; @3ekGkD| Ld6T2>DI r 1 CLEANI NG APPARATUS AND METHOD FI ELD OF THE | NVENTI ON
»19 Nov. 2002 The present invention relates to an apparatus and mdt $ioN0Y Q02
cl eaning an object to be cleaned, such as a wafer or the like, using for
exanpl e ul trasonic vibration. DESCRI PTI ON OF THE RELATED ART A cl eani ng
apparatus, in which an object to be cleaned such as a wafer is imersed in
cleaning fluid and the cl eaning fluidlis ultrasonically vibrated or
oscillated, i €LBANINGNARBARATUSr AND MBTHODance the cl eani ng power of such
ki nds of ultrasonic cleaning apparatus, various attenpts have been nade.
In, for exanple, Japanese Unexam ned Patent Publication No.6(1994)-320124)
is described an ultrasonic cl eaning apparatus that enhances the ultrasonic
¢l eani ngFpener oby THEUITNVENITIION air-bubbles into the cleaning fluid. Also,
i n Japanese Unexam ned Patent Publication No.8(1996)-141527) is described
an ul trasoni cTakepiie8egndppakvahtisonnrentbst b6 BaShgparasuexhali akedoand
renmoved by using an ultrasonic vibrator that vibrates at different
frequencirey. ckeahiagmaneoblijecdapanseecisanadi, ngdchRahenh Wdlbkircati eneNo
8(1996)-108155 is described a cleaning apparatus that cleans an object to
be cl eangdgwi,t isihe ebireekambhieduety¥asbhachedbvtatibf.ul trasonic vibrator.
As nmentioned above, according to the conventional cleaning rarr '
"1 9 NOV 2002 2 apparatuses, the residue and darts adhered to the object
to be cleaned can be renoved to sone extent. However, polished

DESCRIPTION OF THE RELATED ART

n

A cleaning apparatus, in which an object to be cleaned
such as a wafer is immersed in cleaning fluid and the cleaning
fluid is ultrasonically vibrated or oscillated, is well known.
In order to enhance the cleaning power of such kinds of
ultrasonic cleaning apparatus, various attempts have been made.

In, for example, Japanese Unexamined Patent Publication
No.6(1994)-320124, is described an ultrasonic cleaning
apparatus that enhances the ultrasonic cleaning power by
pouring fine air-bubbles into the cleaning fluid. Also, in
Japanese Unexamined Patent Publication No0.8(1996)-141527, is
described an ultrasonic cleaning apparatus in which the residue
is exfoliated and removed by using an ultrasonic vibrator that
vibrates at different frequencies. Furthermore, in Japanese
Unexamined Patgnt Publication No.8(1996)-108155 is described a
cleaning apparatus that cleans an object to be cleaned with the
object obliquely attached to the ultrasonic vibrator.

As mentioned above, according to the conventional cleaning
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tailings and residues confined in a groove of the object to be cl @n
Goul ¢ not positively be renoved. SUMVARY OF THE INVENTION It is aﬁ oﬁﬁwégmn
of the present invention to provide a cleaning apparatus and a cl eani ng

met hod that can substantially positively renove polished tailings and
residues confined in grooves of the obpect to be cleaned. According to the
present invention, a cleaning apparatus includes a cleaning tank for

reservi ngppheavusgsf| uhd, ranidbeeahdt @1 bes cheraedd beo nghe noejsetd to bbe
cleaning fluid, a vibrator for vibrating the cleaning fluid in the cleaning
tank, andléxmedl €an- bebranboadsodr semef Oxt ROVt eliywavdr at poyi §hedobj ect to
be cleaned in two different directions. Furthernore, according to the

present tavephgonand eksadueg eehhoned oinchegrodge atif obhecodbjecbetel paned,
has a step of imersing the object in cleaning fluid, a step of vibrating

the cl eapilegnédiutdulandod pbeptOiely Nbiéelymyvddati ng the object in two
different directions during the vibration of the cleaning fluid. The
cleaning fluid in the cleaning tank is vibrated by a vibrator and) at the
sane time, an object to be cleaned is mnutely vibrated in two different

di recti o§gMMAR €a0F N"OHRORNVENTION" .+ 19 Nov 2002 3 uniformties due to the
vi brator cavitation can be renpoved by mnutely vibrating the object to be

