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TITLE OF THE INVENTION 

METHOD AND APPARATUS FOR DRYING WASHED OBJECTS 

BACKGROUND OF THE INYENTION 

This invention relat~s to a m~thod a~d an apparatus for 
drying washed oµjec~s, and more particularly to a met~od and an 
ap~aratus for rinsing and drying objects s~ch as semiconductor 

wafers, glass substrates or the like which have been washed. 

Drying of a precision substrate such as a finely-formed 

or f~ned wafer, glass substrate or the 1ike foiiowing washing 
thereof is importantly ~f fected by ~ degree at which a moisture 
entering trenches thereof is removed therefrom. In view of such 
a s~tuation, a drying apparatus in which vapor of an organic 

' solvent is used bas been conventionally put to practice for this 

purpose. The dryin~ apparatus using organic solvent vapor is 

constructed· in s~ch a manne~ as shown in Fig. 10 by way of 
example. More specifically, the drying app.aratus includes a 

drying tank 40 and a heater 41 mounted on an outer su~face of a 
bottom of the drying tank 40. The drying tank 40 is charged 

therein with an organic solvent 42, which is heated to a boiling 

point thereof by means of the heater 41, so that vapor of the 

orqanic solvent 42 may be fonued in an upper region or portion of 
the tank 40. Then, objects 43 such as wafers or the like which 

have been subjected to washing and rinsing using water or the 
like are placed in the vapor. This results in the organic 

solvent which is evaporated more readily than water being 

condensed on a surface of the object 43 while being substituted 

for water adhered to the surface of the object 43. 

The objects 43 in the vapor are gradually increased in 

temperature to a vapor temperature or boiling point of the 
organic solvent.42 and then taken out of the vapor atmosphere, 

resulting in the solvent adhered to the objects 43 being rapidly 
eva~orated due to reduced latent heat thereof, leading to 
completion of drying of the objects 43. The drying tank 40 has a 
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cooling coil 44 arranged in the upper portion thereof, which 
functions to condense the organic solvent evaporated by heating. 
The organic solvent thus condensed is ~ropped onto a liquid 
receive~ 45 and then recovered for reuse. Likewise, the organic 
solvent in the fonri of liquid containing water which is dropped 
from the objects 43 is recovered ~Y another liquid r·eceiver 46. 

Unfor~unate:ly., in the conventional drying apparatus thus 
constructed, it is ~equ~red that an operator i~ highly careful 
with fi~e because ~he organi~ so~vent. i~ heat~d. Also, it causes . . 
energy co~sum.ption t~ be substantially increased due to both . . 
heatin9 and cooling of the organic solvent. Further, it requi~es 
much time for the drying because of heating the organic solvent 
to form a iayer of the vapo_r and is increased in consumption o.f 

the organic solvent du~ to loss by evaporation. In addition, 
when the object~ are prought in~o co~tact with the layer of the 
val?or, heat of ·_th.e vapor (gaseous ph~se) is removed by the 
objects to cau,s.e a rapid phase ch_ange of the organic so1vent from 
gas to 1iquid. This reduces the vapor layer, to thereby cause 
the objects to be exposed to an amb~ent atmosphere, leading to 
problems such as contamination of the objects, a failure in 
dry~ng thereof and the like. Also, there is likelihood that the 
organic solvent is contaminated by dust contained in the ambient 
atmosphere, leading to contamination of the objects. 

SUMMJ\R.Y OF THE INVENTION 

The present invention has been made in view of the 
foregoing disadvantages of the prior art. 

Accordingly, it is an object of the present invention to 
provide a method and an apparatus for drying washed objects which 
are capable of satisfactorily drying the objects in a reduced 
period of time. 

It is another object of the present invention to provide 
a method a~d an apparatus for dryinq washed objects which are 
capable of effectively preventing contamination of the objects 
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during drying thereof. 

It is a further object of the present in~ention to 

provide a method and an apparatus for drying washed objects which 

are capable of attaining energy saving and a reduction in 

consumption of chemicals used. 
It is a still further object of the present invention to 

provide a me~hod and an apparatus fo~ drring washed objects which 

are capable of ~fficiently 9ene~ati~9 mist of an organic solvent 

acting as a dJ:¥ing agent at a low temperature. 

