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Cleaning Apparatus, Ecquipment, and Method

Technical Field

The present invention relates to a cleaning apparatus,
equipment and method, and particularly to an ultrasonic

cleaning apparatus, eguipment and method.

Background Art

A conventionally known cleaning method and apparat

dip a substrate or a similar object in a cleaning liguid and
thus expose it to an ultrasonic wave to clean it. To
object's entire surface uniformly, the clieaning nmethod 1s
required to expose the entire surface to the ultrasonic wave.
However, the ultrasonic wave is partially interrupted by a
structure (e.g., a holding member for holding the object) in a
cleaning tank holding the cleaning iiquid, and as a result the
object has a surface which is not directly exposed to the
ultrasonic wave. In order to solve such a problem, various

techniques have conventionally been proposed.

For example, Japanese Patent Laying-Open No. 2009-231668
indicates that an ultrasonic refraction member which can be
swung is dispesed at a bottom of a cleaning tank, and the

ultrasonic refraction member is swung to vary a direction in

.

which an ultrasonic wave travels 1in the cleaning tank. JP20039-

231668 indicates that this minimizes a portion of an object to

be cleaned that is insufficiently exposed to the ultrasonic

wave.

Furthermore, Japanese Patent Laving-~Cpen No. 2001-057354
indicates that a cleaning tank having an ultrascnic oscillation
source provided on a bottom surface therecf has a cylindrical

rod disposed on the bottom surface therecf to disperse an
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ultrasonic wave in the cleaning tank. The document indicates
that this allows an object, or a substrate, disposed in the

cleaning tank to be cleaned substantially uniformly.
Problems to be Solved by the Invention

However, the apparatus disclosed in JP2009-231668 is required
to have a mechanical structure in the cleaning tank to swing
the ultrasonic refraction member, and as a result the apparatus
is complex and expensive. Furthermore, while the apparatus
digclosed in JP2001-057354 allows a substrate to have a surface
having a relatively large area exposed to an ultrasonic wave,
the apparatus cannot adjust ultrasonic exposure in conformity
to a cleaning condition, and it is thus difficult to completely

entirely expose the surface to the ultrasonic wave.

The present invention has been made to solve the above
described issue and it contemplates a cleaning apparatus,
equipment and method that can have a relatively simple
configuration to clean an object without an area which is not

directly exposed to an ultrasonic wave.
Means for Solving the Problems

The present invention provides a cleaning apparatus comprising
a cleaning tank, a coupling tank, an ultrasonic wave generation
unit, and a modification unit. The cleaning tank has an
inclined bottom surface and holds a cleaning liguid for
cleaning an object to be cleaned. The coupling tank holds an
intermediate medium and is disposed such that the cleaning tank
has the inclined bottom surface in contact with the
intermediate medium. The ultrasonic wave generation unit is
provided at the coupling tank and ultrasonically vibrates the
cleaning ligquid wvia the intermediate medium. The modification
unit modifies a difference in sonic velocity between the

cleaning liquid and the intermediate medium.
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Varying a difference in sonic velocity between the cleaning
liguid and the intermediate medium can modify a condition
applied to refract an ultrasonic wave at a boundary of the
cleaning tank and the coupling tank. This allows the ultrasonic
wave to travel through the cleaning tank in a modified
direction and can thus reduce an area of the object (e.g., a
substrate) held in the cleaning liquid that is shadowed by a
holding member or the like holding the object (i.e., an area

that is not directly exposed to the ultrasonic wave).

The present invention provides cleaning equipment equipped with
a plurality of cleaning units cleaning an object to be cleaned
with a cleaning liquid, and at least one of the plurality of
cleaning units is the cleaning apparatus as described above. At
least one cleaning unit that has the configuration of the
present cleaning apparatus can have a condition (applied to
refract an ultrasonic wave at an interface of the cleaning tank
and the intermediate medium) set to be different than another
cleaning unit. The object cleaned through the cleaning units
sequentially can be cleaned without a surface having a large
area which is shadowed and thus not directly exposed to an

ultrasonic wave.

The present invention provides a cleaning method comprising the
steps of: disposing in a cleaning liquid held in a cleaning
tank having an inclined bottom surface an object to be cleaned;
and ultrasonically vibrating the cleaning ligquid via an
intermediate medium in contact with the inclined bottom surface
of the cleaning tank to clean the object, and the step of
ultrasonically vibrating includes the steps of: ultrasonically
vibrating the cleaning liquid with the cleaning liquid and the
intermediate medium allowing sonic velocities, respectively,
having a first difference; and ultrasonically vibrating the
cleaning liquid with the cleaning liguid and the intermediate

medium allowing sonic velocities, respectively, having a second
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difference different from the first difference. The first and
different, second differences can vary for each cleaning step a
condition applied to refract an ultrasonic wave at a boundary
of the cleaning tank and the intermediate medium. As a result,
the object to be cleaned (e.g., a substrate) held in the
cleaning liquid does not have a large area shadowed by a
holding member or the like (i.e., a large area that is not

directly exposed to an ultrasonic wave) .

The present invention provides a cleaning method comprising the
steps of: disposing in a first cleaning liquid held in a first
cleaning tank having an inclined bottom surface an object to be
cleaned; ultrasonically vibrating the first cleaning liquid via
a first intermediate medium in contact with the inclined bottom
surface of the first cleaning tank to clean the object;
disposing the object in a second cleaning liquid held in a
second cleaning tank having an inclined bottom surface; and
ultrasonically vibrating the second cleaning liquid via a
second intermediate medium in contact with the inclined bottom
surface of the second cleaning tank to clean the object. The
first cleaning liquid and the first intermediate medium allow
sonic velocities, respectively, having a first difference and
the second cleaning liquid and the second intermediate medium
allow sonic velocities, respectively, having a second
difference, and the first and second differences are different

from each other.

A single coupling tank holds an intermediate medium without
having the intermediate medium's condition modified as occasion
would require. Rather, first and second intermediate media's
regpective conditions can be fixed, and the object can thus be
cleaned continuously. This allows cleaning to be done in a more

efficient and hence less costly method.

Effects of the Invention
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The present invention can thus provide a cleaning apparatus,

eguipment and method allowing an object to be cleaned without
I >

laa

an area which is not directly exposed to an ultrasconic wave.

Brief Description of the Drawings
Fig. 1 represents a concept in a schematic diagram of a

cleaning apparatus in accordance with the present invention.

Fig. 2 is a schematic diagram in cross section showing a first
embodiment of the cleaning apparatus in accordance with the

present invention.

Fig. 3 is a flowchart for illustrating a cleaning method in

accordance with the present invention.

Fig. 4 is a flowchart for illustrating a cleaning process of
Fig. 3.
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flowchart for illustrating an example of a step S$23

6 is a flowchart
S23 of Fig. 4.
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another example of step

Fig. 7 i1s a schematic diagram in cross section showing an

egemplary variation of the cleaning apparatus shown in Fig. 2.

Fig. 8§ is a schematic diagram in cross section showing a second
embodiment of the cleaning apparatus in accordance with the
present invention.

Fig. ¢ is a flowchart for illustrating cleaning process using

[sH]

Y
ped

the cleaning apparatus shown in Fig. 8.



Fig. 10 is a schematic diagram in cross section showing

cleaning eguipment in accordance with the present invention.
flowchart

Fig. 11 is a for illustrating a cleaning process

emploving the cleaning equipment shown in Fig. 10.

