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[005] Another object of the invention is to apply ultrasonic wave energy to a wafer for
sufficient cleaning but however avoiding to high local ultrasonic energy.
[006] Yet another object of the invention is to treat a wafer with a very low amount of
liquid because of environmental and cost reduction purposes.
Disclosure of Invention
(007} The invention meets the objects by providing a device for wet treating a flat plate-
like substrate comprising:
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[012] Another advantage of the invention is that the wafer is moved in the field of
ultrasonic wave energy, which leads to equalizing the ultrasonic waves applied to the
wafer.

[013] Although not necessary in an advantageous embodiment said plates are sub-

stantially horizontally arranged, which leads to the advantage that the wafer can easier
be brought into the device.

[014] In another embodiment means are provided for rotating at least one of said two
plates. Such means may be able to rotate the first or the second plate.

[015] In the case said means are for rotating the first plate they may be simultaneously the



pl ates. Such neans may be able to rotate the first or
the second plate. [015] In the case said neans are for
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during treating the wafer. Such first spacer means can be gripping pins. Providing a

small gap gives the advantage that only a very small amount of liquid is needed for
treating the wafer.

[024] In a preferred embodiment second spacer means are provided for keeping the
second plate and the holding means in certain distance during treating the wafer to
form a gap between the wafer and the second plate of 0,1 mm to 10 mm preferably 0,5



treating the wafer. [024] In a preferred enbodi nent
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[030] When an opening in at least one of said first and second plate does not include the
rotational center liquid will be vertically move over the rotational center between the
plate and the wafer. This avoids a possible zone of dead volume.
[031] If at least one vibrating element is arranged to cover the area of the rotational axis
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[036] In one embodiment a wafer is rotating, which leads to additional shear rate between
the wafer and the adjacent plate, which enhances cleaning efficiency. However, al-
ternatively said second plate may rotate.

[037] During term of processing substantially the second plate may at least temporarily
cover all parts of one wafer side.

[038] Advantageously said second liquid is inserted into said second gap through an
opening offset to the rotation axis.

[039] Yet another aspect of the invention is a device for wet treatment of wafers

comprising



the wafer and the adjacent plate, which enhances

cl eaning efficiency. However, al ternatively said
wGemendi3pt ate nay rotate. [037] During term of PCT/EP2004/051159
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st andi ng WEF®dcan be avoided. This effect is enhanced
[0401 anglfeilizdsonis Waesssar¢ HizgrtedSo a[Wodkt Jat dmartgheen’i afesm thed 89° the

devi G@Cuhjgﬁ‘le @Jatg%mggkva@é L3 oidRY. mrg?feusis efhafibdint ﬁ%le o is

pl ane or sl ante nes e| n at |east one of said
at | basthapiy. transducers |s pl aced. [042] In an

[0451\?] vant Bgtﬁ@ uscioh achicmné a(ﬁﬁ?dtﬂerﬁtelémﬁ mNéonipraa & dlaaied plane or
| C nt e
‘1? Efaneﬁ v?thetrem %Elaas%l q sapid %pl%a% oﬁ%é&%ﬁ%ﬂs dl@&) aed.

coup
[0423r nedlraueadva@fagaéucmbﬂdenent sal at ke preicensdudes ahigh is placed in a

ﬁgu p %Jlgﬁ’tg& Elgﬁtg'tléjacfohs{t%?%bpéo%bﬁd tca_ %lgmkdnﬂb’dﬂte ﬂlQuthcﬁarﬁ&ﬁ NART in-

Shal [PTBESIEE élatl@&halflmr fine bl souelit o did S cthe tiquia
may hetheaikented may &s séparafeel. fpm rlmlhyqutdewnh whiahghe wafeeshall be treated,
a meﬁﬁ!)u%(hr argemﬁrtaﬁé @h&?ém@ﬁlﬁﬁhé Lé 895?@53%1@% g C}Jo?}l tetra fluor

able to trasoni ¢ ene
i nt ePRERR) areetaligei SéPll?slﬁS&ﬁE’é]r OF &ny, é‘&“‘é&l e & rangmteylirasonic

cwcemargyt IS possible to permanently renewllqwd in

[04 ] gu IC g ﬁ%ﬁgtgpneﬁ%? gq%g b%é gsgzg)lsuéecﬂ Elglglﬁ%grclﬂ 1? is possible to
the perfrenent]yo4udw Fai b craret o aheatiows G epol the intermediate liquid
adj ugh R, ’ﬁﬁse%ms%x&@mat SR1Rh BiHeAVatef @ plurality

of transducers ast one ul trasonic enerat
0449 sep gtogpey gléni)({dglplét sg%‘t} [y refengents COIan’IS an array o aplurahty

of transducers with at least one ultrasonic generator to separately agitate said plurality

of transducers in a phase-shifted way in order to generate an ultrasonic wave directed
from said array of transducers at an angle o’ of less than 89° (advantageously less than
85°). This means that the wave front is slanted by an angle o of more than 1°
(advantageously more than 5°). Preferably wave front is slanted by an angle a of 20° to
45° - more preferably 25° to 40°.

[045] If such adjustment-elements comprise an array of a‘lplurality of transducers such
array may be arranged parallel to the plane provided for the wafer when treated.

[046] In a preferred embodiment said array of transducers is a two dimensionally
arranged plurality of transducers (e.g. minimum 5 by 5).

[047] Good performance can be achieved if the quotient of the distance a of the first plate



of transducers in a phase-shifted way in order to

generate an ultrasonic wave directed fromsaid array
woRoosnasgducers at an angle a' of |ess than 89PCT/EP2004/051159

(advant ageously |l ess than 85). This neans that the

wave front is slanted by an angle aof nore than 1

(advant ageously nore than 5). Preferably wave front is

slanted by an angle a of 20 t® 45 - nore preferably 25

to 40. [045] If such adjustnent-elenents conprise an

array of a plurality of transducers such array may be

ar r atogbelwpigr arfage facngtshid fisst phpte 3ddhe pleen disiencelskbefygea ithe centers

B P i
ofii 1o, fis P Rnes HiEthotipa b MeeSHTaRS Wage BpkRig58 ne mean
Gooddigandect trawes thacenkxes afctivo @ediecenit fransdeceguiof themraya$ greater than 1
the dj.st fi
t nci (st BPGPoodinC e el ofiaALE B b B 6 achbdotifisducens of
bet wlbeen s elatablyqop grepigiohanthg avelength Hsude gﬂ%ﬁﬂ&ﬁﬁﬁ%@ distance

arr fa& id ot gfefﬁﬁf ﬁfan hinass the ﬂ@ﬁl?d wabdlengtO¥ & thé transducer and ultrasonic
preferred i.f .the otient.of the ' _yht r,asoni.c .

