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(57) Abstract: A system, apparatus and method for processi ng this flat articles, such as semico nductor wafers, with acoustical
energy. INa cleaning process, the inventive system, apparatus and method canremove particles from both sides of a wafer more
efficie ntly and effectively in one aspect, the inventionis a system for process Nng flat articles comprisi ng: a rotatable support for
supporti ng a flat article; a first dispe nser for applyi ng liquid to a first surface of aflat article on the rotatable support; a second
dispe nser for applyi ng liquid to a second surface of aflat article onthe rotatable support; afirst transducer assembly comprisi ng a
first transducer for generating acoustic energy and a first transmitter acoustically coupled to the first transducer, the first transducer
assembly positio ned so that whe Nthe first dispe nser applies liquid to the first surface of aflat article onthe rotatable support, afirst
meniscus of liquid isformed betwee Naportio Nof the first transmitter and the first surface of the flat article; and a second transducer
assembly comprisi ng a second transducer for generating acoustic energy and a second transmitter acoustically coupled to the second
transducer, the second transducer assembly positio ned so that whe Nthe second dispe nser applies liquid to the second surface of the
flat article onthe rotatable support, a second meniscus of liquid isformed betwee Na portio Nof the second transmitter and the second
surface of the flat article.
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Application Publication 200670278253 ("Verfeaverbefcs -ct-aﬂ,"‘)'with/the transducer assemblty
located adjacent ‘ti¢ bhaeckside of {ile’ Ratfter.

fogil ] Despite it e ad\}AmegajeiitS ‘in mig\$~w @ rsy$pg’m  1&d mQthoUB i oT d& & pmg ‘hiik
sides of the wafer, therte. -sill remaris “a need for singie~\vafer. systems that .can ;ackievs  t
.improved F31E with misSitJsted'devie ‘e'dsjijage, FurthemiotCi ilie, continuedt miniatiti-feation-
of .dsviees.co.tttbues b render esisHgg cka&lhg systems iti c@ iable.cif.achieving ait

acceptable balance between liigh PRB and minimi*d device damage.

SUMMARY m XEE INVENTION

[($.i2.] liis, iiiersCore a«.object of .the pt*sentim™nitionlo  provide ‘s systesi, apparatus and

method &t processing 'itatartidssv _ such .as semicoackttor ~ wafers, vaih aco UstjcSJ-energy.

[00i3.] Anoiher object of ih& pxesent ‘inventlo:n is to provide .asystem, -apparatus atjd method:
for siTilJitaneously cleaning both surface!; of flat articles, suoh ss-semiconductor wafers, ‘TOth

.acoustical ‘energy.

100.14} Still another object of thepretsent indention isto provMs atsystem, apparatUs. and
method for dm«itaiiett Osiy ciegjjing both Hirface& .of flat articles, such as.semko Ttfect

w &ifers; with ssoust Thal energy thai improves ‘PKE &nd(Tvnta&es damage 16.we-IM -aMcfe..t

[90.1F Y& "otlser  Qblect of the pretsent invention 50 ptoykia -a-tsystem. apparatus aiid

jaethodfor applying acoystlosl energy toihebtottom surface of atotatrng flat strtacle.

[fl6 >|. A fctlher oBjsct of Hie present Invention isto provid.e.a system, appatasis-and metltod
for sim dit-aiegwdly ‘cleasitig- bolh:surface é.of iht articles, such as seTtifcdaliict é’?wafers,vilham

utilize acoissfic  Argy rs;fleeti Osi;

[00173 A still Tijrite objee:t:oOf {& ptresent inveation is to proylde Uh #ppnlexxim d metiiod
lte-ailows existing skgle™Msr  -cleaners 1o bte retrofitted {o-ach.ietye..fmproved.cleaning of
both surfaces of tits ‘wafer,

(ODIS] A yet further object of fee 'preﬁent' iftveation isb -provide asystem, ap’ratus-and-
method that achiev:es ih&rgased Tiqwd .coup.liiag’between ‘afraSsdacei ‘assemtbly .and the

bpitQffi surfjsee of afiat.si& ie.
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[0023 ] ItxYytt Giiot6er. iéé"l'bb<iims_M sthe Inventtion can be a system ibr processing fiat articles
comprising:  a rotatabl© support for support iag .and |Oiatissgkiktatlielgjn. a'substantially
Jiorizohtal QAWiatiott™  ransduset-assembly-comprising 8 transducer fin generating aconstic.
energy, -afttaupiitter,ad &i}sticallyc;oupded  fo the fitrsttransducert aid & d&m suTtutrxdmg ‘a?
least aportion c?a.perimeter of fe jrraSK iitter- so. aslotfarm gigiild it iif3g-¢ amiel
hefcsroea thé frantsmitter aad the dam;- M d ih€ It iisducef aSxSergbly positioned  so-that a-
portion of the ‘trarsmitter -is adjacent s bGfckmi surface of aflat .article oft the oiata& le .suppotrt.
s0tli&t whea Iquﬁd‘.h applied “to the botttom- surface of the flat artictle, ametrise s of Ifcfidd if3

famsd between Itfae.pprti'éii‘of the tratnsmittter and {ii € bottomt surface of the Sat astick.t

pO24] .te ill aii otljes'iUabediK®Biit, tbe'inventtion casbe a transducer assembly4t6r moantiag
banisath a bottom -surfg(@.of aflat article oOmpm ing: ‘atr (P3$ducét.fot.gei Teratmg acoustic
energy; atrarrnitter acoustically coupled to- Ule. Srst transdueef ;,;todA‘a_d&m siurouadmgeat.

