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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. In a clea ning process, the inventive system, apparatus and method can remove particles from both sides of a wafer more
efficie ntly and effectively in one aspect, the invention is a system for processi ng 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 a flat article on the rotatable support; a seco nd
dispe nser for applyi ng liquid to a seco nd surface of a flat article on the rotatable support; a first 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 n the first dispe nser applies liquid to the first surface of a flat article on the rotatable support, a first
meniscus of liquid is formed betwee n a portio n of the first transmitter and the first surface of the flat article; and a seco nd transducer
assembly comprisi ng a seco nd transducer for generating acoustic energy and a seco nd transmitter acoustically coupled to the seco nd
transducer, the seco nd transducer assembly positio ned so that whe n the seco nd dispe nser applies liquid to the seco nd surface of the
flat article on the rotatable support, a seco nd meniscus of liquid is formed betwee n a portio n of the seco nd transmitter and the seco nd
surface of the flat article.
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.ACOUSTICClNERG Ϋ SYSTEM, MJ£TH0» 4N'D APPAHATUS...FOR PROCESSING

FEAT ARTICLES-

€røss-IMer& αefi øtRelated Patent AppiieafioBs

fWMH] The preset patent application cMms h p benetfit of United States Provisional.?ate» έ

AppIieat κmS£rial No.. (50/760,820, filed January 20, 2006; united -.States Pioylsioiial Patent

Application. Send No, 60/837,965., fifeMsgust 1-6, 2006 * IJmted States ProvMoifsalPateat

Application Serid 'No. 6D/S5.0s930 s filed October .1 1, 2006; -United .Statøs.'.Ftøvl;ssαaai Patent

Application Serki.No. 60/885^7S; filed. January 225 .2007; and United States. N*n-

Prqyxskmaj Patent Application Serial Mo, Ϊ I/&2S,5S όy iled Ja&uatiy ;22,.2Q07 s the en&tetleg of

ytfϊish afe hetrøfe}* ύtcorpprated-b.y rsfejrence.,

Mεsld.of hte lavenliost

[0S>02j Tfa& pfss ύn ϊ ihveation relates geαaraliy to ώe field of processing flat pli αies uiife ϊήg

acoustic enekgy; 'sxid sρeθilϊ ά ?lly o isystetms;, methods m ά εippatstu$ εhst utilise acoustic

ener gy for cleaiimg Hat. articles, such as .sesibanductor wafes;;

Baekgroaad of # e Mve»tfoa

[δøOSj .Iu the ϊ ve&d of ^emiQondu ςtor nia πufacturing it has be.eh ..r^eόgπized imiea fee t

beginning of ifeebdusttythatremoviitg psriicks ϊ to.m semiconductor wafers dtmtig he t

laanafactøiag. process is &critical req ύirej ϊietjt o producting quality ptofitabie wafers. WMIe

Many different systems- s nϊhnetliøds have bse« developed over the years- iαremove ppticles

.fXoiϊv sεaiko πa ϊ ϊctorvvafe κ?, m m γ offlies ε systems; and aie&ods arø iuϊdesirabie because hey t

.damage the .wafers- Thus > tlie removal of particles ItQiά wafers, which isWferi jneasured :in

terms of itie paniøle- removal efficlency:("PRB rt) f must be balanced against he amount of t

damage caused to he wt kf4i$ b y the deara ήg mefliod. am ϋo t systsm.. It is tϋierefore desrøbb

fe &eiδaniag. πnssthod Of system :to be able to. to δk -particles fee from hfe delkat έ t

seniicoftductor wafer without .resulting in damage o : he devitcest-on he WS£QT surfacte,

fϊ)OΘ4| Existing ectlinlques.fer ii-eemg lvepartitcles from the surface o f a semiconductor-

Wafer utilize a combinatioii of chemical and mechanical processes. One ypical eic ϊsumtg.

chemistry nsø&i α the sxt is standard .clean i ("SCI"}, ΛvKieins a iiii?εt«re αfJUBsionka.

hydroxide, B.v.drt)g«n- peroxide, and water. SG Ϊ oxidizes and etches the -surface ,of he wafer. t

This etching as άiidercutting s reduces ;&e physical-contact arcs of h e wate.r t

Si5rfsce to WMcB. ώe. particle isi)ovui<!
S:
tiius aciHtating .όatse of removal .Hόwsv& ϊ a

piatksniieal proses , i s still reqtiirscl to 'actually ' rέtHOVe' the parfele ϊ joffi. the- \vaic? surface.



0 0 | Pot
'

l r e r particles atod for larger devices, scrubbers have historically bees used to
physically brush the; particle off te surface o f thewafer. However,, devices h ∑Mfc i s size-j.

scrubbers and o t b i s o f physical cleaning became mackquate because theirp s i c ! ,

costøct with t h " r s began tocause catastopMc-dansage t o thes.mailer/mMaturi d
'

•devices.

[ O O ] Recatlv, the. applkation.of.somc/acoustipate.ne.rgy tothe. f e during chemical

processing has replaced pHysical scrubbing o : effectuate particle removal. TBe. terms

a o t i c a l and "son ϊ " are. used interchangeably throughout thisapplication. The acoustical

energy tseiiin substrate prøeessi βg : i s generated via source βf a c o s t i c ! e n e r g wMeli

typically comprises iransdneer which --$--.made o f p i e όetecinc c s I n operation,- the

t r s i c i coupieli to.apowei'BOurceXi.e; a source o f e&etrical energy). A n e.iectJ.icM

energy signs! (!.«. eleeMcity) is. supplied- t o thetransducer.. The-trsns
'
ducer cottverfe Ibis

electrical, esergy ή gnύ t ii itu .πiecfeatiical energy (i,fe. soBic/ac6usticaI e e t y )

h i h i s theft transmitted thes b e ) being processed. Characteristics o f -the dectricai

energy s3gnai, - i s
' '

typically ψ a s ϊatisoidaiwaw fόrm, supplied t o theLramducer r o

tho .power gouree- dictate thecharacteristics- o f the; aeoustieal eTgy generated- b y the
tra c r . frequency- m ά power o f the-eleetrical energy

signal -will Increase the: &ec[u© cy.
"

3pd/or-po*vsr"ofthe:acQ-aSticaI n e r g y feeing g n s a t e d
'

b y

the-trausdue r

|0007[ Over ti .?e, wafer clrai n g utilizing acoustical, energy b εaraa-thfc mosteffective

cousilosl energy

l a proven to b<? i eiXecth'e wayto e o e particles, but a s i t any mechanical process,

dajtimge s possible n seoBs.tied cleaning faced wj.tltthe same damage e s s

iMdiiio i l ;physi al. cl§ahing- t.ethdds ά apparatus, .fe the. past, ϊ g s t e utllixmg.

a u s t c a l .e g \ve ρ designed tprocess semic d ctor a f e . batches* typically

c εa όiag t e n t y e mtbstrates t once
'

Hie benefits o f batch eka αing bebam ε-.iess important

a s the size o f siibsti'ates and the-
'

effectiveness o f single-wafer c a m - systems m c r e .

The greater value p.cr semiconductor wafer and five more delicate nature -of the. devices

resulted in-a transition .lathe Industry w r :singis*vyafer procsssing e ύpmeni;.

[ 0 ΘO8J .A example o f siugk-wafej oleani πg . system tliatutilizes megssbx c energy i

disclosed .
'
Uuitea S t

'
e 6 0 3 9 0 5 ("BtM"), -3Bsued.Matdi 2 % a Unitecl

S t a s tent 7JD03.504
:

( αuerhaas et. aL"), i s e S β b 5 , 2 0 0 6 tKee m i i c s o f

which ate hereby iBc ύ p r a b y reference h e r e i ϊ b e -.singles-wafer cleaning s y fh»t
•



the subject o f U itecl.SMss !Patent:&039,059 and ttøed; States Pate ; -7,1 003,304 i s

coj ϊ ϊm e ' < d b y Akriøii, foe. ofAite ήtqxvn, Pennsylvania under thename
M

GoI8fsnger®'."

Other, e l e o f
'

isgk-'wafer cleaners that.utilize acoustic energy-ate disclosed i n
'

United

S t a Patent 7 ? ]45 2 8 ("Eeck-.et al"), issued -December 5 2006, U ited.Sia&s Patent

6,539,1952 ls$md April 1 , 2003, and Unitea Siates Fate t .Application

Pubircation 2506/D.278253 14,:2OP6. l i single*

v v r acoustic <s! εaniag s γsimns, suck a s thebp.es- meii Qed abbre, seinlcondactor v tf e r i s
'

s p o r ύ .rotated HVhorizqmaiorie βtation while a tiloie f Hq«id is. applied toone o r both

s f f i o f fhe Λvafer, i r i i c assembly i s posifiDiieci adjac
'

enti ό one o f th

sarfacqjs o f tl Λvafet o tl a transmitter pdft oii o f tr a s s r s s e l i s hicQiiiact

^itlvthe
:

fil ϊ-
:

o f liquid b y a piernstrus. o l ' t jiq i Tlmtfaiisducer.asseaibly i s c i a t e

άxMxiβ, the rotation
'

o f the a f e thereby subj.aetis)g thevvaler to' theacoustic eaergy. genraated.

b
'

; the t a t c e r assembly ..

I
'

l Nonetheless, t3i.eind«stry
!

tmnsttioή tø thebelow 100 .n;ni devices has resulted i s

:
add.Hiooai.cIiaIIøftgea for . e i u r r s o f s s i c o daciorproeessmg e iips i c πt h e

deahing process i s n o different As-'a. result o f thedevices becoini g . more ψiά more

. i i t t e d cleaniiixessretiuiriemrøis. have also become uicjreaskgly mportaat-and

strit?ge When <fijaH withiedueed size devices, the -rafi o f thesize o f
'

e α t niTtant

cpmpareci to the e o f device i s t e f e i t ig. i n n increased likelihood that a

coniamujaie4 device will not

"
lunctjojtt propcjriy, T s -.increasinglv stringent cleatili π s s and

PRB ate: needed A s a t%sult i ϊ flp ϊ όved e m k i d κ r wafsr. p o c e i g

tecM ϊ c | tiiatrecluSe tl?s . x πt.a siz« o tke-cqntammatits:present during, wafer--

production are highly desired.

I i ] A s a result of.&se-iBCueasingly-stringeat-pleaniiness .and PRB •requiren'ss αi . hs-

jem val o f t ticks fi'om both ddes/st ϊ rfac
'

e s o f e . .wafer
'

have b e e n - i s s r e d b y the-

preseat inventors to be.. ρi a ing a n inbreasmgly.importa αt iύle io.acliievmg high i e l I n

existing single-wafer systøms,. e m o v l o f .particles .fi-dm.b αt b surfaces o f thessmlbo cbctor

wafer dtu-nia. s e&aai g-cycle are.
'

achieved b y providing a single transducer
'

assembly

adjao βni'to o o f the sur&ces o f t|x?.wafer. This transducer- assembly i s operated a t

siviSckm powei'tevei s o -that -the generateci a c t i c energy i s passes throughihs, ά t itself

t o l osenpartitoles QΆ theopposite sii αfaceof twafer.. TMs basie concept i s one

"όi the
sybject inventions o f U i t εd -

'
States Paieni.<> s Q 3 9 0 5 TMsj.dual-j*I cleamng-coaifepi i s

also h n h ϊ M i n feop ϊ e m fee s s t e disclosed i n United i f a έs F t i t



Application Publication 2006702782:53 ("Verfeaverbefcs ct-a!,") with/the ransducer assemblty

located adjacent tbhaeckside of ile ' Ratfter.

fόø ϊ l ] Despite litεi e adv^mesaieiitS in mig\$~w φ rsy$pø^m ιά mQthoUB iøτ d&&pmg 'hϋϊk

sides of the wafer, herte..-still remams a need for singie~\vafer. systems hat can ;ackievs t

improved F31E with misS ϊtJsted'devie 'e 'dsj ϊjage, FurthemiotCi lie,continuedt miniatiti-feation-

of .dsviees.co.tttbues to 'render esisHøg cka&Ihg systems iti cφ iable.cif .achieving ait

acceptable balance between li ϊgh PRB and minimi^d .device damage.

SUMMARY m XEE INVENTION '

|($.i2.| Ii is, iiiersCore a« object of .the pt^sentim^nitionlo provide si systesi, apparatus and

method &t processing ' itatartidssv such as semicoackttor wafers, vάih aco ύstjcSJ-energy.

[00i3.| Ano ϊher object of ih& pxesent inventlo:n is to provide .a system, apparatus atjd method:

for siπilJitaneously cleaning both surface!; o f flat articles, suoh ss- semiconductor wafers, TOth

acoustical energy.

