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BACKGROUND OF 1. Field of the Invention The pr on
and a nmethod for drying washed objecﬂEQMmemm@@&u

relates to an
specifically, to aﬁGﬁﬁbaratus and a nethod for drying washed

suitable for washing, rinsing, and drying substrates of sen100ndu%$8f
wafers. 2. Description of the Related Art Heretofore, renoval of noisture
entered in trenches is an inportant factor in drying of mniaturized washed
obj ects such as waters after washing of precision substrates, and thus a
dryi ng apparatus using organlc solvent vapor is enployed. An apparatus
shown in Fig. 1 is known as % par at us u3|n% organi ¢ sol vent vapor.
The drying dbﬁaﬁ@?@§A@Uﬁném@ METHRD §ﬁ RYANGj YASHEDLOBPHCEG tank 2 being
box- shape havi ng an openi ng on top thereof in cross section, a heating
device ( heater ) 3 nounted on the bottom surface 2a of the drying tank 2,
a cooling coil 4 provided on the upper part_of the drying tank 2, a sol vent
trap 5 provided dommmardl@A%#G3¢EN£ iﬁﬁcﬁﬁY ENTIQN waf er placing table 7
dISposed in the drying tank 2 for placing a wafer b as a washed obj ect
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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 in Fig. 1, adrying
tank 2 being box-shape having an opening on top thereof in cross
section, a heating device (heater) 3 mounted on the bottom surface
2a of the drying tank 2, a cooling coil 4 provided on the upper
part of the drying tank 2, a solvent trap 5 provided downwardly
of the cooling coil 4, a wafer placing table 7 disposed in the
drying tank 2 for placing a wafer 6 as a washed object thereon,
and a solvent pooling section 8 disposed downwardly of the wafer
placing table 7.

The drying apparatus 1 heats organic solvent 9 charged into



and arranged in the drying tank 2, and then noisture attached on the
surface of the wafer 6 is replaced by.organic solvent which is nore likely
to evaporate, whereby the 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

at nosphere, where attached sol vent conponent rapidly evaporates due to its
|l ow | atent heat, to be conpletely dried. The organi c sol vent heated and
vapori zed by the cooling coil 4 dispostd on the upper part of the drying
tank 2 is condensed and dropped in the solvent trap 5 for recovery and
reusi ng. Likew se, solvent including noisture dropped fromthe wafer 6 is
al so reconerdxryimg tdamksplteatb@obing@odacthprh@® hdbeedrdyand gaparatess 1 in
the related art demands attention to flames since organic solvent is heated
by the heayanis, sabdenbnsapes inlidie afppreppr tietatheriebfcarAiestert6
heating and cooling. In addition, it requires a significant period of tine
until a wedpendyageshed ahdrmiatdi/whthnptesaisedhen ihseiteed endarramged
consunes a large quantity of organic solvent due to evaporation. Further,
when t heinathedveppacis tbeediryiogntack @it Condensatiomyef oyganic - 3  of
vapor (gas phase) is absorbed by the washed object, thereby causing abrupt
change i ROpNgBE Pgesrphadethe Fhglipgeppiistheawaferdbcibat tie ingriitedyer.
Consequently, the washed object .is exposed to_the atnosphere, which my
easi |y r88dl a¥rppIednianthgt AEHingnEanki ¢ edd dEjengiobfinEe Brtachadmnry OF
THE | NVENTI ON Accordingly, it is an,object of_ the present invention to
provi de 8F ‘é*b%éﬂl&tf@é:eaﬁgé D& wehsE & 4F HERAPURYRIE LIS ECLVEBLHP tHpabl e
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obj ects according to the invention is provid on the side wall of the

dryi ng t aelveddcbfipOhent deg My edapbtbdbstqudfdf 108 RRENERERLONedHE
surface for emtting organic sol'vent m st at the position upwardly of a

fluid spraybeozamlava)l yf daded.prescri bed distance S, so that a portion of
organi ¢ solvent m st that passed through the opening out of the whole part

of organi c sol raet oigahiensblleenkr asatbd &hdi dapprdyedosy| €he scootiingcet |y
emtted coi-l fdisposed 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



The fluid splay nozzle of the apparatus for drying washed objects according
to the invention can emt tw 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 dryi washed objects according to the

i nvention includes a drying tank havi an opening on top thereof so that

t he 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 seal ed

her net i cakl yapyr | gsd ghddee) dpeadgbebaddbyl ohableshédl olsjubt hahdmebyg t ank

i ncludes a m ststrai ghtening vane for supplying organic solvent mst to the
washed obapasfing dbeupt y¢hgndgenin ehasee (gapaphtise torl tyyidgphesdhednabj ect s
according to the invention includes an overflow tank fornmed on top of the
ri nsi ng rediciingeghal vapbor layert | comgpqlesmyiiyedheatwers Heal o juptpliised i nto
the rinsing tank, and a channel for drainage fromthe overflow ng tank is
gr oundedexphsedppar thasatmosghgrag whibbdmap| eas s1lnucresdltng iow t he

i nvention includes cradles for placing and hol ding washed objects in the
dryi ng tanktamdnahiche ihavfAgcienk, dandngheandasibeovan - 5 be noved
upward and downward by a hoi sting nmechani smand can be stopped in a state
in which a part of the washed object is in contact with the fluid |evel
directly or indirectly. TheUportion of the washed object that is i mrersed
into the fluid | evel of thSUMBRRINGT: THE INVENEI®Yparatus for drying washed

obj ects according tQ,the invention is the partjon other than the patterned
surface. A met ABROFSINGIYT nkt v Kk ODieSE: OTatRe RFSRERD TR DN | s a
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downwar dPQlévén*EQ&@t eRerggchagssm after the washed object was rinsed in the

rinsing tank and Stopping the sane in a state in which a part of the washed

obj ect is in conbagppitatus heod |aryligaatrddobgetty QecobPdingctsd the
perform ng drying process by emtting organic solvent mst to the washed

obj ect frhareatfibn dnephdgsnazateing mdried norhdcki stgshiai gblesmtignisne and
emtting the sane in turn fromthe m st-straightening vane indirectly,
dr ai ni ng isegenezatedanst sappeietheo daghed b pectarthareriingr whegedguitdie dryi ng
process by supplying inert gas at a high tenperature into the drying tank
af ter t hdrgdagntagkstiagludes @ 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.



In a nethod for drying washed objects according to the invention, the
washed object is wet when the washed object is drawn up fromthe rinsing
tank by the hoisting nechanism In a nethod for drying washed objects
according to the invention, the inert gas is nitrogen gas (N2) at nornal
tenperatures or heated nitrogen gas (NZ). In a nethod for drying washed
obj ects according to the invention, an organic solvent for generating the
m st of organic solvent is selected froom al cohols, ketones, or ethers
havi ng water solubility and capabHi13?(ﬁ | owering surface tension of

dei oni zed water with respect to the substrate. In a nethod for drying
washed obj ects according to the invention, the dianmeter of organic sol vent
m st emtted iThk ridatildy splap hdbezle sif theaaghheatny Fenelnye mpivashed t han
20 ~m. In a nethod for drying washed objects according to the invention,
t he or garb peciod e redmgbeo et édventienpmmaeniestwae birimotddiffegentaf 5C to
80C when it is IPA ( Isopropyl alcohol ) . In a nethod for drying washed
obj ect s ypes ddhHgflwid heinmleanéomsly i nsing water for perform ng rinsing
operation in the rinsing tank is hydrogenated water.

