Cleaning Apparatus, Equipment, and Method Technical Field 5 The present invention relates to a
cleaning apparatus, equipment and method, and particularly to an ultrasonic cleaning apparatus,
equipment and method. Background Art 10 A conventionally known cleaning method and apparatus is
used to dip a substrate or a similar object in a cleaning liquid and thus expose it to an ultrasonic wave
to clean it. To clean the object's entire surface uniformly, the cleaning method is required to expose the
entire surface to the ultrasonic wave. However, the ultrasonic wave is partially interrupted by a
structure (e.g., a holding irrmmdardfoRbpldirgthe olfent}imenleandnriaik Hodding the cleaning liquid,
and as a result the object has a surface which is not directly exposed to the 20 ultrasonic wave. In
order to solve such a problem, various techniques have conventionally been proposed. For example,
Japanes&¥HeaEdyifd-e5tn No. 2009-231668 indicates that an ultrasonic refraction member which
can be swung is disposed at a bottom of a cleaning tank, and the ultrasonic refraction member is
swung tg vary a direction.in which) an ultrasonic wave travels in the cleaning.tank. JP2009- 231668
indicvatesTt\‘lélgt fhiS MiRimizes g%%o‘rt%ln of a% gﬁjsecf to be “E:Te%%%é%ﬁaﬁ%%%u%ﬁé}gr’ltly exposed to the
ultrasonie @0waver Furthermereh ddpangse Pateht Caying Opér Not 2001-0573544ndicates that a

cleaning tank;havjng an ultrasonic oscillation seurcepravided on a bottom surface thereof has a
cylindrical 35 rod disposed on the bottom surface thereof to disperse an ultrasonic wave in the

cleaning tank. The document indicates that this allows an object, or a substrate, disposed in the
cleaning ekt steamed substantially uniformly.

10
A conventionally known cleaning method and apparatus is used to
dip a substrate or a similar object in a cleaning liguid and
chus expese it to an ultrasonic wave to clean it. To clean the
object’'s entire surface uniformly, the clieaning method 1s

15 required to expose the entire surface to the ultrasonic wave.
However, the ultrasonic wave is partially Iinterrupted 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 & surface which is not directly exposed to the

20 ultrasonic wave. In order to solve such a problem, various

technigues have conventionally been proposed.

For example, Japanese Patent Laying-Open No. 2009-2316068
indicates that an ultrasonic refraction member which can be

25  swung is disposed at a bottom of a cleaning tank, and the
ultrasonic refraction member is swung to vary a direction in
which an ultrasonic wave travels in the cleaning tank. JP2009-
231668 indicates that this minimizes a portion cf an cbhject to
be cleaned that i1z insufficiently exposaed to the ultrasonic

30 Wave.

Furthermore, Japanese Patent Laying-Open No. 2001-0573354
indicates that a cleaning tank having an ultrasonic oscilllation
source provided on a bottom surface thereof has a cylindrical

35  rod disposed on the bottom surface therecof to disperse an



5 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 W 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. Thé present inventivs has bdeh rfiadé to-s6lvedhé abové deseibed issue aheditésntemplates a
cleaning.apparatusequipment and metbed that.can hayve a relatively sipple=20 ¢enfiguration to clean
an object without an area which ¢ not directly exposed to anqqltrasonjq“ﬂw"av . Means for Solving the
Problem$ Y5+ Thé' Brd<nt inventibn PISides a tieaning apparatus Earhprging a cleaning tank, a
coupling tank, an ultrasonic wave generation unit, and a modification unit. The cleaning tank holds a
cleapingliguid. for cleaning a lect tq he .coupling tank holds an intermediate medium
and ?s diégguééfgﬁcﬁtgo%atgt efe%r%r?g tg?]ef?ggvag ggﬁ% in contact with the intermediate medium.
The ultrasonic wave generation unit is provided at the coupling tank and ultrasonically vibrates the
cleaningliguid,via the integnediate- medivm ~The: modificationamit-madifies aidifference:iasonic
velocity between the 35 cleaning Iiguidkand ;%hg inte.rmegl%te medium Vgr irﬂ(g 1g;\odiff&(%rq:erpoce in sonic
velocity bétwedhine déariig iqdid ahdthe 'ﬁféﬁréméaiafe‘“me%h?r%nclarﬁcmoaéy a condition‘applied to
refract aniutrasonicwave at asboundaiyeof thensleaning tankeand: theesouglingitankThis atlows the
ultrggonic waye, g {Lavel infough Lhe cleaning Japk In adnadified drection.and can dus 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 holdingtRé obfstt {Fe.JBR &réa thal 7o Aotdiréttly expoLad 16 HicultrasBRicivave) “Tha Present
inventiorprevides:Cleaning eguipment:egulipped:with acpluralit-oteleaning amits icleaning an object to
be cleaned with a clegnip% Iioguid, and a,t.legg %rlecggtggqglléraligy of %er%nigg_ Ug&%%%thé?ﬂ; cleaning
apparatué%es G&8Gibad Bbove A leait' ohe eledning unit that hias the configuration ojf“tﬁe“gresent
cleaning apparatis canhaveacoridition (applied to refractah alirAsanic Wavetat@mintértace of the

clegging tank and the intermediate medigm)set to bgdifferent thananoher. .

=]

he present invention has been made to sclve the above
described issus dnd it contemplates & cleaning apparatus,
equipment and method that can have a relatively simple

20  configuration to clean an cobject without an area which is not

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

25 The present invention provides a cleaning apparatus comprising
a cleaning tank, coupling tank, an ultrasonic wave generation
unit, and a modification unit. The cleaning tank holds a
cleaning liguid for cleaning an cobject to be cleaned. The
coupling tank holds an intermediate medium and 1s disposed such

30 that the cleaning tank has a portion in contact with the
intermediate medium. The ultrasconic wave generation unit is
provided at the coupling tank and ultrasonically vibrates the
cleaning liguid via the intermediate medium. The modification
unit modifies a difference in sonic veloclty between the

35  ¢leaning liguid and the intermediate medium.



20 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. 25
The present invention provides a cleaning method comprising the steps of: disposing in a cleaning
liquid held in a cleaning tank an object to be cleaned; and ultrasonically vibrating the cleaning liquid via
an intermediate medium in contact with the cleaning tank to clean the object, and the step of 30
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 yltrasopically vibrating the.cleaning igyid with the gleaning liguid apd the intermediate
35 medium allowing sonic velocities, respectively, having a second 4 difference different from the first
differencé 1 fiHé firstand differeht “Setdnd HifferéRtesCan Yan/ o ehéh TG Step a condition
applied tagefractan-ultrasoniesvavenatid bousdaryofithe cleaning tankranethedritermediate medium.
As a_result, 5 the abject to be cleaned (e.q.. a.substrate) held in the. cleaning.liguid.does not.have a
Iargaér5 are%&s%aa%:lovv%d 5y a holding frlr?”'err((% gegtEj g?ltﬂg Ii?(gl f%é.,%;%éfgeaér(ie%a%t%atgié%oga ﬁ%%t?)'/g %)?%ised to
an ultrasonicavave) SThe pledent imiEhtionprovides ardledring méthedeefiprisiig the steps of:
disposing; in.a figst cleaning liguid:held in-a firstcleaning tank-an ebjectto;be cleaned; yltrasonically
vibrating the first cleaning liquid via a first intermediate medium in contact with the first cleaning tank to
clean the’6bj8E&E Aispositig ttie dhjecta sebshAd tlsaningiiquid hdfdin'a sECGHPEEanMY tank; and
ultrasonieallyibratingrthe second cleaningeliquid sitra secend imfermediatesmediim inreentact with the

secgnd cleaning tank to cé%%g’&g)jg%gA'Q&Iir%tocl%%%ing iigygjsg)q}qwewfé@gimermediate medium
allow sonic 20 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 secongd.differences-ate diffareptrameach-atber. 25A single ceuplingtankhetds.am »
intermediate medium without havin&irthg intermediate meidiumquOQthiop+m9gif-eg a %ch?gCilpn would
require. Rather firstand Secondrinteriiediats mediasraspective conditions ¢an be fixéd, and the
object can:ithus be cleaned continmously. his allowssecleaning4o de done in‘axmote B89 efficient and
henﬁ?|6%i%%%QHHEE§@tEﬁ?Qﬁﬁﬁéhgi@gﬂEﬁ@ apparatus as described above. AL
least one cleaning unit that has the configuraticn 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 tc be different than another
20 cleaning unit. The object cleaned through the cleaning units
sequentially can be cleaned without a suriface having a largs
area which is sghadowed and thus not directly exposed Lo an

ultrasonic wave.

The present invention provides a cleaning method comprising the

]
LA

steps of: disposing in a cleaning liquid held in a cleaning
tank an object to be cleaned; and ultrasonically vibrating the
cleaning liguid via an intermediate medium in contact with the
cleaning tank teo clean the object, and the step of

30 ultrasoconically vibrating includes the steps cof: ultrasonically
vibrating the cleaning liguid with the cleaning liguid and the
intermediste medium allowing sonic velocities, respectively,
having a first difference; and ultrasonically vibrating the
cleaning ligquid with the cleaning ligquid and the Intermediate

35 medium allowing sonic velocitles, respectively, having a second



The present invention can thus provide a cleaning apparatus, equipment and method allowing an
object to be cleaned without an area which is not directly exposed to an ultrasonic wave. 5 Brief
Description of the Drawings Fig. 1 represents a concept in a schematic diagram of a cleaning
apparatus in accordance with the present inventiorf. W 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 ikustrating i dléaning process 6f EigL 3220 Fig: 518 sficiichartfor ffustratiAigan example
of a step;323 af Eig: 4. Eig- 618 aflowechart-for dlustrating agother example otstepr323sefdrigad. 25
Fig. 7 is a schematic diagram in cross section showi_qg an exempla&variatjton ofgheg{ljea%ning
apparatGLShovim HFGPBL LY. 89s Aschmatie tidgrany inctoss Ladfior shéwing . secodnd 30
embodiment:af¢he: cleaningrapparatusin adcerdante witwithetpresentinvention. Fig.e®isla flowchart

for illustrafing a cleaning process ysing the, cleaning appagatus shownn FigB, 6,fig 10is a
schématic g"lagra]m In cross section showing cleanlng equipment In accordance with the present
inventiorsleaning 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).

10 The present invention provides a cleaning method comprising the
steps of: disposing in a first cleaning liguid held in a first
cleaning tank an object to be cleaned; ultrasonically vibrating
the first cleaning liguid via a first intermediate medium in
contact with the first cleaning tank to clean the object;

15 disposing the object in a second cleaning liquid held in a
second cleaning tank; and ultrasonically vibrating the second
cleaning liguid via a second intermediate medium in contact
with the second cleaning tank to clean the object. The first
cleaning liquid and the first intermediate medium allow sonic

20 velocities, respectively, having a first difference and the
second cleaning liguid and the second intermediate medium allow
sonic velocities, respectively, having a second difference, and

rhe first and second differences are different from each other.

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

30 efficient and hence less costly method.

Effects of the Invention



Fig. 11 is a flowchart for illustrating a cleaning process 5 employing 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 the present inveAtion. Fig. 14 is a schematic diagram showing
another example of 15 calculating an angle of refraction of an ultrasonic wave in the present invention.
Reference Signs List 7 46: bottom surface 49: perpendicular 100: cleaning equipment Best Modes for
Carryingiout the éravention iHereinafter, the présentinvention in emisodiment willkie® déscribed with
referencg to the drawings; In the figures, identical.or carrespending.compenents age identically

denoted W and will not be described repeatedly.

an area which is not directly exposed to an ultrasconic wave.
5 Brief Description of the Drawings

Fig. 1 represents a concept in a schematic diagram of a

cleaning apparatus in accordance with the present invention.

10 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 cleaning method in

3

15 accordance with the present invention.
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is a flowchart for i1llustrating a cleaning process of
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Fig. © is a flowchart illustrating ancther example c©f step

25
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is a schematic diagram in cross section showing
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exemplary variation of the cleaning apparatus shown in
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Fig. 8 is a schematic diagram in cross section showing a second
30 embodiment of the cleaning apparatus in accordance with the

present invention.

Fig. 9 is a flowchart for illustrating & cleaning process using
the cleaning apparatus shown in Fig. 8.