Fig. 12 is a schematic diagram for studying an angle of

refraction of an ultrasonic wave in the present invention.
Fig. 13 is a schematic diagram showing an example of
calculating an angle of refraction of an ultrasonic wave in
present invention.

Fig. 14 is a schematic diagram showing ancother example of

calculating an angle of refraction of an ultrasonic wave in the

present invention.
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46: bottom surface
49: perpendicular

100: cleaning eguipment
Best Modes for Carrying out the Invention

Hereinafter, the present invention in embodiment will be
described with reference to the drawings. In the figures,
identical or corresponding components are ldentically denoted

and will not be described repeatedly.
First Embodiment

Reference will be made to Fig. 1 to describe the present
cleaning apparatus in a basic configuration. As shown in Fig.
1, the present invention provides a cleaning apparatus 1
including a cleaning tank 2, a coupling tank 3, an ultrasonic
wave generation unit 6, and a modification unit 7. Cleaning
tank 2 holds a cleaning ligquid 4 for cleaning a substrate 10 as
an object toc be cleaned. Coupling tank 3 holds an intermediate
medium 5, and cleaning tank 2 has a portion (& bottom and a
portion of a side wall) in contact with intermediate medium 5.
The bottom of cleaning tank 2 inclines relative to that of

coupling tank 3. Ultrasonic wave generation unit 6 is provided
at coupling tank 3, and ultrasonically vibrates cleaning liqui
T 6

is connected to a bottom wall of coupling tank 3 and thus fixed

g

d

I..

-

4 via intermediate medium 5. Ultrasonic wave generation ur

thereto. Modification unit 7 modifies a difference in sonic
veloclty between cleaning liguid 4 and intermediate medium 5.
Modification unit 7 may be connected to one or both of coupling
tank 3 and cleaning tank 2. While the difference in sonic
velocity can be modified in any methods, it can be done so for
example by modifying intermediate medium 5 in temperature o
modifying cleaning liguid 4 in temperature, or modifying the

intermediate medium in composition. Modification unit 7 has a
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Cleaning apparatus 1 thus structured can modify a difference in
g app Y

sonic velocity between cleaning liguid 4 and intermediate
medium 5 to modify a condition applied to refract an ultrasonic

wave that is emitted from ultrasonic wave generation unit at

‘a beundary of cleaning tank 2 and coupling tank 3 (more

specifically, a boundary portion of cleaning liguid 4 held in
cleaning tank 2 and intermediate medium 5 in contact with the
bottom of cleaning tank 2). As & result, an ultrasonic wave
output from ultrasonic wave generation unit 6 in a direction of
an arrow 15 is refracted at the boundary portion so that the
ultrasonic wave can be modified in direction from that of arrow
15 to that of an arrow 16 and thus travel through cleaning tank

2 in the latter direction,

|

f the object To be cleaned, or substrate 10, held in cleaning
liguid 4 is exposed to an ulirasconic wave traveling along arrow
15, substrate 10 has an area 12 shadowed by holding member 11

or the like for holding substrate 10 (i.e., a portion which Zis

ot

not directly exposed to the ulitrasonic wave). Modifving a
condition applied to refract an ultrasonic wave at the boundary
portion to modify the ultrasonic wave in direction from arrow
15 to arrow 16 to travel through cleaning liguid 4 in the
latter direction can minimize such a shadowed area 12 to &

substantially negligible level.

Cleaning apparatus 1 in a specific exemplary configuration will

now be described with reference to Fig. 2. The cleaning

~

apparatus 1 shown in Fig. 2 basically has a configuration

similar to the Fig. 1 cleaning apparatus 1, except that the
former has modification unit 7 shown in Fig. ! implemented as a
heater 17 connected to coupling tank 3 via a pipe 18 as a

=

temperature adjustment unit. Heater 17 is connected to a source
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of intermediate medium 5 (e.g., & tank having intermediate
medium 5 stored therein) via a pipe 19. Intermediate medium 5
is supplied via pipe 19, heater 17, and pipe 18 to coupling

3, as indicated by an arrow 13. Heater 17 can heat
rmediate medium 5 to ralse the temperature of intermediate

T
medium 5 and thus supply it to coupling tank 3. Coupling tank

)

receives intermediate medium 5, which overflows from an upper
portion of coupling tank 3 to outside coupling tank 3, as

indicated by an arrow Z20.

Modification unit 7 (see Fig. 1) that includes heater 17 that
is a heating member serving as a temperature adjustment unit to
modify intermediate medium 5 in temperature, as indicated in
Fig. 2, allows intermediate medium 5 to be adjusted in
temperature without modifying intermediate medium 5 in
compoesition or the like. As sonic velocity in intermediate
medium 5 varies with the temperature of intermediate medium 5,
thus controlling intermediate medium 5 in temperature
consequently allows sonic velocity in intermediate medium 5 to
be controlled. This allows the apparatus to have a relatively
simple configuration to modify a condition applied to refract

an ultrasonic wave at the

®

boundary portion of cleaning tank 2
and coupling tank 3. As a result, cleaning apparatus 1 can be
manufactured at a reduced cost. Note that intermediate medium 5
may be controlled in temperature by a cooler device rather than

heater 17.

erence will now be made to Fig. 3 to Fig. 6 to describe the
nt cleaning method using cleaning apparatus 1 shown in
. 2. With reference to Fig. 3, the present cleaning method

e
initially provides a preparation process (S810}. In this process
1i

Q
o
-
[N
PN
QJ
Q

. intermediate medium 5, as
predetermined, are introduced into the cleaning apparatus 1
[

cleaning tank 2, coupiing tank 3, and the like. Furthermore, an

object to be cleaned, or substrate 10, 1s also prepared.
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Subseqguently, a cleaning process {320) shown in Fig. 3 is

performed. This process (S20; is performed specifically through

steps shown in Fig. 4. With reference to Fig. 4, in this
1)

is perfermed to dip a subsirate in

process (S20}, a step (82
the cleaning liguid as the step of disposing the object in
step (S21),

sposed in

cleaning liquid 4 held in cleaning tank 2. In thi

,)

n

e

the object to be cleaned, or substrate 10, is di

£

H.

cleaning ligquid 4, as shown in Fig. 2. Substrate 10 is

1 provided in cleaning tank 2.

=3

supported by holding member

Subsequently, as shown in Fig. 4, applying an ultrasonic wave
is started {(step S522). In this step, ultrascnic wave generation
unit € generates an ultrasonic wave and cleaning liquid 4 is
exposed thereto via intermediate medium 5. Such ultrasonic

exposure starts cleaning substrate 10.

Subsequently, a liquid supplied to the coupling tank (or
int

ermediate medium 5) is varied 1in temperature with time (step

Hh

$23). More specifically, intermediate medium 5 of a rst

temperature is supplied to coupling tank 3 toc apply first

o3l

condition to perform a cleaning step (8231), as indicated in
Fig. 5. Intermediate medium 5 may be set at the first
temperature by operating heater 17 to heat intermediate medium

5, or without operating heater 17 intermediate medium 5 of an

-

nitial temperature may be suppiied to coupling tank 3. In
cleaning ligquid 4 the ultrasonic wave may travel in a direction
indicated for example by arrow 15 shown in Fig. 2. Note that
ultrasonic wave generation unit 6 can generate an ultrascnic
wave for example having a freguency of 1 MHz and a watt density

of 2.5 W/ cm?