Fluid emitted from the fluid spray nozzle of the apparatus
for drying washed objects according to the invention includes
organic solvent mist and inert 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 objects.

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

The apparatus for drying washed objects according to the
invention includes cradles for placing and holding washed objects

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



BRI EF DESCRI PTION OF THE DRAWNGS Fig. 1 is a drawing show ng a drying
apparatus in the related art; Fig . 2 shows a drying apparatus according

to an enbodi nent of the invention partially in cross section;

Fig. 3is an

expl anatory 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 m st
emtted fromthe m st-straightening vage and the emtting state; Fig. 5 ( a

) and Fig. 5 ( b ) are enlarged crosS
configurations of the opening on the m st straightening vane;
drawi ng showing a state of transferring

ectional views show ng the

Fig. 6 is a

be moved upward and downward by a hoisting mechanism and 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 immersed into the
fluid level of the rinsing tank of the apparatus for drying washed
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.



particles as a result of being dried using Marangoni Effect, that is ,
Mar angoni Drying, after being etched.by PDHF ( HF/H20 ) ( diluted
hydrofluoric acid); Fig. 7 is a graph of the increasing anount of particles

in Marangoni Drying, illustrating the result after performng the steps of
rinsing with deionized water --~ drying, and the result after performng
the steps of etching with DHF ( HF/HzO ) ( diluted hydrofluoric acid) -~
rinsing with deionized water --~ drying; Fig. 8 is a drawing for conparing
t he ambunt of increase in particles™ ® Marangoni Drying and drying
according to the invention; Fig. 9 is an explanatory draw ng show ng the
drying process in a drying nethod according to the invention; g _Fig.

10 is a tinme ghae mefthdie fbryidiy NGRS eAC oW jdichs hecdidinyeat ikae; Fig.
11 is an enlarged explanatory drawing of a state shown in Fig. 9(e); Fig.
12 i s anregritaimi orvhal neadigl iddjesitr dis Rt et wakheldeebrjestatisc
charge on the surface of the wafer shown in Fig. 11; Fig . 13 is a draw ng
show ng drastmtup i fromhitte thimslimgretark and the huirieimomddimmiant.i cl es of
organi c solvent m st Mare neasured by the use of a Phase Doppler Particle
Anal yzer for fliwve metlices fdre miryhisgriveishetdr abgjleiodrs g cwamld nigs ties &the Fi g.
1l4(a) is a draw ng showi ng results of neasurenent

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
Ui .

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;



in the experinment conducted in conjunction with Fig. 13, and Fig. 14 ( b))
is a drawi ng showi ng results of neasurenent of the dianmeter and the nunber
of particles of organic solvent m st Mwthout using the m st-strai ghtening
vane shown in Fig. 13. Fig. 15 is a diagramuatic sketch of a state in which
el ectrostatic charge is being renoved; Fig. 16 is a graph of the thickness
of oxidized filmon the surface of the silicon neasured after being etched
by DHF (HF/ H20) (diluted hydrofluoric _acid) and being rinsed with

hydr ogenat ed water which is obtained‘ﬂc'hdding hydrogen water to rinsing
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 showiy. anshbws 2drgdnageappafatie adicwirdd nagpparat emboRERESREPTI ON
OF THE PREFERRED EMBODI MENTS Referring now to the draw ngs, an enbodi nent
of a dryofigtlappimetnsiendpartiylhy retdwoossacosridion; to the invention wll
be described. Fig. 2 is a drawing show ng a drying apparatus according to
am enbodi nent g e disneanekphapatoky dnawingsikbrsioatinkg slshate inFig. 2,
the drying apparatus 11 includes a drying tank 30, a rinsing tank 40, and a
pl unbi ngwhysh e &N id o Idrefithquitsdn i s3emiis t pdoimdédeobly opy dfhe Wese odsi ng
tank 40 integrally therewith. The drying tank 30 is open on top thereof and
t hus theavaist-stosighteringbyanes can be placed or taken out from above,
and i s capabl e of being sealed hernetically by closing an openabl e and
closable |id 3ig4 4 bs gy ewplasataryidraudid Adlogteakpnet g dinaeders
outside air fromentering therein. The openable and closable |id 31 is
opened aPf WBILEF B?lgﬁpgimﬂgs'ﬁ‘rﬁv‘éﬁ%ﬁfi £ £8f B1E 25 4R BT RELRIERR YRS

which is not shown, in the figure, in the vertical direction with respect to
the pl andPQftRe SMBLLERG SBatRhws the cl osed state. The drying tank 30 and

h i nsi k 4 f i - N
broper {1 5 and LBt PddoATREH St S BFBRE s BRECA S DosCEhhyd ¥eni ng
t [ t] . i 0S| t 40 | I th th
on o0 1 En8hgas S8 S8Res hER LB S 6RS Alehyd | 4EMAY AL er e Lhe
pl aced 'QEPaigﬁtéﬂfﬁﬁ poption of the drying tank 30. It is for allow ng

dei oni zed wat inthe rinSing tank 40 to overflow. As shown in Fig. 2,

m st-strai ght epj g §angsa 3@rdwing 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 rinsingwith 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;



supplying organic solvent mst, which is IPAin this enbodinent, indirectly
to the wafer Was a washed object are provided on both sides of the side
wal | of the drying tank 30 so as to sandw ch the 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 forman
orientation flat), and a plurality of wafers w are di sposed in parallel at
regular intervals in the vertical di_resction with respect to the plane of
the figure. Generally, when they aré seniconductor wafers, for exanple, 100
pi eces of wafers neasuring 8 inches in dianeter may be placed, though the
nunber and the dianeter nay be sel ected as appropriate. These wafers Ware
pl aced on the Fdradll® 33 lraviing chartsefpahel dgyiegbetscesst hcsoedtindi nent .
In this enbodinent, the wafer Wis assunmed to have 12 inches in dianeter.
As showrto e gingnttimncradl e 33 is capabl e of noving upward and downwar d
between the rinsing tank 40 and the drying tank 30 by the aid of a hoisting
mechani sm whikilg. 31nct aghembardéd exipdianatoaiygfit awing ofaas 3t ¢ shbwnmed
entirely of a laterally elongated rectangular solid as shown in Fig. 3, and
has a widh Fihatde@able itself to supply organic solvent mist M which is
IPAin this case, to the main surfaces of the plurality - 11 of wafers W
si mul t aneousl FigdroAReds G @ lanaftecy drpwhngt hblwsrakingitdie ampngtvane 32
positioned on the side of the peripheral surface of the wafer Ware a

pl ur al i t§f & ecitF@s§FdACngRaB98 ONTheesiyet ate chetbpatafiey shawpsin Fig.

appr oxi gﬁel y 5 mmin this enbodi nent. The openi ngs 32a are, as shown in
Fig. 4 inel |, not formed on the area fromthe |ower end of the

s Lo’ be mounta) WoLEr BAMHISAE ARG BRE & SnTHeh G BLSBRYERE m st
Mof IPA ]S, i N Fi FHoa. 4, . l,i.ed, by. fLici
ohnt 1 ah T R | Rl BlOVOHAD o S S BB DB o Bl o
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spray nozz he | ower Ion O e ms ralgnteni ng vane

32, Tillpfhidsd denddecie %iéﬁlﬁ%‘ief&ﬁgirx@%r?@ié%éd’;op' led fromthe

openings 32a indirectly to the wa The diameter of the eni ssion
aperture of therfd Uil &y as POZERridly ishARRRIOHSBRLsY olfMHeakie cpcagni ¢
solvent for generating the organic solvent m'st is selected from al cohol s,
ket ones, imthet @fpér hash b ¢ ot Dl tilidd funaidrcapahirid .y 10f, davwhigng
surface tension of the deionized water with respect to the substrate.