'k alll « portloti of &pen metet.of thef gfjtsraitter.s & a> fo.form a Ii’quid‘ itetamtag  cliatmel

‘bstwtxiithe  second iratnsmitter and die- dam,

IfCrﬂiSj' f a fittthei*-emb pdiTnBot fh$ myention ca« fee&laetjihcd of ma»s«f et lirihg " tg&"dueer
.assemikly comprising.: providing. -apar-cylin wical "nsmittér-p Tate: bottdlagoae '0j more
trausdxicers  to & coxu’x.ktierrsiirface  of the itantsmitter piate; coanecting a housing 10.-the
transmitter 10 cretate aa assei iibly ‘having a substaiLtlally encipsed cavity in vaikh tlie ohe at
mpreitansducets  ais 1adlfcd; mi dicapsulating :the assembly wTliim inert #ODrreacéfvet

plastic.

[BB2¢] [a*>yet.tehtTanb diji»«nt;ife& Jnv< tS.c)fi “can 'be*, method. of proccssmg alk:i “as.lick
Comprising; - a} siQ paftiTh ailat article in-s sthstaiitialy horizontal  orientation  within a.
‘gaseous- amosphere, & s flat article imvmg a bottotfl sUrjace 'and atop surface; ‘'b). mfetiiig &
fiat ‘arfick” 'while mdntei. Ting th<? subsk Tittial y bo«Koa ‘ml.orie.nmiioa; 's) applying a"fil Teiof
Hglild to thtetotp'sur&ce of the flat ariide; d) applying, a &Im of liquid -on the bottom sutrface
‘ofthe flat article; e) applying acoustic -energy to the top surface of the flat artbl&tviaafirs
transducet assemblyv comprising aiirst transducer .and a&st transmittert, épotlion .of the St
traconUtter in coutaet with thi tiiem of -liquid on tlie top surfatce efthe " flatattick; aMf) -
applying acoustic -enargy £0 thet botttom; ‘surface of thefist atictle via sseco  ¥d trmisducet
assetabty cotaprising a second fransdtucer -and a second ‘fransmitter, a poriign.of the second.

ftfalsinitt & In. eont® €t with theiiim  of Ugald on.the bottom sur&« of the flat article;
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[0039] -I-lgore-91s . cross-«ectioosl.view of -theschematic representation of the traiisdt&er t t

&N eTji% arrange Tieni of FIG, Salong: the cross-sectierecut | B-B of FIGJ.

[HM(1J Figure 10'is asdiematic representatioa of amalternative "tapgemesii of thelopskfe t
:1sa& $d«cer assembly ‘relative fo the btottotm-sidetransducer asszi'f&\/ly“for tile acousfic ‘gsergty
cieaiii-xg system. of FIO-, 2,

fC3041| Figure- v! Is'a‘cré&-secii'oaai viewififee Schtematic -rejJé SBRMbii  of fee &iier.mstive-
transducer assembly arrangement of FIG. I Dalong the cross~seetiot | cut-C-C [¥ HChS:

IW42] " Figure |12'is,sIHeroatk of ah. aeoiistic energy oleaiiiag.-g'sSeix utiliisi3y ared ecth's
svefliijer accordi'ng. to ose embodh Tteftt of itepresent Alayeiitipn,

[0#431 F.tgarc'13-iasciieojatk -ofati acoisstb energy ck-&iii ¥g system ctiUizing ‘ardi gciive:

_|dO44| 'ngja"«:l4 shoe's .€vealtett iati €-.embodjments of atraiisdacef “asstemWy &at can also

actaaxeflectiye  jaember for.use lathe acoustic energy clesiuBg system of FJG. .12-

DESCRIFTIQN .OF THE _INVENTION.

[U&45] Referring first to FtIG. |, &schematic “of ari schistic ..energy cleasing system MW
{hgi U mTlcr&Biizea #o as *ckajtimg system 1000") .isillusipted -accordhigtp one embodiment
of the preseMiftventlQ O Fox esse of disct*sioii &e.i iTRTtxve system and aistho«$ ofsM
(@-awiiigs. will Bs disc Osseli inreM 0Oaio iha@ swng of semiconductor “.wafers. However, the'
kwenti 6n isnot so Hmited and can be utilized i or m$y.UzUtzd wet processing of any flat

article;,

|@14¢ | Hie d&Knmg:sj: Stsiii 1000 geneMly comprises atop transducter atissembly 200, bottom
transducer ps*mbly 3S0 a».d aiotatable ?uppftt 10 for .sulsportis.ig..a s€iBlcofiducfor ~afer 50
Fn‘asUbstMtiaj.Iy~bori‘EontaI‘- oriestatk>xi- Pref'erably; tlie semicotnductor wafer 50’i§supp0rted‘
S0 its. fotp sarfece 51 is hi?/NevticeU ih of the wsier 50 while the bottoxs surface S2 Is tfafe.non-
dtndce.si.de. .Of coarse, the vvatfecatxbe supported so that .Jtstop.stutface Sl isthe non-device

side/yMle & e bottom syriaee 52 is tlie.device side if desired.

|OO47] -iiiqjotatable support 10 isdesigned 1o contatct &nd engage only aperimeter of file
substrate 50 m pprfom Ung its support femction. However, fiie:esict dettails of the structure of
the rpMafole .support: | Sare not. limiting of & e prestroventio ) and a:wide variety of oiHer
‘St port ‘strtt&vads can be. «sed ,'sueh as.eBueks ¢.supj3ort piates, dtc, :Ad<litionall\\ while ills

ptrirmisithat the support sttiktmt . support ar d.rotatq’ thessmicoBciuctpf  wifer_ib:a
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coi (l£cito “thtebottom iratnsducer &ssemt% 30[. The actuators ZSO, ‘350 are bperably coupled
to and contorlled bfthp edntroltet i2: The actuators 250, 350 can be pixeumatic actuators,

drive-assgjtibly ~ actuators, or aayother  style desired 1o «fft ectuate”).!© rtsc.essaly movement.

p BSSJ The horjgp Qai -actuator 250 can iigtizontaly translate.th &:top tra B‘Bdth'».asssmoly?ﬂo
beweeB aretraced jsOsittcn.and -a‘procn‘g jjositi oa. Wlie&m.the retracted posstiotu  the
toptransduce?  assembly 200 is- ‘w.iti)dmwn sUi|! /.e3itlyaway from the iotatatble sOpRortJ.0 so
feat the wafer sci eaabe loaded and unloaded without -obstruction onte aad.fom ﬁlie‘:supptort
£0. When ia we pfocessmg " jposMon, at-least aportion -of tlietotpicatnsducer assemblj} liH) is
Sl?atd ' Jk~n . byt SitlE Cieii By close .toihe top sar.fape:51 of Hie uafer' Of so that when ltigai” is
suppliedto ilietop S«fac& 51 of thet-tvafer 5.0, ameniscus -of I‘iqw"d-is'i"oxrr&d between the top
surface 51 of the wafer -50 md thatt;poxtipu of the ttoplfausdacfir assembly '288,- M EfG, 1, the
top -frsBsduee*" ‘asssjt Tblj? 200 “is i fhe: processing ‘posi Uctx.