Subseguentl in step S$S23, a second condition
Yo P r

!:J
g
o3}
NS
ie]
i_}
;..J-
®
0.
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O

perform a cleaning step (step S232), as shown i

=}
=]
i-t
fe
(81}
F
w3

doing so, heater 17 heats intermediate medium 5 to modify
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intermediate medium 5 in temperature from the first temperature
to a different, second temperature. Thus modifying intermediate
medium 5 in temperature modifies a condition applied to refract
the ultrascnic wave at the bottom of cleaning tank 2, and
accordingly, in cleaning liquid 4, the ulitrasonic wave travels
in a direction different from that in which the ultrasonic wave
travels in step S231. For example, in

step 5232, the ultrascnic
iguid 4

along arrow 16

‘,,,,;

wave may travel through cleaning

indicated in Fig. 2.

Heater 17 that modifies the temperature of intermediate medium
5 supplied to coupling tank 3 allows an ultrasonic wave to
travel through cleaning liguid 4 in a modified direction, and
as a result can reduce arez 12 in size that would otherwise be
shadowed by holding member 11 and thus not directly be exposed
to the ultrascnic wave. Steps 5231 and S232 may each be
performed for example for a period of 2 minutes. Furthermore,
intermediate medium 5 can be water (pure watér}, and the first
temperature can for example be 25 degrees centigrade and the
second temperature can for example be 80 degrees centigrade.
Note that the first temperature and the second temperature can
be set for example at any value within a range from 25 to 80

3

degrees centigrade.

Subseguently, as shown in Fig. 4, applying the ultrasonic wave
ends (step $24). Specifically, in this step (S24), ultrasonic
wave generation unit 6 stops generating the ultrasonic wave.
The application of {or exposure to} the ultrasonic wave can be
ended for example when an ultrasonic wave exposure time has
attained a predetermined prescribed period.

Subseqguently, the substrate is removed {(step 325). In this

<

!—Ia

o
QW

tep, substrate 10 hav eaned is removed from cleaning
tank 2. Substrate 10 can thus be cleaned.
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Note that while the Fig. 4 step S23 may be performed to apply
the first condition and the second condition, each only once,
in cleaning, as indicated in Fig. 5, the step may alternatively
be performed to perform the cleaning step in the first
condition (S231) and the cleaning step in the second condition
(8232) in turn more than once repeatedly, as indicated in Fig.
6. More specifically, as indicated in Fig. 6, the cleaning step
in the first condition (5231) and the cleaning step in the
second condition ($232) are performed and thereafter a step
{S233) is performed to determine whether steps S231, S$SZ32 have
been performed a predetermined number of times. If not (No at
S233), steps $231, 35232 are again performed. Steps S231, 5232
may be performed cyclically as prescribed (e.g., each for a
period of 2 minutes). If steps 5231, S$232 have been performed
the predetermined number of times (Yes at $8233), the Fig. ©
process ends and a subseguent step is performed. The cleaning
step in the first condition and the cleaning step in the second
condition that are repeated more than once ensure that

substrate 10 is better cleaned.

Reference will now be made to Fig. 7 to describe the Fig. 2
cleaning apparatus 1 in an exemplary variation. The Fig. 7
cleaning apparatus 1 is basically similar in configuration to
the Fig. 2 cleaning apparatus 1, except that the former has a
portion cocrresponding to modification unit 7 {see Fig. 1) that
is differently configured, i.e., heater 17 is replaced with an
automatic valve 27 connected to coupling tank 3 via pipe 18 and
capable of varying the flow rate of Intermediate medium 5. A
control unit 21 is connected to automatic valve 27. Contrel
unit 21 can control the valve position of automatic valve 27. A
flow rate adiustment unit, or automatic valve 27, 1s connected
via pipe 19 to a unit supplying degassed water as intermediate
mediuvm 5. Note that degassed water is water having a dissolved-

gas concentration reduced to 2 ppm or less.
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It is known that when degassed water is exposed to an
ultrasonic wave, the degassed water's temperature rapidly
increases. Automatic valve 27 and control unit 21 that vary an
amount of intermediate medium 5 {or degassed water) supplied
into coupling tank 3 allow the degassed water to be retained in
coupling tank 3 (i.e., exposed to an ultrasonic wave) for a
varying period of time and, as a result, controlled in
temperature. Intermediate medium 5 or the degassed water varied
in temperature allows sonic velocity in intermediate medium 5
to be controlled, similarly as done in the Fig. 2 cleaning
apparatus 1. This allows the apparatus to have a relatively
simple configuration to modify a condition applied to refract
an uiltrasonic wave at the boundary poxrtion of cleaning tank 2

and coupling tank 3.

When the Fig. 7 cleaning apparatus 1 is used to perform a
cleaning method, the cleaning method is basically similar to
the Figs. 3-6 cleaning method. Note that, in the Fig. 4 step
523, intermediate medium 5 is varied in temperature with time
via automatic valve 27 of Fig. 7 so that intermediate medium 5,
e.g. degassed water, has a varied flow rate. For example, the
cleaning step in the first condition (8231} is performed with
auvtomatic valve 27 controlled to allow the degassed water to be
introduced into coupling tank 3 continuously for one minute in
an amcunt of 5 liters/min. In contrast, the cleaning step in
the second condition {(8232) is performed with automatic valve
27 controlled to zero the amount of the degassed water
introduced into coupling tank 3. This allows the degassed water
exposed to an ultrasonic wave to be heated to a maximum of
approximately 80 degrees centigrade. This can be as effective

as the Figs. 3-6 cleaning method.

Second Embodiment
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second

basically has

apparatus 1,

a confi

except that former

Lo modification unit 7 {se that is

e Fig. 1)
configured. Specifically, the
provided with pipes of two systems,

tank 3

respect
coupling with an intermediate
pipe 18 connected to coupling tank 3
valve 27 which is connected via pipe
source
supplied with
32.

coupling tank 3 has

water through pipe 19,

Furthermore, in the cther system, pipe

an automatic valve

Furthermore, automatic valve

supply sources (an ethanol tank for exampie)

Automatic valve 28 is supplied with ethanol

indicated by an arrow 33.

Automatic valves 27 and 28 are electrically

control unit 21 and operable in response to

issued from controli unit 21 to adjust theilr

The systems that allow water and ethanol,

supplied to

respectively, allow coupling tank 3 to hold

5 having a composition (more specifically,
P f

ratio) adjusted as desired.

in composition allows sonic

empodiment,
similar to the
Fig. 8 cleaning apparatu
ively,
medium.

is connected

(a water tank for example;. Automatic

as indicatecd by an

28 connected

respectively,

upling tank 3 at predetermined

Intermediate medium 5

invention provides

as will be

cleaning apparatus 1

Pig. 2 cleaning
differently

s 1 is
to supply

In one systenm,

19 to a water supply

valve 27 is

18 connected to

theret

t

O,

connected to an ethanol

via pipe 19.

through pipe 19,

connected to

a control signal

valve positions.

fiow rates,

TrOW

to be

has a portion corresponding

to automatic

as

intermediate medium

a watexr/ethanol

thus modif

velocity therein to be varied. As

result an effect similar to that of the Fig. 2 cleaning
apparatus 1 can be obtained. For example, automatic valves 27
and 28 may be controllied to allow the cleaning step in the

first condition (8231} to be performed with

supplied to coupling tank 3 and the cleaning

condition (8232)

water alone

step in

ied

83}

The second

to be performed with ethancl aione supplied to
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coupling tank 3. Steps S$231, S2Z32 may be performed cycliically

as prescribed (e.g., each for a period of 2 minutes). This

allows coupling tank 3 to hold intermediate medium 5 having a

continuously and cyclically varying composition.