100.14} Still another object of he pretsent indention is o provMs atsystem, apparatus. and

method for δim«itaiiett αsiy cieajjing both $ϊ irfaee&.øf flat articles, such as .semko πtfectø

w &ϊ fers; with ssoust ϊbal energy thai improves PKE &nά(o τvnta&es damage ό.ώe -IM -aMcfe..t

[90.1 Sj Yδt ^otlser Qb|ect of he- pretsent invention is o ptoykia a-tsystem. apparatus aiid

jaethodfor applying acoystlosl energy o ihe:btottom surface of a otatmg flat strtacle.

|flθϊ (>| A .fctlher oBjsct of Hie present Invention is to provid.e.a system, appataais-and metltod

for sim αlt-aieøwsly cleasitig- bolh :s'urface έ of iht articles, such as' seπtifcdaliict ό? wafers, hat t

utilize acoissfic ^ 3ζrgy rs;fleeti θ5i;

[0OI7J A still Tijrite objee:t: όf te ptresent inveation is to proylde ύh 'zφ p nτ&Xxii m d metiiod

Ite-ailows existing skgle-^^lsr cleaners o bte. retrofitted o ach.ietye..fmproved cleaning of

both surfaces of tits wafer,

(ODIS] A yet further object of fee present iftveation is tø provide a system, ap^ratus-and-

method that achiev:es ih&røased ϊ iqώd .coup.Iiiag 'between a raSsdacei 1assemtbly and the

bpitQffi surfjsee of a.fϊ at s ϊ& ϊe .



6l$] yetaaotheto^jectof tbe present Invention i s toprovide a systeaii, appamtus and

melk κi thai particle, ssmøva ϊ efficiency i n a smgte-wafer. <?leanlag

y s t i m located mrthe topsideo f the wafer,

| 0 U 2 ] Still aoother object o f fhe present inventioR. i s toprovide: a system, apparatus rød

method for applying megasqnic energy to th backside. o f a tlatartkle.

[002.1] These: o t objects ate- n e b y t present m γ e doi ι -which in. o embodiment o f
'

the invention can b s a system, for p r αcessi g tiatarticles comprising: a rotattible support for

supporting .a flat article; first dispenser for applying liq ύ to t .siirlace o f a l ϊ atart ϊ eie

. i the røiatabl ε support; a second d i
'
speiiiser

:
lbr p l y n g liquid- tcsra t&ifm surface- o f Hat

ariicle o n ilae r tatøbl ε-sxipporf: -a ilrs ϊ tπinsducer asserøl1|y.eo τ5i.paiBmg s.Ststiva d e-er f

generating acoustk- ή i Bxsi i s i t e r acoustically c o αpled tofha. first traasducer,

t -r t d c e assembly p όsitio ved s o that when, thefirst ! i p ; i τiser
,

£jp| lies.1iqo1d..to;ih«

first -surface o f s.fiat article on. the røtatabls support, a s t meniscus o f liquid isTormed

b e r a poaios o e first transmitter n d -the first surface "of theHat aiticle;and a s e εό
?r s<iucer assembly o prisihg a second tr n s d u e r f o ϊ gexierati ϊ g p t i c eaergy :a π .

second i s i t t acoustically coupled t o the second tmnsdut*er -the second transducer

assembly positioned so.that
•
wiseivthfe secontl dispenser applies liquid: tothe second surMce o f

:t fiat article -oh. the rotatabls sapport, second e n i c u liquid i s fom$ed b e t w e a

j κ . o f -the second transmitter » l
:

ttie second surface oflbe. latMtc-k-,

|90.22] Irs. aaother atabodihie πt the
'

invention. oaa. b e
'
svstsBxfor .cleam πg flatsjttc&s

coffi.3>fisiMg: x o t i : p o rt for supporting a Sat article; a first t s cer ssser ή

'
l

coaiprising a
'

flrsi-trai ϊ sditeer and a first transmitter acoustically cptipied to.tlie &rsi

irs s d ι r the first transdiicerass εmtily positi fted s o thata -fisst-s ύ l gap exists- b e t e

p θrtl όr f h first traiismitt raiid . first surface o f f l i c l e o o r o t s a b l e s p o t

.first meniscus o f liquid.beisg farmed between the portion o f tliefir-si iraassxutteraud the
'

first

surface o f the .flat article when liquid, i s applied to thefirst surface; &iiά a second t r s d c
'

e m b l y eomprising a second trai sducer and a s e c o d transmitter acq:astica!lv coupled tothe

second tmasducer, .the s βcot ϊd-trausdtjfier assei ήblypositi αned s o &at. a .second a l gap

e i t s fcetwe ε- a porlion dftfae second transmitter and: a second surface of- thefiat atticls o

the rdtatable .support
'
., a -second e n i s c s o f jiquidbemg forrnedbetween ϊh e portion, o f the.

second
•

transmitter and. the second. sui:i%cs:whe ϊ i ϊϊ qµϊύ i s l to i 3 ι s e c o surface.



[0023 j Itx γ t t 6ϋtiot6er. :esϊ ϊbb<iimsM 5 he Inventtion can be a system ϊb r processing fiat articles

comprising: a rotatabl© support for support iag and lOiatissgkiktatlielejn. a .substantially

JiorizohtaiQAWiatiott^^

energy, a ttaupiitter,ad όi}stica|Iyc;oupJed o he fitrsttransducert arid &ά&m su πtutrxdmg a?

least a portion c?f;a ..perimeter of fej jrrøSK ϊϊ tter- so. as lαfarm ajiqiild r^it ϊiβg φ amie.l

hefcsroea the rantsmitter aad the dam;- M d ih ε lta ϊisducef a'SxSerøbly positioned so- hat a t

portion of the trarssm itter -is adjacent s bσfckmϊ surface of a flat article oft he ϊ oiata&le .suppotrt.

so tli&t wbea llqxήά h applied to he botttom- surface of h e flat artictle, a.metrise µs o f lfcfidd iβ

famsd between .tfae.pprti όii of he ratnsmittter and iiε bottomt surface o f he Sat astick.t

.|pO24] .te still aiiόt!jes"iϋa bødiJKJ8i it be :inventtion caabe a transducer assembly tor moantiag .

banisath a bottom -surføφø . of a flat article oαmpm ϊng: atr φ3$ducεt.fot.ge.i ϊ eratmg acoustic

energy; a traπsrnitter acoustically coupled to ύι&. Srst transdueef : tod a.d&m siurouadmgat.

k aϋl « portloti of &p en m e.tet .of he .f ajfjtsrøϊ tter.s ό ai> fo.form -a liquid itetamtag cliatmel

bstwtxiithe second ratnsmitter and die- dam,

.fCrøiSj fa a ftttthei*-emb ρd iϊnβot, fh$ myention ca« fee &laetjhcd of ma»«f^et ιirihg ^ tg&^dueer

assemikly comprising.: providing. a par-cylin ώ'tcal ^nsmitter-p ϊate: bottdlagoae oj more

trausdxicers o ta coxu^x.ktierrsiirface o f h e itantsmitter piate; coanecting a housing .!ύ.-the

transmitter o cretate aa assei ϊibly having a substaiLtlally encipsed cavity in vάikh lie ohe at t

mpreitansducets ais 'lάά lfcά; m i ά icapsulating the assembly wπli 'ϊm inert iODrreacέfvet

plastic.

[ββ2έ ] [a^>yet.tehtTanb^diji»«nt;ife&Jnv<^tS.c)fi can be.^ m ethod of prόccssmg a lk.i as.lick

Comprising; a} s iφ pάftiπg -a ilat article in s :sτihstaiitially horizontal orientation within a..

gaseous- atmosphere, &s flat article imvmg a bottotfl sυήace ' and atop surface; b). mfetiiig fe

fiat arfick^ 'while mdntøi πing th<? subsk ϊittialj y bo«Koa :ml.orie.nmiioa; s ) applying a "filπsiof

HqIiId to hte otp sur&ce of the .flat ariide; d) applying, a δ lm :of liquid on he bottom sutrface

ofthe flat article; e) applying acoustic energy to the top surface of he flat artbl&t.v ϊ a a first

transducet assembly comprising a i ϊ rst transducer and a &st ransmittert, a potlion of he Sr^t t

tra ∞ nύ tter in coutaet with tHhiem of -liquid on tlie op surfatce efthe .flat attlck; aMf)

applying acoustic -enargy o het botttom; surface of h e fist artictle via sseco ∑id trmisducet

assetabty cotaprising a second ransdtucer and a second ransmitter, at poriiqn.of the second

ftfaϋsinitt δr In. eont^ έt with theiiim o f Uqalά on.the bottom sur&« of the flat article;



[.08271 Ins. stiirfuitbor embodiment tileikventjon can bea te £ rprocessing fiat articles
com|>HS Ϊ5ϊg:arotataSe ppo tfors jφortihg a.flat article ih. asubstantially horizontal:
orientation-.: transducer for generating acoustic energy
aad atransmitter acousticslly coupled to tIie ttansductXthe tr s ucerassembly positioned
sothat portion of t& ixans.mitf.er isadjacent a.top. surface o£ flat article on ttiesupporl so
liat first enisc of iiqu?4 isforaied between the portion of e tran mt e an€the top

swrjfsce when liquid unapplied to. the topsiiifece; arid areflective .member poisitipndd sothat a
portion of{he reflective aer b rIsadjacent abottom s aceofaflat arif ele on the.support
sothat-a. second meniscus ©f liquid fo edbetween &portion oF&e-rcHeclive ϊπe >τ and
tlie.foottota siir&cc v ϊ liquid sapplie totlie bottom surface: aod 't reflective member
positiofied so- thai t least afraction .o.fthg- acoustic ene g that is-generated bythg.fet
tta sducer assserably tkvi.fiasses thrό gli theffet ailtcie isrefie έ άback towardihe bottom,
surface of etlat:sitick,

J 2 | In e t ot e embodisoeat, tiie.mve πtion.can be system for processing a r i s
comprismg: arotatab 'k support r supporting, afiat artible HIagaseous atmosphere; ?i-
kansdiwer assembly comprising a ans ac rand a ttajismitter tondec! to the transducer, tfeε1

n d c rass^nbly o itioned'sothat afirst s.ma!l gap exists bet^eee apoilo of the
fraftStStttar and first sti ikie ofaflat articie n he- support sotliat when Hqukt ie to
the f fe ce-of the- flat c ,a fifsf Rewscas of liqukHs. ib s between the poriipn of
ths ttatismittet d the :.f ϊ rst surface oftlie;flat article; aselective .member positioned o t
sεcoii ά smal !gap exists betw&sii ap'ortion o therefkstlW itsember and se on uri ceόϊ a
.flat artick oiviie support pthat- when s di;s applied to these ondjsur&oe otihe fiat

lMe lseco i meniscus o liquid Isfomed .bet>veefi eportion of thereflective member
aidthe second surface- of the flat aiticb: aπdilie reflsctive member |5 itJ0 edsoite-atieast
afiactibn of Moustic e e gygenerated. b the;-first transducer assestbiy bat sses
through the fla:'article isreflected back tow the second surface. of tlieflat article by e
reflector e ber

(02 J.Is mother e bo i ent Ihe/nveatton can. be.aine liod όfproc εssing Sat articles
cβmpti'siag: .a) pcrtin &flat, article inasiibstiJiilialiy horizontal
gaseous atm ϋ iiere, the-fiat article haying.a bottom sarfacø n ύ atop suifacei b) rotating; the

t iclevyMIemalMaitiing the -s b tia iyhotizoi ϊtai orieiitati όn c) applj p afilm of

φ to.the top.sinface.qf fhe,flaf -arliclg; d) ppl ng film ofBqiud on bottom svsrtace.
oftbe flat rticle - iyi io stic-'eaergy.io'fe top-s rf'ace of i fiat&rtlcte -via.



:
&ati$<iucer l c i ri g

'
- a sduc aj - - siπitter;, portion of the t&msimtter

t-Qtn3.ctwhh.ths film of liquid o : the(op surface, of flat article: mvS. f) e ecting the,
cΘiistic energy, generated by:the first tt .i$άιiQ&t Λ y i k t $( s through thet article

back toward the bottom surface -of ilatariiele vis reflective e ber tliat is in contact

with the f ύ of liquid, Ά thebottom ur ie of theilat arfictø.

3 | Thesø.& ϊd venous other 'advantages aisd features of novelty itet aracbrke the
iave tion 8X jrøinted oat witli pariiciElatity in theckijts annexed hereto and lormiag a p'M

hereof.. Ho eve for better ftnderslandmg pf the l technology, ϊϊ i -advantages, and .

the objects: obtauisd
'
by. its use, .reference should be.made to thedrawings, whieh form

further, part ereo and to 6 accompanying dφscϊ tive tøatter,, In wMcih .thesis Illustrated

d φ seribed . s t t &ά embodiment of e invention.

BRIEF BESCRIPtION OF THE D I G

f .] Figure i t scfeefflatic of an acoustic energy cleaning. -'s according- to am

eniBotliraent of the. present y doa.

32| Figure 2 is a pecspecti ve vjcw of one stractøal εϊnbodimcat of the aco
'

ener y

clεsmng system of HIO, L

|0033| .Figures is a fcross-secti σna! sid view of theacoustic energy cleaai :system of FIGv

2 .

