DESCRI PTI ON ULTRASONI C CLEANI NG APPARATUS AND
ULTRASONI C CLEANI NG METHOD TECHNI CAL FI ELD [ 0001]

The present invention relates to an ultrasonic

cl eani ng apparatus and an ul trasoni c cl eani ng net hod
in which an object to be cl eaned, such as a

sem conduct or waf er @nel-Rt pefofgem conductor parts, is
cl eaned by imrersing the object in chem cal solution
and further irradiating the object with ultrasonic

o BRAFRRa P R TN AehRORRh ap, opartrlt e PERp b

are general ly cl eaned wetincn ul trasoni c cl eani ng
appar at us. FIG 3 shows a schematic view of an
exanpl e of a conventionally general ultrasonic

rECHNI®AR! N9 @Aipar at us.
[0001]

- The present invention relates to an ultrasonic
cleaning apparatus and an ultrasonic cleaning method in
which an object to be cleaned, such as a semiconductor
wafer and other semiconductor parts, is cleaned by
immersing the object in chemical solution and further

irradiating the object with ultrasonic waves.

BACKGROUND ART
[0002]

Conventionally, an engineering part, a
semiconductor part and the like are generally cleaned
with an ultrasonic cleaning appatétus.

FIG. 3 shows a schematic view of an example of a
conventionally general ultrasonic cleaning apparatus.

As shown in FIG. 3, the conventionally general
ultrasonic cleaning apparatus 101 is provided with a
cleaning tank 102 that accommodates cleaning liquid 107
for cleaning an. object to be cleaned 104, an ultrasonic
wave transmitting tank 103 that accommodates
transmitting water 108 for transmitting ultrasonic waves
to the cleaning tank 102, a vibrating plate 105 which is
placed at an outer wall surface of the ultrasonic wave
transmitting tank 103 and superposes the ultrasonic
waves on the transmitting water 108 with an ultrasonic
wave transducer 109, for example, composed of a ceramic

piezoelectric device, and the like. The object to be




As shown in FIG 3, the conventionally genera

ultrasoni c cleaning apparatus 101 is provided with a

cl eaning tank 102 that accommopdates cleaning |iquid

107 for cleaning an object' to be cleaned 104, an

ultrasoni c wave transmtting tank 103 t hat

accommodates transmtting water 108 for transmtting
clebheasdidc wavesld oid hehel edriendnigardarl02,0% withagi ng

l.ate 105 i ch i | aced. at an outer wall surface of
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wat er 7108 with an ultrasoni c wave transducer 109, for
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in the cleaning tank 102. The cleaning tank 102 is put
[CPRBd the transmitting water 108 accommpdated in the
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theaweftammdef dheitsd andangingveave theaddlearniiigrdigsi dand

107 _i.s determ ned by a shape. of the cleaning tank 102,
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and the like of the cleaning Iliquid 107, a position of
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iocated at the position of the node of the standing wave
cannot be sufficiently cleaned. Thus, there is a
problem that the whole of the object to be cleaned
cannot be cleaned uniformly, unevenness of cleaning
consequently occurs and the like.
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In view of the problem as described above, there



There is al so disclosed a substrate cl eani ng appar at us
that can sufficiently renove contam nated material s
over the whole surface of a substrate by arranging a
plurality of the substrates, which are the object to
be cl eaned, and a plurality of rod nmenbers provided
with the ultrasonic wave transducer at an end portion
- 1sofliistd coreed sirdenlrasichia maraernicha&preacht wai hhat can
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unevenness of cleaning and a renoval effect on the
particl escehtt yeaoty,edthd oabergsennedwave of a high

i nsufficient, d apparatus _cost increases, in_ihe case
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superposing the ultrasonic waves on the transmtting
water with a transducer; and a holding jig for hol ding
the object to be cleaned in the cleaning tank, the
apparatus in which the object to be cleaned is
ultrasonically cleaned by i mrersing the object to be
cl eaned held with the holding jig in the cleaning
objéquidoabeonﬂmﬂakﬂﬂ<jm bheprdeading wapkurnaititiyng £ hehe
eani n nk into the transmtting, water 0 ed
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ul trasoni c cl eani ng apparatus, according to the present
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cl eaning of the object to be cl eaned, and can
effectively renove the particles. In addition, the
j oqher k@@ﬁ%Q) fan be unifornly cleaned by using
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this manner, when the ultrasonic wave transmtting
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cleaned; an ultrasonic wave transmitting tank for
accommecdating transmitting water through which
ultrasonic waves are transmitted to the cleaning tank; a
vibrating plate placed at a bottom portion of the

ultrasonic wave transmitting tank, the vibrating plate



Furthernore, the present invention provides an

ul trasoni c cleaning nmethod conprising the steps of:

accommodating cleaning liquid in a cleaning tank, the

cleaning liquid in which an object to be cleaned is

i mrer sed and cl eaned; accommodating transmtting water

in an ultrasonic wave transmtting tank, the
supeapsmittg rdiavat Brrddooiighwaliiech oul tbotes o &n svavesiage

ransnmitted to the cleaning tank; placing a_vibratin
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object to be cleaned is ultrasonically cleaned while
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e object to eaned are made uniform thereby the
traneménndss dafardd eaniaghotitbeatald) edtarten be cl eaned can

be suppressed, and th articles can be effectivel
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appar atus cost can be consequently reduced. The nethod
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one cleaning tank, and the apparatus cost can be
consequently reduced. The apparatus further has an
advantage that there is no risk of contaminating the
cleaning liguid in the cleaning tank upon the
oscillation of the ultrasonic wave transmitting tank.
{00081}

In this case, the apparatus preferably comprises a

holding jig oscillating mechanism for osciliating the



In this manner, when the ultrasonic wave transmtting

tank and the holding jig are oscillated in the

direction of a right angle to one another in a

hori zontal plane, the unevenness of cleaning of the

obj ect to be cleaned can be nore effectively

suppressed and the particles can be nore effectively
hol@ﬂngedig[@ﬁlﬁ]horizonﬂaﬂtmbauétrasonic cl eani ng

appar at us. accordi ng t t t
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can e suppr esse and
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obj ect . to be cl eaned can be uItrasonlcaII cl eaned,
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HE ™ DRAW [0014] FIG IAis a schematic
[0G@®ht view showi ng an exanple of the ultrasonic .