bt diaed S asgdin Qe e R B, [ REN device o
cent westraiments @adfigeredhfor aguenssitpdwions withtah goundrmgpagstion velocity

gr eabe150pRa0 the dedited wavdlength s 08 hed. MPIE Entagdol@mEBAdIstance d is
di stance d of t e@ig%tlerﬁéof adj acent transducers of

the BFIP¥y PR e ¥ Hot™Pr eat er than the

[049avel ehgd prefetred edhpodiAdntahd wgitoDsf yhedirsly afi rensdugess is ot least three
gr eat.er Ty i I - .
O <ol 4120 et BCoEEREFH A Bl sk
specPRiedDzdDength 1 MHz (= 10 1/s) and the device

[o3ar hmemtaaeaaiéa'g@ms deSice e@ﬁb@éf g6echnd pl?@wgbsg&rt]i?w parbldd $o said first
W t S.oundad- agati on v ocl t Q 0 S
s PR GV HRRL ARAAGh: PRl I Buf Sebilfpap beween
di st said eecdnd platgeindw wafervhep beihg iredieds Thisl roovidessheypassibility to si-

[ 049] ki dufly fc8h bGH sRBNG WRE, the width D of the
array o trans UC?TS,IS at | eas

f d t three tines as Qi S

0fe"ti SpaiheEivaretof e erfant & Brethod TP ety aingle RS

sur f asepidisied Nng said first plate (D>3*dl). [050] An

advapt age devyi I second pl ate

subst anti g‘:’lﬁ)ﬂ \é{rsg]%eé’?ﬁ%}éhgg%épi rst plate wi.th second .

di sp&nsi ngPwEiding Figpt nlate o plgng £ fadng the oyakpr shopehy greating a

gap bet weefrssgdptbracksade @l ate and a wafer when being

treated. This _.proyides.th 0ssSi bi | 0. .Sl ..

nul t aneo usllngs/ergﬁq%%ﬁrsgg@ﬂ& gﬁ%ﬂ gaééfé?sp%tapv\%%{rslﬁy S'J?’été&t]‘a“y completely

Anot her ashiiog sofl firdtgap nvention is a nethod for wet

treating aa%ﬂﬁﬂé flir FenGRYRS sadd 8t pAR| sdinhd uRaSdridRrgy is
wafer in a plané B providing a flrjt pl at8§°h Vi ng a

pl ane A f agipligd iraidplaneB ywraEaply ocotdessi fadyagtagegusly less
of a distamaeg8sl). inserting a first liquid into said

522, WSS It L4 i

first pl at sbgigntidiatparallelta servaerdyyapigpusifaces.

[052] In a preferred method said relative movement of wafer and first plate against each
other along a direction substantially parallel to the wafer’s main surfaces is carried out
by relatively rotating wafer and second plate against each other about a rotation axis
substantially perpendicular to the wafer’s main surfaces.

[053] Another method for wet treating a single wafer further comprises
. providing a second plate having a plane C facing the wafer thereby creating a

second gap of a distance d2

. inserting a second liquid into said second gap thereby substantially completely



applied to said plane B in an angle a of |less than 89

(advant ageously less than 85). relatively noving
wowedoeni1amd first plate agai nst each ot her al onPCHEP2004/051159

direction substantially parallel to the wafer's main

surfaces. [052] In a preferred nethod said relative

nmovenent of wafer and first plate agai nst each ot her

along a direction substantiallgy parallel to the

wafer's main surfaces is carried out by relatively

rotati ng waf er and second pl ate agai nst each ot her

about a rofilingoaidariosd gebst anti al ['y per pendicul ar to

[0641e V\/amfeﬁbl?&iuﬂng Whﬁ%@ ﬁl%cesﬁ;ﬁé 311bsﬁﬁhﬂﬁilbeill pRtsReend Wifer side are at

wet ting a er conprises
pr ovﬁ‘?ﬁsﬂ g@’é‘ g‘ﬁ&ﬁi’l\g‘eﬁ%‘iﬁnﬁa g ‘plane C facing the
[06&f er tl\ﬂi@h@ba}ccondamto nlgma%wbcmm sgalpﬂmaisoaiccbh&’gﬁap;éiedlﬂ) said first

| nseniddg, ﬁaﬁﬁ&% ehé} iéa 1§ ahid &%E ang gﬂ egfq than 89°
substanti al | sal secon 054
Pr ef é’ﬁ‘dé{BWg%Plb’ rll‘“g‘;S #@F Yr?@ BGHE @alelr §f tegppducers

par t svithf at fvaet ondfultrasGiiél genafa&)radi sdp@asdly agmaar pltlity of transducers
cover egggéls -sﬂl%ea eodo 1raor8?r% E:neizgg gl u glgsomc ARG rgq?c? ﬁom said array

claim erein EE6HT e BN

sai dof trm@tdu@ﬂrmt@ngoglc aof legstthansiRt |(@dventegag>ysly éesaph@n B&D.
[05@ sali dn R bﬁﬁ?&re@ théthé s 3Rt 8 varRl dhesSthe %Ter%gmg treated with liquid.

advan eous I ess t an 85 ener at ed an arr
O I ROGRY Bier e Rt e BRL b R LY £ apvoyRtors O 1 array of
ul t r agphurality € remsdticrs the psspshifiiedlieralyi t ate said
[01?’;']UIr al igyyngf de‘iaﬁl@gﬁdjé%ﬁ%?ﬁ a%f ﬁm%%ﬁﬁ&%ia bte%’a frbx?n the detailed de-

order to. generate an U soni ¢ wave directe
sai d SeRiey Abp PeferFrdsmbedigneat: an angle a' of |ess than

89 ( BaNDIgEAption ofepe DAAWIRE - [056] In a preferred
net hod i.s angle a' varied durjng the wafer, bein

[0§$]e at edigilishoys aﬁqhamatpq]crpﬁ,sgct@&% adirstgEbogiment of%he invention during
tr ans\%&edtﬁngmayafae nmoved by e.g. servo notors or if an
tr :¥e ig. ?Os@!ﬁég %sch[e at?c C e{sasg Stg)lfllcai)% 8%H% Ve%lrl]aggl?nzest osij}fxet 1ﬁven§ion in an
i nveﬁ’PWbﬁaféé‘Pr 1@@?&@*’& #eed fromthe detail ed de