[flO34f accoi'di gto ojie.enibpdimeiit of the presarst

iqwntfon. thai is uti i e m the aco stic eoergy c at g s em of FΪG 2
'
as the-boitom-ss e

|
'

35| Ψgϋ 5
'
is- a cross-secticaa! v ew f thetransducer assembly of IG, 4 along, cross-

seetio ή cut A Aof FJG. 4,

[DQ36] Figure 6 is a exploded view of thettansducer assembly of PICnA

}0037| Figure- 7is schematic ofilie traiischictt sse bl of. FIG. 4 positioned adjacent

bottom s r ce of a setuiconductor wafer according to ambodimerstof the present.

of
'

iθ ,.4-is,3hovrø iβ .ctoss-se ion.

ϊ038] Figure Is a.sch εmaiic. .representation of one arrangement of the topside tB ee

seϊiiljiy elati e
'
to the -bott όm-Md

y tem of ..FIG
'
. 2.



[0039] I-lgαre-91s -v cross-«ectioosl.view of -the schematic representation of he raiisdt&er t t

.&^επji% arrange πieni of FIG, S along: the cross-sectierecut B-B όf FΪGJ.

[HM(IJ Figure 10 is a.sdiematic representatioa of a malternative ^ttapgemesii of helopskfe t

:!sa&$d«cer assembly relative o he btottotm-side transducer assøiϊ ξMy for ile acoustic gsergty

cieaiii-xg svstem. of FIO-, 2:,

fO041| 'Figure- V! Is a crδss-seciioaai viewififee Schtematic ÷rejJrέsBRMbii of fee &iier.mstive.-

transducer assembly arrangement of FIG. I Dalong the cross~seetiot ι cut C-C βf HChS

|W42] Figure I2: is;,sJ?Heroatk of ah. aeoi ϊstic energy oleaiiiag.-sj'sSeϊxi uti!iisii3g a .reJl ecth-'s

svefliijer according to ose embodh ϊ teftt of itepresent layeiitipn,

[0#43I F.tgarc I3- ia sciieojatk ofati acoisstb energy ck-δiii∑ig system αtiϋzing a rd ϊ εciiYe:

tiieiiiber according o tandteniatl^e embodiment o f bepreset ω mveπtion.

|0044| Ffeia"« 14 shoe's .€vealtett ϊati^ ε-.embodjments of atraiisdacef asstemWy &at can also

acta^axeflectiye jaember for use lathe acoustic energy clesiuBg system of FJG. .12-

DES ς R ϊ FTIQN OF THE INVENTION.

[ϋ&45] Referring first o FtIG. I , &schematic αf ari schistic ..energy cleasing system M W

{hgϊ ύ m ϊ lcr&Bi ϊ zeά to as ?lckajtimg system 1000") is illuslpted accordhigtp one embodiment

of the preseMiftventlQ α Fox es ŝe of disct^sioii &e.i ϊπ?eπtxve system and aistho«l$ ofsM

φ -awiiigs. will Bs disc αsseii in reM αaio ihαφ sxύng of semiconductor .wafers. However, the :

kwenti όn is not so Hmlted and can be utilized ϊ ør m$γ.ύzύ tzά wet processing of any flat

article;.

|Θ(I4(}| Η ie cl&Knmg sj' Stsiiϊ 1000 geneMIy comprises a op ransducter atissembly 200, bottom

transducer ps^mbly 3S0 a».d a ϊ otatable ?;uppβtt 10 for su|sportis.ig..a sεiBlco ϊ iducfor ^afer 50

m a sύbstMtiai.ly boriEontal orie»tatk>xi- Preferably; lie semicotnductor wafer 50 is- supported

so its. otp sαπfece 51 is hi?Λføvticeύ ih of the wsier 50 while the bottoxs surface S2 Is fafe.non- t

dtndce.si.de. .Of coarse, he vvatfe catxbe supported so hat Jtstop.stutface Sl is the non-device

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

|0047] -liiq jotatable support 10 is designed o contatct &nd engage only a perimeter of file

substrate 50 m pprfom ϋng its support femction. However, iie :esέict dettails of the structure of

the rpMafole .support: I S are not. limiting of &e ρres β»t rroventio ή and a wide variety of oiHer

stφ port strttδtva'δs can be. «sed r sueh as:eBueks s .supj3ort plates, dtc, A4<litional]\ \ while ills

ptrf^^^sithat th& support stt ικtmt : support .ari d rotatq thessmicoBciuctpf wifer ib: a



substantially horizontal orie.iitatiorr,,m ether embodiments o theinvention, the.system mav

tfsatthe semiconductor Wifer i s supported in other n εatatipss, s ςh a s

•
vertical o t a n angle, I π.sach emhodimedfs. tl i e i n i g eompo πe t o f thecleaning.

s t e 100, i αohsd&g ih transducer assemblies 2 3 0 can b e c H'espondi gly

.repositioned in- tsystem' s o a s to b e capable o f perform. ϊng.tliedesir i etio s and/orthe.-

necessary rei&tive-poskimmg i t h respect, to:other c&xtfponfeiiis o f (he system s c s s e

beio.w,

[0048 j The rόt support 1 i s opemblv coupled toa ra jsr I ! . :to; faiiilitate rotation o f te
water 5 wjthb the borkontal plane o f u p p o r t Thermotor

'

ϊ l i s preferably a variable spieed

o r t a f c a rotate th support 1 0 a t miΫdusked rotational speed , 'The.motai' 1

eieGirica% a n perably coupled toih.® conirplier 12. Η -je.rø ή

;
oIkr l:2 contr lS:t&Q

operation o f t l e πiotar 11, ensuring ϊhat ttic.desired rotational speed and e s a t i t .

o f rotation arc achieved..

0 4 J. The cleaning -sysiena 1.060 further comprises top dispeiiser 1 and
;

b&ttons

dispenser 14.. Bp.th t
'
b e topdbpetiser 1 3 aiid thebottoii ϊ ;dispenser 4 are qperabiy atid l idlv

teoup e d tø liquid u p p l subsystem 1 6 via i i d supply lines 1 7 1 , T liqµxά sopply-

s u b s s t e i i s i .turn fi i l y connected, to. theliquid reservoir 1 5 The Hqi ύd supply

subsystem 1 controls this supply ofiiquM toboth e top di.spesser !3- and t bottom

S ] TKe
'

Liquid s p ly b s t e Ϊ viiicbis. sciie Yaticslly illuslfated a s Wx-for

u p e s . .simpHcity, cOxnp4ses
"
tJie dssir εd r ra g m e t o f all

'
o f thenseessary ϊ p s

vdyes, u c s connectors and sensors for controlling thefiow a d transsHssaio o f theMqaid

thfoaghoat t cleaiisng system i θ

'
0.0. The direction o f theliquid flow Js . e p ø n <l b y ihs.

a ro ό the 1.7, 1$. Those.sfciIi d iB:the;artwi .fecogm ; haftli existeft e ,

piacsm&rst
'
and t irøctio πi πg : o f the. various components o f theliquid supply b y s e I S i l

vary -depending .iipoft ie needs o f e cleaning system 1000 the processes desired to.be

sar πett .o t thtteon,. and can b adj sted accordingly. The components .o:f the liquid -.supply

subsystem 1 6 are bperably c όr iήec-t εά toand controlled b y thecoBtroUer 12.

fø
'
051 l e liquid reservoir JS,- holds f h e e cl .liquid tob e supplied: o ther-5 .for. ihe

•
processing that i s I b e oamJed out For cfeaai g system KHiO . theliq µ e s e v o i 1 5 l

hold a cjeaaing liquid, suc& a s for a le deio e d w a e r W
M

» s d a t ci cleau T

(VSCJ i fc-&cIeM 2 ("SC2
ff

) s. o z Bateddei όnizesi Water ("DlO^), dilute -or ultea-diluhs



chemicals m ά/ot combinations thereof. As used herein, theterm "liquid^ includes si least

iqu ds HquicMiqoid xtu e and liquid-gas, mktores. Ix is also possible for certain other

supercritical aml/ αr dense fluids toqualify as Isqisicls iccnain itu tion .

fθ 52] Faxths πo , it Is po ible o multiple liqmd ø ϊs. Fo example, in some

embodiments ol the ϊnveimon. the topdispenser 13 n the bottom dispenser 14 can b

operabiy ά ikucOy coupled todifferent liquid reseivtrø. Tills x ύ allow the p ic ion

of dif ent li ds to e bottom surface 52 and die top surface 51of the ater SOif de lr l

|0£53 The cleaning system
)
OO thef comprises a gas supply subsystem 1 thatJ

operabiy xiά fluidly coupled to a ga o rce 0 The g u ply subsystem 19 is operabiy

and IMdIy eorm^oied to the toptransducer bl 260 ia theg up ly o 1a i th«

bottom ttansducer assembly via thegas supply Ime 22. The gas supply $«b$»5 er 1 ,

ϊϊich isschematically iiliusrated . a box for purposes of simplicity, comprises die desired

arrangtfment of all of the necessary pumps ah es duc s, connectors rød&ciiiors for

controlling the flow and rans i ion of thega throughout ihe cleaning system 1000 The

ditfXtx αn of the g flow is represented by b arrows on theu ply iiaes 21,22. Il e

k lledn\ the t will recognize that ibe, existence, placement andfiiaciionmg of the vai ∑o

comprm tits ofthe g supply subsy 19 άl vwy c pe dmgupon then oώ of the
cleaning sy te 1 tod the processes desired tobe carried o x thereon, and cαa be adjusted

accordingly The con pot e of thegas supplj αb ie 1 arc operabiy connected toand

c πtroHed byύ eoritrollci 1 . Thus, thetransmission of ga fror αthe gas supply .suhsj &tcBi

>Is based upon ign lsleceived from thecouTifoller 12

|0 54J As will be described in greater detail belo the gas is supplied to theto theiop raid

bottom U' s υoct assemblies 2ΘΘ, 300 to provide cooling and/or p ging to the tucc

in fee assemblies 200, 3 that convert e electrical energy into the αcoysilc ε ev y, The gas

sjo υret; 15preferably holds an inert gas. sadi as ilrogcu, heliuoj, carbon dioxide, etc.

tkrwevet, the invention is not limited tothe use of an> specific gas. Furfheimon*, a W n the
liquids, it ispossible to have multiple gas sources. o example, m some emboditnents of the
invention-, the top transducer assembly 200 n thebottom n f eer assembly 00 can be

operabi} a?d ϊ xύdly coapfed to dif e at gas toservoiTS, This v r i allow theapplicaltoti of

different gases ύ de-sired.

05 1Tlie cleaning 10110 further comprises a horircaiial actuator 250 that L operabiy

coupled to ϊh top transducer assembly 0 and a ve ti al a t to 35 that is opeiably



coi φ lέcito hte bottom ratnsducer &ssemt% 30β. The actuators 2SO, 350 are bperably coupled

to and contorlled bfthp edntroltet i2: The actuators 250, .350 can be pixeumatic actuators,

drive-assejtibly actuators, or aayother style desired o efft ectuate^).!© rtsc.essa ϊ y movement.

p βSSJ The horjgp Ωtai actuator 250 can iϊøtizontaUy translate..th ε: top tra β$dtκj».asssmoly.2øO

beweeB a retraced jsαsittcn.and a processing jjositi oa. Wlie '&m.the retracted posstiotu the

toptransduce? assembly 200 is- w.iti)dmwn ;sύi|! Λ].e3itIyaway from h e i;ota tatble s αpRortJ.0 so

feat the wafer SCI eaa.be loaded and unloaded without -obstruction onte aad.fom lie:supptort

£0. When ia ώe pfocessmg jposMon, at least a portion of lie otp icatnsducer assembly IiH) is

S|?a#d Jk^n byt sitlE ςieii βy close .to ϊhe top sar..fape:51 of Hie uafer' δft so hat when ltiqai^ is

suppliedto ilietop §«rfac& 5 Ϊ of het-tvafer 5.0, a.meniscus of liqµiά is ϊ oxm&ά between the op t

surface 5 1 of the wafer -50 m d hatt;poxtipu of he ttop lfausdacfir assembly 288, M EfG, 1, the

top frsBsduee*' asssjt ϊblj? 200 :is m fhe:processing posi ύctx.

