst M. of at |least 20 m on the other hand, the
region b upwardly of the region ais filled with m xture of organic
solvent mst M of at |east 20 pm and organi c solvent mst M5 of |ess than
20 m The nixed organic solvent nist M. =and M5 are straightened at the
openi ngs 32a on the m st-strai ghtening vane 32, and only the organic
solvent m st M passes therethrough and is supplied to the wafer W The

organi cg
a@ﬁ St ng vane san%ﬁ&gﬁhegg) mls'ﬁlmg%ﬁ%fmﬂesweent

m st-str di scharged froma discharge port 32b shown

in Fi gn{g\g?tﬂﬁggﬁ, %?aétdj'(ﬂwnng SNk ferShahg, 'ﬂhé’"ﬂb%'ﬂoh@u@hﬁ%&?’f and

the nu es of organic solvent m st when~using the
epL
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)
Particle Ana%yzeg ?or f|ve m nutes, Fig. 14(a) 1s a draw ng show ng

resul tsypf of¥Ber LTS Qﬂnghlc';aﬁﬁ bﬁ}gﬁﬁﬂbu%ﬁ.kr@ﬂt Witk FsJofl3esandhing.

14(b) is a drawi ng show ng results”of neasurenent of the dianmeter and the

number gf, B! 'ﬁleﬁﬁusefadt&e% aRl 9315 Hest il §hdl\ﬁswatﬂ@§tru§t;meh@@
m st - strai ghteni ng vane own in Fig. 13. The lateral axes in Fig. 14 (a)

and Fi ga¢l¢nepenings 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 measured by the use of a Phase
Doppler Particle Analyzer for five minutes, Fig. 14(a) is 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. 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 diameter was 11.5 um. Many large particles



represent the dianmeter of the particle of the mst (m and the vertical
axes thereof represent the nunber of mst particles. As shown in Fig. 13
and Fig. 14, when the mst-straightening vane 32 was not used, the m st
di aneter showi ng the peak of the nunber of mist particles was in the
vicinity of 8 m and the average m st particle diameter was 11.5 pm Mny
| arge particles - 13 neasuring at least 10 min dianeter were al so
detected. On the other hand, when the m st-straightening vane 32 was used,
the m st dianmeter show ng the peak of, fhe nunber of mist particles was in
the vicinity of 5 m and the average mst particle dianmeter was 6.4 tm
Large particles neasuring at least 10 min dianmeter were found little or
not hing. As is described thus far, the invention is contenplated based on
the fachehbatihy A% Lepett aot uhoisudilayetegamwieresalsendetmctted uni formy
to the space between the wafers Win order to dry a plurality of wafers W
si mul t aneous| gn tansd otthes Nagapiwhersaheenististrdigatengngmedher3 diwaset er i s
nore preferable. It is because the particles of organic solvent mst M
havi ng gBelH| ethethaget@ianerebesigasifyethegsddly dfi thenpambeon ofi tili stthe
particles having |arger dianmeter, and thus the rate of diffusion in the
ai r incpaagesledr gasi @nseheentcinityMasisowm,i mnki ghet averaye mhistst at e of
bei ng gasified. Therefore, according to the invention, organic solvent
m st M phrtPAlesdiambtecihay €n pined bargbeparde dfes heasusting at least
10 um in diameter were found little or nothing.
As is described thus far, the invention is contemplated
pased 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.



strai ghtening vane 32 wi thout heating for generating organic solvent m st
Mas in the related art, whereby high-securities are ensured and organic
solvent m st Mcan be supplied i mediately, thereby inproving operating
efficiency of the entire apparatus. Fig. 5 (a) and Fig. 5(b) are enl arged
cross sectional view show ng the configuration of the opening 32a on the
m st- straightening vane 32. 14 The sem conductor wafer Wand organic
solvent mst 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)l4 et ectrostatic charge causes
concentration of electric field, and thus increases probability of

di scharge, which results in charging of the wafer Wby induction.

e ot | S R AV o B AL, RO W 1
bel ny CHEPGBAv=aRaEBBPERTCE o 18, SBLIEL B OP 9esrr LHeEeERE %G %h gi ng
O opcdfiehd'HoteE AR SHbeotb g, PSELE PRGRETLL SO RETEAE
LA 93 i AR Lo 0 |7
port BGC%%cgg%ra% 1%h 8F' ﬂég£§k5”f§g dangna'@ﬂﬁé(ﬁ%@}eases probability