In accord_ance with one aspect of the present invention r a 

drying method for washed objects is provided. Th~ drying method 

comprises the steps of: rinsing the objects which are inu'l\ersed in 

pure water in a pure water tank; generating mist of an organic 

solvent at a normal temperature in an orqanic solvent mist 

generating t~nk by exciting the organic solvent by means of an 

ultrasonic wave; supplying the organic solvent mist to the pure 

water tank from the organic solvent mist generating tank while 

discharging the pure water from the pure water tank at a 

predetermined rate to thereby place the objects in an atmosphere 

of the organic solvent mist; and feeding nitrogen gas to the pure 

water tank to purge the organic solvent ~ist with the nitrogen 

gas. 

I.n a preferred eJilbodiment of the present invention, the 

drying method further comprises the step of maintaining the 

temperature of the organic solvent at a norm.al temperature. 

In a preferred embodiment of the present invention, the . 

organic solvent is excited by an uitrasonic wave having a 

frequency in the Meqahertz range and the organic solvent mist is 

adsorbed on surfaces of the objects. 

In a preferred embodiment of tne present invention, the 

organic s~~vent is excited by an ultrasonic wave having a 

frequency in the range of 0.5 MHz to 10 MHz, the temperature of 
the organic solvent mist is selected to be 20°c to so 0 c, and 

droplets of the orqanic solvent mist have a diameter not greater 
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than 100 µm. 
In a preferred embodiment of the present invention, tbe 

predetermined rate at which the pure water is discharged from the 
pure water tank is selected so that droplets of the pure water 
and or9anic solvent or a liqu~d film of the pure water and 
organic solv~nt having a thickn~ss of 10 nm to 1 µm is formed on 
the surfaces of the objects wi~hout foriuing a mixed layer of the 
pure water and the organi~ solvent on a surface of the pure 
water. 

In accordan~e with another aspect. of the present 
invention, a drying apparatus for washed objects is provided. 
The drying apparatus includes a pu~e water tank constructed so as 
to p.ermit pure water to be introduced thereinto and discharged 
therefrom, to thereby rinse the objects which are immersed in the 
pure water; an organic solvent mist generating tank arranged so 

as to selectively communicate a~ an upper portion thereof with 
the pure.water tank and constructed so as to permit an organic 
solvent charged therein to be excited by means of an ultrasonic 
wave, to thereby 9enerate mist of the organic solvent at a normal 
temperature in the organic solvent mist generating tank; an 
organic solvent mist supplying means for supplying the organic 
solvent mist to the pure water tank from the organic solvent mist 
generating tapk; a pure water discharge means Ior discharging the 
pure water from the pure water tank at a predetermined rate while 
the pure water tank and organic solvent mist generating tank are 
operated to communicate with each other to thereby place the 
objects in an atmosphere of the organic solvent mist; and a 
nitrogen gas feeding means for feeding nitrogen gas to the pure 
water tank to purge the organic solvent mist with the nitrogen 
gas. 

In a preferred embodiment of the present invention, the 
organic solvent mist generat~g tank has a double-tank structure 
including an inner tank member and an outer tank member, the 
outer tank member being mounted on an outer surface of a bottom 
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thereof with a vibration plate having an ultrasonic transducer 

attached thereto, the inner tank menlber having a bottom formed 

with a thickness which permits ultrasonic energy to penetrate 

therethrough, the inner tank member and outer tank member being 

arranged so as to permit circulatin9 water for temperature 

adju~ting to ~low within a space defined between the inner tank 

member and outer tank member, the inner tank member being charged 

therein with the organic solvent, which is circulated through a 
p~pinq arran9ed in the circulating water. 

In a preferred embod~ent of the present invention, the 

pure water tank is so constructed that an upper portion thereof 

is selectively completely clos~d. 

I.n a preferred embodiment of the present invention, the 

organic solvent is excited by an ultrasonic wave having a 

frequency in the Megahertz range and the organic solvent mist is 

adsorbed on surfaces of th~ objects .• 

In a preferred embo~iment of the present invention, the 

org~nic solvent is excited by an ul.trasonic wave having a 

frequency in the range of o.s MHz to 10 MHz, the temperature of 

the mist of the orqanic solvent is selected to be 20°c to so 0 c 

and droplets of the mist of the organic solvent have a diameter 

not gr.eater than 100 µm. 

In a preferred embo_diment of ..:t.he present invention, the 

predetermined rate at which the pure water is discharged by the 

pure water discharge means is selected so that without forming a 

mixed layer of the pure water and the organic solvent on a 

surface of the pure water, drop1ets of the pure water and organic 

solvent or a liquid fi1m of the pure water and organic solvent 

having a thickness of 10 nm to l Jllll i~ formed on the surfaces of 

the objects. 