cIe par at us_accor.di nqg to, the present |n ntion.
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present invention. FIG 2 is a schematic top
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t ank and the holding jig are oscillated
hoif??ﬁ@é% F %on of a right angle to one another in a
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according to the pres ent |
e TSR ERRIPc CoPtw oy ML SAaph S50 1§ EFdn difari
tha!l 41 AsEPi 6ncheani R ARPAUIUS - to one another in a
horizontal plane, the apparatus can more effectively
suppress the unevenness of cleaning of the object to be
cleaned and can more effectively remove the particles.
[0010]

Furthermore, the present invention provides an
ultrasonic cleaning method comprising the steps of:
accommodating cleaning liguid in a cleaning tank, the
cleaning liquid in which an obiect to be cleaned is
immersed and cleaned; accommodating transmitting watex
in an ultrasonic wave transmitting tank, the
transmitting water through which ultrasonic waves are
transmitted te the cleaning tank; placing a vibrating
plate at a bottom portion of the ultrasonic wave
transmitting tank, the vibrating plate superposing the
ultrasonic waves on the transmitting water with a
transducer; holding the object to be cleaned with a

holding jig and immersing the object tco be cleaned in



FIGS. 4 are views showi ng conditions of particles on a
surface of the wafers after cleaning in Exanples and
Conpar ati ve Exanple, in which (A) shows the wafer
surface in Exanple 1, (B) shows the wafer surface in
Exanmple 2, and (C) shows the wafer surface in
Conpar ati ve Exanple. BEST MODE FOR CARRYI NG OQUT THE
theNYENERONG Q0th]lid accombedekrdf tier then edrodi mentank;
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tank by ruffling the cleaning liquid. [0016]
oscillation of the ultrasonic wave transmitting tank.
(00111}

In this case, the holding jig is preferably
oscillated in a horizontal plane.

In this manner, when the holding jig is oscillated
in a horizontal plane, the unevenness of cleaning of the
obiject to be cleaned can be more effectively suppressed
and the particles can be more effectively removed.
[0012]

In this case, the ultrasonic wave transmitting

tank and the holding jig can be oscillated in the

direction of a right angle to one another in a



In view of this, the present inventor repeatedly

keenly conducted studies to solve the problens as

descri bed above. As a result, the inventor conceived

that, in the ultrasonic cleaning by using the

ultrasoni ¢ wave of a high frequency, the ultrasonic

waves transmtted to the whole of the object to be
hoclieanéd lapd arede uni form by oscillating the ultrasonic

wave trﬁ snittin%.tan whi.ch | N rovided with the
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at the bottom portion of the ultrasonic wave
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exqmpXedosolktil ol tofasombni al @ahéng hypgaagenu peroxs deing

water and pure water) and the |ike can be used, or
tophhe RaeEP Cadt eI s used. The tenperature of the

cleami®g {paukda7 seRRR& i d O gxXaPPER, sBoki@ng0 6 The

cleaning liquid 7 is supplied froma cleaning |iquid
exjmpee CAothshodrasdnth ¢sepnonpdetpionathe o eami dgng
totﬁnk 2 andtdLschaqggg froma cleaning liquid outl et

( %? Eﬁgﬁﬁf, WiV EH Ib’rovided in the cleaning tank 2.

[0018]c. 2 is Assehewadit Rdp WfednghblhnglBondidikms

ul trasoni c cl eaning apparatus 1 according to the
wheresehe PAFERSIEH G e e ahsaneet t91agd telhd At atigg

5. ar I t t [ :

no B ERE 30 Bl Pt Y HARBSESRRA ] sttt rgone
anglat eo5ooan aswpéreposien W tiiasbnootwdyves aviehr gt drhe

ener at ed t he transducer 9 on t transm ttin
ul ala%?n%c c?%anqng apparatus accorg?ng to rQhe present



Here, the natural frequency of the transducer 9 can
be, for exanple, 750 KHz to 1.5 MHz. These conditions
may be determ ned according to a cleaning purpose, and
is not restricted in particular. UWilizing the
ultrasoni ¢ wave of a high frequency of approxinmately 1
MHz enabl es the renoval effect on the particles to be
ineehanced. Mor eover, as shown in FIG 1E, a
bot t surface of the cleaning tapk 2 may be of
di aggﬂél' §h&|§e.a schematiC (BLeY| BAVABGVED Gempie of a
corbrASML Waver4 §as81 El kg ihankppacaammpdat es the
transmtting water 8 for transmtting the ultrasonic
waveE 168 -t He aglceaniany tdnkwdng TRENELEdRINTg tfafle X jgles
put _int edtr ik r mpdat ed., i
onlith FRESRAS e SRR EP P HG e BT B o pfipd 0E
anBeabutipa tatatvd MexahpI asonine wivded t(Pgnsstidws nghe ank£8r
is arranged outside the cleaning tank 2, and %he .
surfaRenilty iRt ®rl e (8 sapprited et t e 7 6antAg
ExhAl 2 2and e tERsERI enwaye ddansiidddag fank 3 is
useful for the contamnation of the cleaning liquid, a
Cotnpapercatvgr éxagh bt ance probl em of the ultrasoni c wave
transducer when the cleaning liquid tenperature
i ncreases and the |ike, which occur in an ultrasonic
BEGTe 80Dy FrRpparat ST avong sueh raviesatume that the
ultrasoni c wave transducer is directly arranged at
[OPR&1cl eani ng tank. [0019] Here, a shape of the
hol dj i i [ ' j cular. r
Ceanbach kel O GRALALED LERRRU O P,
priesgnean nivergonposed: of ba hebdiengemsntiert lithe whiehent
. _holds the object to be cleaned 4 from below, and a rod
AnERBAPL 1.5 VI THE TSt EORREET B RCER the hol di ng member
10 anf extends ywpwad d.c1duddyt bonusang! wialddsbofc theve
obj ects to be cleaned are placed and held on the
ofhel Bilgg rfadserenay offt heMH8| disngblilg 2d 1n thenhe
s | uper e e\ p
uL S e S PR P AR et Sk (I bhoRerRacr 8
a seatswpinichicig wagtert 8, Hdwestandihg wawd o uridedt byqt decy

cl anin% liquid surface, walls of the cle nigg tang 2
ofahfet HESG K G2 3t hed" 2 ¥RdPERE™EPeartity T 4o @t habe
dik8citAkA tgoAaGin M § It Fhgoanti Rade Pfeddiee St anElk AgoyayBe

greatly vibrates. The object to be cleaned 4 is
uneveaned sby fssuirpprRg seFeudgedve o snflgersenct, €. 9.

the position of the ultrasonic wave transducer and the
holding jig that holds the object to be cleaned in the
cleaning tank, and the particle quality of the object to
be cleaned is affected.