35



First Embodiment Reference will be made to Fig. 1 to describe the present 15 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 liquid 4 forécleaning a substrate 10 as 20 an object to be
cleaned. Coupling tank 3 holds an intermediate medium 5, and cleaning tank 2 has a portion (a bottom
and a portion of a side wall) in contact with intermediate medium 5. The bottom of cleaning tank 2
inclines relativelto that ef coupling tank 8.1bitrasonic:wave generatioh wnitsBrsprovided 25 at coupling
tank 3, ?‘99%@%@“%@4%\@9@%5 cleaning liquid 4.vig intermediate medium 5. Wliraspnic wave
generation unit 6 IS connected to a bottom wall of coupling tank 3 and thus fixed thereto. Modification
unit 7 modifies a difference in sonic velocity between cleaning liquid 4 and intermediate medium 5. 30
Modificatior, unit ¥ may Hesconnestes:tosene on bathrof-coupling tarks3 and gleaning tank 2. While the
difference in sonic velocity can be modified in any methods, it can be done so for example by
mod?fyinﬁ%%éa%téﬁh%dﬂn% Ylijﬁnt%mep%l?ét%rpg){g)?msohdﬁ)f‘f/ﬁ]glcrfegfﬁrqg Iic"ﬁioid 4 in temperature, or
modifying the 35 intermediate medium in composition. Modification unit 7 has a 8 specific
configuration, by way.of.example, as wilkbe described later. &leaning apparatus 4 thus structured can
modify a difference in _ o o

refraction of an ultrasonic wave in the present invention.

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

present invention.
Fig. 14 is a schematic diagram showing another example of
15 calculating an angle of refraction of an ultrasonic wave in the

present invention.

Reference Signs List

20 1: cleaning apparatus
Z: cleaning tank
3: coupling tank
4: cleaning liguid
5: intermediate mediunm
25 6: ultrasonic wave generation unit
7: modification unit
10: substrate
11: holding member
12: area
30 13, 15, 16, 20, 32, 33, 47, 48: arrow
17: heater

18, 19: pipe
Zi: control unit
27, 2%: automatic valve

35 41-43: cleaning unit



5 sonic velocity between cleaning liquid 4 and intermediate medium 5 to modify a condition applied to
refract an ultrasonic wave that is emitted from ultrasonic wave generation unit 6 at a boundary of
cleaning tank 2 and coupling tank 3 (more specifically, a boundary portion of cleaning liquid 4 held in
10 cleaning tank 2 and intermediate medium 5 in contact with the bottom of cleaning tank 2). As a
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 15415 teothat of amarfow 46 and thus travel through cleaning tank 2 in the latter direction. if the

object to@;&lgggs@&&r&@ﬁsggte 10, held in cleaning liquid 4 is exposed to an ultrasonic wave
traveling along arrow 20 15, substrate 10 has an area 12 shadowed by holding member 11 or the like
for holdind’ Substr&are'd.e= B péHidh which is not directly exposed to the ultrasonic wave). Modifying
a substantially negligible level. Cleaning apparatus 1 in a specific exemplary configuration will 30
now be described with reference to Fig. 2. The cleaning apparatus 1 shown in Fig. 2 basically has a
conﬁgurﬁ%#si%ﬁﬁl ar fo ﬁ%rFig.a’fzgela ngogp?pg?é usq’-I T%gﬁgeﬁ??hat the former has modification unit 7
shown in Fig. 1 implemented as a heater 17 connected to coupling tank 3 via a pipe 18 as a 35

temperature adjustment unif, HeateL 17 s connaated {0 a;50kE . diment will be
described with reference to the drawings. In the figures,
identical or corresponding components are ldentically denoted

10 and will not be described repeatedly.
First Embodiment

rReference 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 generatlion unit 6, and a modification unit 7. Cleaning
tank 2 holds a cleaning liquid 4 for cleaning a substrate 10 as

20 an object to be cleaned. Coupling tank 3 holds an intermediate
medium 5, and cleaning tank 2 has a portion (a bottom and a
oortion 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 & is provided

25 at coupling tank 3, and ultrasonically vibrates cleaning liguid
4 via intermediate medium 5. Ultrasonilic wave generation unit 6
is connected to a botiom wall of coupling tank 3 and thus fixed
thereto. Modification unit 7 modifies a difference in sonic
velocity between cleaning liguid 4 and intermediate medium 5.

30 Modification unit 7 may be connected to one or boeth of coupling
tank 3 and cleaning tank 2. While the difference in sonic
velocity can be modified in any methods, 1t can be done so for
example by modifying intermediate medium 5 in temperature or
modifying cleaning liguid 4 in temperature, or modifying the

35  intermediate medium in composition. Modification unit 7 has a



9 of intermediate medium 5 (e.g., a tank having intermediate medium 5 stored therein) via a pipe 19.
Intermediate medium is supplied via pipe 19, heater 17, and pipe 18 to coupling tank 3, as indicated by
an arrow 13. Heater 17 can heat 5 intermediate medium 5 to raise the temperature of intermediate
medium 5 and thus supply it to coupling tank 3. Coupling tank 3 receives intermediate medium 5,
which overflows from an upper portion of coupling tank 3 to outside coupling tank 3, as indicated by an
arrow 20. 10 Modification unit 7 (see Fig. 1) that includes heater 17 that is a heating member serving
as a tempetatire adjustmenturit tocmedify intermediatewmeriben 546 terhpeératarelas fridieated in Fig.
2, aIIow%Q£eé@_ediate medium 5 to be adjusted in 15 temperature without modifying intermediate
medium 5 in composition 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 alews sgpicrvelagitylinintesmediate medidmdnto 2@beé tontrolied: fFhis altews the
apparatus to have a relatively simple configuration to modi conditi jed.to refract an ultrasonic
wave at fHé 5ot ﬁfdegrg %jbftyor%g Srcleaning Etgr&ﬂ? i%%dggo%dpjﬁ%/ga%ar%& %ﬂ %%g%g%%?%%%ning apparatus |
can be menifactufed-at aveducedcostridtelthat mtdrhiediatemadith 5-25 haylhe éshtrolfed in

temperatyre by a cooler.device ratherthan heater, 17-Reference will-now bednade to. Fig. 3:o Fig. 6 to
describe the present cleaning method using cleaning apparatys 1 shown ig 30 Fifg. 2. With reference
to Fig. 32the Presenticleaning Fethad iritidlly providesa preparatior procass 1810). In this process
(S10), cleaning figuich4 andintennediatey mesiund, asfpredetenrined; ace:infroduced dntorthe
cleaning, apparatus 1 cleaning tank 2, coupling tank 3, and thedike Fusthermare, a0 35.ghject to be
cleated, or stibstrate 10, is also prepared. 10 |

pottom of cleaning tank 2). As a result, an ultrasonic wave

output from ultrasonic wave generation unit ¢ in a direction of

an arrow 15 is refracted at the boundary portion so that the

nltrasonic wave can be modified in direction from that of arrow

15 15 to that of an arrow 16 and thus travel through cleaning tank

2 4in the latter direction.

If the object to be cleaned, or substrate 10, held in cleaning
liguid 4 is exposed to an ultrasonic wave traveling along arrow
20 © 15, substrate 10 has an area 12 shadowed by holding member 11
or the like for holding substrate 10 (i.e., a portion which is
not directly exposed to the ultrasonic wave). Modifying a
condition applied to refract an ultrasonic wave at the boundary
portion to modify the ultrasonic wave in direction from arrow

he

ot

25 15 to arrow 16 to travel through cleaning liguid 4 in

o

latter direction can minimize such a shadowed area 12 to a

substantially negligible level.

Cieaning apparatus 1 in a speciflc exemplary configuration will
30  now be described with reference to Fig. Z. The cleaning
apparatus 1 shown in Fig. 2 basically has a configuration
similar to the Fig. 1 cleaning apparatus 1, except that the
fFormer has modification unit 7 shown in Fig. 1 implemented as a
heater 17 connected to coupling tank 3 via a pipe 18 as a

35 temperature adjustment unit. Heater 17 is connected to a source



Subsequently, a cleaning process (520) shown in Fig. 3 is performed. This process (520) is performed
specifically through steps shown in Fig. 4. With reference to Fig. 4, in this 5 process (S20), a step
(S21) is performed to dip a substrate in the cleaning liquid as the step of disposing the object in
cleaning liquid 4 held in cleaning tank 2. In this step (521), the object to be cleaned, or substrate 10, is
disposed in cleaning liquid 4, as shown in Fig. 2. Substrate 10 is M supported by holding member 11
provided in cleaning tank 2. Subsequently, as shown in Fig. 4, applying an ultrasonic wave is started
(step S22¥ In this step; Ultrasoric wave generation anit 8geneeates an ultrasoriciwave and cleaning
id 4 5 exposed therelo.vja intermediate medlu 5, Such ultasosexposue siatseleaning
substrate 10. Subsequently, a liquid supplied to the coupling tank (or intermediate medium 5) is varied
in tempef&tufa'with tirse Tstep20°523)” MdJte spetifically, dnterrediate metfurm 36T & fifst temperature
is supplied, to.coupling tank 319-apply a firsst condition:te.performea cleaning-step{5231), as indicated
in Fig. 5. Intermediate medium.5 may be set at the first temperature by operating heater. 17 to heat
inter%ned%ié %&ﬁﬁ%}% 5{“8?\1/V1ijtﬁodt gﬁeréﬁrﬁ% Reater 1%%#&%1%%%% mge%di&r%fg%n an Trﬁﬁgln
temperature may be supplied:to coupting tank 3olnccleanring digtith4 thie ultrasericviaviemaytravel in
a directign.indicated for.example by.arpow 13shewnjn;Fig. 2,Noteithatulirasenic wayg.generation
unit 6 can generate an ultrasonic 30 wave for example having a frequency of 1 MHz and a watt density
of 2.5 WA L Subsqtentl, if $té 853 a §8cit EdAditan i apptitd 18’ perforna cleaning step
(step 3232)qas shewnyk Fig. S.1AR5 daing so, heater 17 heats intermediate medium 5 to modify I
intermediate medium 5 in temperature from the first temperature to a different, second temperature.
Thué modifying intermediate medium 5 in temperature modifies a condition applied to refract the
ultrasoniti wavé:iatahé pottomisf dledning tark 2, and Braceoidinglydinsclégting fiqdid 4theé ultrasonic
wave travels in g direction different fromithatinauhich the yltrasonicawave, travelsdn step; 5231, For
example, in step 3232, the ultrasonic wave may travel throughﬁcleaning liquid 4 along arrow 16
indicatediAE; QQ;ntermedlate medium 5 in temperature, as 1ndicated in

Fig. 2, allows intermediate medium 5 to be adjusted in

15 temperature without modifying intermediate medium 5 in

composition or the like. As sonic velocity in intermediate

medium 5 varies with the temperature of intermediate medium 3,

thus contrelling intermediate medium 5 1n temperature

consegquently allows sonic velocity in intermediate medium 5 to

20 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

result, cleaning apparatus 1 can be

jail

and coupling tank 2. As
manufactured at a reduced cost. Note that intermediate medium 5
25  may be controlled in temperature by a ccoler device rather than

heater 17.

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

30 Fig. 2. With reference to Fig. 3, the present cleaning method
initially provides a preparation process (310). In this process
(§10), cleaning liguid 4 and intermediate medium 5, as
predetermined, are introduced intc the cleaning apparatus 1
cleaning tank 2, coupling tank 3, and the like. Furthermore, an

35  object to be cleaned, or substrate 10, is alsoc prepared.