BRIEF DESCRIPTION OF THE DRAWINGS 

.These and other objects and many of the attendant 

advantages of the present invention will be readily appreciated 
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as the same becomes better understood by reference to the 

following detailed description when considered in connection with 

the accompanying drawings; wherein: 

Fig. 1 is a schematic view showing an embodiment of a 

drying appar~tus for washed objects according to the present 

invention; 

Fig. 2 is a sc.hematic view showing the ·step of placing 

washed objects in a p~re water tank of the drying apparatus; 

Fig. 3 is a sch~atic view showing the step of feeding 

pure water and an organic solvent mist to the pure water tank; 

Fig. 4 is a schematic view showing the step of 

discharging the pure water from the pure water tank and place the 

objects in an atmosphere of the organic solvent mist; 

Fig. 5 is a schematic view showing the step of feeding 

nitrogen gas to t~e pure water tank to purge the organic solvent 

mist and complete dryin~ the surfaces of the objects; 

Fig. 6 is a schematic view showi~g removal of the objects 

from the pure wat~r tank; 

Fig. 7 is a schematic view illus.tratin9 the principle of 

generation of the or9anic solvent mist; 

Fig. 8 is a perspective view showing an edged knife; 

Fig. 9 is a schematic view showing contact of the edged 

knife with a droplet on an edge portion of the object: and 

Fig. 10 is a schematic view showing a conventional drying 
apparatus. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT 

Now, a method and an apparatus for dryinq washed objects 
according to the present invention will be described hereinafter 
with reference to Figs. 1 to 9. 

Referring first to Fig. l, an embodiment of a dryin9 
apparatus for washed objects according to the present invention 
is illustrated. A drying apparatus of the il.lustrated embodiment 
which is generally designated at reference numeral 10 generally 
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includes a pure water tank 20 and an organic solvent mist 

generating tank 30 for generating mist of an organic solvent. 

The mist generating tank 30 has a double-tank structure including 

an inner tank member Jla a~d an outer tank member 31b. The outer 

tank member 3lb is provided on an o·uter surface of a bottom 

thereof with a vibration plate 32 having an ultrasonic transducer 

attached thereto. The bottom of the inner tank member 3la is 

formed with a th.ickness which permits ultrasonic energy to 

penetrate therethrough. Also, the mist generating tank 30 is 

constructed so as to permit circulating water 33 for temperature 

adjustinq-to flow within a .space defin~d between the inner tank 

member 3la and the outer tank member 31b. 

The inner tank member 31a is charged therein with an 

organic solvent 34, which is ci~culatedly guided through a piping 

35 of which a part is arranged in the circulating water 33, to 

thereby be cooled or heated, resulting in the temperature of the 

organic solvent 34 be~ng adjusted at a predetermined temperature, 

for example, at 20°C to 50°.C. In the illustrated embodiment, 

isopropyl alcohol (IPA) is used as the organic solvent 34. Also, 

the inner tank memb~r 3la i~ provided therein with a splash guard 

plate 36 in a manner to be positioned at a center of the inner 

tank member 31a. Further, the inner tank meznber 3la is provided 

therein with a nitro9en qas feed port 37 in a manner to be 

positioned at a location somewhat below the center thereof. In 

addition, the inner tank member 31a is constructed so as to 

communicate at an upper portion thereof with an upper portion of 

the pure water tank 20 through a communication passage 38. "The 

communication passage 38 is provided therein with a valve 39 

which is constructed so as to be open to permit a flow in only a 

direction from the inner tank member 3la toward the pure water 

tank 20. 

The pure water tank 20 is provided on a lower portion 

thereof with a pure water feed and discharge valve 21 and first 

and second discharge valves 22a and 22b for discharging pure 
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water at a first predetermined flow rate. In the illustrated 

embodiment, the pure water feed and discharge valve 21 comprises 

a three-way valve including valve ports 21 1 , 213 and 21,. 