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 suppliedwith 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 1is 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



gas supply port 37 for supplying nitrogen gas (N2). 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. Wen deionized water
supplied into the rinsing tank 40 reaches to a certain level, it is stored
tenmporarily in an overflow tank 42 shown in Fig. 2 and then is overflowed
t hrough 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 formed in the drying tank 30.-The ~rinsing tank 40 is provided with a
drain valve 43 for draining deionized water at the center on the bottom
thereof, so that deionized water in the tank is drained through the

drai nage duct when the drain valve 43 is opened. The plunbing system50 to
be conneesedusophiasedppirtgoradie 130 fanBeri A8 RSt SRR 186 &FP;“ gg'de B bed
bel ow. The pl unbing system 50 includes (1) a channel for §U£Q€%inﬁ.

ni t r ogem igasngNzankt 40t he pEEvéged yashsappryipoyelse, 44230 ahhel? for
supplying two types of fluids, |IPA asanorganic solvent and nitrogen gas
(N2), t detioa ifdad dadEmyathddre ec@utex 39N stied dpeketoms §peEgA usFPnaj%:i‘itr from
the drying tank 30, (4) a channel for _ supplying deionized water into the
ri nsi ng dedok i4@d wBLea thammreltamoisdir el THARIhE NG BFPRERSEAARCE2, and
(6) a channel for draining deionized water in the rinsing tank 40. Control
of the wlemnsitreg dyesitrermBlore st pet$ oppe@eBY a control unit which is not

shown _
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
nitrcgen gas (N,} to the nitrogen gas supply port 37, (2) a channel
for supplying two types of fluids, IPA aé anorganic solvent and
nitrogen gas (N,), to the fluid spray nozzle 34, (3) a channel
for exhausting air from the drying tank 30, (4) a channel for
supplying deionized water into the rinsing tank 40, (5S) a channel
for drainage from the overflow tank 42, anﬁ (6) a channel for
draining deionized water in the rinsing tanpk 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 ordinary
temperatures 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. Nitrogen gas (N,) at high
temperatures heated by the heater 54 is used for guickly 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



in the figure. (1) In 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. Nitrogen gas (N2) at high tenperatures heated by the heater 54 is used
for quickly drying the wafer Was a washed object in the 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

t he opened state (ON), the other valve 56 is in the closed state (OFF). In
contrast to it, when the valve 53 is in the closed state (OFF) , the valve
56 is in the opened state (ON) , and nitrogen gas (N2) at ordinary

t enper aygr®s 375 S¥pRhiots tim gy .dr2yi nemanthe 3 adenmrghiarnes fydtee 35, Even
when thé wafer Was a washed object does not exist in the drying tank 30,

cl ean niity’ 9aeAhgaspd i) safateON(dN)ar yheeopkentwalbee i%6 sepphi elieintes ede
drying tank 30 so that the gaseous phase portion 35 is conpletely filled.
The val & 333, ((t_)hﬁ?]\_/a|1/fec5ﬁtra@ﬂt thdtheahen the cahvbe T antinkthedldyedhe
control unit which is not shown, so that switching of the valve 53 and the

val ve 56t aard(bhe)t eeeval ves o stiretheatpemdlistate Ut + endedit¥@yehe
channel for supplying two different types of fluid, |PA as an organic
sol vent qand (i, § ragerddas ri\egmpetratuesf isishmgpragd to the drying tank
30 through the filter 55. Evenwhen thewafer Was 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 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 f£luid,
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 53, 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(Nz),aresuppliedtothefluidsPraynozzle34simultaneously.
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