Note that while herein the systems feed media of water and
ethanol by way of example, the systems may feed any media that
allow different sonic velocities, respectively, {(e.g., that are

different in composition).

Reference will now be made to Flg. 9 to describe a cleaning
method using the Fig. 8 cleaning apparatus. The cleaning method
using the Fig. 8 cleaning apparatus 1 is pasically similar to
the Figs. 3-6 cleaning method. However, the former differs from
the latter in that for the Fig. 3 cleaning process 520, a
process shown in Fig. 9, rather than the Fig. 4 process, is
performed. Herein, the Fig. 9 process is basically similar to
the Fig. 4 process. That 1is, as well as the Fig. 4 process, the
Fig. 9 process includes the step of dipping a substrate in a
cleaning ligquid (S21) and the step of starting applying an
ultrasonic wave {$22). Then, the Fig. 4 step S23 is replaced in
the Fig. 9 process with the step of varying a liguid supplied
to the coupling tank (or intermediate medium 5} in composition

with time (826).

More specifically, intermediate medium 5 of a first composition
is supplied to coupling tank 3 to apply a first condition to
perform a cleaning step (S231), as indicated in Fig. 5. To
allow intermediate medium 5 to have the first composition,
automatic valves 27 and 28 are controlled by control unit 21 to
have prescribed valve positicns, respectively, to provide
intermediate medium 5 of water and ethanol at a first ratio. At

the time, cleaning liguid 4 may pass an ultrasonic wave in a

direction indicated for example by arrow 15 shown in Fig. 2.



Subseguently, in step S26, a second conditicon is applied to
perform a cleaning step (S232), as indicated in Fig. 5. At the
time, automatic wvalves 27 and 28 have their valve travels
adjusted to be different from those in the cleaning step in the
5 first condition (8231), i.e., so that the intermediate medium 5
water/ethanol ratic in coupling tank 3 is changed and thus
adjusted from the first ratio to a different, second ratio.
This wvaries intermediate medium 5 in composition from the first
composition to a different, second composition. Thus modifying

-

he bottom of cleaning

e

10 intermediate medium 5 in composition modifies a condition
appiied to refract an ultrasonic wave at t
tank 2, and accordingly, cleaning liguid 4 allows the
ultrasonic wave to travel therethrough in a direction different

from that in which the ultrasonic wave travels in step S$231.

Lh

For example, 1in step 8232, the ultrasonic wave may travel

through cleaning liquid 4 along arrow 16 indicated in Fig. 2.

Control unit 21 and automatic valves 27 and 28 that ate to

da

(6]

modify the composition of intermediate medium upplAed to
20 coupling tank 3 allow an ultrasonic wave to travel through

cleaning liguid 4 in a modified direction, and as a result can

reduce area 12 in size that would otherwise be shadowed by

'._.J
[

holding member and thus not directly be exposed to the

ultrascnic wave.

25
Subseguently, as done in the Fig. 4 process, applying the
ultrasonic wave ends (step S24) and the substrate is removed
(step 8Z5). The Fig. 8 cleaning apparatus 1 can thus be used to
clean substrate 10

30
Third Embodiment
With reference to Fig. 10, the present invention in a third
embodiment provides cleaning eguipment 100, as will be

35 described hereinafter. As shown in Fig. 10, cleaning eguipme
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100 comprises three cleaning units 41-43 and a substrate

ped

o
il

"J

transfer member (not shown). Cleaning u

n
>

2 and 43 are
basically similar in configuration to the Fig. 1 cleaning
apparatus 1, and include modification unit 7 connected to

.

coupling tank 3. Modification unit 7 can have a configuration
corresponding to the modification unit of cleaning apparatus 1
shown in Fig. 2, Fig. 7, and Fig. 8. Cleaning unit 41 also has
a configuration basically similar to the Fig. 1 cleaning
apparatus 1, except that the former does not include
odification unit 7. Accordingly in cleaning unit 41 an

ultrasonic wave travels through cleaning tank 2 in & direction

bt
e

xed as indicated by an arrow 15.

In contrast, cleaning units 42 and 43 are provided with
modification unit 7, and thus allow an ultrasonic wave to be
modified in direction from that of arrow 15 to that of arrow 16
and thus travel through cleaning tank 2 in the lat
direction. Furthermore, the ?ig. 10 cleaning eguipment 100
allows cleaning units 42 and 43 to each have a different
difference in sonic velocity between cleaning liguid 4 and
intermediate medium 5, as varied by modification unit 7. This
allows cleaning units 42 and 43 to provide ultrasonic waves
efracted at the bottom of cleaning tank 2 to different
extents, respectively, and thus traveling through cleaning tank

2 in directions {(along allow 16), respectively, that are

3

different from each other. As a result, substrate 10 cleaned by

-

a plurality of cleaning units 41, 42, 43 sequentially can

i}

substantially be free of area 12 that is shadowed by holding
member 11 and thus not directly exposed to an ultrasonic wave.
Furthermore, cleaning units 42 and 43 can each have a different
difference in sonic velocity between cleaning liguid 4 and
intermediate medium 5 at a determined value, as set by
modification unit 7, and cleaning units 42 and 43 thus no
longer reguire an operation to change a difference in sonic

velocity as described above, as occasion requires, and
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substrate 10 can thus be cleaned rapidly. For example, the
cleaning units 41, 42, 43 cleaning liqguid 4 and the cleaning
unit 41 intermediate medium 5 may all be water {(pure water) of
25 degrees centigrade, and the cleaning unit 42 intermediate
medium 5 may be water of 50 degrees centigrade and the cleaning
unit 43 intermediate medium 5 may be water of 80 degrees
centigrade. Alternatively, the cleaning units 41, 42, 43

cleaning liguid 4 and the cleaning uni

4

o
P
ot
.“

rmediate medi

5 may all be water (pure water) of 25 degrees centigrade, and
the cleaning unit 42 intermediate medium 5 may be an agueous
solution with ethanol having a proportion of 50% by volume and
the cleaning unit 43 intermediate medium 5 may be ethanol

liguid (with ethanol having a proportion cf 100%).

Reference will now he made to Fig. 11 to describe a cleaning
ng the Fig. 10 cleaning eqguipment 100. As shown in
. the cleaning method using the Fig. 10 cleaning
equipment 100 is basically similar to the Fig. 3 cleaning
method, except that the Fig. 3 cleaning process 520 is
specifically different from the Fig. 4 process. That is, the
cieaning method using the Fig. 10 cleaning equipment 100 is
done as follows: substrate 10 is disposed initially in cleaning
unit 41, then in cleaning unit 42, and then in cleaning unit 43

sequentially at each cleaning tank 2, and thus cleaned in each

cleaning unit 41, 42, 43 sequentilally.