Alternatively, it may comprise a four-way valve. Thus, the pure 

water tank 20 is fed therein with pure water through the valve 

ports 211 and 212 of the pure water feed and discharge valve 21, 

so that when p~re water reaches a predetermined level in the pure 

water tank 20_, ex~essive pure water is pex;mitted to run over the - -
tank. This results in a gaseous or vapor phase space 23 being 

defined in an ~pper portion of the pure water tank 20. The vapor 

phase space 23 is provided therein with nitrogen qas feed ports 

24 and has an-exhaust pipe 25 connected thereto through which the 

vapor phase space 23 is permi.tt~d to communicate with an ambient 

atmosp~ere. The exhaust pipe 25 is provided therein with a valve 

26~ which is arranged so_ as to be open to peDUit a flow in only a 

direction from the pure water tank 2~ toward an ambient 

atmosphere. Also, the pure water tank 20 is provided on the 

upper portion thereof with an openable cover 27 of the 

completely-closed type through which washed objects 50 are 

accessed to and removed from an interior of the pure water tank 

20. Further, the pure water tank 20 is provided therein with 

supports 28 adapted to support the objects 50 thereon, as shown 

in Fi.9. 1. 

The pure water tank 20 is provided in the lower portion 

thereof with a liquid level sensor 29 in a manner to be 

positioned at substantially the same height or level as an open 

end of a first pipe extending into the pure water tank 20 from 

the first discharge valve 22a and at substantially the same level 

as or slightly below lower ends of the objects or wafers 50. A 

second pipe arranged so as to extend into the pure water tank 20 

from the second discharge valve 22b has an open end positioned at 

a level by 1 to 2 mm higher than the open end of the first pipe. 

Now, the manner of operation of the drying apparatus 10 
of the illustrated embodiment thus constructed will be described 
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hereinafter. 

First, the cover 27 of the pure water tank 27 is rendered 

open, so that objects or wafers SO which have been washed and/or 

subjected to preliminary rinsing are supported on the supports 

28, as shown in Fig. 2. Tne supports 28 may be placed in the 

pure water tank 20 while having the objects 50 previously 

support~d thereon. 

Then, a pre~eterm.ined amount of t:_he organic solvent (IPA) 
34 is charged in the inner tank member 31a of the organic solvent 

mist ~eneratin9 tank 30 so as to have a depth of 5 mm or less and 

a high frequency voltage of a frequency as high -as o.s MHz or 

more, and more specifically o.s MHz to 10 MHz, and of 0.5 W/cm2 or 

more in power is applied to the ultr~sonic transducer of the 

vibration plate 32 mounted on the outer tank member 3lb, leading 

to oscillation of the transducer. This results in organic 

solvent mist at a normal temperature of 2oac to S0°c being 

generated in the inner tank member 31a by occurring of a 

capillary wave. Dro~lets of the organic solvent mist have a 

diameter not greater than 100 J.ml• 

The generation of the organic solvent mist by a capillary 

wave C will be described with reference to Fig. 7. When 

ultrasonic vibration in a liquid L by an ultrasonic transducer T 
is rendered strong, a radiation pressure of sound increases, and 
if a vibration frequency is high, a sound pressure concentrates 

with directivity. This causes the liquid L to be partly raised 

to form a liquid column. Concurrently, a surface wave occurs on 

a surface of the liquid, whereas an interference wave occurs on a 

surface of the liquid column with a periphery of the liquid 

column acting as a boundary of reflection. When energies of 
collision and tearing of the liquid on the surface of the liquid 

column exceed a surface tension of the liquid L, the liquid is 
converted into fine particles M which fly about in the air. 

The circulating water 33 for temperature adjusting is 
circulated within the space between the inner tank member Jla and 



10 

the outer tank member 3lb, to thereby cool or heat the organic 

solvent 34 through t~e bottom of the inner tank member 3la. The 

organic solvent 3~ is also cooled or heated ~y circulating it 

through a portion of the piping 35 which is immersed in the 

circulating water 33. Such construction effectively keeps the 

temperat~re of the organic sqlvent 34 in the inner tank member 
3ia at. a temperature of 2o•c to so•c in spite of operation of the 

drying apparatus 10 ~ver a ~rolon9ed per~od of tim~ and 

positively prevents operation of the ult~asonic transducer in a 
state where no liquid exists even when the inner tank member 3la 

is emptied of th~ organic solvent 3,. 