Ref er ri ntg (loyvitsoa Fmawihg shewthgnoesultd bé mdaderarierith e forlgadiiametlerent
mst Min this enbodinment will be described in detail. The organi c sol vent
m st M enid tihe fruwben ofrpatticlgrerafirganichealivends milse M wildhoprtay
nozzle 34 and in the region a, that ranges fromthe |ower end to the

posi ti origing dhetmigle-strajghteningymne 19w im E¥gs hbodinment ) |, is f
filled wth organic solvent_ mst M. of at |least 20 hum On the other hand,
the region b r Y B 3 AR GG ShetdhePiva FEAtA dite WYL gani ¢

solvent njst. ML of at |least 20 gum and organic solvent mst MS of |ess than
20 um Th%l%?%%ls‘b?‘@h%i%h%‘wem %ﬁ’s’?g ME ST ck/B are straightened at the

i 32 . th 1.5t - i_gh i 32 l.y,.th . i
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t he nunb r'ticles of “organi c sol vent 'm st n-using the

m st - str@ j HEAs : I

Parti cl eﬁifb\%gﬁg %?Q?%?‘p%%% vl?nﬁﬁcut es, %ﬁéﬁ{%{;@ :ézﬁalq;c?rgl i ng s n([))\%\n%%geﬁi esults
Of _expertgepingoRgUsdeer | h COM Unbld iy Wddk B thS st el ithe Hi4lihd S 2
drawi ng show ng results of neasurenent” of the "dianeter and the ndnber of
particl espPiribes 04886+&188! ¥&MENET Shveh i dRPUAndIStéN therformed the

m st -strai ghtening vane shown in Fig . 13 . The lateral axes in Fig . 14 (
a ) and &@ing lfréchdss; repaesent the dianeter of the particle of the mst (
wm) and the vertical axes thereof represent the nunber of m st particles.
As shown in Fig. 13 and Fig. 14, when the m st-strai ghtening vane 32 was
not used, the m st dianeter show ng the peak of the nunmber of m st
particles was in the vicinity of 8 Vim and the average m st particle
dianeter was 11. 5 ~m Mny |arge particles - 13



measuring at least 10 humin dianmeter were al so detected. On the other

hand, when the m st-strai ghtening vane 32 was used, the m st dianeter
showi ng the peak of the nunber of mist particles was in the vicinity of 5
~,m and the average m st particle dianeter was 6.4 hum Large particles
measuring at least 10 ~u,min dianeter were found little or nothing. As is
described thus far, the invention is contenpl ated based on the fact that it
is inmportant to supply organic solvent mst Muniformly to the space

bet ween the wafers Win order to dry'é’ﬁTuraIity of wafers W

si mul t aneously, and thus organic solvent mst Mhaving snmaller dianmeter is
nore preferable. It is because the particles of organic solvent mst M

havi ng smal | errily ane? eis candbew Degi shadiepsadotlier canpatinkmt Wi khee
particles having |larger dianeter, and thus the rate of diffusion in the air
i ncr easedryingaappasatyent mist Ma shown in Fig. 4 is in the state of being
gasified. Therefore, according to the invention, organic solvent mst M of
IPAis indirectly emtted by the use of the m ststrai ghtening vane 32

wi t hout heating for generating organic solvent mst Mas in the rel ated
art, whereby hi gh- PESCRIPIGONaOF FHEUPBBFERBEDr GMBODIMENTENt mi st M can be
supplied i medi ately, thereby inproving operating efficiency of the entire
appar at us. Fi gReBeXring nowl tR ¢he 8rgwhngsar ancembeditnent ot saoniiogal vi ew
showi ng the configuration of the opening 32a on the m ststraightening vane
32. - apparhbuseandondddty HRg vingthodvagrPr it it o ddie dmventsionvivill pA
have a property that is apt to be charged. Therefore, in the case where the
edge porPerofeserihedepdnity B2k8 id HANEY SR & SHP iAPRAIRTUS a) |

el ectrostatic charge causes concentratjion of electric field, and thus
increase@cﬁPEBABBIg?yaneﬂpggﬁE?BE,o FRf +%gﬁPF§°FnPQHEf§ih@ ofF°%Hhe wafer
Wby inductjon. Therefore, in order to prevent such a condition, the edged
portion Fﬁc#ﬁPB‘enbodinent is not formed into an acutely angl ed edge as

oncent rat | on ARERS W Pikarponneany 1 PREER R TiAnthded p gl
oceur t engenkho dSEIAE AR ANPIBTCARA o bRuhing SOCLITSHL. ShOCLAT o1 o

configuration nay De enp as 'far as it can e the proba of

OCCUVVG”ESnﬁf3bh@sdE?BOQHQH”BnPQSBPHEHEHe FEEsQﬁgaﬂhﬁkS@bVﬁﬂéegléilyS al so
referred to as IPAmst. As shown'in Fig. 2, the drying tank 30 is provided
with a exhavelripalt Bie alry iy WHIBE 30Nk 6pehh8hePbpafle Pedf LAY EAS
supply port 37 for supplying nitrogen gas (Nz). The rinsing tank 40 is
suppl i edtwet hatierowi aedwaghed dbfiecgs tae Ve phaced owmteaken ppltyifipmozz| e
41 for supplying deionized water as shown in Fig. 2. Wen deioni zed water
suppl i edabove,t Bedr iascagabdekofiObekng hesaled chemmetical by by dlosingt or ed
tenmporarily in an overflow tank 42 shown in Fig. 2 and then is overflowed

t hr ough Bheopanabde and tvloshkdlien ligl & .52In THhashawads wat hid ackinia val ve
52 is grounded. In such a situation, a _ - 15 gaseous phase portion 35 is
formed i A% AemBletA4Yt BERVEDts ORtsidRiady Cxom 20teyipdothaERLIN: t TR drain
val ve 43 for draining deionized water ,at the center on the bottom,thereof,

so that QBPBAPZEdaRE: ELOSAPLRe lidnRli é5dPREREE ERF0GYASEHPYr SLAS4RIduct

when the drain valve 43_is, opened.,. . . . .
movement thereof v1arg qudlng 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



The pl unbing system 50 to be connected to the drying tank 30 and rinsing
tank 40 will be described bel ow. The plunbing system50 includes ( 1) a
channel for supplying nitrogen gas ( N2 ) to the nitrogen gas supply port 3
7, ( 2) a channel for supplying two types of fluids, IPA as a organic
solvent and nitrogen gas (N2), to the fluid spray nozzle 37, (3) a channel
for exhausting air fromthe drying tank 30, (4) a channel for supplying

dei oni zed water into the rinsing tank 60, ( 5) a channel for drainage from
the overflow tank 42, and (6) a chaiindf for dr ai ni ng dei oni zed water in the
rinsing tank 40. Control of the plunbing system50 is perforned by control
unit which is not showmn in the figure. ( 1) In the channel for supplying
ni trogentgar IO and Qh@leppb&r poevignsoS W Yipelihg3¥anki 40 ogeplegaed NZ) at
ordi nary tenperatures supplied when the valve 53 is in the opened state
(ON) is hesbeachd)owelrepdetidd cdheudpy iy thakt de. niTy dgefogad 1oudmgy port
37 through a filter 55. Nitrogen gas (Nz) at high tenperatures heated by