cleaned in twpgdi§fghepbjebtesti PRE Pesd¥Rt MiAvENYiHhatbdOoprovases. It is
preferred that the vibrator produces pressure distribution in the cleaning

fluid incibgnsheanpparhenk, adlddat 8éaing CAStnORCLRAL t O8n MG St XRPERL LN
sources presents to the object mcro-vibration in a direction verti cal

and/or pg6aiteleiy AEm8U¥PELIShE@CEADIRES t HRd PFESSHNEs dbShtiRegi PR It IS
al so preferred that the two m cro-vibration sources presents to the object
m cro- Vi pEgbv88Sof Nth¥OoHi E8EL tOMSe cleaned.
According to the present invention, a cleaning apparatus
includes a cleaning tank for reserving cleaning fluid, an
object to be cleaned being immersed in the cleaning fluid, a
vibrator for vibrating the cleaning fluid in the cleaning tank,
and two micro-vibration sources for minutely vibrating the
object to be cleaned in two different directions.
Furthermore, according to the present invention, a
cleaning method for cleaning an object to be cleaned, has a
step of immersing the object In cleaning fluid, a step of
vibrating the cleaning fluid, and a step of minutely vibrating
the object in two different directions during the vibration of
the cleaning fluid.
The cleaning fluid in the cleaning tank is vibrated by a

vibrator and, at the same time, an object to be cleaned is

minutely vibrated in two different directions. Cleaning non-



orthogonal to each other. Such crossing of vibration directions 23 Qiﬁﬁv
angl e can facilitate the renoval of polished tailings and residue Rﬁ&?
in grooves or the like. It is preferred that the vibrator produces pressure
distribution in the cleaning fluid in the cleaning tank, and that at | east
one of the mcro-vibration sources is gocked in a direction parallel to an
advance direction of the pressure distribution. It is further preferred

t hat t heurel£eawmhyiesnndudato athwl Yikoawh ctatheat/idn atan bhe mrecdddyy and
that the two micro vibration sources are rocked in a direction vertical to
a surfaceimitehe wibtrabing hehel @angay tanke d¥eanedelnitwatdifferent ached
to one wall surface of the cleaning tank) a sound pressure distribution is
gener at edii bext thbems t by stwal thicwo fatter ataieh oppastdse. wal | surface of the

cl eaning tank in the cleaning 11.9 NOV 200Z 4 fluid in the cleaning tank.
A | arger cl eant nis epfetérred ottiat Ntk at i b et o radudes ndrégsuide sound
pressure change and a smaller cleaning effect is obtained at the m ni num
poi nt i ndider Boattopr Bsstii€ cheageng tHbubbyigettas adlewn ng | Lark Ngamdn
uniformties. Wien the wall surface to attach the vibrator is a bottom

surface, tide opppsase owe | oBuUtia@ari ¢ so-av ibti i snirdancedgotdde@ritoncof the
m nute vibration source in a direction vertical to this attaching wall

surface gseidh pées mheroby tetat tobeix| £ aibek ed Koty vdrtsi GoUnghdg/@ssur e
di stribution. Accordingly the object does not remain only at the maxi num or

mMoni MM poaL1é0 £dears adeamd @ SELFec e1amMass e ks iarevd 1k f ftu €1 @i ng
non-uniformties. It is preferred that the mcro-vibration sources consi st
of oscillatinge hps ns1sFrsferabted tHer ViKY awd mhifc - Wi BF RSN s AgiEdd 4 at or
presents to the object micro-vibrations in two directions
orthogonal to each other. Such crossing of vibration
directions at right angle can facilitate the removal of
polished tailings and residues confined in grooves or the like.
It is preferred that the vibrator produces pressure
distribution in the cleaning fluid in the cleaning tank, and
that at least one of the micro-vibration sources is rocked in a
direction parallel to an advance direction of the pressure
distribution.
It is further preferred that the cleaning tank has a wall
to which the vibrator is attached, and that the two micro-
vibration sources are rocked in a direction vertical to a
surface of the wall of the cleaning tank. When the vibrator is
attached to one wall surface of the cleaning tank, a sound
pressure distribution is generated between this wall surface