[Θ8S?J Smiilarfy-, die -vertical actuator SSOcaii v«ϊ ficaliy mns ϊate tht t bottom irasisducer

assembly 306 between a retrafcted position snύ n processing pssltioit. For lie bdtttt>jκ

tεrøsduc^r ass αϋMy 300» he rettracted pos ϊtsos is alo^red positioii where tfe wafijx.50 eso.

be safely loa εlgd oωo he sutpport: 58 wi&out c ontacting bέj bottomt transducer -assembly 300

and/or iaterifering yiM ϊ δ&et|3?ocesses hat mtay b e carried out on tlie be-tfoai surface 52 «f

tkewfer 5 6 .feat sfepife atkøti αna! space. \Vh$n liet bottom ransdtucer-^embly 300 is in its

processing p ϋ£iiiion,.3t Iδast $ p αxύoα.of iht bottom τrøsdu«er assetmbly 300 is spkee&fio πi .

but suMcienilj clos 'f? o tthe- febttotii sttrface-52 of he wafter Sδ so that -wh en liqώd is s upp lied

totlie otp sxaface Sl. .of het-wafer -Sfrj a meniscus of liquid is formed betweeii fes 'top surt&ca

5Ϊ of fee wa&F S O and hatt portion ' of -{he. top ransducter assembly 20Θ, I n FIO.. ! .s the feoffem

ttaiisdttcer sss 'etoi^y 390 is in the p roce ssing p&siriim

I'OOSSj White & e a«i«ator« 2®% 300 are exe αipyfied i n 'systeni 10θ§ as έ»dag honmhial ajid

vertical actuators respeetively, in other emhodrøieRts of -the invention,.diifereBi;sjyIes- of

actestors can betised mtlfe place of each. Bo? exatnple.the actuator operably .coifed o ti ϋet

bottom transducer assembly :.3O0 can be a liorizorital, .yertital, ;aagled raiislaHot^.actm ϊtot or a

pvofable- actuator. The. same Dptiόiαs.exist for ihe actusior tψ embly. cot ψ led o th«. op t t

transducer assembly 200.

(0059 i A posuion. s«ssor-305 is pftjvkkci in fee cfeankg system løø.so that the position oi^

tlieb όttom tes θuc«r assembly 300 cau.be j Eβqjiitored.a ήd 'contrblJksϊ l ^ffe 'ctiveiy The

positiofi/sensof 305 m βasi ϊ fea thedista^ce between ths Bottom .transducer assembly 30Cl aijά



t he bottom sudace 52 of ;$te wafer 50 so.thatthe proper distance between fee wo.esn. be t

achieved ot- effe ctuate. he protper processing gφ for. formation of fee liquid itieήiscas. The:

position sensor 305 is op^rably and eoraniaqlcably coupled o A e cootrtolkr 12-. Mors

speci δcsliy; hte posMø β sensor 305 generates-a signal mtiieative of he measured ditstance

a^d tratisjtlits htis signal iaike coatmlkr J.2 for processing, WMIe fhe sensor 305 is

illustrated as Wiftg connected o het botttom ransducetr assembly 306. ittøaή be ήtott άied

almost anywhere Ia tet cleaning system 1100-so long as it can perform its position indicating

fimctiofr.

[00601 His oieaaiiig sysMii lirøalsd comprises as electrical .energy signal sottroe 13 ύi&i is

ope.rab3y coupled o..&t« ap tratnsducer .assembly 20β.aiid the bottom transdiseer ssseimbly

30JI, The:<ϊ)εeirical energy signal iSOTrce.23 creates he efectricait signal that is lransiliitted to

the transducers (discussed later) in .the iop ransducert assembly.2 θθ m ά he bottom. t

t ransduc8r,as{5embϊ)r $iiø for corsversiois Into comispofidiog scoitsdx? energy- Hie desired

dectiieal sigaais. cart be seat o lhstop midtl>ottem transducer assemblies 28δ 30δ

coxicurrently, consecutively end or in Sii allemating fashion, fepsmdisgotsi the process needs.

liiij ϊ 'lectrical .energy sϊgaai soi ϊrce 23 is opeώϊjly coupled o ahd conttrolled by he- eαdrolkrt

Ϊ 2. A.*? a re-suit, Jhβ conjroll er 12 will dicfate the &eQuency; po%verieye.If aod dumtioii otili^

acoustic energy gesieraie^ by fcstop rs^sdutcer a3s<?sib!y :2&0 m ά he. bottom.:tfantsduc≤t

assembly 300. Prs ;fe τablj, tϊ ieeiectricai, energy sig ϊM source 23 is conMvUeci so hat &ε t

acoustic enqf-gy generated by the op ranstducetr assembly 20β m i he bottom tantsducer

assembly- 3.0θ has-a freqt ϊgncy in the aegasesiict xύάgt.

|t86 3| Depending; on system. ϊ squi τemenb s it πsay-not hαdesirable o -ϋsfea Sisgk etlectrical

energy signal sowdb o odtriitdl both he topt i^bsducter.sssembiy.IOO m d ke.bottom t

t sransdttcef assembly 5fM). Thus-,- m o&er em.bodiment$O.f the ϊOTeiϊ lion; Multiple :eisct;rical

εfeergy signal sotirces inay. be asecl, oneibr.ea^ raπsdiscertassembly.

P062] Tiie.coatToIler llniay be a proceasor, which can be.asuitx Λ Ie microprocessor based

programmable logic controller J: personal computer , or he Kk.β;ibr ptrocess control Hie

eαtitvoHer 12 preferably kcludes vaiious.mpt?t/ot%ut ;.ports Hsed a pro^de coatøectlotis to lsέ; t

various. icomj3D.i6nts-of tiie cleaning system 1000 thattised o beiconCroOetd atid/ot

GOTXunnBicateUWftu Thceleclxical. aήd-'btcoffiinumcatbti connections areindkatedfe dotted.

Ike in HICi L :t3je cont?oik.r.l2.also pϊ eierab.iy comprises suffi<jienit .mem oxy o.-store t

process. rec φ gs βtxά otfer data, sadi as-Aresholds ijjpui&d by wx opemtor, ørόcessMg hnei^ t

T&tadόri ϊil speeds pocessliig conditions, pWccssmgfeiap ft tate eS fe W mtes v desired



conce t on-sequesee operations, elite; The: controller 1 can eaimnumcate with,
the osei fiO ϊieMs o theciei ing .system. 1000 toautomatically dj tprocess
conditions, suoh a flowMss srotatiqnal peed oye tothe components of tϊ ecleaning
gvstsftv 1.000. /efe. asaefcessar y . T tpeof yteni contfolier ivs ά .for y-glye s mw?ili
depend Othe exact needs ofihe system. iawliioh. ifisiii corporated.
|0063| Tile fop dispenser .13 ispositioned hύoπeted.s ό thatwheii aliquid Is. flowed
:
t35.ei;e%>ugh, |he. liquid isapplied to the-top surface 51of the

'
substrate 50. When, the

Mihsttate SOisroMirig;, tiii Hqiud om kyeif orfi of th<?liquid across the efttiref yofthe

θ|>surface 53. iif tbst SO. llarl thebottom dsener14 is- positioned ι

oriented .ot t. he .a iudisiϊowed.iherethouglij theli l isapplied tό th boiloto.
siirfece 5.2 fthe substtatS: 50 When "the btr 50i xotaiiag, tlii&- liqtaά fom ιst&. yeor

Sim o the liquid across the.entiretj- oftb.e bottoiti surfede S2of tlisubstrate ,50,
| The iop ttansdi!C«rassejnb.ly Oispqsitioaea sol tas a gap exists- between .

portion of eo .tsra sducer assembly. and tlic tops face..of tϊiewafer -56. This ;ga ρ .ϊs.
suffktcnidy s o thaf wheit the q άά isaplie to the topsurface Bi ofi feSp5
tjsensseus:<>f Hquid isfomied bei>vsen tie .top surface 5 of.the wafer SOaadthevportion ofthe
ton -transducer: assembly 2(10.. Smnbrfy, thebόtfom .tmsducer assembly .3.00 Ispositioned, so
I asmall gap, ei ts-betv ε i j)ør o.n..oFihe -bpftom iraasdaoer -assembly Θ rl the
bottom sur.&o. ;52of the: r

'
. This gap

1
is ffi cienfiy ll,so that-whmth βHqirfd-is

applied Iothe ttøia face 51 of theWafer Sik άrαcrύscάsofijqii
'
idsformed, between tlie

boilottt tϊace of e-wafer 50and Hie portion- of thebottom transducer assembly 3 .
The e c is.not Mali fed .Many spedltc- shape;

{ H $} Aswill be-sotsdj the topanci. bottom transducer assemblies 206 301 are genetically
illustrated as-bo

'
xes.-. TMs- Is- dose bec lij i broadest- sense,, thel yentioii isrjoi limited to

y rticulr t jclure -sli8-p6;aad/or assei-nMy arrangement lor thetτ ns ι?cer assemblies
200, 30 For e pleany df-tfie-transducer assemblies '-disclosed ia-Umted.

'
Sføtes Patent

6,039 Q59 B yi Is d. rch21,.20OD, .United .States Patent 7 2 6 {!' k t . %

i uedDecember 5,200 United BtatesPatent 6;539,952.("ltekow3tz") issued April ] 2QfB,

and lfefied Btates.Pate tApplication Publi atioh 2006/0278253 fVe avefteb ei
published December .14, 2006,, can.be

'
us.edss;thc--lop.asd/or

'
boit03a transducer assembly ΘO

300, 0f,cøurse used, such s those ing
'
an

elongated Xt m tl rod. sxijpjSori
'
edat g tol surface of thewafer.



| 066] Referring now o FIG, 2 , a preferred structural embodiment o f thecleaning system

!{l(!ø I s jile&trsuxi. L&e numbers are used i n FIGS. 2-14 t o indicate thecorresponding

structural rosiatestaiiunof the seh«u»aucaUy illustrated components o f FIG. L

[0067] F the claanisg v n t θβø o f FIG. 2 thetop transducer assembly 200 campuses a n

elongate tod-like transmitter 2 ϋi that i acoustically coupleU to transducer i n

PIG 3 ) that ss located withia o s in g 202. Many o f thedetails o f this-style o f elongate r αd -

like Uansasitar 201 d i c l o e d i ft United States, Patcuf 6,684,891 ("Brsm"), i s u e February

3 , 2GCM- and United States 6,892,738 ("Braaet a!."k issued May 17, 2005, the entke e s e f

which a hereby i ϊieotpø ϊ s t b reference. The tap transducer assembly i s o p εrabK

coupled U) asaembly/ac αiator 250 that can taøvethe rod- like transmitter betwven

retracted p o i o n ami processing o t i o When tho tod-liKc transmitter l i s i n fee

retracted position, the iOd-iike transmitter 201 Is located outside o f theprocess bowl o

that a wafer 5 can b placed o n the roiatablc p p r t 1 0 Uh o t obstruction Mere

spocificall>s t ϊ c drive assembly 250 i h a therod-iike a $n rt«r Ϊ lhrougb a n

ope g n e v i l o f ihe p ro c e bowl 253. When ia thepiocessi π position, the tod-liks

transmitter 1 is position directly above the toprf c e 5 1 o f a r S O o n the rotatøble

support . The rod-like transmitter 201 s in theprocessing position m FKJ. 2 .

[9068] The bottom transchiccr assembly 300 s located t tlicbottom o f theprocess bowl 203

a t a po$ ά i b ø o w ther<*tstablo support 1 0 , The bottom iransdueer assembly 3 comprises

a 4&m 361. traBSBiitS.et' 302 axxl a b o The bortosi dispenser 4 i in the r f a

pJuraliij? ofspi&y located h i α tbε base 1 4 i?s.clf, iallicr then 8 single noz/h άisp t ,

i ) ] Referring to FKl 3 i t can b e seen thatthe rotatehl support 0 is. located within

; process b o ! 3 . The rotstable support 1 0 supports a wafei 5 0 substautially

I3orl/onta1 orienlatfoa in thegaseous, atrøospherø o f theprocess bowl 203, h ic st.trrott βd s

the periphery o f the a fe 58. The rotatable support 1 0 i s npsrab!> connected to the motor

s s e m b y Si. The motor assembly rotates the wafer about thecentral &sis. ' S h e motor

assembly l ϊ can b e dircol drive motor o r a bearing with ofl sct bell/pulley drive.

| l
)

070} The roiatable iupport 1 0 supports the wafer 5 0 a m elevation postUoti between

tlie elongate red-like transmitter 201 o f the topttsii v c r assembly 200 and the transmitter

302 o f the bottom transducer assembly I . h&tt thewafer 5 0 is> s o supported, h

transmHtcr 1 o f the toptxansduccr assembly 0 extends in. a substantially parallel

onentatioa o e r the topsurface 5 1 o f thewafer 5 0 in a close p a c e relation, S iπ i v the



tømsøutt εr 302 of i e.bottom transducer, assembly 300 extends in a substantially parallel

ϋdentation below e bott όm-sur&ce 5 of thewafer SOhx &class spaced, io , T sese

close spaced, relations are- such thai vv i liquid is applied to&eio|> d.bottom, surfaces Sl ,

from fee i ense s 13, 14 espectlvefy, x eniseases of liquid are respectively r ed

between o on of the.
'
t aasrøilt ε!i"2 l ilte lop m ee 53. of thewafer. -m ά between a

o on ςf the transmitter 302 t bottom, urf ce52 of the ..-wafer SO

[007.1] Tire: bottom tn d ce assembly 309 is opersbiy connected tothe lifier/act ιsator,35 β.