[08@) | Pt 1N 3qhowrs REGEREHEHoREBA—NBE A ecoRl bﬁxﬁoc@ﬁx‘éﬁﬂdfﬂ{é i@¥ention.

t he ,ngs [058] .Fig. 1 shows a t|c
1080c1 1 oA SOFF p St irineraRB ! Blrd SuS P ofhf ivgntion.
[06&3t t r &ag.iSrhows wadhematid @68]sedFiog.of 2 pahoﬁ/éxeéomdfmmtmﬂnmnt of the
cr OS%W%E&&{ on of a first enbodi ment of the i nvention

in an en state for | oading a wafer. Fi
[08Hows 18 OB 7 ehETaHGpeEER G IdSviey g fa: of@f@‘&bﬁmmem of
of t fie inpergiohj on. [061] F| g. 4 shovvs a schematic cross
OELEICt ' Ol O]:Z V\séo%s a3l qlel%n‘{? pcerscpr %hsvse S1 éaz:\{ﬂele“é RP ear{ ofo a su&tﬁ erpggrdunent of
the ﬂ@nv@t@nbom ment of the invention. [063] Fig. 6

[ogsnows ¥is QNBoRt hr?er@ﬁ@&ﬁﬁ&& bY 21wl GigheNbisNUIfarn@n R alraPbr @

th enpodi nent of
transducers.

[066] Fig. 9 shows an enlarged view of a one dimensionally arranged array of transducers.
[067] Fig. 10 shows a schematic side view of an array of transducer with an illustration of
phase shift.

Best Mode for Carrying Out the Invention

[068] Fig. 1 shows a wet treatment device 1 according to the present invention. On a
horizontal mounting plate 41 with a central opening 42 a hollow shaft motor 8 with a
vertical rotation axis A is mounted. The hollow shaft motor comprises a stator 8s, a
rotor 8r and a hollow rotating shaft 23 fixed to said rotor 8r.



the invention. [064] Fig. 7 shows a schematic

perspective side view of a part of a sixth enbodi nent
wo@Rooshesstnventi on. [065] Fig. 8 shows an enl arpedER1084051159

of a two dinensionally arranged array of transducers.

[066] Fig. 9 shows an enlarged view of a one

di nensional ly arranged array of transducers. [067]

Fig. 10 shows a schematic side view of an array of

transducer with an illustration of phase shift. Best

Mode for Carrying Qut the Invention 068£ Fig. 1 shows
[060net e kavree aed ofebe ballow wet 32 @rdiests braugb thereentes ppening of the

i nv f ikt %un@g lﬁat’@ Qf 'aﬁ&fdltcléhneﬁﬁﬁlfd h Akt aﬂ:tfﬂ perpeniicilbr 8 said hollow
centr ow, shaf

Cort P 2 Shidhupiuct Ui heStaiiaction o G Peat s A of the
not ohollompirafts23spoas Straighthelentenofrtbe plated]. Ehcifiat plate|3dvs part of a
rota r

el Er%aé ﬁ?"ﬂ%@ﬁﬁ SRS iy Ot enleh lt%ﬁﬁvﬂ’le eripping
cent PHIS 38pBlshmésSp aferr@cwtm@tlymﬁ@ thai@u |aetf>‘eth£eat BRtghown) e.g. as
connggdceitled @ WS40 HY. pltah&ivd pln mewﬁemtl ethaalsnisQresdibdlosed e.g. in

2 ci DT RRs PSRy Pk b s Pen AR IR SRRT affemativery

shaf onig3hige eins chn keugkd ofwhick mﬂe ron@pmtlh eccphtaitaly3novaplgdor securely
f Ih r SEh\EUkﬁ{geché%Qeafe? tIP@tﬁér oeibpRg Qélbxﬁﬁih@ﬂel%ﬁé’d@ﬁe (Sl the number can be
cnuc i ch u her conpri ses n C nmov

CM° Kaneliotio v oaS oV BBl TR8 e plat 11 s Sroap oy thus

t hr otigdpies 3500t brog;ieang dovaiwastigvior) hoddigg tha svafke & mndlmnbatmthe first

di sob et e B %‘%@3’@8&%‘3 R e

en‘oo@P@témgl@ 4ghsa Se40 PR OT Gark Binkropghud fpagiftiy switch) the
thr eevamrnss?l}m@d l@@fré@ﬁﬂozﬁfbewweﬂ Bv®fhid cﬁﬂ@or@l nis
centrJl ca cure C

10701 ¢ héh Seé?rf%%?tﬁ é% scqrgﬁg?dhbe? Y Fll’é t%ﬁtgar grahtgﬁ? ﬁal(fl fikst plate 31.
nunbdihe sgnand elate&ithae thetsbapeod a\mrtnﬂalbchét andheepnihlevisni of the
;p: %Plgé& sﬁﬂﬁiﬁ%og%h@ ghagd dftgtreel ﬁ%‘t{ﬁ&‘@é&n& & NS kaSndPlate 32 is
e PG RteP AL SR is 4 an St iolypitar T high may also be
openeallaioup bgwt at satashipgatdespgetiyepi. Tte sevnd plaies2ds seiled against the

t oot ‘Itﬁ&%%}té&or%t& a%t@ %ng Qéa? gﬁﬂ# ﬁqﬁv‘?‘tﬁ Yﬁlegpéroglﬁ gpagei f%&g%rt of the

pin t e
to f ﬂlﬁ@ﬂfotl%%tt Tltf'eltqwbwﬂteqter ¢qmpprigecansHmBlas dudt g o callecting liquid,
seco P&finclm igfienger the w@feﬁ&trﬁ@dvét @e@tﬂeﬁﬂﬁld&h@ﬁ(ﬁtﬁ@lsi daélhad through an
paral |l e S

has R%m%gtﬁgs%gfvngn%af hé:?ﬁ g?m é’?él? @ali (ﬁlé:? gégr’][{ﬁ HU,lg )gollector

A of fuither harhprisgs atharfulap Sasguetion r‘mvolggﬁ dirpetetimampeily gfove the annular
E Ihrec %ﬁféftce{rﬁg%ﬂeg%lﬁng’ gmprr'éﬁ’ﬂ Shs aRERNE gﬂh\@ﬁ%faﬁr% wet treatment The inner

col | e\)dlﬁ‘P“cflPaﬁ€§ ﬁlgq@aﬂwg lgcpn 10 & S%%Wﬁ% jarger than the
spl ashgu 6faﬂlet’ee shae fiksy plaje. 31Tsoehaa eleoive gitata BAnsested into the liquid
seal | I or s

seal %gﬂ&?{% ltﬂd% \Aﬁ)ah;?rctl]%lﬁe%ngglg% C??% ot éw T &9? lllaﬁ]lgne sEnall enough
| i quiteiseabibe stefes egairmyh ghe ampigng d@rena teqafrpent Z@@trhsg P@,@gh émavcnd friction

annulpaiwedhl e tiké pl e@é 3C&ld BEtidng colledtdr 4o d\m;tg[cfhe Figst f)iatértﬁamg rotated.