and opposite wall surface of the cleaning tank in the cleaning



and/ or. the m cro-vibration sources are ultrasonic oscillators. Further,

abj ects and advantages of the present invention will be apparent A HNOV 2002
description of the preferred enbodi nents of the invention in the
acconpanyi ng drawi ng. BRI EF DESCRI PTION OF THE DRAWNG Fig. 1 schematically
shows a constitution of a preferred emfjodi ment of a cl eani ng apparat us
according to the present invention. 1.9 Nov 200z 5 DESCRI PTI ON OF THE
PREFERREDL 8MBODh VENE thekn@ngltankt ef Arbacgenuakeahidd dffiecesia cl eani ng
tank . in which cleaning fluid 11 is stored. Al so, reference nunerals 12)
13, 14 aodtdbnédé@nateths mwhikimamnpointbiat ohe atdandepréosarbothangwahhdlOa
of the tank 10, first and second ultrasonic oscillating horns, and a wafer,

i..e. an abgmallep beeaheapedffattachedbtaihé@ &trsheantinsga@npouhtr agonic
oscillating horns 13 and 14 through a support nenber 16, respectively. As

the cl eaph8gsbhniidprevsareatrangsd( chepsbyogéhet gt cOPt &1 O188n engeh6h -
sol ubl e detergent, solvent or the |ike can be used. The ultrasonic vibrator

12 attachgedrbemt beebot t wHeAUthacRalDasefrabe tanktdfcNi bhat esbileog! €ani ng
fluid 11 in a direction vertical to the fluid surface fromthis bottom

surface 30potbemesdrtacEPWBhE 8pposovevRatll dineedtonssi & F1gidlsutPatbe
enbodi nent, 28 kHz of the vibration frequency is selected. It is apparent

t hat theogbiiﬁéﬁnbﬁ YebtAEOR1AdL8BY1PLa Bl bRCHSErE® {heav@itecBUbhace of the
cl eaning tank 10 other than the bottomwall thereof. Although it is the

That o VRERLEL! Lol hip ipsshiag baeg ageats dfeitiagiy Lholghybim Lo
present ggbedi ABhnelh816hEStn 880s666@NPr8666AS0A §tribution.
Accordingly the object does not remain only at the maximum or
minimum point in the sound pressure change, thereby removing
the cleaning non-uniformities.
It is preferred that the micro-vibration sources consist
of oscillating horns.
Preferably, the vibrator is an ultrasonic oscillator
and/or the micro-vibration sources are ultrasonic oscillators.
Further, objects and advantages of the present invention

will be apparent from description of the preferred embodiments

of the invention in the accompanying drawing.

BRIEF DESCRIPTION OF THE DRAWING
Fig. 1 schematically shows a constitution of a preferred
embodiment of a cleaning apparatus according to the present

invention.



oscillation horns 13 and 14 mnutely vibrate the wafer 15 in orthogonal
directions to each other. That is the first ultrasonic oscillatinl] NGOV 2802
perfornms an ultrasonic vibration tl 9 NOV 2002 6 in the upward and
downward directions in Fig. 1, and the ultrasonic oscillating horn 14
performs an ultrasonic vibration in thg left and right directions in Fig.

1. To the first and second ultrasonic oscillating horns 13 and 14 are
secured BBSARERAINNr OF oREEOPRERERREPpBMBOREMBEYT 16, to which the wafer 15
is attached so that it is imersed in the cleaning fluid 11. In the

enbodi nent) the Rager 115ai sefierashednumetrhd s0ppendtaenbeclébningatankner
that the surface of the wafer 15 is positioned in parallel to the upward
and downwar éhdichecleansngnéilpédpéhdisustolgdt o Aheovi befierencdi nemeransof

t he second ultrasonic oscillating horn 14, as shown in Fig. 1. The horns 13
and 14 vibrais,i n4oah8ogondbndteeahi obsrasoraichvbbhator Neveathetess, at he
horns 13 and 14 can be designed so as to vibrate in optional two different
di recti onstwbinhwaeathioahef. thbetaski Ltbat fdnstrendesegondi tbherhasonscl3 and
14 of the enbodinent is set to 19.5 kHz. The 19.5 kHz of this oscillation

frequencgstcsipatihguharhy, paplicaawheer Hoveger ant bBjécequency ceankdli mted
to 19.5 kHz and may be in a range of 14 to 30 kHz. Furthernore, it can be

under st oadthyhehose skil Feedstnahliesacondhattt-heohoenssd Bl anding heynbe
oscillated at different frequencies with each other. As the horns 13 and