t he heat éeiddiredusetietoinquhektynsiygnganked ateroveéntlewwashed object in
the drying tank 30. In the cannel for supplying nitrogen gas ( N2 ) to the
ni trogen gas shppslyown-in6Figor?, 37istass sholghtienig. vaneshsh fdwre

af orenenti oned valve 53 is in the opened state (oN), the other valve 56 is
in the choppllyingtarqadRR) solventomiststwitich is IRfednt bely smpodieand,i n t he
closed state ( OFF ) , the valve 56 is in the opened state ( ON) , and

ni t rogenipdéresiz)yio 3h@ vafgrivbpger atashes phisogpprepreyided e yiatd t ank
30 through the filter 55 . Even when the wafer Was a washed object does
not exi sEiffst@f tRgifde wadB af the dxyingt £8REn3Ha80 (ANX9 sAndWifithary
tenperatures is supplied into the drying tank 30 so that the gaseous phase
portion §BejuiehmEtiaiesal Isé‘éfffa‘Fﬁeoi;attg'\F‘ewﬁ‘sf,ert He VE§¥ader gnﬂ“ e heat er

54 b | ] ed .th I it.whigch i h X

v £ ohi nFERRBNE208I 38 55 G FPETaFb b Znd THETUTH T FE D the
heat 5 | | 2 ). T i i f.f- t
oo of (prfnt YRReLBllet Gati ey 131B8kE S Sy PBL 49 Jupdispent
fluid 7.4 i 60
for supprotke | PR 7 o Phett A TaNE s PP, 4PopR0Pa, M Rt B e
|PA a v%gﬁlﬁ% iRt ¥y Es 6th e g@&hzea&eaiﬁcémn hAal PeshBAL 89t val ve

57 for supplying nitrogen gas (N2), and a filter 58. Two types of fluid,

| PA as apiaheasifCthel ¥eghrand @éﬁé@ﬂﬂ%ﬂ%éﬁ\'ztﬁey A& Sapiddmthdiod he
fluid spray nozzle 34 sinultaneously. Nitrogen gas (NZ) is for securing
safety. GuEBreQntodlexampgies f Qoedibyekher catiers madisuriiacB isches ihown in
the figure as described above. (3) The channel for exhausting air fromthe
dryi ng t dikmeterlmay3beipldoed sudiough e exhbest and the diametér maghaust
port 36 with the valve 64 opened (ON). (4) The channel for supplying

dei oni zebewsedectedo asheppropragteankTiese switers dppine gl aredmx ddhewat er
fromthe deionized water supplying nozzle 41 with the valve 51 openﬁg (ON)

cradle 33 having four supporting members in this embodiment. I

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



( 5 ) The channel for drainage fromthe overflow tank 42 is for draining
dei oni zed water overflowed fromthe rinsing tank 40 and | PA which is a
di ssol ved organi c solvent through the drain valve 52. ( 6 ) The channel for
drai ning deionized water in the rinsing tank enploys a drain valve 43. The
drying method using the drying apparatus of the invention is characterized
by being a drying nethod which does not utilize Marangoni Effects as in the
case shown in Fig. 6. Fig. 6 is a drayw ng showing a state of transferring
particles as a result of being dried Uusing Marangoni Effects, that is,
Mar angoni Drying, after being etched by DHF (HF/ H20) (dil uted hydrofluoric
acid) , and Fig. 7 is a graph of the increasing anmount of particles in
Mar angordf Drafiengs W ld imiTrtatrnewidle r gswrmedabhethpeshofaceg3tieost ehe of
rinsing with deionized water -~ drying, and the result after performng the
st eps omietdtcts tpighiterlidtg (WReHAD) ol dtutcecedydr dfleu@riide adi dhe ~ ri nsi ng
wi th deionized water -~ drying. The concentration of IPAin Fig. 6 is
Cl >Cl |, periphexslushadaceanSitbr waferd Wrdde a\WWibirda et wofickirte apennngs | PA i s
Cl1=Clll, the surface tension is rll=rlll. Crepresents - 18 the
concent r¥ad onThfe ERae of e expanting BRasasf approxisabealy dndnRdmabhaanbers |
to Il represent the position shown in Fig. 6. As is clear fromFig. 6, |PA
gas (notemipadlimenty. i FheuppendngBeddaecara, basirsheWrrimidda Waﬁérwﬁﬂgh an
oxi dized film and when deionized water is withdrawn downward in this
state, Rteforsedmn thegaes frqm shetlwaregpd wff ehe pastngtradahgenaRIvaf er
with an oxidized film by Mrangoni, Force, and the particles are also apt to
be stuckae t3te (Fb& PREAEAONTRR iR a £dvld spgay PPR7d&i Y 16 tehBenunber
of particles increases abruptl en dried by Marangonj Dryi after being
ey £ Yadd

et ched PP § §o¥4id LHLAROT vor | CRECPHYADEF g““yl;é’nq Ri§taph for
Covent i o SR S G AT Rt Tt g el Meredy s 25ERA S5 BN Rt o

of part i EET St SR £F Refe i et R aede Y WL aL A BS S Brbifos)
Ref er 11 s s oCR G FEHRr At SUMEL | Tl e Stbpthed BLBHIR 00 o the

i nventi adnibdimdrer fastl ked rihga %pféy bR anahehit 88yt iheShewerg the
drying process in the drying nmethod according to the invention, Fig. 10 is

a tine of@rtiof éheciks Y P OCLEFh tOCDidli vighd 032 heriTnntimiddithe 11 is
an enl arged explanatory drawing of a state shown in Fig. 9 ( e) , and Fig.
12 i s amisiptsied Dylyt el bg ngand 1325t aati agpphéedndomh e openlihgs 32a
el ectrostatic charge on the surface of the wafer shown in Fig. 11. (1)
Dryi ng simgixdoiwly it Fhgwaflex) 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



Fig. 9 ( a) shows a state where no wafer Wexists in the drying apparatus
11. As shown in the step 1 in Fig. 10, in a state in which the openabl e and
closable Iid 31 is closed, and dei oni zed water is supplied fromthe

dei oni zed water supply channel (4) to the rinsing tank 40 for overfl ow
rinsing; nitrogen gas (NZ) is supplied fromthe nitrogen gas ( Nz ) supply
channel ( 1 ) through the valve 56, the filter 55, and the nitrogen gas
supply port 37 to the drying tank 30, Qnd simul taneously, air is sucked and
exhausted fromthe exhaust channel ( é Y"with the valve 64 opened, and |PA
is circulated in the I PA supply channel ( 2 ) with the valve 63 closed and
the valve 62 opened. At this tinme, the cradle 33 is lowered into the

ri nsi ng $qabobt. 1 {@nmbrythis empddiment )i,nid-ifdlledwitiher gpriaisiod vemnd
closable Iid 31 of the drying tank 30 is opened and a washed object such as
a waf er MishalL ¢F awabermsit 30 uninsOa ke stbeedamnl athd rmydosubppwaedlyn t he
cradle 33 by neans of a carrying unit, not shown. The openabl e and cl osabl e
lid 31 isfcumstregionl & dsbhdidpedatslithamilxthns abf corgamimtscdaldnt ovistanual |y
when the wafer Was a washed object is |oaded in or unloaded fromthe

dryi ng t¥hkoB80abrleast r2hsimEnd M IENiASEIRAAT MH-SthdSstodp 12sisn thiag. 10,
all the points such as overflow rinsing, supply of nitrogen gas ( Nz ) ,
sucti on ¢&haust Thgrelrxeh ogigaddicaspbyient mixy Mprand ¥6are Ftrad ghitgneg ( g )
other than the fact that the openable and closable Iid 31_is opened and the
cradl e 33titthepraringfasda bk FERI-PLiHoRtEndngay¥ARE dbj id OB as a

wafer Wis placed, on the cradle 33, the cahr%in% uni%, ngt,shomn,,ls
ret r act PR rOMRANE FOLVRRY BAREMS RARFSHERSBEELNERYIB) BRALT S SUPPLdLd; 5

Tt ST BT e e B R O
P, L B8 AR L8 (R ALtk Tt

SUpp'iedf%?ﬁnhtQgﬁgﬁégﬁFéﬁﬁfﬁagﬁﬁi§H&?£yi§gF?ﬁ?Z§? 41 for overflow rinsing.