The li et tor 350 ca.it s a :p^e«aiatic lifter i c&n also c p e bracfefe TIie lifts?

350 can laov. δ th bottom transducer 0 sembly bel -yee processing positioa ά &

retracb4. position. IRFI<3.3 Sthe. bottom transducer assembly .is ui-lhe procøssmg

pøsitlbti/wlsetris t i ed position in which the
'

ra s itter3 is in the close p ce ek t t

discussed above. When iύ tlieyeti-acted position,. i bottom tsdus;< r a e y Ml is i a

ere position, to e?»tste that th a r-50 isnot damaged disri.ngins&tk>» onto tire,
rotatable s ppo 10.

|0072] The ti έlucers 203, 30 oϊ

'
ie top and bottom txaBsdueer assemblies 280 30(1

scoi ϊsfcaHy c uple to tIieiransmilter
'
2{ , 302 .respectively . Thi ca be done fi rougir a

direct btmdmgor t di i bonding ,- at t li e uitemiedfary i sion layers. The

tmnsSucers 203, M\5. ate opershiy coupled sό σe of art eϊeetxical energy g T e

transducers 203, 305 i bea piezoelectric- ceramic-or crystaUas is weli v in tkea

[ 1
)

73] .RefilTJBg ΏOW to..FIGS, 4'7
'
øoneurfeatlyi. tite

'
bdtoin tta ce assembly 300 is

illustrated remov iitom tlϊ .. le τig syste βj .1.080 sofeat its details are visible- It should

tuidetstodd thafthe .bottom transcluder-assembly 3 in an<l of itself,. Is.a Royeldevice ihat

crø constitute an siabodiment of the invention.

[0074] The bo om.traosduicer .assembly 300 comprises baso stocmre 0 housing 04 a

tjanssstiitter 2 a tfaasducer .305 and a flam 301. The base structure 3.is preferably ϊα ά -

ofF.TFE or other nos-c ό

'
ntamiRati g.matedal that is suitably rigki Tiie.base structure 3.03

'
h afop convex surface il is genera! Iypar-spherical shaped. The base structure 303

connects i and up ort
' '
the- remaining ciMparoTits of fiie

:
bottom tr n ucer assembly 300,

The.base structure. 3 also comprises a plurality of liquid dispensing holes/nobles .14 that:
are adap d to supply filttv of liquid to el>ottoto- surface of a fer dm ϊn proeessmgv Tile

holes/nozzies 14 t iόcafecioti botli sides f ήif. i m e m o. ep xo v tl

exte τκl.ajo g the length of 1 rasm1ttor 2



[9075] The transmitter .362 .is -a generally par-cyiindricai shaped plate havi ϊig a convex outer

surface 306 ^ d a εαncave fonef .surface 307, The iraa&riilfer 302. however, έaή ia&e on a

wide: variety of oώ εr .shapes. a«d sixes. Tlxe ransmittert 302 cart be constructed ofaay

materia! htat rstεssmhs aeΘusfsc 'em^gy generated bfih& ransd-acer-SOtS. including ^itli όut

liniitatloft quarts .sapphire* boron nitride, plastic, and metals *. One suitable awiiύ is

.aluminum.

|08>7$ Υϊ ύ oatsr convex .surface of lie rantsmittter 302 errmaatesitn an apex.S Ϊ S. Beesuse

fhe ήtmsmitter 302 is- a paj-cy ϊmdricai shape, his apex 3 1t3 (BIG. 7 } loans sή elo ngs ϊs edge

alcmg 314 aloug he.lteagth ofibe rantsmittlgr 302, Of course, as used here in , dkterm

elotjgate «<ige:is not HiEiled to he gpetx.αf w .elangated crøved.ssurfa εe ;hut also inc&ideg,

smts ϊg bthsr things, iheimeetltig of wo-'swtrfacfefc FiiTtlientioit, ift dtKef embodiments, th6

t.ransiaitter.3O2 pay b« sphetjca-1 m nature feus, the ap^ «oύld bs a.pokst

(0077J Oie -ifaaschi csr S(B Ls a curved p iate liayl ϊig a cp^yssi upper s«rfece.3Q8 aiid concave

knyer suiface.JOP: Th& constmction oftraosdueers -thattwaverf: electrical &ι&g}f:into

:aoo«stkalcii ξ;rgy ϊs vcr3f well known iirtheait The conyέx surface 3OS of the ransducer hast

a curvature hati.corresponds; to &e curvature. oft ϋ<5 ianer opϊ icave sjtfface :3 l i7 The

transducer 305 ss acoBstlcallv coupled o he .tratnsmt itter 302 s o baf acoustic Metrgy

geneyrated by the tmisducer 3#5 propagates hrough thet trahsmiite 302 and to he wa&r 50, t

More specifically., -the coiwex.ttpper-s ωface 398 of the.trøcsducsr 3Θ5 . is bόncicti o.ti ϊe . t

concave imst siirfac e 3§7 of tlie itaiisMittef 302. This bόitdmg CSB. bs a direct bonding

between ilts surface s 3 0^.3 'øiS-^r ean.be m indirect fjonding udli κisglatet£ βediaty

transmission layers. la-other ©.mbodiaients, he ransdtucerts maybe filafplates or other

shapes * Moreover, \iMΪ& he btbtfom rted µtcer assembly 380 Ls illy δtrated as utii izmg &

single transducer 30S 7 a plmr^iity of transducers .-can be usecl.if desired b create he acoijstic- t

energy, Freie.mb:iy,.the lτajιsduc δr 305 is adapted tø generate ήiegasosic. energy.

{'0978J :Tlietran§mitt«r 302 is connected o:thelioutsiag 304 SQ as ϊo foit π. a substantially

enclosed space 3 10 m wliich tlietfaiisducer 305- is locjtiski. Any sαitφ lem.eans cm be used

to coa.ftδd : the housing MA o }he:tot msimittør.302 s including- adhesion, h$at. welding, fnsfesn^s

or-a-ϋght-fit ass&nbly. Λ plunility of :opeήmgs3li are- provided is h e bottomt pcϋMάπ of he t

housing 304. 'Hie rpetnmgs 311 are provided ό aHow 'st.gas-.to.Ve Mrodttced ύitό tsxøor out

αf .ώe :space 31.0 so. hat .thet p^sduceit?:^ can bs. pooled *uwl/.ar purged. Tli ε or>onkgs 31.1

are.o ρeπιt>ly€onix$cte4:t θ li« g3tø§o^oe :l^as des ό.nbed :mF10. -1. Jhe.liQ ϋsifig-304 a3so

comprises an dpeRMg 3.! 2.ibr alknvijhg the electrical cotiQectio ϊss ( ϊ ,c...wii έ s) lϊ&iare t



necessary
'

to powi* the iransduøer, 3 Sto pass into the space 310. This όpe uig 312 eaaalso

b&uso-Ho allow the gas toescape. the.space 3.1.0. . The housing M can tskeon aivitfe variety

of h pe arid t ture aiaHs not limiting of thepresent investion. In o e-emb dimeats >

the. housing may be .merdy plate p.r. other simple structure..

f06.79] M :αrder to further protect tliewafer SO o possible ccntamirøtion^ once e

transmitter 382 is conae tedto tlie. housing 304 * the combmed assembly ittay b MIy

enc φ sylatcd with an inert ncavfcontaminaiføg p as c ch as Teflon or thelike. This also,

serves to protect the rsitfer 302 from hemJcai .attack. When t tonsmilter 302 ia-:so

ent?apsa!ated
'

.aπd/«r coated^ thee capsalatioii aiid/ αr coaling i s considered psst the

traQsmltier.302, :;

PM389] Re& iiig exclusively toFIGS. 4 and..7,.thebbttoin transmitter assembly i ferlher

eQtapribas. a d 1 tliat sim-punds theperiphsry/pefi e ef of thetratlsmitter 382, The. i

301 forms - «|>vvardly.;prøtr <.ling rMge
'

1
'

having an angled innsr surface: 317, an o r :

sqrfece
'
318 aad a tapedge

:
3I9.. The dam 361 forms a liqitM. retaining cfeaiJne!-3.i5.on both

i ϊ s of the transmitter 302.. Mote spe εiiSca y , th . m s.urface-3-17 of the ridge 3.16 iδ a

chaMai/gtoove wllh the traiis ϊnitter
:

2 , Gi
"

.col εfse in some embodiments, thedara 1

could be-. sedtoibrin the chaniie-i 315. in. oilier Λ ays asd/dr t gh. cooperation h otlier

stnsetures.

1] The dδϊα 1 is a rectangular Irame-lik ε siructurs ά e &iaks.:on other sJiai3es. The

am 301. also does σt have.siifrouiic! the entke pariphei-y of the transmitter 302 but can

surround oo.lv s.small portion if desired. The d aπϊ 301: c n tnx lt ά of HPPE, FVDHi

\ PP or n iber rsateriai.
'
Preferably, tϊie materials chos;en is c etuicaily re i ' t nd

nieehamcaUV stable.

|()082) X da Oϊ is miplemehted into tlie bottom transducer
:
asset ήb 300 tomcrease tli ε

si e of flio iiaeuisc ύs that couples the. trkusmhtef 2 to thebottom Sttrfk<je.S2 of theai e SO.

lliis .facilitates t increased amount <?f acoustic energy eing -fra«srai
'
tted to thewafer 5 for

i rove i-cleaning. A s iu i ted in. FIG. % with όiitthe dam.3
'

β lyt ϊie: isc«$ coisples OJfIy

re A of tlie traiBrai ύer 3 to te wa -50 However, witb. the d m 301, &e. πiβn scα .

coupling, a e
'

i eased a e B

|0083| Referring now to-
'
FJOS. S-12;, e|K)ssUi ϊ iifes for the- relative .arraegement of

'
the

bQ,ttom"t πmsducer a se bl 300 and. e j transducer -a ib ly 2 C it respect to one

t qth r \n tijeciesmltig- system 1000 wiilbe discussed.



jrø84| Refemixg ;ϋ rst o FKt3S . 8 and .9, ύh antmgemeni is illustrated wherein the ransmitter t

2Ot of the otp ϊκms.duøer:assembly;20& Is aligned wife sipd; opp oses he raπssπ tter:30t2-.ofttS.e

bottom transducer assembly 300,. A wafer Sβ is illustrated asbeiiig 1« between he assemblies t

20Qi. 300. As liquid 70 Is applied o thet op surftace 51 of thewaft'r ;S^i ι.menis« ι?s of liquid "

72 is Formed føtwee π a bottom portion 2θfpf the ransmittert 20i of ih<Hop ransducer t

assembly 206 and iretop sturface Sl of the-wafer 50* Smdlsriy, as liquid VO. is. applied tb he t

bott om surface 52 of the- wafer 50, a m eϊ ikaόiis of liquid 7ϊ i s formed: between the.lraasmHter

302 of the. bottotn tiaiϊs^eer assembly 300 Md he bottotm surFace. 52 of the *-v-a£er 50. As

cas.be seeπ, t δe coupled portions :of tlie top tMsmittter-2 θl an.dthe boti»i|i;iTansimtter 3&2-

oppose i>he 8soth<jr ϊϊϊ .ϊiτi aligned #.an ηe£ A s a result, it is possible iki he acς>usttic etnergy

thaih gsaei;afe.d :by he otp m tά bottom.tia»sdwcerassembli-es ;2θ05 300 and raasmitted o die- t t

wafer via flte αtemscusss '?!. >72 can k ϊtefere with and/or cancel oπ^atjotHer-est

1ΘΘ8S] Tlius, it may be des π<ahie, :m .certain mstsnces, ϊo.opei^te ite.t όp m ά bottom

tϊ aύsducet assemblies 200,300.1« mt alteraafing and/or coasecutive .mai)π.er .during a wafer

δleaamg. eyek. IB other ξ5mbόdimcms ., one ma,y want to. ac tivate tlie operate fee op and t

bόttiϊ tn totasducar assrøiblies^ø δ*300 conci α;rently..lf lαteifereh εeis mil aή mm-.