[@BS2J rSmiiIarfy.-, ‘die ~vertical actuator SSOcaii v«ificaliy tmnsiate tht bottom irasisducer
assembly 306 between a retrafcted position snU-nprocessing pssitioit. “For ‘tlie batttt>jK
teresduc’™ assOUMy 300» the rettracted positsos is'alored  positioii where tfe ‘wafijx.50 eso.
be safely loadgd-0wo the sutpport: 58.wi&out contacting,’ibé bottomt “transducer -assembly 300
and/or iameriféring yiM i 8&et[320cesses  that mtay be carried out on tlie be-tfoai surface 52 «f
tkewfer 56 .feat sfepife atketi Onal space. \Vh$n tlietbottom fransdtucer-"embly 300 ‘isinits
but suMcienilj clos’»0 the- febttotii ‘sttrface-52 of the wafter SO so that when lig td i.ssupplied'.
totlie fotp sxaface Sl..of thet-wafer -Sfrj ameniscus of liquid isformed betweeii tfestop surt&ca
51 of fee wa&F .SOand ‘thattportion “of -{he'top fransducter assembly 20@Q In'FIO.. 4!.5 the feoffem

ttaiisditcer sssetoity 390 isin the processing. p&siriim

l00SS] White & e a«i«ator« -2®% 300 are exeOlpyfied in'systeni 1008 &sé»dag honmhia | gid
vertical actuators r&speeti\/ely, in other emhodrgieRts of the invention,.diifereBi:syles- of
actestors can betised mtlfe place of each. . Bo? exatnplethe actuator operably .coifed #ot G
bottom “transducer assembly .300 can be aliorizorital, yertital, ;aagled iraiisiaHot*.actm itot or-a
pvofable actuator. The.'same Dptidicsexist for ihe actusior ) embly. cot Jled %o fh«.’tqp t
transducer assembiy' 200. -

(0059 i A postion. s«ssor-305 ‘is pftijvkkci infee cfeankg g/siem lgg.so  that t:he‘ position 0in
tlieb ottom tes Bucwr assembly 300 cau.be ' {3gjiitored.a d contrbl ks ~ffe ctiveiy : The

positiofi/sensof 305 mBasi'l'feathedista’\ce between ths Bottom .transducer assembly '30CI aij&
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tthe bottom sudace 52 of ;$te'wafer 50 so.thatthe proper distance between fee fwo.esn. be
achieved to. ef ctuate.the protper processing g@ for. formation of fee liquid itierjiscas. The:
position sensor 305 is op™rably and eoraniaglcably Acoqpled j0A e cootrtolkr 12-. Mors
speci dcdliy; thteposM @ 3-sensor 305 generates-a signal mtiieative of the measured ditstance
and tratigjtlits ihtis signal iaike coatmlkr J.2 for processing, WMle fhe sensor 305 is
illustrated as Wiftg connected €0 thet botttom fransducetr assembly 306. ittgar bentott Gied
amost anywhere la itet cleani'ng system 1100-so long &s it can perform its position indicating

 fimetiofr.

[00601 "His oieaaiiig:sysMii lirgalsd comprises as electrical energy signal sottroe 13 Ui&i is
ope.rab3y-coupled to.&t«tap tratnsducer .assembly 20P.aiid the bottom transdiseer ssseimbly
3041, "The:<'|')seirical energy signal iSOTrce.23 creates the efectricait signa that .islransiliitted "to
the transducers . (discussed later) in.the iop transducert assembly.2 88 m & the bottom. t
tiransduc8r,as{ 5emb'|')f$i'iz for corsversiois Into comispofidiog scoitsdx? energy- Hie d’esiA_red
dectiieal sigaais. cart be seat to Ihstop mickl>ottem transducer assemblies 283; 300
coxicurrently, consecuti'vely‘ ‘end orin Sii allemating” fashion,. ;fepsmdisgotsi the process needs.
12. ar2aresuit, JhBconjroll er 12 will ‘dicfate the &eQuency. po%verieye.l; aod dumtioii otili®
acoustic energy gesieraie’ by fcstop trs*sdutcer a3s<?sibly2&0 md the. bottom.:tfantsducst
assembly 300. ‘PrséTabIj, fiieeiectricai, energy sigiM ‘source 23 is conMvUeci sO that & €
acoustic engf-gy generated by the iop transtducetr assembly 20B.mi the bottom ‘tantsducer

assembly- 3.00-has-a fregtigneyin the taegasesiict X6 gt.

[t86 ‘3| Depending; on system. isqui Temenb it TBay-not hordesirable to-Usfea Sisgk etlectrical
energy signal sowdb 0 .odtriitdl both ‘the topt fi”bsducter.sssembiy.|OO md tke.bottom  t
t $sransdttcef assembly 5fM). Thus-- i .o&er em.bodiment$O.f the TOTeiilion; Multiple eisct;rical

efeergy signal sotirces inay.-be asecvl,Aonei br.ea trarsdiscertassembly.