The openabl e an s cl ose e cradle 33 is in the | owered

state, and t heFf.& ates iQf o SWPRK P s ndiin@o8 s s (inNghich SHEdiGmeEiaust,
| PA circulation are identical to the case shown in Fig. 9(b). The overfl ow

rinsing hfidpend efuiddrabraps At Ec Dés JF0BkgdAiki 4 B S tTini sfom whentusBhg
seconds. (4) Drying step shown in Fig. g(d) Fig. 9(d) shows a state in

whi ch t h€hemaih 8- S5r Digivteting haneas 2lar® heaphae@ by Bhehese ofsa Fhasank 40
is noved upward after overflowrinsing in the step 3 in Fig. 10 is

fini shedbopples PheticleoRnéilgzePOforhEipeonesstes, thegstbp(d)issiaenti cal
to that in the step 3 except for upward novenent of the cradle 33. The

peri od ofirawingrebevied fesulipyiafgexberdingatecorduphad din sauppmstiian el y 30

seconds as shown in the step 4 in Fig, 10. The, )
with Fig. 13, and Fig. 14(b) 1is a drawing showing results of

measurement of the diameter and the number of particles of the
organic solvent mist M without using the mist-straightening vane
shown in Fig. 13. The lateral axes in Fig. l4(a) and Fig. 14(b)
represent the 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 pum, and the

average mist particle diameter was 11.5 um. Many large particles



- 21 upward novenent of the cradle 33 will be stopped in a state in which
the | ower surface of the wafer Wis slightly immersed in the fluid surface
inthe rinsing tank 40, as is clear fromFig. 9(e). Though the stop
position of the cradle 33 is controlled by a control unit which is not
shown in the figure, the stop position is set in advance. Wen the washed
object is a wafer W since the wafer Wis provided wwth a pattern on the
surface thereof, it is stopped in a siste in which the portion of the wafer
Win the vicinity of the outer periphery thereof, which is not forned with
a pattern, cones into contact with the fluid surface. In this case, the
wafer Was a washed object is still wet when it is drawn upward fromthe
rinsi ng meagurihdyat hbedwt s16 ngn e hbiameR e vsigh i sd alecédtetdu ch the

| ower surface of the wafer Wis directly in contact with and i mrersed into
the fluid surfacehenother Mami hgheankhd @ ilsas sheeightearinigedand 82 wagent or
verified that electrostatic charge can be renoved by bringing the wafer W
into i nduset{ tdontmeictt Wiitamettea showdnguthecpeak ¢dfHieche neimkgert afkmd8tby t he
use of a draining rod for securing indirect contact between the wafer Wand
ri nsi ng parteiches shasnin ntie gvidbpiwndofild o npwhtigre tavelrage wiist he
draining rod. Fig. 15 is a diagrammatic sketch of a state in which

el ect r ospaxt tckd digmeterpeas § -dewmy edano®) pEx Yiekes mepsyrdng 2t 1eagt 9(e)
Fi g. 9(e} corresponds to the step 5 in Fig. 10, in which - 22 the valve
62 shownl® nuwi 3n dlametkepseerantoumd Latidke a3r iroWpeied, and the val ve 57
is opened to supply two types of fluid, IPA as an organic solvent and
nitrogen gas (AR)1s fdeiFEHeed Ithep sty the Anvent ion 45t kendeppdgteshk 30.
Such | PA m st suegly conti nues for gﬁgroxinatelg 120 seconds as _shown in
Fig. 10.Pa%ed Al tRgsEact HapAthagt HIPE 3 teSHBRLEPIFAR He SCaMF& at ur es

[ h C and ,80C, d the | PA 67 i N wh
SUppl yi ML PAT i EOTARL & (R i, SEPG® PECUERD FBR W EE S obbIRhes 1% ho
dryi t 0 ] ifi : h Wi
YT L80Y, A% LacBRLLk OpPoRRTE RN b LNEI Y FRANEE, AR NS Spmmer Vs
| hventl OEolﬁénéﬂf?i!\é‘t I HeWing! bma19%rd4ahmdeker iQnm(%Pg %édf’ére\%i’\ét h ftPA m st
di ssolved therein runs along the surface on the wafer ownwar dl y “and

drops inig iR eHe W idTed BE &7 4o 1@ sbaentOn P MOh &9 PhY @mahin@rei n.
Since overflowrinsing is perforned as is clear fromthe step 5 in Fig. 10,

the over §igmetaplcat? beSqgs DEDNEE Gy i ya il connpei sdiaieh €ié pard icles) and
thus positive electrostatic charge is renoved. Fig. 12(a) is a graph

i | lustrahavgngedstger aianstep] ehécthiwstihe cratwrge Qi fdieiomfier thy f ace
when it is dried wthout inmersing the | ower surface of the wafer Win the
fluid suafaciéncneabes:i rgani@ndo Uerac qorsti ifp tshawmeitrhd@iopt Herist han t he

i nvention. Such neasurenent is performed during the drying process shown in
Fig. 9(eF¥handtahet®é bedpgsgpAiFigd.10. Change in the amount of

el ectrostatic charge shown in Fi (a) is caused - 23 by the
\ﬁﬁﬁ?

ig. 12 :
phenomenon i n TReERLRY@ct 23CPEELRY cHArBRe i snYRRBHPr | PXIFRERD € t he

waf er Wwhen residual water on the surface of the wafer nd | PA drop into
‘i nsi ng BAEErM; AEL REAr LRSLAGLESRR LYo EECd by' Bfe"G6&" ot ER€ mighS

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 M can 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.



Fig. 12(b) is a graph illustrating neasured anount of electrostatic charge
on the surface of the wafer when the wafer Wis dried with the | ower
surface of the wafer Wdirectly imersed into the fluid surface in the
rinsing tank 40 according to the invention. Such neasurenent is perforned
during the drying process shown in Fig. 9 ( a) and in the step 5in Fig.
10, and it is recognized that the anbunt of electrostatic charge on the
surface of the wafer is renoved accorgkng to the invention. The sane

ef fects can be obtai ned when renoval™ €l ectrostatic charge is perforned
wi thout imersing the | ower surface of the wafer Wdirectly into the fluid
surface in the rinsing tank 40, but perfornmed indirectly by the use of

drai nage rod aThessdmicohfiadton wafipurngtand oiddnid gsolwvent idk W rgf st ep
shown in Fig. 9(f) Fig. 9 ( f ) shows a state in which the valve 63 shown
in Fig. 2PAshalvesadprapertigethakveés6aptntbhbesaherfedur eTherafmred o St op
supply of IPA mst and thus IPAis circulated. Subsequently, the drain