[<ΪO86] SeterxMg aόw Ib FIGS, IO aod I l cόBCurreϊJtiy, an alternative relative arm^gem^tt of

Up h(iti<am tmns άn^s assembly-300 aiid tlie iop.fransdycer ssse ∞b ϊy 200 wr% respect o one. t

another inthedegmngsysteniiOOO.isilksifated in his emtbodiment, he transmtήtεrs. 20{ f

3G2 ;αf hte ojts snil.botfoai transducer asseniblies 2:θβj 300 are αictidiglied &vβ do not opj>ose

ons tωother. Thus, intei;fer eiice shoyld .aot be a probilein during &tmuitenecOS generation «tβ&

iTaiistόissio π αf acoustic energy o . he wtafetr. WMIe fee feoimmlal -angle of sepat-atfei

^etm^en tϋ&top mid botto πi 'fraiisMitters 2OJ, 302 is :90 degrees. m Hie illustration,. m y ϋihss:

mghcmib βv sβά, including without iimitatloaJSO degrees, 45 degrees, et&

[0θ$7| I t wjϊs.discoyereci.diuiag th« :cιreatio αo f fee above -described system that itupir&ved

cleanfcg ϊ esύlϋs weris achieved by just haviag lhe hόtlpal rsήsducer atssembly 30ft preheat hi

the cleaning system 1000 and arranged &<*shcjwn m :F.ICi 8. «ven >vlιen, npt .-activated -^.e.,

passive). It was discDTfirεd that he ratnsmittter 3.02.of ?δ<j-θf bottom i'aasduceravSse βitMySOβ

\vas .re:il eet iBg at least a irafctraaof he:aώόusttie όύ&tgy that was.geaerMed by the top

transducer :assembl5 f 200 :back .toward he bottom tsιιrface,51 of he wafer 50. Thterefoi^

a«oli ϊ.e?.asρectof li«!,1tiives6oa Is a novel ^tem ϊhatniilig£s ap2iSsivd.reflecl;K' ε meMber

coupled ot th« opposite s αt&ce of the wafer thaathe active iraassid.^t assembjj..



10088} Referring toFIG: 12,.acleajiiagsystenr2M0 tIiai:ut π e a passive backsKk

t ective rrieaiber 400 s schematically illustrated! The .cleaning system 200$ i s identical to
t pfciearskg-.system 1 0 except that theboUom^T8»sducer assembly ϊ s..t laee8 b y a

reflective .member 4 O. IJ? fact, in soiae e π b o d i e e reflective member- 40,0 co«ld>ea

t n d u c e r assembly, such a s theone describe b o e thata not activated. Hmvevsr, l i

r a v e member 4 i not go: limited andean, takeon arøu broader variety o f sta#ires.

Thus, detdfed explanation o f thecleaning sysiein.200 i l l b e omjtted.with the
d e r t a n that fee. description cka iag systeai

'
l O

'
abøye will suiBce ibr i l e p ϊ .

Like.mimbcrs are-iised. Q - refereiice like parts.

[008.9] Tho. reflective member 490 could h . aiere plate o.r o&er r c t αre. Pre b lj the

i-oilecthe.meitiber 400 s αade a i i i a i l h t l i g m afeoxistkallmpsdatice
•

value ) that.is
much greater t that o f -water.. I h o»e embodiment; i t i s preferred that theacoustical

impedance v e b e a t least greater .than 5.0 Mray ϊ , c t quaiti. I t m a ύ\ b e preferred

thst-peteiiecth .msMbef 400 b e spaced from .e s.ur&cc o f the wafer 5ft towhich Jt i s

.fføid ϊy eoupM b y distance that: i s a one-fourth j βrval o f the wavekngth o f 1 rs ti ø

eaergji
'

bebg. generated b y the top tπϊ nsduc εf assembly 260. Iii.soBig
:

.Iterøativ

emb όdiiaeats the .refi.ecii^e e b e 400 x b e i d toabsorb;the acoitsiicsal i f g t sad

o^refledingit

| 0
(

[>5>0| Xlts tetlectjye e b e r 0 δ .aiay b e made o f a

v&ieh i s d e e e - upon Whetli«r o r .not i t infeiidec! t o b e used, s a reflector o &tx- setbsi-

o f Ike acoustical g . I a the emboditnent shown m FløS. .12 and 1 3 - tho fi e c v e
'

member

400 i s e s e i o e s c acoustical energy^ Tlie reflective meniber -may- bs. made o f

materials such
'

quarte,, s p l e silicone cakbine,.or boron nitride-. Should c o u i c i

t y ψ ϊ ) to b e absorbed e .member
'
( b e constected i όfPoIyVitiylMkie

Dlf'IaoTi άe (FVDF). o.t pblyieteallu όiOe&ylene (PTFE) (Also cqmas a l sold andertiie trade.

n ή - TsflotM). Th&m&tm chosen r e based
'

upqntfasir respective, acoustical tispedanca

( 4). Table 1 ( te ) provides a list o f materials and theZm associated wtditbarø.

Tabfel

Material

A i mln .

Ah&tήtm n rolled. 17.33

SQ2/PS63&pJje 3.52



AraM ϊte 502/956 50 phe 4.Ϊ 4

Araldlte 502/956 90 phe 12,81

Beryl! nun 24,10

Bismuth 21,5

Brass 7øcu 30 I' n 40.6

Brick 7.4

Cadmium 24

Carbon vitreous, sigradur o

Concrete 8.0

Copper rolled 44.6

D αra! t iύu«ia Ϊ 7S 17.63

Epotek l 2J5

Fused silica 12.55

GeøttanhiBi 29.6

G! s pyrex 13.1

Glass quartz 12,1

Glass siSiea 13

Glucose 5 0

Gold 63 .

Granite 26,S

18 7

Iron 46.4

Iron east 33.2

Lead 24.6

LilMum 33.0

1Oi

Molybdenum 63.1

Kick l 49.5



Pamfϊ in 1.76

Polyeslei casting resin 2 86

Porcelain 13.5

FVDF 4,2

Quart/ cut 15.3

bid um 1.93

Salt crvattalltjac dkeefi α 10.37

Sapphire, aluminium
44.3

oxide

Scotch tape 2.5 rails thick 2.08

Silicon wry anisotropic _
apprυx ' ' i

Silicon carbide

Siiicoπ nitride 36

S'her 38,0

Steel inild 46.0

Steel stainless 45.7

St)cast 2.04

Tantakmi 54,8

Teiloa 2

Tin 24.2

Titanium 27,3

' ϊ racon 4.82

T n ten 101.0

Urauium 63.0

Va adiunι 36,2

Wood cork 0.12

Wood pine LSI

/Mc 29,6

Zinc oxide 36.4

Zirconium



{0091] live .acoustics! Impedance Z s of a materia l is defmed- as &e product of he deasliy of t

that material imt es thveelocity o f sound in hat matterial The units for 21s ate Mrayl >f t

(Jk-gAn ^S S 1.0**}. A cς>Usiicale∞ rgy : trajβsmission is aJTe.cted by fhe d ϊ ffere Ωces m ifø 2# of he t

ήM t ϊkxU feoiigh which tlie acoustical røergv must pass. More spsel ϊ icdiyv ϊargr differences

inilm Za between sujjaeεnt materials through which he acousticatl energy must, pass results m

increased i∑HpsdaTJCδ of he acoutstical energy.

|0092] Due ot thδ acoustical. Itnpsdaijee vuEuesfef ihc variqas siaiaces c>fsfeefeik.pii γ e

aiemfer 408, iltesc-Qfistk-al eήεrg}r is- effectively mmsmitted bacfc oward. hΦwd tvi 56, Thtis

sffsc.tivdy cleans itje bpEons st.ιr&c β 52 without having o provide at<3djtk>nal tmjjsdue.ejS. i\s

discossad above tsheeilective.mambej 400 Is made of &.amterMwith a Za ϊiatis. greater t

tliaittile. IliiM thxo^gh. which .tlie actuistieal energy is ransmitted.t Preferably the 7M should b e

gϊsatertha β 5 KfoiyL aϊ jd more preferably greater thaa 15 Mtayl, such as qnajt^ . The

yeiϊective m«ntber 4 0β may fee hollow m prefer o create aiti addMo ϋlal o-aiisitional space that

causes hte acoustical energy to be r^tlected agam 85 it passes tlirpiiglj the reflective røensW

400. D uring hte cleaumg prόcess here ' mtay be contiiiuous refiectl βt Vbetween he 'wafer .50 t

and tile refieo πve mferiifear 4<$0 atid it may continue until he acousticalt energy ^balnistesja

the. system.

|βrø3| FΪG . ! 3 shθi»vs,snaltsraati γ6,embodi ϊii.εαt;{3f he passivet cleaning system 2Θ0O

where 'ϊfi the reti&cϊ iw member 4Q0 is- positioned jid|acet!t.the top surface Si o:f thewafer 50

.laihg? than t'hljeattoxH surface 52. A bottom imisdweetr assembly 3.00 is i?sαi in$t«M of a -top

transducer assembly 200. This embodiment operates iamuph te same; fasthion as he t

embodiment shown Hi f lQ 12 except wilts tbs.i δfl« 'ciiv δ' memher 400 and he temsd ύeer t

assembly 3Q0 bemg reversed..

|00?M] Refcmng BOW to, FKJ. 14,-it has been discovered tl5Si.i>4 κϊ ay be.pfeferabie o utilisse t

hollow tubular structures as ώe reflective sieanbsr 400, Exm^tpte«. ©f 'hollow abular t

iήeraberss S00A "E ore exemjplit ϊ ed. 'Flie hollow ubular metmber SCiOA-E can be fittedwlth

transducers 305A-E if desired. The ubytøt member can be niade ό:f qisatts, plsstic\ mφ ϊs, or

ottiet materials, tføse tώ ular members 5(WA-F; will havedii ϊ ere πiei ϊ eots on the

t^ ήsmission o f hte.scαdsticai εsergy/ Bis tubular jiiembers SOOATE modifleX ŝ may be

oylmd πcdly slisped, natngular. sfiajjed, and rape^ostdal sliaped, K should b &undoistoocl that



other shapes may be -used and-ars not limited o hose shotwnt, the selection of he shape ώay t

vary depending upoϋ 'tlie desired results,

{QtøS} The rounded drangleli tobukr members 50ΘA-E .also m§y b o used o direct he t t

reflected acoustical energy at; lower angles flian liat whkhtit isatwfeehit is dfebctεd at he t

wafer SO. TypkaEy thesfc angles are less han 40°,t By reflecting the acoustical energy & A

UΪ&ΛQW angle, a majority *>fffe acoustical: energy will b e .fqciisecl on he bottom surfacte 52 '6f '

t he' ψ&hx -5ft iτoB3 he-totp ransdutcer assembly 2 $β.

JO096J ϋtlias also be« discovered that the placement. a f t lie rs fi ec li ve member 4fiδ ftom he. t

wafer Sø.afeo pfay ≤&rol δ uϊ effectively rsmcn>i»g pattioks. The distance, o r .gaps, between

t he reflective. me;m bετ 460 ; he. rantsducter assembly 200. Qt- 300 and l^wtvfer 50 is t

ilelermmecl so as o actcommodate the frequexiG>! of the wavelength. 'ϊh &siqiµύύn tor the

Ϊ ^

wavdenglhis: (1.) i

whej'eA - - wavefeigfh o f ail acoustical wave, Vj,. is tlie speed o f propagation o f the. wave s asci

/ -frequency pf the wav e in l/s « Hz, Odd. 1A %vave!eBgifcs (e,g. l/4/ a/ «5 1-1/4} gaps tetitl o act t

as mafcfekg isyers ' that p&tmit ijssrgy opasst into the next mfedia, ajM .eye τ5y *wayelengrhs

(kg; 0.5; 1.0, 1.S, 2,0) .gaps-between he wsfe^t β and fee reflective member 480 end o t t

sxώaacs hte r eβectiye propel at tlie media interface. For exjimple. k Fl G . ]2?.the. gap

beWessii het top tcmi$άκκ zr assembly 200 aπd iJia \yafer.!S(ϊ may .be sef .ibr 1 ajid 1-M

vφYfol&Kgihs us. iθr4s τ o eαhaptee he r^røj πitssioDt of ite.aeo^stiea ϊ «B.6rgy tøoo f h &e- t

cleajii βg liqu όά nnύ he. wt afk-^O, O H thedpposite side he gap betwteen he reitecdye φ fetπiber

4t>0 aάd hetwafer δ% may b e sέt m LO-wavelengtH (Le, even) i» orjler o erfaauoe he t t

refϊecii όn ^toperty so as io. keep ilie.tj-aιismission o f aα^isl ϊ cal energy dir ected towsrcls he t

boifqji? -surface St- βi the waferSft. laths e^tmijpleprovlcled, when using water and a

irequme? o f 835 IcHx, i ϊe 1t waά 1A . wavelength, ϋe gap betwteen he xansdi^er atssemtbly 280.

and the wafer SO is approximately 0,087". The gap bet we en the reflective mαn b's r 400 a-nd

the wafer '50, thI.eOΛvsvele ϊ igfe, is approximately 0.070".

|00§?l ϊ t i s ot b e ' imdersiQoa, howeve.-, hatevetti .though nuitier όas .eharacte πsfo ixnn

advantages o f tt δpi-eseot.kveiitio-t haye bem :setipi€i mthe foregomg description-, ogether t

with details of het stmctureand function of Uiekvemio ή,Hie disclosure ϊs ϋlusti-aiive mύy,

and changes. may bέ-made ijv'demi.],. especially iαmsMqβs.'όf shape,.ske and an;ange.»etxt; o f

:pattg Λvf!hi« die prøciple-s o f fee mvfentim-tothe . & U extent rødfeated by the broad geseraf

πieatibg o f hte tottβs .m which ttte appended clalm δ ai-e^XpTeέsε^ ^
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CMms

What i s claimed is:

L A system for proce-s^mg flat sitleies φ mpήύ ng:

a rdtst&bie supp αrtfor- supporting- a flat article;

a first dispense*- for applyihg. liquid ό.a. firstt suffke&of .a. flat aftiple on&e rot&t&ble

support;.

a second disposer tor applying Mepdto ϋ second surface of a .flat astieie a n -the

toiatabis support;

a first- ti*ansd ϋce.r assembly comprising. -a fi rst ran^ucef føt tgenerating seoustie

vxtβtgy mά -a fes.t ranstmitter aco µstically coupled. o the &st txtaπsduceiv ihe %st ransducer- t

δssemMy.poshi ϋrset! $o hat witses h e fet dt ϊspemer applies liquid to he fsrst 'surfacte o f a flat

arfcie oji the rqiaUibb support, a Srst rneciscus of. liquid ϊ§ formed. between εt .ρorttbn:of fkc

firsttransmitter sad tHhierst surface øϊ xhe fiatarficle, &nά

a second l ϊ smsdncer assembly eαniprisiiig a second taasducer ftor generaimg ^cousifc

energy and. a se-.coιid Ufaiismitter. acoustically φ u|>led o he second trantsducer, fee sectond

iianstfucerssseinbly positioned m . thai when ths øecc»nd dispemor applies liquid to the second

surface o f hte IM article -on. h e rbMt abl«:Si φ ρort, &second njen ϊsαss- p f liquid is femisfd.

between a.po.tticwft.of fee &«eo nd tr^ a sm itt e r aud .the second surface .of. he flat artielc. t

2.- llte^ystesB of c-laini.l i φ creia- he rottatabte support. supports and. rotates he. fiat articfe int

a st ϊbstahjiaily hQmø.ntal.o κenJa?lo«
r.
.the first swfa?e o f he. article bsmt g a hp -sHuriiee. and

tie second surface o f he -atttieie -being a bottom surface.