P062] Tiie.coatToller llniay be a proceasor, which can be.astitx Ale microprocessor based
Jprogrammable logic controller | personal computer,. or'the kk.[3;ibr ptrocess control  Hie
ectitvoHer 12-preferably kcludes vaiiousmpt?/ot%ut .ports.Hsed ta pro“de coateectlotis to tisé
various. icomj3D.i6nts—0fﬁie cl'eaning system 1000 thattised 0 beiconCroOetd atid/ot
GOTXunnBicateUWftu ‘Theeleclxical. and-'bteoffiinumcatbti  -connections areindkatedfe  dotted.
ke inHICi L ‘t3je cont?oik.rl2.aso pieierab.iy comprises suffifient.memoxy is-store
process. rec'(p% [xa otfer data, sadi - as-Aresholds ijjpui&d by wx opemtor, @rocessMg thnei®
T&tador il speeds, pocessliig  conditions, pWccssmgfeiap ftae eS& W mteﬁvdegfed
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[9075] The #transmitter .362'.isa,generally‘ par-cyiindricai  shaped plate havi Tig a convex - outer
surface 306 A d a eancave fonef .surface 307, - The iraa&riilfer 302. -however, £arjia&eon a
wide: variety of ow €r shapes. a«d sixes. .TI(Xe’iransmittert 302 cart be constructed ofaay

material thtat trsessmhs ae@isfsc 'emgy generated  bfih& transd-acer-SOtS. including itli out
liniitatloft ‘quarts .sapphire* boron nitride, plastic, and metals*. One suitable awiivis

auminum.

[08>7$ YiU oatsr” convex .surface of flie {rantsmittter 302 terrmaatesitn an apex.S1S. Beesuse
‘fhe trgmsmitter 302 is-d paj-cy imdricai shape, this apex 313 (BI'G.-7}vIQans -9) elongsis edge
-alemg 314 -aloug thelteagth ofibe frantsmittigr 302, Of course, -as used herein, dkterm
elotjgate «<igeis not HiEiled b the gpetx.af W :elangated “croved.ssurfa €ehut also inc&ideg,
$mtsig bthsr things, iheimeetitig ~ of two-'swtrfactefc “FiiTtiientioit, ~ift dtkef embodiments, th6
transiaitter.302 pay b« sphetjca-1l Mnature -feus, the ap® «ould bs apokst

(00773 Oie -ifaaschi csr S(B Ls a curved. piate liayl Tig a cp’yss upper s«fece.3Q8 aiid concave,
knyer suifaceJOP: Th& constmction oftraosdueers -thattwaverf: electrical &i&g}finto
:aoo«stkalcii - &rgy T's ver3f well known iirtheait . The conyé X surface 30S of the fransducer hast
acurvature thati.corresponds; to'& e curvature. oft Us ianer opiicave sjtfface 31i7. The

transducer 305 S acoBstI'caII\‘/m coupléd 10 the tratnsmt itter .302 s0 thaf acoustic Metrgy

geneyrated by the tmisducer =~ 3#5 propagatesthrough ‘thettrahsmiite 302 and tothe wa&r 50, t
More specifi'caIIyA., -the coiwex.ttpper-s wface 398 of thetrecsducsr 3Gk:isboncicti-todtiie.
concave imst siirfac e 387 ‘of tlie itaiisMittef 302, This boitdmg csB.bs‘a direct bonding
between ilts surface 's30".3 @S-"r ean.be Mindirect ‘fionding udli Kisglatetf [ediaty

transmission -layers. la-other ©.mbodiaients, the transdtucerts maybe filaf plates or other -

shapes . Moreover, \iMI&the btbtfom {rted frer assembly 380 s illy &rated ‘as utii izmg &
single itransducer 30S-a plmrhiity of transducers .-can be'usecl.if -desired b create the acoijstic-

energy, Freiembiiy,.the |Tajlsduc & 305 is adapted ‘to generaté ‘iegasosic. energy.

{0978J TlietranSmitt«r 302 is-connected to:thelioutsiég 304 sQ asiOfoit Tta substantially

enclosed space 310 Mwliich -tlietfaiisducer ~ 305- is locjtiski. ANy soit@ lem.eans OGN be used

to coaftdd :the housing MA 10 jhetot msimitter.302 g including- adhesion, h$at. welding, fnsfess
or-&Ught-fii ass&nbly. A plunility -of :operimgs3li are.provi'ded is the bottomt pdM T of the
housing 304. "Hie ¢<rpetnmgs 311 ‘aré provided $0-aHow st.gas-.to.VeMrodttced  Uitd tSX@Or out

of we space 31.0 so. that .thetfpsduceit?”  can bs. pooled *uwl/.ar purged. Ti g or>onkgs 31.1
are.o perut>ly€onix$cted:t O 1li« g3te8otoe 1%as desonbed mF10. -1 JneliQ Usifig-304 a3so
compriées an dpeRMg-3!2:ibr aknvijhg the electrical cotiQectioiss (7,c..wii £9) Hi&iare t
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jre84| -Refemixg ;U rst 16 FKt3S: 8 and 9,th antmgemeni ‘isiilustrated ‘wherein the fransmitter
20t -of the fotp iKms.duger:assembly;20& Is aigned wife sipd;opposes the trartsstitter:30t2-.of ttS.e
bottom transducer ‘assembly -300,. A wafer'SBis illustrated ~ asbeiiig ‘1« between “the assemblies
20Qi. 300. As liquid 70 Is'applied o thettop-surftace 51 of thewaftr SN L.menis« 1% of liquid "
72 is Formed fatwee Ttabottom portion 26fpf the fransmittert 20i -of ih<Hop iransducer t
assembly 206 and tiretop sturface SI of the-wafer 50, Smdisriy, as-liquid vo.is.applied tb the
bottom: surface 52 of the- wafer 50, ameiikadis of liquid 7i is formed: between the.lraasmHter
302 of the bottotn tiaiis*eer assembly 300-Md the bottotm -surFace. 52 of the *-v-acer 50. ‘A
casbe seentae coupled portions ‘of tlie top §tMsmitfter-2 0l -an.dthe ‘botixii;iTansimtter 3&2-
oppose i>he8soth<jr Tii it aligned #.annef As aresult, it.ispossible tiki ‘the acGusttic etnergy
thaih  gsaei;afe.d by the totp mtd bottom.tiawsdweerassembli-es 2805300 and traasmitted o die- t

wafer via flte s0temscusss ?!'.>72 can kitefere with and/or cancel oTratjotHer-est

ﬁeeSS] Tlius, it may be des Tehie, n.certain ‘mstsnces, i0.opei“te ‘itet Op md bottom
fiausducet -assemblies 200,300.1« nt dteraafing and/or coasecutive .mai)Tler.during awafer -
5|eaamg. eyek. 1B other ESmbédimcms , 0ne may want “to.activate-tlie operate fee top and

béttiitn totasducar assreiblies’s &+ 300 conci Grently..If |Oteifereh €eis mil ary imm.