Subsequently, the cover 27 is closed and the pure water 

tank 20 is fed with pure water to immerse the objects so in the 

pure water, resulting in the objects 50 being subjected to final 

rinsing. Then, t~e pure wate~ in the pu~e water tank 20 is 

discharged through the first and second discharge valves 22a and 

22b at the first flow rate. A pressure in the pure water tank 20 

is gradually reduced with progress of discharge of the pure water 

through the valves 22a and 22b, to th~reby cause the valve 39 in 

the comxn.unication passaqe 38 arranqed between the pure water tank 

20 and the organic solvent mist generating tank 30 to 

automatically open, so that orqanic solvent mist at an incre.ased 

concentration may enter the pure water tank 20 from the organic 

solvent mist generating tank 30, as shown in Figs. 3 and 4. The 

first flow.rate of the discharqe of the pure water through the 

first and second valves 22a and 22b is selected so that a mixture 

layer of the pure water and organic solvent is not formed on a 

surface of the pure water and that droplets of the pure water and 

organic solvent or a liquid film of the pure water and organic 

solvent havin9 a thickness of 10 nm to l µm are/is formed on the 

surfaces of the objects 50. such enterinq of the organic solvent 

mist permits water films on the objects 50 to be replaced with 

the organic solvent mist. The water films thus replaced are 

condensed and dropped while being mixed with the organic solvent. 
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When a level of the pure water in- the pure water tank 20 
is lowered below the open end of the pipe connected to the second 

discharge valve 22b, dischar<_?e of t_he pure water through the 

second discharge valve 22b ~s interrupted, resulting in discharge 

of the pure water being ~arried out through only the first 

discharge valve 22a, leadiD.q to a reduction in the rate at which 

the pure water is discharged. In the illustrated embodiment, 

discharge of the pure wate; through both fir~t and second 
discharge valves 22a and 22b ~esults in a velocity at which the 

water level is lowered being about 2 to 4 mm/sec; whereas when 

the discha~ge is carried out throu~h only the second discharge 

valve 22a, the velocity is as lo~ as about 1 1llil\/sec. 

When the liquid level is fu~her lowered to a degree 

sufficient to perJnit the liquid level sensor 29 to detect the 

liquid level, the va~ve ports 21 2 and 211 of the valve 21 are open 

to ensure the discharge at an in~reased rate. 

Such cont~oi of the discha~ge rate of the pure water 
provides sure drying of the objects or wafers 50. Since the 

water in contact with the wafers 50 is apt to remain on the lower 

edge· portions of the wafers so, the discbarqe rate of the pure 

water is reduced when the liquid level is lowered to the lower 

portions of the wafers 50. When the wafers 50 have completely 
emerged_ out of the pure water, it is not required to discharge 

the pure water at the low rate, but instead the pure water is 

discharged at the increased rate through the three-way valve 21 
which is rendered open. 

After a predetermined period of time elapses, nitrogen 

gas which is heated to a temperature of about so•c is fed through 

the nitrogen gas feed ports 24 into the pure water tank 20, as 
shown in Fig. 5, to purge the or9anic solvent mist in the pure 
water tank 20 with the nitrogen gas, so that the organic solvent 
mist is outwardly exhausted from the exhaust pipe 25 through the 
valve 26, resulting in the objects 50 being placed in an 
atmosphere of the heated nitrogen gas. ~his permits any moisture 
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or water and organic solvent on the objects SO in the nitrogen 

9as atmosphere to be removed therefrom, followed by opening of 

the cover 27 for removal of the objects 50 from the pure water 

tank 20, as shown in Fig. 6. 

In practicinq of the illustrated embodiment, droplets are 

apt to remain on supported portions of the objects so. In order 

to avoid such a problem, an edged knife 60 which has a distal end 

60a shar:e_ened at an acute angle as shown in Fig. 8 may be used. 

The edged knife 60, as shown in Fiq. 9, is ~o_arranged that the 

distal end 60a is accessible to droplets soa remaining on an edge 

portion of each object so. In this instance, when the edged 

knife 60 is made of a hydrophilic material or a material of which 

a surface is made of a hydrophili~ material, the droplets 50a 

remaining on the edge portions of the objects SO are permitted to 

be positively downwardly guided through the edged knife 60, to 

thereby ensure rapid r.emoval of t~e droplets therefrom. 