14, for esagnhei4athpbighyRes0ppottahenbefoLe anrekbeasonetycl eaning

machi ne, commercially available fromKaijo Co. Ltd. can be used. The

ul trasoni c hoxgstié andandngr el1undegparewwhbei hgnd cleaning fluid
containing a water soluble detergent, solvent or the like can
be used. The ultrasonic vibrator 12 attached to the bottom
surface 10a of the tank 10 vibrates the cleaning fluid 11 in a
direction vertical to the fluid surface from this bottom
surface 10a, namely in upward and downward directions in Fig.
1. Iﬁ the embodiment, 28 kHz of the vibration frequency is
selected. It is apparent that the ultrasonic vibrator 12 may
be attached to the wall surface of the cleaning tank 10 other
than the bottom wall thereof. Although it is the most
preferable that the vibration frequency is 28 kHz, it is not
limited thereto. The vibration frequency may range from 26 to
40 kHz.

In the present embodiment, the first and second ultrasonic

oscillation horns 13 and 14 minutely vibrate the wafer 15 in
orthogonal directions to each other. That is the first

ultrasonic oscillating horn 13 performs an ultrasonic vibration



QL. 9 NOV 202 support nmenber 16 and wafer 15 and are rocked in upward and
downward directions, as shown in Fig. 1. This rocking operation i i §aNOVe2802
out at) for exanple, 20 strokes per mnute by a notor or the like. As the
anplitude of the rocking of the horns 13 and 14) nore than a half of the

di aneter of the wafer 15 can be selectgd. For exanple, if the dianeter of
the wafer 15 is 75 mm the horns 13 and 14 are rocked at an anplitude of
about 40immthétupsapdefrdr @dwhhatdtdereotkomg thretgi oh, isnd@ theection
perpendicular to the wall surface of the cleaning tank 10) to which wall

the ultrasonaconibrasoefll2tisgahdached. pénfdies eswodi teasonnc Fgbrdtibhi s
wall surface is the bottomwall 10a of the cleaning tank 10. Operations of
the ultrasothe téfanang appatatdiuscofidhe bmwbotgrent vite | tiher £i pef t gndbe
described with reference to a case of cleaning the wafer 15 for a thin-film

nmagnet i csbeetld ahil erasbeiehest calateshanoess POl asdi 1 43P ePiPE@SEothe
CWVP- processed wafer 15 is set to the support nenber 16 so that the surface

of the veherpdbtien®ostt tReesuppoPRrmémSér t 06 | heo Upnbel el worevars is
directions and perpendicularly to the vibration direction of the second

ul'trasonjerpSkéd! 361 tBabof D 14, imfe SEOINIA Nt de1danimg tiigigondi ti pas, the
ultrasonic vibrator 12 and the first and second ultrasonic oscillating

horns 13tRédedodiRédt © tReChELEr L8 YO EtdShed Nt@dchd | Hibpdhe hOhHSY 13
and 14 are rocked in upward and downward directions. 1 9 NOV 2002 s The

waf er 1514Si%! £apetndy €RYL! 8hé O8uffaddiCof! €O wardt Uisl, 14 05 &k P¥ned

vibration of the ultrasonic vibrator 12 while ultrasonically vibrating the

wafer 15jht§£+811811¥0 €héeehwRPE and downward directions and
perpendicularly to the vibration direction of the second
ultrasonic oscillating horn 14, as shown in Fig. 1.

The horns 13 and 14 vibrate in orthogonal directions to
each other. Nevertheless, the horns 13 and 14 can be designed
so as to vibrate in optional two different directions with each
other. The oscillation fréquency of the horns 13 and 14 of the
embodiment is set to 19.5 kHz. The 19.5 kHz of this
oscillation frequency is particularly preferable. However, the
frequency is not limited to 19.5 kHz and may be in a range of
14 to 30 kHz. Furthermore, it can be understood by those
skilled in the art that the horns 13 and 14 may be oscillated
at different frequencies with each other. As the horns 13 and
14, for example, a horn type oscillators for an ultrasonic
cleaning machine, commercially available from Kaijo Co. Ltd.

can be used.