val ve 43the cpseecdhesedthenedgeoportionatErthe openingsld 2wy isrdculelyThe
period of time required for processing is approxi mately 10 seconds. As
shown i nangdest @g 6hownFiig. Fig,. hi(anegehegasofkidricschappki edusbsough the
nitrogen - 24 gas (Nz) supply channel ( 1) , the valve 56, the filter
55, and rhacentreydangaf slgminipsield7 and dhuseidryeagesproldthiliy in the
exhaust channel (3), the valve 64 is opened and thus sunction exhaust is
bei ng pe cﬁ*ﬁééhal(%r Dhyphgf%et‘élﬂisshb\ﬁrhalrﬂlﬂgff QPS)WaFﬁGQ-’ Woygindeet b2ponds
to the step 7 in and illustrates a stgte in which the valve 56 is
cl osed t E)"h§tr8|§°§@pp+’§/ °6fieﬁ| % Bﬁ@ﬁeg‘éé‘{fﬂw G&nd&r%or‘i’ar‘;h? @ﬁﬁ@ﬂa&‘m‘é&ont he

valve 53.i s ene nd nltro as i S heate e ter 54 to
suppl y nitth bhen gatodiRens L ot Aozukdertartn %%t&qtyhénaiﬁﬁ sarﬂ@a 0.
The period of ti re f suppl nitro h
{enper at areen 1 g o3 {Rcpye iliRAed 2o i SSE e £2radsthomce o
t he waf er i t I 8 { homn
in Fig.  SoRSeey At vlln B e nak S b ﬁ%%ya‘a b 5*9a HEE and

t he heat ¢, e f éﬁﬁygﬁg ah
n|trogen%gifagéf'u%)rtem:a ﬂggpéle%ﬁ Lﬂ%p"ﬁ{ and then the tnge&@?#@%%gned to
supply nbttm@qeehaﬁ%e&ewcbnfl raBibA m 'Be @H Wy disndhy heNPEradnres,
into the drying tank 30 to refurn the in erlor of 'the drying tank 30 to

or di nary rlediie’y alh¢/ @Tobalbiiali tlys o¥0 oeeureenceoolfi Rgedawschatgangeri od of
time required for this process is approximately 30 seconds. The interior of
t he dryi phenoniendt. sTheistgamit solventi neést gaalabnbspéered Mo astIPRgen gas

( NZ) , whichis an inert gas at ordinary tenperatures , being supplied
from t hemdisttr.-ogen gas supply port 37, so that the surface - 25

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



of the wafer, for exanple, a silicone (Si) can be prevented from
reoxi di zation. (9) Drying step shown in Fig. 9(i) Fig. 9 (i ) shows a
state in which the openable and closable 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

descri bed above, the drying apparatus according to the invention is
constructed of the drying tank 30 and.the rinsing tank 40, and thus the
space can be saved. Further, since organic solvent mist is not supplied in
the step of drawing the wafer Wup fromthe rinsing tank 40 according to
the invention, Marangoni Effects do not occur at the interface between the
waf er W gqaslevussphgsegpertiontite ird fommed dnk the. dfhéngf bark Ppart iMbee
transfer does not occur neither. In the drying nmethod according to the

i nvent i oningasgatank d hars gmenpieteat wich asdused wslwet4dger ghainivyy ) |
which is an inert gas in order to maintain the atnosphere at ordinary

t enper at dedenizadrwaver, ahi thegeangers ¢hzthasbahtimethepest used thathe step
of vaporizing organic solvent (IPA) for drying ( the step 7 in Fig. 10 ) is
pr eheat ed?i@aéaagevateledabtbg tank Ksddyahged Tanpsargh thesdraipegeaitcdd are
preferably between 20C and 100C according to the exenplified experinent.
Fbmever,wéag Bheofnpphr yal¥gpéBali&reBengfii ch i s not heated, may be used
depending on the type of washed objects. Though nitrogen gas (NZ) is used
as an inert galhePHHIRIRGIFAELREhLO &P o pINeahed to bhe deyir@dak an
alternatiye. Further nore, according to_the invention, adherence of
particIeéOfFBﬂ1FHBS%BEeFaH§V§ﬁgwéhgokﬁdﬁﬁéarFBFﬁ1B?EQWpattern may be

prevented, and _reoxidization of the.surface of the sili.caon (Si) can be

P evented. F othe rmtiitig SRseem T 4SehhARR Ay Bhating L Ehrsann Sithde
surface of, the silic asured.atter being etched F {HE/ H2O iluted
nvar of | uBrFEoTena S S DEB e PaBERS e R T S o e e

obt ai ned L ng. [ : S r.i A LSl k by
The use 5Pt REPRTYi Y LROTAR B FRaihRy PEn ML oblabiE SALGHER 4

per f or med ;£ bgqdhy yAY PROCESD thee shatiar @ ra¥! foL2PEESEN £3§ | A HhddlT®
(mn), and thé vertical “'axis represents the thickness of natural oxidized
film(angstr ethaudtisgowiyi Rréndthébary dRygbahkes s pi chkpesscrdnixi diged film
formed on the surface of the silicon increases in accordance with the
rinsing supplytihg dedsniped vartield efts hdde denel agrenik 00, na uaadhanneti zed
filmis suppressed when rinsed with hydrogenated water in conparison with

t he casefot Henngagensedmwchk olerfipowetaaked 2 haandg( @y dzcleamoehtfat | on of
| 5 ppb. It is considered to be because bondi ng between silicon ( Si ) and
hydr ogendics ipisgodetonized vabes iantke ofingjidrogenki 40 ¢ i Sointgodapértizerd t hus
bondi ng between silicon %Si) and oxygen i s hindered. Fromthese reasons,

usi ng hy BABBEARGIY SR b Onks PRLILOrBSHd €@ DEY Cddth Ky Why-ghokfe ROWRRWR o
rinsing water suppresses devel opnent of natural oxidized filmon the
surface oP the £1OM&EEn and prevents formation of - 27 waternark.

Thererore, s nen it i SRR SR B bS48 AESOLSL, 10 e
now to Fing.tr]éz;’enag%tsh%rup% yO%iog:%m:WC,)f ntiril,?:ogre i ggs (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 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



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 W,as a washed obj ect which has rinsed
al ready in the previous step. Accord'i& to the invention, particle transfer
due to Marangoni Force does not occur, and oxygen is purged because an

i nert gas atnosphere is formed by nitrogen, whereby formation of watermark
is prevepbet adg aspsheenenh Bigprdduchenitlye i aforsamemeitbnddintdiarg 53 nce
the process is perforned in a sealed structure, contam nation of the washed
obj ect cas be thevpened sBates(@scribedthensvébve S dsr dnmghe alidsedor esent
i nvention, since organic solvent mst is indirectly emtted, the dianeter
of organstatel (@FR) M In cemt bast aduted whEnrtieralaecot derig thetdiosed
invention, particle transfer due to Marangoni Force does not occur, and
oxygen i stptegeFbechbeeralve héris yndhet opepedssate (ON) 28nd rfigmeagenhy

ni trogen, whereby formation of watermark can be prevented and inprovenment
of produSepvily R§ erdinaryl temperndiynnc isstwpkl te@ Yo 6besdryEngdrands ned in
a seal ed _structure, contam nation of the washed object can be prevented.
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obj ect s ordinary temperatures 1s's e drying tank 30 so
the gaseous phase portion 35 is completely filled.
The valve 53, the valve 56, and the heater 54 can be controlled
by the control unit which is not shown, so that switching of the
valve 53 and the valve 56, and the temperature of the heater 54
are controlled.