10 Heater 17 that modifies the temperature of intermediate medium 5 supplied to coupling tank 3
allows an ultrasonic wave to travel through cleaning liquid. 4 in a modified direction, and as a result
can reduce area 12 in size that would otherwise be 15 shadowed by holding member 11 and thus not
directly be exposed to the ultrasonic wave. Steps S231 and S232 may each be performed for example
for a period of 2 minutes. Furthermore, intermediate medium 5 can be water (pure water), and the first
temperature can for example be 25 degrees centigrade and the 20 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, rgm. 25 10,86 dlegrees, centigrade, 25;Subsequently, as
shown in Fig. 4, applying the ultrasonic wave ends (step S24). Spemﬁcally{l in this step (324),

ultrasonieSvavergatteraficn ank6°8t65S genérating thé Titfasohi-wabeé Srie-Spptication of (6
exposure teydhe ditrasoniqwave can beended-for exampie wheran. ultrasamnic wave exposure time

has 30 attained a pr%dsﬁiéirmined prescgpggl }pe{igdbgggg%%uee&tl CDth@e«,_ su%st%aﬁ%gsl_ryeﬂ%veﬁqﬁ(step

S25). In tHi§ StEp” substrate 10 havihg béén cleaned is removed from cleaning tank 2. Substrate 10

can thustieecleared.i12 Noteuhat whilectie Figes step S28mady-be pefformed ¢6 apply the first

condition.and the, secong condition, gach,only eace, ia cleaning; asindicated in:kig. 5.4he step may
alternatively be performed to perform the cleaning step in the first condition (S231) and the cleaning

step in the'SecneEconditorP (52325 i fiitn More thaf ohite Fepéatetly, A5 TFdIcARd A Fig. 6. More
specifically sas\indigated;in Eigs 6, the cleaning stefFinthe firstscomeition-¢5281) and the cleaning step
in the second condition (5232).are performed and h,ecg%%%r step.(p233) isperformed to determine
whéﬁmr %Pepp%qﬁﬁ%gagz %%%éb%%nmﬁaer?%erfneaqa %Fedetermc%erlle nﬁm%)er 0 %Omés. If not (No at S233),
steps 5231, 5232 are again performed. Steps S231, 5232 may be performed cyclically as prescribed

(e.g., eaeh for a-periad of 2 minutes),|f steps S2314 5232 have been-performedthe predetermined
number of times (Yes at S233), the Fig. 6 process ends and @subsequent ste%is ggrfgrmed.nThe
cleaning stepinthe%iist Corditiorrand the cledring StéF in the ‘Setond condition that are repeated
more thamragnceenstire thatsubstratel 10 isshetter clearred: 20 cleaning liquid 4 1s

15 exposed thereto via intermediate medium 5. Such ultrasenic

exposure starts cleaning substrate 10.

Subsequently, a liguid supplied to the coupling tank (or
intermediate medium 5) 1s varied in temperature with time (step

20 823y . More specifically, intermediate medium 5> of a first
temperature is supplied to coupling tank 3 to apply a first
condition to perform a cleaning step (5231), as indicated in
Fig. 5. Intermediate medium 5 may be set at the first
temperature by operating heater 17 to heat intermediate medium

25 5, or without operating heater 17 intermediate medium 5 of an
initial temperature may be supplied to coupling tank 3. In
cleaning liquid 4 the ultrascnic wave may travel in a direction
indicated for example by arrow 15 shown in Fig. 2. Note that
ultrasonic wave generation unit & can generate an ultrasonic

30 wave for example having a freguency of 1 MHz and a watt density

of 2.5 W/cm?.

Subseqguently, in step S23, a second conditicon is appliled to
perform a cleaning step (step $232), as shown in Fig. 5. In

35 doing so, heater 17 heats intermediate medium 5 to modify



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 25 portion corresponding 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. Control 30 unit 21 can control the valve position of
automaticrvadven2 2.:1A flewnratel adjustmenttumit; ©r automaticrvalve 27, isiconnectethéa piper49 to a
unit supplying deappsed water.as infemediale, mediin. S INote that degassed walerisyitec having a
dissolved gas concentration reduced to 2 ppm or less. 13 It is known that when degassed water is
exposedts An uirasaiiic Wales e déGadsed Water's fempefatlire rapidly incPeades. Autdihatic valve
27 and coptrolynit-2% thatvapy, an amountofipternediate megium b(or gdegassed:water) supplied 5
into coupling tank 3 allow the degassed water to.be E}etaig({:-d in coupling gankWBagg.,%er@osgg to an
ultraSonic WaveS t8Ka Varyiny Period:of fime ahd: as & result, controlled in temperature” intefmediate
medium 5ror4he degassedhwater fariedtin femperatare allowssoric velocity irrintermediateedium 5
to be COOIE%!R?Qa]éi”}ikff‘”g@%d%mth?dﬁjge%g ning apparatys L JHys allows the appajatys to have
ra

a relatively simple configuration to modify a. condition applied to refract an ultrasonic wave at the

boundary PBRIGHEGT ciéaifig tank2 ARl COLPRAG Tehk'3. A5 Wikrfthe g 37 Eféaniry apparatus 1 is
used to performsa gleaningsmethad, the cleaning method is basically similar to the Figs. 3-6 cleaning
method. Note that, in the Fig. 4 step S23, intermediate medium 5 is varied in temperature with time 20
via Hutomatic valve 27 of Fig. 7 so that intermediate medium 5, e.g. degassed water, has a varied flow
rate. Foriexample, the cleaning steblinthé fiesttcondition(S281Pis pericrated Wil auttimaticivalve 27
controlled tq allow the degassed water to e,introduced,intq, coypling.tank 3-continsously for one

minute in 25 an amount of 5 liters/min. In contrast, the cleaning step in the second condition (S232) is

performedi#itiF Auforiaticavalve 27 controliédtd Ferb the &m8it of thé degassed-Rater Mtroduced into
coupling tank:3. Ehis allows:the degassed waterexposed te andtrasonic wavete be heated: to a

e Rl S pepr e e g eondorads: Thipeandie & pUeRlYy 22 e bloe-20
to the ultrasonic wave. Steps S231 and S232 may each be
performed for example for a period of 2 minutes. Furthermore,
intermediate medium 5 can be water (pure water), and the flirst
temperature can for example be 25 degrees centigrade and the

20 second temperature can for example be 80 degrees centigrade.
Note that the first temperature and the second temperature can
pe set for example at any value within a range from 25 to 80

degrees centigrade.

25  Subseguently, as shown in Fig. 4, applying the ultrasonic wave
ends (step S24). Specifically, in this step (S24), ultrasonic
wave generatlon unit € 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

30 attained a predetermined prescribed period.

Subsequently, the substrate is removed (step 5Z5). In this
step, substrate 10 having been cleanad is removed from cleaning

rank 2. Substrate 10 can thus be cleaned.

35



14 With reference to Fig. 8, the present invention provides cleaning apparatus 1 in a second
embodiment, as will be described hereinafter. The Fig. 8 cleaning apparatus 1 basically has a
configuration similar to the Fig. 2 cleaning 5 apparatus 1, except that the former has a portion
corresponding configured. Specifically, the Fig. 8icleaning apparatus 1 is provided with pipes of two
systems, respectively, to supply coupling tank 3 with an intermediate medium. In one system, W pipe
18 connected to coupling tank 3 is connected to automatic valve 27 which is connected via pipe 19 to
a water supply sadrcew(aiiater tankrfor exampte)pAdtomaticvalee 271s suppliedowithwater through

pipe 19, as indicated by an arrow 32. Fur_mle more, inihe other.system, pipe 18 connegted to coupling
tank 3 has &n al ch?r%a’ﬁyé) 33]%/?2%%(%&?1%0@5 thereto. Furthermore, altomatic \{alvoép28_is connected to
an ethanbh suppiysoutoe @h ethdAcixank férexarfipley vialpife I9SAutshaticl alve 28%8 Supplied

with ethanol through.pipe 19, assindicated by aniarsow 33. 20 Autematie valves:27 and 26 are
electrically connected to control unit 21 and operable inﬁresﬁg}onse foa control signal igs%e%ﬁrom
control unit @i itolsdjustifeit vadpositions: THE sy teris that Allow Water and etivanol, respectively,
to be 25 sapplied torcauplingtamk 3zt predeterminedsfiove rates, respectivedy aHowicouplitg tank 3 to
hold integmediaje. madir. having & camposition (imore spasiipally, a wetetiatbanolfgtia) adjusted as
desired. Intermediaté medium 5 thué modified in composition allows sonic velocity therein to be varied.
As a 30 resultizh Effect Simikarts thatof the Eig. Z8idanity dpparattisdl éatbe dbtainéd. For example,
automatic valves 2/-and 284nay be zontreliled toalfow theicleaning-step it therfirst sorgition (S231) to
be egrforgg%dg\év)lth water altpne sugp@%d éo cou%inrgetan 31:%%% thgtcgggnlggﬁ?p g’ﬂ? %econd

1 pertorme eter whe ave
been performed a predetermined number of times. I not (No at
§233), steps S$231, 35232 are again performed. Steps S231, 82372
may be performed cyclically as prescribed (e.g., each for a
period ¢of 2 minutes). If steps 8231, SZ32 have been performed

15 the predetermined number of times (Yes at S8Z33), the Fig. &
process ends and a subsequent step is performed. The cleaning
step in the first condition and the cleaning step in the secona
condition that are r@peatéd morse than conce ensure that
substrate 10 is petter cleaned.

20
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 lsg basically similar in configuratilon to
the Fig. 2 cleaning apparatus 1, except that the former has a

25 portion corresponding 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 Z7. Control

30 unit 21 can control the valve position of automatic valve 27. A
flow rate adijustment unit, or automatic valve 27, 1s connected
via pipe 19 to a unit supplying degassed water as intermediate
medium 5. Note that degassed water 1s water having a dissolved-

gas concentration reduced to Z ppm or less.



35 condition (S232) to be performed with ethanol alone supplied to coupling tank 3. Steps 5231, 5232
may be performed cyclically as prescribed (e.g., each for a period of 2 minutes). This allows coupling
tank 3 to hold intermediate medium 5 ‘raving a continuously and cyclically varying composition. Note
that while herein the systems feed media of water afnd ethanol by way of example, the systems may
feed any media that allow different sonic velocities, respectively, (e.g., that are different in
composition). 10 Reference will now be made to Fig. 9 to describe a cleaning method using the Fig. 8

cleaning appasatus - Fhe cleaning.methad;usipg dhe kig 18 cleaningapparatus d.is basically similar to
the Figs. 3-6 cleaning method. ngever, the former dei)fjfre,rg fré)nr]an };h%“llaltteerlifréthiaéfofr the Fig. 3
cleaning brocéss 326, &' frocess Shownn Fig. 0, Tather than e Eig- &

process, is pérformed. Herein,
the Fig. 9 process4ds basicathysimiitar te thee Figji 4zprocess: tThhat is; astwell as e Fige 43pratess, the

Fig. © progessipcludes fhe siep.of diaping @ sybsirale n a2 cleaning lguic (521)80d the step of

starting applying an ultrasonic wave (S22). Then, the Fig. 4 step 523 is replaced in the Fig. 9 process
withthe $tepcofanying 2eliduid-Suphlieti to'the touphfg T (of ftermédialEmedivim & m 10
compositignwith-time £526)325 Mere specifically, intermediate mediums obadirstomposition is

supplied to coupling tank 3 to apply a first condition to perform a cleaning step (5231), as indicated in
Fig. 5. T8 AW Iitermbiiate Fediufi’s (5 Adve the first composition 30 automan,

iam'5 {6 have the first com|t’)(f>sit|8nf§0O automatic valves 27 and 28
are controfled vyscontrol uhit & toddve presaribedwvalve positionsiaespectiveta t6 provide 2

intermediate medium.5 of waterand.ethanol.at.a first ratio. At the timey cleaning liquid 4,may pass an

ultrasonic wave in a direction indicated for example by arrow 15 shown in Fig. 2. 16 Subsequently, in
step’52678 sedoRd ehhaitioRts appled frperidin aCkanify Sip (5232), asindicatedin Fig. 5. At the
time, autematie valves127 and 2841avestheir valvertravels adjusted-tovie diffeeéntifiom tyose in the
deamnggg%%wéhgonfiguration to modify a condition applied to refract
an ultrasonic wave at the boundary portion of cleaning tank 2
and coupling tank 3.
15
When the Fig. 7 c¢leaning apparatus 1 1s used to perform a
cleaning method, the cleaning method is basically similar to
the Figs. 3-6 cleaning method. Note that, in the Filg. 4 step
$23, intermediate medium 5 is varied in temperature with time
20 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 (S231) is performed with
automatic valve 27 controlled to allow the degassed water to be
introduced inte coupling tank 3 ccentinucusly for one minute in
25 an amount of 5 liters/min. In contrast, the cleaning step in
the second condition (8232) 1s performed with automatic valve
27 controlled to zerc 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
30 approximately 80 degrees centigrade. This can be as eifective

as the Figs. 3-6 cleaning method.