In view of the problems as described above, in a
conventional ultrasonic clileaning apparatus, the cleaning
is performed by the method of oscillating the holding
jig holding the object to be cleaned or by the method of
providing a plurality of the cleaning tanks, and of
varying the position of the holding jig in one of the

cleaning tanks or of changing the cleaning tank in which



[ 0020] The ul trasoni c cl eani ng appar at us
according to the present invention is provided with
the transmtting tank oscillating nmechanism 12 for
oscillating the ultrasonic wave transmtting tank 3 in
a horizontal plane. As shown in FIG 1B, the
transmtting tank oscillating nmechanism 12 has a
thdrheildgnootidg i3 endraangedcentring tam Tdeaanidigan

oscilla the ultrasanjc ve trapsmtting tank 3 in a
HORRFFSont 4E T8 A1 By 1 rRIVELPHY HEPYT FGT GIee T 5 O
efEBetdbhvicRd MRlRfenhtdH theceeafnhE ane@mMhkA . removal

The ul trasonic cl eani ng apparatus according to the

efpeesenn theemditon TledatdVetyechbinges tive Dsostisairdrare

. JlL.trasoni et d. \j t.i

inpPEe SRS R ik GRS Botl bRl i ke

ca®8Cbll prbRg dile W tglasonl Ctwayé thanslelbmiingy tankks. i Min
a horizontal plane with the_transnittingg%gﬂr .

adgsE PPat LAg thEC AT S M 120 3S 4d8ErPled "ab &\, HiHer kbY

on £4 PRKe h& MiHdAS AN Cc NRYR SNk T 8BS AhLhed dP dde

rface of the object to be cleaned 4 uniform can

cesuppnedsgtrke , undrearares st iné rel ranil g aofi steise objleth @O

be cleaned 4, .and can effectively.remve th .
cOREPE BRELD | fiEd i LGN, 1S 1 hbEUE He HiPErAS Gl e Wei/s® TioK
oft E3NSMihed hieO Ak DR ecli§oiberebpaned 4 1RGNy tank

uniform it is not necessary that a plurality of the
by cre8hl Agot hles cdrea Py i HE@Uafd t he object to be
[Ogigzned 4 held with the holding jig 6 is rearranged

I'n anot her cl eaning tank during cleaning. The

cl eam ngi¢@an&fcahisyntédre gnessand thecappar acpsacestly

can be caonsequently reduced. |ln addition, .a space for
keguty| Pafl_ﬁﬁgt%ﬁe SHoldiy 57 gS?LV?hgga egmb&geﬂt%ﬁf i's
de8tipEHURLRHe. As aHel&ulde théragoBheowav@®nceived

transmtting tank 3 can be oscillated in any

thatreéni 6he A taafom o beapliagebyf o iddarfdie, vidampenic
peat ed [ 0,.$i r.r jonal |y

R i A T

trpnehetablly toompre se tdeohotldengbjjegtoseol keatdlgpned are

mechanism 15 for oscillating the holding jig 6 in a
ma@e 5 HAPEM gwaﬁécasl%wgi hg| 6l tgasonic wave

transmitting tank, which is provided with the vibrating
plate, in a horizonteal plane, thereby the unevenness of
cleaning of the object to be cleaned can be suppressed,
and the effect to remove the particles can be enhanced,
without providing a plurality of the cleaning tanks. In
this way, the object to be cleaned can be uniformly
cleaned by using one cleaning tank, and it is not
necessary to worry the contamination and vibration of
the c¢leaning liquid. 1In this case, the present inventor
conceived that, with regard to the unevenness of
cleaning, more uniform cleaning effect can be obtained
by oscillating also the holding jig simultaneously and

oscillating them in the direction of a right angle to

10



The holding jig oscillating nechanism 15 has a driving
notor 16 and a ball screw 17, and can oscillate the
holding jig 6 in a horizontal plane by transmtting
driving force fromthe driving notor 16 to the bal
screw 17. As descri bed above, when the apparatus
conprises the holding jig oscillating nechanism 15 for
ongsenldtdtsimgin téhehdol ténygajli glénien aTher ipzemtealt plrametor
t he .appar.at us can nore effectively suppress the
Shbeb ittt gl S I e b A RS
anand hearpipner eid 86§ vekY premeye therparissl €6 Bympletion.
oscillating also the holding jig 6 in a horizontal
[0fidde. Here, the holding jig 6 can be

osci Hét.efduai Ay s‘!!f{e%?ééf’é‘sf%‘n@ Og%«zgﬂto%!i afe
for exanple, can be repeatedly nove ron15|£ to
exangée a@f rdicatilonedsynimvetdeahingr depdmatpreventot diéng

cleaning liquid 7 frombeing ruffled, the holding ji
togthg EF%IS&TgﬁbIJ;P‘b%‘E‘H‘P%t eangn lfe dift dctidr® oﬁfc}éng%’EEF
siapghe Lo the direction of facing FIG 1A in a

hori zontal plane, that is, in the direction of a
sur fAgesbpwhhénolbjléct o dred cFE@nedB4. the tHitsagmynic

there is also .an vant age.that the cleaning liquid 7
LR LR AR e T oh Scr COTEROL e are ana o e aden
ist prb&iclegangd it s ec b OhHl ¥ank002Z2]hat accormodftss

case, as shown in FIG 2, the ultrasonjc wave,
ther ASRNETION G 4Bhid 37 afelr t BEBTREFdNAg §h%h B3 e the

i1 Lat [ iyection.af _a Ll 1ol
R hee B S Rer ot aroffaag, @7 SR RIRIE S8 DugPer and
thabovde, widre tthe ntd sombonvevaate atsansiiing ngpilank Bhat

and the holding jig 6 are.oscillated in the directjon
acBPRgoRRsRe il Ath Ther EABEnEP e & HOP SO bt hhBS
theéhelappabatius Wwandofe ehéeel buakngsuppess, ties

unevenness of cleaning of the object to be cleaned 4

vikRatéad FerdcefT ddtavely PEABOE Pife thdr (I teyn portion
ofkgﬁg’u@t@éﬂéﬁ¥%§ngéh@gQﬁQ%kk@Ehﬁ”ﬁ?ﬁﬁtﬁ?&ﬂ%rason'C
k and t he hol

wave transmtting tan ing Jig IS not
supespbpisetedhen \hartd cub e . wkeeseranphe, taradi stiancenof

v iR SSEULEALED oL, L5, MLL 52001, Ui Leansid 14100,
thhBendiectinen Hfjdde wschél at baRedSuMilardie cleaning
tank 2.