3

That is, the Fig. 11 step 821 of dipping a substrate in a
leaning tank is performed by initially disposing substrate 10
in the cleaning unit 41 cleaning tank 2. Subsequently, as shown
in Fig. 11, applying an ultrasonic wave 1s started (step S522).
In this step 822, intermediate medium 5 i1s supplied to coupling

tank 3 of cleaning unit 41, while ultrasonic wave generation
unit 6 generates an ultrasonic wave. As a result, the cleaning
tank 2 cleaning liquid 4 receives the ultrasonic wave, and

cleaning unit 41 ultrasonically cleans substrate 10. Note that
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cleaning unit 41 is not provided with modification unit 7, and
accordingly, the ultrasonic wave travels through cleaning tank
2 along arrow 15. Accordingly, as shown in Fig. 10, cleaning
nit 41 performs cleaning with holding member 11 causing

shadowed area 12.

a

h

Cleaning unit 41 provides cleaning continuocusly for
predetermined period of time, and thereafter, applying the
ultrasonic wave ends (step 524) as shown in Fig. 11. Step S24

is similar to that of the Fig. 4 prcocess. Then, the sul ate

is removed (step S25). In step S25, the substrate transfer
member (not shown} removes substrate 10 from cleaning tank 2 of

cleaning unit 41.

Then, as shown in Fig. 11, it 1s determined whether the
cleaning process is completed (step S27). In step S27, it is
determined whether cleaning units 41, 42, 43 have all cleaned
substrate 10. This may be determined for example by using a
position sensor to detect whether the substrate transfer member
(or substrate 10) is located over cleaning unit 43 that
performs final cleaning {i.e., whether substrate 10 has been

-

removed from the last cleaning unit 43).

If in step 827 it is determined that the cleaning process is
not completed (NO), the substrate is moved to over the next
cleaning tank (step S28). Specifically, the substrate transfer
member moves substrate 10 to over cleaning tank 2 of the next
cleaning unit (cleaning unit 42 for example). Then, steps SZIi-

S25 are performed in the next cleaning unit. After the cleaning

-
N

units have all cleaned substrate 10 in this way, it
determined in step $27 that the cleaning process has been

completed (YES). The cleaning process 1s thus completed.

As set forth above, cleaning units 41, 42, 4

3
different condition applied to refract an ultrasonic wave at

=



15

20

25

35

20

-~

the bottom of cleaning tank 2 and thus cause the ultrasonic
wave to travel through cleaning tank 2 in a different
direction. As a result, substrate 10 cleaned by clileaning units
41, 42, 43 seqguentially can have its surface cleaned
substantially without an area that is not directly exposed to

the ultrasonic wave (or shadowed area 12).

Hereinafter, the present invention's characteristic
configurations will be enumerated, although some of them

overlap the above described embodiments.

The present invention provides cleaning apparatus 1 including
cleaning tank 2, coupling tank 3, ultrasonic wave generation
unit 6, and modification unit 7, as shown in Fig. 1. Cleaning

-

tank 2 holds cleaning liquid 4 foxr cleaning substrate 10
serving as an cobject to be cleaned. Coupling tank 3 holds
intermediate medium 5 and cleani ing tank 2 has a portion in
contact with intermediate medium 5. Ultrasonic wave generation
unit 6 is provided at coupling tank 3, and ultrasonically
vibrates cleaning liquid 4 via intermediate medium 5.
Modification unit 7 modifies a difference in sonic velocity

between cleaning liguid 4 and intermediate medium 5.

This can modify a condition applied to refract an ultrascnic
wave at a boundary of cleaning tank 2 and coupling tank 3. This
allows the ultrasonic wave to travel through cleaning tank 2 in
a modified direction and can thus reduce area 12 of the object
{or substrate 10) held in cleaning liguld 4 that is shadowed by
holding member 11 holding the object (i.e., an area that is not

-

directly exposed to the ultrasonic wave).

In cleaning apparatus 1, modification unit 7 may include a

temperature adjusiment unit to vary intermediate medium 5 in

tenperature, as shown in Fig. 2 (e.g., heater 17 of Fig. 2 or

=]

automatic valve 27 of Fig. 7). Adjusting intermediate medium 5
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¥

n intermediate medium %

B

to be controlled without modifying intermediate medium 5 in
composition or the like, and the apparatus can have a
relatively simple configuration to modify a condition applied
to refract an ultrasonic wave at a boundary portion o
tank 2 and coupling tank 3. As a result, cleaning appar:

can be manufactured at a reduced cost.

In cleaning apparatus 1, the temperature adjustment unit may
have heater 17 as a heating member to heat intermediate medium
5. Heater 17 that can adjust intermediate medium 5 in
temperature allows sonic velocity in\imtermediate mediom 5 to
be controlled without modifying intermediate medium 5 in
composition or the like. This allows the apparatus to have a
relatively simple configuration to modify a condition applied
to refract an ultrasonic wave at a boundary portion of cleaning
tank 2 and coupling tank 3. As a result, cleaning apparatus 1

can be manufactured at a reduced cost.

In cleaning apparatus 1, as shown in Fig. 7, intermediate
medium 5 may be degassed water and the temperature adjustment
unit may have a flow rate adijiustment unit {or automatic valve
27y to adijust the amount of the degassed water supplied to
coupling tank 3. Wnen the degassed water is exposed to an
ultrasonic wave, 1ts temperature increases, and intermediate
medium 5 can thus be adjusted in temperature without having its

R :

composition varied. Controlling intermediate medium 5 in
i

jo]

temperature allows sonic velocity in intermediate medium 5 to

be controlled, and the apparatus can have a relatively simple
configuration to medify a condition applied to refract an
ultrasonic wave at a boundary portion of cleaning tank 2 and
coupling tank 3. As a result, cleaning apparatus 1 can be

manufactured at a reduced cost.



o
A%

20

30

22

In cleaning apparatus 1, modification unit 7 may include a
composition adjustment unit to modify intermediate medium 5 in
composition, as shown in Fig. 8 (e.g., automatic valves 27 and
28 shown in Fig. 8). In this case, while cleaning tank 2 and
coupling tank 3 can have an internal configuration as
conventional, intermediate medium 5 can be modified in
composition {e.g., a liguid introduced into coupling tank 3 as
intermediate medium 5 can be modified in composition to have a
modified mixture ratio or the like) to control sonic velocity
therein and the apparatus can dispense with a device such as a3
heating member such as heater 17 as shown in Fig. Z.
Accordingly, cleaning tank 2 or coupling tank 3 is per se not
complicated in configuration and cleaning apparatus 1 can be

manufactured accordingly less expensively.

The present invention provides cleaning equipment 100 equipped
with a plurality of cleaning units 41, 42, 43 to clean

substrate 10 as an object to be cleaned with cleaning liguid 4,

ILN

and cleaning unit 41, 42, 43 is cleaning apparatus 1 as
described above. Single cleaning units 41, 42, 43 have
intermediate medium 5 without having a condition varied as
occasion requires. Rather, cleaning units 41, 42, 43 can each
have its c¢leaning condition set and f£ixed differently. Then,
substrate 10 can be cleansd for example initially in cleaning
unit 41, then in cleaning unit 42, and then in cleaning unit 43
seguentially, and thus continuously cleaned. This allows more
efficient cleaning and hence a less costly cleaning process.
Furthermore, cleaning units 41, 42, and 43 ali having a
configuration of cleaning apparatus 1 of the present invention
(or modification unit 7) allow a cleaning condition to be set

in detail and cleaning to be done Ifuxrther more efficiently.

The present invention provides cleaning equipment 100 equipped
with a plurality of cleaning units 41, 42, 43 to clean

substrate 10 as an object tTo be cleaned with cleaning liguid 4,
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as shown in Fig. 10, and at least one of the plurality of
cleaning units 41, 42, 43 (in Fig. 10, two cleaning units 42
and 43) 1s cleaning apparatus 1 as described above. At least
one cleaning unit 42, 43 that has the configuration of cleaning
apparatus 1 of the present invention, can have a condition
{applied to refract an ultrascnic wave at an interface of

] 32

cleaning tank 2 and intermediate medium 5} set to be different

U!

