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_ ultrasonic wave in the cleaning tank. The document indicates

that this zllows an cbject, or a substrate, disposged in the

cleaning tank to be cleaned substantially uniformly.

Problems to be Solved by the Invention

However, the apparatus disclosed in JP2009-231668 isg 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
disclosed 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 ilssue and it contemplates a cleaning apparatusg,
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 presgent invention provides a cleaning apparatus compriging
a c¢leaning 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

hag the inclined bottom surfacea-pergien in contact with the

intermediate medium. The ulfrasonic wave generation unit is
provided at the coupling tank and ultrasonically vibrates the
cleaning liquid via 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 differenée 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 liguid 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 eguipped 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 ancther
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: disposgsing in a cleaning liguid held in a cleaning

tank having an inclined bottom surface an object to be cleaned;

and ultrasonically vibrating the c¢leaning liquid via an

intermediate medium in contact with the inclined bottom surface

of the cleaning tank to clean the cbject, 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 liguid with the cleaning liquid 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 ligquid 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 okiect;

disposing the object in a second cleaning liguid 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 clileaning liquid and the second intermediate medium
allow sonic velocities, respectively, having a second

difference, and the first and second differenceg are different

from each other.

A single coupling tank heolds an intermediate medium without
having the intermediate medium's condition medified asg occasion
would require. Rather, first and second intermediate media's
respective 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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Claims

1. A cleaning apparatus comprising:
- a cleaning tank holding a cleaning liguid for cleaning
obkject to be cleaned,

- a coupliing tank heolding an intermediate medium and ¢isposed

such that said cleaning tank has a portion in contagt with said

intermediate medium;

b

- an ultrasonic wave generation unit provided ay said coupling

fank and ultrasonically vibrating said cleanifg liguid via said

intermediate medium; and
a modification unit modifying a differedce in sonic velocit

between said cleaning ligquid and said idtermediate medium.

2, The cleaning apparatus according/te claim 1, wherein said

modification unit includes a tempfrature adjustment unit

varying said intermediate mediph in temperature.

2

3. The c¢leaning apparatus gtcording te claim Z, wherein said

temperature adjusiment upit has a heating member heating said

intermediate medium.

4. The cleaning apparatus according to c¢laim 2, wherein said

intermedliate medfum is degassed water and said temperature

adjustment unif has a flow rate adjustment unit adjusting an

amount of sadd degassed water supplied to said coupling tank.
L J g

eaning apparalbus according to claim 1, wherein said

mod¥fying said intermediste medium in composition.

4. Cleaning equipment equipped with a plurality of cleaning

unlts cleaning an objsct to be cleaned with a cleaning liguid,

at least one of said plurality of cleaning units being the
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7. A cleaning method comprising the steps of:

- disposing in a cleaning liguid held in a cleaning tank an
obiect to be cleaned; and

~ ultrasconically vibrating said cleaning liguid via an

intermediate medium in contact with said cleaning tank clean

T

said cobject, the step of ultrasonicalilly vibrating incliypding the
steps of:

- ultrasonically vibrating said cleaning ligquid said
cleaning liguid and said intermediate medium akicowing scnic
velocities, respectively, having a first difference; and
- ultrasonically vibrating said cleaning 17quid with said
cleaning liguid and said intermediate medium allowing sonic
velocities, respectively, having a secdHnd difference

different from said first difference/
8. The cleaning method according %0 claim 7, wherein in the
step of uvltrasconically vibrating, said intermediate medium is
modified in temperature to chgnge said first difference to said
second difference in sonic ¥elocity beitween sald cleaning

liguid and said intermedig

intermediate medium.

claim ¥, wherein said
intermng ’ ssed water and wherein, in the step

& retentlon Time of sald degassed

T
with said cleaning tank is varied to modify

U
rsT

t

aid degassed water in temperature to change said £
difference to said second difference in sonic veloclfy between

3

sald cleaning 1liguid and sald intermediate medium.
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11. The c¢leaning method accerding to claim 7, wherein in the
step of ultrasconically vibrating, said intermediate medium 1g
modified in composition to change said first difference to Said
second difference in sonic veloclty betwsen said cleanin

liguid and said intermediate medium.