The cleaning tank 2 accommodates the cleaning
liquid 7. Here, as the cleaning liquid 7, chemical
solution such as SC-1 (mixed sclution of ammonia water,
hydrogen peroxide water and pure water) and the like can
be used, or pure water can be also used. The
temperature of the cleaning liquid 7 can be, for example,
5 to 90 °C. The cleaning liquid 7 is supplied from a
cleaning liguid inlet (not shown), which is provided in
the cleaning tank 2, and discharged from a cleaning
liguid outlet (not shown), which is provided in the l

cleaning tank 2.

11



a distance of the oscillation of the holding jig 6 can

be 1/2 length of the vibrating plate in the direction

of the oscillation of the holding jig. In this way,

the ultrasonic waves transmtted to the surface of the

obj ect to be cleaned can be nore effectively nade

uniform and the unevenness of cleaning of the object
[0DA8ke cl eaned can be nore suppressed. [0023]

Next, the ultrasani ¢ cl]eaning th accordi ng to the

pr esBfit S?‘ﬁy@nﬁ%m'l Ihgea%(;(pF negg’ 1n t%q %ﬂﬁwreasonlc
clebbraspnigh £ £ant ng sethediagtedidie: trddhenpreseshtion

i nvention, with the ultrasonic cleaning apparatus 1 as
thehswensdimes 9 ARAJCFRGribBatike dledf ng FFqupdaged at

for | ' eanLn j.ect .
ehig g U AN S RERE LR sRLEE g e (0B BR0E s g
taalkeani nghld guikdak irchepigae Sokahi eupsugiv sss HEAasewlic

the like can be used,  or ggre wat er cap be al so used.

WaTRe (digeriatan IBRCFRESE| BANtRG NIRRT Tan’ be? FBF

tr%%%%@ﬁ%iﬁ%té%égkc%.These conditions may be sel ected
according to a cl eaning purpose. Then, the

trangaicet i ngewataeru B f of reqapsayt bifnghel thrasedcsvaves

to,the cl eanin ank is.accao t in the
Caﬂlpﬁasé%ﬁz%éﬁébi?angﬁpt%ﬁﬁg%fgﬁﬁqgfﬁg%d RS %1 eani ng
cohdnk i2rss hélt @t Bemt haasBicdog pties 8 cleaning

accommodated in the ultrasonic wave transmtting tank

PUZPOFife GBjbCiS tRPberesbanedcd itg WA IFH R he ot bl AYnI
th%lgf%f% A{IRISEL LR Lhﬁiﬁée%@éahédf¥¥6%7épproxiﬂgtely

accommodat ed i n the cl eani tank 2. 024]
1 HHawenab MG thd aedoFh G efBectn drheehs tpasonctes to be
| eani hg apparatus 1 according to the present
enﬁﬁ@@ 'on, the transducer 9 and the vibrating plate 5

are phaeededl, the hthomporitonief thedddimsanitace of
wave transmtting tank 3. The vibrating plate 5 can

thsugdepasie qul 13k ohi BaWales ovi Br 8licsiPifehef B RY- by t he
trangduget 9L d g, dyansmit wgrtggto%&& waiie

ul trasoni ¢ waves superposed wt e vibrating plate 5
tranentiransmy ttadk t ® dbeonhedaitryg ttdrk 2Zramondughnygheater

transmtting water 8. Here, the natural .
5 EPEQISRCTbr: T t FansBEEER 87 d4n o F orO eXAipf b27569
takiRz 2t.0 #n2 Mizanfheper £oRdRtignpuks ik@l rasdricted in
particular. Wilizing the ultrasonic wave of a high
trepeguadrdy dfwalpr oxd nacepymedpiederdbltidse thet F2pdUar wave

trg%%%g%tqgg}gﬁﬂggrﬁicles to be enhanced. In the

rasoni eani hg nmet hod according to the present
I nveptcAna tfhetaijedthd® tiee chkanadosiics wave
ultrasonically cl eaned while oscillat

| ng the ,
trgperaddiing vetfek t 4 ah%n?ifr?ﬁgefﬂaﬁkltﬂ# A MorFLoAL AR

taBk@P€. and the transmitting water 8 is supplied between
the cleaning tank 2 and the ultrasonic wave transmitting
tank 3 is useful for the contamination of the cleaning
liquid, a temperature resistance problem of the
ultrasonic wave transducer when the cleaning liquid
temperature increases and the like, which occur in an
ultrasonic cleaning apparatus having such a feature that

the ultrasonic wave transducer is directly arranged at

12



As described above, in the case that the object to be
cleaned 4 is ultrasonically cleaned while oscillating
the ultrasonic wave transmtting tank 3 in a
hori zontal plane, the ultrasonic waves transmtted to
the object to be cleaned 4 are made uni form thereby
t he unevenness of cleaning of the object to be cl eaned
thd canabeéngupgmrdssed, and the particles can be
[Ogééictively renoved. In addition, since the ultrasonic
s transmtted to the object to be cleaned 4 becone
uni fregpe, i & bRapet Jreaessatyldnad figl vraki hyptof the
cl eaning tanks are provided and the_object to be
regtsafEEI4 1me|Rh 5 kIt he- hoToF ng=XfTPEL6 /i &5r S&OMEnhgdd FLG-
[ t her, cl [ UL cheanj T
18 P PR Ak G HnbeE gt 105 e Tiibos e obet
hotabhnbhemeahsaquent lwhieduketlds the obHeras, ttdhée cleaned
ul trasoni c wave transnittingatink 3.can he oscillate
n