{ the e{t}g%ﬁ tcotnglgcatlé torgltsegong mountmg &ate 43! The second

al rr]r(li‘ountmg plate 43 is connected to the first mounting plate 41 via lifting means 45. The
lifting means are for altering vertical position of the two mounting plates 41 and 43
towards each other. If the second mounting plate 43 is connected to the machine frame
(not shown) the lifting means 45 are able to lift and lower the first mounting plate 41
together with the spin chuck comprising the gripping means 35 and the first plate 31. If

the first mounting plate 41 is connected to the machine frame the lifting means 45 are



openi ng (not shown) near the bottom of the annul ar

duct 14. The liquid collector further conprises an
wa@ewlia7yas sucti on nozzle 12 directed i nwar dPGT/BRZE051159

the annul ar duct 14 for receiving anbient gas and m st

deriving fromwet treatnent. The inner dianmeter of the

upper part of the liquid collector 10 is only sonewhat

| arger than the outer dianetefoof the first plate 3 1

so that the first plate can be inserted into the

liquid collector |eaving a circunferential of 0,2

- 5, @blmie lifflaad lpaysr thieaedond mounting plata da deeethst wég thetligid collector 10

waf ean@aélsé&hdaﬁee BTPh drti 6 b R Embrt @fnAR Bkd B}" bW .
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i- [ @dtdfiondl ﬁ;hyAab bﬁalbleQaf wblxlatlﬁg,aaemeﬁ Beirigra%hgeg i bl@!’;’@;ﬁbﬁmty to the
ar e ttac e

| at e
ber nd B RGeS ol feaf T 8R afts PlsF 1 oo e iy Ay ORic waves. The
- acou émweaalls[:ynscoﬁ: pl counectedtihe meidic port| Vg vanet S@wntvdich is further
Vi br abhiigte k& FARsBorft 1RLR! BhfcBBsER dt ‘iba@t B ¥ad Durce, Therefore
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Ecce rlﬁadmgémoygh e thﬁ]éOW &33{33&%@3&)@ §rSAp1a@t?d@p \ﬂaw@rﬁ to the room
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si ngl3e byQl BPéticdd ¥@cv® InotlsRdh). GRBpiHP PR 38 a&REdEE€ to securely hold
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second plate 32 are lifted (Fig. 1) until the gap G2 between the upper surface of the



| eadi ng through the hollow shaft 23 attached to first

plate 3 1 and opening to the room between first and
wGeewendi3pt ate 31, 32. The inner tube 2 1 is foOPCI/EP2004/051159

di spensing liquid and the space between inner tube 2 1

and outer tube 22 is for dispensing gas. Both tubes

21, 22 are rotatable together with the holl ow shaft

23. To introduce liquid to thetinner tube 2 1 a liquid

rotary connection 5 is provided. Gas is feed in the

space between the tubes 21 and 22 through a gas rotary

connéeend plak 32 0 He wdferdWrhas theabquiret distaags d2(d@Hn 30pmm). d2 is

Fi 9. sdledBYinRep&REESf BR cRiahRB PeRmsRrSitE af@WikodR Wd@length and
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(Fig : ' f .
oS b 20Ral S S0 1 4B AR Urngor e
di st atées apface when the wapr potpigy. Eaglpof thesgaingt pweglap gach other and
de gemtq&aja@ s@f)starmlau;eihte ammguﬁafmhfw&ﬁs cszaeazﬁ
r as | C..\ave en aln | e | . LI 0 .
0¥leeq DisprRTe iR Re ool 12 paTRe tafied e ndt e¥iment with the
soundifthraopeaga s dnringlubiasenic okatmieat gripgingdleniadBdS Misebe opened so
i o TP ESheckh bginc thy ithsopfo v dikydPipling impinged o damped
gap ©F 2BEEIREERt tYf nﬂ%‘?ﬂ%{- i%“éiné 1h6atgfae SRR fewnts 35 are open
t her etyywavet thayngnly beratp@bthraigh fleeciequid intgap Glafveich anatated by the
t ot al £ ' n ' [ ' .
{ oeq it find fike SR SsrancH\hd BIFORY sdeh il St sixes with abous

t he $ek &P e a3shefirgt nlpfe Shafherloviet the distycandd pnehd? are, the

t he Ihouer isFhs ha&gate betivden e fweiferand tHeqliabd, Which Ifhrithed eftamces

. g)vve.ver f“?eagyGZ could be filled with liquid before

gap GeLEERE- [080] After both gaps G and G are
[082ibst artfteaultsasanixt tadakyertt ithe grippingl elemaeesrvre closedragaia it thpy have been

IS a %%e%gaﬁd%gag E;hglr\ﬁ%déﬁ@éﬂjtoﬁh@éﬁ)si a{?%i A28 dwpRE&TidNg. To support

el ements 4 seen 1n Fig. t he vi brating

el endiqpid displacemend offdbe Wafensuiige.douitach tepsipnroBprARgApenisuch as

covV efisopeopyi :lil&)m]‘g vapoe((RAfvapsr) siayfbaaddadhe thetdas Spaf gieed is raised up
rotate ac .t L -overd. c g
e of 3900 Bfla SR ERF YL AISRAF HRRMFRE B B e pesin e 2
i s conépeehot poigfiectPppight thawagerc| eani ng ef fi ci ency d2

[og5n be Fig rsgﬁgwswgécpl?i éiﬁﬁocﬁrﬁ&tﬁbﬁﬁ{étiw%nﬁlih, tfhectl différs ROthe first

nmeans .. DUri u sQnic trea n rippin

o omERESdEEn 23 ols, BB7 Bt Hlgte §lnd EpresriignBrmeats 33 wppted from

agi t ahekdothyr and treasmected wavwaparatd liftiog tindxetatigg mepnsa ews wafer W can

damp . t j fer.. ' d plat

g R S 05 oAl st i
32 can be independently rotated and lifted and is not connected to liquid collector 10.
In this embodiment both the first and the second plate 31, 32 carry ultrasonic vibrating
elements 4. The vibrating elements of the first plate 31 and those of the second plate
can be agitated alternatively to avoid unwanted interferences, which would occur if the



the wafer may only be rotated through the liquid in
gap G, which is rotated by the rotating first plate
w@200411§430t st ance dl and d2 are the sane the waPE&r/EP2004/051159

rotates with about half the spin speed as the first

plate 31. The lower the distances dl and d2 are, the

hi gher is the shear rate between the wafer and the

pl ates, which further enhances2 cl eaning efficiency.