Second Embodiment



5 first condition (5231), i.e., so that the intermediate medium 5 water/ethanol ratio in coupling tank 3 is
changed and thus adjusted from the first ratio to a different, second ratio. This varies intermediate
medium 5 in composition from the first composition to a different, second composition. Thus modifying
10 intermediate medium 5 in composition modifiesia condition applied to refract an ultrasonic wave at
the bottom of cleaning tank 2, and accordingly, cleaning liquid 4 allows the ultrasonic wave to travel
therethrough in a direction different from that in which the ultrasonic wave travels in step S231. 15 For
exampley in:-step S232;the: uttrasohic. wave niay traneed through cleaning:liguid 4:aleag arrow 16
inaicated. i £lgs 2. Capglunit g1 and.aujomatie Yalven A 28 that opgrate tgnodty the
composition of intermediate medium 5 supplied to 20 coupling tank 3 allow an ultrasonic wave to travel
through elearmytirfid a5 aombdified direetidn,and as AF88ulF ar FetiIca™ar®a’12 in size that would

otherwisg be:shadowed:by holding member:ll.ard thussrotidirecty. be iexposed te the ulirasonic
wave. 25 Subsequently, as done in the Eigﬂ ﬁleprgcgss,ggpgin%theouIIJ?sgnig wave erg}cglsdﬁst%p 324)
and the §iifstrate Eremoved Step S38Y). The Fig® 8 tTéaning apparatus I can thus be Used to clean
substrate: 40x3@ ThirdEmbodimert With sefererice-toFig 16, the preseht smention in a third
embodi%%ﬂﬁﬂr%wg%a cleaning equipment 100.as-will be described herginafterAs showa in Fig 10,
cleaning equipment 17 100 comprises three cleaning units 41-43 and a substrate transfer member
(not show )2 CIE&RINY Urits AL ARd 23 aFrd bagically'Similar $7 e6AigUFation td-the®igP 1 tleaning
apparatusch; andripclugeimadifieation:unit  conneatedito medium. In one system,

10 pipe 18 connected to coupling tank 3 is connected to automatic
valve 27 which is connected via pipe 19 to a water supply
source (a water tank for example). Automatic valve 27 1is
supplied with water through pipe 1%, as indicated by an arrow
32. Furthermore, in the other system, pipe 18 connected TO

15 coupling tank 3 has an autcomatic valve 28 connected thereto.
Furthermore, automatic valve 28 1s connected to an ethanoi
supply source {an ethanol tank for example) via pipe 19.
Automatic valve 28 is supplied with ethancl through pipe 19, as
indicated by an arrow 33.

20
Automatic valves 27 and 28 are electrically connected to
control unit 21 and operable in response to a control signal
issued from contrel unit 21 to adiust their valve positions.
The systems that allow water and ethanol, respectively, to be

25 supplied to coupling tank 3 at predetermined Iflow rates,
respectively, allow coupling tank 3 to hold Iintermediate medium
5 having a compesition (more specifically, a water/ethanol
ratio) adijusted as desired. Intermediate medium 5> thus modified
in composition allows sonic velocity therein to be varied. As a

30 result an effect similar to that of the Fig. 2 cleaning
apparatus 1 can be obtained. Fer example, automatic valves 27
and 28 may be controlled to allow the cleaning step in the
first condition {8231) to be performed with water alone
supplied to coupling tank 3 and the cleaning step in the second

35  condition (8232) to be performed with ethanol alone supplied to



5 coupling tank 3. Modification unit 7 can have a configuration corresponding to the modification unit of
cleaning apparatus | 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 W
modification unit 7. Accordingly in cleaning unit 41 ag ultrasonic wave travels through cleaning tank 2
in a direction fixed as indicated by an arrow 15. In contrast, cleaning units 42 and 43 are provided with
15 modification unit 7, and thus allow an ultrasonic wave to be modified in direction from that of arrow
15 to that ef,arrews16-and thus travel through cleaning iank 2 i thedatendirectipn: Furthegmore, the
Fig. 10 cleaning e uigmegt 9.00 allows c:I%aanngr units 42 ang 4%t02each h%\é%z dif{%regt 20 difference
in sonic \?eﬁoé)ltyebse weeh cleéeriiﬁg 1iqﬁl%c4‘aﬁ8 intérmediate m%ﬁium%?%% varied by modification unit
7. This alldws ekeaningrunitsi42 antd 43 togprovide ultrasonie waves refracted ab thebottemeof cleaning.
tank 2 to different, extents, respecfively. and thus traveling thrpugh ¢leaping tank 25 2 in directions
(along allow 16), respectively, that are different from each other. As a result, substrate 10 cleaned by a
plurdlity of cleaning units 41, 42, 43 sequentially can substantially be free of area 12 that is shadowed
by holding-membes 4 L.and thusanat tirecthy: expeseshto an:ulirasenicavave. 30-Furthermore, cleaning
units 42 and 43 can each have.a different difference in sonic velocity between cleaning liquid 4 and
intermediate edium's at a de%ermlne(?valbef'és seéfgy modification unit % anofn&eaning units 42 and
43 thus riolbhgerretiifiresart operation te change adiffarenos it soric 35 Vielodity as déscribed above,

as occasignsrequires, and 18 substrate 10 can thus be cleaned rapidly. For example, the cleaning
units 41, 42, 43 cleaning liquid 4 and the cleaning unit 41 intermediate medium 5 may all be water

(puﬁ@ water) of 25 degrees centigrade, and the cleaning unit 42 intermediate medium 5 may be water
of 50 degrees centigrade Jandihe cleaning sinit 43rintermediate drediuit: maytiewatercof 80 degrees

centigrade. Alternatively, the cleaning units, 41 412 43 ¢ ng liqui 4 nd ?I;ef'ﬁ‘ [ Lérglig 1
intermediate nn%)e%il]l%%i’ aﬁaﬁl be %/'ate%r (‘Elljr@ea@a%’é?‘) 3# %% d“’é%lf“ege'sdgengtig\r’a*%:a, =élng:l(?lr(tl’)gt@he céaning
unit 42 interiiedidtesmedium & raay be Hrcaguedussahition with ettidnet having d'propbriich of 50% by

volume anddthe cleaning unit 43.intexmegiate mediug,2May be ethanghliguid (with ethanol having a
proportion of 100%). 15 Reference will now be made_to Fig. 11 to describe a cleaning method using
the Fig. 10°8eafihgequipmerf106. %As SHGwn ifFig> 1) e dBEniRg téhod Using fhe Fig. 10
cleaning equipment 100is basicaily sinijarite the Eig: 13acleaniagimethod, except that the Fig. 3

deamngg&%%gféggjsﬁerein, the Fig. ¢ process is baslically similar to
the Fig. 4 process. That 1s, as well as the Fig. 4 process, the
Fig. 9 process includes the step of dipping a substrate in a
20 cleaning liguid {S21) and the step of starting applying an

ultrasonic wave (822). Then, the Fig. 4 step 8Z3 is replaced In

the Fig. 9 process with the step of varying a ligquild supplied

to the coupling tank (or intermeciate medium 5) in composition

with time (S26).

23
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 (5231), as indicated in Filg. 5. To
allow intermediate medium 5 to have the first composition,

30 automatic valves 27 and 2B are controlled by contrel unit Z1 €o
have prescribed valve positions, respectively, to provide
intermediate medium 5 of water and ethancl at a first ratic. At
the time, cleaning ligquid 4 may pass an ultrasonic wave in a

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



20 specifically different from the Fig. 4 process. That is, the cleaning 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 25
cleaning unit 41, 42, 43 sequentially. That is, the Fig 11 step S21 of dipping a substrate in a cleaning
tank is performed by initially disposing substrate 10 in the cleaning unit 41 cleaning tank 2.
Subsequently, as shown 30 in Fig. 11, applying an ultrasonic wave is started (step S22). In this step
S22, intesmediate medium, b-s suppliedt, ceupling dank 3of gleantty urit 4ppwhitel ultrasonic wave
generation unit 6 generates an ultrasonic wave, As a result, the_cleaning tank 2 cleaning liquid 4
receives'tfie ﬁfansgo%iccgilg\?ﬁlQn% §§ %Peal('\?“l%g%ﬁ 4Ja.SuIt?éé%%?c%ﬂ?%Ie*agns%slfb'strafe 0. Ngt@e that 19
cleaningtuiite41 isunotpedvided withemodificatioh dhit 7aard atedrdingly, the ultkasohic wave travels
through %Jsggigeéaﬂ'%@ alongarrew, 15, Aceprdingly,,as shownin Fig. 10, cleaning.unit 41 petforms

cleaning with holding member 11 cgusingJS shadowed area 12. Cleaning unit 41 provides cleaning
continuotidly ¥6r & prétidiehindd petiod of titne, atfd thefdaftel SapplyifgthE uiiss Rt Wile ends
(step S24)as shewn imEig. 14t Sted 524 isisinilas ta that of thiesFigh 4rpredess: T henuthe substrate is
removed (ste 32!% step, $25, the substrate transfer member éngt showré) removes gubstrate 10
Y i i d i 1 ) .
from cle§n|H§P§aLn€f< g}geaﬁ?ﬁ% unit 41, 15 ﬁgn,ha?s sahovein f"nelflg?ii,. it is determined whether the
cleaning Processds tompleted (SepiS2P). Iestep527 , itlis determindd ahetereléaming Uiits 41, 42,
43 have all cleaned sypstrate,1Q; iThis may:be detesmined;for example by tising pesition sensor to
detect whether the substrate transfer member o o o
16 intermediate medium 5 in composition modifies a condition
applied to refract an ultrasonic wave at the bottom of cleaning
tank 2, and accerdingly, cleaning liguid 4 allows the
ultrascnic wave to travel therethrough 1n a direction different
from that in which the ultrasonic wave travels in step S5231.
13  For example, in step 3232, the ultrascnic wave may travel

through cieaning liquid 4 along arrow 16 indicated in Fig. Z.

Control unit 21 and automatic valves 27 and 28 that operate to
modify the composition of intermediate medium 5 supplied to

20 coupling tank 3 allow an ultrasonic wave to travel tThrough
cleaning liguid 4 in a medified direction, and as a result can
reduce area 12 in size that would otherwise be shadowed by
holding member 11 and thus not directly be exposed to the

ultrasonic wave.

25
Subsequently, as done in the Fig. 4 process, applying the
ultrasonic wave ends (step 524) and the substrate is removed
(step S25). 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 equipment 100, as will be

described hereinafter. As shown in Fig. 10, cleaning eguipment

(e
(4]



20(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 527 it is determined that The
cleaning process is 25 not completed (NO), the substrate is moved to over the next cleaning tank (step
S28). Specifically, the substrate transfer member meves substrate 10 to over cleaning tank 2 of the
next cleaning unit (cleaning unit 42 for example). Then, steps 521S25 are performed in the next
cleaning unit. After the cleaning 30 units have all cleaned substrate 10 in this way, it is determined in
step 327-that thegleaning progess hasheem completeds): The cleaning proscess is-thus completed. As
set forth above,,cleanin&gnj;s 41&3 512, ?113 ea h h@(\_ye gﬂ%@ diftgg@qtccopgitmgaapﬂieg rtg refract an
ultrasonic WHVeat" 20 the Eéttér‘% of cleaning tank 2 and thus tause the Gltrasoriic Wave to travel
through ¢leaningtank 2iimaldifferant direétion Zstd pesulty stbstrateéd0 dleaned bycieaning units 41,
42, 43 sequentially, can hayg its surface cleanedsubstantially, withoyt an area that is got directly

exposed to the ultrasonic wave (or shadowed area 12). Hereinafter, the present invention's
charactefisti®edamyurations willeldhdmardied, Athbugh <ofe Bfifent W ovénap fife-abdve
described embodiments: I hepresentioventionprovidesrcleanirig apparatus; 1dncladiagucieaning tank

2, coupling tank 3, ultrasonic waye generation,unit 6, and ification unit. 7, as;shown in Fig. 1.
Cleaningsl%?gﬁk irho%i[dsgéle%hir?%(ﬁl Uigﬁ’l OF aegﬁiﬁg s%bgﬁ%afblggrv}lnnglgsaqasﬂﬁ oab]'esc? to be cleaned.

Couplingetank 3tHalds iritérmediatelmedium Siand éleaningténk 2as a portivatiaedntact with

intermed@%m%%@ 5. Ultrasepic wave-generation-yait 64s provided aheaupling tank 3, and
uItrasonic%]ﬁ){ 20 vibrates cleaning liquid 4 via intermediate medium 5. Modification unit 7 modifies a

diffdfencBR $onici/etdtity Betweén cléiming iqdd % ant intéitedigte hédiuf 525

ultrasonic wave travels through cleaning tenk 2 in a directicn

fizxed as indicated by an arrow 15.