4 fromnfedPrrectiths iTPS RoPP _&P Hp&ﬁQ S reURANDT &S

wi€Anthe heneateflnedmyed; r opuside ch@sSififad. 1In
rotationally noved. [0025] In this case, the

adfotdbng jai @léirasl gt woo preher ablipcéscitd dteedigpned are

o18f6tnARg. nole o AbSdREHTbRa HEBYET wrer 5 na hi 9t s

jifi@.6 is also oscillated in a horizontal plane, the
unevenness of cleaning of the object to be cleaned 4
can Bee nbt BrappPedy VEl%e S PR eskedednt 1the th&r A& 109

pl%@? geaq%r%ﬁ?ﬁ§ﬁ%éﬁ@%ytéefﬂgegieaning €$H§%2t{ﬁ%ough
ofding jig can be oscillated in any directions 1n a
thhotirzanstilt tilranesatfer &xanbtesteanibg nepeatizoiydeadved
fromside tq .side, or rotationally ved. In order to
thy BVEAP e IIBHT g TIRGra PorPmebeinl 1 UrIT et o ¢ henk
2 bRhdiRg j1ii%keb iss n5afied pbhydosakl katethiiny thiequid that
~direction of a right angle to the direction of facing
isFlgrolAonitRcE Moritzomtal 2pkanedet Rdt e Strideng wave
gr?éE?%tbqgfykéﬁfuﬁﬂ&?%qgeé@etgbbchlEgn%%.qlﬁﬁp%ié%ned
n Is"way, there 1's also an advantage that the
byckeanidngrikisquire dues twoought wvibeadtdmtact with the
géiace of the object to be cleaned 4 nore uniformy.
[Oﬁ 6] In this case, as shown in FIG 2, the
ul t resoNh e waventilcarsldrting dgpkratapdathedialdi nd the
jig 6 can be oscillated in the direction of a right
praaght tovemd imtotirerpTevadadr v2éht ahepltaifgismitting Agank

o= ESFALISH MRRISy MIEny S e LHERSONLE g sesrhLi0nc

wadkr eebhemiaft iang itghik ahgie tohomé zamatalerp iana.
hori zont al pl ane, the unevenness of cleanin% of the
I

obj €tt tBOHB dPed&d 4 'vante hbRRSBEFELVEANS
oséyﬁﬂﬁ@ﬁﬁﬁdm@ﬁ%éﬁ¥éﬁaii'Hh@sacéﬁiQ%dﬁnﬁ%ﬁgfePﬁ'&ﬁayan

renoved. "Here, a distance of the oscillation of the
eccentric cam 14, and can oscillate the ultrasonic wave
transmitting tank 3 in a horizontal plane by
transmitting driving force from the driving motcr 13 to
the eccentric cam 14.

The ultrasonic cleaning apparatus according to the

present invention relatively changes the position of the

ultrasonic wave transducer 9 and the vibrating plate 5

13



ultrasoni c wave transmtting tank 3 and the hol di ng
jig 6 is not restricted in particular. For exanple, a
di stance of the oscillation of the ultrasonic wave
transmtting tank 3 can be 1/2 length of the vibrating
plate in the direction of the oscillation. Simlarly,
a distance of the oscillation of the holding jig 6 can
agbéngt2 thengih esft tthe bébcaeangdpwa&@WQSQikﬂiﬁi@@ttbﬁ

f the.oscill ation of.the h0|dl th S
UI?ﬁésﬁpﬁFh§6ﬂfc1ﬁﬁV%§mf?gﬁ§ﬁ1 J%he stit %%%noglthe
plehEkeet tho the Gdr.%a[@ﬁilt:@ﬂngetaake o%fd‘leLCIawﬁig/ medkanism

uni form and the unevenness of cleanlng of the object
12t gsheaegkadhad e ber nbhershgpress &gk ddzez]ultrason%\g

wa§¥R! al %%%n@bcoc & 48 {he Yltrasanie qhrand apys

accord present 1 nvention, since e o | ect
cltankd @ImmﬂﬁbﬂmaLﬁamasoppcabbytmkemmﬂyaﬁnésﬁ of
OSCI||atIn%§{he ul trasoni c wave tra sn1tt|£g tank in a

clRgripgncdl HamPlete tnebenfese dredthgd Dt the
ef?@b%@%eﬁ% @%nﬁ%ﬁ@n@@eC?Qr9§c§@ﬁpreiﬁe@ddﬁﬁgxhhe since

particles can be effectively renoved. In addi tion, the
thebpéctaﬁ@muycﬂ&%ﬂ@dtnansmetmﬁﬁré@omhﬁﬂqaﬂ%¢%ah@dbe

f I k and h
1 HBparabub eals ol BetPeanted S F MERoY Y hayai &

plaRaddvantage Hhatldde: pbt casasi areaye dviahsdi dfid nghe
tank can be oscillated wthout contam natjng and

obj aff| thRgbenelqamd n Pedi Hith the APhing 13%ke 1s
re%99§§ ed. intq 'é%{@m@{tSEEthﬁgp%%wtddﬂV@tép@amhb

I"ai ned 1 n nore detal on Exanple and
Thébu@aaa&mmeﬂ@nﬂﬂﬁin bunbtheopeesemtd ithempohrfsunotost

can %trE%%%%nggéﬁf'réggggb. (E%agghgt%%n, a space for
oscillating the holding jig in the cleaning tank is not
required.

Here, the ultrasonic wave transmitting tank 3 can
be oscillated in any directions in a horizontal plane,
for example, can be repeatedly moved from side to side,
or rotationally moved.

[0621]

In this case, the apparatus preferably comprises
the holding jig oscillating mechanism 15 for oscillating
the holding jig 6 in a horizontal plane as shown in FIG.
1A.

The holding jig oscillating mechanism 15 has a
driving motor 16 and a ball screw 17, and can oscillate
the holding jig 6 in a horizontal plane by transmitting
driving force from the driving motor 16 to the ball
screw 17.