As described above, the drying apparatus of the 

illustrated embodiment permits the objects 50 to be subjected to 

drying at a normal temperature using an organic solvent, to 

thereby elbninate both heating and cooling of the organic solvent 

and promote energy saving. Also, it facilitates the drying 

operation because it is not required that an operator is careful 

with fire. Further, the dry~n9 op.aration at a normal temperature 

in the illustrat~d embodiment does not cause heat of the organic 

solvent mist to be removed by the objects even when the objects 

are brought into contact with the mist, to thereby eliminate any 

phase change of the mist and exposure of the objects to an · 

ambient atmosphere. In addition, the illustrated embodiment 

rapidly condenses the moisture or water in the organic solvent 

atmosphere at an increased concentration, to thereby exhibit 

excellent drying characteristics. Furthermore, in the 

illustrated embodiment, the organic solvent mist is replaced with 

the inert or nitroqen gas atmosphere, to thereby effectively 

exclude oxygen, resultinq in formation of any water mark being 
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prevented. Also, the illustrated embodime~t eliminates heating 

using a heater, to thereby permit the drying operation to be 

carried out in a. short period of time, leading to an increase in 

productivity. Moreover, the drying operation takes place in a 

closed environment, to thereby prevent contamination of the . 

objects. 

According to one embodiment of the present invention, the 

organic solvent 34 is excited by an ultrasonic wave having a 

frequency i~ the Megahertz range to generate a large amount of 
the organic solvent mist and the organic solvent mist is adsorbed 

on the surfaces of the objects so by discharging the pure water 

at a relatively h~qh flow rate, to thereby prevent a mixture 

layer of the pure ~ater and organic solvent from being formed on 

the surface of the pure water. The droplets of the pure water 

and organic solvent or the liquid film of the pure water and 

organic solvent having a thickness of 10 nm to l µm which are/is 

fonu.ed on the surfaces of the objects SO can be dried by the 

heated nitrogen gas. 

Furthermore, according to the embodiment of the present 

invention, the organic solvent 34 is excited by an ultrasonic 

wave having a frequency in the Megahertz range, to thereby 

efficiently generate a sufficient amount of the organic solvent 

mist immediately at a no:anal temperature. In the conventional 

apparatus, the organic solvent, such as IPA, which is a flammable 

liquid, is heated to a boiling point (approxi.mate1y 82°C) and the 

consumption of IPA amounts to about 600 ml for a single drying 

operation, whereas the embodiment of the present invention can 

reduce the consumption of the organic solvent 34 to 200 ml. or 

less, resulting in a cost being decreased. In addition, time 

required for the single drying op~ration is reduced to about 6 

minutes as compared with the conventional apparatus which 

requires about 10 minutes, to thereby. enhance throuqhput. 

Moreover, if an ultrasonic output is rendered variab1e, the 

alllOunt of the generated organic solvent mist can be controlled. 
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In the illustrated embodiment, the or9anic solvent, such as IPA, 

is used at a low temperature of 20°c to so 0 c in the inert or 

nitrogen gas atmosphere, to thereby prevent fire. 

In the illustrated embodiment, the number of contaminant 

particles having a diameter of 0.2 µm. or more and adhered to the 

surfaces of wafers 50 was countered before and after being 

subjected to a drying operation in the drying apparatus 10, by 

selecting two, namely, the first wafer Sl an_d the twenty-fifth 

wafer S2, out of twenty-five (25) wafers •. There is no great 

difference in the number of the part-icles between the wafers 

before the drying operation and those after the drying operation, 
as sho~ in Table. 

Wafer No. 

Sl 

525 

Tabl,.e 

N~e~ of Particles 
(> 0.2 JJin in diameter) 

Before Drying 
Operat?,.on 

150 

150 

After Dcyinq 
Operation 

143 

170 

It is noted that a relationship between a dryness or 
wetness of a surface of an object and a thickness of a liquid 

film formed on the surface of the object is illustrated in 

"Report on Research and Study of High-technology Transfer in 
Environmental Process Industry 1993" The Japan Machinery 
Federation et al., pp. 48-49, March 1994. According to this 

publication, the liquid film having a thickness less than 10 run 

indicates a dry state; the liquid film having a thickness of 10 

nm to 1 µm a state where the liquid is adsorbed; and the liquid 
film having a thickness above 1 µm a wet state. In the 
elllbodiment of the present invention, as a liquid" film which is 
formed on the surfaces of the wafers 50 has an average thi~kness 
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of, for example, 0.802 µm when the wafers 50 are exposed to the 

organic solvent or IPA mist, and thus such a liquid film would be 

considered to be caused by adsorption on the surfaces of the 

objects 50 rather than by condensation of IPA. 