[082] After ultrasonic treatnent the gripping elenents
are cl osed again glf t hey have been opened) and gas is

i nt r sthuging elementse getpspla@s appky uhipaspric axpeneesy tojtha wafer.

[0§M SUPARE thiddi &%&n@hﬁmcaqﬁfgﬁe FiD Ul e rvmiRy sesord @ﬁlﬁ)dlment by

g| ig&{ﬂap %efg:g qltl %ﬂle]%l\é\gélh?%@gxg\em 3%8%8“ pﬁq} ?ﬂg"“g@% second plate 31

Spi nf@ﬂm&nﬂm&rﬁma&@@tuﬂtﬁmﬁﬂz&o rpomto spin off any

[0%5';‘1“' d gge ga&%‘sa s aalc' gﬁp&@sayag p'aﬁé)?ﬂﬁ@&ﬁﬂ?&ﬁ’doﬂlment which

e wafer
[ 083]s #Fngdifigd Srbmbodisent GG brasoi Bekobfhavsan Fig. 5 are as
| nvedédcEibed with feJPeréHcE fc@Fi% 1 end Nertiaché to eliteclindglte 3B are vibrating

foll d h )
Sgpar%igsfrgatsgr gﬁ\ é 8.{1%6 r1n gllﬁ'.atacg P e@tn% e%lﬁ%klﬁ% %&%E&l 0P abo?lt 12°to
s epattgtarieibvw ngldadl tbr ot wiafen § ibretimpselernts? evafaeousiipadlyrsoupled to

b e 1 Qi £ TRIA ASicafly EqlpliRk 8dfheXiohe M@dﬁyﬁﬁ%@ ®hyo@hidg or

| ppi ng neans 35. Secon ate c
i e RSz RipnainG q o Pk ot PO Bk Bing an in-
to Iltejmediatreoﬂxddexrrhmch@soilmwms enbodi ment both the

[Oéé rst me B#B?atﬁig gf%ﬂlgntg _?Eet 1ﬁd1§%ctlg§ t]%)ﬂlg%é]lzttg @Q?ﬂd ﬁne intermediate

VI br ating e
fi rstnediva kasdhe wpg sms‘s@owat%@@é'aﬁa they tpplameas Hawd the necessary
agi t ah@e oglat @hi0R tHe\Rhyducer A0 bel slb.ll’itm Rithdespect to a desired angle o,

i nterfer thelbraln
o e TBF AR Pl B SR8 and RNt Bt g = o) 1
t o t ipkatendd empris&Suhenmbrang, hhich seniveigs ﬁemtela@dwmme@um@nd the
F' g téat?de‘;lﬂ‘ 18y, HeaRMidABe SEeRAioaHROY! FBBioRYhibgh b BRE: may be
l,i %d nsertion. The openings in the first plate
31 aﬁﬁgf“ﬁ second plate 3 1 for liquid insertion are
[08Bt of fif tiatisxelsménts {18 ipcthi @uplkd shibesplate Fcthenetessary angle a, at

Cros

o SRR Byl SRRl LI D SRR, yhic e
par t SItFsenis Haveiren siellfakewith @edgaf@eéqpﬁ%@usw@ﬁmpagaﬂon velocity
r ef eloe Pl 320tsEif 93 g. hlvaiifund; ¢ A600BGHEChnd ®f tH&QreS&@dimﬂqmd (e g. diluted

2
o Rapioubly e g SR el R B s,
the pinape cHw, pFlmréfdedor adesiméangdé ey of 19155 therplang of the transducer
el emenks oiltt@%r%ﬂLféstoh%f)ls}ialpgéJﬂéﬁéh #yP600! Httﬁns’ﬁacer-ﬁh@e is slanted

acou t| y coupling, can done directl .
o O PR s v o FsHegi i e et PR ST o S0 (729 In the
pl at exmﬁpleaﬁF@eS dene = 1| which leadb aisi3tg an in
r medi I
[Ogﬁbr at Iﬁ%ﬁaﬂ?ﬁtkﬁ%%ﬁ?@e sl%?,] er;lé%r%% 32 2t 1§1F &Qﬁl@r]a&l el&Fgr[ts may have
32 andurass faqm&tfaﬁﬁ/@feap@mﬁwnmwh@@ of B t@éﬁ*@nes 32s. uch a plate may

SOUNGhAAPSS ﬁirfa@&sﬁ’fﬁllaﬁ@ d ffapp&d &ibE The ei&artﬁgtelelmeﬂwMé Baallel to

o1 ot anyaes D Aot o b ubr BT Gtk fgro may be

ul t r addifiomal wdvaing elntents ha bl othaksectmxtsh the wafer, are
[ogﬂe SanPrifm emﬁodlmh ¢ sROW ﬁg R 'iSH{e'd eaplﬁEg %pﬁ@rf@rth embodiment.

ich se arates the I nternme iate ms
The plate is covered by a membrane 50 and surrounded by a sidewall ring 51.