In contrast, cleaning units 42 and 43 are provided with

i5 modificaticon 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 latter
direction. Furthermcre, the Fig‘ 10 cleaning equipment 100
allows cleaning units 42 and 43 to each have a different

20 difference in sonic velocity between cleaning liguld 4 and
intermediate mediuvm 5, as varied by modificatlion unit 7. This
allows cleaning units 42 and 43 to provide ultrasonic waves
refracted at the bottom of cleaning tank 2 to different
extents, respectively, and thus traveling through cleaning tank

25 2 in directions (along allow 16), respectively, that are
different from each other. As a result, substrate 10 cleaned by
a plurality of cleaning units 41, 42, 43 seguentially can
substantially be free of area 12 that 1s shadowed by holding
member 11 and thus not dirsctly exposed To an ultrasonic wave.

30 Furthermore, cleaning units 42 and 43 can each have z different

ifference in sonic velocity between cleaning liguid 4 and

intermadiate medium 5 at a determinsd wvalue, as set by
modification unit 7, and cleaning units 42 and 43 thus no
longer require an operation to change a difference in sonic

35 velocity as described above, as occasion regulires, and



This can modify a condition applied to refract an ultrasonic 25 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 liquid 4 that is
shadowed by holding member 11 holding the objecig(i.e., an area that is not 30 directly exposed to the
ultrasonic wave). In cleaning apparatus 1, modification unit 7 may include a temperature adjustment
unit to vary intermediate medium 5 in temperature, as shown in Fig. 2 (e.g., heater 17 of Fig. 2 or 35
automatig.yauer2¢ of Fig. Z) Adjustingntermediate megium 5 . 2Fin-temperature allpws so A velocity
in intermediate medium 5 to tie corltgolle Witf]lout madifying intermediate medium 5 in composition or
the like, &nd the aﬁpélr%hsscaﬁhave a re at('i:veﬁ’y‘;l Iéli%ﬁ}ﬁe 0 i’f(j“urat‘ioﬁ;]L o moaiff a‘condition applied a
boundarypottiohloficleaning ctank 2 ardicouplingtank 3L Aslzeresultecledningcapparatus cah be

manUEmggegégféggug@%QQ%%ade, and the cleaning unit 42 intermediate

5 medium 5 may be water of 50 degrees centigrade and the cleaning
unit 43 intermediate medium - may be water of 80 degrees
centigrade. Alternatively, the cleaning units 41, 42, 43
cleaning licguid 4 and the cleaning unit 41 intermediate medium
5 may all be water (pure water) of 25 degrees centigrade, and

10 the cleaning unit 42 intermediate medium 5 may be an agueous

solution with ethanol having & proportion of 50% by volume and

the cleaning unit 43 intermediate medium 5 may be ethanol

liquid (with ethanol having a proporticn of 100%).

15 Reference will now be made to Fig. 11 to describe a cleaning
method using the Fig. 10 cleaning eguipment 100. As shown in
Fig. 11, the cleaning method using the Fig. 10 cleaning
equipment 100 is basically similar te the Fig. 3 cleaning
method, except that the Fig. 3 cleaning process 520 1is

20  specifically different from the Fig. 4 process. That is, the

cileaning method using the Fig. 10 cleaning eguipment 100 is

done as follows: supstrate 10 is disposed initially in cleaning

unit 41, then in cleaning unit 42, and then in cleaning unit 43

sequentially at sach cleaning tank Z, and thus cleaned in each

25  c¢leaning unit 41, 42, 43 sequentially.

That is, the rig. 11 step 821 of dipping a substrate in a
cleaning tank is performed by initially disposing substrate 10
in the cleaning unit 41 cleaning tank 2. Subsequently, as shown

30 in Fig. 11, applying an ultrasconic wave is started (step 3Z2).
In this step S22, intermediate medium 5 is suppllied to coupling
tank 3 of cleaning unit 431, while ultrasonic wave generatiocn
unit € generates an ultrasonic wave. As a result, the cleaning
tank 2 cleaning liguild 4 receives the ultrasonic wave, and

35  cleaning unit 41 ultrasonically cleans substrate 10. Note that



In cleaning apparatus 1, the temperature adjustment unit may o 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 intermediate medium 5 to be controlled without modifying intermediate medium
5 in composition or the like. This allows the apparafys 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 | can be manufactured at a reduced cost. 20 In

cleaning appayatys 1, @sshewn;in Fﬂgd,ﬁewmg@t@ mediumb may-he degassed wates gad the

temperature adjustment unit may have a flow rate adjustment unit (or automatic valve 27) to adjust the
amount GFAAE degassdd watsr sUigplied 2'csugiingitank 37 Whentthe tediassedildter is-éXpbsed to an
75 ultraspniglwave, dtsitempesature: incredses, anddetesmediate mediwm 5l¢an thus:be adjusted in

temperature without haying,fts compasition yarsd. Canaling. nigrmediate mediug),S in temperature
allows sonic velocity in intefmediate madium 5 to be contro?le , and the apparatus gan have a
relativelyssimphe’80 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. 22 In cleaning apparatus 1, modification unit 7 may include a

3 7 7 e 4 a ] v 73 + el
composifiorF afjtitmeRtinitto MbAy HiemTediate Mditm 5'if Cohiposition” a8 shown in Fig. 8 (e.g.,
automati¢ yvatues2and 28showmnindFig :8)ndn this caséawhiketcleaningtank 2randcS eoupling tank 3
can have an inteszrnaj configuration. as nlé(%rp' al, i gerghecg‘iﬂe {gec%ilil 5ean b@trggdiggq in
composifllgntfe?gf%ﬂ%u@%n?rod%ﬁgd ﬁ\gtggcsoup ing tagnk 3 as intermediate medium 5 can be modified in
compositich folRavea niedifiéd igtare fetio’ 6thedikeY t6 €ritrol Sofie velbéityStotherelr and the

apparatu;ﬁﬁ&ﬁ%@%ﬁ%%%@ @@@qe.ﬁwh @%I?;Jﬁqmiyg ma@bg&ggtﬁt&a&ﬁle@wﬁ&@&showm Oiln Fig.
2. Accordingly, cleaning tank 2 or coupling tank 3 is per se not complicated in configuration a
cleaning BpBardtus ¥ 8an HeHanufaehirs %cggpd?r%g% Tgss?eg(pbﬁgﬁeﬁﬁi%nﬁhneqpéé%%t iénv%ﬁtion
provides cleamnirig:equipment 1L00 equipped with a plurality of cleaning units 41, 42, 43 to clean
substrate 10 as an object to be cleaned with cleaning liquid 4, and cleaning unit 41, 42, 43 is cleaning
apparatus 1 as 20 described above. Single cleaning units 41, 42, 43 have intermediate medium 5
witHéut havitiy-a eéndifiei vadied %%%ccgéion%*éq&ﬁeé@@&tﬁ@&%ﬁfﬁ@ﬁﬂﬁéﬂ 417%2, 43 can each

have its cleaningcondition-set and fixed differently sThen,substraten1Q ean beccleaned for example
inmaﬂyhhgﬁgﬁggned 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
20 (or substrate 10) is located over cleaning unit 43 that
performs final cleaning (l.e., whether substrate 10 has been

removed from the last cleaning unit 43).

If in step S27 it is determined that the cleaning process is

25 not completed (NO), the substrate is moved to over the next
cleaning tank (step $28). Specifically, the substrate transfer
member moves substrate 10 toe over cleaning tank 2 of the next
cleaning unit (cleaning unit 42 for example). Then, steps S521-
8§25 are performed in the next cleaning unit. After the cleaninc

30 units have all cleaned substrate 10 in this way, 1t 1s
determined in step 527 that the cleaning process has been

completed {YES). The cleaning process is Thus completed.

As set forth above, cleaning units 41, 4Z, 43 each have a

15  different condition applied to refract an ultrasonic wave at



95 unit 41, then in cleaning unit 42, and then in cleaning unit 43 sequentially, and thus continuously
cleaned. This allows more efficient cleaning and hence a less costly cleaning process. Furthermore,
cleaning units 41, 42, and 43 all having a configuration of cleaning apparatus 1 of the present
invention 30(or modification unit 7) allow a cleaningondition to be set in detail and cleaning to be
done further more efficiently. The present invention provides cleaning equipment 100 equipped with a
plurality of cleaning units 41, 42, 43 to clean 35 substrate 10 as an object to be cleaned with cleaning
liquid 4, 23:-as,shewn in Fig: 10; and at {east one of the plusality of eleaning:units:4L,r42; 43 (in Fig. 10,
two cleanin% units 42 and ff?a%isvcleaqling ag%a}ga&%s% allﬁ(d(azscriItl)eg a(?_p%/gé@g!%gst one cleaning unit
42, 43 that s te coRfiguration of eleaning 5 apparatus 1 of the present invention, can have a
conditiorti(apptied to refractanglraddnic wavetatareiniérfackesfcieaning tarie2 and intermadiate

medium p) seito b%iﬁgé‘?%mé%& Qﬂgyeégiwmu% 41:This. allows:cleaning units 41, 42, 43 to
clean subst_?ate 10 seluen ially without a surface W having area 12 of a large area which is shadowed
and thuss16t direefly @xpaséttto ant it oiciRave: 2rhe- fres8ht nvERfion providés™s Aledning method
including; as showr:ipdrig -4 wthesteps-of: Hisposing substrate? 10 as an is object to be cleaned in
cleaning liquid 4 held in cleaning tank 2 (see Fig. 1) (the Fig. 4 S21); and ultrasonically vibrating
Hereinafter, the present invention's characteristic
configurations will be enumerated, although some of them

10 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

15 tank 2 holds cleaning liguid 4 for cleaning substrate 10
serving as an object to be cleaned. Coupling tank 3 holds
intermediate medium 5 and cleaning tank 2 has a portion in
contact with intermediate medium 5. Ultrasconic wave generation
unit 6 is provided at coupling tank 3, and ultrasconically

20  vibrates cleaning liguid 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 ultrason:ic

25 wave at a boundary of cleaning tank 2 and coupling tank 3. This
allows the ultrascnic 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 liguid 4 that is shadowecd by
holding member 11 holding the object (i.e., an area that 1s not

30 directly exposed te the ultrasonic wave].

In cleaning apparatus 1, modification unit 7 may include a
temperature adjustment unit to vary intermediate medium 5 in

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

35 autcmatic valve 27 of Fig. 7). Adjusting intermediate medium O



cleaning liquid 4 via intermediate medium 5 (see Fig. 1) in contact with cleaning tank 2 to clean the
object (or substrate 10) (the Fig. 4 steps S22-S24). The step of ultrasonically 20 vibrating includes the
steps of: ultrasonically vibrating the cleaning liquid with cleaning liquid 4 and intermediate medium 5
allowing sonic velocities, respectively, having a first difference (the Fig. 5 or 6 step S231); and
ultrasonically vibrating cleaning liquid 4 with cleaning liquid 4 and 25 intermediate medium 5 allowing
sonic velocities, respectively, having a second difference different from the first difference (the Fig. 5 or
6 step S232). gﬁﬁgggt@%dgfgwss%mdiff@g&f@_@g}caﬂfya{yﬁ@r@@é‘@ﬁe@nim@ Stepnaondition
applied to refract an Hltraspni(; wave at a bouggzg;;/%of cleanjngtarg(, 2 30 and iptgrmaedj{e}{[e medium 5.
As a restft, the objitt 16 betedied @, Sibstrate 19) Held i dearing Iigtia 4 doss hiot have
shadoweth-afeasli2- having antotheiwise Jargedarea attrbutedstotholdiag memberl11 (i.e., an area which
s not directly exRosed to.an yllrasonie.waye). 24 dhe;siep of ulrasopically vibralings ermediate
medium 0 may be madified in temperature to change the first difference to the second difference in
sonit veloeity bEwisEn cleakinglREmd 4 andbiitermedate etiam s, REHd<Sbeéir des&Gided for 5 the
Fig. 4 step, $23-Adjvsting intermediate.medium. 5 in temperatyre-aliows senievelocity i intermediate
medium 5 to be controllﬁd vy_ighouctj modifr%in igtermgd{i:aotgtmedium 5 in composition or the like. This
allows theecleating Piethad 1o bepetformetiwith cleaninig apparatus | simply configured and hence W
less costly including a reduced cleaning cost. Note that cleaning liquid 4 may be modified in

temperature {0 change the first diffetence to,the segond differences Jn the.step of ultrasanjcally

vibrating, a heating member, or IS heater 17 (see Fig. 2), may be used to modify intermediate medium
5 inlfemperiturd € ERande tiesfirst afference B3HE$ecbAd Uifdrentd: AdiGStrg mtintedidte medium
5 in temperatuee alows sonicavelecity to-be:eantiolled withibus meodifyinguintérmediate medium 5 in
composition or the like. 201This allows the cle ning method.to be %ercfiorm_ed Witl& clggnéng apparatus 1
. 3 . 2 J r L Anter s TURT T )
simply confiared and hehde féss cotly indluding a reduced cleaning cost. In the above cléaning
method, as hasieenldestrived with: modifying intermediate medium 5 in

composition or the like. This allows the apparatus to have a

15 relatively simple configuration to modify a condition applied
to refract an ultrascnic 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.