nozzl e 37 includes an I PA tank 59 for storing |IPA a punp 60 for supplying
| PA fromthe IPA 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 (N2) , and a filter 58. Two types of fluid, |IPA as
an organic solvent and nitrogen gas (N2), are supplied to the fluid spray
nozzl e 34 sinultaneously. Nitrogen gas (N2) is for securing safety. Such
control is perfornmed by the control unit which is not shown in the figure
as described above. (3) The channel _f9p gxhausting air fromthe drying tank
- 17 30 is for sucking and exhausting air fromthe exhaust port 36 wth
the valve 64 opened (ON). (4) The channel for supplying deionized water
into the rinsing tank 40 is for supplying deionized water fromthe
dei oni zad at €ors smulkiimy anck Axhaals Wint ahe leawetls epeaest (BT, 365) The
channel for drainage fromthe overflow tank 42 is for draining deionized
wat er owerhl ahed arlom tée apaersedg( @@hk 40 and | PA which is a dissol ved
organi ¢ solvent through the drain valve 52. (6) The channel for draining
dei oni zed wat ¢# )i Thiehehaimmsilngon ankpphpiny seior bt ed vdrber43ntehghgryi ng
met hod using the drying apparatus of the invention is characterized by
bei ng ardmgiimg retriiodi whis i aoesuppby 1vgi ¢¢reniaednydhPTELFEBt $h&s in the
case shown in Fig. 6.

deionized water 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)Thechannelfordrainingdeionizedhmter:U1therinsing
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



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

bei ng etched by DHF (HF/H, O (diluted hydrofluoric acid) , and Fig. 7 is
a graph of the increasing anount of particles in Marangoni Drying,
illustrating the result after performng the steps of rinsing with

dei oni zed water - drying, and the result after perform ng the steps of
etching with DHF (HF/ H20) (diluted hydrofluoric acid) -> rinsing with

dei oni zed water .- drying. The coqpaﬁination of IPAin Fig. 6is C>C1I,
and the surface tension is rl <rll. en the concentration of IPAis
Cll=Clll, the surface tensionis rll =rlll. Crepresents - 18 the
concentration of IPA r represents the surface tension, and Roman nunbers

I to I 1{yE Qi ifseit rd DEoROSE tIFaN &hﬁwgrielaeﬁtg.tlﬁe Ax faceltens fopmFly. 6,
| PA gas (not IPA mst) is supplied etween a bare wafer and a wafer with

an oxi dized: f b he 28 WaENT 1 Hei O gosh waties s i tdwdrevewmloimvig- i§r thi s
state, water 1s apt to be stuck on the bare wafer facing toward the wafer

W th an oxi dzkg%% Eille@rbzryﬁrlaf@rpra‘, Foncgas anrbt Herpmistgl bs sarpplalesd  apt
to be stuck on the bare wafer. Therefore, as is clear from Fig. 7, the

number of  paLhi £liSsrd RRASaRARIWRELY Wien adr bedd ibpdVai amgomnd D¥iydmg
after berng etched by DHF (HF/ H O (diluted hydrofuoric acid). Fig. 8 is

a graphLor, ¢9pRaLaRe t he drtinag Rt krdimusirty in ke idr yust @ppereusts

according to the invention, and the drying
apt tc 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 Marazngoni 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 provide a drying method in which increase in the number
of particles due to Marangoni Drying aitex being etched by DHF
(HF/H,0) (diluted hydrofuoric acid) as shown in Fig.6 and Fig.
7 is prevented.

rReferring now to Fig. 9 through Fig. 12, the drying method
according to the inventicn will be described. Filg. 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 is an explanatory drawing illustrating the amount of



met hod usi ng Marngoni Effects, and an object of the invention is to
provide a drying nethod in which increase in the nunber of particles due
to Marangoni Drying after being etched by DHF (HF/ H20O) (diluted

hydrof uoric acid) as shown in Fig.6 and Fig. 7 is prevented. Referring
now to Fig.. 9 through Fig. 12, the drying nmethod according to the