Membrane 50 and sidewall ring 51 are welded together and glued onto transducer plate
32. Thus above each slanted plane 32s an intermediate chamber 52 is formed. The in-
termediate chambers 52 are filled with sound propagating (ultrasonic transmitting)



treatnment liquid, the influence of refraction and/or
reflection through the plate may be negl ected. [087]

wo toowitbe3at i ng el ements are directly coupl ed toPCTIEP2004/051159
plate 32 the necessary angle a , at which the
transducer shall be slanted, with respect to a desired
angle a , which the ultrasonic wave front shall take
with the wafer, depend on soum-propagati on velocity
of plate 32 itself (e.g. alumnum c¢ =6000 m's) and of
the treatnment liquid (e. gl di | uted aqueous solution; c
=150@ned{us), whichicen be pelish aelios Hawd fe. o il weatdrh Consegyently ultrasonic

20| | Qﬁ\% gP géi@ra/tedﬂiyﬁfﬂ%aﬁn elém@n'%s 4 (tﬂﬂ@(}lﬁt&ﬁ]' ﬁtlﬁd?fec coupled to the
esire ange e ans r .
ot St Eﬁ’@?‘b‘?’ﬁo D oo Yoy e BB BRgt I chgmberis
60. [filled withsdiguidrit mh}&b@clrcsﬂasddathltoegh byodidg eirtuib@onshown). The
vvave l}ﬁg@'lfqﬁﬁt(gﬁoﬂr@) énl'tlﬁf ﬁé@ﬁa%h%%%ﬁmo%gﬁﬁet%s and leaves

| e ad gt tbr@u&h outlgt q éxsgl}y GRse gtqggquh@t@ppax{ﬂpqr@ﬁ BRY bﬁ gormected with one
secoaﬂotﬁéraiﬁ@epaﬁtda&wnybﬂgaﬁohgrV| brati ng el ements may
[O&(ﬂve a Ces { al ar% t hg g o Giiehdi rﬁﬁl g.necetdI 255 of
ante SNEE FHIEIHR O ?V% e oA AT
sur f a@ssdscm (agmattip OQtranse\wesoBl@ heoughr REHY inthicht darqigsed for one aspect
i: ?LT%FH% 1ﬁ‘ve|ﬁﬁ(§1 R8s ﬁie!n?hlsttaﬁcet J‘@f thd @%ﬁ%&ﬁoﬂ%r&ﬁﬁpéﬁ% $ransducers is 1
ou on nents,are s ere
XHETEES B oy P b e sty s POty
[OQHCt i offhis a{n@ﬁ of trénstludet 1y agivived byremtltrsdvoiorgenerater faving atdeast 8

base @heﬁﬁh af@:t e%cr:[lgfmé @‘f é%&ﬁ %ﬂ(}iiﬁ Hpﬂﬂlsﬁﬁ%s c%f{f&%nﬂ?} A Firansducer

is covere ran urrou

si deWaps arg am thyibey BBt EegienGad 4 %%Wﬁlampﬂl{%‘@ byywih different

\ﬁl deHaseogmb bﬁase aulﬁﬁ @L ueHalOhdréinthe defitbd @8 beik g_tpeasaghlft angle of

us sl.a ane . a [ | ate .

s SBPOES: SRSl RDSE AR A BLEATRRl e win s v

ar e fignaldbe fnséucsolimeaBis epitajert therywithy h phass shifiep transducer line 87

tr an%lﬁ'@(r)llti%:@ and )S@V\gx? 'é[%@an% lnCh V@}ﬁ&r}l 1:95 WEIQ% ir"rgr;t éﬂﬁhﬂ'ﬁ@é to thélhutdducer
ene

generpéfeeela agpclipy hbe TGVE Ieamey trelp & iSO BiIPE FoRHgs of two

i ndi radjatdny tramsdpdeestd, tand theephaershifioq bet%elamb ddjackharansducers and can

t hr O%QQaIEB%F&Ff%QbQQ liquid onto the wafer. If a

h aliquidit my be circul ated
w?ﬂrougﬁmﬁ‘-c%eflwﬁig circuit (not shown). The cooling

[0b31qui d doagaliéilythemdcedsarytihasel shifefofe deside@ afigla fxicubed as follows.
[Ogﬂyough | et 55,.and | eaves it through outlet 56. In

case %%IP ch ate chanbers 52 nmay be connected
[088]t h orV%a\ad@tgﬂek isgriuseivarcd seudiprepregins vghsithernd fro@@pey f (A= cf

Fi 9. rBrehQuss @rﬁc 6%@9995 M}?iﬁ’np&lat@r 4§10l 'téi‘ﬁ‘ﬂ’é?dtﬁ%@@ﬂ%ﬁ) with ¢ =

arran ed arra trans
trand ﬁéhesmxe Rt gy h s %ﬁ@ﬁlﬁvgﬁagtb z’ea 1grym), 3rfgensducer
aspeatrapivith Adistamve o & 0Fmml: el adegimedtingteane 60tthe fphadeahift @ = 0,25

o S I LB BAAHGR oy PGS e .-
7.5 g aphase shift of  =0,5 e/phase shift angle = 180°) is required. However, in this
case a second slanted wave front appears with an angle of o = - 30°. If such a second
wave front shall be avoided distance d shall be selected not more than half of the
wavelength.

[096] Fig. 9 shows an enlarged view of a one dimensionally arranged array of 8 oblong
transducers (91 through 98), which are used for one aspect of the invention. Such an
array of oblong transducer covers the same area as the array shown in Fig. 8. In this
case each channel of the ultrasonic generator only agitates one transducer of on array.

[097] No matter which kind of array of transducers is used numerous arrays may be



[09 1] This array of transducer is agitated by an

ul trasoni ¢ generator having at |east 8 channels to
wagiotate7each |ine (81 through 88) of transducRCBHEP2004/051159

differently. Al transducer lines are agitated with

the sane frequency and the sanme anplitude but with

di fferent phases. The phase shift f = 1 shall herein

be defined as being a phase shift angle of 360. Fig.