As described above, when the apparatus comprises

the holding jig oscillating mechanism 15 for oscillating

14



Wth the ultrasonic cleaning apparatus according to
the present invention as shown in FIG | A and FIG 1B
three silicon wafers having a dianeter of 300 nm
whi ch were subjected to mrror polishing, were
ultrasonically cleaned for 10 m nutes while
oscillating the ultrasonic wave transmtting tank.

thAf herl dtilmgy cjliearﬁ n'm 4 heoparbintkds rifartche Wt ergpaeseus

measur ed er surface,i nspectl on aratu
o B e 11 KU CPRE R e Bo kU 1 b 4228100
ofwaher oiedogen }:P@r@l(ééiﬁe!ﬂlaﬁehn@nd:aﬁurnﬁ)ﬁ@t@fféé?ﬁ:lﬂt)ely
was use and its mxture ratio was 1:10.

The
rem@ﬁﬁerté]teur};@Jﬁlq}@S cPEafp A LLdding \ﬁalsscr;otf@ alhalfih@g jig
6 EEGQU%?&¥“q£.&Qp éﬁgsonlc wave was 1 MHz. As

e nu er of the particles was 301 in wafer
1, 28éren %ﬂéehdadﬂﬂgijiﬂ.Gncaafbe 3scElGatet{ An any
shoms conditions of the icles on the su%face of

dirRELHRNSr s Tafd Ot hePRt e nP grer for AWM tFngf§” PE

re%%t@@lﬁz %xﬁéﬁlfff&ﬁtgﬁae LB %Q.@éa“os.conrc\ﬁ&é@lonally
npar ati ve Exanpl e descri bed bel ow, the renoval

mogfflect Ionotrke rpdrct itescemasthapréged iamed ipid 7 from

nodBLENES B Slonina: 2l LS YRS S 088, slppyesoed

ostlitnased Gal Inh«|eanedt wohl e £t e diQjreh rtglqll@ wasthe
si mul taneously oscillated as shown in FIG in
diggaittioan oo ﬁarrelrs%n%l%onaﬁt i dfs aaél%éa%ﬁﬂ@& PhAget hehat

1sP2Y ShEs I AT YRS AT upk e Taeples i
clweafed 3, 171 ithiwafwery 2, tlaedel154 bBAswaker &BlvditGge that
the cleaning liquid 7 is brought into contact with the
surface of the object to be cleaned 4 more uniformly.
[10022]

In this case, as shown in FIG. 2, the ultrasonic
wave transmitting tank 3 and the holding jig 6 can be
oscillated in the directicn of a right angle to one
another in a horizontal plane.

As described above, when the ultrasonic wave
transmitting tank 3 and the holding jig 6 are oscillated
in the directidn of a right angle to one another in a
horizontal plane, the apparatus can more effectively
suppress the unevenness of cleaning of the object to be
cleaned 4 and can more effectively remove the particles.

Eere, a distance of the oscillation of the
ultrasonic wave transmitting tank 3 and the holding jig
6 1s not restricted in particular. For example, a
distance of the oscillation of the ultrasonic wave
transmitting tank 3 can be 1/2 length of the vibrating

plate 5 in the direction of the oscillation. Similarly,
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4(B) shows conditions of the particles on the surface
of the wafers after the cleaning. Accordi ngly,
it was able to confirmthat, in conparison wth
Conpar ati ve Exanpl e descri bed bel ow, the renbva
effect on the particles was inproved and the
unevenness of cleaning of the wafers was nore

a sippressecf [(008S19s¢Tohparani wé Eranpl@)dMig hjitet can

c entional ultrasonigc cleanin pparatus as. showa in
bt C S A R e o R
theade Ganditi s ast xanplaihgexaent ah drEanivgy, the

W t hout, the oscillation of the ultrasonic wave
ulfragomita iwiy @ank: anemt REeHoltqi A i fer thE the

obﬁ@% i%k?%é“%f%{ﬁ%@“&gg-be more effectively made
uniform, and the unevenness of cleaning of the object to
be cleaned can be more suppressed.

[0023]

Next, the ultrasonic cleaning method according to
the present invention will be explained.

In the ultrascnic cleaning method according to the
present invention, with the ultrasonic cleaning
apparatus 1 as shown in FIG. 1A and FIG. 1B, the
cleaning liquid 7 for immersing and cleaning the object
to be cleaned 4 is accommodated in the cleaning tank 2.
Here, as the cleaning liquid 7, chemical solution such
as 8C-1 and the like can be used, or pure water can be
also used. The temperature of the cleaning liquid 7 can
be, for example, 5 to 90 °C. These conditions may be
selected according to a cleaning purpose. Then, the
transmitting water 8 for transmitting ultrasonic waves
to the cleaning tank 2 is accommodated in the ultrasonic
wave transmitting tank 3, and the cleaning tank 2 is put
into the transmitting water 8 accommodated in the
ultrasonic wave transmitting tank 3. The object to be
cleaned 4 is held with the holding jig 6 and immersed in
the cleaning ligquid 7 accommodated in the cleaning tank
2.

[0024]

As shown in FIG. 1A and FIG. 1B, in the ultrasonic
cleaning apparatus 1 according to the present invention,
the transducer 9% and the vibrating plate 5 are placed at

the botfom portion of the ultrasonic wave transmitting
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As a result, the nunber of the particles was 2994 in

wafer 1, 2749 in wafer 2, and 1545 in wafer 3. FIG

4(C) shows conditions of the particles on the surface

of the wafers after the cleaning. As shown in FIG

4(C), there resulted in leaving the particles, which

wer e regarded as being based on a polishing agent,
tamktBoutThenwibm@tiﬁ@Dxﬂate 5 caTabbperpoisenws itttreasonic

wa?%ggig]i \ﬂr&’e%%%{ ags of g‘pl esti’%e tranr;%a uacteirve9 %ﬁ%g
transmitting water 8. The ultrasonic waves superposed
with the vibrating plate 5 are transmitted to the
cleaning tank 2 thorough the transmitting water 8.

Here, the natural frequency of the transducer 9
can be, for example, 750 KHz to 1.5 MHz. These
conditions is not restricted in particular. Utilizing
the ultrasonic wave of a high frequency of aproximately
1 MHz enebles the removal effect on the particles to be
enhanced.

In the ultrasonic cleaning method according to the
present invention, the object to be cleaned 4 is
ultrasonically cleaned while oscillating the ultrasonic
wave transmitting tank 3 in a horizontal plane.