I nvention will be described. Fig. 9 is an explanatory drawi ng show ng the
drying process in the drying nethod according to the invention, Fig. 10 is
atime chart of the drying process_aﬁgogding to the invention, Fig. 11 is
an enlarged explanatory drawing of a"State showmn in Fig. 9 (e) , and Fig.
12 is an explanatory drawing illustrating the anount of - 19 electrostatic
charge on the surface of the wafer shown in Fig. 11. (1) Drying step shown
in Fig. et fddhatdid Dhshpwsomn tdieatsa nthere ofo thef eaf@teshewn in Fhe.drying
apparatus 11. As shown in the step 1 in Fig. 10, in a state in which the
openabl g and closable Iid 31 is closed, and deionized water is supplied
fromthe deionized water supply channel (4) to the rinsing tank 40 for

overflow rinsing prjivgescgassidwn imsrsgppdiay fromthe nitrogen gas (N2)
supply channel (1) through the valve 56, the filter 55, and the nitrogen
gas supply portiq .39 (k9 $Wmessayd et ahkrdino and esi welxtisnsols hhe arying
sucked and exhausted fromthe exhaust channel (3) with the valve 64
opened, apparatus 11. As shown in the step 1 in Fig. 10, in a state in

which the openable and closable lid 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 1id
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



and IPAis circulated in the |IPA supply channel (2) wth the valve 63
cl osed and the val ve 62 opened. At this tinme, the cradle 33 is |owered
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 obj ect
such as 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 openabl e and
closable Iid 31 is constructed to be openabl e and cl osabl e automatically
or manually when the wafer Was a waghed object is |oaded in or unloaded
fromthe 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
(N2) , suction exhaust, and IPA circulation - 2 0 - are identical to Fig. 9
(a) otheret hdanthealaod Rivpt 9(he opbaabilean die: €hotabhat |t dpamakdpened
and the cradle 33 is noved upward. Subsequently, when the washed obj ect
such as amdnalesabliesliglXcds openhbkd anddile Tadllee3dais yiawpd mpwa bt
shown, is retracted fromthe drying tank 30, the openable and closable lid
31 is cl osed, suasequeetdyadivhef3ths vasleeddhjaat shelr agsangafankv 405
together with the wafer W (3) Drying step shown in Fig. 9(c) Fig. 9(c)
shows a pliacsidngn shepcrsd hey 3deitde cadryangruniger hot sdbwm ihaatinmited t ank
40. The valve 51 on the channel (4) shown in Fig. 2 is opened, and
dei oni zdatomat lee diry ingpipdnled0, the openable and closable 1id 31 is closed,
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
fromthe 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 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



fromthe deionized water supplying nozzle 41 for overflow rinsing. The
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 showmm in Fig. 9(b). The overfl ow
rinsing is performed at a rate of about 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 overflow rinsigyggin the step 3 in Fig. 10 is
finished. As is clear fromFig. 10, the process in the step 4 is identical
to that in the step 3 except for upward novenent of the cradle 33. The
period of time required for nDV|qg the cradle 33 upward is approxinmately
30 secongvaad mAvement PhietBeepradia H géikb. berrﬁémppf-‘ﬁ 1M Ra Bl Sy éfent  of
the cradle 33 will be stopped in a state in_ which the |ower surface of the
waf er Mﬁh@cﬁlFQﬁt19W¢ﬁnﬁﬂ§gﬂcﬁn°ft¢hﬁfWQﬁQ$f@hﬂﬁh@élﬁﬁtﬁﬁelmmﬁ§?ﬁ& £2nk 40,
as is clear fromFig 9 (e) . Though the stop position of the cradle 33 is
control ithe fhyid %@ﬁf@%ﬁ iimitheiias yng ﬁéﬂksﬂgmm@$rﬂ§tﬁQqQRyﬁqgm FRg-stop
position is set in advance. Wen the washed objecf is _a Vﬁ si.nce the
waf er WAi(&)pr oVhereah wih e SEORIRRFH B (He R 19( Rer &8¢ COPFr Pd1gdopped

in a state in which the portion of the wafer, Win e VICIH!t of the
outer pd¥ PhEPPLERdr 8L WRIGH iiss nody thé’r“?"r’ed-%tthr‘? TS h%(ﬁﬁ:%pl nt o

contact with the fluid . .
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



surface. In this case, the wafer Was a washed. object is still wet when
it is drawn upward fromthe rinsing tank 4 0 by the hoisting mnechanism
Though a state in which the |ower surface of the wafer W is directly in
contact with and inmersed into the fluid surface in the rinsing tank 4 0
has been described, the inventor verified that electrostatic charge can be
renmoved 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
i ndirect contact between the wafer V% nd rinsing water as shown in Fig.
15, and allowing water to drop via the draining rod. Fig. 15 is a

di agrammatic sketch of a state in which electrostatic charge is being
renoved. (5) Drying step shown in Fig. 9(e) Fig. 9(e) corresponds to the

step 5jin Fig. 1Q. | i . 2 3 ithadalvensltshowive R ds @pesedl osed
and thetB%Pvg“ﬁﬁ%FSEQBQQe%?EE'd fhe valve 57 is opened to supply two types