In addition, it is found that formation of a mixture 

layer of the organic solvent or XPA and pure water visibly occurs 

on the surface of the pure water about ten seconds after the IPA 

mist enters the _pur~ water t~nk 20. _ 'Xhere_fore, when discha.cqe of 

the pure water from the pure wa~er tank 20 is comple~ed within 

ten seconds after initiation of introduction of the IPA mist into 

the pure water tank 20, the mixture layer would not be fo:rmed on 

the surface of the pure water. 

In the illustrated embodiment, wafers are used as the 

washed objects 50 by way of example.. It .j.s a matter of course 

that the illustrated embodiment may be likewise effectively 

apJ?l_ied to drying of a flat material such as liquid crystal 

display glass, a hard dis~ substrate, a small-sized material ·such 

as a lens, or the like. As described above, the pure water feed 

and disc~arge valve 21 may be constituted by either a three-way 

valve or a four-way valve. Use of the four-way valve permits 

chemi.cals as well as pur-e "!'ater to be fed for any desired 

chemical treatment. 

As can be seen form the foregoing, the present invention 

is so constructed that mist of the organic solvent is generated 

by means of an ultrasonic wave in the organic solvent mist 

generating tank and washed objects are immersed in pure water in 

the pure water tank, the pure water tank and organic solvent mist 

generating tank are then operated to communicate with each other 

to dischar9e pure water and place the objects in an atmosphere of 

the organic solvent mist, and then nitrogen gas is fed to the 

pure water tank to purge the organic solvent mist with the 

nitrogen gas. Such construction eliminates a necessity of 

heating and cooling the organic solvent, to thereby promote 

energy saving. Also, it facilitates the drying operation because 
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it is not required that an operator is careful with fire during 
the drying operation, to thereby ensure an improvement in 
productivity. Also, the drying operation is carried out in a 
closed environment, to thereby reduce consumption of the organic 
solvent and prevent contamination of the objects. In addition, 
the moisture or water is rapidly condensed in the organic solvent 
atmosphere at an increased concentration, resulting in exceilent 
dryinq characteristics being exhibited. Moreover, the organic 
solvent mist is repljiced with the inert or nitrogen gas 
atmosphere, to ~hereby effectivel_y exclude oxygen, resulting in 
foDnation of any water mark being prevented. 
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What is Claimed is: 

1. A drying method for washed objects, comprising the 

steps of: 

r~nsing the objects which are immersed in pure water in a 

pure water tank; 

qeneratin9 mist of a~ organic solvent at a normal 

temperatuJ;e in_an orqanic solvent i.µst generating tank by 

exciting the organic solvent ~y means of an ~ltrasonic wave; 

supplying the orqani~ solvent mist to said pure water 

tank from said or.ganic solvent mist generating tank while 

discha:-rging the pure water from said pure water tank at a 

predetermined rate to thereby place the objects in an atmosphere 

of the organic solvent mist~ and 

f eedin9 nitrogen gas to said p~re water tank to purge the 

organic solvent mi.st with the nitrogen gas. 

2- A drying method as defined in c1ai.m. 1, further 

comprising the step of ~aintaining the temperature of the organic 

solvent at a normal temperature. 

3. A drying method as defined in clailn 1 or 2, wherein 

the organic solvent is excited by an ultrasonic wave having a 

frequency in the Megahertz range and the organic solvent mist is 

adsorbed on surfaces of the objects. 
4. A drying method as defined in ciaim 3, wherein the 

organic solvent is excited by an ultrasonic wave having a 

frequency in the range of 0.5 MHz to 10 MHz, the temperature of 

the organic solvent mist is selected to be 20°C to 50°C, and 

droplets of the organic solvent mist have a diameter not greater 

than 100 µm. 

5. A drying method as defined in claim 3, wherein the 

predetermined rate at which the pure water is discharged from 

said pure water tank is selected so that droplets of the pure 

water and organic solvent or a liquid film of the pure water and 

organic sol~ent having a thickness of 10 run to 1 µm is formed on 

the surfaces of the objects without forming a mixed layer of the 
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pure water and the organic solvent on a surface of the pure 

water. 
6. A drying method as defined in claim 4, wherein the 

predetermined rate at which the pure wat~r is discharged from 

said pure water ta.nk is selected so that droplets of the pure 

water and organic solvent or a liquid film of the pure water and 

organic solvent having a thickness of 10 nm to 1 µm is formed on 

the surfaces of the objects with<;>ut forming a mixed layer of the 

pure water a.nci the organic solve~t on a surface of the pure 

water. 