As described above, in the case that the object to
be cleaned 4 is ultrasonically cleaned while oscillating
the ultrasonic wave transmitting tank 3 in a horizontal
plane, the ultrasonic waves transmitted to the object to
be cleaned 4 are made uniform, thereby the unevenness of
cleaning of the object to be cleaned 4 can be suppressed,
and the particles can be effectively removed. In
addition, since the ultrasonic waves transmitted to the
cbject to be cleaned 4 become uniform, it is not
necessary that a plurality of the cleaning tanks are
provided and the object to be cleaned 4 held with the
holding jig 6 is rearranged into ancther cleaning tank
during cleaning. The cleaning tank can number one, and
the apparatus cost can be consequently reduced.

Here, the ultrasonic wave transmitting tank 3 can
be oscillated in any directions in a horizontal plane,
for example, can be repeatedly moved from side to side,

or rotationally moved.
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WAFER 3 COWMPARATI VE EXAMPLE 2994 2749 1545 EXAMPLE 1
301 286 281 EXAMPLE 2

[0025]

In this case, the holding Jjig 6 is also preferably
oscillated in a horizontal plane to suppress the
unevenness of cleaning.

As described above, when the holding jig 6 is also
oscillated in a horizontal plane, the unevenness of
cleaning of the object to be cleaned 4 can be more
effectively suppressed and the particles can be more
effectively removed.

Here, the holding jig 6 can be oscillated in any
directions in a horizontal plane, for example, can be
repeatedly moved from side to side, or rotationally
moved. In order to prevent the cleaning liquid 7 from
being ruffled, the holding jig 6 is preferably
oscillated in the direction of a right angle to the
direction of facing FIG. 1A, in a horizontal plane, that
is, in the direction of a surface of the object to be
cleaned 4. In this way, there is also an advantage that
the cleaning liguid 7 is brought into contact with the
surface of the object to be cleaned 4 more uniformly.
[0026]

In this case, as shown in FIG. 2, the ultrasonic
wave transmitting tank 3 and the holding jig € can be
oscillated in the direction of a right angle to one
another in a horizontal plane.

As described above, when the ultrasonic wave
transmitting tank 3 and the holding jig 6 are oscillated
in the direction of a right angle to one another in a
horizontal plane, the unevenness of cleaning of the
object to be cleaned 4 can be more effectively
suppressed and the particles can be more effectively
removed, |

Here, a distance of the osciliation of the

18



196 171 154 [0034] It is to be noted that the
present invention is not restricted to the foregoing
enbodi nent. The enbodi nent is just an exenplification,
and any exanples that have substantially the sane
feature and denonstrate the sanme functions and effects
as those in the technical concept described in clains
ulbfasheipr @semt tnarsmioniagetansl Gdedd mhehdalabimg chlg

6 %goggtoge%%%ﬂgﬁggﬂgniggggiégyar.CL@%ysexample, a
distance of the oscillation of the ultrasonic wave
transmitting tank 3 can be 1/2 length of the vibrating
plate in the direction of the oscillation. Similarly, a
distance of the oscillation of the holding jig 6 can be
1/2 length of the vibrating plate in the direction of
the oscillation of the holding jig. In this way, the
ultrasonic waves transmitted to thé surface of the
object to be cleaned can be more effectively made
uniform, and the unevenness of cleaning of the object to
be cleaned can be more suppressed.

[0027]

As explained above, in the ultrasonic cleaning
apparatus according to the present invention, since the
object to be cleaned is ultrasonically cleaned while
oscillating the ultrasonic wave transmitting tank in a
horizontal plane, the unevenness of cleaning of the
object to be cleaned can be suppressed, and the
particles can be effectively removed. In addition, the
object to be cleaned can be ultrasonically cleaned
uniformly by using one cleaning tank and thereby the
apparatus cost can be reduced. Furthermore, there is an
advantage that the ultrasonic wave transmitting tank can
be oscillated without contaminating and ruffling the

cleaning liquid in the cleaning tank.

[0028]

Hereinafter, the present invention will be
explained in more detail based on Example and
Comparative Example, but the present invention is not
restricted thereto.

[0029]
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1. An ultrasonic cl eaning apparatus having at | east

a cleaning tank for accommodating cleaning liquid in

whi ch an object to be cleaned is i mersed and cl eaned,

an ultrasonic wave transmtting tank for accommobdati ng

transmtting water through which ultrasonic waves are

transmtted to the cleaning tank; a vibrating
(Ephapd eplldced at a bottom portion of the ultrasonic

wave..tran tting tank, t vibratin
supe@ﬁ%giﬁg]tﬁét% SPAsighi & Sdvesdo apgﬁeaﬁpgngﬁﬁﬂrdifg

towaher pMddera tiansettiCer; agndhown i Tt di @ phg Faoc. 1B,
hol ding the object to be cleaned in the cleaning tank,
thrge &aaa@mévqﬁﬁmfwma Bbféamets e il ¥hautj swhich

wellk! g%@g%‘&l@g B‘coc'ré?la.ﬂféiﬁb%!owgﬁﬁﬁ ng Jde %%s&&@glly

cle wth di ng jl ‘in the cleaning
clkkqeidd facc dinodatede s nwh heecbeanilig thiank, tiputuitga sheic
cleaning tank into the tr sn1tt|nglmater acggpnndated

WaTR ERETGITESO e vHEnShi FEPng AR %n

paktaﬁq@st Um&ﬁéﬂeﬂﬂéféw&é waues redperinased watdrthe
brating plate to the cleaning tank through the

supfaﬁ§mlm|wumrerapparatu@ he Apphhat g3 ceommd Sliimgrid,
thgr%lﬁl ttkﬂggﬁﬂpk Q§C$$$gﬁﬁggwg%%hamﬁ¥q%()ent ipx1de
an

OSCi 9 aSORT ¢ ave "t dn a

wab@ﬁ:l 204t @Iur@ anter 2{3dhe) ukhsaseRridg czirﬁzarmtnag mixture
paratus according to claiml1, further conprls ng a

raﬁéPdWﬁ@ ilitd :dfei 11 AETREFRPT SR Por tHSCITLSAN Y t he
1Ll ey 10 0 arberiaentalios. oSl hiaen
wave was 1 MHz.

As a result, the number of the particles was 301
in wafer 1, 286 in wafer 2, and 281 in wafer 3. FIG.
4 (A) shows conditions of the particles on the surface of
the wafers after the cleaning.

Accordingly, it was able to confirm that, in
comparison with Comparative Example described below, the

removal effect on the particles was improved and the

unevenness of cleaning of the wafers was suppressed.