10 illustrates how a phase shift leads to a sl anted

wave front F. Wth a first signal the transducer line

88 i sraged it @@narmnsdycertplate phadevicstipy vetitreptmagns oii@alers.
[oddjne 81_515:;t W@Eho&@ a%@l‘iian%c@ﬂe vichEofaRGay 8f trafsdvdel &th bl Glustration of

wave ted to the transduc I .S a
Funcphish Sufied REV AU SRRGHRE b WerhEontagte §isCrELY Bele o
the centres of tmo adj acent transducers d, and the
phase shift f between two adjacent transducers and can
be calculated as follows: [092] sin =f x |/ d [093]
Consequently the necessary phase shift for a desired
angle is calculated as follows. [094] f = (d x sina) /
| [095] Wave length |is a function of

sound- propagati on velocity ¢ and frequency f (l= c/
f). For negasonic at e.g. f = 1,5 MHz) in water at
roomtenperature (25C) with ¢ = 1,5 knml's the

wavel ength is 1 mm For such a wavelength (I =1 m),
a transducer array with a distance d = 0,5 nmm and a
desired angle = 30 the phase shift f = 0,25 (phase
shift angle = 90). For the sane nedi um and desired
angl e but distance d = 1 nma phase shift of f = 0,5
(phase shift angle 180) is required. However, in
this case a second slanted wave front appears with an
angle of a = - 30. If such a second wave front shal

be avoi ded distance d shall be selected not nore than
hal f of the wavel ength. [096] Fig. 9 shows an enl arged
view of a one dinensionally arranged array of 8 obl ong
transducers (91 through 98), which are used for one
aspect of the invention. Such an array of obl ong
transducer covers the sane area as the array shown in
Fig. 8 1In this case each channel of the ultrasonic
generator only agitates one transducer of on array.
[097] No matter which kind of array of transducers is
used nunerous arrays may bearranged in or on a
transducer plate of a device for wet treatnent of
wafers. Fig. 10 shows a schematic side view of an
array of transducer with an illustration of phase
shifted wave fronts generating a wave front plane F

sl anted by angle a.C ains [001] Device for wet
treatnment of wafers conprising a first plate a second
pl ate substantially parallel to said first plate
hol di ng nmeans for holding a wafer between said first
and said second plate sub stantially parallel to said
pl ates. first dispensing neans for introducing fluid
into a first gap between said first



pl ate and a wafer when being treated second di spensing
means for introducing fluid into a second gap between
waaid/1sseond pl ate and a waf er when bei ng treaP@ER1004/051159
| east one vibrating el enentiSacoustically coupled to at
| east said second plate rotating neans for rotating
sai d hol ding neans and said second plate relative to
each ot her about an axis substantially perpendicul ar
to said second plate. [002] Device according to claim
1 wherein said plates are substantially horizontally
arranged. [003] Device acc@'jipgst© claim 1l wherein
nmeans for rotating at |east one of said two pl at es.
[0p104] Demeuee fx et teatgeitof slafrneotmpatsagei n hol di ng
means anggf Rﬁ{ pl ate are coupl ed to each other to
forma hoI unit, ﬁ ice ac ordlngto claim1
wher ei n @F“rcﬁ H]@telfégﬂ%“t igleryplln) foyad fst platscur el y
\% | ppi nghéldivgesans {odQ6HinRaw 6 troweh daidfirdtand baid $cdnd plate sub-
erein 0 rotatable. [007] Device
accordi n§t%?fgﬂglpg%a%&%°\/\%dpgal£eﬁ a liquid CE)| I el:t or is |
ci r cunf efeshdispausing supanoien ditleducing Auid ditd 2 Aigst izam bejweey said first

col | ecti pgteldnngpafymenfbgﬁ cfd a wafer dur| ng bei ng
treated with Li ,ce rdln

wherei n Sspii dtknge aFea’eSef]Or@% e it & ecbit g beleen said
|'i qui d cedcbmtplate.anfi@0ferDewn bengoegedii ng to claim1l

further r
first pl gttqgg% %ﬁ% ﬂ&aﬂﬁ%@l@rggﬁ acé@ﬁé’dllgg:ogﬁléci m‘f Tea%t Qi@s&!b(ﬁd plate

the spacEHIeiwas BErlRidg A% 119 @v&mswtaé% saifhFopB plaié relative o

Wi t hdr ave@hwetiee bbdud e etik mﬂstaﬁtﬁbl@]pe@%nmeﬁaﬂ@csmﬂdemd phte.
[OE%]::OF]né \réitc%1 ?c:cgfd?rgjtgtcia{ngﬁ dvtffl%e%el}l ﬁasi& g&?es are s%ggctantﬁ{ly horizontally

certain dirangadce during treating the vvafer to form a

[og%p bet weppict Lk%oyzﬁﬁ%{o A 1therdih fbnd Yo toRatiy apleast HHé bBaid two

nm pr e erably 0 mmto 5 mmduring treating t
waf er . B Devi ce according to claim1 further
[006dinpri s | ngse amnﬂmgmcm}ﬁmrmatmdﬁ boldiogemdang andhi@rsts@ato ack coupled to

pl ate an certain distance during
ga?%rb%etl?der to %or% i

treating_t gap hetween the vvafer and
0P¥e secoR§vise atcerding (9 claim, lt%h%n SHPRIBE Eeans| aje prosidadior gecurely
5 mm dur gfigpihg eafafedg t he wafer. [012] Device according

[Obgj cl ai nb]évv@ﬁéc% tto cll S1tw aerllemg corslc‘?éﬂteq% %tefa@fglibf%ne

bratin arT 2 ange
[OQUr face @revnch ecogedmgw@ OAﬂllatlévliea@n ﬁétqulld@ouesﬁ@rls eigrunigrentially

ul tr asonigroNaNa: saa%oﬁmtg%@m fctlchectthg ﬁgﬁle Ghat ﬁow@ff a wafer
waf er when . treafed t r}gléq angl e a' 85 to to

the pl an8USHeRAngTre W Wkt er. [013] Device
[0agicor di nPetioe e¢cardimg tofdaimiewhereinpaid secogd plitkiis saatedlaggas said

di spensef;ofiftofidctor.

[009] Device according to claim 1 further comprising means for varying distance from
the first plate to the second plate to insert a wafer to the space defined between
said two plates and to withdraw a wafer therefrom.

(010] Device according to claim 1 further comprising first spacer means for keeping
the first plate and the holding means in certain distance during treating the wafer
to form a gap between the wafer and the first plate of 0,1 mm to 10 mm
preferably 0,5 mm to 5 mm during treating the wafer.