26 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 adjustment unit (or automatic valve
27) to adjust the amount of the degassed water supplied to

~

coupling tank 3. When the degassed water 1s exposed to an

2
tn

ultrasonic wave, i1ts temperature increases, and intermediate
medium 5 can thus be adjusted in temperature without having its
composition varied. Controlling intermediate medium > In
temperature allows sonic veloclity in intermediate medium 5 to
be controlled, and the apparatus can have a relatively simple
30  configuration to modify a condition applied to refract an
tltrasonic wave at a boundary porticn of cleaning tank 2 and

coupling tank 2. As a result, cleaning apparatus 1 can Dbe

manufactured at a reduced cost.



25 reference to Fig. 7, intermediate medium 5 may be degassed water, and in the step of ultrasonically
vibrating, a retention time of the degassed water (intermediate medium 5) in contact with cleaning tank
2 may be varied to modify the degassed water in temperature to change the first difference to the
second 30 difference in sonic velocity between cleaning liquid 4 and intermediate medium 5. As
degassed water exposed to an ultrasonic wave has an increased temperature, simply controlling the
flow rate of intermediate medium 5 (or degassed water) allows intermediate medium 5 to be controlled

in 35 temperatuce withgut modifying-intermediate mediumrd in, 256 compasition: ifhis:can in turn control
sonic velocity in intermediate medium 5, and the pres%nt cleaning method can be perfor@gd without

substantE ARGty tHe coHtigiration of cleding Apparatds 1 4s ¢ohvehtioRsIC THIS can’prevent the

5 cleaning-methodisi cost feom #ncreasing. ithe stepl of. ultrasenicalh: vibrating] iterniediateimedium,
5 may be, moglfied in Gomnasition to ehange; the first diffesence to the segond difference jp sonic.
velocity between. deanlng M liquid 4 and intermediate medium 5, as done when the Fig. 8 cleaning
appdratus lislised. Tritthis éasérwhife’ Eleaning dpparatlis 185N Be Edhfigured df cleaning tank 2,

coupling dank-3.2ndhe like havingran intemakeonfigurationas senventionak dntepmediate medium 5
conveyed can be modified in 15 coﬁmpqsitiqré(i.e.,ha}p liquid infraduced as intermedjate medium 5 can be
modified 1Y 8BpbSition of to havea moditied mixtire Tatio or the fike) 16 contral sohic valogity therein,
and the Eigt2 heaterzi7eore simifar heatingmeember cam e dispersed with. @leaningaark 2, coupling

tank 3 ang the like per se-are 20 thus not.complicated.in configuration; The step ofultrasonically

vibrating may further include one or more steps of ultrasonically vibrating cleaning liquid 4 with
cledfiing Hif&idE4 Bnd ite FriEdiaRP fgdium 5-alfowing 88RiE25 velocities Sréspactiiely! haviry a
difference glifferent fremribe fisst-and:second-differences, asdone when:the Fig. 10 cleaning
equipmeRL;OO g‘glse]d. In E: IS case, se__ttjng{tigegprC%%Sécgndit@gg}gpfligg to éerfrascé aQol,ytrasonic
wave at 4 Gontact interidce of c?leém%g tank 2‘and intermediate medidm 5 b )
compliicated in configuration and cleaning apparatus 1 can be

manufactured accordingly less expensively.

The present invention provides cleaning equipment 100 eguipped
with & plurality of cleaning units 41, 42, 43 to clean
substrate 10 as an object to be cléaned with cleaning liguid 4,
and cleaning unit 41, 42, 43 is cleaning apparatus 1 as

20 described above. Single cleaning units 41, 42, 43 have
intermediate medium 5 without having a conditicn varied as
occasion reguires. Rather, cleaning units 41, 42, 43 can each
have 1ts cleaning condition set and fixed differently. Then,
substrate 10 can be cleaned for example initially in cleaning

25  unit 41, then in cleaning unit 42, and then in cleaning unit 43
sequentially, and thus continuously cleaned. This allows more
efficient cleaning and hence a less costly cleaning process.
Furthermore, cleaning units 41, 42, and 43 all having a
configuration of cleaning apparatus 1 of the present inventiocn

30 (or modification unit 7) allow a cleaning condition to be set

in detail and c¢leaning to be done further more efficliently.

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

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



30 can more effectively reduce an area of an object to be cleaned, or substrate 10, that is not directly
exposed to the ultrasonic wave (i.e., shadowed area 12). This ensures that substrate 10 is cleaned.

26 The present invention provides a cleaning method including the steps of: disposing an object to be
cleaned (substrate 10) in a first cleaning liquid 4 hejd in a first cleaning tank (e.g., cleaning tank 2 of
cleaning unit 42 of Fig. 10) (the Fig. 11 5 step 521); ultrasonically vibrating the first cleaning liquid via a
first intermediate medium in contact with the first cleaning tank (intermediate medium 5 of cleaning unit

42 of Fig, 10)n.¢lean the-object (the Kig. LL steps $22:524)dispasing the objacy (substrate 10) in a
second cleaning liguid 10 4 held in a second cleaning tank (e.g., cleaning tank 2 of cleaning unit 43 of
Fig. 10) @h& Eig. A &t8p 521 Derformed aftertie Fig 11'Step S58)Cafid uttFasonically vibrating the
second cieaning Jiquid via a:seconddntermediate Mmediuni<ir contaet withdahe seeond eleaning tank

(ntermediate meclium 50f dleaning uni} 43.6fFio, 10) torclean the;obiect(1he Fige L1 sieps 522-524).

A first différence in sonic veiotlty between fhe?ﬁrstic eaning liqui é d the first intermediate medium
(e.g3 a conditivhapplieéd ¥5 cleanirfg-GHie a2 té PeTrAct B ultraséniE waved aRei’sécomd difference in

sonic velogity, 20 hetween the-segond-cleaning diguid-and the second intermediate magdium (e.g., a
condition applied to cleaning unit 43 to refract an ultrasonic wave), are%diﬁgr%nt from each other. In
contrast fo- R Y2 tiédhirty apparatis 1 s Single 28 8upiing tank 3 hofds Thtermédiate edium 5
without having thedntesmediate mediumisiconditiorTmodifiediasieccasiomwoaldimedquired Rather, first
and secong Inipimediate edia sespectivecondligns:cane e and.substiate. 19 can thus be
cleaned conitinuously. This allows substrate 10 to be cleaned 30 in a more efficient and hence less
Coﬂ@qn@mﬁépg 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 including, as
shown in Fig. 4, the steps of: disposing substrate 10 as an

15 object to be cleaned in cleaning liguid 4 held in cleaning tank
2 (see Fig. 1} (the Fig. 4 S21); and ultrasonically vibrating
cleaning liguid 4 via intermediate medium 5 (see Fig. 1) in
contact with cléaning tank 2 to clean the obiject (or substrate
10) (the Fig. £ steps $22-5Z4). The step of ultrasonically

20 vibrating includes the steps of: ultrasconically vibrating the
cleaning liguid with cleaning liquid 4 and intermediate medium
5 alleowing sonic velocities, respectively, having a first
difference (the Fig. 5 or 6 step $231); and ultrasonically
vibrating cleaning liguid 4 with cleaning liguid 4 and

25  intermediate medium 5 allowing sonic velocities, respectively,
having a second difference different from the first difference
(the Fig. % or 6 step $232). The first and different, sescond
differences can vary for each cleaning step a condition applied
to refract an ultrasonic wave at a boundary of cleaning tank 2

36 and intermediate medium 5. As a result, the cobiect to be
cleaned (e.g., substrate 10) held in cleaning liguid 4 does not
have shadowed area 12 having an otherwise large area attributed
to holding member 11 (i.e., an area which 1s not directly

exposed to an ultrasonic wave).



If 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 i, at 35 least one of the first
intermediate medium (e.qg., intermediate 27 medium 5 of cleaning unit 42) and the second
intermediate medium (e.g., intermediate medium 5,gf cleaning unit 43) may be adjusted in temperature
to set the first difference and the second difference differently. Varying the first or second 5
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£ontact interface,efigleaningtamnk2 and

intermediate medium 5 (i.e., at a bottom surface of cleaning tank 2). This allows sonic velocity in 10

intermedist¥ MEdilRTS to B8 nodifiedaithdat rodifing ftehediate hediom s in" corip&sition or the
like. Thecleaning method: can tius be performedmith eleaningteguiprert1i0C ietativety simply
configured and hence less.caostly including a re u dcleanin st, 12 If the above cleaning method is
performe%jl\ﬁllf‘nl?he4 Fi%f Olcrfg'gr%ﬁnge éﬁﬁfp%énriﬁo%ssﬁdh ?%éat%%g o?%;%an%g gﬁits AE,BZ'and 43 is
implemenied By the Figs2 eledhing appaiatis 1oatleastdiieofthe fitstintetmedidte medium and the
second 20.intermediate mediyrsmay.be-adiusted:infemperatuee-by: modification unit Hinghuding a

heating member (heater 17). Ad#%sting intermediate medium 5 in temperature allows sonic velocity in

intermedifie MediGM's &5 bd thrfroifed Withbtit Mo difying ifteHhadiatd edilim 5 i’ composition or the

like, and 25rthe cleanimg methog: can be .performedlwitly eleaning-éguipment 160 relatizely tsimply
configured.and hence |ess costy Ncluging A eocd cleaning sostct the aboxe cleaping.method is
performed wi e Fig.
16  less costly including a reduced cleaning cost. Note that
cleaning iliquid 4 may be modified in temperature to change the

firet difference toc the second difference.

In *he step of ultrasonically vibrating, a heating member, or

15 heater 17 (see Fig. 2), may be used to modify intermediate
medium 5 in temperature to change the first difference to the
second difference. Adjusting intermediate medium 5 In
temperature allows sonic velocity to be controlled without
modifying intermediate medium 5 in composition or the like.

20 This allows the cleaning method to be performed with cleaning
apparatus 1 simply configured and hence less costly including a

reduced clileaning cost.

In the above cleaning method, as has been described with

-

efersnce to Fig. 7, intermediate medium 5 may be degassed

[
h
t

)

ater, and in the step of ultrasonically vibrating, a retention
time of the degassed water (intermediate medium 5) in contact
with cleaning tank 2 may be varied to modify the degassed water
in temperature to change the first difference to the second

36 difference in sonic velocity between cleaning liquid 4 and
intermediate medium 5. As degassed water exposed to an
ultrasonic wave has an increased temperature, simply
controlling the flow rate of intermediate medium 5> (or degassed
water) allows intermediate medium 5 to be controlled in

35  temperature without medifying intermediate medium 5 in



30 cleaning equipment 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 modified
to set the 35 temperature of first intermediate medim 5 to be different from 28 that of the second
intermediate medium (intermediate medium of cleaning unit 43). As degassed water exposed to an
ultrasonic wave has an increased temperature, simply controlling the flow rate of intermediate medium

5 allows 5 jntermediatg medium 5 10, be coptrplled in.teraneratiie without mogdjfying intermediate
medium 5 in composition. This can in turn control sonic velocity in intermediate medium % and the

present dleaRingifetiod & Be Berforried withbuP SG5<tAmtialy FAOdiRng e Eonfigtiration of
cleaningeguippert10Q asdh copventionat. TEhis eamprevent the cleaningmeéthod:s ¢est from
increasing. If the above cleaning methqd js_perfor, jth t Ig. 10.cleani ipment 100 such
that at least 6ne %?clae%%?nrgaﬁﬁll%snl% i a%%gfé%?ﬁn%qfeyr%éng%fb% t%zgnFig?%l{glgérgﬂ;&g{gpparatus 1, the
first intermediatemeditini afd the sedorfdritiermictig@hedium may have mutually different
compositions so that a first difference in sonic velocity between the first cleaning liquid and the first
intermediate medium and a second diffe.renqe1 in 20qsonic,velocitt1}/ between the ser%%rgg cleaning liquid

and the S8tondSinfErfediate edidimay be diférant from ‘@ach bther TR this Case. whilé the cleaning
method ean/be performéd avithicleaningdank 2and-thedikerhavinghan ntermal dodfiguration as

conventignal, nlermeciate ryedium 5 gonveyed ga be.moclied 25,0 CoMPOSILIL(i,ca iquid

introduce_(fas intermediate medium 5 can be modified in composition or to have a modified mixture
ratiéOor the ike)tocoritd| S7ie Verseit therehif 4l dearifig ¥eliforiést 06 Ean triUs dispense with a
heating rember 0 thelike: Gleaning eguipraent 100 thusoesnot havele cleaning

apparatus 1 can be configured of cleaning tank 2, coupling tank
3 and the like having an internal configuration as
conventional, intermediate medium 5 conveyed can be modified in
15 composition (i.e., a liquid introduced as intermediate medium 5
can be modified in compesition 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

20 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 liquid 4 and intermediate medium 5 allowing sonic

25 velocities, respectively, having a difference different from
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 ultrasconlic wave at a
contact interface of cleaning tank 2 and intermediate medium 5

30  can more effectively reduce an area of an object to be cleaned,
or substrate 10, that is not directly exposed to the ultrasonic
wave (i.e., shadowed area 12). This ensures that substrate 10

is cleaned.