[0030]
{Example 2)

The wafers were ultrasonically cleaned while the
holding jig was simultaneously oscillated as shown in
FIG. 2 in addition to the same conditions as Example 1,
and the particles were measured by the same way as
Example 1.

As a result, the number of the particles was 196
in wafer 1, 171 in wafer 2, and 154 in wafer 3. FIG.

4 {B) shows conditions of the particles on the surface of
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claim2, wherein the ultrasonic wave transmtting tank
and the holding jig are oscillated in the direction of
a right angle to one another in a horizontal plane.

4. An ultrasonic cleaning nethod conprising the steps

of : accomodating cleaning liquid in a cleaning
tank, the cleaning liquid in which an object to be
thel varted s s itmersled ahdanliegned; acconmmodat i ng

transmi tti.n ter.,in an ulfrasonic ve transmitting
tank?cfﬁédﬁgg%%ﬁtﬁﬁrﬁf%wé%éet ?oﬁaﬁ%%ﬁﬁbﬁﬁ% rasoni c

compwes saire Wi hp £dat ovehexehgar nipdarnihed below, the
placing a vibrating plate at a bottom portion of the
refipveds Shife Sava t FadshRrEELRgeEaniks tFP XA HRatIng blate

unSYREHRQS Ngr the, uh i pasgri %hwa@o% thest hapsnit, 'bt&%ssed.

water wth a transducer; ng the objec
be cleaned with a holding jig and i mmersing the object
[Obg ?e cleaned in the cleaning liquid accomobdated in
& cl eani ng tank; putting the cleaning tank

(cbﬁggﬂgﬁidé%ﬂggmgiépg wat er accommpdated in the
ul trasonic wave transmtting tank; cl eani ng the

obj e@ithothe eclogairad innghsohttappyipy ctleamsmd ti ng
sehUS AL SPERVES FYRETBOSEH MILLNE WALAL
ulwebkebn W8l itleaned in the same conditions as Example
1 except of cleaning without the oscillation of the
ultrasonic wave transmitting tank and the holding jig,
and the particles were measured.

As a result, the number of the particles was 2954
in wafer 1, 2749 in wafer 2, and 1545 in wafer 3. FIG.
4(C) shows conditions of the particles on the surface of
the wafers after the cleaning.

As shown in FIG. 4{C), there resulted in leaving
the particles, which were regarded as being based on a
polishing agent, without removing.

[0032]

Table 1 shows the combined results of Examples and

Comparative Example.

[0033]
WAFER 1 WAFER 2 WAFER 3
COMPARATIVE
7
EXAMPLE 2984 2749 1545
EXAMPLE 1 301 286 281
EXAMPLE 2 196 171 154
[0034]
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the object to be cleaned is ultrasonically cleaned
while oscillating the ultrasonic wave transmtting
tank in a horizontal plane. 5. The ultrasonic

cl eani ng nmet hod according to claim4, wherein the
holding jig is oscillated in a horizontal plane.

6. The ultrasonic cleaning nethod according to claimb5,
wher &t nish&ouber asdmict vimaie th%n@ﬁeﬁfﬂnﬁg inaek tdred tiee

nofOLALRR o Are, O36L | Lot el 0ot R Slgpion a2 1 on
emEbGﬁméAt is just an exempllflcatlon, and any examples
that have substantially the same feature and demonstrate
the same functions and effects as those in the technical
concept described in claims of the present invention are

included in the technical scope of the present invention.
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2/ 5 FIG 1B 16 13

CLATIMS

1. An ultrasonic cleaning apparatus having at least

a cleaning tank for accommodating cleaning liquid
in which an object to be cleaned is immersed and
cleaned;

an ultrasonic wave transmitting tank for
accommodating transmitting water through which
ultrasonic waves are transmitted to the cleaning tank;

a vibrating plate placed at a bottom portion of
the ultrasonic wave transmitting tank, the vibrating
plate superposing the ultrasonic waves on the
transmitting water with a transducer; and

a holding jig for holding the object to be cleaned
in the cleaning tank,

the apparatus in which the object to be cleaned is
ultrasonically cleaned by immersing the object to be
cleaned held with the holding jig in the cleaning liquid
accommodated in the cleaning tank, putting the cleaning
tank into the transmitting water accommodated in the
ultrasonic wave transmitting tank, and transmitting the
ultrasonic waves superposed with the vibrating plate to
the cleaning tank through the transmitting water,

the apparatus comprising a transmitting tank
oscillating mechanism for oscillating the ultrasonic

wave transmitting tank in a horizontal plane.

2. The ultrasonic cleaning apparatus according to
claim 1, further comprising a holding jig oscillating
mechanism for oscillating the holding jig in a

horizental plane.

3. The ultrasonic cleaning apparatus according to
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claim 2, wherein the ultrasonic wave transmitting tank
and the holding jig are oscillated in the direction of a

right angle to one another in a horizontal plane.

4. An ultrasonic cleaning method comprising the steps
of:

accommodating cleaning liquid in a cleaning tank,
the cleaning liquid in which an object to be cleaned is
immersed and cleaned;

accommodating transmitting water in an ultrasonic
wave transmitting tank, the transmitting water through
which ultrasonic waves are transmitted to the cleaning
tank;

placing a vibrating plate at a bottom portion of
the ultrasonic wave transmitting tank} the vibrating
plate superposing the ultrasonic waves on the
transmitting water with a transducer;

holding the object to be cleaned with a holding
jig and immersing the object to be cleaned in the
cleaning liguid accommodated in the cleaning tank;

putting the cleaning tank into the transmitting
water accommodated in the ultrasonic wave transmitting
tank;

cleaning the object to be cleaned ultrasonically
by transmitting the ultrasonic waves superpcsed with the
vibrating plate to the cleaning tank through the
transmitting water; wherein

the object to be cleaned is ultrascnically cleaned
while oscillating the ultrasonic wave transmitting tank

in a horizontal plane.

5. The ultrasonic cleaning method according to claim

4, wherein the holding jig is oscillated in a horizontal
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FIG 3 103105109108 5/ 5 FIG 4 (A

plane.

6. The ultrasonic cleaning method according to claim
5, wherein the ultrasonic wave transmitting tank and the
holding jig are oscillated in the direction of a right

angle to one another in a horizontal plane.
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