3,- The system of claim .1 furife. comprising fc aictmtiόr operably c oπnep εødtothe second

tnms4ucox ^sseasbjy for moving lie..secto.αti.fraj.isdi ϊcer assembly between a processing

position and a,.retrai?tedpositiua.
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> The systarrj i claim. 3 further;

wherein t&.mtøtaMe'supp όrts ppofts 8 &r fate :
'
tfae .flat a_$_efo..«i.;a substantially

horizontal orientatips, ϊh first surface. qf t e article being o s f -m ά ihe second

surface o be article a bottom sariacs--::aad

wherein the p ocessrag position i s raised po i ion and the.rstrscte:d positlos. is s.

lowered podtiosn.

5, ITiesysters of claim i further cόBiprismg:

n aci ator operabiy connected to th<s second tfs cer assembly for όvi g .t -

see nd transducer a e blYbe eei apmcess po i idn M a retracted αsiti α ;

sensor for indicating Imposition of the second sd cer assembly;

s e iro!I operably ccmp&d totb sensor ά theactuator ;.ari.d

controller pr<.>grammed ioMop moyøme t of thesecond tns ce assernbry ypon

ceiv g signal from the sensor Itκlϊcaimg that thesecond transducer assembly
'
is ύ .the-

processing: pcMliø α

6 The system -of claim
'

i farther comprising:

ύ actuator όpsrafoly co cte i
'
to thesecond sd cer.assen l fo o i t g tlie

second transducer asserøbly bctween.a processing: position and. atetracted- positio ιn.;-.a d
'

means for physically prohibiting h secoM tans er assembly from moving beyond

the processing positioa he o ng ir-om the reϊ racbd position to ibs processing position;.

:
7, l e . y t of cl 1 further:

vyhej e portion of lb festtransmitter co pri e a t-elongate edge ih&t extends

substantially pa alle to i
'
.first sur&e

'
of n article oil tberot tabip pport; said

whfefein the portion- ofthe second. tr i εr comprises &second elongate igetbat

to e second surface of an article athe-rotatable stlppoit
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. The sysieia o f claim ] furfhei- comprising asource o f cleai ώ i g liquid opsrabiy connected

tolfie fi r dispenser t th second dispenser.

'
9 v The system o f claim.! further comprising a bsse

:
for,s ι porting the.-second ttansducef

assembly,; the s e c o d dispenser being plurality o f σ z s located i n thee ά d e d !t α

4£piy ή to these o r f e e o f a fiat article o n the rotatable support;

K L " ϊ !he system- o f claim 1 wherein the .second traosducer asseaibly further coitip ώ e a

o i n g connected to the second i r s rø r s o as.to fotm a b h l i l i y eøclosed space h

vvhifeh e second tm s d υcer i s located,- theo s n g comprising .one < r mote, openings for

fknvibg a ggs-iat'o m&ø out i ih Space;

1 The t s o f claim- 1 0 ftir er. cpmpr i g . S i r c o f gas o e y coupled to.the one or.

12. The S t e o f ciaias 1 0 whesein,the second trasstiiitler- and'the'liousmg s - e n c a s u l d

plastic.

13. The system o f c a i I wfiareia
'

the s e o n d iransinttter. 1 s ; c o n o t e surface i n g

m e i g t edge, .second transducer assembly positioned s o that h i thesecond

dispenser appii s . qύid to ihesecoiid surface o f theflat article: oti the r όiamble support, t e

e c l n isops o f liqitid b.|camedbetogenfhe elongated gsdg&ofth - outer t surface.

o f e secoad transmitter t: tlie secondsmfaoe o f the ftafarti ie.
'

14. ie.-sj-sten o f claim 1 3 fetuer comprising a dam surrounding a t least aporiio o f

perimeter o f the second transmitter s o a s toforat a liquid .?etainihgchannei ? thedong&te edge

o£:lh<j beyond a.tqp oftfa ε dam,

W, The system o f claim 1 further comprismg:

a dam suiroundmg t least a .portion d.f.a p e π i i i e r o f the second trasmitler so:t ιsto

fatm : liquid tetai ihg chaiHiei;.and

the second iransm ϊ t ϊe r having :c o vex outer s r c e hsviag a n ajpes, the apex o f the
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16. ihe system of claim ϊ furthsu comprising a dam suiroundlng at feast a portion of a

perimeter of the second transmitter so a io form &liquid rctaaxuxg channel between the

iccond tx icr and the a

17. The system of claim I wherein theportion of thefirst tn te? d the portion of (he

second trat&miitor oppose one other.

1 . The system of claim 1 wherdn the portion of thefirst ira&sauUer d the portion of the
second transmitter do not oppose one other.,

19, The system of claim 1 further comprising:

a controller cperably coupled tothe first traosdycer assembly ax l to thesecond

transducer s embl

the controller progra uned to opemie the r t traosducer a se bly and thecotA

transducer as$smbl> coasecu ϊ ively.

20. The system of claim i further comprising:

a controller optaablv coupled to tlicfirst transducer assembly and to tbo ssjcosd

traBsduccr a s bly

t he co tioller prograramed to operate thefitst transducer assembly aε d titcsccoed

transducer asse b contemporaneoiisij'.

21, the y tem of claim 1 a liεr comprising

a controller operably coupled to the first transducer sse bi i toJhe econ

transducer ass«mbl> ;

the controller programmed to operate thefirst transducer assembly and thesecond

transducer biy m an altemaiing manner.

22. Hie system of claim i wherein the second transmitter is &par-cy ϋndricai plate having

concave inner surface n a convex outer surface.
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23. Use system of CL&3B- :22 ' wherein he second rtansducer Msat convex-surface having a

curvature litatcoaosposds o.a.cturyatute o f he epnetave imϊex surface o f the second.

itsnsmitiat,

24. A systemn ibtf de&rώ ig flat articles coti ϊpfismg:

s .xαtøtable- su pport for supporting a fiat ar ϊMe;

a fi rst .transdt ϊcer assembly comprising a '
.&st ransduce?t m ά k fkst t̂ra»§mitt«r

acøusiicdly.co αpkd othet first ranstducer, hε &stt.iransi iύc€r Assembly positioned so..fbst a

first sήnii! gap exists between a portion .of -the first ransmittert and. a :-first sur&se- of a & f

3j;tid ε:oji. hte sOtαtabie ?uppqrt. a fust meniscus of l.iq«!d; beift.g foπ«ed between he portion t

oC&e føst rtsnsmitter aαd the first surface o f fee itai aήicfo wten.Ikpid ' i$ :aρpikd to fee fet

surface; %nά

aseeQBci( τaasdi ϊcc ϊ' assembly εomf rising a second ransducer atτ?d a second

transaiiitter acs«st!caily coupled o thet second mmsd-ueet, he =second it αtϋϋd ι?cør assembly

positioned -so hatt a second small g$g> exists, betw εen s portion . o f te seco βd txansmitfe nnά a

second: surface -of he. flatt article on ihe rofstøbk support, a second ϊoeais αϊs of liquid b«mg

loHiied between the portioti <yf the second tommtter m ά b ©sec όMt-δ«rfsc :ε -vsfeeii liqliid i s

a|>ρits<l αtti)e second s«rii ϊc:e .

2 5 . A -syst έM for p 'rόcδs&iiig flat articl&s c&Jύpr isktg:

arolatabte -support for siφ portmg and rotating a il&i $ή kh- in g mh^&niMly

hoxhoti ύ l orientation;-

a traasd ϊ iqβr '.as≤emb 'ly comprlskg a ϊaύsiluet-øf .for geiierstiftg acoustic e«e«g>p
f &

trajisaiitter acoife'tkally coupled o liet. futst transducer aod;a dam.sun'oundmg at leasts

portion of a perimeter ø f lie trφ itstimtter so as o form atliquid retaining .channel betwesB he t

tønsmjttcr and. ihfi dam; and

t hetmsduc«y assembly positioned so tot .a pcsiion of fe ύ assmittex is adjacent a.

bottom surface of a flat artsele osi te rotattable Support so hat wh en liqtuid is applied ' o the t

bottom surlacs o f xhv. flat article ; a.nieaisrøs..of liquid i s foiimedfeetweestheporiiou ofthe

tτ<3Bsai2tieraτid tlis bøUcJm sur&ce of tie- -flϋfcaύrtitele.
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26, The system mf claim 25 fiiriber comprising a dispecser for applying -liquid. o a bottom t

surf ace of a flat article on the ro&tabLe support.

2?;. The system of chkix 25 wfeeift fe ratnsmtitter has a cόnvex outer surface -βavjng an

apex.that pfotmdes above a op otfihødarø.

2& The system ctfckim W wføreiii&e: transmitter is apar-cyiifidriosl pktfca&ciffc ape^

fovtn.5 M elongated edge

29, The system of c!aim-2S wherek.the trMϊisdυeør .jsserab ϊy Hirther compriss.s δ Itoιι«iitg

connected ot het rantsmitter so as o formt a substantially enclosed space .in vvMcht&e

trsitsducer is Iqcated,

30 The έysUm..øf. claim 29 wherein ώe trassmittef and tfee housing are encapsulated In an.

inβri..nofi-reaciive plastic .

3 1, The systesi øf claim. 3δ forite eαmprismg one or more :openiag» for flowing; a gas kto

and/or oαt of the. space.

32; The system of dsiift 25- furtliefcufflpffeitiga bass for 'supporting fee ransducer t

assembly, one Or mor βllq αld dispe ύssr located in the b&sø for applying &.liquid to he bottom t

surface o f a ϋ at article OE.th&rotataM δ support.

33. A traπs iϊuør assembly- fe>r mouatittg iven&Stk a Bottom surface of a fiat ariicle

comprising:

a fe ϊ ϊsdueerfer geseratiiig:acox»tic:ener|y;

&tei ϊsmitt^ acpusticaily coupled o hte fitrst ransdutcer; mid

a dam surrousidmg at least a portion of a perimeter of he transmittter so as. o form a t

liquidtbtatmBg diajiiid between fc. Second rrøsmtiiter ^ d he άkmt.

34. The transducer assembly of claim: 33 whet όin he tomsmititcos a.pir-cylmdrlcai :phte:

havitjg. a coδcaye inner stance and a convex otter surfkcfc.

35. The txansdµcer assembly ofc!a$m.34 Λyhere ϊn tlie.ttaasiiacer lias a convex :sjt?rfkeehaving

a otirviatøe htat-.co.sresponds o a curvtature αftte ccaicay^ injϊer surges of -tha s-aπsmitter. t
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36, THe irsasitufeer assteijibly fciaiin 3 3 farther comprising means fox moimtiftg tbe

l αse-to but spaced f ro bottom s ϊMee o f a list article..

3 7 'Hie transducer assembly o f .elai ri 3 3 wherein the transmitter. lias convex o u r surface

Jiavi ϊg a s apex:prøi ϊ &di ϊ ig b o v -ai σ : thed .

38. The iraiisitacer a s s e b y o f claim 3 3 f αrtlier coøsprtses a.housmg c<.>miected I o the

t t a is i t s o s form a substantially etic.lo.se4 a c e isa h c ' the llrahaducer s located..