Spray.” et e S HE T RN PR B0 TR TR S Sunly o s
heat of 60 BHA=BEChBALEE oo Re Eonmar Rt Grcs A Che range between 5C and |
PO o Seh I T e e oot i eioapaly s shous
continues for approximately 120 seconds as shown 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.

a5 shown in Fig. 11, the IPA mist atmosphere in the dxving
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
rank 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 is removead.

Fig. 12(a) is & graph illustrating measured amount of
electrostatic charge on thewafer 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
snvention. Such measurement 1is performed during the drying

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

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



tank 30 is apt to becone positively charged, and thus the wafer Wis apt
to be charged as well. Accordingly, in the drying nethod of the invention,
as shown in Fig- 11, residual water on the wafer Wwth |IPA m st dissolved
therein runs along the surface on the wafer w downwardly and drops into
dei oni zed water in the rinsing tank 40 and dissolves therein- Since
overflowrinsing is perforned as is clear fromthe step 5 in Fig. 10, the
overflow tank 4 2 is grounded via a drainage channel (Fig - 2 (5) ) and
thus positive electrostatic charge Eiﬁrennved. Fig. 12(a) is a graph

il lustrating nmeasured amount of electtrostatic charge on the wafer surface
when it is dried without inmmersing the |ower surface of the wafer Win the
fluid surface in the rinsing tank 40 according to a nethod ot her than the

i nvent i By t PO SRSREAGAEIY Wi diedlotGsdiuniivg chegdr Ysngempoeaesgyshown
in Fig. 9(e) and in the step 5in Fig. 10. Change in the airoun t of

el ect r osbabedChabRetRAGMILER Wikhen g itjudls weawgedn tBe shyfhbe of
phenonenon in which electrostatic charge is tenporarily renoved fromthe

waf er Wewhepa eesi Wupld Walredrep ReoSHLAERg Qfatdhe mafer rivhandg BAnr op
into rinsing water in the rinsing tank 40. Fig. 12(b) is a graph

i I lustragping neasured anount of electrostatic charge on the surface of the
waf er when the wafer Wis dried with the | ower surface of the wafer W

?'rfﬁtly i mrepsgd 1bpb9 tBeaf hehghsunfiaseranihhemehssired aawokindO occor di ng
’ ’ 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 reguired for

processing is approximately 10 seconds. As shown in the step

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



I nvention. Such neasurenent 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
anount of electrostatic charge on the surface of the wafer is renoved
according to the invention. The sane effects can be obtained when renoval
of electrostatic charge is perforned without 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 shown in Fig. 9(f) Fig. 9 (f)
shows a state in which the val ve 63 stovim in Fig. 2 is closed, and the
valve 62 in the sane figure is opened to stop supply of IPA mst and thus
| PAis circulated. Subsequently, the drain valve 43 is opened to drain

dei oni zgd mt)egu?glg%améi nNa, i 2RhetPa1¥hes Perdneds of thin®s | emd tee for
processi'ng i s ‘approximtely 10 seconds. As shown in the step 6 in Fig. 10,

nitrogeg; 2)aks IS8k ¢ W PUGh d RBeNikyeag§Ntank430 gagnd N4y tdeppl y
channelH%%§§?éyhéa§afégﬁgy , the filter 5 5, gndqth%n nitrogen gas supply

port 37.ikRhAsthendnkiedd (83nk+d@, vande B4t he opehadshnahanhnel sG3)tide val ve
64 i s opened and thus sunction exhaust is being perforned. (7) Drying step

shown i@xﬁthtQQQ)bgﬁgg e ot ieiesponds to the step 7 in Fig. 10, and
illustrates a state in ich the valve 56 is closed to stop supply