(2) The channel for supplying two different types of fluid,
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,), are supplied 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. An apparatus for drying washed objects according to Claim1, wherein
said m st-strai ghtening vane is provided on a side wall of the drying tank,
and is provided with a plurality of fine openings on the surface for
emtting organic solvent mst at the position upwardly of a fluid spray
nozzle away froma prescribed distance S, so that a portion of organic

sol vent m st that passed through the opening out of the whole part of
organic solvent mst emtted fromthe tluid spray nozzle is indirectly
emtted. 3 . An apparatus for drying washed objects according to Caim 2,
wherein said fluid splay nozzle can emt two or nore different types of
fluid sinultaneously. 4 . An apparatus for dryi ng washed objects according
to ClainB@ 0s Borwseckingfanddesatdeind ratr strah fihe dxdpet oAl 86

i ncl udes organi c solvent m st and inert gas. - 30 5. An apparatus for
dryi ng washbdthbj ealgeabéoodengdt ¢OX) ai m 2, wherein the configuration of
said opening is chanfered configuration. 6. An apparatus for drying washed
obj ects conpri ¢4 hgThe dhynnglt fok sapphyging dpionizedrwaogr timteofhao t hat
t he washed objects can be placed or taken out from above; and a rinsing

t ank formedsingegankl $0wishfohnesupplygnygadkionhdednwapenabremahblecl osabl e
| id being capabl e of being sealed hernetically by being cl osed, wherein
sai d dryfsgoniardiwateriesprlwing nstzzdieght atiithgt heiwelvers s apghgdn@®Mrgani ¢
solvent mst to the washed objects . 7 . An apparatus for drying washed
obj ects accordipy The ghanned, famedspanagedieryithe cysrkfilew task 44 Wverfl ow

tank forned qon top of said.rinsing tank integrally for overfl ow ng
dei oni zedOhatiER1PNEedeiBPLEEE VA %rt‘l’ﬂéeﬂf%%‘?% f%ﬁ’f&,t%d“ap%%ﬁé}m? or

drai nage fromthe overfl.ow ng, tank i rounded. . 8. apparatus for. drying
nached oBPatid TRcERarhott s G asalved tarBiy toLvent HEPRINERR fci
hol di ng mgih%dsgbjects are provided in the drying tank and in the rinsing
tank, and®sdFd éradle can be noved upward and downward by a hoi sting

rechant sm A ¢a9 e SHARREY 44k ATl EIRRORE 1 LIS IRRDRE, |
sorts PSR BRbIEY Y BgateebagyePasel s accord o Lo Ol 8. weret (e
rinsing tank i§héh§r99ﬁ§iﬂ@tﬁbﬁeﬁsiﬂénthéedﬁﬁiﬁérQﬁﬁaﬁ&fﬁ@céf the
invention is characterized by being a drying method which does
not utilize Marangoni Effects as in the case shown in Fig. 6.
Fig. 6 is a drawing showing a state of transferring particles
as a result of being dried using Marangoni Effects, that is,
Marangoni Drying, after being etched by DHF (HF/H,0)(diluted
hydrofluoric acid), and Fig. 7 is a graph of the increasing amount
of particles in Marangoni Drying, illustrating the result after
performing the steps of rinsing with deionized water — drying,
and the result after performing the steps of etching with DHF
(HF/H,0) (diluted 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



10 . 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 objects can be placed or taken out from above, a rinsing
tank fornmed integrally with the drying tank, and an openabl e and cl osabl e
lid being capable of sealing hernetically by being closed, conprising the
steps of noving a cradle for placing and hol di ng washed objects upward and
downward by a hoisting nechani sm after, the washed object is subjected to
the rinsing process in the rinsing rat® and stopping the sane in a state in
which a part of the washed object is in contact wwth the fluid surface
directly or indirectly, performng drying process by emtting organic

sol vent ghstcéfcéherieshe b Ohpact rf roprasénts dhspeay faeeztenPion| dad on a
m st-strai ghtening vane and emtting the same in turn fromthe

m st - st r Rbghhentinbgeyane tddi TEAdprestme htkegpbg ideébansiednwah eFiqf teer t he
drying step; and - 32 performng quick drying process by supplying inert
gas at a hi gh Asenperaearefrom@ idie 6¢r yPRGdsankoafl 1BX niilse )disisippl igdep. 11.
A nmet hod for drying washed objects according to Caim 10, wherein said
washed obptweensa\lstamwwaiferhendes ederbwéth as arializad fidom ahd whersi ng
tank by the hoisting nmechanism 12. A nethod for drying washed objects
accor di ndetion@zednwaberwher wihhdaawni dewnwgnd is this ogfeateasvadtiney iw
ordinary tenperatures or heated nitrogen gas (N2). 13. A nethod for drying
washed obptcte hecstuthpen dl@ digarl walisrefacangntovgadi Ehe ovakex Wigkh
generating organic _solvent mst is selected fromal cohols, ketones, or

ethers havi ayldazed EblmkY MeyaneendaBaprer tandtheopartiglesr pEehsi on

of deionized water with respect to the substrate. ,
apt to be stuck on the bear 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 provide a drying method 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 drying 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 is ;n

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

Fig. 12 is an explanatory drawing illustrating the amount of



14. A method for drying washed objects according to C aim 10, wherein the
di aneter of organic solvent mst emtted indirectly fromthe

m st-strai ghtening vane is not nore than 20 ~, m. 15. A nethod for drying
washed objects according to Claim 13, wherein the organic solvent can be
heated to tenperatures within the range of 5C to 80C when it is |IPA - 33
16. A nmethod for drying washed objects according to Caim 10, wherein
rinsing water for performng rinsing chratlon inthe rinsing tank is
hydrogenated water. . AR A {.AL. A& As A&( , . AL. AL. A,

, - A& A&, . As. AL, . A", . AL. A . A&(, . AL. A9. AL. A9. A AL . As. A&, . A9;

/.AL. A&(, . AL,. A ,.A9(/7Sne

#%-hAy kde1ddtesos tht € iealgajenkhel sakcatead £ aflva|wofxa|stmfen]inafagl.caj caj c
aJca] ca] ca]ca] ca]ca]ca] ca]ca]ca] ca]ca]ca] cRa! Ee#*1o B y

9l: el }Xni d_Z] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca] ca]ca]ca] ca]calca
] cal ca] ca] ca] ca] ca] ca] ca] ca]ca]ca] ca]cal !l "" Q""" #MEq####HASCEH| $$SURY WBBA6 &
&&&&' ' X' Y' } xsnfild) Zjrmya]mea]|stadre aheedre ajre &licn] Od]aca] ca] ca)] ca] ca] ca] ca] ca] ca] ca
]ca]l ca]ca] ca] ca]calcalca]calcalcaljcalcalcal Y "' (=(P(Qz(((((C*2++,,..W4/0
01llolpl{ 1] 1S2NBiFB4 24 sTiavsZh cd]ada ehereajnoayabér & enlsbd da)tthe daydapca) ca) c
a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! =4r 8| 9s9>>v>w?~?0BDEEZ
GHHnI i | 1apgaNOIBOAF,; P; As shown in the step 1 in Fig. 10, in a state in
PRQYQQQR} xsni d_Z] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] caJca] ca]ca ca] cal, ca] cal ca] C

a] ca] ca]wieh iy erpeabds] antical esdleby dal #]and peengzed |~}
&a' azaf{ abb} xsni d Z] ca] ca] cal.ca] ca] ca] ca ca] ca] cal ca] caj ca] ca] ca] ca] ca]c
a] ca] ca]taten] 15 R 4] e a*]lleadf?d] MG SISt hHi4di kI LI Rn