[011] Deyvice according to claim 1 further comprising second spacer means for keeping
the second plate and the holding means in certain distance during treating the
wafer to form a gap between the wafer and the second plate of 0,1 mm to 10 mm



| east one of said first and second gap. [014] Device
according to claim1l wherein an opening in at | east
wor@40i433ni d first or second plate does not i neCT/ER20051@51159

rotational center. [015] Ddg¢ice according to claiml
wherein at | east one vibrating elenment is arranged to
cover the area of the rotational axis. [016] Device
according to claim1 further conprising neans for

openi ng and cl osi ng hol ding el ements of said hol di ng
means during treatnent of the wafer. [017] Device

accor di ngreferably & ymm tpfjeneidarieg tr¢ating thegwaferpl at e at

[o1gpst pameyvite GOEHRAihS ?osclzﬁﬁlt ©¥hetbin REMEN Bn@ o SRR idatt one vibrating
sound- pr OEBH%H“ on veI OCI deferri n not, nore

specific bis grranged SHihdsred iy 81%59 e Qfdhe Coﬁdd’lﬁ%%cmg the
Met hod f &rafmb that ehdascmyp waves Agl sebsm:lfue}ly dioerpadi te ithegwafer when
hol di ng gikﬁtgvﬁfaﬁ%lel A 098@' t@ B@" t% @Xﬁeﬂ[&r%g@d fo& fRtwafer.

| ate haV| ng ane
$kat i ng Revice ragffor@a@ tOdfial&l 1df“§b§r?@@1’ﬂﬁmp pdditienah gas@spenser for at
second pI]@t;teoﬂ&a)\flszngﬁast phdgeeord dapci Ng t he waf er thereby

f. d2
GRS P g RE aroa 8 Sl PR M Ref e B e Brgeiq st o
conpl et e I8900ﬁ1d iplatedpes aptdndludeshe pigsionalsentei.ng a second

[ohspui d i 'Tﬁe%c% %b&)rﬁﬁg Malﬂlalpwﬁé}ﬁﬁ%pléaﬁ léﬁf? tJﬁthﬂn? kleYhent is arranged to

conpl et el ling $ secq ap appl yi ng uftrasonic
ener gy t&g‘éeél ?fﬁﬁef?ltaé’to%a\i‘zﬁﬁsi e |l ess than 10% of the

[0abY r ason |Davaaaccg3yd1appi dlgth 1 farther cdnpeisiap thephsafoeopesiing and closing
applied [ r
and secotg il dabubcle daihfin Sl A withah o fotie!

4% s su bQ@&W@.awqﬂ;mg)@r%Wdh vwhgreip af lsast pae plateat logstpgrtly comprises

sur f aces mdi@ibP haviipt Hgcisie @@.ﬁﬂLp} atg@u&i ldbit} defohip@iobmore to the
ccordl ng to claim

t he vvafere r%taa O% %"P 1 !

18 wher ei*R beﬁﬁ% Ha PEPRE 8 v‘r’f’éeSubst antially all
[038F t s of Metkodief wet is¢ating asleglatwalf@agmpnsnpor arily

cover ed %1d§rtgea§§§]9%feph@$ ane[]@21] Met hod accor di ng to

claim 18 wherei n _sai cond is i nseg tg L
sai d sec &Y Yan2 fF BlEPRES Pgé%etww Fe y creating a first
rotation gaxbsa dis@aé]diDevi ce for vvet treat ment of

waf er s C% #.lﬁé Qgec%né {élat%thag ln é%l Qldjfaagé g};&?ﬁ%&{l{ tg{r\atg“y creating a

hol di ng ance s
par al | el s¢wadisap Pf%@lﬁta’ﬂﬂeéltze first dispensing neans

for intrekeginga frbtigdid iffoQaid firktieap tiEadbyREbsREIAI edribletely filling
first pl g%ﬁﬁaqd a wafer when being treated at | east

“one vibr S'&nment acousti cal y coupled to said
first pl éltserting a second liquid into said second gap thereby substantially completely

filling said second gap

applying ultrasonic energy to said second plate while less than 10% of the
ultrasonic energy applied to said second plate is applied to said first plate.
relatively rotating wafer and second plate against each other about a rotation axis
substantially perpendicular to the wafer’s main surfaces.

[019] Method according to claim 18 wherein the wafer is rotating.

[020] Method according to claim 18 wherein during term of processing substantially all
parts of one wafer side are at least temporarily covered by the second plate.

[021] Method according to claim 18 wherein said second liquid is inserted into said
second gap through an opening offset to the rotation axis.

[022] Device for wet treatment of wafers comprising
a first plate

holding means for holding a wafer in a certain distance substantially parallel to



rotating neans for rotating said holding nmeans and

said first plate relative to each other about an axis
wadwsiiasr al | y perpendicular to said second plBCEEP2004/051159

adj ustment - el enents are prd¥%ided in order to direct

ultrasoni c waves at an angle a' of less than 89 to a

waf er when treated. [023] Device according to claim 22

wher ei n adj ustment - el enents conprise a slanted pl ane

or slanted planes wherein at |east one of said at

| east one transducers is placed. [024] Device

accor di ngaiddirg|plten 23 wherein said at | east one

t r ansduc st ispeRshgl Meas fr MifoRAGCiRE AR ih aFGQURH bE@eby said first
coupl ed tgaan mtngrma iate |Ieg%I d chanber, said in
t er medi a®P@F LA Walehy meefGli her acoustical Iy
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89. [027 De(xl ce according to claim 26 wherein said
array of Pt8fisducers is a two di nensional ly arranged
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[031] Degpee according to claim22 a second plate
substantially parallel to said first plate and second
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two adjacent transducers of the array is smaller than 2 mm.

[030] Device according to claim 26 wherein the width D of the array of transducers is
at least three times as big as the distance d1 of the first plate to the wafer surface
facing said first plate (D > 3*d1).

[031] Device according to claim 22 a second plate substantially parallel to said first
plate and second dispensing means for introducing fluid into a second gap
between said second plate and a wafer when being treated.

[032] Method for wet treating a single wafer comprising
holding a single wafer in a plane B
providing a first plate having a plane A facing the wafer thereby creating a first
gap of a distance d1



applying ultrasonic energy to said first plate so that

ultrasonic energy is applied to said plane B in an
wangkal1a72 of | ess than 89 rel atively novi ng WaPEr/ER20d4/051159

first plate against each otlBer along a direction sub

stantially parallel to the wafer's main surfaces [033]
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89. [037 8@d acgor ding to claim 32 wherein angle

a' is var & waf er being treated with
[0B3lqui d. Method accordmg to claim 32 wherein during term of processing substantially all

parts of one wafer side are at least temporarily covered by the second plate.

[036] Method according to claim 32 wherein said ultrasonic energy applied to said first
plate so that ultrasonic energy is applied to said plane B in an angle o’ of less
than 89° is generated an array of a plurality of transducers with at least one
ultrasonic generator to separately agitate said plurality of transducers in a phase-
shifted way in order to generate an ultrasonic wave directed from said array of
transducers at an angle o’ of less than 89°,

[037] Method according to claim 32 wherein angle o’ is varied during the wafer being
treated with liquid.