The ultrasonic horns 13 and 14 are integral with the



menti oned above by the horns 13 and 14. Consequently, tailings Of%fgjll‘i]fﬁ]%iﬂz
pad) ‘residues and the like confined in respectively deep grooves e

el enent formation surface of the wafer 15 can be effectively renoved. Such
tailings, residues and the |ike could not be conventionally renoved by only
cavitation produced by the vibrator 124attached to the bottom surface of
the cleaning tank 10. In the present invention, after such tailings,

r esi dues sap@ofrite meme rc a6f andd watetrhesabhadeareniboked gnoapeaadeahir st
detached by the two directional ultrasonic vibration, they are than renoved
by the faoveawakdcavireatiionsf,ongednbynt ha wibkrator TRisSrbering particul ar
the ultrasonic vibrations generated by the horns 13 and 14 are perfornmed in
two dir eopiegdtponperdicartiraedt oueaah ,orber exdapashmeot setokbe par! nAas c@f
pol i shed pad) residue and the |ike produced during the CWVP process is

ef fecti vely acabtboedoUitheFuikber magechei amp1ibadei bratpe #dckdnpgt backed to
the bottom surface 10a of the cleaning tank 10) a sound pressure

di stribuhbenslisi angenar,ahe¢ebehwacn hherf bei dnguaiametardothgnbowhe@r
surface 10a in the fluid 11 in the cl eaning tank 10 as shown in Fig. 1.

Cavitati g8 candpeesanedtalso fbrt BRaWBXeMTUAPPEhB! d18mkBefhdPIEnel white rsound
pressure, thereby resulting in an inproved cleaning effect. On the other

hand, atlsh@swvslmunlthélhOQnH0132QQa 94pai-Bt réfxkka hbeaﬁhamggieﬁdbh%fsound
pressure a cleaning effect is poor thereby generating the cleaning

non-uni f ghlik! 88 mHOWEY%r1saﬁ?@T@kP@dtthhetﬁHbPQbHEﬂE dkP@cBQbﬁsié3aa”d 14

are rocked in upward and dowward directions hus e wafer 15 1s also

rocked ah@@eckﬁsns§EQ9eaa@%aua% €oSthePyhi @nshfrapd Q?e§hBOEléEH@ngt only
t he maxi num poi nt or mninmumpoint 19 in the change of the soun

pressuret%ggeﬁgfo%ﬁowﬁhgﬂnwgglngﬁe Ph%?égbhhésvﬁﬂ a%BF hﬁkffaEEtﬁgﬁg Kabl y

r enoved e nunber remal ni ng polished tailings confined

;ptg:oaygﬁaggﬁ?gﬁbwagﬁgggf&ggF&Be ¢VPrREQCRas1 8GF¥akby18ERAET 6dckBRhore and
wall 10a of the cleaning tank 10.

Operations of the ultrasonic cleaning apparatus of the
embodiment will hereinafter be described with reference to a
case of cleaning the wafer 15 for a thin-film magnetic head
after the chemical mechanical polishing (CMP) process.

The CMP-processed wafer 15 is set to the support member 16
so that the surface of the wafer 15 is positioned in parallel
to the upward and downward directions and perpendicularly to
the vibration direction of the second ultrasonic oscillating
horn 14, as shown in Fig. 1. 1In this conditions, the
ultrasonic vibrator 12 and the first and second ultrasonic
oscillating horns 13 and 14 vibrate to clean the wafer 15. In
addition, the horns 13 and 14 are rocked in upward and downward

directions.