ZQ; Zgﬁ:ﬁ;ﬁi ks ;%"é*}daa% 8 & 08] 85ifi%}”§% ﬁ% ES]L;?L% ig;ﬂﬁca;liﬁ;sﬁ?%c?]
ca] ca] ca]ca ca cal.cal ca c ca aJ.cal.calca ca] calcal.cal ca] ca
ca] ca] cal® dgg 8’3'3] G, § Fuppiyeh y& &

al E;;]S 2;] tlg} &}g@% g,] a%lgeg}ﬁa] e"’}% %35] Ca}lncé‘]t%"ﬂ GGV G gph¢Abetheal cale

| } +elst gﬁzﬁ%c‘ %%J]a%g]lﬁg] €3 ﬁai&a] i]nﬁﬁlt%%]e%]s&@] cgifal SahfAlLplgal cal cal

calcalc cal cd] ca] cal ca

o s g csméalatene el plesisstog hatnges o
"Yy10%&' (and X¥AIE)ciddfatdd 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 lid
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
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are identical to Fig. 9(a) other than the fact that the openable
and closable 1id 31 is opened and the cradle 33 is moved upward.

Subsequently, when the washed object such as a wafer W is
placed on the cradle 33, thecarrying unit, not shown, is retracted
from the drying tank 30, 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
from the deionized water supplying nozzle 41 for overflowrinsing.
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
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upward movement of the cradle 33 will be stopped in a state in
which the lower surface of the wafer W is slightly immersed in
the fluid surface in the rinsing tank 40, as is clear from Fig.
9(e). Though the stop position of the cradle 33 is controlled
by a control unit which is not shown in the figure, the stop
position is set in advance. When the washed object is a wafer
W, since the wafer W is provided with a pattern on the surface
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
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the valve 62 shown in Fig. 2 is closed and the valve 63 is opened,
and the valve 57 is opened to supply two types of fluid, IPA as
an organic solvent and nitrogen gas (N,), from the fluid splay
nozzle 34 into the drying tank 30. Such IPA mist supply
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.

As shown in Fig. 11, the IPA 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 dissolves 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 removed.

Fig. 12(a) is a graph illustrating measured amount of
electrostatic charge on the wafer surface when it is dried without
immersing the lower 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 charge shown in Fig. 12(a) is caused
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by the phenomenon in which electrostatic charge is temporarily
removed from the wafer W when residual water on the surface of
the wafer W and IPA drop into rinsing water in the rinsing tank
40.

Fig. 12(b) is a graph illustrating measured amount of
electrostatic charge on the surface of the wafer when the wafer
W is dried with the lower surface of the wafer W directly immersed
into the fluid surface in the rinsing tank 40 according to the
invention. Such measurement is performed during the drying
process shown in Fig. 9(e) and in the step 5 in Fig. 10, and it
is recognized that the amount of electrostatic charge on the
surface of the wafer is removed according to the invention. The
same effects can be obtained when removal of electrostatic charge
is performed without immersing the lower surface of the wafer
W directly into the fluid surface in the rinsing tank 40, but
performed indirectly by the use of drainage rod as is described
in conjunction with Fig. 15.

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

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

6 in Fig. 10, nitrogen gas (N,) is supplied through the nitrogen
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gas (N,) supply channel (1), the valve 56, the filter 55, and the
nitrogen gas supply port 37 into the drying tank 30, and in the
exhaust channel (3), the valve 64 is opened and thus sunction
exhaust is being performed.

(7) Drying step shown in Fig. 9(g)

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
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of the wafer, for example, a silicone (Si) can be prevented from
reoxidization.

(9) Drying step shown in Fig. 9(1i)

Fig. 9(i) shows a state in which the openable and closable
1lid 31 is opened to carry the dried wafer W placed 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 thus the space can be saved. Further, since organic
solvent mist is not supplied in the step of drawing the wafer
Wup fromthe rinsing tank 40 according 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 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
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be used as an alternative. Further more, according to the
invention, adherence of particles from the wafer having an
oxidized film or a pattern may be prevented, and reoxidization
of the surface of the silicon (Si) can be prevented.

Fig. 16 is a graph of the thickness of oxidized film on
the surface of the silicon 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
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watermark. Therefore, with the drying apparatus and the drying
method according to the invention, hydrogenated water may be
selected as rinsing water.

Referring now to Fig. 17, another embodiment of the drying
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 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
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formed by nitrogen, whereby formation of watermark can be
prevented and improvement of productivity is realized.
Furthermore, since the process is performed in a sealed structure,

contamination of the washed object can be prevented.
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WHAT IS CLAIMED IS:

1. An apparatus for drying washed objects comprising:

a drying tank in which organic solvent mist is generated
and supplied to washed objects therein;

wherein said drying tank includes a mist-straightening

vane for supplying organic solvent mist to said washed objects.

2. An apparatus for drying washed objects according to
Claim 1, wherein said mist-straightening vane is provided on a
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.

3. An apparatus for drying washed objects according to Claim
2, wherein said fluid splay nozzle can emit two or more different

types of fluid simultaneously.

4. An apparatus for drying washed objects according to Claim
2 or 3, wherein fluid emitted from said fluid spray nozzle includes

organic solvent mist and inert gas.
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5. An apparatus for drying washed objects according to Claim
2, wherein the configuration of said opening is chamfered

configuration.

6. An apparatus for drying washed objects comprising:

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

an openable and closable 1lid being capable of being sealed
hermetically by being closed,

wherein said drying tank includes a mist-straightening

vane for supplying organic solvent mist to the washed objects.

7. An apparatus for drying washed objects according to Claim
6, wherein said drying tank includes an overflow tank formed on
top of said 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.

8. An apparatus for drying washed objects according to Claim
6, wherein cradles for placing and holding washed objects are
provided in the drying tank and in the rinsing tank, and said
cradle can be moved upward and downward by a hoisting mechanism

and can be stopped in a state in which a part of the washed object
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is in contact with the fluid level directly or indirectly.

9. An apparatus for drying washed objects according toClaim
8, wherein the portion of said washed object that is immersed
into the fluid level of said rinsing tank is the portion other

than the patterned surface.

10. Amethod 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, a rinsing tank formed integrally with
the drying tank, and an openable and closable lid being capable
of sealing hermetically by being closed, comprising the steps
of:

moving a cradle for placing and holding washed objects
upward and downward by a hoisting mechanism after 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 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, discharging deionized water

after the drying step; and
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performing quick drying process by supplying inert gas at

a high temperature into the drying tank after the draining step.

11. A method for drying washed objects according to Claim
10, wherein said washed object is wet when the washed object is

drawn up from the rinsing tank by the hoisting mechanism.

12. A method for drying washed objects according to Claim
10, wherein said inert gas is nitrogen gas (N2) at ordinary

temperatures or heated nitrogen gas (N,).

13. A method for drying washed objects according to Claim
10, 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.

14. A method for drying washed objects according to Claim
10, wherein the diameter of organic solvent mist emitted

indirectly from the mist-straightening vane is not more than 20

um.

15. A method for drying washed objects according to Claim
13, wherein the organic solvent can be heated to temperatures

within the range of 5°C to 80°C when it is IPA.
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16. A method for drying washed objects according to Claim
10, wherein rinsing water for performing rinsing operation in

the rinsing tank is hydrogenated water.