(<I086] SeterxMg -aow Ib FIGS, 10.a0d |1 cOBCurreiltiy, an dternative relative arm’gemtt of °
Up h(itixam tmns an”*s  assembly-300  aiid tlie iop.fransdycer -ssse cobiy 200 wr% respect o one.
another inthedegmngsysteniiOOQ.isilksifated inthis emtbodiment, ~the transmtrjtérs. 20{ ;
3G2:0f thtetojts snil.botfoai transducer asseniblies 26pj 300 -are Oictidiglied  &vf3 do not opj>ose
ons twother. Thus, ihtei;fer giice shoyld ".aot be a probilein .during & tmuitenecOS -generation “«f3&
iTaiistdissio TEOf acoustic energy to.the wtafetr.. WMIe fee feoimmial -angle of Sepat-atfei -
Netmen  t0&top mid botto Tt fraiisMitters  20J, 302 -is:90-degrees. 'm Hie illustration,. my Uihss

mghcmib ’[3vs[3d,including' without iimitatloaJSO  degrees, 45 degrees, et&

[08$7| I1t-wjisdiscoyereci.diiag th« dreatio Olof fee above -described system . that itupir&ved
cleanfcg TesUlls weris achieved - by just haviag Ihe hotlpal -trsrisducer atssembly 30ft preheat hi
the cleaning system 1000 and arranged .&*shcjwn m F.ICi 8, «ven >vilen, npt -activated -M.e.,
passive). It was discDTfired that ‘the tratnsmittter'3.02.0f D<-6f bottom ti'aasduceravSse [BitMySOR
\vas'reil eetiBg at least 4 irafctraaof i,he:a@ousttie oU&tgythat was.geserMed by the top
transducer :assembl5f 200 :back .toward the bottom &urface51 of the wafer 50. Thterefoi”

a«oli 1.e?.aectof 1li«!,1tiivesboa Is a novel "tem  ThatniiligEs .ap2iSsivd.reflecl;K' € meMber

coupled % th« opposite sOt&ce ‘of the wafer thaathe active iraassid Mt — assembjj..
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AraMie 502/956 50 phe
Araldite 502/956 90 phe

Beryl! nun

Bismuth

Brass 7gcu 301 n

Brick
Cadmium

K
Concrete

Copper rolled

Doral uitivu«ia 17S

Epotek 301
Fused silica
GegttanhiBi
Glass pyrex
Glass quartz
Glass siSiea
Glucose
Gold
Granite
Induim

Iron

Iron east
Lead

LilMum
Magnesium
Marble
Molybdenum

Kick &l

Carbon vitreous, sigradur

414
12,81
24,10
215
40.6
7.4
24

8.0
44.6
17.63
235
12.55
29.6
131

121

5.0

63 X
26,S
18.7
46.4
33.2
24.6
33.0
1i0.0
10i

63.1

49.5
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Pamfiin

Polyedel casting resin

Porcelain
FVDF
Quart/ x cut

Eubidium

Salt crvattalltjac . dkeefi o't

Sapphire, aluminium

oxide

Scotch tape 2.5 rails thick

Silicon wry anisotropic

apprux

Silicon carbide

SiiicoTtnitride

Sher
Sted inild

Steel stainless

St)cast
Tantakmi
Teiloa

Tin
Titanium

T racon.
Tungsten
Urauium
Vagadiuni
Wood cork
Wood pine
/Mc

Zinc oxide

Zirconium

176
2 86
135
4,2
153
193
10.37

44.3

38,0
46.0
45.7
204
54,8
2%7
24.2
27,3
4.82
101.0
63.0
36,2
0.12
LS
29,6
36.4
3%
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{0091] live .acoustics! Impedance 'Zs of a material. is defmed- -as'& e product of the deasl |y of t
that material %im es thethedocity of sound inthat matterial The units for 21sate Mrayl

(kgAn ASS 107}, A cGUsiicaleoo rgy ;trajﬁanissidn is aJTe.cted by fhe differe Qres M ife 2# of the
AM tikxU feciigh which tlie acoustical | rgergv must pass. More spsel Ticdiyv iargr differences
inilm.Za between sujjaeent materials through ‘which fhe acousticat| energy  must, pass resuilts. m

increased ‘i HpsdaTJCO of the acoutstical energy.

[0092] Due %a thd acoustical. Itnpsdaijee 'vuEuesfef ihC varigas -Siaiaces cfeefeik.pii Ve

alemfer 408, filtesc-Qfistk-al energ}ris-effectively mmsmitted bacfc toward. Ih@/ydi/i 56, Thtis
sffsc.tivdy -cleans itje bpEons st1r&cB 52 without having 1o provide a<3djtk>nal tmjjsduegj'S i\s
discossad above ‘hiétsheeilective.mambej* 400 Is made of & .amterMwith a Za tiiatis. greater t
tliaittile. 11iiM thxo“gh. which .tlie actuistieal .energy istransmitted.t Preferably ‘the " should be
gisatertha BS'KfoiyL_ aijd more preferably greater ‘thaa 15 Mtayl, such asgngt* .The

yeiiective m«ntber '40B'may feehollow m prefer to create aiti addMo Ual o-aiisitional space that-
causes -thteacoustical energy to be rtlected -agam 85 it passes tlirpiiglj the reflective reensw

400. During thtecleaumg .process ‘there ' mtay be contiiiuous refiectl [xvbetween the'wafer .50 t
and tile refieo Tve mferiifear 4<$0 atid it may -continue -until ‘the acousticalt energy “balnistesia

the. system.