-

than another cleaning unit 41. This allows cleaning units 41,
42, 43 to clean substrate 10 seguentially without a surface
having area 12 of a large area which is shadowed and thus not

directly exposed to an ultrasonic wave.

The present invention provides a cleaning method inciuding, as

shown in Fig. 4, the steps of: disposing substrate 10 as an

cbject to be cleaned in cleaning liquid 4 held in cleaning tank

2 (see Fig. 1) (the Fig. ¢ S21); and ultrasonically vibrating

cleaning liguid 4 via intermediate medium 5 {see Fig. 1) in

fu

contact with cleaning tank 2 to clean the object (or substrate
0y (th

ot

Fig. 4 steps S$S22-524). The step of ultrasonically

<

e
ibrating includes the steps of: ultrasonically vibrating the
-
1

o]
@
o

ning liguid with cleaning liguid 4 and intermediate medium

Lt
oot

llowing sonic velocities, respectively, having a first

difference (the Fig. 5 or 6 step 8231}); and ultrasonically
vibrating cleaning ligquid 4 with cieaning liquid 4 and
intermediate medium 5 allowing sonic velocities, respectively,
having a second difference different from the first difference

{the Fig. 5 or 6 step S$232). The first and different, second

differences can vary for each cleaning step a condition applied
to refract an ultrasonic wave at & boundary of cleaning tank 2
o be

a
and intermediate medium 5. As a result, the object
cleaned (e.g., substrate 10) held in cleaning I

NS
3

T
Liguid 4 does not
12 having an otherwis r

have shadowed area large area attributed
to holding member 11 {(i.e., an area which is not directly

exposed to an ultrasonic wave).
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In the step of ultrasonically vibrating, intermediate medium 5
may pe modified in temperature to change the first differenc
to the second difference in sonic velocity between cleaning
liguid 4 and intermediate medium 5, as has been described for
the Fig. 4 step S$23. Adjusting intermediate medium 5 in

temperature allows sonic velocity in intermediate medium to

[S2]

be controiled without modifying intermediate medium 5 in

composition or the like. This allows the cleaning method to be

performed with cleaning apparatus 1 simply configured and hence

less costly including a reduced cleaning cost. Note that
cleaning ligquid 4 may be modified in temperature to change the

14

first difference to the second difference.

In the step of ultrasonically vibrating, a heating member, or

heater 17 (see

Frf

. 2}, may be used toc modify intermediate

1

[te]

medium 5 in temperature to change the first difference to the
second difference. Adjusting intermediate medium 5 in
temperature allows sonic veloclity to be controlled without
modifying intermediate medium 5 in composition or the like.
This allows the cleaning method to be performed with cleaning
apparatus 1 simply configured and hence less costly including

reduced cleaning cost.

In the above cleaning method, as has been described with
reference to Fig. 7, intermediate medium 5 may be degassed

water, and in the step of ultrasonically wvibrating, a retentio

o]

time of the degassed water (intermediate medium 5) in contact

i

with cleaning tank 2 may be varied to modify the degassed water

in temperature to change the first difference to the second

ifference in sonic velocity between cleaning liquid 4 and

(@3]

intermediate medium 5. As degassed water exposed to an

ultrasonic wave has an increased temperature, simply

contrelling the flow rate of intermediate medium % (or degassed

water! allows intermediate medium S to be controlled in

temperature without modifying intermediate medium 5 in
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composition. This can in turn control sonic veloccity in
intermediate medium 5, and the present cleaning method can be
performed without substantially modifying the configuration of
cleaning apparatus 1 as conventional. This can prevent the

cleaning method's cost from increasing.

In the step of ultrasonically vibrating, intermediate medium 35
may be modified in composition to change the first difference
to the second difference in sonic velocity between cleaning
liguid 4 and intermediate medium 5, as done when the Fig. 8
cleaning apparatus 1 is used. In this case, while cleaning
apparatus 1 can be configured of cleaning tank 2, coupling tank
3 and the like having an internal conzlgLratlon as
conventional, intermediate medium S conveyed can pbe modified in
composition (L.e., a liguid introduced as intermediate medium 5
can be mocdified in composition or to have a modified mixture
ratio or the like) to control sonic velocity therein, and the
Fig. 2 heater 17 or a similar heating member can be dispensed
with. Cleaning tank 2, coupling tank 3 and the like per se are

thus not complicated in configuration.

The step of ultrasonically vibrating may further include one or

more steps of ultrasonically vibrating cleaning liguid 4 with

+

cleaning liguid 4 and intermediate medium 5 allowing sonic

o ~

velocities, respectively, having a difference different from

H

the first and second differences, as done when the Fig. 10
cleaning equipment 100 is used. In this case, setting three or
more conditions applied to refract an ultrasonic wave at a
ontact interface of cleaning tank 2 and intermediate medium 5
can more effectively reduce an area of an object to be cleaned,
or substrate 10, that is not directly exposed fo the ultrasonic
shadowed area 12). This ensures that substrate 10

wave (i,

u

}_5‘
4]

&
cleaned
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nt invention provides & cleaning method including the
steps of: disposing an object to be cleaned (substrate 10) in a
eaning liquid 4 held in a first cleaning tank (e.g.,

1
ning tank 2 of cleaning unit 42 of Fig. 10) ({(the Fig. 11l

=

'

a

step $21); ultrasonically vibrating the first cleaning liguid
via a first intermediate medium in contact with the first
cleaning tank (intermediate medium 5 of cleaning unit 42 of
Fig. 10} to clean the object (the Fig. 11 steps S$22-524);
disposing the object (substrate 10) in a second cleaning liquid
4 held in a second cleaning tank (e.g., cleaning tank 2 of
cleaning unit 43 of Fig. 10) {the Fig. 11 step 521 performed
after the Fig. 11 step S$28); and ultrasonically vibrating the
second cleaning liguid via a second intermediate medium 1n
contact with the second cleaning tank ({(intermediate medium 5 of

cleaning unit 43 of Fig. 10) to clean the object (the Fig. 11

by

steps $S22-524). A first difference in sconic velocity between
the first cleaning liguid and the first intermediate medium
le.g., & condition applied to cleaning unit 42 to vefract an
ultrasonic wave) and a second difference in sonic velocity
between the second cleaning liguid and the second intermediate
medium (e.g., a condition applied to cleaning unit 43 to

N

refract an ultrasonic wave), are different from each other.
In contrast to the Fig. 2 cleaning apparatus 1, a single
coupling tank 3 holds intermediate medium 5 without having the
intermediate medium's condition modified as occasion would
arther, first and second intermediate media's
respective conditions can be fixed, and substrate 10 can thus
ned continuously. This allows substrate 10 tc be cleaned

=

re efficient and hence less costly method.

1f the above cleaning method is performed with the Fig. 10

cleaning equipment 100 having cleaning units 42 and 43

implemented by the Fig., 2 or Fig. 7 cleaning apparatus 1, at

o

least one of the first intermediate medium (e.g., intermediate
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medium 5 of cleaning unit 42} and the second intermediate
medium {e.g., intermediate medium 5 of cleaning unit 43) may be
adjusted in temperature to set the first difference and the
second difference differently. Varying the first cr second
intermediate medium in temperature can in turn vary sonic
velocity in the intermediate medium and hence an angle of
refraction of an ultrasonic wave at a contact interface of
cleaning tank 2 and intermediate medium 5 (i.e., at a bottom
surface of cleaning tank 2). This allows sonic velocity in

intermediate medium 5 to be modified without modifying

i._h.
3

intermediate medium 5 in composition or the like. The cleaning

method can thus be performed with cleaning equipment 100
relatively simply configured and hence less cestly including a

reduced cleaning cost.