(7) Drying 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



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 (N2)
at high tenperatures into the drying tank 30. The period of tine required
for supplying nitrogen gas (N2) at high tenperatures is approximately 150
seconds, and during which the surface of the wafer Win 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 atnosphere of high-tenpergare nitrogen gas (N2) in the previous
step, and then the valve 56 is opened to supply nitrogen gas (N2) , which
Is inert gas at ordinary tenperatures, into the drying tank 30 to return
the interior of the drying tank 30 to ordinary tenperatures, whjch is so
cal | ed ofobhe iR TOITREAPRLPo STLLEGRNG d§di)r €BN R PHAYERYRDLLESR i 5
approxi mately 30 seconds. The interior of the drying tank 30 is naintained
in an | #€PKigagazi@Psphere by nitrogen gas (N2), which is an inert gas at
ordinary tenperatures, being supplied fromthe nitrogen gas supply port

37, so that th&)shBryang step sBPwpndnwgigr, dn exanple, a silicone (Si)

can be prevented from reoxidization . (9) Drying step. sho in FiLg. 9(i)
Fro. 0 (1) CoRods BB} ANoYS ARFERSTHE " b abPReRA ot ot € 1opRr L | &
opened to carry the dried wafer Wplaced on the cradle, 33 qut of the
drying ddeko 301 5PN ToaPAFERGERRITE Lebwalifwl, Placsd on the Fad1¥

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. 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 to maintain 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



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
organi c solvent mst is not supplied in the step of drawing the wafer Wup
from. the rinsing tank 4 0 according to the invention, Mrangoni 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 method according to the igyention, gas at ordinary tenperatures
Is used as nitrogen gas (N,) , which 1s an inert gas in order to maintain
the atnosphere at ordinary tenperatures. Therefore, nitrogen gas (N,) as
an inert gas used in the step of vaporizing organic solvent (I1PA) for

dryi ng pehesetleps7annakitgrnbd)ivies Fuahdmireorsac arwndinndlsi dshe qui ck
drying. Tenperatures to be heated are preferably between 20'C and 100'C
accor di agveattiba, exdhpiriehiced odx partisyites Howaydrhe wpfemthastifigay
tenperatures, which is not heated, nmay be used depending on the type of
washed ofjidized Thamgbrnktpateergasay (H¢ preyant@tl agangh repgidigadion thi s
enbodi ment, argon gas may -- 2 6 be used as an alternative. Further nore,
accor di nd tbet sarfacecotfi dhe sdidoencd Sof) Fan ikg argveiathe waf er havi ng
an oxidized filmor a pattern may be prevented, and reoxidization of the
surface of theigilléoas(8i yreph bé phevshicknesisgof] @xigigegr fgH MmO he

t hi ckness of oxidized filmon )
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. 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 (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



the surface of the silicon neasured after being etched by DHF

(HF/ H20) (di luted hydrofluoric acid) and being rinsed with hydrogenated
wat er 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 |ateral axis represents rinsing
time (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 rinsing time, the inventor 4%erified that devel opment of natural
oxidized filmis suppressed when rinsed with hydrogenated water in
conparison with the case of being rinsed with ultrapure water having an 02

concent &gg%gﬂ%gg 113[?(9Pef$1t:e' S St eagglhgo gg 2 PLCAYSH PR Agyhagween

silicon rogen 1s pronote | stence of hydrogen~in

[Nl N9neRhekh 4 gokﬁsaﬁ begdigg lh%mgegfgggggtaggﬁ%egp%ﬁwmy be

Blndere ron1 ese’r asons usi ng ich IS obtained
y addi ng-h ogn WaLeh 4t Lipsi ng wat er suppresses devel opment of
nat ur al %%légﬁgdg ﬁ%\ghgtﬁg surface of the silicon and prevents formation

of - 27 Wate {é gﬁq{&wem tﬁtg S otheNemB ea%éhesoﬁ%eta%ﬁw ng

met hod accor e |nvent| rogenate wat er nmay be ected as
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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 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



apparatus according to the invention will be described. Since 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 Was a washed obj ect which has rinsed
already in the previous step. Accardjyg to the invention, particle
transfer due to Marangoni Force does not occur, and oxygen is purged
because an inert gas atnosphere is fornmed by nitrogen, whereby formation
of watermark is prevented and i nprovenent of productivity is realized.
Furt her fosmadebyheiprogess wbepebiofioathation odamead ermank aare be