1 .al so. shows the nunmber of renoval of the remaining tailings by the{ g NUV 2002
c¢leaning and the rate of the renoval cal culated fromthe neasured resul

In the cleaning for this measurenent) in addition to the ultrasonic

vi bration by the vibrator 12, the wafer 15 was rocked in upward and

downward directions. If the cleanlng wgs carried out by only ultrasonic

vi bration by the horns 13 and 14, the rate of renoval of the polished pad

tailings was BRetwafi®r015 isicPedMowd 2002cdvacaeidn THE DMUMABER: iREMAI NI NG
TAI LI NGSTHE NUMBERRATE OFOF POLI SHED PADOF REMOVALREMOVALBY CLEANI NGBY

CLEANI NGBRIfIRE £t NSARTER- 64 EAN DISCGHFANL Nex- 48011 BNATFASSN {8 #¥h 66 52 4
1? 8 . 8 YUCAVI TATI ONCLEANI NG BYULTRASONI CCAUI TATI ON PLUS2 8 012 7 99 9.

6TV DI RECTF &3%h L TRASOM KA BRAF| €IS Werappes entséIpmdabhe dirébeisake of
removal of the tailings by the cleaning, which was obtained in a case where

the vaf eferdbi¥Red CABGHE Do PNt Ne PoFRY T 1 8LaRa fWe t@oﬁ§@g@éﬁfﬁ§°”t§il’h@%§t or
12 is 78.8% On the other hand, the rate of renoval t he talllngs

cl eani nge ¢ Whb £isHES QQ&a'ngi@Neyst@ N ﬂiﬁ@cébﬂﬁﬁﬁe@|iﬁa§@§b§cﬂi@éf&'0“
by the horns 13 and 14 with the above-nentioned cavitation due-to

vi bratorgdép i grdSvés Y%on THRE eéPélﬁénE heo £hA €E4n OdurPadd HPtEhd h@af’éf-rﬁon' c

OSC|IIat|ng horns 13 and 14 and the ultrasonic vibrator 12 i1s 20 % hi gher

than thaéa&fbyswge@mxyeweréﬂ&w& I@umet@ﬂm@wen}e#&&ééb&%amae as

an object to be cleaned) a wafer for a thin-f nlnagnetlc head was used.

'1 9 NOV 2
LR %Hﬁtﬁmﬁ €rﬂe|8 hPenfl var|ous %%jects toQ% %?1£§ti8§ bero

i nventi on, er varil ous V\B. ers an eaned ot her

than the, Y@&@ée&a@ybﬁl@a&%ﬁéfé(rufﬁdat edM €8! ¥ndi bdefSht romt%n@fﬂs of

t he present 1 nvention may be constructed w t hout departlng e spirit

and scop@,ofc b reselhic YNt iRncnd [o OO brvamdess! opedhaludhe

present 1nvention not ITmted to the specific ment

the specif{i£alLon rEXEERLs AgndeEhoetikd LHRfined in the above mentioned

groove are first detached by the two directional ultrasonic
vibration, they are then removed by the force of cavitation
formed by the vibrator 12. Since in particular the ultrasonic
vibrations generated by the horns 13 and 14 are performed in
two direction perpendicular to each other, detachment of the
tailings of polished pad, residue and the like produced during
the CMP process is effectively carried out.

Furthermore, since the vibrator 12 is attached to the
bottom surface 10a of the cleaning tank 10, a sound pressure
distribution 17 is generated between the fluid surface and the
bottom surface 10a in the fluid 11 in the cleaning tank 10 as
shown in Fig. 1. Cavitation is generated also at the maximum
point 18 in change of the sound pressure, thereby resulting in

an improved cleaning effect. On the other hand, at the minimum



appended cl ai ns. il 9 Nov 200z 12 WHAT IS CLAIMED IS: 1. A cleaning
apparatus conprising: a cleaning tank for reserving cleaning fluidf gaquv 20“2
object to be cleaned being imrersed in said cleaning fluid; a vibrator to
vibrating said cleaning fluid in said cleaning tank; and two .

m cro-vibration sources for mnutely vigbrating said object in two different
directions. 2. The apparatus as clainmed in claiml1l, wherein said vibrator
produces poriédswoe it Sthrd lubtangre iof Iaied seluednipnr@ sfsluutied ai @ 1eaind ngl efificrg
tank, and wherein at |east one of said mcro-vibration sources presents to
sai d obj g@t priocl Gh¢ideat igemeratdngd et icQre e Mdncundrf ortniari eadvance
direction of said pressure distribution. 3. The apparatus as clained in
claim 1, peweiveir] Srichndibrgatter tiveo Gubes! ifiedits Uth ed holrnisbutd @nd n 4saird
cleaning fluid in said cleaning tank) and wherein at |east one of said

M cro- Vi Rioaikiedn 190 WpHaS dPlaeRe lownive reidicd relRjta®nsii Cmhuel,bitald eafier as
direction parallel to an advance direction of said pressure distribution.