If the above cleaning method is performed with the Fig. 10
cleaning eguipment 100 such that one of cleaning units 42 and
43 is implemented by the Fig. 2 cleaning apparatus 1, at least
one of the first intermediate medium and the secon
ihtermediate medium may be adjusted in temperature by

modification unit 7 including a heating member (heater 17;}.

Ad-iusting intermediate medium 5 in temperature allows sonic

-

velocity in intermediate medium 5 ©o be controlled without

modifying intermediate medium 5 in composition or the like, and
the cleaning method can be performed with cleaning equipment
100 relatively simply configured and hence less costly

incliuding a reduced cleaning cost.

If the above cleaning method is performed with the Fig. 10
cleaning eguipment 100 having cleaning unit 42 implemented by
the Fig. 7 cleaning apparatus 1, the first intermediate medium
{intermediate medium 5 of cleaning unit 42) may be degassed
water, and a retention time of first intermediate medium 5 in
contact with first cleaning tank 2 may be moedified to set th

temperature of first intermediate medium 5 to be different from
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that of the second intermediate medium {(intermediate medium 5
of cleaning unit 43). As degassed water expcsed to an
ultrasonic wave has an increased temperature, simply
controlling the flow rate of intermediate medium 5 allows
intermediate medium 5 to be controllied in temperature without
modifying intermediate medium % in composition. This can in
turn control sonic velocity in intermediate medium 5, and the
present cleaning method can be performed without substantially
modifying the configuration of cleaning eguipment 100 as
conventional. This can prevent the cleaning method's cost from

increasing.

et

£ the above cleaning method is performed with the Fig. 10
cleaning equipment 100 such that at least one of cleaning unit
42 and 43 is implemented by the Fig. 8§ cleaning apparatus I,
the first intermediate medium and the second intermediat
medium may have mutually different compesitions so that a first
fference in sonicﬂvelocity between the first cleaning liguid
and the first intermediate medium and a second difference in
sonic velocity between the second cleaning liquid and the
second intermediate medium may be different from each other. In
this case, while the cleaning method can be performed with
cleaning tank 2 and the like having an internal configuration
as conventional, intermediate medium 5 conveyed can be modified
in composition {i.e., a liguid introduced as intermediate
medium 5 can be modified in composition or to have a modified
mixture ratio or the like) to control sonic velocity therein,
and cleaning eguipment 100 can thus dispense with a heating
member or the like. Cleaning eqguipment 100 thus does not have

cleaning tank 2 or the like complicated in configuration.

Example
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A study has been done for a desirable angle of refraction of an
ultrasonic wave at a bottom of cleaning tank 2, as will be

described hereinafter with reference to Fig.

o
[\
.

With reference to Fig. 12, herein, substrate 10 of 300 mm in
diameter 1s held by holding member 11 of a width W for the sake
of illustration. Holding memper 11 shadows a pcortion having a
length D of 250 mm and holding member 11 has width W of 4 mm
for the sake of illustration. If an ultrasonic wave traveling
along arrow 15 is refracted at an angle 8 of 0.9 degree, an
area of substrate 10 that is shadowed by holding member 11 and
thus not directly exposed to the ultrasonic wave (i.e.,
shadowed area 12 shown in Fig. 1) can approximately be halved.

Bccordingly, a targeted value of angle of refraction & of the

ultrasonic wave can be set at one degree for example. Note that

Ll

<~

if angle of refraction € is set to have a value larger than one
degree, the area shadowed by holding member 11 can further be

feduced.

Then, a study has been done for an angle of reifraction of an
ltrasonic wave in the Fig. 2 cleaning apparatus 1. A result of
the study will be described hereinafter with reference to Fig.

13.

As shown in Fig. 13, the Fig. 2 ¢ a

ultrasonic wave generation unit 6 (see Fig. 2) emitting an
tltrasonic wave, which in turn travels along an arrow 47, and
is incident on the cleaning tank at bottom surface 46 at an
angle represented as 61 and emitted therefrom at an angle
represented as 62 for the sake of illustration. Note that angle
of incidence 61 is an angle formed by a perpendicular 49 to

bottom surface 46 of the cleaning tank and arrow 47 {a

Q,

iirection in which an incident ultrasonic wave travels).

t

Y

urthermore, angle of emittance 62 is an angle formed by

e,

erpendicular 49 to bottom surface 46 of the cleaning tank and



30

an arrow 48 (a directicn 1n which an emitted ultrasonic wave
travels). Note that arrow 47 corresponds to the vertical

irection, and accordingly, angle of incidence 81 is identical

o+ O

the angle of inclination of bottom surface 46 of the

9

C
~leaning tank relative to the horizontal directiocn.

Herein, the cleaning tank contains cleaning ligquid 4 (see Fig.
2) of pure water having a temperature of 25 degrees centigrade

and coupling tank 3 (see Fig. 2) contains intermediate medium 5
e

=3

(see Fig. 2) of pure water having a temperature of 80 degrees

illustration. In this case, cleaning

Fh

centigrade for the sake o
liguid 4 allows sonic velocity of approximately 1,495 m/s

therein, and intermediate medium 5 allows sonic velocity of
approximately 1,573 m/s therein. Under such conditions, angle
of incidence 61 was varied from 5 to 60 degrees (i.e., the
cleaning tank had bottom surface 46 inclined at a varying
angle) and angle of emittance 82 was calculated. The result is

shown 1in Table 1.
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Table 1

:angle of angle of angular i
incidence: 81 |emittance: 82 |variation }
(degrees) (degrees) {degrees) §
5 4.8 0.2 |
i0 9.5 ~0.5
15 14.3 -0.7
20 19.0 ~1.0
23 23.7 ~1.3
30 28.4 -1.6
35 33.1 -1.9
40 t37.7 -2.3
45 12.3 ~2.7
50 46,9 -3.1
55 51.3 -3.7
60 55.6 ~4., 4

Table 1 shows angle of incidence 61 {angle of incidence on the
bottom surface of the cleaning tank, which is identical to the
inclination of the bottom surface of the cieaning tank if the
ultrasonic waves travel in vertical direction), angle of
emittance 62, and an angular variation. Note that the angular
variation is calculated as an angle of emittance minus an angle
of incidence. As can be seen from Table i, th
variation {or angle of refraction € of Fig. 1 e

or larger for angle of incidence 8l of 20 degrees or larger.
Accordingly, when cleaning ligquid 4 and intermediate me
conditioned as above arxe used, angle of incidence 81 {i.e.
cleaning tank 2 having a bottom surface incliined at an angle)
cf 20 degrees or larger allows an ultrasonic wave to be

refracted at a sufficiently large angle.

Then, a study has been done for an angle

o0
e th
s
(p
by
b
W

uitrasonic wave in the Fig. 8 cleaning ap

the study will be described with reference to Fig. 1
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As shown in Fig. 14, the Fig. 8 cleaning apparatus 1, as well
c

=

as the Fig. 2 cleaning apparatus 1, has ultrasonic wave
generation unit 6 (see Fig. B) emitting an ultrasonic wave,
which in turn travels along arrow 47, and 1s incident on the
cleaning tank at bottom surface 46 at an angle represented as
01 and emitted therefrom at an angle represented as 82 for the
sake of illustration. Angle of incidence 81, angle of emittance
82, and the like are defined as have been done with reference

to Fig. 13.