IBre3| FiG. ! 3 shBinvssnatsraati y6,embodi iii.at{3fthe passivet cleaning system 2@&0
where’if ‘the reti&ciiw member ‘4Q0-is positioned jidjacet!t.the top surface Si of thewafer 50
Jlaihg? than thetnljeattoxH surface 52. A ‘bottom fimiscweetr assembly 3.00 isi?s0i in$t«M of .Ta40p
transducer assembly 200. This ‘embodiment operates iamuph i same; fasthion asthe
embodiment shown H f [Q: 12 except wilts thsi &l«ciivSmemher 400 -and the temsd Ueer t

assembly  3Q0 bemg - reversed..

[00?M] Refcmng BOW to, FKJ. 14.-it has been -discovered tissi.i>4 Kiay bepfeferabie o utilisse
hollow ‘tubular structures as we reflective sieanbsr -400, Exm”tpte«. ©f 'hollow tabular - t
ifjeraberss SO0A . E ore ‘exemjplitied. 'Flie hollow tubular metmber -SCIOA-Ecan be fittedwlth
transducers 305A-E if desired. The fubytet member can beniade Of gisatts, plssticc m@ s, or
ottiet materials, tfase tw ular members S(WA-F; will havedii iereTiei eots on the

tA smission of thte.scodsticai esergy/ Bis -tubular jiiembers SOOATE modifleXsmay be

oylmd Ttcdly slisped, inatngular. sfigjjed, and -frapetostdal sliaped, K should ‘b & undoistoocl that
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other ‘shapes may -be -used and-ars not limited. to {hose shotwnt, the selection of {he shape way

vary depending upoi-tlie desired resuilts,

{thSk ‘The rounded drangleli tobukr members -50G\-E also-m8y bo.used to direct the t
reflected acoustical energy at; lower angles flian fliat whkhtit isatwfeehit is dfebct€d at the
wafer SO. TypkaEy thesfc angles are less than 40°t By reflecting'the acoustical energy & A
Ui 8AQW angle, ‘a majority *>fffe acoustical: energy will be.fqciisecl onthe bottom  surfacte 526"

tthe' P& hx-5ftiToB3 $he-totp transdutcer assembly 23$[3.

JO096] (tlias aso be« discovered that the placement. -aftliersf eclive member 4fi6-f;om the.
wafer ‘Sg.afeo pfay <&rol Oui effectively rsmen>i»g pattioks.  The distance, or gaps, between
tthe reflective. membet 460 . the. trantsducter assembly  200. Q- 300 and gl*wtvfer 50 is t

ilelermmec! 'so asto actcommodate the frequexiG>! of the wavelength: ‘Th& sigipluuntor the

i N
oy mu ..ﬁ’

‘wavdengl his: 1) i

whej'eA'A-.-wavefeigfh of ail acoustical Wwave, vj. istlie speed of propagation of the. wave  -asci
/“frequency  pf the wavein I/s s Hz, Odd. A svaveleBgifcs (e,g. 1/4/ d« 1-1/4} ‘gaps tetitl 10 act
asmafcfekg isyers ‘that p&tmit ijssrgy fopasst into the next mfedia, gjM eye By * wayelengrhs
(kg; 05; 1.0, 1., 2,0) .gaps-between _thewsfe’t Band fee reflective member 480 fend fo
swaacs thterePectiye propel  at tlie media interface. For exjimple.  k FIG.]2,the. gap
beWessii thettop temi$Aik zr assembly 200 aTtiJia\yafer.!S(i may .besef ibr 1 gjid 1-m
VYfol&Kgihs us Br4s T o eOhaptee the tr rgj TitssioDt of ite.aeostiea i «B.6rgy iteoof h &e-

clegjii ﬁg,liquec'x muUthe.. afk-"O, OH thedpposite  side the gap betwteen {he reitecdye (reTtber
4t>0-a0d thetwafer O% may be sétm L O-wavelengtH (Le, even) i» orjler {0 erfaauce the t
Tefiecii On ~operty “so-asio. keep ilietj-alismission of aOiisl cal energy directed towsrcls the
boifgji? -surface St- 3i the waferSft. laths eMmijpleprovicled,  when using water’ and a
ifequme? of 835 IcHx, fife 1 wad . wavelength, fUe gap betwteen the txansdi“er atssemtbly 280.
and ithe wafer SOis approximately 0,087".. The gap-between,the reflective mOnb'sr 400 and
the wafer 50, thetheo/Vsvele Tigfe, is approximately 0.070".

J00§2 Titista be'imdersiQoa, howeve.-, thatevetti though nuitier Oas eharacte Tisfo ixnn
advantages of it Opi-eseot kveiitio-t haye bem _setipi€i mthe foregomg description-, fogether -
with details of thet stmctureand  function of Uiekvemio N, Hie disclosure is Ulusti-aiive muy,
and changes. may bé&-made ijvidemi.],. especially iO(mqu&zéf shape,.ske and an;ange»etxt;of
pattg/Vflhi« die preciple-s of fee mvfentim-tothe & Ueextent redfested by the ‘broad - geseraf
Tieatibg of thtetott[3s.M which tfte appended clam Oai-e*XpTeEsEM
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CMms

What i s claimed is

L A system for proces’mg flat sitleies (@ MPAUNg:
ardist&bie supp Ortfor- supporting- aflat articlei ‘

afirst dispense*- for applyihg. liquid 16.a firstt suffke&of .aflat aftiple on&e rot&t&ble

support;.