4. The appabdlsds razkddidlemtg the) aioiinl, pHesstire sdisd riibrtdiodr 1T egidces
pressure distribution in said cleaning fluid in said cleaning tank, and

wherei n goedseapit @dpOfats ¥nd yritdeO maxindtin 9o iHFUNGLDH faindak@d poink 19
direction parallel to an advance direction of said pressure distribution.

tm 12r yov 3002 nk3 chanphle AP RNATGUNS piledistBe .I N ThleteFoke , M29e@in n$Aind WO
uniformities and the like are remarkably removed.

Table 1 shows the number of remaining polished tallings
confined in grooves in one wafer after the CMP process,
actually measured before and after ultrasonic cleaning. Table
1 also shows the number of removal of the remaining tailings by
the cleaning and the rate of the removal calculated from the
measured result. In the cleaning for this measurement, in
addition to the ultrasonic vibration by the vibrator 12, the
wafer 15 was rocked in upward and downward directions. If the
cleaning was carried out by only ultrasonic vibration by the

horns 13 and 14, the rate of removal of the polished pad

tailings was 30 to 40 %.



vi bratiron sources presents to said object mcro-vibrations in two

directions orthogonal to each other. 6. The apparatus as cl ai ned 'nIQHNNWZNH
1, wherein said cleaning tank has a wall to which said vibrator is

attached, and wherein said two mcro-vibration sources are rocked in a
direction perpendicular to a surface of.said wall of said cleaning tank. 7.
The apparatus as clainmed in clainll,\mﬁhknrnsald mcro vibration sources
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279 99. 6%

As apparent from Table 1, the rate of removal of the

tailings by the cleaning, which was obtained in a case where
the wafer 15 was cleaned only by cavitation due to the
the rate

ultrasonic vibrator 12 is 78.8%. On the other hand,

of removal of the tailings by cleaning, which was obtained by
using two directional ultrasonic vibration by the horns 13 and
14 with the above-mentioned cavitation due to the vibrator 12
is 99.6 %.

Therefore, the effect of using both the ultrasonic

oscillating horns 13 and 14 and the ultrasonic vibrator 12 is
20 % higher than that of using only the latter.
In the embodiment described above,

as an object to be

cleaned, a wafer for a thin-film magnetic head was used.
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met hod as clainmed in claim9, wherein said vibrating step is a step of

ultrasonically vibrating said cleani ng fluid. 16. The nethod as clained in
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2. The apparatus as claimed in claim 1, wherein said vibrator

produces pressure distribution in said cleaning fluid in said
cleaning tank, and wherein at least one of said micro-vibration
sources presents to said object micro-vibration in a direction
perpendicular to an advance direction of said pressure
distribution.

3. The apparatus as claimed in claim 1, wherein said vibrator
produces pressure distribution in said cleaning fluid in said
cleaning tank, and wherein at least one of said micro-vibration
sources presents to said object micro-vibration in a direction
parallel to an advance direction of said pressure distribution.

4. The apparatus as claimed in claim 1, wherein said vibrator
produces pressure distribution in said cleaning fluid in said
cleaning tank, and wherein at least one of said micro-vibration
sources is rocked in a direction parallel to an advance direction of

said pressure distribution.
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9. The apparatus as claimed in claim 1, wherein said micro-
vibration sources are ultrasonic oscillators.
10. A cleaning method for cleaning an object to be cleaned,
comprising the steps of:
y ) immersing said object in cleaning fluid;
| vibrating said cleaning fluid; and
minutely vibrating said object in two different direction during
said vibration of said cleaning fluid.
11. The method as claimed in claim 10, wherein said vibrating step
produces pressure distribution in said cleaning fluid, and wherein
said minutely vibrating step include a step of minutely vibrating

said object in a direction perpendicular to an advance direction of

said pressure distribution.
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