Herein, the cleaning tank contains cleaning liquid 4 (see Fig.
8) of pure water having a temperature of 25 degrees centigrade
and coupling tank 3 (see Fig. 8) contains intermediate medium 5
(see Fig. 8) of ethanol having a temperature of 25 degrees
centigrade for the sake of illustration. In this case, cleaning
liquid 4 allows sonic velocity of approximatel 4

therein, and intermediate medium 5 allows éoni
approximately 1,144 m/s therein. Under such conditions, angle
of incidence 81 was varied from 5 to 45 degrees (i.e., the
cleaning tank had bottom surface 46 inclined at a varying
angle) and angle of emittance 62 was calculated. The result is

shown in Table 2.
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1, shows angle of incidence 81,

Table 2

tangle of angle of angular
incidence: 81 |[emittance: 82 |variation
.(degrees) | (degrees) (degrees)
5 6.5 1.5

10 13.1 3.1

15 19.8 4.8

20 26.6 6.6

25 33.5 8.5

30 40.8 10.8

35 48.6 13.6

40 57.2 17.2

45 67.5 22.5
Table 2, as well as table

of emittance 82, and an angular variation.

angie

Note that the

angular variation is calculated as an angle of emittance minus

an angie of incidence,

can be seen from table 2,

refraction 6 of Fig. 12)

incidence 61 of 5 degr
of incidence 81 is 30 degrees or larger
is 10 degrees ozr
ancd intermediate medium 5

£ incidence 81

inclined at an

ultrasonic wave to be refracted at a suf

J

It shouid be understood
disclosed hereln are

respect. The scope of the present invention is defi

rermns of the

intended to inc

meaning equivalent

(i.e.,

angle) of

s

claims,

similarly as

iarger. Accordingly,

rather than

the angular variation

ees or larger. Eu

conditioned as above ar

that the embodiment

Hh

odificat

indicated

rthermore,

the angular va

the description above,

fres

in table 1. As

{or angle of

is 1.5 degree or larger for angle of

if the angle

riation

when cleaning liguid 4

used, angle

cleaning tank 2 having a bottom surface
5 degrees or larger allows an

tly large angle.

3

and examples

llustrative and non-restrictive in any

ned by the

and is

ions within the scope and
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Industrial Applicability

The present invention is advantageously applicable to

ultrasonic cleaning apparatuses and metheds, in particular.
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Claims

1. A cleaning apparatus comprising:
- a cleaning tank having an inclined bottom surface and holding
a cleaning liguid for cleaning an object to be cleaned,

- a coupling tank holding an intermediate medium and disposed

such that said cleaning tank has said inclined bottom surface in

contact with said intermediate medium;

- an ultrasonic wave generation unit provided at said coupling
tank and ultrasonically vibrating said cleaning liguid via said
intermediate medium; and

- a modification unit modifying a difference in sonic velocity

between said cleaning liquid and said intermediate medium.

2. The cleaning apparatus according to claim 1, wherein said

modification unit includes a temperature adjustment unit varying

said intermediate medium in temperature.

3. The cleaning apparatus according to claim 2, wherein said
temperature adjustment unit has a heating member heating said

intermediate medium.

4. The cleaning apparatus according to claim 2, wherein said
intermediate medium is degassed water and said temperature
adjustment unit has a flow rate adjustment unit adjusting an

amount of said degassed water supplied to said coupling tank.

5. The cleaning apparatus according to claim 1, wherein said
modification unit includes a composition adjustment unit

modifying said intermediate medium in composition.

6. Cleaning equipment equipped with a plurality of cleaning

units cleaning an object to be cleaned with a cleaning liguid,
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at least one of said plurality of cleaning units being the

cleaning apparatus of any of claimg 1 -~ 5.

7. A cleaning method comprising the steps of:
- disposing in a cleaning liguid held in a cleaning tank having
an inclined bottom surface an object to be cleaned; and
- ultrasonically vibrating said cleaning ligquid via an
intermediate medium in contact with said inclined bottom surface
of said cleaning tank to clean saild obiject, the step of
ultragonically vibrating including the steps of:
- ultrasonically vibrating said cleaning liguid with said
cleaning ligquid and said intermediate medium allowing sonic
velocities, respectively, having a first difference; and
- ultrasonically vibrating said cleaning liguid with said
cleaning liguid and said intermediate medium allowing sonic
velocities, respectively, having a second difference different

from said first difference.

8. The cleaning method according to claim 7, wherein in the step
of ultrasonically vibrating, said intermediate medium is

modified in temperature to change said first difference to said
second difference in sonic velocity between said cleaning liquid

and said intermediate medium.

9. The cleaning method according to claim 8, wherein in the step
of ultrasonically vibrating, a heating member is used to modify
said intermediate medium in temperature to change said first
difference to said second difference in sonic velocity between

said cleaning liguid and said intermediate medium.

10. The cleaning method according to claim 8, wherein: said
intermediate medium is degassed water; and in the step of

ultrasonically vibrating, a retention time of said degassed
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water in contact with said cleaning tank is varied to modify
said degassed water in temperature to change said first
difference to said second difference in sonic velocity between

said cleaning liguid and said intermediate medium.

11. The cleaning method according to claim 7, wherein in the
step of ultrasonically vibrating, said intermediate medium is
modified in composition to change said first difference to said
second difference in sonic velocity between said cleaning liguid

and said intermediate medium.

12. The cleaning method according to claim 11, wherein the step
of ultrasonically vibrating further includes one or more steps
of ultrasonically vibrating said cleaning liguid with said
cleaning liquid and said intermediate medium allowing sonic
velocities, respectively, having a difference different from

said first and second differences.

13. A cleaning method comprising the steps of:

- disposing in a first cleaning liguid held in a first cleaning
tank having an inclined bottom surface an object to be cleaned;
- ultrasonically vibrating said first cleaning liquid via a
first intermediate medium in contact with said inclined bottom
surface of said first cleaning tank to clean said object;

- disposing said object in a second cleaning liguid held in a
second cleaning tank having an inclined bottom surface; and

- ultrasonically vibrating said second cleaning liquid via a
second intermediate medium in contact with said inclined bottom
surface of said second cleaning tank to clean said object, said
first cleaning liguid and said first intermediate medium
allowing sonic velocities, respectively, having a first
difference, said second cleaning liquid and said second

intermediate medium allowing sonic velocities, respectively,
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having a second difference, said first and second differences

being different from each other.

14. The cleaning method according to claim 13, wherein at least
one of said first intermediate medium and said second
intermediate medium 1s adjusted in temperature to set said first

difference and said second difference differently.

15. The cleaning method according to claim 14, wherein at least
one of said first intermediate medium and said second
intermediate medium is adjusted in temperature by a heating

member.

16. The cleaning method according to claim 14, wherein: said
first intermediate medium is degassed water; and a retention
time of said first intermediate medium in contact with said
first cleaning tank is modified to set a temperature of said
first intermediate medium to be different from that of said

second intermediate medium.

17. The cleaning method according to claim 13, wherein said
first intermediate medium and said second intermediate medium
have mutually different compositions so that a first difference
in sonic velocity between said first cleaning liguid and said
first intermediate medium and a second difference in sonic
velocity between saild second cleaning liquid and said second

intermediate medium are different from each other.