‘a second disposer  tor applying Mepdto U second surface of a.flat astieie an-the

toiatabis support;

a first- ti*,ansd:'[]ce.,r ‘assembly  comprising. T rst travtucef  f@t generating  seoustie
wxttgy Mad -a fest franstmitter aco Histically coupled. to the &st ixtaT®duceiv ihe %st fransducer-
55913mMy.poshi Urset! $o that witses the fet -d'l'spemer applies -liquid to the fsrst ‘surfacte of aflat
arfcie oji ‘the rgiaUibb  support, " a Srst rneciscus  of. liquid 1§ formed. between & porttbn:of fkc:

firsttransmitter  “sad the tnies surface. @i xhe fiatarficle, _&na

a second |7smsdncer wembly' elniprisiiig asecond 1itaasducer ftor generaimg “cousifc
energy and. a se-.colid Ufaiismitter. acoustically uJ>Ied 16 the second ftrantsducer, fee 'sectond
iianstfucerssseinbly posifioned m.tha when ths gecc»nd dispemor  applies quuid to the ‘second -
surface of thtelM article -on.ihe romt abl«:Si @port, &second njen isOss'pf liquid is femisfd.

between -apo.tticwft.of fee &eond'tr*asmit er aud .the second,surfabe .of.the flat artielc. - t

2.- llte*ystesB of'c-lai‘r)i.l i @ creia- the rottatabte support. supports and. rotates the.fiat ‘articfe int
a stibstahjiaily hQmeg.ntal.o KenJa?o« the first swfa? of the. article bsmt g a hp -sHuriieeand

tie second surface of the -atttieie-being a bottom surface.

3- The system of clam . furife.- comprising € aictmti Or ‘operably coThep 8adtothe  second
tnmsducox “sseasbjy for moving tlie..secto.Oti.fraj.isdi icer assembly between . a-processing

position and a,.retrai 2tedpositiua.
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23. Use ‘system ‘of cLasB-:22' wherein the second frtansducer Msat convex-surface having &
curvature ilitatcososposds  fo.acturyatute of the epnetave imiex.surface of the second.

itsnsmitiat,
24. A systemn ibtf-de&rwig flat articles cotiipfismg:
s xQtgtable- support'for supporting  a fiat arMe; .

af rst.transdticer assembly comprising -a &st transduce® mak fkst tra»8mitt«r
aceusiicdly.co  Opkd fothet first i‘ranstducer, the'& stt.iransi J'Uc€r‘Assemny positioned -so.fbst a
first snnii! -gap exists between aportion .of -thefirst transmiﬁert and. a-first sur&se- of'a& f
3itid €.0ji. thtesOtotabie 2uppart.  afust meniscus of Lige!d; beift.g foTked ‘between the portion
oC&e fast irtsnsmitter aod the first surface of fee itai ‘ar']icf‘o wten.lkpid  'i$.appikd to fee fet

surface; %nd

aseeQBci( Taasdi iccl assembly -€omf rising .a second transducer &t a second
transajiitter.”acwst!caily‘ coupled 10 thet second mmso-ueet, thesecond it @t od 1 2cer a$embly
positioned -s0 thatt a second small .g$g> exists, betw €en's portion of & choBd txansmitfe  nNNA a
second: surface -of the. flatt article on ihe rofstabk ‘support, a second ioeai$ ais of liquid b«mg
loHiied between the ‘portioti <yfthe .second tommtter M th©sec OMt-O«rfsc € -vsfesi ligliid is

a>pits<| tati)e second s«rii ice.
25. A-syst €M for procdstiiig flat ‘articl&s‘c&J'Jprisktg:

arolatabte -support for si@portmg and rotating ail&i ) kh- ing mh&niMly

hoxhoti U | orientati on;-

a traasd Tigf¥.assemb ly compriskg  a fiaUsiluet-of -for geiierstifty acoustic e«e«g>h &
tra’igaiittér acoife'tkally -coupled {0 iliet. futst-transducer aod:a 'dam.sun'ounde at leasts
portion of aperimeter gf tlie fr@itstimtter so as-to form "a‘tliquid retaining .channel  betwesB . the

tensmjttcr  and. ihfi dam; and

t'thetmsduc«y ‘assembly positioned sotot .apcsion of & Uassmittex isadjacent a:
bottom surface of a‘flat artsele osi te . rotattable Support so that when ligtuid is applied '{6 the
bottom .surlacs of xhv.flat article ~anieasrgs.of liquid is foiimedfeetweestheporiiou - ofthe

tT<3Bsai2tieratd tlis beUcIm sur&ce -of ttie- -flifcalititele.
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26, The system nf claim -25 fiiriber comprising adispecser for applying -liquid.to.a bottom =t

suf ace of aflat article on.the ro&tabLe support.

27, The system of chkix 25wfeeift %€ tratnsmtitter has a.convex outer surface favjng an

apex.that pfotmdes “above atop otfihgdarg.

2& The System ctfckim W wierdiii&e:  transmitter is apar-cyiifidriosl "'pktfca&ciffc ape’
fotn.5M elongated edge.

29, The system ‘of claim-2S wherek.the  tmiisdUegr .j$erab< iy Hirther compriss.s Oltoii«iitg
connected %otihet frantsmitter so as fo formta substantially -enclosed space .in vacht&e

trsitsducer is Iqcated,

30. The €ysUm..ef. claim 29 wherein ‘we trassmittef and tfeehousing are ‘encapsulated | nan.

infi..nofi-reaciive plastic .

31, The systesi @f claim. 30 forite e(xmpri'élhg one or more :openiag» for'flowing; ajgas-‘kto

and/or oot of ‘the. space.

32; The system of dsiift ‘25-vfurtliefcufflpffeitiga_ bass for’supporting fee transducer t
assembly, one O mor [Bliq old dispe Ussr located in'the b&se'for applying & liquid to the bottom

surface of aUat article OE.th& rotataM & support.

33. A traTsiiugr assembly- fe>r mougatittg iven& Stk a Bottom surface of afiat ariicle

comprising:
at iisdueerfer geseratiiig:acox»tic.enerly;
&tei ismitt" acpusticaily coupled 1o thtefitrst fransdutcer; mid

a'dam surrousidmg at least aportion of a perimeter of the transmittter so as.10 form a

34. The transducer assembly of claim: 33 whet Gin the tomsmititcos a.pir-cylmdricai :phte:

havitjg. a'codcaye inner ‘stance and aconvex -otter surfkcfc.