30 cleaning tank 2 or the like complicated in configuration. Example 29 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. 12. 5 With reference to Fig. 12, herein, substrate 10 of 300 mm in
diameter is held by holding member 11 of a width W for the sake of illustration. Holding member 11
shadows a portion 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 W along arrow 15 is refracted at an angle 6 of 0.9

degree, an area ot substrate 10:thatisshadowed by holdingimember 1d.and-thusaot diresdy exposed
to the ultrasonic wave (i.e., shadowed area 12 shown in Fig. 1 cag %ﬂgé'{@%{‘%g/ b,ebhalyed.
SOFT

Accordinghy 2etafgeted VAl o Endi& of Peffaction® SFthe 15 (it )

fid Wave can be set it one
degree far examples Note that itbangle of refiattion EisiSet #a have anviatye larger thanone degree, the

area shadiowedby,olging member 11 can furter be educec 20 Thep, study has been done for ar

angle of réfractionof an u trasonic wave in the Fig. 2 cleaning apparatus 1. A r.esult:olf thé study will be
deséribed tHereifafter with Fefererce o Rig. 33 0AS ShBHN YR Fig. 135 the Fitf 2 éaning apparatus 1
ultrasoni¢ wave generation, unitf(see Fig.-2)emitting.an sHraseniciwave, svkich in iurn travels along
an arrow 47, and is incident on the cle Qin% tanlé Ebottomc;syrfg e;lj?.e}lt an %n%lejgpregented as 01
and emittedterefforn™t an ‘anglé 30Fepresentsd as 92 of the sake of ilfustration. Kote that angle of
incidencer{91. isian angledfoemed y=a pérpenticttar4Ftoobotiom sueface 460f hd cleaning tank and
arrow 47%9?%@50%8 in which an incidentultrasonic waye travels) Eurthermarg ,angle of gmitfance 62
is an angle formed by 35 perpéndicular 49 to bottom surface 46 of the cleaning tank and
16 4 held in a second cleaning tank (e.g., cleaning tanhk 2 of

cleaning unit 43 of Fig. 10) {the Fig. 11 step SZ1 performed

after the Fig. 11 step 528); and ultrasonically vibrating the

second cleaning liguid via a second intermediate medium in

contact with the second cleaning tank {intermediate medium 5 of
15  cleaning unit 43 of Fig. 10) to clean the object (the Fig. 11

steps S22-324). A first difference in sonic velocity between

the first cleaning liguid and the first intermediate medium

(e.g., a condition applied to cleaning unit 42 teo refract an

ultrasonic wave) and a second difference in sonic velocity
20 between the second cleaning liguid and the second intermediate

medium (e.g., a condition applied to cleaning unit 43 to

rafract an ulitrasonic wave), are different from sach cther.

In contrast to the Fig. 2 cleaning apparatus 1, a single

25  coupling tank 3 holds intermediate medium 5 without having the
intermediate medium's condition modified as cccasion would
reguire. Rather, first and second intermediate media's
respective conditions can be fixed, and substrate 10 can thus
pe cleaned continuously. This allows substrate 10 to be cleaned

30 in a more efficient and hence less costly method.

1f the above cleaning method is performed with the Fig. 10
cleaning eguipment 100 having cleaning units 42 and 43

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

o]

33 least one of the f1

H
)

+ dAntermediate medium (e.g., intermediate



30 an arrow 48 (a direction in which an emitted ultrasonic wave travels). Note that arrow 47
corresponds to the vertical direction, and accordingly, angle of incidence 81 is identical to the angle of
inclination of bottom surface 46 of the 5 cleaning tank relative to the horizontal direction. Herein, the
cleaning tank contains cleaning liquid 4 (see Fig. 2)0f pure water having a temperature of 25 degrees
centigrade and coupling tank 3 (see Fig. 2) contains intermediate medium 5 to(see Fig. 2) of pure
water having a temperature of 80 degrees centigrade for the sake of illustration. In this case, cleaning

liquid 4 gllows, spnic velocify. of.approximately,1,495 m/s fherein, and injermediate medium 5 allows

sonic velocity of approximately 1,573 m/s therein. Under such conditions, angle 15 of incidence 01
was varié@ flori's & 60 degteés e dthe dedififlg thichad bottsmrsutface e indlined"at’a varying
angle) andiangleof emittanee 82was-ealeulated: Thesesult isshowr in-Fable 131 Table 1 angle of
inddenc%g%ég%g§§§%ggg§é§%g@%@g%é@ﬁgggvﬁ? ing the first or second
5  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
10 intermediate medium 5 to be modified without modifying
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 costly including a

reduced cleaning cost.

If the abceve cleaning method is performed with the Fig. 10
cleaning eguipment 100 such that one of cleaning units 4Z and
43 is implemented by the Fig. 2 cleaning apparatus 1, at least
one of the first intermediate medium and the second

20  dintermediate medium may be adjusted in temperature by
modification unit 7 including a heating member (heater 17;.
Adiusting intermediate medium 5 in temperature allows sonic

a

velocity in intermediate medium 5 to be controlled without
modifying intermediate medium 5 in composition or the like, and

25 the cleaning method can be performed with cleaning eguipment
100 relatively simply configured and hence less costly

including a reduced cleanlng cost.

1f the above cleaning method i1s performed with the Fig. 10
30 cleaning eguipment 100 having cleaning unit 42 implemented by
the Fig. 7 cleaning apparatus 1, the first intermediate medium
(intermediate medium 5 ¢f cleaning unit 42) may be degassed
water, and a retention tims of first intermediate medium 5 in

contact with first cleaning tank 2 may be moedified to set the

35 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 expoesed to an
ultrasonic wave has an increased temperature, simply
controlling the flow rate of intermediate medium 5 allows
intermediate medium 5 to be controlled in temperature without
modifying intermediate medium 5 in compesition. This can in
turn control sonic velocity in intermediate medium 5, and the
present cleaning method can be performed without substantilally
modifying the configuration of cleaning eguipment 100 as
conventional. This can prevent the cleaning method's cost from

increasing.

If the above cleaning method is performed with the Fig. 10
cleaning eguipment 100 such that at least one of cleaning units
42 and 43 is implemented by the Fig. 8 cleaning apparatus 1,
the first intermediate medium and the second intermediate
medium may have mutually different compesitions so that a first
difference in sonic velocity between the first cleaning liguid
and the first intermediate medium and a second difference in
sonic velocity bhetween the second cleaning liguid and the
second intermediate medium may be different from each other. In
rhis 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 % can be modified in composition or te have a modified
mixture ratio or the like) to control sonic velocity therein,
and cleaning eguipment 100 can thus dispense with a healting
member or the like. Cleaning equipment 100 thus does not have

cleaning tank 2 or the like complicated 1n configuration.

Example
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2 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 Flg. 12.

With reference to Fig. 12, herein, substrate 10 of 300 mm in
diameter 1is held by holding member 11 of & width W for the sake
of illustration. Holding member 11 shacows a portion 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 € 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.
Accordingly, a targeted velue of angle of refraction & of the
ultrasonic wave can be set at cone degree for example. Note that
if angle of refraction & 1ls set tc have a value larger than one
degree, the area shadowed by holding member 11 can further be

reduced.,

Then, a study has been done for an angle of refraction cf an
itrasonic 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 cleaning apparatus 1 has
ultrasonic wave generation unit 6 (see Fig. 2) emitting an
ultrascnic 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 81 and emitted therefrom at an angile
represented as 62 for the sake of illustration. Note that angle
of incidence 81 is an angle formed by a perpendicular 49 to
bottom surface 46 of the cleaning tank and arrow 47 {(a
direction in which an incident ultrasonic wave Travels).
Furthermore, angle of emittance 62 is an angle formed by

perpendicular 4% to bottom surface 46 of the cleaning tank and



-3.1 55 51.3 -3.7 60155.6 -4.4 Table 1 shows angle of incidence 91 (angle of incidence on the bottom
surface of the cleaning tank, which is identical to the 5 inclination of the bottom surface of the cleaning
tank if the ultrasonic waves travel in vertical direction), angle of emittance 92, and an angular variation.
Note that the angular variation is calculated as an gngle of emittanbe minus an angle of incidence. As
can be seen from Table |, the angular variation (or angle of refraction 0 of Fig. 12) is one degree or
larger for angle of incidence 91 of 20 degrees or larder. Accordingly, when cleaning liquid 4 and

nienmediate edim; copdiipagd o gbovp a1f wised,Andl of nddence 9t (re.colegning tank 2

having abotfom su surface inclined at an angle) Is of 20 degrees or larger allows an ultrasonic wave to
be refracted ae asuffidianty laffLargleovThen, & SRy Been donEfor ahtdrigie of refraction of an

ultrasonig wave-indhe Fig..8 gleaningiapparatus:L; A reseitiof 20tbe study willbe deseribed with
reference to Fig. 14. .
to the angle of inclination of bottom surface 46 of the

5 cleaning tank relative to the horizontal direction.

Herein, the cleaning tank contains cleaning liguid 4 (see Fig.
2) of pure water having a temperature of 25 degrees centigrads
and coupling tank 3 (see Fig. 2} contains intermediate medium 5
10 {see Fig. 2) of pure water having a temperature of 80 degrees
centigrade for the sake of illustration. In this case, cleaning
liquid 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
15 of incidence 91 was varied from % te 60 degrees (1.e., the
cleaning tank had bottom surface 46 inclined at a varying
angle) and angle of emittance 82 was calculated. The result is

shown in Table 1.



32 As shown in Fig. 14, the Fig. 8 cleaning apparatus 1, as well as the Fig. 2 cleaning apparatus 1,
has ultrasonic wave generation unit 6 (see Fig. 8) emitting an ultrasonic wave, 5 which in turn travels
along arrow 47, and is incident on the cleaning tank at bottom surface 46 at an angle represented as
91 and emitted therefrom at an angle represented as 82 for the sake of illustration. Angle of incidence
el, angle of emittance 82, and the like are defined as have been done with reference 10to Fig. 13.
Herein, the cleaning tank contains cleaning liquid 4 (see Fig. 8) of pure water having a temperature of
25 degregs clentlgrade and coupling tank 3 (see Flg 8) contains intermediate medium 5 (see Fig. 8) of

ethano I—havmg—a%emperattrre—of—?&degfees"ca ; of illustration. In this case,
cleaningditmic:4 aflows son}r@V@leéltyuef approxirnatély- 21495 m/s therein, and intermediate medium 5
allows sqnje velocity of appreximately d144m/s+herein. Under such conditions, angle 20 of incidence
91 was varied from 51045 derees (i.e., the cle anln% tank had botti m surface 46 inclined at a varying
angle) nce 82 . nin Table 2. 33 Table 2 angle of
incidence:61 (degrees) angglei of8em|ttance:02 -0.2

i0 9.5 -0.5

15 14.3 -0,7

20 19.0 -1.0

25 23.7 ~1.3

30 28.4 -1.6

35 33.1 -1.¢

40 37.7 -2.3

45 42.3 -2.7

50 4.9 -3.1

55 51.3 -3.7

60 55.6 -4.4

Table 1 shows angle of incidence €1 {angle cof incidence on the
bottom surface of the cleaning tank, which 1s identical to the

5 inclination of the bottom surface of the cieaning tank if the
ultrasonic waves travel in vertical direction), angle of
emittance 82, and an angular variation. Note that the angular
variation is calculated as an angle of emittance minus an ang.e
of incidence. As can be seen from Table 1, the angular

10  variation (or angle of refraction & of Fig. 12) i1s one degree
or Larger for angle of incidence 81 of 20 degrees or larger.
Accordingly, when cleaning ligquid 4 and intermediate medium 5
conditioned as above are used, angle of incidence 81 {i.e.,
cleaning tank 2 having a bottom surface inclined at an angle]

15 of 20 degrees or larger allows an ultrasonic wave Lo be

refracted at a sufficiently large angle.