39. The -a sdwcei: assembly of.ciayn 3 8 wliereiB iheitransmitter mid the hopslng axe

dieapsiilaied n i e i K m r c iv e plastic.

4Q>- T e transducer asseøibly o f claim 8 : t < t ojaprisi ιig. θ . o r .more.opes kgs.i r

flowing a |BS into imd/or out o f (he p a c e

41. The transducer a s s e y of.claim 3 3 farther comprispg:

abase f r ψpo. τt3Bg tiie transducer aad t h tuasffiiiter; and

øneoj; .o e liquid dispensers .looted inihe base aiid adapted toapply li i d to the

bottom sur& εe o f a flat article..

43. Ainpthod. o f majtofacturiag a traiisdi&er assembly o ri s i g

prtmdiiig ; par-cylindrical traasimttet pkte;

b o ϊ tSJHg.one &χ.tnό to a COUYSX irtBer s α β' o s tritosmiiter;piatd; .

O0 J3 HJt g a Itoi5slxig:.to t h teismite t o create a n assembly' v i n g a substantially

"ajxcjoscd cavity fa. wMbh tfee -oije o r more 'iTtosducers are located; and

encapsulating the as?en?bly v/i a n i e r t n o -teactive plas ϋ c .

A3-. The method o f ciai π '4 2 fuitlier comprising connecting claai tothe assembly s o a s t

ϊ ϊ oiuid at.least a-pprH αn o f a perimeter .o thg' a s hly aiid ibxm,& liquid- retainmg .char e l '

! S e e n tfae ' assestb ' i v and the dam.

44. The nreth ct o f thim 4 2 Jurther. eooiprising providing 6ne : or t όr e openings i fee

assembly for. prov?cHbg ; gas mtoam ϊ /of out o f thscavity.
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45; A i ϊ iefhod σf processing a fiat article crøprxsing;

i ) s u ix k sg s.fkt article. In a s i y IiQrkot ϊ l orkatatjon within a gaseous

attaospkeris.the flat sxfcle h a v i n όitom u r a c e a d a topsurfaces

l?).rotatiHg the ϋ f article. while maintaining the s t a c l ia l l horizontal o i e tatioB.;

c ) ly in g aJSIm o f liquid to the topsurface ό£the flat article;

d). applying a:Sm. o liqi µ

'
d ori te bottom. o f tlte.fiat article

e ) applying acoustiet torgy toUse topsurface o f the fiat -article via føtiraisducer

a.&stu:aiisducer
;

aiid a
'

t ttxansjBitter

i eøntsct with ύ i m f lϊqiάά on tbetop surfsce o f tls.efl.at a le ! ; : n d

t ) a p l y in aco stfc n rgy to thebottom syri c o f its flat article via &-siecoM

a second transducer and a second teaiisxmttei?, a-p αrdon o f

ttie sci oijd tήmsmittef i n c o t . w ifa ε film o f liquid d n e b o t t o siufa εe o f tbeiftat

ariiclev

4 The metkjci o f όl 4 5 vvherem steps e ) and i) are performed i β-slta.

47. The mefhod.i δ claim 4S\yherein s e f ) ftihhex coniptises nusing th e - e c d ta s d c ea-

assenibly itojti r a c ϊ d position toa processing -position- w e th e o f lie seeox .ς

t r i it e contacts tlse-film o f liquid o n thebottos s r c e o f thet arikk..

48< T . e o ! o f ckim 4 5 wherem step e ) comprises toying thes t ira sducer s e b l

ϊ tσtii reltactsd position toaprocessi πg p o
'
sitiøn where 1he poilloO o f the

•
first trasstaitter

coBtøcfs l . . m o liquid oti tbe topsurface o f theflat aMele>

50, T l e i ietiiod oϊ claim 4 5 vherein tlieq αi i s a deani g iquid selected from, s group

cons sli ig.of; SDJ , 2 deioaixed. a id ossbnoated derø ϊ i e e

5.1 .
'

rhe meihpd o f φ n. 4 5 wherein the. portion o f the.-£tr_4 .trausiuittar thatc o a c thef m

o f liquid, o n i e to - r f a e o f the- flat article opposes the.potliot ϊ o f tfo<5,secorid eransmiiter

that H c i .t e fil ψ o f l i u o n the top.smface o f lite t
'
imicie,

5 lie. method o
:
;dai 1 Wheiei α steps e) mid fj a?e performed Ia altema&g ϊ h i

O n c r t iy MάJoϊ φ it vely.



53; The juefkxi of claim 4 5 wh er ein h e p Ωrttkm of he. first rtaftsinltlei: that contacts hte S m t

of liquid on fee S;op;surface pf the flat articie dpes ^not oppose φ e portion of he second t

transmitter htai contacts heilti ϊ n of liquid on he opt surftace oi£-.fhe ilat article,.

54. The method of chύm 5 3 wherein step? e:) aήcTl) m perf ύtRied *fi mialtematmg fa sh ion^

concurrently s&ύh f eønsee αth?ely.

55. The method of cfouas 45 vvherδin..a <fcύi i sxιrfo« Ω.d«at least a portion o f a perimetsr o f the.

sse σαd transinHtgr:so as k > fomi a liquid retaining chaaael between flfeesecond ransmitter and t

tije-daiaij tliεi'aby.i ήcreasi βg he portlien of lk secontd ∞ ism ϊt tδfti n :c-oπtaot wifli tϋe M m ϋϊ

liquid OΏ i^tε .bptfemt suffece o f .the.fiat srfiole .

56. T ϊt e metltod of ©laM 4 5 vvherem he acoutstical energy a|>pli.«d in steps e). anil ø is: m tile

pega^cmic feq ύsacy range ,

57. Tlie method of claim 4 5 wkersin ihe -second ransmittetr has. a .con vex outer- surface-

having an ape>:. that is i ϊl contact with die ISM of he liquid it>h tijefoott ό.rø sii ϊfaco of he iaf t t

article.

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

apex i on a ni^ ss . elongate edge;

59. Tfee methdd of claim 5.7 w3ieιvein he first .trt&nsmϊ li fe r hszs. an elongate edge ' that is m

oφ iq&t -with lite βl ϊft. of lthiqemφ o ϊ i thb-toj? suj-faee;.of he fiat / artictle,

60; The method of cblm.45 -whe-reiαthe .secondtraiisducer^sseaibly iurther. comprises s

hpiisin^ cotisfeeted o hte stecon4 ransoititfer so si? to form a substantially φ ieløs βd space in

which tlϊ e ^ecQnd.tø ϊisducer i s loeated, fce .geoottd÷ransducer ^sateialjly further .compri^ ϊ fig

one-øtmoxe. ϋifSsaiings for flowing a gas mlα ajid/ox oαt of i$e space Λ het-method iluthetr

comprising: flowing aa ϊ iierl g3S Itvto he catvity Sϊ>d in όonfeict i\11h he- second trfc_ti$dt?ber:

6 L I 'he i-ftetheά of claim δό wherein he sectcmd ransmittert -and ine- housing aret encapsulated.

in aά inert noii-i^active |?iasii ϊ ;>

62. The method of claim 4 5 ' wherein h e secotnd i-ansmlttertis-.a .{^-cylindrical pkf«j. having a

cόήcavs Inner surface and a convex outer surface and the sεeoac.1 ,t$aisducer has a-.cosve χ..
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surface, liav ύig.a c« ?ature4batcoi τesp θ s toacurvature of theconcave hmsiτ surface ofi
second transmitter.

63. T&e ho!o claim 45wherein e.I article isasemiconductor the top. sill-Face
being adevice-sideof it*e wafer atsdthe bottom sitr&ce bethg afioti-de%4ceside of. thewafer..

64.. A.syste.m .fer ooe m atarticles comprising:

a:rotatahle support for supporling flat aiticle i , substantially oπ ot !orientation

t cerassem l oompnsiiaga-traiisducer fo geneiating.scpygtic energy m ά a
ixausmitter eospled to the trsdiicer, the.fejisdacer assembly positk>t.e<i ϋ that
a i of the iraiisraltter isadjacent a- topsurface ofafl article on sapp Α soϊhύ

fmx meitisc ύsofHqoidis;.fo.fmsd bet feeπ tbe portion fHie traasπiitter & tlic t&psurfeee-
whε ligni ά isapplied to tlte.top surf ce nd

areilec-i ϊvemember p siiibned m thai aportion offee r l ti e. e beri . j ce t
bottom surface of fiat article o.π tkesupp ό o i secoaclmeabc sofikjiuciis ibimed
between .portion ofthe; reilscf ϊveMerøl?er and thebottom surface we li αidtsapplied to
the bottom t& s

tfie reSeetive :mcmbsr poitio d o thai i.eas| afraction ofilie aetvustk eti tgy that
isgenerated b the fitst transducer asss ibly M passes through e.flat r isreflected
back tcnvasd. the bottom s rface oi- eflat article-.

65., The syste.rø claim 64wiisrein ereflective member Isconstructed ofa.material
ingsix acoxisfical Impedanee that. sge t an5,0.

The system, ofekk α6 wherein tefefieetive member isat W merttber, ar
cylindrical inembe*; a- stplate oracurved plate.

66. ilis system, ofclaim 64wherein the transcbeer assembly i te.i. create acoustic
energy aving wsveie&gth. and wherein tϊieportion ofthe refiectivs meffiber i acedironi-
the bottom surface of eiiat artiela atadistance that is- ao«e~.tburtb interval of te

of e:aøustle. eaergy.

0 . 11>e .,isystfem o:f ki 64wheitsits tlifereficci e ie bei-isconstructed o.|y t ,sap ie,
boroaaltiicle, silicon carbide. vitreous eairbide oracό n imioa th&soE.
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The system -..of claim 64 t er eomprisirvg;

&st dispenser for applying liquid '. to.a topce of flat -article on thefqtafable

supfxM; and

a"second dispenser for a ϊyiag liqιύ. to a bottom surface of afl£i kvScϊe on the

jotataB ϊe po t,

< The e of claim 64 wherøin the. reflective siei beris a second transduce? semb y

capable, of generating. acoustic h t y

70. A sysfem for pxocos isg flat articles comprising;

atransducer assembly comprising a.muisducer and a. transmitter bondsd to
transducer, ϊ transducer assembly posMon εd so thata first .small/gap exists we

poitioniof theiraismitter a &st ace of a tlat:aiticle OB
'
&e:su|3port sd-tbat h n.iiqusd

s:a e to the Srst sur&ee of tiieSat article, first mersise s ofSqiikt i fό e between

the portion of foe traiismitter anil the.føst s rf ce of theflat attkls;

reflective mei ϊ bst positiose-d so.tliat a seco i li ga e i ts

tb$- reflt-ctive aembef n a second surface -of a t article on the.s po ,so thatwhen Kqi ύd

is.ap l tot he secoadsurfsce of thefiat article, a second me is s ofliquid is formed

beiweeathe-portio.n of thsreileotive mexaber and these«oric! surface f th;flat article; .ai d

the refiectiyemgmBei positioned so that at least afiactioa of the co tic energy

genefcatfed b tl 'tlrsttra πschtcer assembly 'that passes throughthe fiat article is rellected h άs.

to d t second: s f of tlie:iiat amc b therelleetor niessber.

7L Amethod of pocessitig tlat articles comprising:

s p o ting a.flat article ma substantially horizontal orientation within .gaseous

&taiosp3xej:e 'flat article having a bottom u face and a topsxitlice;

b) -fotatlng t f ;article while mamiamiøg lie s bst iall hόt&onføl ortentatb ;

c) sppl yipg a .film oCliquid ta tbetojj 'surBee of theSat article.;
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d). applying a Wm αf liquid, o n the bottom, surface o -the ilat article;.

e ) applyt ϋ g acoustic energy t o ifee topsurface o f tliei&tarticle x?ra.a.ttansduoer

asae:mbly comprising transduce? and a transmitter, portion, o f the tratssititer i n contact

wMiihe film, o f liquid n the topsiaikce o f hs- art cle; i i d

i rejecting the. acoustic e n e g g etated b y ttefirst Itansdtjcer assembly -that passes

$raugh,the flat, srtick back towai-d thebottom, sixrfac-e o f theflat article γ l t rei ϊ fective

ber that i s ύ Goatactwith the
'

m o f liquid on the bottom surface o f the flatailiele.

72. The method o f claim 7.1.wh εrømttie. χeflective member f s

'

CGiistrucM o

'

a material

feaviag. n acoustical i p e c ice that is. greater a n 5 <

73- The

:

p e . . o f ela&i 7 Ϊ wherein the ref ϊ ectiw meraber i s atubftkf

'

ember, p c -

y l i n ή cal matiberj a .flat .plate r .c xveά plate. -

7 4 The

;

me&sjd o f sMsim ? 1 wheremfc acoustic energy - a waveleagth/lhe i e c t i y

meiriber spa ecl

'

. o the feoitom s r f a c e o f ts flat article & f dlsis c e t

:

t o - l o i h

interval o f the W&vefengtfi o f theacoustic energy.
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