35. The txansdpcer assembly ofcla$m.34 Aherein tliettaasiiacer lias a convex -sjitrfkeehaving

aotirviatee thtat-.co.srespondsto a curvtature oftte ccaicay” ianer surges  of -thatsaTemitter.
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36, THe irsasitufeer assteljibly {}fcjaiin 33 farther ‘comprising means fox moimtiftg '{

transducer '@Sﬁﬁl}’ii‘}i}’ Gl Oseto  but spaced ‘fo m @ botom  stitiMee of a lig Caticle.

37, 'Hie itransducer assembly of ela Ir 33 wherein

i liss & convex ouffr surface

Jiavi !fl.g as_gexpra i &di Tig gbov &-a q"’if}jl’ &J?m l'I:"
38. The iraisitacer asseliib {‘y of ‘clam 33 f Chtlier ~coﬂwrts&l ahousmg c<.>miected 10 the
titais$iilit{er so &s ) form a substantially etic.lo.se4 "Sfjéqg isa Wh ic h';he Irahaducer is located..
39. The ‘i¥aiisdwce:  assembly of ciayn 38 wliereiB iheitransmitter mid the hopsing axe
dieapsiilaied N gxzifertik m 4 gctive plastic
4Q>- T i}e ¥ transducer assegibly of clam 3_8 »‘fimtﬁﬁ Cojapris lig. 9 £ 01 .more.opes Ikgsi {)r
flowing a BS into imd/or out of (he-’Space.
41.  The $transducer asseﬁ}}giy of.claim 33 father  .comprispg:

abase fr ﬁ‘tllJpo. T3Bg -file transducer aad thgt .. and

oneoj; $¥1o Fe liquid dispensers Jooted inhe  base  aiid _ adapted 7 apply i $31% d Ij"i
bottom sw& Ee'of a fla aticle. eyl
43.  Ainpthod. -of ‘majtofacturiag a traiisdiger  assembly SOy sitlg <

‘prtmdiiig i & par-cylindrical £ trassimttet pkte

b o I tSHg.one &(.tném fransducerf o a couysx  intBer s G{‘ﬂztﬁof ths titosmiiter;piatd;

OO?,'{BQ'I—Uti}‘!g ‘a Itoi5sxig:.to thé teismite to create  an assembly' E}ﬁvin g a substantialy
"gjxcjoscd cavity fa. wMbh " tfee -oije ot more 'ij’tosducers are located; and

‘encapsulating k4 the as?enly V/iﬁ} aniffert n o fk-teactive . plas Uc.
A3-. The method of cia TE'4 2. fuitlier comprising “connecting so as t§}
su'l""‘?i“iq' aleast  apprH O of a perimeter oft BﬁTilly ali retfling char fel’
Lisigieen tae ‘asesb iy and the dam.
44.  The reth  Qut o f th|m 42 Jurther.  eooiprising -providing ene :OI lﬂ.ére‘ openings lnfee

assembly for. prov?cHbg '8 gas "mtoam Tiof  out off §|l[ 1
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53; The juefkxi of claim 45 wherein the p Qttkm of the.first irtaftsinitlei: ithat contacts thteS m
of liquid on fee sopisurface pf the flat articie dpes Jnot ‘oppose ‘(P e portion -of the second t

transmitter thtai contacts theilti in of i'iquid‘ on the topt surftace oi£-fheilat article,.

54. The method of chUm 53 wherein  step? €) arcTl) m  perf UtRied *fi mialtematmg ~ fashion’

concurrently  s&Uh f egnsee Cth?ely.

55. The method of cfouas 45 vvherdin..a <dii sxirfo« Qd«at least aportion of a perimetsr  of the.
sseoad transinHtgr:so  as'k>fomi -a liquid retaining chasael between flfeesecond iransmitter and
tije-daiaij -tli €'aby.i fcreasi Bg the portlien of flk secontd too ism ittdfti n c-oTtaot wifli tieM m Ui

liquid OQ €€ bptfemt suffece of .thefiat srfiole .

56. Titemetitod of ©laM 45 wherem the acoutstical energy -aj>pli.«din steps ‘e). anil o ism tile

pega*cmic feq Usacy range ,

57. Tlie method of claim 45 wkersin ihe -second 4ransmittetr has. a.convex.outer- surface-
having an ape>:. that isiil contact with die ISM of theliquid b tijefoott Ore siiifaco of the fiaf

article.

SS,. The aiclhod pf claim 57 v/fesinlhesecondttaiismitteris ‘apar-cyliiidrical plate,. the

apex’ionani” ss.elongate edge;

50. Tfeemethdd of clam 5.7 w3ietein $he first trt&nsmiliér hszs-an elongate edge that ism

o ig&t-with litePlitt. of the ithigem@oii thb-toj? suj-faee;.of the fiat artictle,

60; The method of chim.45 -whe-reiCithe .secondtraiisducersseaibly ~jurther. comprises s
hpiisin®  cotisfeeted %0 'jéhtestecon4 {ransoititfer -so si? to form a-substantially @ieles d space in
which itiie "ecQnd.tg fisducer is loeated, fce .geoottd-fransducer “sateiajly ‘further compri® ifig
one-gtmoxe.  UifSsaiings for flowing ‘a gas ml o gjid/ox .00t of ti$e space Abhet-method iluthetr

comprising:  flowing aa Tiierl g3S Itvto the catvity S>d in donfeict i\11h $he-second trfc_ti$dt?ber:

6L | he i-ftethed of claim &0 wherein the sectemd transmittert -and tine- hous ng aret encapsulated.

in ad inert ‘noji-itactive, |Zasii i,

62. The ‘method .of claim 45wherein the secotnd ti-ansmittertis-.a .{~-cylindrical  pkf«j. having a

concavs Inner surface and a convex outer ‘surface and the sseoac.lh,t$aisducer has &-.cosve X
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