contam nation of the washed object can be prevented. As is described thus
far, acpoedengetioahbe ippeseementyeft poeductiivddyoriganiealsglagent nmist is
indirectly emtted, the dianeter of organic solvent m st can be reduced.
Fur t her Fuatberdbng, tinddeherpmmesn isparicined Lanss er ldds iy amizagoni
Force does not occur, and oxygen is purged because an inert gas atnosphere
is - 28cohtamedabyoni tifogde, walsdreshpbiigatatdasn bef prevaEnfed: can be
prevented and i nprovenent of productivity is realized. Furthernore, since
the process is perforned in a seal ed structure,



contam nation of the washed object can be prevented. - 29 WHAT IS CLAI MED
IS: ,ying 1. Anmethod f or drying washed objects f or erf orTning dr
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, a rinsing tank forned integrally with the drying tank, and an
openable and closable |id being capable of sealing hernetically by being
cl osed, conprising the steps of: noving a cradle for placing and hol di ng
washed obj ects upward and downward _a hoisting nechani smafter the
washed object is subjected to the ri'nsing process in the rinsing tank and
stopping the sane in a state in which a part of the washed object is in
contact with the fluid surface directly or indirectly, performng drying
process by emtting organic solvent mst to the washed object froma fluid
spray nozzle provided on a mst -straightening vane and emtting the
same-in tur RBAT orh CRRIMER §8- strai ghtening vane indirectly, discharging

dei cbni 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 draini RQ ;ShéMhodZor AxrFBENALs QI ol ¥t N goMpShedm@bg @gl snaccordi ng to
Caim 1, wherein said washed object is wet when the washed object is
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, a rinsing tank formed integrally with
o the drying tank, and an openable and closable lid being capable
of sealing hermetically by being closed, comprising the steps
of:

'movingacradleforplacingandholdingwashedobjectsupward
and downward by a hoisting mechanism after the washed object is
subjected to the rinsiné process in the rinsing tank and stopping
the same in a state in which a part of the washed object is 1in
contact with the fluid surface directly or indirectly,

perfor}ni_ng drying process by emitting organic solvent mist
to the washed object from a fluid spray nozzle provided on a
mist;straiéhtening vane and emitting the same’ in turn from the
mist-straightening vane indirectly, discharging deionized water
after the drying step;  and

p;rforming guick 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.



drawn up fromthe rinsing tank by the hoisting nechanism 30 3. A nethod
for drying washed objects according to Claim 1, wherein said inert gas is
nitrogen gas (N2) at ordinary tenperatures or heated nitrogen gas (t42) 4.
A net hod for drying washed objects according to Claim 1, wherein an
organi ¢ solvent for generating organic solvent mst 1is selected from

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

| owering surface tension of deionized water with respect to the substrate.
5. A nethod for drying washed objects according to Claim 1, wherein the

di ameter of organic solvent m st . em Qe |nd|rectly fromthe

m st-strai ghtening vane is not nore than 20 pm 6."' A nethod for drying
washed objects according to Claim 4, wherein the organic solvent can be
heated to tenperatures within the range of 5C to 80C when it is IPA. 7. A

met hod for drylngh bj ects accor to O aim ri nsing
water - for. perfor’m %gf)%séloﬁg arr eg%bj?ﬁts accordllhath] ajims :

hydr ogenat ed lYm@mln said inert gas is nitrogen gas (N2) at ordinary

temperatures or heated nitrogen gas (Njz).

4. A method for drying washed objects according to Claim
1, wherein an organic solvent for generating organic sclvent mist
is selected from alcchols, ketones, or ethers having water
solubilityandcapabilityof lowering surface tensionofdeionized

water with respect to the substrate.

5. A method for drying washed objects according to Claim
1, wherein tHe diameter of organic solvent mist emitted indirectly

from the mist-straightening vane is not more than 20 pm.

6. A method for drying washed objects éccording to Claim

4, wherein the organic solvent can be heated to temperatures within

the range of 5°C to 80°C when it is IPA.

7. A method for drying washed objects according to Claim
1, wherein rinsing water ‘for performing rinsing operation in the

rinsing tank is hydrogenated water.