12. The cleaning method according to claim 11, whepkin the step
of ultrasonically vibrating further includes one,/Hr more steps
of ultrasocnically vibrating said cleaning ligujd with said

cleaning liguid and said intermediate mediumsallowing sonic
velocitles, respectively, having a differepce different from

said first and second differences.

13. A cleaning method comprising the/steps of:
~ disposing in & first cleaning uld held in a first cleaning
tank an obiect to be cleansd;

- ultrasonically vibrating sai

- disposing said obiect a second cleaning liguid held in a
gsecond cleaning tank;
- ultrasonicaily vi ing said second cleaning liquid via a

second intermediafe I lum in contact with said second cleaning

tank to clean sald cbject, said first cleaning liguid and said

first difference, said second cleaning

intermediate medium allowing sonic

L<.'
o5
QF
2
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o

ing & second differvence, sald

fferences being different from each other

The cleaning method according to claim 13, wherein at 1

(D
‘_f

one of said first intermediate medium and saild second
intermediate medium iz adjusted in temperature to set said

ifferentl

o8

first difference and said second difference
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15. The cleaning method according to claim 14, wherein
one of said first intermediate medium and sald seceond
intermediate medium is adiusted in temperature by a h

membher.

16, The cleaning method according to claim f4, wherein said
first intermediate medium is degassed
retention time of said first intermefiiate medium in contact
with said first cleaning tank iz 'modified to set a temperature

aid first intermediate mgdium to be different from that of

qfethod according to claim 13, wherein sald
first intermgeiate medium and said second intermediate medium

i fferent compositions sco that a first difference
y between said flrst cleaning liguid and said

mediom and & second difference in sonic

. R~ -, . dm
iyp-sre-diiferent from-sach-ohher.
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Claims

1. A cleaning apparatus comprising:

a cleaning tank having an inclined bottom surface and hoiding

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 iﬁ
contact with gaid intermediate medium;

- an ultrasonic wave generation unit provided at said coupling
tank and ultrasonically vibréting said cleaning 1iquid via said
intermediate medium; and

- a modification unit modifying a difference in sonic velocity

between said cleaning liguid and said intermediate medium.

2. The cleaning apparatus according to claim 1, wherein said
modification unit includes a temperature adjustment unit varying

sald intermediate medium in temperature.

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

intermediate medium.

4. The cleaning apparatus according to claim 2, wherein said
intermediate medium 1s degassed water and saild temperature
adjustment unit has a flow rate adjustment unit adiusting an

amount of sald 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 eguipment equipped with a plurality of cleaning

units cleaning an ockject 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 claims 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 ocbject to be cleaned; and
- ultrasonically vibrating said cleaning liguid via an
intermediate medium in contact with said inclined bottom surface
of said cleaning tank to clean said object, the step of
ultrasonically vibrating including the steps of:
- ultrasonically wvibkbrating said cleaning liguid with said
cleaning liquid and said intermediate medium allowing sdnic.
velocities, respectively, having a first difference; and
- ultrasonically vibrating said cleaning liguid with said
cleaning liguid and said intermediate medium zllowing 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 liguid

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

szid 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 isg varied to modify
sald 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 ultrasconically vibrating, said intermediate medium is
modified in composition to change said first difference to said
second difference in sonic velocity between said cleaning liquid

and sald 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 liquid with said
cleaning liquid and saild intermediate medium allowing sonic

velocities, respectively, having a difference different from

caid firet and second differences.

13. A cleaning method comprising the steps of:

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

- disposing said object in a second cléaning liguid held in =2
second cleaning tank having an inclined bottom surface; and

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

intermediate medium allowing scnic velocitiesg, 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 is adjusted'in temperature to set said first

difference and szid 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 compogitions so that a first difference
in sonic velocity between said first cleaning liquid and said
first intermediate medium and a second difference in sonic
velocity between said second cleaning ligquid and said second

intermediate medium are different from each other.