7. A drying apparatus for washed objects, comprising: 

a pure water tank constructed so as to perm.it pure water 

to be introduced thereinto and discharged therefrom, to thereby 

rinse the objects which are immersed in the pure water~ 

an organic solvent mist generating tank arranged so as to 

selectively communicate at an upper portion thereof with said 

pure water tank and constructed so as to permit an orqanic 

solvent charged therein to be excited by means of an ultrasonic 

wave, to thereby 9enerate mist of th·e organic solvent at a norro.al 

temperature in said organic soivent mist generating tank; 

an organic solvent mist supplying means for supplying the 

organic solvent mist to said pure water tank from said organic 

sQivent mist generating tank; 

a pure water discharge means for discharging said pure 

water from said pure water tank at a predetermined rate while 

said pure water tank and organic sol~ent mist qenerating tank are 

operated to communicate with each other to thereby place the 

objects in an atmosphere of the organic solvent mist; and 

a nitrogen gas feeding means for feeding nitrogen gas to 

said pure water tank to purge the organic solvent mist with the 

nitrogen gas. 

a. ~drying apparatus as defined in claim 7, wherein 

said organic solvent mist generating tank has a double-tank 

structure including an inner tank member and an outer tank 
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member; 

said outer tank member being mounted on an outer surf ace 

of a bottom thereof with a vibration plate havins an ultrasonic 

transducer attached thereto; 
said inner tank member having a bottom formed with a 

thickness which permits ultrasonic energy to penet~ate 

therethrough; 

said inner tank member and outer tank m~er being 

arranged so a~ to permit circ~latin9 water f~r temperature 

adjustlng to flow within a space defined between said inner tank 

member and outer tank m~er_; 
said inner tank member being charged therein with the 

organic solvent, which is circulated through a piping arranged in 

the circulating water. 

9. A drying appar~tus as defined in claim. 7 or a, 

wherein said pure water tank is so constructed that an upper 

po~ion thereof is selectively comple~ely closed. 

10. A drying apparatus as defined in claim. 7 or S, 

wherein the organic solvent is excit~d by an ultrasonic wave 

having a frequency in the Megahertz range and the organic solvent 

mist is adsorbed on surfaces of the objects. 

11. A drying ap~aratus as defined in claim 9, wherein 

the organic solvent is excited by-an ultrasonic wave havinq a 

frequency in the Megahertz range and the organic solvent mist is 

adsorbed on surfaces of the objects. 

12- A drying apparatus as defined in claim 10, wherein 

the organic solvent is excited by an ultrasonic wave having a 

frequency in the range of o.s MHz to 10 MHz, the temperature of 

the mist of said organic solvent is selected to be 20°C to 50°C 

and droplets of the mist of said organic solvent have a diameter 

not greater than 100 µm. 

13. A drying apparatus as defined in claim 11, wherein 

the or9anic solvent is excited by an ultrasonic wave havinq a 

frequency in the range of 0.5 MHz to 10 MHz, the temperature of 
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the mist of said organic solvent is selected to be 20°c to 50°C 

and droplets of the mist of said organic solvent have a diameter 

not greater than 100 JllU· 

14. A drying apparatus.as defined in claim 7 or B, 

wherein the ~redetermined rate at which said pure water is 

~ischa~9ed by said pure water 4ischa~ge means is selected so that 

without forming a m~xed layer of the pure water and the organic 

eolve~t on a surface of the pure water, droplets of the pure 

water and organic solvent or a liquid film of the pure water and 

organic solvent having a thickness of 10 nm to 1 J.lDl is formed on 

the surfaces a1: the objects. 

15. A drying apparatus as defined in claim 9, wherein 

the predetermined rate at which said pure water is discharged by 

said pure water discharge means is selected so that without 

forming a mixed layer of the pure water and the organic solvent 

on a surface of the pure water, droplets of the pure water and 

organic so1vent or a liquid film of the pure water and organic 

solvent having a thickness of 10 nm to 1 ~m·is formed on the 

surfaces of the objects. 

16. A drying apparatus as defined in claim 10, wherein 

the predetermined rate at which said pure water is discharged by 

said pure water discharge means is selected so that without 

forming a m.ixed layer of the pure water and the organic solvent 

on a surface of the pure water, droplets of the pure water and 

organic solvent or a liquid film of the pure water and organic 

solvent having a thickness of 10 run to l µm is formed on the 

surfaces of the objects. 