Then, a study has been done for an angle of refracticn of an
ultrasonic wave in the Fig. 8 cleaning apparatus 1. A result of

20 the study will be described with reference to Fig. 14.



(degrees) angular variation (degrees) 15 6.51.510 13.1 3.1 10 19.8 4.8 20 26.6 6.6 25

2s shown in Fig. 14, the Fig. 8 cleaning apparatus 1, as well
ag the Fig. 2 cleaning apparatus 1, has ultrasonic wave
generation unit & (see Fig. 8) emitting an ultrasonic wave,

5 which in turn travels along arrow 47, and is incident on the
cleaning tank at bottom surface 46 at an angle represented as
681 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

16 to Fig. 13.

Herein, the cleaning tank contains cleaning liguid 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
15 (see Fig. 8) of ethancl having a temperature of 25 degrees
centigrade for the sake of illustration. In this case, cleaning
liguid 4 allows sonic velocity of approximately 1,495 m/ s
therein, and intermediate medium 5 allows éonic velocity of
approximately 1,144 m/s therein. Under such conditions, angle
20 of incidence 61 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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Table 2

angle of angle of éangular
incidence: 81 jemittance: 82 | varlation
(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 1, shows angle of incidence €1, angle
of emittance 82, and an angular variation. Note that the
angular variation is calculated as an angle of emittance minus
an angle of incidence, similarly as indicated in table 1. As
can be seen from table 2, the angular variation (or angle of
refraction 8 of Fig. 12) is 1.5 degree or larger for angle of
incidence 81 of 5 degrees or larger. Furthermore, 1f the angle
of incidence 01 is 30 degrees or larger, the angular varilation
is 10 degrees or larger. Accordingly, when cleaning liquid 4
and intermediate medium 5 conditioned as above are used, anglie
of incidence 81 {(i.e., cleaning tank Z having a bottom surface
inclined at an angle) of 5 degrees or larger allows an
ultrasonic wave to be refracted at a sufficiently large angle.
Tt should be understocd that the embodiments and examplss
disclosed herein are illustrative and non-restrictive in any
respect. The scope of the present invention 1s defined by the
terms of the claims, rather than the description above, and 1is
intended to include any modifications within the scope and

meaning equivalent to the terms of the claims.



Table 2, as well as table 1, shows angle of incidence 01, angle of emittance 82, and an angular
variation. Note that the 5 angular variation is calculated as an angle of emittance minus an angle of
incidence, similarly as indicated in table 1. As can be seen from table 2, the angular variation (or angle
of refraction 0 of Fig. 12) is 1.5 degree or larger for.gngle of incidence 81 of 5 degrees or larger.
Furthermore, if the angle M of incidence 81 is 30 degrees or larger, the angular variation is 10 degrees
or larger. Accordingly, when cleaning liquid 4 and intermediate medium 5 conditioned as above are
used, angrl{%iiof iQ%i_-geE!CiOlJéLf%-aﬁkefM_,g tank 2 having a bottom surface inclined at an angle) of 5

degrees or élfaer aflows Bh ultrasonic wave to be refracted at a sufficiently large angle. It should be

understood that the embodiments and examples disclosed herein are illustrative and non-restrictive in
any respegk Thesscope of the present invention s definedsby, the;2Q terms ef the claims, rather than
the descrigtjgn above, and is intended to include any m dificf?;[ligﬁ?S within the scope.and meaning
equivaleHtfothe temfs 6f tha ciaith T84 hitiudtial Applicability “fhe present invention is
advantageously applicable to ultrasonic cleaning apparatuses and methods, in particular. 35 Claims 1.
A cleaning apparatus comprising: a cleaning tank holding a cleaning liquid for cleaning an 5 object to
be cleaned, a coupling tank holding an intermediate medium and disposed such that said cleaning
tank has a portion in contact with said intermediate medium,;



an ultrasonic wave generation unit provided at said coupling tank and ultrasonically vibrating said
cleaning liquid via said intermediate medium; and a modification unit modifying a difference in sonic
velocity between said cleaning liquid and said intermediate medium. 15 2. The cleaning apparatus
according to claim 1, wherein modification unit inclydes a temperature adjustment unit varying said
intermediate medium in temperature. 3. The cleajr%ing apparatus according to claim 2, wherein. said
20 temperature adjustment unit has a heating member heating said intermediate medium. 4. The
cleaning aratus according to claim 2, wherein said intermediate medium is degassed water and
said temS g’f&% 25 adjustment unit has a flow rate adjustment u.nit adjusting an amount of said
degassed water supplied to said coupling tank. 5. The cleaning apparatus according to claim 1,

wherein §a}id}{nquig%%tgq{‘%u@ includes.a composition adjustment unit 30 modifying said intermediate
medium in composition. 6. Cleaning equipment equipped with a plurality of cleaning units cleaning an
object to befclEariéd with ataééfniﬁa%ﬂahibﬂ at [6dst ot saidplurhlity &f Alegamy thilbeing the 35
cleaning apparaius of ary of elaimasi 1 - 5 36 7. A cleaning method comprising the steps of: disposing
in a cleaning Iiggid held in gacrllq{arlliggéa@k an r(1)bLect to beﬁ:eaned' and ultrasonically vibrating said

. = i . K . t J t. A 3 .
cleaning liquid Viaan 5 intefmediate madiun in contact with sai cfpganllhlgitéarﬁ( to clean said object, the

step of ultrasbnica#y. vibratingrinekiding thesstep§af 2 portion in contact with said
intermediate medium;
- an ultrasonic wave generation unit provided at said coupling
{0 tank and ultrascnically vibrating said cleaning ligquid via said
intermediate medium; and
- a modification unit modifyving a difference in sonic velocity

between said cleaning ligquid and said intermediate medium.

15 2. The cleaning apparatus according tce 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
20 temperature adjustment unit has a heating member heating sald

intermadiate medium.

4. The cleaning apparatus according te claim 2, wherein said
intermedliate medium is degassed water and said temperature
25  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

30 modifving said intermediate medium in composition.

6. Cleaning eguipment eguipped with a plurality of cleaning
units cleaning an object to be cleaned with a cleaning liquid,
at least one of said plurality of cleaning units being the

35  cleaning apparatus of any of claims 1 - 5



ultrasonically vibrating said cleaning liquid with said cleaning liquid and said intermediate medium
allowing sonic velocities, respectively, having a first difference; and ultrasonically vibrating said
cleaning liquid with said cleaning liquid and said intermediate medium allowing sonic velocities,
respectively, having a second difference different from said first difference. 15 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. 20 liguid,and %aé-%éf@%@%‘%ja;%@egj&%s 9, The cleaning method according to
claim 8, whereinin the st%p of Ultrasonica ly vibrating, a heating member is used to modify said

intermediaté raediaimn tefperatife-fo-éRange’ddid 25irdt diffefericetd seid séééid ifference in
sonic velggity, between, said cleaning liguid and said intermediate medium. 10. The cleaning method
according to claim 8, wherein said intermediate medium is degassed water and wherein, in the step 30
of ultrasonidally iBrAting®a Tetehtion fime 8f SAd degasséd it téﬁﬁ%%j%ta%%@vit%nsaid cleaning tank is
varied toimeodify sditlz-degassed waterindemperature. toclvaige saié dirstrdifference to saibksecond

difference Jn gopic.yelacity hemween saickcleaningJiguid.and said ptermediate mediyim, 35 87 11. The
cleaning method H{Jccordlng to claim™7, wherein in the step of ultrasonically vibrating, said intermediate
medium E-RBiffed‘in composition to change said first difference to said second difference in sonic

velocity betwegn:said gleaping 5 liquig andisajd inteemediatemedium 4:12: The cleaning: method
according to claim 11, wherein the sélep of gltras,onically yib[atir}gegj{ther includes one or more steps of

ultrasonicalfy ViBFatitg said creaniiig liduid with said "o == '

um aliowing son
10 velocities, respectively, having a first difference; and
- ultrasonically vibrating said cleaning liguid with said
cleaning liquid and said intermediate medium allowing sonic
velocities, respectively, having a second difference
different from said first difference.
i35
§. 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

20 liguid and said intermediate medium,

9. The cleaning method according to claim §, wherein in the
step of ultrasonically vibrating, a heating member is used to

modify said intermediate medium in temperature to change said

-2
L

first difference to said second difference in scnic velocity

between said cleaning liguid and said intermediate medium.

10. The cleaning method according tce claim 8, wherein said
intermediate medium 1is degassed water and wherein, in the step
30 of ultrasonically vibrating, a retention time of sald degassed
water in contact with said cleaning tank 1s varied to modify
said degassed water in temperature to change said first
difference to said second difference in sonic velocity between

5

said cleaning liguid and said intermediate medium.

[V
Lh



10 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 liquid held in a first cleaning tank an object to be cleaned;
ultrasonically vibrating said first clean-no liquid viaéazfirst intermediate medium in contact with said first
cleaning tank to clean said object; 20 - disposing said object in a second cleaning liquid held in a
second cleaning tank; and ultrasonically vibrating said second cleaning liquid via a second
intermedjafe r@%diugl Lg\ﬁgloin%actmwi%%a;jd Sec gg :91 nfi%g .ta clean said object, said first cleaning
liquid and said 5 first Thtermadiate medidm allowing sonic ve ocities, respectively, having a first
difference’ saidsecoht Cleaning iguid andsaid sSegond mtermédigtamediunt allWingTsonic velocities,
respectively; having a secend difference, said-first aad secand differencesrbeing gifferenttiem each
other. 30 14. The cleaning method according to claim 13, wherein at least one of said first intermediate
medium SREEAH Sedorid ntstmetiats Tediumn is Adijlsted i femperatur tSn]S%?géi%gﬁrst difference
and saidsegand differenee differertlyn<388 =5 Tiwedcleaning method according to claim 14, wherein at
least one of said first intermediate medium and said second intermediate medium is adiusted in

temperature by a heating member. 5 ' .
12. The cleaning method according to claim 11, wherein the step

of ultrascnically vibrating further includes one or more steps
of ultrasonically vibrating said cleaning liguid with said

10 cleaning liguid and sald intermediate medium allowing sonic
velocities, respectively, having a difference different from

said first and seccond differences.

13. A cleaning method comprising the steps of:
15 =~ disposing in a first cleaning liguid held in a first cleaning
tank an object to be cleaned;

- ultrasonically vibrating said first cleaning liquid via a

h

}“J

first intermediate medium in contact with saild rst cleaning
tank to clean saild object;

20 - disposing said obiect in a second cleaning liguid held in a
second cleaning tank; and
- ultrascnically vibrating said second cleaning liquid via a
second intermediate medium in contact with sald second cleaning
tank to clean said object, sgaid first cleaning liguid and said

25 first intermediate medium allowing sonic velocitles,
respectively, having a first difference, said second cleaning
liquid and said second intermediate medium allowing sonic
velocities, respectively, having a second difference, sald
first and second differences being different from each other,

30
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 sald second difference differentliy.

[¥E)
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16. The cleaning method according to claim 14, wherein said first intermediate medium is degassed
water and wherein a retention time of said first intermediate medium in contact with said first cleaning
tank is modified to set a temperature W 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 15 have mutually different compositions
so that a first difference in sonic velocity between said first cleaning liquid and said first intermediate

medium and asecond difference In sonic.velagity hetween said second clganing iayid and said

second intermediate meélum are (H%erent rom each other. .
one of said first intermediate medium and said second

intermediate medium is adiusted in temperature by a heating

member.

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

said second intermediate medium.

17. The cleaning method according to claim 13, wherein sald
first intermediate medium and said second intermediate medium
15 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 scnic
veloclty between said second.cleaming liquid and said second

intermediate medium are different from each other.



